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side. In many cases I have digitised the original s l ides 
and used a number of computer enhancement 
techniques to improve the i mages. In places I have 
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PREFACE TO THE FIRST EDITION 

This book has been written primari ly for the medical 

student, and the introductory section assumes l i tt le prior 
knowledge of the subject. The second part, which deals 
w i th particular fractures, i s  set i n  places at a more 
advanced level ; it is hoped that the book wi l l  thereby 
cont inue to prove of value to the student when he 

moves to his f irst casualty or registrar post. 

In plann ing thjs volume, I have paid part icu lar 

attention to two points. Fi rstly, the deta i l s  of each 
fracture and a good deal of the introductory section 
have been arranged in  a l i near sequence. The material 

has been div ided i nto small packets of text and 
i l l ustration in order to faci l i tate comprehension and 
learning.  These packets have been set out in a logical 
sequence which in  most cases is  based on the relati ve 

i mportance of the i n it ial  dec i sions which must be made 

i n  a case, and the order in which treatment procedures 

should be carried out. Thi s  format is in a few places 

restrict ive, with an imbalance in the amount of 

i nformation carried by ei ther text or i l l ustration. This 
must be accepted because of spatial and subject 

l imi tations .  Generally, however, text and i l l ustration 
wi l l  be found to complement one another. The text, 
although of necessity brief, i s  conc ise and, i t  i s  hoped, 
to the point .  

Secondly, fracture treatment has been g iven in an 
uncommon amount of practical detai l .  As there i s  such a 
variety of accepted treatments for even the s i mplest of 
fractures, this has the danger of attracting the crit ic ism 
of being controversial and didactic .  This is  far from my 

intention, and I have tried to avoid this i n  several ways. 
Fi rstly, as minor fractures and most chi ldren 's  fractures 

( together forming the bulk of all fractures) are most 
frequently treated conservatively, the conservative 

approach l have employed for these inj uries should on 
the whole receive general approval . Second ly, in  the 
more controversial long bone fractures in adul ts,  and i n  

fractures involving jo ints, I have o n  the whole pursued a 
middle course between the extremes of conservative 
and surgical management. The methods I have s ingled 
out for description are those which l consider safest and 

most rel iable in  the hands of the comparati vely 

inexperienced. Where alternative methods appear to me 
to be equally val id I have genera l ly  inc luded these. To 
conceal my own whims I have not always placed these 
in the order of personal preference. In consequence, I 
hope that any offence g iven by the methods described 
wi l l  be restricted to the most extreme quarters. 

R.M.  



HOW TO USE THIS BOOK 

The basic principles of fractures and the ir  treatment are 
dealt with in the first part of th is  book .  The AO 
Classification of fractures (pp.  2 1 -23) ,  Trauma scoring 
(pp. 42-45) and the Mangled Extremity Severity Score 
(pp .  5 1 -52) may be noted but do not requ ire detai led 

study by the undergraduate. 
The second part of the book is arranged on a regional 

basi s  and may be used as a gu ide for the handl ing of 
specific fractures. Detailed study is not requi red by the 
undergraduate, but a superfic i al reading should 
consol idate knowledge of the basic principles, and 
indicate how they are appl ied in practice. 

The fol lowing conventions are used in the 
i l lustrations and text: 

Abbreviations 
A anterior 
I l lus .  
L 
M 

N 
p 
R 

= 

i l lustrated 
l ateral or left 
med ial 

normal 

posterior 

right 

l. Where two s ides are shown for comparison, the 
patient's right s ide i s  the one affected . 

2. As a general rule, when a procedure i s  being 
i l l ustrated, the patient i s  shown for c larifi cation in  a 

l ighter tone of grey than the surgeon and h i s  

assistants. 

3. Where several cond i t ions are described, and only one 

i l l ustrated, the first mentioned i the one shown, 
unless fol l owed by the abbrev iat ion ' I l l us .'. 

4.  Most cross references within a chapter are made by 
quot ing the rel evant frame number. Elsewhere, page 

numbers are g iven .  
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INITIAL DEFINITIONS 

1 .  Initial definitions: Fracture: A fracture 
is present when there is loss of continu ity in  
the substance of a bone. The term covers a l l  
bony disruptions, ranging from the situation 
when ( I )  a bone is broken into many 
fragments (multi fragmentary or comminuted 
fracture) to (2) hairl ine and even microscopic 
fractures. To the layman the word 'fracture' 
impl ies a more severe injury than a simple 
break in  the bone, but in the strict medical 
sense there is  no d ifference between these 
terms. 

4. Dislocation: In a dislocation there is 
complete loss of congruity between the 
articulating surfaces of a joint .  The bones 
taking part in  the articu lation are displaced 
relative to one another. For example, in a 
dislocated shoulder the head of the humerus 
loses ail contact with the glenoid; in  the 
common anterior dislocation, the head of the 
humerus is displaced anteriorly. 

2. Open fracture: Al I fractures are either 
closed or open. I n  an open fracture there is  a 
wound in continuity with the fracture, and the 
potential exists for organisms to enter the 
fracture site from outside. All open fractures 
therefore carry the risk of becoming infected. 
In addition, blood loss from external 
haemorrhage may be significant. ( Note: the 
term 'compound' is sti l l  frequently used to 
describe a fracture which is open; the term 
'simple', to describe a closed fracture, may 
lead to confusion, and is now largely 
abandoned.) 

\ 

5. Subluxation: I n  a subluxation, the 
articulating surfaces of a joint are no longer 
congruous, but loss of contact is incomplete. 
The term is  often used to describe the early 
stages in  a condition which may proceed to 
complete dis location (e.g. in  a joint infection 
or in  rheumatoid arthritis). 

3. Closed fracture: In a closed fracture the 
skin is either intact, or if there are any 
wounds these are superficial or unrelated to 
the fracture. So long as the skin is intact. 
there is no risk of infection from outside 
(blood-borne infection of closed fractures 
being extremely rare) .  Any haemorrhage is 
interna l .  

6. Sprain: A sprain is an incomplete tear of a 
l igament or complex of l igaments resp nsible 
for the stability of a joint, e.g. a sprain of the 
ankle i a partial tear of the external l igament 
and is not associated with instab i lity (a: 
distinct from a complete tear). The term 
sprain is also applied to incomplete tears of 
muscles and tendons. 



7. Causes of fracture: Direct violence 
(a): Fractures are caused by the application 
of stresses which exceed the l imits of 
strength of a bone. Violence is the 
commonest cause. I n  the case of direc1 
violence, a bone may be fractured by being 
struck by a moving or fal l ing object. e.g. a 
fraclllre of the terminal phalanx of a finger 
by a hammer blow. 

1 0. Fatigue fractures: Stresses, repeated 
with excessive frequency to a bone, may 
result in fracture. This mechanism is  often 
compared with fatigue in  metals which break 
after repeated bending beyond their elastic 
l imi t .  The commonest of these fractures 
involves the second metatarsal - the ' march 
fracture' (so-called because of its frequency 
in army recruits). 

8. Direct violence (b): A bone may also be 
fractured i f. ii forcib ly strikes a resistant 
object. For example. a fal l  on the point of the 
elbow may fracture the olecranon. 

1 1 .  Pathological fractures (a): A 
pathological fracture is one which occurs in 
an abnormal or diseased bone. Ir the osseous 
abnormality reduces the strength of the bone 
then the force required lo produce fracture is 
reduced, and may even become trivial .  For 
example, a secondary lllmour deposit may 
lead to a pathological fracture or the 
subtrochanteric region of the femur - a 
common site. 

CAUSES OF FRACTURE 

9. Indirect violence: Very frequently, 
fractures result from i11direC1 violence. A 
twisting or bending stress is applied lo a 
bone. and this resu lts in its fracture at some 
distance from the application of the causal 
force. For example, a rotational stress applied 
lo the foot may cause a spiral frac!Ure of the 
t ibia. I nd irect violence is also the commonest 
cause of dislocation. 

1 2. Pathological fractures (b): 
Pathological fractures may also occur at the 
s i te of s imple tumour, e.g. a fraclUre of the 
humerus in a chi ld with a si mple bone cyst. 
The co111mo11es1 causes ofpa1ho/ogical 

frac111re are os1eoporosis and os1eo111alacia. 



FRACTURE PATTERNS AND THEIR SIGNIFICANCE 

1 3. Fracture patterns and their 
significance: Hairline fractures (a): 
Hairl i ne fractures resu l t  from min imal 
trauma, i .e .  trauma which i s  just great 
enough to produce a fracture but not severe 
enough to produce any s ign i ficant 
d isplacement of the fragments. Such 
fractures may be (I) i ncomplete or (2) 
complete. 

1 6. Hairline fractures (d): Radiograph of 
upper tibia of an athletic adolescent with a 7 
week h istory of persistent leg pain .  Previous 
radiographs were reported as normal. Note 
the coned view to obtain optimal detail and 
the incomplete hair l ine fracture revealed by 
bone sclerosis and subperiosteal cal l us. A 
crepe bandage support only was prescribed, 
and the symptoms sellled in a further 6 
weeks. 

1 4. Hairline fractures (b): These fractures 
may be d i ff icul t  lo detect on the radiographs, 
and where there are reasonable c l inical 
grounds for suspecting a fracture, the rules 
are qui te clear: I .  Additional obl ique 
radiographic projections of the area may be 
helpful; 2.  Do not accept poor qual ity fi lms; 
3 .  Fi lms repeated after 7- 1 0  days may show 
the fracture qui te clearly (due to 
decalcification at the fracture site). 

1 7. Greenstick fractures (a): Greenstick 
fractures occur in chi ldren, but not a l l  
chi ldren's fractures are of this type. The less 
brittle bone of the chi ld tends lo buckle on 
the side opposite the causal force. Tearing of 
the periosteum and of the surrounding soft 
tissues is often min imal. 

1 5. Hairline fractures (c): Stress fractures 
are general ly hai r l ine in pattern and are ften 
not d iagnosed with certainty unt i l  there is a 
wisp of subperiosteal cal lus formation, or 
increased density at the fracture s i te some 
3-6 weeks after the onset of symptoms. 
Hairline fractures generally heal rapidly, 
requiring only symptomatic treatment, but 
the scaphoid and femoral neck are notable 
exceptions. 

1 8. Greenstick fractures (b): This 
radiograph i l lustrates a more severe 
green tick fracture of the distal radius and 
u lna. Note that although there is about 45° of 
angulation at the fracture s i te, there is 110 loss 
of bony contact in e i ther fracture. The 
cl i nical deformity is clearly suggested y the 
soft tissue shadow. 
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1 9. Greenstick fractures (c): Reduction 
of a greenstick fracture is  fac i l i tated by the 
absence of displacement and by the intact 
tissues on the concavity of the fracture. 
Angulation may be corrected by supporting 
the fracture and applying pressure over the 
distal fragment (I & 2).  The elastic spring of 
the periosteu111 may however lead to 
recurrence of angulation (3). Particular 
attention must therefore be taken over plaster 
fixation and aftercare. 

22. Simple transverse fractures (b): The 
inherent stabi l ity of this type of fracture 
( i l l ustrated by the model on the right) reduces 
the risks of shortening and displacement. In 
the tibia, as a result .  weight bearing may be 
permitted at a comparatively early stage. On 
the other hand. the area of bony contact is 
smal l ,  requiring very strong un ion before any 
external support can be discarded. (NB: The 
term 'simple' used to describe this  and the 
following fractures means that the fracture 
runs circumferential ly round the bone with the 
formation of only two main fragments.) 

FRACTURE PATTERNS AND THEIR SIGNIFICANCE 
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20. Greenstick fractures (d): In the 
forearm in part icular. where angulation 
inevitably leads to restriction of pronation 
and supination. some surgeons del iberately 
overcorrect the init ial deformity (I). This 
tears the pcriosteum on the other side of the 
fracture (2). This reduces the risks of 
secondary angulation (3 ) .  Healing in a l l  
greenstick fractures is rapid. 

23. Simple oblique fractures (a): In an 
oblique fracture ( I )  the fracture runs at an 
oblique angle of 30° or more (0). Such 
fractures may be caused by (a) direct or (b) 
indirect violence. In simple spiral fractures 
(2) the l ine of the fracture curves round the 
bone in a spiral. Simple spiral fractures result 
from indirect violence, applied to the bone 
by twist ing (torsional) forces ( t ) .  

21 . Simple transverse fractures (a): 
Transverse fractures run either at right angles 
to the long axis of a bone (I), or with an 
obl iquity of less than 30°. They may be 
caused by direct violence, when the bone 
fractures i mmediately beneath the causal 
force (e.g. the ulna fracturing when warding 
oil a blow (a)) .  They may also resu l t  from 
indirect violence. when the bone is  subjected 
to bending stresses by remotely applied force 
(e .g.  a fracture of the forearm bones resu l ting 
from a fal l  on the outstretched hand (b)) .  

24. Simple oblique and spiral 
fractures (b): In spiral fractures, union can 
be rapid ( I )  as there is  often a large area of 
bone i n  contact. In both oblique and spiral 
fractures. unopposed muscle contraction or 
premature weight bearing readi ly lead to 
shortening, displacement and sometimes loss 
of bony contact (2) .  ( Note: In the AO 
classification of fractures (see later) simple 
spiral, oblique and transverse fractures are 
classified as Type A fractures.) 



FRACTURE PATIERNS AND THEIR SIGNIFICANCE 

1 2 3 4 
25. In multifragmentary (comminuted) 
fractures there are more than two 
fragments. The spiral wedge fracture ( l )  i s  
produced b y  torsional forces ( t ) ,  a n d  the 
bending wedge fracture (2) by d irect (a) or 
indirect (b) violence. The fragment (B) is 
often called a butterfly fragment (because of 
its shape). With greater violence, a 
fragmented (co111mi11.uted) wedge fracture (3) 
results. (All these fractures are in Type B in 
the AO classification (see later) and their 
characteristic is that after reduction there is 
still bony contact between the main 
frag111ents (4)). 

28. Impacted fractures: A fracture is 
impacted when one fragment is driven into 
the other (I). Cancellous bone i s  usually 
involved and union is  often rapid. The 
stability of these fractures varies and is more 
impl ied than real. Displace111ent wi l l  occur i f  
the fracture is  subjected t o  deforming forces, 
e.g. without fixation, i 111pacted femoral neck 
fractures frequently come adrift (2) .  

26. In multifragmentary complex 
fractures (a further d ivi sion of co111111inuted 
fractures) there is no contact between the 
111ain frag111ents after reduction. In complex 
spiral fractures ( I )  there are two or 111ore 
spiral elements; in complex segmental 
fractures (sometimes called double frac111res) 
(2)  there is at least one quite separate 
co111plete bone fragment (S). I n  complex 
irregular fractures (3) the bone lying 
between the main elements is split into 111any 
irregular fragments. (Al l  these fractures are 
classified as Type C in the AO classificat ion.) 

29. Compression (or crush) fractures: 
Crush fractures occur in cancel lous bone 
which is co111pressed beyond the l imits of 
tolerance. Com111on sites are (I) the vertebral 
bodies (as a result  of flex ion injuries) and (2 )  
the  heel s  (following falls from a height). I f  
the  defor111ity i s  accepted, union i s  invariably 
rapid. In the spine, i f  correction is  attempted, 
recurrence is al 111ost inevitable. 

27. Multifragmentary fractures are 
generall y  the resu l t  of greater violence tban 
is the case with 111ost simple fractures, and 
consequently there is an increased risk of 
damage to neighbouring 111uscle, blood 
vessel s  and skin ( I ) . The fractures tend to be 
unstable, and delayed union and joint 
stiffness are co111mon. Seg111ental fractures 
are often difficult to reduce by closed 
method . and direct exposure 111ay threaten 
the precarious blood supply to the centr I 
segment. Non-union at one level is not 
uncommon in these fractures (2) . 

30. Avulsion fractures (a): An avulsion 
fracture may be produced by a sudden 
muscle contraction. the muscle pul l ing off 
the portion of bone to which it is attached. 
Common examples include: 
(I) Base of fifth metatarsal (peroneus 

brevis). 
(2) Tibial tuberosiry (quadriceps). 
(3) Upper pole of patel la  (quadriceps). 
(4) Les er  trochanter ( i l iopsoas). 
(These are all AO Type A fractures.) 
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3 1 .  Avulsion fractures (b): Avulsion 
fractures may also result from traction on a 
l igamentous or capsular attachment: these 
are often witness of momentary dislocation, 
e.g. ( I )  an abduction force may avu l se the 
u lnar collateral ligament attachment. with 
spontaneous reduction. Late subluxation (2 )  
is  common with th is  ('gamekeeper's thumb') 
and other injuries and i s  especially serious in 
the case of the spine. 

34. Fracture close to a joint: When a 
fracture l ies close to a joint, stiffness may. 
also be a problem due to tethering of 
neighbouring muscles and tendons by spread 
of callus from the healing fracture, e .g.  i n  
fractures or the femur close t o  the knee, the 
quadriceps may become bound down by the 
callus, result ing in  d i fficulty with knee 
Rex ion. 

FRACTURE PATIERNS AND THEIR SIGNIFICANCE 

32. Depressed fracture: Depressed 
fractures occur when a sharply local ised 
blow depresses a segment or conical bone 
below the level or the surrounding bone. 
Al though common in skull fractures, this 
pallern i s  only rarely found in the l imbs, 
where the tibia in the upper third is probably 
most frequently affected. Heal ing is rapid ;  
complications are dependent on the site. 

35. Fracture-dislocation: A 
fracture-di slocation is present when a joint 
has di slocated and there is in addition a 
fracture of one of the bony components of 
the joint.  I l lustrated is a fracture-di slocation 
of the shoulder, where there is an anterior 
di slocation with a fracture of the neck of the 
humerus. Injuries of this kind may be 
di fficult to reduce and may be unstable. 
St iffness and avascular necrosis are two 
common compl ications. 

33. Fractures involving the articular 
surfaces of a joint: In  partial articular 
fractures ( I )  part of the joint surface i s  
involved, but the remainder i s  intact and 
sol id ly connected to the rest of the bone (AO 
Type B fracture). In complete articular 
fractures (2) the articular surface i s  
completely d i srupted and separated from the 
shaft ( A O  Type C fracture). When a fracture 
involves the articular surfaces, any persisting 
irregularity may cause secondary 
osteoarthri t is  (3). Sti ffness is a common 
complication; this may be minimised by 
early mobi l i sation. 

36. Complicated fractures: A fracture is 
described as complicated if there is 
accompanying damage to major 
neighbouring structures. The diagram is of a 
complicated supracondylar fracture of the 
humerus. ( Such an injury might also be 
described as a supracondylar fracture 
comp I icated by damage to the brachia I 
artery.) 
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37. Describing the level of a fracture 
(a): The a11a10111ical divisio11s of a long bone 
include the epiphysis ( E), epiphyseal plate 
(EP), and diaphysis or shaft (D). Between the 
latter two is  the metaphysis (M) .  A fracture 
may be described as lying within these 
divi sions, or involving a d istinct anatomical 
pan, e.g. A =  fracture of the tibial diaphysis; 
B = fracture of the femoral neck; 
C = fracture of the greater t .rochanter; 
F = supracondylar fracture of the femur. 

J 

40. Describing the deformity: If there i s  
n o  deformity, i .e.  i f  t h e  violence which has 
produced the fracture has been i nsufficient to 
cause any movement of the bone ends 
relative to one another, then the fracture is  
said to be in anatomical position. Simi larly, 
if a perfect position has been achieved after 
manipulation of a fracture. i t  may be 
described as being in  anatomical position. 
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38. Describing the level of a fracture 
(b): For descriptive purposes a bone may be 
d ivided arbitrarily into thirds. In this way, 
A = fracture of the mid third of the femur; 
B = fraclllre of the femur in the distal third: 
C = fraclllre of the femur at the junction of 
the middle and distal thirds. The level of a 
fracture in some cases may be made quite 
clear by an eponym, e.g. a Col les fracture 
(D) involves the radius, and occurs within an 
inch (2.5 cm) of the wrist. 

4 1 .  Displacement (a): Displacement (or 
translation) is present i f  the bone ends have 
shi fted relative to one another. The direction 
of  displacement is  described in terms of 
movement of the distal fragment. For 
example, in these fractures of the femoral 
shaft al the junction of the middle and d istal 
third s, there is (I) no d isplacement, (2) lateral 
d isplacement, (3) posterior d isplacemelll, (4) 
both lateral and posterior displacement. 
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39. Describing the level of a fracture 
(c): In AO terminology, long bones are 
d ivided into three unequal segments: a 
proximal segment ( I). a central diaphyseal 
segment (2), and a diswl segment (3 ) .  The 
boundaries between these segments are 
obtained by erecting squares (S)  which 
accommodate the widest part of the bone 
ends. l .n the special case of the femur the 
diaphysi is described as commencing at the 
distal border of the lesser trochamer. 
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42. Displacement (b): Apart from the 
direction of di splacement, the degree must be 
considered. A rough e ti mate is usually made 
of the percentage of the fracture surfaces n 
contact. e.g. (I) 50% bony apposition, (2) 
25% bony apposition. Good bony apposition 
encourages stabi l i ty and un ion.  
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43. Displacement (c) :  Where none of the 
fracture; surfaces is in contact, the fraclllre is 
desc1:ibed ,<1s having 'no bony apposition' or 
being '.completely off-ended' . Off-ended 
fractures are: I .  Potential ly unstable; 2. 
Liable to progressive shortening; 3 .  Liable to 
delay or difficulty in union; 4. Often hard to 
reduce, sometimes due to trapping of soft 
tissue between the bone ends. 

46. Angulation (b): Equal ly acceptable, 
and perhaps less I iable to error, wou Id be to 
describe these fractures in the fol lowing way: 
( I )  a fracture of the middle third of the femur 
with the distal fragment t i lted laterally. (2) a 
fracture of the tibia and f ibula in the middle 
thirds, with the distal fragment t ilted 
anteriorly. 

DESCRIBING THE DEFORMITY OF A FRACTURE 
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44. Displacement (d): ( I )  Displacement of 
a spiral or obl ique fracture wi l l  result in 
shortening. Displacement of transverse 
fractures (2) wi l l  result in shorle,-iing ooly 
after loss of bony contact. The amount of 
shortening may be assessed from the 
radiographs (if an allowance is made for 
magnification). Speaking generally, 
displacement, whilst undesirable, is  of much 
less sign ificance than angulation. 
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47. Angulation (c): Signi r- icant angulation 
must always be corrected for several reasons. 
Deformity of the l imb wi l l  be conspicuous 
(I ) and regarded (often correct ly)  by the 
pat ient as a sign of poor treatment. 
Deformity from displacement (2) is seldom 
very obvious. In the upper l i mb, function 
may be seriously impaired. especially in 
forearm fractures where pronation/supination 
may be badly  affected ( 3 ) .  

45.  Angulation (a): The accepted method 
of describing angulation is  in terms of the 
position of the poi111. of the angle, e.g. ( I )  
fracture of the femur with medial angulation, 
(2) fracture of the tibia and fibula with 
posterior angulation (both are m idshaft 
fractures). This method can on occasion give 
rise to confusion, especially as deformity i s  
described in  terms of the  distal fragment. 

48. Angulation (d): In  the lower l imb, 
alteration of the plane of movements of the 
hip, knee or ankle may lead to abnormal joint 
stresses, leading to the rapid onset of 
secondary osteoarthri t is .  



DESCRIBING THE DEFORMITY OF A FRACTURE 

49. Axial rotation (a): A third type of 
deformity may be present; this i s  when one 
fragment rotates on its long axis, with or 
without accompanying displacement or 
angulation. This type of deformity may be 
overlooked unless precautions are taken and 
the poss ib i l i ty of its occurrence kept in mind. 

52. Open fractures: Open (compound) 
fractures are of two types: those which are 
open from within our, and others which are 
open from without in. In fractures which are 
open from within 0111, the skin is broached by 
the sharp edge of one of the bone ends. This 
may occur at the L ime of the in i tial injury, or 
later from unguarded handl ing of a c losed 
fracture. 

SO. Axial rotation (b): Radiographs which 
fai l  to show both ends of the bone frequently 
prevenL any pronouncement 0n the presence 
of axial rotation ( I ) .  When both eods of the 
fractured bone are fully visualised on one 
fi lm rotation may be obvious (2). The moral 
i s  that in  any fracture both the joint above 
and the one below should be included in the 
examination. 

53. Fractures open from within out: ( I )  
The case may be first seen with bone 
obviously sti l l  penetrating the skin which 
may be tightly stretched round it .  (2) More 
commonly, the fracture, having once broken 
the skin, promptly spontaneously reduces, so 
that what is seen is a wound at the level of 
the fracture. 
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5 1 .  Axial rotation (c): Axial rotation may 
also be detected in the radiographs by noting 
( I )  the po ition of in terlocking fragments 
(displaced fracture with 90° axial rotation 
i l lustrated). If a bone is  not perfectly circular 
in  cross-section at the fracture s i te, 
d ifferences in  the relative diameters of the 
fragments may be suggestive of axial rotation 
(2). Axial rotation is  of particular importance 
in forearm fractures. 

54. Technically open fracture: 
Occasionally the skin damage is min imal, 
with a small area of early bruising, in  the 
centre of which is  a tiny tell-tale bead of 
blood issui ng from a puncture wound; this 
bead of blood reappears as soon as i t  i s  
swabiDed. The r isks  of infection are much less 
in open from within 0111 fractures than in 
those from without in . This i s  especia l ly so in 
the technically open fracture just described. 



SS. Fractures open from without in 
(a): This type of injury is caused by d irect 
violence; the causal force breaks the skin and 
fraclures the underlying bone. Causes 
include injuries from fal l ing objects (e.g. in 
the construction industry, mining, rock falls 
in mountaineering, etc. ) and motor vehicle 
impacts. 

SS. Describe the level and pattern of this 
chi ld's fracture. 

OPEN FRACTURES/SELF-TEST 

S6. Open from without in (b): The risks 
of infection are greater in this type of open 
fracture as: ( I )  din and fragmenls of 
clothing, etc. may be driven imo the wound, 
(2) the skin is often badly damaged; skin 
may even be Jost .  In  eilher case, wound 
healing may be in  jeopardy. Difficu l ty in 
c losure musl be anticipated. 

S9. This i s  the radiograph of the t ibia of a 
young man who was kicked whilst playing 
rugby. Whal is the paltern of fracture? What 
observations would you make regarding the 
detection of such a fracture? 

S7. Open from without in (c): Here the 
skin and soft tissue damage may be more 
extensive (3) leading to oedema, 
compartment syndromes, problems with 
wound cover, and greater haemorrhage (4) 
and shock. The associated fractures are more 
frequently comminuled, leading lo d ifficulty 
in reduction and fixation. There may be 
vascular and/or neurological complications. 
The i11i1ial assess111e111 of a11y ope11 fracmre 
11111s1 co11sider 11eurovascular a11d sig11ifica11t 
11111sc/e a11d te11do11 damage as well as rile 
ji-ac111re itself 

60. This is a radiograph of the elbow of an 
adult injured in a fal l .  There is obvious 
c l in ical deformity. What is the injury? 



SELF-TEST 

6 1 .  This is a radiograph of the arm of a chi ld severely crushed i n  a run- 62. What is the pattern of this injury? 
over road traffic accident. Describe the injury. 

63. Describe this fracture. What problems 
might you anticipate with it? 

64. Describe the level and any angulation or 
displacement that you see in this fracture. 

65. Can you detect any abnormality in  th is  
AP radiograph of the wrist  and forearm of a 
child? 



66. This is the radiograph of· a patient who 
complained of pain in  the side of the fool 
fol lowing a sudden inversion injury. Where 
is  the fracture, and what i s  the pattern of 
injury? 

69. What is  this pattern of fracture? What is 
the importance of accurate reduction in this 
case? 

67. The history in this case is of pai n in  the 
back following a fal l .  Whal is the pattern of 
fracture? 

70. What pattern of injury is i l l ustrated in 
this thu111b radiograph? What is its 
significance? 

SELF-TEST 

68. This radiograph is of the hip of an 
elderly lady who co111plained of pain after a 
fal l .  What defor111ity is present? Have you 
any observations to 111ake regarding any 
factors contributing to the fracture? 

7 1 .  This injury was sustained in a road 
traffic accident. Describe the pattern of injury 
and the defor111i ty. 



EPIPHYSEAL INJURIES 
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72. Types of epiphyses: There are two 
types of epiphyses: ( I )  pressure epiphyses, 
which form part of the articulating surfaces 
or a joint, and (2) 1rac1io11 epiphyses, which 
l ie at muscle insertions, are non-art icu lar and 
do not contribute to the longitudinal growth 
of the bone. 

75. Pressure epiphyses (b): Within the 
epiphyseal plate ( I )  i s  a layer of active 
cartilage cells (2). The newly formed cells 
undergo hypertrophy. Calcification and 
transformation to bone occur near the 
metaphysis (3). When there is an epiphyseal 
separation, i t  occurs at the weakest point, the 
layer of cel l  hypertrophy (4). The active 
region (2) remains with the epiphysis. 

73. Traction epiphyses cntd: Injuries to 
the traction epiphyses are nearly always 
avulsion injuries. The sites commonly 
affected include ( I )  the base of the fifth 
metatarsal, (2) the tibial tuberosity, (3 )  the 
calcaneal epiphysis. Traction injuries are 
probably the basic cause of Osgood 
Schlatter's and Sever's disease (2 & 3) .  
Other sites include the lesser trochanter. 
ischium and the anterior i l iac spines. 

76. Pressure epiphyses (c): The 
metaphyseal side of the plate is nourished by 
vessels from the shaft ( M) . In the t ibia ( l )  the 
epiphysis is supplied by extra-articular 
vessels. Vessels  to the femoral head (2) l ie 
close to the joint space and epiphyseal plate 
( P) .  There is a variable (up to 25%) 
contribution from the ligamentum teres. 
Epiphyseal displacements may lead to 
avascular necrosis or growth arrest. The head 
of radius is s imi larly at risk. C = capsule, A =  
articular cartilage. 
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74. Pressure epiphyses (a): Pressure 
epiphyses are situated at the ends of the I ng 
bones and take part in the articulations. The 
corresponding epiphyseal plates are 
respon ible for longitudinal growth of the 
bone (circumferential growth is  controlled by 
the periosteum). No1e: ( I )  epiphysis, (2) 
epiphyseal plate, (3) metaphysis, (4) 
diaphysis. 

77. Epiphyseal plate injuries 
(Salter-Harris clas i fication) :  
Type I :  The whole epiphysis i s  separateJ 
from the shaft. 
Type 2: The epiphysis i s  displaced, carr�·ing 
wi th i t  a smal l ,  triangular metaphyseal 
fragment (the commonest injury). 
Type 3:  Separation of part of the epiphysis. 
Type 4: Separation of part of the epiphysis, 
with a metaphyseal fragment. 
Type 5: Crushing of part or all of the 
epiphysis. 



78. Type 1 injuries (a): The epiphysis i s  
separated from the shaft without any 
accompanying fracture. This may follow 
trauma i n  chi ldhood ( i l lustrated is  a 
traumatic displacement of the distal femoral 
epiphysis) or result from a birth injury. I t  
may occur secondary to a joint infection. 
rickets or scurvy. Reduction by manipulation 
is usual ly easy in traumatic lesions, and the 
prognosis i s  good unless the epiphysis l ies 
wholly within the joint. 

8 1 .  Type 3 injuries: Part of the epiphysis 
is separated. Accurate reduction is necessary 
in this type of injury to restore the 
smoothness and regularity or the articular 
surface. The prognosis i s  general ly good 
unless the severity or the ini t ia l  
displacement has disrupted the blood supply 
to the fragment. The lower and upper t ibial 
epiphyses are most commonly affected (note 
separated portion of t ibial epiphysis behind 
lateral malleolus). 

79. Type 1 injuries (b): An endocrine 
disturbance is thought to be an important 
factor in the common forms of sl ipped upper 
femoral epiphysis. Avascular necrosis i s  not 
uncommon, especially if forc ible reduction 
is attempted after a delay in diagnosis. 
Growth arrest is seldom a problem (as it 
occurs in  adolescence towards the encl of 
growth, and as most femoral growth is at the 
distal end). 

82. Type 4 injuries: Separation of part of 
the epiphysis with a metaphyseal fragment. 
The lateral conclyle of the hurnerus is rnost 
commonly affected and must be accurately 
reduced - open reduction is usually 
necessary. Fai lure of reduction leads to bone 
forrnation in  the gap and marked disturbance 
of growth. 

EPIPHYSEAL INJURIES 

80. Type 2 injuries: The epiphysis 
displaces, carrying with it a small triangular 
fragment of the metaphysis ( i l lustrated here 
in the d istal femur). It is caused by trauma 
and is  the commonest of epiphyseal injuries. 
Its h ighest incidence is in early adolescence. 
Growth disturbance is relatively uncommon. 
Reduction must be early - it becomes 
d i fficu l t  after 48 hours by closed methods. 

83. Type 5 injuries: Crushing or other 
damage to the epiphyseal plate. This 
radiograph of a child who was dragged 
along the road by a car shows the medial 
rnal leolus. pan of the epiphyseal plate and 
the adjacent tibia have been removed by 
abrasion ( the t ibia i s  also fractured). The 
epi physeal plate may also be crushed in 
severe abduction and adduction injuries of 
the ankle. 



EPIPHYSEAL INJURIES 

84. Growth disturbances (a):  I f  growth 
is arrested over part of the.epiphyseal plate 
only, there wi l l  be progressive angulatory 
deformity affecting the axis of movement of 
the related joint. There wi l l  be a little overall 
shortening. This radiograph shows the t i l t ing 
of the plane of the ankle joint which 
occurred in  the last case, with deformity of 
the foot and ankle. In the elbmv, injuries of 
this type may lead to cubitus varus or 
valgus. 

85. Growth disturbances (b): If the whole epiphyseal plate is affected, growth will be 
arrested. leading to greater shortening of the bone. The final result wi l l  depend on the age al 
which epiphyseal arrest occurred, and the epiphysis involved; obviously the younger the chjJd, 
the greater is the growth loss. Arrest of one epiphysis in paired bones wi l l  lead to joint 
deformity. In the case i l lustrated, the radial epiphysis on the right has suffered complete growth 
arrest following a displaced lower radial epiphysis. The ulna has continued to grow al its usual 
rate: its distal end appears prominent on the dorsum of the wrist, and there is obvious 
deformity and impairment of function in the wrist. The normal left side is shown for 
comparison. 



86. Fracture healing: As a result of the 
i njury, ( I )  the periosteum may be completely 
or partly torn. (2) there is disruption of the 
Haversian systems with death of adjacent 
bone cells, ( 3 )  there may be tearing of 
muscle, especia l ly on the convex side of the 
fracture, and damage to neighbouring nerves 
and blood vessels. and (4) the skin may be 
broached in compound injuries, with risk or 
ingress of bacteria. 

89. Subperiosteal bone: ew woven 
bone is formed beneath the periosteu111 al the 
ends of the bone. The cel ls responsible are 
derived from the periosteum, which 
becomes stretched over these collars or new 
bone. I f  the blood supply is  poor, or if i 1  is 
disturbed by excessive mob i l i ty at the 
fracture site. cartilage may be for111ed 
instead and remain unt i l  a better blood 

87. Fracture haematoma (a): B leeding 
occurs fro111 the bone ends, marrow vessels 
and damaged soft tissues. with the formation 
of a fracture hae111ato111a which clots. (A 
closed fracture is  i l lustrated . )  
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90. Primary callus response: This 
re111ains active for afelV 1Veeks only ( I ) . 

There is a 111uch less vigorous for111ation or 
cal lus fro111 the rnedullary cavity (2) .  
Nevertheless. the capacity or the rnedulla 1 0  
for111 new bone re111ains indef in i tely 
throughout the heal ing of the fracture. 

FRACTURE HEALING 

88. Fracture haematoma (b): The 
fracture haematorna is rapidly vascularised 
by the i ngrowth of blood vessels fro111 the 
surrounding tissues. and for sorne weeks 
there is  rapid cel lu lar act iv i ty. Fibrovascular 
t issue replaces the clot. collagen f ibres are 
laid down and mineral salts are deposited. 

9 1 .  Bridging external callus (a): If the 
periosteum is incompletely torn, and there is 
no sign i ficant loss of bony apposition. the 
pri 111ary cal lus response 111ay result in 
estab l i shing external continuity of the 
fracture ( 'bridging external cal lus') .  Cel ls  
ly ing in the outer layer of the periosteum 
itself prol iferate to reconstitute the 
periosteu111. 



FRACTURE HEALING 

92. Bridging external callus (b): If the 
gap is  more substantial, fibrous tissue 
formed from the organisation of the fracture 
haematoma wi l l  l ie between the advancing 
collars of subperiosteal new bone. Th is 
fibrous tissue may be st imulated to form 
bone ( 'tissue induction' ), again result ing i n  
bridging callus. The mechanism may be clue 
to a change of electrical potential  at the 
fracture s i te or to a (hypothetica l )  wound 
hormone. 

95. Endosteal new bone formation 
(b): The formation of new cortical bone, 
with re-establishment of continuity between 
the Haversian systems on e ither side, cannot 
occur if fibrous tissue remains occupying the 
space between the bone ends. If this is 
present, it must be removed and replaced 
wi th woven bone. This i s  general ly achieved 
by i ngrowth of medul l ary callus which 
remains active through the heal ing phase. 

93. Bridging external callus (c): lf the 
bone ends are offset, the primary callus from 
the subperiosteal region may unite with 
meclul lary callus. The net result of the three 
mechanisms just described is that the 
fracture becomes rigid, function in the l imb 
returns and the situation is rendered 
favourable for enclosteal bone formation and 
remodel l i ng. 

94. Endosteal new bone formation 
(a): If there is no gap between the bone 
end . .  osteoclasts can tunnel across the 
fracture l ine in advance of ingrowing blood 
vessels and osteoblasts, which form new 
Haversian systems. Dead bone is 
revascularised and may provide an 
i nvaluable scaffolding and local mineral 
source. This proce s cannot occur if the 
fracture is  mobi le .  

96. Endosteal new bone formation (c): Where the bone ends are supported by rigid 
i nternal f ixation, there is no functional requirement for external bridging callus: as a resu l t  
external bridging callus may not be seen, or  be min imal .  Healing of the fracture occurs s lowly 
through the formation of new cortical bone between the bone ends. I r  is therefore essential that 
internal fixation devices are retained until this process is  complete. 

Remodelling: After cl in ical union, new Haversian systems are laid clown along the l i nes f 
stress. I n  areas free from stress, bone is removed by osteoclasts. E entually  l i tt le trace of 
external bridging callus wi l l  remain. The power to remodel bone in this way is great in  
chi ldren, but  not  so marked in the adul t .  I n  a chi ld, most or a l l  traces of fracture displacement 
( including even off-ending) will d isappear. There is  also some power to correct angulation, 
although this becomes progressively less as the child approaches adolescence. Any axial 
rotation, however, is l i kely to remain. In the adult, there is  v i rtually no correction of axial 
rotation or angulation. ft is, therefore, important that axial  rotation deformity is  always 
corrected, and that angulation, particularly in adults, should not be accepted. 

Bone morphogenic proteins (BMP): These make up a fami ly of proteins which have 
osteogenic fac i l i ty. At least 1 4  ( B M P  2- 1 5) have been identified; they have been purifie 
cloned and sequenced into human recombinant forms. They function by inducing 
mesenchymal cells to transform - first into cartilage and then in to bone cells. They may 
produce and mineralise osteoid, influence angiogenesis, and play a pan in  bone rernodeLing. 
They may also have a role to play in  articular carti lage repair. 

B M P  are being evaluated for effectiveness and safety in the treatment of non-unions, bone 
segmental defects and avascular necrosis, especial ly of the femoral head. 



CLASSIFICATION OF FRACTURES 

97. The classification of fractures 
There is no fracture of any bone which has escaped an attempt at c lassification. Sometimes this 
has been done on the basis of region and pattern, sometimes through a concept of the stresses to 
which the bone has been subjected, and usually with an eye on some understanding of the 
severity of the injury and its prognosis .  Unfortunately not everyone has the same ideas 
regarding the relative importance of the various factors concerned, and as t ime progresses and 
knowledge expands the number of classifications that exist has been continuing to grow. 

The result i s  that in  nearly every area there is a wealth of classi fications, usually with grades, 
degrees or numbers attached to the originator's name. This bewilders the newcomer, and causes 
much confusion in those who are attempting to assess the resu l ts of various treatments, as the 
injuries classi fied by one author may not be easi ly  compared with those described by another. 
There is, too, the problem or how to ascribe certain fractures which have been inconsiderate 
enough to adopt a pallern that does not qui te fi t within the c lassification. 

No surgeon is able to master the wealth or c lassi fications outside his own special ist  area, and 
for purposes of communication, as far as single injuries are concerned, a fracture is described 
mainly by its site and pallern, along the l i nes already detailed. In such c ircumstances 
c lassi fications are only mentioned if  they have become fami l iar through long usage, and in  some 
cases classi fications of this type may be archaic. 

After many years' work the AO Group have evolved a c lassi fication which aims to encompass 
al l  fractures, actual or theoretical, and is  of particular value for research purposes. 

THE AO CLASSIFICATION OF FRACTURES OF LONG BONES 

The fol lowing points should be noted: 

I .  This is not a class ification of injuries :  it is a c lassi fication of fractures. 

2. I t  does not i nc lude d is locations, unless they have an associ ated fracture. 
3. I t  does not differentiate between undisplaced and displaced fractures of 

the shafts of the long bones (but i t  does so in the case of certain fractures 
of the bone ends ) .  

4. I t  does not g ive any indication of  the  relat ive frequency of  part icular 
fractures .  

5 .  The sort ing of fractures (beyond the area of the bone i nvolved) depends 

on the AO Group 's assessment of the severity of the fracture; th is  they 

define as 'the morphological complexi ty, the d ifficul ty in treatment, and 
the prognosi s ' .  In  areas this may reflect a preference for the use of 
in ternal fixation rather than conservati ve methods of treatment. 

6. The c lassification results in an alpha-numeric  code which i s  sui tabl e  for 
computer sorting, and which al lows for research purposes (e .g .  i n  
assessing the  resul ts of any treatment, wherever carried out) the 

comparison of l ike with l i ke.  
7 .  B ecause of the format, i t  i s  not descriptive in a verbal sense, and is not 

sui table for conveyi ng i n formation about the nature of an ind iv idual 

fracture (e.g.  over the telephone) .  



AO CLASSIFICATION OF FRACTURES 

L--=======l LOCATION OF TH E FRACTU RE� eg Fracture of the femoral shaft = 32-
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98. The principles of the AO classification: The AO classification for long bone fractures may be grasped by l i kening it to an X-ray 
storage system, with numbered blocks of fi l ing  cabinets: one block for each bone. Within each block. each fi l ing cabinet (which is also numbered) 
represents a particular area of  each bone: cabinet number 1 stores fractures of  the proxi mal segment. number 2 the diaphysis or shaft. and number 
3 the distal segment. In the case of  the t ibia, there is a fourth cabinet lo deal with fractures of  the malleol i .  (The junction between the segments is 
determined in the way described on p. 1 0, Frame 39.) 

When a fracture bridges the j unction between two segments, the segment under which i t  is classi fied is determined by the si te of  the mid- oinl 
of  the l ine of  the fracture. I n  practice. therefore. a two digit code determines the location of a fracture: e.g. under 22- would be stored all 
fractures o f  the shafts of  the rad ius, or the ulna, or of  both these bones. 

In each cabi11e1 a l l  the radiographs for a single location of fracwre are divided into fracture Types (repre>ented by the three drawers); the least 
severe go in drawer A (Type A fracwres), those or intermediate severity in B (Type B ), and the most severe in  C (Type C). Some of  rhe cri teria 
used to d i fferentiate between the three types of fracture have already been indicated (Frames 25. 26. 33). but see Footnote. 

Any type of  fracture can be put in  one of three groups ( represented by folders, and numbered 1 -3 ). The methods of  selection are again 
described later. Within each group fractures may be further sorted into subgroups ( represented by part i t ions ) .  Each of these subgroups has J 
numerical representation ( . 1 ,  .2, .3 ) .  ( I f  an even more detailed classi fication is needed, fractures within each subgroup can have added 
qualifications. These can be described by a single number (or two numbers separated by a comma) added in parentheses after the main codmg. 
The first digit in  the range 1 -6 is used to ampl i fy the description o f a  fracture's location and its extent. while the second is purely descriptiv.:. The 
number 7 is reserved to describe partial amputations. 8 for total amputation. and 9 for loss of bone stock.) 

As an example of  the AO classification, a simple oblique fracture of the proximal part of  the femoral shaft distal to the trochanters would be 
coded 32-A2. I ,  as fol lows: 

3 = the bone: the femur } the location 
2 = the seg111e111: the cliaphysis of the fracture 
- = separator between location and type 
A =  the type: A is the least severe type of fracture, with two bone fragments only 
2 = the group: group 2 includes all  oblique fracwres 

. 1  = subgroup: subgroup 1 includes fractures in the proximal part of the diaphysis where the 
medullary cavity is wider than in the more central part or the bone. 

Foo11101e: the criteria employed in sorting fractures into their appropriate types, groups and subgroups are given i n  a l i tt le more detail i n  th 
section on Regional Injuries. 



1 1  
99. Classification of open fractures (a): 
The classi fication of  Gusti lo et al is well 
established and in  common use. I t  is a 
practical classification which relates well to 
the common patterns of injury and their 
prognosis .  Three types are described, with the 
third being subdivided to al low a more 
precise grading: 

1 00. Classification of open fractures 
(b): 
The AO Group use separate class i f ications 
for closed and open skin injuries and for 
injuries to muscle; they employ a separate 
fourth classi fication for nerve and vascular 
injuries. The classification is  more complex 
and is given here for completeness: 

Skin lesions in  closed fractures ( Integuments, 
Closed): 

!C l = Skin undamaged 
IC2 = Contusion of skin 
IC3 = Local degloving 
IC4 = Extensive (but closed) degloving 
IC5 = Skin necrosis resu lt ing from contusion 

Skin lesions in  open fractures ( Integuments, 
Open): 

10 I = Skin broken from wi1hi11 01.11 
102 = Skin broken from wilhout i11,wirh 
contused edges but less than 5 cm in  length 

CLASSIFICATION OF OPEN FRACTURES • 

1 1 1  A 1 1 1  B 
Type I :  An open fracture with a wound which 
is (a) less than I cm and (b )  c lean. 

Type I I :  An open fracture with a wound 
which is (a) more than I cm long and ( b) not 
associated with extensive soft tissue damage. 
avulsions, or flaps. 

Type J l lA :  An open fracture where there is 
adequate soft tissue coverage of  bone in spite 

103 = In excess of S cm of skin broken, with 
devitalised edges and local degloving 
104 = Ful l  thickness contusion, abrasion. 
skin loss 
105 = Extensive degloving 

Muscle and tendon injuries in fractures: 

MTI  = No muscle injury 
MT2 = Local muscle injury, one muscle 
group only 
MT3 = Extensive muscle injury with 
involvement of more than one group 
MT4 = Avulsion or loss of entire muscle 
groups, tendon lacerations 
MTS = Compartment syndrome; Crush 
syndrome 

Neurovascular injuries in  fractures: 

NV I = No neurovascu lar injury 
NV2 = Isolated nerve injury 

1 1 1  C 
of (a) extensive soft tissue lacerations or flaps 
or (b )  high energy trauma irrespective of the 
size of the wound. 

Type l l lB :  An open fracture with extensive 
soft tissue loss, periosteal stripping and 
exposure of bone. Massive contamination is 
usual. 

Type I I JC: An open fracture associated with 
an arterial injury which requires repair. 

NV3 = I solated vascular injury 
NV4 = Combined neural and vascular injury 
NVS = Subtotal or total amputation 

Note that for data storage purposes the above 
AO soft tissue c lassi fications are appended to 
their alpha-numeric fracture c lass i fication. 
e.g. a segmental fracture of the tibia i n  which 
there was a small skin wound, no obvious 
muscle damage, but an associated drop foot 
would be classified 42-C2/102-MTl -NV2: 
this i s  1101 a class i f ication for committ ing to 
memory ! 

Note the very approximate correlations 
between the Gusti lo  and AO classifications: 

Gusti lo Type I equivalent to 10 I 

Gusti lo Type l l  equi valent to 102 
Gusti lo Type l l l A  equivalent to 103 
Gusti lo  Type l ! I B  equivalent to 104 
Gusti lo Type f f lC equivalent to l03-5 + 
NV2 



ANSWERS TO SELF-TEST 

ANSWERS TO SELF-TEST 

58. Transverse fracture or the t ibia in the middle third. S imple 
transverse fracture of the tibia in  the middle third (or simple transverse 
fracture of the tibial diaphysis). There is no signi ficant displacement or 
angulation, and the fibula i s  intact. The fracture is  of adult pattern and 
is not a greenstick fracture. 

59. Hair l ine fracture of the t ibial cliaphysis (or of the t ibia in  the lower 
mid third). Coned-down views are often helpful; i f  the init ial 
radiographs appear normal. they should be repeated after an interval if 
there is  continued suspicion that a fracture is present. CAT scans of the 
suspect area are also often usefu l .  

60. Dislocation of the elbow. The radius and ulna are displaced 
laterally in relation to the humerus (and also posteriorly, although this 
i s  not shown on the s ingle racliograph ) .  

61 .  This injury cannot be anything but open a s  the right-angled 
angulation of the greenstick fracture of the radius (at the junction of its 
middle and lower thirds) indicates. The mottling of the soft tissue 
shadows clue to air i s  confirmatory. In addition, there is a greenstick 
fracture of the ulna in i ts middle third (note the posterior angulation) 
and dislocation of the elbow (the u lna appears lateral and the humerus 
AP). Both fractures are of the diaphysis. 

62. Fracture-dislocation of the shoulder. The head of the humerus is 
not congruous with the glenoid. Lateral to it is a large fragment of 
bone, the avulsed greater tuberosity of the humerus. 

63. Segmental (double) fracture of the tibia (complex segmental 
fracture). The proximal fracture is  virtual ly transverse and in the 
middle third. The distal fracture is also transverse and situated in the 
distal third. The fibula is fractured, and the t ibia displaced medially. 
Bony apposition has probably been lost in the prox imal fracture. 
Problems with reduction, fi xation and non-union al one level are to be 
antic ipated. 

64. Fracture of the radius and u lna in  the distal third. In the lateral 
projection, there is some s l ight anterior (volar) angulation (posterior 
(or dorsal )  ti l t ing) of the u lna.  In the AP view, there is  lateral (or radial ) 
displacement of the distal fragments which are virtually off-ended. 
There is some medial ( u lnar) angulation (or the distal fragments are 
t i l ted lateral ly) .  The radial fracture is oblique with a s l ight spiral 
element. The ulnar fracture is  transverse. 

65. There is a greenstick fracture of the radius .  Note the ridging of the 
radius both med ia l ly and laterally just proximal lo the epiphysis. 

66. Fracture of the base of the fifth metatarsal. This is  an avulsion 
fracture, produced by the peroneus brevis  which is  inserted in to the 
fifth metatarsal base. 

67. The radiograph shows deformity of the body of the first lumbar 
vertebra which has been reduced in height anteriorly. This is an 
anterior compression or crush fracture. 

68. There is  a simple oblique fracture or the proximal femur, running 
between the lesser and greater trochanlers. with a coxa vara clefom1ity 
(the distal femur is  t i l ted medial ly) .  The hip is  arthritic and \he 
disturbance in  bone texture in  the pelvis and femur is typical of Paget's 
disease ( i .e. this is a pathological fracture ) .  

69. There is  a s imple oblique fracture of t h e  fibula, which is  displaced 
laterally, accompanied by the talus. The distal encl of the f ibula is t i l ted 
laterally (medial angulat ion) .  Unless accurately reduced, th is  fracture 
involving a joint is l iable to lead to secondary osteoarthrit is .  

70. The small fragment of bone detached from the base of the 
proximal phalanx has been avulsed by the ulnar col lateral l igament of 
the M P  joint .  I L  indicates that the thumb ha been dislocated, and that 
there is potential instabi l ity at this level. 

7 1 .  There is  a fragmented wedge fracture of the tibial diaphysis. There 
are four fragments, and the main bunerfly fragment of a bending 
wedge fracture remains in  conlac1 and al ignment wi th 1he main distal 
fragment. There is a segmental (double) fracture of the f ibu la. Bolh 
fractures are in the middle third. Soft t issue shadows indicate, as might 
be ant icipated, that this i s  an open fracture. There is  lateral angulation 
( i .e.  the distal fragment i s  Lilled medial ly) .  During the tak ing of the A P  
and lateral radiographs there has been some alteration of position o f  
the fracture: note that in the lateral projection there is  considerable 
axial rotation (the foot i s  lateral. but the upper t ibia is al most in the A P  
plane ) .  Axial rotation is  not a feature o f  the AP projection. 
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2 
The diagnosis of fractures 
and principles of treatment 

HOW TO DIAGNOSE A FRACTURE 

1 .  HISTORY 

l n  taking the h istory of  a patient who may have a fracture, the fol lowing 
poi nts may prove to be helpfu l .  espec ia l ly  when there has been a traumatic 

incident. 
I .  What act iv i ty was bei ng pursued at the t ime of the i ncident (e.g. taking 

part in  a sport, dri v ing a car. work ing at a height, etc . ) ?  

2 .  What was the nature of the inc ident (e .g .  a kick, a fal l ,  a twist ing i njury, 

etc . ) ?  
3 .  What was the magnitude o f  the applied forces? For example, i f  a patient 

was injured in a fal l ,  it i s  helpful to know how far they fel l ,  if the fal l  was 
broken, the nature of the surface on which they landed, and how they 
landed. Tri vial violence may lead one to suspect a pathological fracture; 

severe v iolence makes the exclusion of mult ip le injuries part icularly 

important. 

4 .  What was the point of impact and the d i rection of the applied forces? I n  
reducing a fracture, one o f  the pri ncipal methods employed i s  to 
redupl icate the causal forces in a reverse d i rection . lf a fracture occurs 
close to the point of impact, addit ional remotely s i tuated fractures must 
be excluded. 

5. Is there any sign ificance to be attached to the i nc ident i tself? For example, 
if  there was a fal l ,  was it prec ip i tated by some underly ing medical 

condition, such as a hypotensive attack, which requ ires separate 
investigation? 

6.  Where i s  the s i te of any pain ,  and what is  i ts severity? 
7 .  Is there loss of functional act iv i ty?  For example, walking is seldom 

possible after any fracture of  the femur or tibia; i nabi l ity to weight bear 
after an acc ident is of great s igni ficance. 

8 .  What is  the patient's age? Note that whi le  a young person may sustain 
bru i s ing or a sprain fol lowing moderate trauma, an inc ident of 
comparative magni tude in  an older patient may result i n  a fracture. 

Diagnosis In  some cases the d iagnosis of fracture is  unmistakable, e .g.  
when there i s  gross deformity of the central portion of a long bone or when 
the fracture is v is ible, as in certa in compound i njuries. In the majority of 

other cases, a fi'acture is suspected fimn the history and clinical 

examination, and confirrned by radiography of the region . 



FRACTURE DIAGNOSIS - CLINICAL EXAMINATION 

2. Inspection (a): Begin by inspecting the 
limb most careful ly, comparing one side with 
the other. Look for any asymmelly of con.lour, 
suggesting an underlying fracture which has 
displaced or angled. 

A 

I B 

5. Inspection (d): Look for other tell-tale 
skin damage. For example (A) grazing, wi th 
or without ingrain i ng of dirt in the wound, or 
friction bums, suggests an impact followed by 
rubbing of the skin against a resistant surface. 
( B )  Lacerations suggest impact against a hard 
edge, tearing by a bone end, or spl itt ing by 
compression against a hard surface. 

3. Inspection (b): Look for any persist ing 
asymmetry ofposrure of the l imb, e.g. 
persist ing external rotation of  the leg is a 
common feature in disimpacted fractures of 
the femoral neck. 

c 

D 

) f /, 

6. Inspection (e): Note the presence of: (C) 
skin stretch marks, (0) band patterning of the 
skin,  suggestive of both stretch ing and 
compression of  the skin in a run-over injury, 
(E) pattern bruising, caused by severe 
compression which leads the skin to be 
imprinted wi th the weave marks of overlying 
clothing. Any of these abnormal i ties should 
lead you to suspect the integrity of the 
underlying bone. 

4. Inspection (c): Look for local bruising of 
the skin uggesting a point of impact which 
may direct your attention loca l ly  or to a iore 
d i stant level .  For example, bru is ing over the 
knee from dashboard i mpact should dire l 
your attention to the underlying patella, :ind 
also to the femoral shaft and hip .  

2 
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7. Inspection (f): If the patient is seen 
shortly after the incident, note any localised 
swe l l i ng of  the l i mb (I). Later, swel l ing tends 
ro become more d iffuse. Note the prese ce of 
any haematoma (2). A fracture may stri the 
skin from its local attachments (degloving 
i nj ury): the skin comes to float on an 
underlying collection of blood which is 
continuous w ith the fracture haematoma. 



8. Inspection (g): Note the colour of the 
injured l irnb, and compare i t  with the other. 
S l ight cyanosis i s  suggestive of poor 
peripheral circulation; more rnarked cyanosis 
suggests venous obstruction; and whiteness 
rnay indicate disturbance of the arterial 
supply. Feel the lirnb and note the 
temperature at di fferent levels, again 
comparing the sides. Check the pulses and 
the rapidity of pinking-up after tissue 
compression. 

1 1 . Palpation: The sharp edge of a fracture 
rnay be palpable. Note also the presence or 
local ised oedema. This is a particularly 
useful sign over hairl ine and stress fractures. 
The developrnent of oedema may however 
take some hours to reach detectable 
proportions. 

FRACTURE DIAGNOSIS - CLINICAL EXAMINATION 

1 

2 

3 
9. Tenderness (a): Look for tenderness 
over the bone suspected of being fractured. 
Tenderness is invariably el ic i ted over a 
fracture ( I ) . but tenderness wil  I also be found 
over any traumatised area, even though there 
is no underlying fracture ( 2 ) .  The important 
distinguishing feature is that in the case of a 
fracture tenderness wi l l  be el ic i ted when the 
bone is palpated on any aspect (3) .  

1 2. Other signs: I f  the fracture is rnobile. 
111oving the pan 111ay produce angulation or 
crepitus from the bone ends rubbing together. 
In addition, the patient wi l l  experience 
severe pain from such 111ove111cnl. These 
signs rnay be inadvertently observed during 
routine exa111ination or the patient, but 
should not be sought unless the patient is 
unconscious and the diagnosis is in doubt. 

1 O. Tenderness (b): I n  e l ic i t ing tenderness, 
once a tender area has been located the part 
should be palpated al the sa111e level from 
another d i rection. For exa111plc, in 111any 
sprained wrists tenderness wi l l  be e l icited in  
the anatomical snuff-box - but  not  over the 
dorsal and palrnar aspects of the scaphoid, 
which are lender i r a fracture is present. 

1 3. Radiographic examination: In every 
case of suspected fracture, radiographic 
examinat ion of the area is  111andatory. 
Radiographs of the pan wi l l  generally give a 
clear ind ication of the presence of a fracture 
and provide a sound basis for planning 
treat111enl. I n  the case where there is  some 
c l inical doubt. radiographs wi l l  reassure 
patient and surgeon and avert any later 
111edicolcgal criticisrn. 

Radiographers in the Un i ted Kingdom 
receive thorough training in  the techniques 
for the satisfactory visual isation of any 
suspect area. but i t  i s  essential that they in 
turn are gi ven clear guidance as to the area 
under suspicion. The request form must be 
qui te spec i fi c, otherwise mistakes may occur. 
At its s implest, the request must stale both 
the area 10 be visualised and the bone 
suspected of being fractured. It is desirable to 
inc lude the joints above and below the 
fracture. It need hardly be stressed that a 
thorough c l i n ical examination should precede 
the completion of the radiographic request i f  
repetit ion and the laking o f  unnecessary fi l ms 
are to be avoided. 



FRACTURE DIAGNOSIS - RADIOGRAPHY 

/ 

1 4. The standard projections: These are 
an anteroposterior (AP) and lateral. Ideally 
the bea111 should be centred over the area of 
suspected fracture, with visual isation or the 
proxi111al and distal joints. This i s  espec ially 
i111portant in the paired long bones where, 
e.g., a fracture of the tibia at one level 111ay 
be acco111panied by a fibular fracture at 
an or her. 

The fol lowing table l ists so111e or the co111111onest errors 111ade in the fi l l ing in of request ron s .  

Area suspected 

of fracture 

Scaphoid 

Calcaneus 

eek or fe111ur 

Tibial table or 
tibial spines 

Typical 
request 

·x-ray wrist. 
? fraclllre' 

·X-ray ankle. 
? fracture' 

' X-ray foot, 
? fracture' 

' X-ray remur, 
? fracture' 

'X-ray tibia, 
? fracture· 

Error 

Fractures or the scaphoid 
are difficult to visualise: a 
111 in i 111u111 of 3 specialised 
views is  required. A fracture 
111ay not show on the 
standard wrist projections 

A tangential projection. 
with or without an 
additional oblique (along 
with the usual latera l ) .  is 
necessary for satisfactory 
visualisation of the 
calcaneus. These views are 
not taken routinely when an 
X-ray examination or the 
foot or ankle i s  called for 

Poor cerming of the 
radiographs may render 
the rracture invisible 

Poor centring may render 
the fracture invisible. or 
the area 111ay not be 
i ncl uded on the film 

Correct request 

' X-ray scaphoid, 
? fracture' 

' X-ray calcaneus. 
? fracture' 

' X-ray hip, 
? fracture neck 
of femur' or 'X-ray 
to exclude fracrure 
of femoral neck' 

' X-ray upper third 
t ibia to exclude 
fracture of  tibial 
table' 

1 5. Comparison films: Where there is 
some difficulty in interpreting the 
radiographs (e.g. in the elbow region in 
children, where the epiphyseal structures are 
continually changing, or where there is some 
unexplained shadow or a congenital 
abnor111al i ty) f i l 111s of the other side should be 
taken ror direct comparison. 

1 6. Oblique projections: In the case of 
the hand and foot. an ob l ique projection 111ay 
be helpful when the lateral gi ves rise to 
confusion due to the superimposit ion of 
many structures. Such oblique projections 
may have to be spec i fical ly requested hen 
they are not part ot: an X-ray department's 
routine. 



1 7. Localised views: Where there is 
marked local tenderness but routine Ii ! ms are 
normal, coned-down local ised views may 
give sufficient gain in detail to reveal a 
hairline fracture. If such f i lms are also 
negative, the radiographs should be repeated 
after an interval 01· 1 0- 1 4  days if the 
symptoms are persisting (see also Hairl ine 
Fractures p. 6 ) .  

FRACTURE DIAGNOSIS - RADIOGRAPHY /OTHER IMAGING 

1 8. Stress films (a): Stress f-i lms can be of 
value in certain situations, e.g. when a 
comp lete tear of a major l igament i s  
suspected. Where the lateral l igament of the 
ankle is thought to be torn. for example. 
radiographs of the joint taken with the root in 
forced inversion may de111onstrate instabi l i ty 
of the talus in the ankle 111ort ice. ( Local or 
general anaesthesia may be required in fresh 
i njuries.) 

1 9. Stress films (b): Stress fi lms may also 
be used where there is some doubt as to 
stab i l ity of a uni t ing fracture. They may also 
be employed where the possibi l i ty of 
refracture arises. 

CAT (CT) scans These can show tissue s l ices in any plane, but characteri s t ical ly in med ian sagittal, parasagi ttal ,  

coronal and, most importantly, transverse planes. The last projection cannot be read i ly  obtai ned wi th plain X-rays, 
and can often provide usefu l  addi t ional i nformation which is  not otherwise avai lable.  Jn  add it ion,  in the CAT scan 

there is a greater range of grey-scale separation, a l lowing a greater d i fferent iat ion of  ti ssue types. I t  is of  part icular 
value in :  
1 .  Vertebral fractures, to show the relationsh ip  between bony fragments and the spinal canal .  

2 .  Acetabu lar floor fractures, to clari fy the degree of disturbance of  the art icu lar surface. 

3 .  Pelv ic fractures, to show the number of elements invol ved and their re lat ionship.  In  some cases i t  may be poss ible 
to display and rotate i n formative 3D reconstruct ions. 

4.  Calcaneal and other fractures involv ing joi nts, to v isual ise the posit ion of  the elements and the degree of joint 

disturbance. 

AP and lateral tomography In th is  X-ray technique the tube and fi lm are rotated (or s l id )  in  opposi te 
d irections duri ng the exposure .  Thei r  posit ion relat ive to one another and the part being exami ned determi nes the 

tissue sl ice being clearly v isual ised. The results are i n ferior to those obtai ned by CAT scann ing,  but may be helpful i f  

the latter i s  not avai lable .  

Technetium bone scans Technet ium tagged methylene di phosphate ( 99Tc111-methylene d iphosphate ( M OP))  
can be used 48 hours after an injury to demonstrate bone acti vity a t  a fracture site, and con firm the presence of a 
fracture when other methods of detection have fa i led. 

MRI scans These avoid any exposure to X-radiat ion and produce image cuts as in CAT scans with a greater 
abi l i ty to d i stinguish between d ifferent soft t i ssues. In  the trauma fie ld they are of part icular value in assessing 
neurolog ical structures wi th in  the skull and spinal canal, and meniscal and l igamentous structures about the knee and 
shoulder. 

Ultrasound Ultrasound i maging is of great sens i t iv i ty and of value in assessing the abdominal cav i ty and soft 

tissues such as the shoulder cuff, the pate l lar l igament and the calcaneal tendon .  



FRACTURE DIAGNOSIS - PITFALLS 

DIAGNOSTIC PITFALLS 

A number of fractures are missed with great regu larity - someti mes with 

serious consequences. You should always be on the l ook-out for the 

fol lowing :  

I .  An elderly patient who i s  unable to weight bear after a fal l must be 
examined most carefu l ly. The commonest cause by far is a fracture of 
the femoral neck, and this must be e l im inated in every case . If the 
femoral neck i s  i ntact, look for a fracture of the pubic rami. Note that, 
on the rare occasion, a patient with an impacted fracture of the femoral 

neck may be able to weight bear, albeit with pain .  
2 .  I f  a car occupant suffers a fracture o f  the pate l la  o r  femur from a 

dashboard i mpact, always e l iminate the presence of a s i lent d i s locati on 

of the h ip .  

3 .  If  a patient fractures the  calcaneus i n  a fall, examine the  other side most 
carefu l ly. B i l ateral fractures are extremely common, and the less painful 
s ide may be missed. 

4. If a patient complains of a ' sprai ned ankle' always exam i ne the foot as 
well as the ankle. Fractures of the base of the fifth metatarsal freque t ly 

resu l t  from i nversion injuries ,  and are often overlooked. The m istak of 

not performing a good c l in ical examination in  these c i rcumstances i s  
compounded by requesting racliographs of the  ank le  (wh ich  do not  show 

the fifth metatarsal bone) .  

5 .  I n  the unconscious patient, i njuries of the cervical sp ine are frequently 
overlooked . I t  pays to have routine screen ing films of the neck,  che t 

and pelv i s  i n  the unconsc ious patient. 
6. Impacted fractures of the neck of the humerus are often m i ssed, 

especia l ly when one view only is  taken. Conversely, i n  children, the 
epiphyseal l ine i s  often wrongly mistaken for fracture .  

7 .  Posterior dislocation of the shoulder may not be d iagnosed when i t  

should be at  the i n it ial attendance. This i s  because the humeral head 

comes to l i e  d i rectly behi nd the glenoid, and is not detected if only a 

s ingle AP projection i s  taken. If there is a strong suspicion of i njury, and 
espec ial ly i f  there i s  deformity of the shoulder, a second projection is 
essential i f  no abnormali ty i s  noted on the AP fi lm .  (Two views sho lei 
be taken routinely in  al l i njuries, but i n  many departments the shoulder, 
for no good reason, is excluded from th is  rule . )  

8 .  Apparently i solated fractures of  e i ther the rad ius  or u lna  should be 
d iagnosed with caution. The Monteggi a  and Galeazzi 

fracture-dis locations are sti l l  frequently m i ssed. I n  the same way, i t  i s  
unwise to diagnose a n  isolated fracture o f  the t ib ia unt i l  the whole o f  the 
fibula has been vi sual i sed; fracture of the t ib ia c lose to the ankle is ,  for 
example, often accompanied by fracture of the fibular neck. 

9. At the wri st, greenstick fractures of the rad ius  in ch i ldren are often 
overlooked due to lack of care in study ing the radiographs. 

I 0 .  In adults, fractures of the radia l  styloicl or Bennett ' s  fracture may be 
missed or treated as suspected fractures of the scaphoid. Complete tears 
of u lnar col lateral l i gament of the MP joint of the thumb are freque t ly 
overlooked, sometimes with severe resu l tant functional d isabi l i ty. 



FRACTURE TREATMENT - PRIMARY AIMS 

THE TREATMENT OF FRACTURES 

PRIMARY AIMS 

The primary aims of fracture treatment are : 
l. The attainment of sound bony union wi thout deformi ty. 

2 .  The restoration of function, so that the patient is able to resume their 
former occupation and pursue any athletic or soc ial  activ i ty they wish .  

To th is  might  be added 'as quickly as  poss ib le '  and 'w i thout r isk of any 

compl ications, whether early or l ate' .  These a ims cannot a lways  be 
achieved, and in some si tuations are mutual ly exclusive.  For example, 
in ternal fixation of  some fractures may g ive rap id restoration of function, but 
at the expense of occasional i n fection .  The great variations that exis t  i n  
fracture treatment are largely d u e  to differences i n  interpretation o f  these 

factors and their relevance in  the case under considerat ion;  they are i n  

constant flux,  wi th o n  t h e  one hand the development o f  more sophist icated 

methods of fracture fi xation and new ant ibiot ics ,  and on the other the 
emergence of anti biotic res i stant organ isms .  

STAGES OF TREATMENT 

A number of systems have been devi sed to di vide the t ime e laps ing from the 
occurrence of a fracture in to stages, within each of which i t  i s  the a im to 
complete a recogni sed phase of treatment. This i s  of especial i mportance i n  
the management of mu lt ip le injuries. In  one such scheme three stages are 

recognised: these fol low v i tal  resuscitat ion. 

Primary This lasts for 72 hours.  Duri ng th is  period the fracture and any 
accompanying i nj uries shou ld be invest igated to a conc lusion and treated 
accordingly. Wi thin this t ime scale it is usual ly poss ib le  to carry out 
defi n i ti ve fracture treatment (e .g .  open reduction and internal fi xation) ,  
d i scarding any in i t ial spl in tage . 

Secondary This covers the period 3-8 days post- injury. I f  the patient's 
condit ion during the primary phase i s  too poor to al low t ime-consuming 

procedures ( such as  the internal fi xation of  both forearm bones or complex 
joint reconstructions),  then these should performed dur i ng this period . At 

this t ime secondary wound closures, soft ti ssue reconstruct ions,  and the 
reduction and fi xation of fac ial fractures shou ld  be carried out. 

Tertiary After 8 days, assuming that the pat ient 's  general condition i s  
stable, addi tional procedures may be requ ired. These i nc lude bone grafting 
of massive defects, secondary closure of amputat ions, soft t i ssue 

reconstructions, and any procedures postponed from the secondary period. 
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RESUSCITATION 

If a l i mb fracture is a patient's sole i nju ry, resuscitation is less frequently 
requ i red, so that i t  i s  often possible to proceed with treatment wi thout undue 

delay ( al though unfitness for anaesthesia may sometimes upset th is  i deal ) .  lf, 
however, a fracture is compl icated by damage to other structures, or 

involvement of other systems, then treatment of the fracture usual l y  takes 

second place. Immediate action must be taken to correct any l i fe

endangering s i tuation which may be present or anticipated. 

Advanced trauma life support (ATLS) It  i s  recognised that a well  
organ ised trauma team can give the best treatment to a severely i nj ured 
patient.  The core trauma team wi l l  normally consist of  ten staff: a team 

l eader, an anaesthetist and his assi stant, a general surgeon, an orthopaedic  

surgeon, an  emergency department physician, two nurses, a radiographer, 

and a note-taker (scribe) .  Each member has h i s  own spec i fic  areas of  

responsibi l i ty. The team leader should not  normal ly touch the  patient, bu t  
orchestrate the team . Addit ional staff w i l l  i nc lude porters, blood bank staff 
incl uding a haematologist, and a biochemist .  A neurosurgeon, thoracic 

surgeon, plastic surgeon, and radiologist shou ld also be avai lable at short 
notice. 

To maintain such a team wi th i ts equi pment makes heavy demands, a d is 

only possible in a few hospitals which have the necessary work load and 

resources. In most situations, especial ly away from large centres, smal ler 
teams are involved and assessment and management follow a more l i ne r 
approach (as adopted below) .  

INITIAL MANAGEMENT 

Some general principles in the i n it ial management of cases of mult ip le 
inju ries are we l l  establ ished, and may be summarised with the mnemonic 
ABCDE(F). 

A =  Airway 

I .  Any blood, mucus or vomi t  must be removed from the upper respi rat ry 

passages by suction or swabbing. Dentures should  be looked for and 
extracted. In  the more minor si tuations, respi ratory obstruction may be 
avoided by support of the jaw, a s imple ai rway, and turni ng the patient on 
their s ide .  

2 .  An endotracheal tube may have to  be  passed: 

(a) i n  the unconscious patient with an absent gag reflex 
(b )  where inhalation of mucus or vomi t  has al ready taken p lace (or i s  

suspected), for clearing of  the resp iratory passages under v i sion 

(c) where there is bleeding from the upper ai rway 
( cl )  for the more effective management of cases where there is  respiratory 

d i fficu lty or ev idence of hypoxia. e .g .  i n  cases of flai l chest. Where 
there i s  need for intubation i n  a patient with a suspected cervical 
spine inj ury, the procedure should be carried out wi th great care. 
avoiding excessive cervical spine extension; naso-tracheal i ntubation 
should be used. Confirm placement by auscul tation ( and/or by a 
radiograph ) .  
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B = Breathing 

I .  Venti late with I 00% oxygen. Check the breath sounds. A fter intubation 
assess the arterial blood gas levels so that if these remain impaired the 
appropriate steps may be taken (e .g .  reviewing the diagnos is  and noting 

the si tuations described below) .  
2 .  An open chest wound mus t  be  immediately covered to  reduce the risks of 

tension pneumothorax . A vase l ine gauze dressi ng. covered wi th  a swab, 

and fi rm ly secured to the sk in  w i th broad adhesive tape is usual ly qui te 

adequate in the emergency situation . 

3. I f  there is evidence of a tension pneumothorax (hyper-resonance and 
decreased breath sounds on the affected side, or tracheal sh ift to the 
other), or of pneumothorax or haemothorax , the appropriate chest cavities 
should be drai ned by intercostal catheters connected to water seal drains.  
A routine racliograph of the chest wil l  usual ly  con fi rm the diagnosis, but if 
th is  remains in  doubt, the chest shou ld be tapped in  the fi fth in terspace in  
the mid-axi l l ary l i ne .  

4.  I f  there is  evidence of paradoxical respiration clue to A ai l  r ib segments, 

blood gas levels should be estimated. Normal values are given below: 

pOz 
pC02 
pH 

Oxygen content 
Oxygen saturation 
Bicarbonate 

75- 1 00 mmHg 
35-45 mmHg 
7 .38-7.44 
1 5 %-23% 

95%- 1 00% 
22-25 m i l lequi valent/L 

S l ight impairment of respi ratory function may be managed by g iv ing oxygen 
by i nhalation and analgesics with caution .  When the blood gas levels  are 

seriously disturbed, and espec ial ly in the presence of a concurrent head 
injury, some form of assisted respiration is usual ly the best method of 
management .  

C = Circulation 

l .  Any severe external haemorrhage must be brought under rapid contro l .  

Th is  can al most always be achieved wi th local paddi ng or pack ing along 

with fi rm bandagi ng. The use of a tourniquet is best avoided except in the 
rarest of c i rcumstances; then one should be used only in  c i rcumstances 
where i ts retention for excessive periods cannot occur. A tourniquet must  
be properly appl ied:  too l i t t le pressure wi l l  i ncrease the blood loss by 
preventing venous return, and too great a pressure wi l l  endanger 
underly ing nerves. A pneumatic tourniquet should always be appl ied in 
preference to any other type. 

2 .  Remove blood for grouping and cross-match ing, and the estab l i shment of 

basel ine parameters including haemoglobi n and haematocr i t .  
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3.  Set up two large bore ( 1 4- 1 6  gauge) i ntravenous l i nes, performing i f  
necessary a rapid cut-down and insertion o f  a l arge bore in travenous 
cannula under vis ion. 

4. Make an assessment of the c i rculatory state.  I n it ial ly, the b lood pressure 

and pulse are the most useful fami l i ar gu ides to the state of the 

c i rculation, but note that tachycardia and a low b lood pressure may 

sometimes be absent in those suffering from hypovolaemic  shock, 

requir ing the exercise of c l in ical j udgement. The need for replacement 

depends on an assessment of loss and the c irculatory state. The amount 

and type of replacement is  dependent on the nature and extent of the loss. 
The rate of i n fusion is  largely determined by the response to rep lacement. 

Classification of haemorrhage A 70 kg male has a c i rculatory volume 
of 5 L of blood (equ ivalent to 25 un i ts of  packed red blood ce l l s ) .  

Class I :  loss of up to 1 5% of  blood volume (equ ivalent to 4 un i ts of 
packed reel ce l ls )  normal ly does not cause a change in  blood pressure or 

pulse. 

Class II: loss of 1 5-30% of b lood volume (equ ivalent to 4-8 unit of 
packed red cells) normal ly  l eads to tachycardia, but  no s ign ificant 
disturbance of the blood pressure. 

Class III: loss of 30-40% of b lood volume (about 2 L in a 70 kg man) 
results i n  tachycardia and lowering of the b lood pressure. 

Class IV: loss of more than 40% of blood volume leads general ly to 
severe tachycardia and lowering of the blood pressure . 

Estimating blood loss The fol lowing gives a crude guidance i n  

anticipating potential blood loss: 

• Closed fracture of the femoral shaft: I L 
• Open book fractures of the pelv i s :  2-3 L (potent ial ly  much greater 

where there is  a sacroi l iac disruption) .  

• I ntra-abdominal haemorrhage:  2-3 L 
• Haemothorax : 1 -2 L 

• Closed head i njury:  blood loss is insubstantial and hypotension does 

not occur unless the patient is c lose to death 

5. If there is blood loss accompanied by tachycardia  or hypotension rapidly 
run in  crystal loids such as normal sal ine or Ringer-lactate. ( I n  chi ldren, 
give 20 mL/kg body weight i ni t ia l l y, and up to 60 m.L/kg . )  Use of 
warmed solutions has been shown to reduce mortal i ty and help preserve 

the haemostatic mechanisms, and should be rout ine.  If the response is 
inadequate after 2 L, other measures will be required. These i ncl ude 
the admin istration of packed red blood cel ls  or whole blood, and po:si bly 

surgery (see later.) Temporary sp l in tage of l imb fractures wi l l  recluc 
local haemorrhage whether the fracture is  open or c losed. 
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( Note that crystal loids are poorly retai ned in the intra vascular space. Some 

prefer the use of  plasma or synthet ic col loids wh ich do not suffer from th is  

d i sadvantage, but  others cla im that these have no advantage in  the trauma 
setting. Fresh frozen plasma does have the advantage of  covering any 
tendency to hypofibrinogenanaemia and factor V and factor V I I  deficiencies, 
but takes 20-30 mi nutes to thaw. Two un its of fresh frozen plasma should be 
g iven where bleed ing is cont inuing and there are coagu lation factor 
deficiencies present . )  

D = Drugs, al lergies, disabilities Carry out a rapid screen ing of  the 

patient, and note any in formation (e .g .  on warning cards, bracelets or 

lockets, or from re latives ) of  any re levant problem. 

E = Eating and exposure Obtai n, if  possible,  i nformation on the 
patient ' s  intake of  flu ids and sol ids in case general anaesthesia is requ ired. 
Where appl icable, remove clothing to al low i nspection of  the enti re patient 
to avoid overlook ing any addi t ional inju ries .  

F = Foley catheter In  cases of mul t iple i njury, and where no urinary 
tract damage is suspected, insert a catheter to a l low monitoring of urinary 

output (and hence the adequacy of the blood pressure in maintain ing renal 

funct ion) .  

FURTHER ASSESSMENT 

Screening films At an early stage in the assessment of a patient with 
multi ple injuries, screening films of  the cervical spine. chest and pelv i s  
should be  obtained. Where there i s  the  poss ib i l i ty of  an abdomi nal injury 

with intra-abdomi nal haemorrhage an u l t rasound examination should be 

carried out .  If the c i rcumstances dictate and al low, the opportun i ty may be 

taken at th is  stage to arrange an X-ray exami nation of any l imb i njury, or any 

i njury to the skull or facial bones. 

Fluid replacement I f  the patient fai l s  to be stab i l i sed by the 
admin i s tration of  crystal loids,  then blood w i l l  be requ i red. Normal ly, b lood 

w i l l  also be requ i red i f  the haemoglobin fal l s  below 9 g/dL. Note the 
fol lowing points: 
I .  If the patient is exsanguinated, and w i l l  d ie  unless blood is admin i stered 

i mmediately, give two uni ts of Group 0 Rhesus negative blood pending 

supply of cross-matched blood. The latter should ideal ly should become 

avai lable not more than 20 m inutes after the patient's blood sample i s  
submitted to the blood bank. 

2. Thereafter, or if the si tuation i s  less acute, admin i ster cross-matched 
packed red cel l s .  If bleeding cont inues, then whole blood becomes more 
appropriate. 

The volume of the replacement required can vary enormously, and 

therefore must be judged by the response: see the following flow chart 

(Fig. 2. 1 ) for a summary of replace111en1 management. 
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• Blood sampling: 

1 .  to establish base parameters 

2. for grouping and cross-matching 
• Rapidly infuse 2 units 

group 0 Rh -ve packed red cells 
+ 

• Establish good i.v. lines and commence 

infusion with saline or Ringer-lactate 
• Arrest any external haemorrhage 

• Reassess and continue if necessary with 

group O Rh -ve blood until 

matched blood available 

Saline or Ringer-lactate, 

up to 3 U24 h 

Yes 

• Administer cross-matched packed 

red cells, with supplements if required 

• Give whole blood if bleeding continues 

• Surgery if required to control bleeding 

? Post renal cause, 

e.g. ruptured urethra 

? Mechanical 

from thoracic trauma 

• Surgery with 

appropriate 

fluid replacement 

• Saline or 

Ringer

lactate 

+ 
Surgery 

• Stop fluid 

resuscitation 

• Start 

pharmacological 

treatment 

Fig 2. 1 :  Flow chart summarising Auid replacement management. 

Assessing the response to replacement There is vary ing opinion 
on the best methods of assessing the stab i l i ty of the c i rcu lation and the 
success of resuscitation. In  al l ,  the degree and maintenance of a pos i t ive 
response to treatment i s  more i mportant than the read ing of isolated values. 

Many methods are advocated including the fol lowing:  
1 .  Pulse and blood pressure. I n  spite of some unrel iabi l ity, these remain 

the most valuable guides. The in i tial a im should be to restore the p ulse 

rate to less than 1 40, and to obtain a blood pressure in excess of  90 mm 
systol ic and ris ing. 

2 .  Urinary output. Aim at 0.5 mL/kg body weight per hour i n  an adult ( i e .  
6 mL every I 0 minutes in  a 70 kg  man)  and  1 .0 mL/kg body weight i n  a 
chi ld ( i .e .  tw ice the rate per kg). 

3 .  Central venous pressure ( CVP). This al lows the monitoring of  atrial 
fi l l ing pressures. (Normal value = l ess than I O  mmHg. ) 
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4. Haemoglobin. If the Hb level  reaches J 0 g/dL and remai ns there ,  

further b lood is not  usual ly requ ired. ( Below 9 g/dL, blood wi l l  usually 

be requ i red, and v i rtual ly  i nvariably below 7 g/dL. When the Hb l ies 
between 7- 1 0  g/dL, and t here i s  doubt, the P"02 and ER (see be low) 

may be helpful  in  defin ing  transfus ion requ i rements ) .  ln  the absence of 
cont inu ing b leed ing, one un i t  of  packed red blood cel l s  would be 
expected to raise the Hb level by I g/dL.  

Less common i nvestigations include 

5 .  Pulmonary Artery Pressure ( PAP):  A pulmonary artery catheter 

al lows the measurement of pulmonary artery pressure and has been 

part icu larly advocated in the elderly pat ient .  (Normal val ues:  systol ic = 
1 5-28 mmHg; diasto l ic = 5- 1 6  mmHg. )  

6 .  Pulmonary Capillary Wedge Pressure ( PCWP):  (Normal val ue, mean 
= 6- 1 2  mmHg.)  

7 .  Cardiac output: (Normal value = 4-7 Umi n . )  
8 .  Cardiac index ( C I ) :  This represents the c i rcu lat ing blood volume per 

mi nute. ( Normal value = 2 .8-4. 2  Um in . )  

9 .  Systemic vascular resistance (SVR) :  (Normal value = 1 1 - 1 8  mm Hg. ) 
I 0. Arterial-alveolar oxygen difference (AaD02) :  (Normal = I 0 mm Hg. )  

1 1 . Peripheral/body core temperature difference: This  g i ves a useful  
assessment of prolonged shock. 

1 2 . Mixed venous partial pressure of oxygen ( P"02 ) : This is a guide to 
the t i ssue oxygen supply and i s  normal l y  6 kPa. 45 mm Hg. I f  the 
pat ient 's condi t ion i s  stable no treatment is  indicated unt i l a cr i t ical level 

of  3 kPa, 23 mmHg i s  reached. 
1 3 .  Extraction ratio (ER):  This i s  the rat io  o f  oxygen consumption to 

oxygen del ivery, and normally is around 25%. I t  equals :  

Ca02 - Cv 02 
C,,02 

where C,,02 = arterial oxygen;  Cv02 = venous oxygen. 

COMPLICATIONS OF TRANSFUSION 

1.  Hypocalcaemia. Transfused blood contai ns c i t rate which b inds the 
pat ient 's  ion ised calc ium.  Usual ly this i s  not a problem as the heal thy l i ver 

can metabol i se ( to bicarbonate) the c i trate in  one un i t  of b lood i n  5 minutes. 

Where t ransfusion rates are rapid, however, excessive ca lc ium binding may 
i tse lf  lead to hypotension, and also to tetany. To avoid ci trate tox ic i ty it has 
been common pract ice to g ive l g  of calc ium ch loride (or 4 g calc ium 

g luconate ) for every 4 un i ts of  blood admin i stered . I t  i s  recommended, as 
better pract ice, to avoid the admin i strat ion of calc ium unless there are 
c l i nical or biochemical indicat ions (e .g .  by the assessment of the ionised 
calc ium level s ) .  

2 .  Hyperkalaemia. This  is  no t  usual ly a problem unless very large 
amounts of blood are transfused. lt is more usual to find hypokalaemia as the 

metabol ic act i v i ty of the red cells begins  and the t i ssues begin  to take up 
potassium.  Attempts at correction are only i ndicated if the serum electrolytes 
or the ECG are di sturbed. 
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3. Acid/base disturbances. After large transfusions any res idual 
disturbance is dependent on the qual ity of t issue perfusion, the rate of 

admin i stration, and the effectiveness of citrate metabol i sm i n  the l iver. The 
need for correction is  determi ned by regular serum samp l ing .  

4. Defects of clotting. It has been suggested that 8 un its of p latelet 
concentrate and 2 uni ts of fresh frozen plasma should be transfused routine ly  
wi th every 1 2  un i ts of  packed red blood cel l s  ( I  un i t  (50 mL) of p latelet 
concentrate should raise the platelet count by 1 0  000) .  Neverthel ess, during 

the admin i stration of large replacements i t  i s  preferable that there should be 

regular moni toring of the p latelet count, prothrornbin t ime, part ial  

prothromboplastin t ime and flbrinogen levels,  and appropriate replacements 

given only where c learly indicated. ( Fresh frozen plasma should be g i ven i f  

the prothrombin o r  partial prothromboplast in  exceed L .5 t imes the control 
levels.  Cryoprecip i tate ( 1 .0- 1 .5 uni ts )  i s  given for fibrinogen levels less than 

0.8 g/L. )  
5 .  n·ansmission o f  disease. The risks o f  H I V  and hepat i t i s  B transmission 

are smal l (said to be i n  the order of I in 200 000 in  the US),  but are h igher in 

the case of Hepatitis C (c .  I i n  5000) .  Septic reactions are rare, but 

commoner with platelet concentrates which are stored at room temperature. 

6. Reactions. Acute haemolytic reactions from m ismatched blood requ i re 

i mmediate cessation of blood admin istration and a fu l l  i nvestigation, w ich 
should include a haematocrit to check for the presence of haemolysis ,  cul ture 
of the patient's and donor 's  blood to exclude bacterial contami n at ion,  repeat 

cross-match ing, a ful l  blood count and examination of red ce l l  morphology, 
and a Coombs' test. The donor blood shoul d  be returned to the blood bank 
and advice sought from the haematologist regardi ng any further 

i nvestigation thought desi rable .  A l l  aspects shoul d  be r igorously 

documented. The urinary output must  be carefu l ly  moni tored whi le  an 
attempt i s  made to obtain a bri sk  diuresis .  Severe reactions can occur from 
30 mL of mismatched blood, are l i fe threateni ng, and may requi re d ialy  i s .  
Non-haemolytic reactions, often w i th  severe associ ated urticaria, usual l y  
occur after admin istration of  larger quantit ies of whole blood or packed 
cel ls ,  and may often be contro l led with i ntravenous benadry l .  Washed red 
cel ls  may be g iven if further transfusion is  requ i red.  

PERSISTING CIRCULATORY IMPAIRMENT 

Where rapid, appropriate transfusion fai l s  to control the s i tuation, the 
commonest cause is  continued bleeding. I n  most cases the s i te is  obvious. 

I .  External haemorrhage accompanying l imb i nj ur ies  should be read i ly 
control led i f  th is has not already been done. 

2. Continu ing blood loss from i ntrathoracic  i nj uries shou ld be obvious. 
Assuming that a haemothorax has been d iagnosed and treated by the 
i nsertion of a chest drain ,  the quantity and rate of loss may be evaluate by 
moni toring the volumes in the col lection bottle(s ) . This may be used to 
assess the need for exploration to control pers i st ing haemorrhage. 
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3 .  Massive bleeding from with in the abdomi nal cavity usual l y  requires 

immediate laparotomy, but i t  i s  essential to be sure that the b leeding i s  not 

from the pelv is .  (An unstable fracture of the pelv is  and a negative abdomi nal 
ul trasound would be a contraindication for laparotomy.)  

The commonest causes of in tra-abdomi nal haemorrhage are tearing of the 

l iver, spleen or mesentery, and all are potent ial ly amenable to surgery. 
4.  Haemorrhage accompanyi ng fractures of the pelv is .  This  is  most 

common in unstable fractures i nvolving the sacro i l i ac jo ints; the bleeding 

may be from the pelvic plexus of veins or from damage to the i l i ac arteries. 
In the first instance, especial ly  if  there is  l i tt le sacro i l i ac d isruption, an 
external pelvic fixator should be employed, and replacement efforts 

renewed. If the sacro i l iac joint is d i sru pted and the s ituation fai l s  to resolve, 

a (posterior) C-clamp should  be app l ied. If c ircu latory i nstab i l i ty persists, 
then exploration may be needed as a last resort. D iffuse b leeding from the 
pel vic venous plexus is  genera l ly  best contro l led by packi ng.  On rare 
occasions selective embol isation or l igature of the i l i ac arteries may be 
necessary. 

5. Haemorrhage from the urinary tract is seldom very severe, but 
nevertheless may be a problem. It should be suspected if there i s  a 

haematuria or some other indication (such as the presence of a fracture of the 

pelvis of appropriate pattern) .  The d iagnosis may be c larifi ed by an 

intravenous pyelogram, a cystogram, or a urethrogram. 

SECONDARY SURVEY TO ESTABLISH PRIORITIES OF 
TREATMENT 

The presence of other matters of importance may wel l  have been noted i n  
the in it ial survey, but their management may have t o  b e  deferred unt i l  
resusc i tation i s  under way. Note the fol lowing:  

Head injury 

1 .  Where there is a head i nj ury the fol lowing procedures should be fol lowed: 

(a) The unconscious patient shou ld be i ntubated to m in imise the risks of 
cerebral hypox ia.  

(b )  A complete neurological examination must be carried out and the 
resu lts charted, using a su i table set of protocols  (such as the G lasgow Coma 
Scale, see p .  40) ; the examination should be repeated at regular i ntervals.  Of 
particu lar s ignificance is ( i )  a h istory of a post-traumatic luc id in terval ; ( i i )  a 

h istory of progressive deterioration in the l evel of consciousness; ( i i i )  focal 
neurological s igns; ( i v )  a ris ing blood pressure and fall i ng  pulse rate. 

(c) Where there is evidence of increased i n tracranial pressure further 
investigation wi th a CAT scan should be carried out. If an extradural 
haematoma is d iscovered i ts immediate evacuation should be undertaken .  I f  
a subdural haematoma i s  found thi s  also shoul d  be promptly removed. If 
there is  evidence of diffuse cerebral oedema, surgery is contraindicated, and 
an i nfusion of a hyperosmolar solution of mann i to l  may be commenced. 
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Where appropriate, moni toring of the i ntracranial pressure may be carried 
out using a catheter i nserted i nto the l ateral ventric le .  

As far as  the treatment of fractures accompanying a head i nj ury is  
concerned, the fol lowing points should be noted. 

• Where the head injury requires urgent i nvestigative procedures or 
operative in tervention (e.g.  an extradural haemorrhage with deterioration 
in  the level of consciousness) thi s  wil l  take priority over the local 

treatment of most fractures. 
• A combined procedure may often be planned with advantage but certa in ly  

in  al l  cases some estimate should be made as  to  when defini t ive treatment 

of the fracture is l i kely to be poss ible .  
• Depending on that i nterval there i s  the  choice of a variety of i n it ial 

procedures which may include the appl i cation of steri l e  dress ings or l ight 
packi ng of open wounds, support ing an i njured limb with sandbags or an 

Glasgow Coma Scale 
A patient is defined as being comatose i f  they do not open their eyes, i f  they do not obey 
commands, and if they do not utter recognisable words. The severity of the coma may 
be assessed by assigning a value to the eye, motor and verbal responses, and summing 
these. By repeating the examinations at regular interval progress may be monitored, 
and any deterioration (suggesting in tracranial complications) recognised at an early 
stage. 

Variable Score 

Eye-opening (E) 
Spontaneous 4 
To speech 3 
To pain 2 
N i l  I 

Best motor response (M) 
Obeys 6 
Localises s 
Withdraws 4 
Abnormal flexion 3 
Extensor response 2 
N i l  I 

Verbal response (V) 
Oriented s 
Confused conversation 4 
I nappropriate words 3 
Incomprehensible sounds 2 
N i l  I 

The coma score = E+M+ V, with a value of 3 being the worst possible response and I S  
the best. A value of less than 7 indicates severe coma, 8- 1 2  moderate and I 3- 1 4  mild .  
Severe injuries are infrequent, and most patients who develop haematomas requiring 
surgery are classi fied as moderate or minor on admission. 

i nflatable spl in t  in such a posit ion that the d istal c ircul ation i s  mai n tained, 

or the use of l ight temporary p laster spl intage. 
2 .  Where there is a head i njury in which the i mmediate prognosis is 

hopeless any temporary spl intage of the fracture should be retained but no 

fresh treatment planned. 
3. Where no active neurosurgical treatment is  contemplated and the 

prognosis regarded as very poor but not absolutely hopeless, i t  is usual ly 
possible to devise some simple measures to give reasonable support to the 
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i njured part but at the same t ime permi tt ing more defin i t ive treatment in the 

near future should unexpected i mprovement occur. 

Cardiac tamponade: intrathoracic rupture of the aorta 
Prompt drainage of an intra.pericardia! haematoma may be a l ife-savi ng 

measure and aortic rupture may not be immediately fata l .  Widening and 

squari ng-off of the mediastinal shadow on the chest radiograph and cardiac 

d i stress should alert suspicion of these i njur ies .  Further i nvestigation may be 
requ ired by echocardiography, angiography or CAT scan. Thoracotomy may 
be required (with by-pass fac i l i t ies i n  the case of i ntra.thoracic rupture of the 
aorta). Thoracotomy may also be i ndicated where there is a tracheal , 
bronchial or oesophageal i njury, or a penetrating injury to the mediastinum.  

Visceral complications Most require exploration and surgical 
correction. Injury to the l iver, spleen and k idneys may give rise to severe 

i ntra-abdominal haemorrhage. Haemorrhage may also fol low mesenteric 

tears and ruptures of the stomach and i ntesti ne with which the problems of 
perforation are also associated. Intra-abdominal haemorrhage is best 
d iagnosed by u ltrasound. Perforation may be suspected in the absence of 
bowel sounds and where there is  loss of l iver dul lness. Pla in l ateral 
recumbent abdominal radiographs may be of some help,  but peritoneal 

l avage is often invaluable: the presence of b i le  or d igestive contents may be 

d iagnostic .  CAT scans are someti mes helpfu l ,  especia l ly in diagnosing 

i njur ies to the pancreas. Rupture of the d iaphragm i s  often m issed i n  cases of 
blunt abdominal trauma. Its presence may be concealed i f  there i s  an 
accompanying chest i njury. D iagnosis may require chest films taken whi le  a 
contrast medium is admin i stered by nasogastric tube. In the case of the 

urinary tract examination of the urine for blood; an intravenous pyelogram 
and cystogram, and in certain pelvic fractures a urethrogram may also be 
employed (see Complications of Pelvic Fractures) .  

Eye and faciomaxillary injuries Perforati ng i njuries of the eye and 
major facia l  i njuries requ ire immed iate surgery at the beginn ing of the 

primary period. Minor facial soft tissue i njuries and fractures may be 
delayed t i l l  l ater dur i ng the primary period. U nstable facia l  fractures are 
general ly stabi l i sed during the primary period, with major reconstructive 
procedures being delayed unti l  facia l  swe l l i ng has subsided. 

Spinal fractures Where there i s  an unstable fracture with no 
neurological i nvolvement, or i ncomplete neurological involvement, 

stabi l i sation of the fracture is  essential during the pri mary period to prevent 

deterioration.  Where there is  evidence of progressive neurological 
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involvement (e.g.  from compression of the cord by bone or d isc fragments), 
surgery i s  also indicated in the primary phase. (See under Sp ine, p. 24 1 ) . 

Vascular injuries In the presence of continu i ng blood loss or 

i schaemia, further investigation may be requ i red prior to exploration if th 

nature and extent of any injury is not apparent. (See p .  98 . )  

EVALUATION OF PATIENTS WITH MULTIPLE INJURIES 

Trauma scoring; hospital trauma index; in jury severity 
score Several systems have been developed i n  an attempt to assess the 

severity of i njuries. These may be used as an alert for the need for prompt 

and expert treatment; they may give an ind ication of the prognosi s ;  and over 
a period they may be used stati stically to evaluate the performance of a team, 

unit or hospital, or to draw attention to some i nj ury pattern w here treatm nt 
e fforts might be profitably concentrated. 

The two main systems in use are the Abbreviated Injury Scale (AIS), and 
the Hospi tal Trauma Index (HTI) .  Both c lassifications are l argely 
comparable, and for normal working purposes grade i nj uries i nto five 
degrees of severity : 

0 = None 

l = Minor 
2 = Moderate 

3 = Major, but not l i fe-threatening 
4 = Severe, l i fe-threatening, but survival probable 

5 = Crit ical, surv ival uncertai n  

Where the i njury is  isolated ( i .e .  the case i s  not one o f  mult ip le i njur ie ) ,  

there is  n o  problem and the grade in to which the i nj ury fal l s  i s  used as 

required. Where there are multiple injuries the addi t ion of the values 

obta ined from the AIS or HTI tables does not give an accurate i ndication of 

severity, be ing overly pessimistic regardi ng outcome. I t  has been found, 
however, that if the grade figures are manipulated, a figure is reached wh ich  
can be used wi th  some measure of accuracy as  a progno t ic  ind icator i n  
cases of mult iple i njury. 

In practice, the patient's three worst i njuries are assessed and the relev ant 
grade numbers are each squared before being added together. I f  several 

injuries lie within the same area, only the worst is selected. The break point 

for the resultant sum i s  i n  the area of 50. The fol lowing points may be noted: 

• Score < 1 0: death rare in any patient under the age of 50 
• Score 1 0-20: morta l i ty 4-30%, depending on age 
• Score > 50: only rare survival ,  and only in exceptional c i rcumstances nd 

wi th prompt treatment by spec ial i sed staff. In thi s  group nearly a l l  the  
deaths occur wi th in  the  fi rst week, and half  wi th in  the  fi rs t  hour. 

In all groups the mortali ty rate rises w i th age; for example when the score 
l i es between 1 0- 1 9, the mortal i ty rate in the 70+ age group is more than 
8 times the rate for those under 50 years . The effects of age are somewhat 
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paradoxical ly most noticeable when the i njury severity scores are 
comparati vely low. 

• Score 1 0- 1 5 : the response to treatment of cases with in th is  band does 
most to throw l ight on the evaluation of the standard of medical care 
offered by any team or department. Cases with in th is  group are 

suffic iently i l l  to be adversely  affected by poor care, but they are not so i l l  

that no  matter how expert the treatment they cannot survive .  

Summary of hospital trauma index Six areas must be considered 
when using this method of assessment: Respi ratory, Cardiovascu lar, Nervous 
system, Abdominal ,  Extremities, Sk in  and Subcutaneous.  A seventh area of 
Complications can be incl uded for assessments which are made at a late 
stage. 

Respiratory 
1 (minor) 

2 ( moderate) 

3 (major) 

4 (severe) 

5 (crit ical) 

Cardiovascular 
1 (m inor) 

2 (moderate) 

3 (major) 

4 (severe) 

5 (cri t ical )  

Nervous system 

Chest di scomfort - min imal findi ngs 

S imple rib or sternal fracture, chest wal l contusion with 
pleurit ic pain 
Mult ip le r ib or fi rst r ib fracture ,  haemothorax, 
pneu mothorax 
Open chest wound, fla i l  chest, tension pneumothorax with 
normal BP, simple laceration of d iaphragm 
Acute cyanotic  respiratory fai l u re, aspirat ion, tension 
pneumothorax with lowered B P, complicated l aceration of 

diaphragm 

Less than 500 mL blood loss ( less than 1 0% b lood volume) 
with no change in perfusion 
B lood loss of 500- 1 000 mL ( 1 0-20% b lood volume) ,  
decreased skin perfusion but normal ur inary output, 

myocardial contusion with normal BP 
B lood loss of 1 000- 1 500 mL (20-30% b lood volume),  

decreased skin perfusion, sl ight decrease in ur inary output, 
tamponade, BP 80 mmHg 

Blood loss of  1 500-2000 mL (30-40% b lood volume) ,  
decreased sk in perfusion, urinary output less than 1 0  mL 
per hour, tamponade, conscious, BP  less than 80 mmHg 
Blood loss i n  excess of 2000 mL (40-50% blood volume), 
restless, coma, cardiac contusion or arrhythm ia, B P  

unrecordable .  (Note that prev iously described c lassification 

of haemorrhage i nto 4 grades has been s l ightly altered for 
this 5 point scoring syste m . )  

1 (minor) Head inj ury with or wi thout scalp l aceration, but no loss of 
consc iousness or skul l  fracture 

2 (moderate) Head injury with unconsciousness of under 1 5  minutes, 
sku l l  fracture, cervical pain with m in imal fi ndings, one 
fac ial fracture 
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3 (major) 

4 (severe) 

5 (critical ) 

Abdominal 
1 (m inor) 

2 (moderate) 

3 (major) 
k idney, 

4 (severe) 

5 (critical) 

Extremities 
1 ( m inor) 
2 (moderate) 

3 ( major) 

4 (severe) 

5 (crit ical) 

Head inj ury with coma of more than 1 5  minutes, depressed 

sku l l  fracture, cervical  spine fracture or d is location with 
posi tive neurological fi ndings, mult iple facial  fractures 

Head inj ury with coma in excess of 1 hour or w i th posi t i ve 

neurological fi nd ings, cervical spine fracture or dis location 

with paraplegia 
Head injury with coma and no response to  st imul i  up to 
24 hours, cervical spine fracture or dis location with  
quadriplegia 

Mi ld  abdomi nal wal l ,  fl ank  or back pain with tenderness 
but no peritoneal signs 

Acute flank, back or abdominal d iscomfort and tenderness, 
fracture of a 7th to 1 2th rib 

Isolated injury to l iver (minor), small bowel, spleen, 

body of pancreas, mesentery, ureter, urethra, fractures of 
ribs 7- 1 2  

Two major i njuries: rupture of the l iver, bladder, head of 
pancreas, duodenum, colon, or mesentery 
Two severe injuries: crushing of l iver, major vascular -

i ncluding thoracic or abdominal aorta, vena cava, i l i acs, 
hepatic veins 

Minor sprain or fracture not i nvolv ing a long bone 
Closed fracture of humerus, clavicle, radius, ulna, t ib ia, 
fi bula, i nvolvement of a s ingle nerve 

Mult iple moderate fractures, open moderate, c losed fem r, 
stable pelvis, major dislocation, major nerve i nj ury 

Two major long bone fractures, open fracture of femur, 

crushing or amputation of l i mb, unstable pelvic fracture 

Two severe or mult ip le major fractures 

Skin and subcutaneous 
1 (m inor) Less than 5% burns, abrasions, contusions, l acerations 
2 (moderate) B urns of 5- 1 5%, extensive contusions, avulsions 8- 1 5  cm, 

3 (major) 

4 (severe) 
5 (critical) 

Complications 
1 (minor) 

2 (moderate) 

3 (major) 

lacerations total l i ng  30 cm in length 

Burns of 1 5-30%, avulsions of 30 cm 

Burns of 30-45%, avulsion of leg or arm 
B urn of 45-60% 

Minor wound i nfection, atelectasis, cystitis, superficial 
thrombophlebit is, temperature of >38.5°C 
Major wound i nfection, atelectasis ,  pyelonephri t is ,  septic or 
deep thrombophlebit is ,  temperature of >38.5°C 
Intraperitoneal abscess, pneumon ia, anuria or o l igur ia wi th 
raised serum urea, j au nd ice, l ess than 6 units of 
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Case example 
A man aged 30 years has been admi tted after being i njured in a gas 
explosion. He was rendered unconsc ious for about half an hour, but 

skul l  fi lms  show no fracture and there is no sign of any i n tracran ial 
damage. He has 35% superficial burns of the face, chest and abdomen. 

Racliographs of the chest have confirmed mul tip le  r ib fractures with a 

one-sided pneumothorax, but there is no i mmediate respi ratory 
d ifficul ty. He has also sustai ned a closed fracture of the left t ibia .  

Injury Severity Score 
Nervous system:  3 square = 9 

Sk in :  4 square = 1 6  
Respiratory : 3 square = 9 

Extremit ies :  2 square = 4 

Only the three most severe injuries are sum med, so that the Injury 
Severity Score would  be 34. Age in th is  case is not a further 
d i sadvantage, but neverthe less he wi l l  requi re prompt, expert 
treatment; with thi s  his chances of survival are good.  In treating h im ,  
priority would be  g iven to  the  management of h is  chest i njury (e .g .  by 
confirming the presence of a good ai rway, admin i ster ing oxygen ,  
insert ing a chest dra in ,  and estimating the  blood gases) and by 

prevention or  treatment of  ol igaemic shock (e .g .  by removal of blood 
for grouping, cross-matching, assessment of haemoglob in  and 

haematocrit; and by the establ ishment of a good i ntravenous l i ne ,  with 

monitoring of a pulse ,  b lood pressure, and ur inary output (after 
insertion of a catheter)). 

The t ibial fracture should be splinted at an early stage to help rel ieve 
pain and reduce local haemorrhage. The progress of the head and chest 
injuries must be closely moni tored and the fluid replacement programme 
wi l l  require careful supervision. The large area that has been burned wi l l  
i n  i tself demand heavy and appropriate flu id replacement. 

Once the emergency procedures have been inst i tuted and the 

immediate situation brought under contro l ,  thought can be g iven  to 

how to deal with the burns and the l i mb i njury ;  th is  w i l l  be d ictated by 
the exact  nature of both these injuries.  

4 (severe) 

5 (crit ica l )  

gastrointestinal (GI )  haemorrhage, respiratory d i stress 
syndrome for l ess than I day 
Septicaemia,  empyema, peritoni t is ,  pulmonary embol ism 

with normal BP, renal fai lure with d ialysis of l ess than 
l week, more than 6 un i ts of GI haemorrhage, l ess than 
3 clays of respi ratory d istress syndrome 
Septicaemi a  with fal l  in BP, pulmonary embol i sm with fal l 
i n  B P, renal fai lure for 7-40 days, G I  haemorrhage of more 
than 1 2  uni ts, respi ratory arrest, more than 3 days of 
respiratory d i stress syndrome on venti l ator 

TREATMENT OF THE FRACTURE 



FRACTURE TREATMENT - NEED FOR REDUCTION 

The in i ti al stages are clear: 
l. Undue movement at the fracture s i te should be prevented by the use of 

temporary splintage until radiographic and any other examination i s  
complete. This wi l l  reduce pain and haemorrhage and m in im i se the chances 
of a c losed fracture becoming open.  In  the case of the lower l i mb, support 

with p i l lows and sandbags may be adequate. In both the upper and the lo er 

l imbs i nflatable splints are i nvaluable. 

2. If  the deformi ty is  so great that the fracture or d i slocation is seriously 

endangering the v iab i l ity of the overly ing skin ,  it i s  usual ly advisable to do 
something to correct this; in many cases gentle reposi tion ing  of the d istal 
part of the l i mb i s  sufficient; the use of  Entonox may be required. 

3. If  the fracture i s  an open one, a bacteriological swab should be taken 

and the wound covered with steri le dressings. Firm bandaging may be 
required if brisk bleeding is cont inuing .  If a polaroid photograph is taken of 

the wound prior to covering it, this w i l l  e l iminate the need for the removal of 

dressings for repeated inspection by other members of staff. Antibiotic 

therapy should be commenced i mmediate ly ;  the choice of therapy is 
dependent on the current status of bacterial f lora i n  wound i nfections 
occurring in the particular local s i tuation. 

4.  The fracture should be ful ly  assessed by c l inical and radiological 
examination: the s i te, pattern, d isplacement and angulation should be not d.  
Involvement of the skin, and damage to related structures such as i mportant 

nerves or blood vessel s  should be assessed. 
With thi s  i nformation the fol lowi ng key decisions must be made: 

• Does the fracture require reduction? 

• If reduction i s  required, how i s  i t  planned to carry this out? 
• What support i s  required til l union occurs? 

• If  the fracture is open, how wi l l  this i nfluence treatment? 
• Does the patient requ ire admi ssion to hospital, and what rehab i l itation 

w i l l  be required? 
• If reduction is required, Apley's summary of ' reduce. maintain, 

rehab i litate' i s  apposite. 

Some observations about these decisions wi l l  be made in sequence. 

Does the fracture require reduction? It i s  obvious that an 
undisplaced fracture does not requi re reduction, but unfortunately one st i l l  
sees fractures i n  anatomical position subjected to manipu lation, a l though 

only rarely are they displaced as a result  of thi s .  
I f  a fracture i s  on ly  s l ightly displaced, reduction may nevertheless be  

h igh ly  desi rable, as  for example i n  fractures i n  o lv ing  the  ank le  joint, w ere 
even s l ight persist ing deformity may lead to the development of 
osteoarthrit is .  In other s ituations, some di splacement may often be accepted, 
depending on: 

l .  the site i nvolved, 
2. where good remodel l ing may be anticipated (especial ly i n  ch i ldren) 
3 .  i f  the patient is  very old, when the r isks of anaesthesia, etc .  m ay be 

considered to outweigh a problematical i mprovement. 
If  the fracture is  appreciably angled or rotated, reduction i s  generall y  

essential for cosmetic and functional reasons (but see u nder appropriate 
fractures). 



FRACTURE TREATMENT - SUPPORTING THE FRACTURE 

If the fracture requires reduction, how is it planned to 
carry this out? 

1 .  The commonest method is by the app l ication of tract ion,  fol lowed by 
manipulation of the fracture ,  under general  anaesthesia .  General anaesthesia 
has most to offer in  terms of muscle relaxation, durat ion and overal l  
versat i l i ty, but for minor procedures regional anaesthesia and intravenous 
d iazepam are popu lar and useful  measures, with the advantage that wait ing 

t ime may be reduced. 
2 .  Continuous traction is used to achieve a reduction in fractures  of the 

femur and fracture dis locations of  the cervical spine .  I t  is used less 

commonly for a number of other fractures .  
3 .  Open reduction of the fracture i s  carried out :  
( i )  as an obvious part of the treatment of an open fracture, i .e .  debridement 

of  the wound exposes the fracture which may be reduced under v is ion 
( i i )  where conservat ive methods have fai led to g ive a sat isfactory 

reduction 

( i i i )  where i t  i s  considered that the best method of support ing the fracture 
involves internal fixation, and exposure of the fracture i s  a necessary part of 

that procedure. 

What support is required until union of the fracture 
occurs? 
Non-rigid methods of support Arm s l ings, bandages and adhesive 
strapping may be used, and serve some of the fol lowing purposes .  

1 .  Firm support, e .g .  i n  the form of  crepe bandaging or c i rcular woven 
bandaging, may help to l im i t  swel l ing and oedema, and restrict the spread of 

haematoma. 

2 .  S l ings are often employed for e levation purposes, especial ly  to l im i t  
gravitational swel l ing of the  hand and  fi ngers i n  upper l imb inj uries .  

3 .  Pa in  may be rel ieved by the restriction of movement. 
4. By restriction of l i mb movement, forces acting on the bone ends may 

be reduced to a level at which re lat ive movement i s  un l ikely, or insufficient 
to interfere with heal ing.  This appl ies part icul arly to impacted fractures.  

Continuous traction Traction may be maintained for several weeks, whi le  
holding a fracture in  reduction. Fractures of the femoral shaft are frequently 

treated by this method. Tract ion may be effected through the skin ( sk in  

traction) by, for example, adhesive strapping, or through bone ( skeletal 
traction ) by, e.g., a Stei nman pin .  

Plaster fixation Plaster of Paris, genera l ly  in  the form of  plaster
impregnated bandages, is the commonest method of support ing a fracture. 
The plaster i s  carefu l ly  moulded to fit the contours of the l imb, and the 
quick-setting properties of the plaster allow the l i mb to be held without 
undue strain in the correct pos i t ion until setting has occurred. For a plaster to 
achieve its purpose, care must be taken over its appl ication and subsequent 
supervis ion.  A disadvantage of p laster sp l ints is that they soften if they are 
a l lowed to become wet. There are a number of plaster substi tutes now 
avai lable to overcome this problem, but none as yet combine the unique 
properties of plaster with moderate cost. 

Internal fixation Internal fixation i s  indicated:  
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l .  Where a fracture cannot be reduced by c losed methods (e .g .  a fracture 
of the t ibia with soft tissue between the bone ends, or many fractures of the 
forearm bones) .  

2 .  Where a reduction can be achieved but it  cannot be satisfactori ly held 

by c losed methods (e.g. fractures of the femoral neck, certain fractures of the 

t ibial and humeral shaft) . 
3 .  Where a h igher quality of reduction and fixation i s  required than can be 

obtained by closed methods (e .g .  some fracture i nvolv i ng articular 

surfaces) .  
4.  In the case of mult iple i nj uries involv ing the lower extremities, where 

the risks of acute respiratory d istress syndrome (ARDS), fat embol ism an 
other serious post-injury complications are considerably reduced by early 
operative stab i l i sation of lower extremity (espec ial ly femoral) fractures. 
( Respi ratory function is  improved when the patient can sit up, reducing 
abdominal pressure on the d iaphragm with i ts ri sks of atelectasis ;  and less 

analgesia  is  requi red for fracture pain, with less respiratory depression 
resul t ing . )  

The present tendency i n  deal i ng with patient wi th mult ip le  i njuries i s  to 
stab i l ise (with internal or external fixation) al l  major lower l imb fractures as 
soon as the patient's general condition wi II al low, and pre ferably as part f 

the i nit ial treatment on the day the inj uries are sustained. 
In  add ition, there is  a controversial area where the risk of in ternal fixation 

in a particular set of circumstances are outweighed, in the experience and 

opinion of the surgeon in  charge, by the advantages. Some of the factors 

involved may i nc lude: 

1 .  The poss ibi l i ty of achieving and maintain ing a h igh qual i ty reductio 
2 .  Earl ier mobi l i sation of joi nts, with less r isk of permanent sti ffness, 

d isuse osteoporosis ,  etc. 
3. Earl ier d ischarge from hospital, and earl ier return to ful l  function 

( including work, ath letic activities, etc . ) .  
Some of  the d isadvantages of  in ternal fixation are: 

1 .  The possib i l i ty of introducing infection.  The consequences may be 
serious (e.g. chi·onic bone i nfection with non-union, which may sometimes 

necessitate amputation). 
2 .  Internal fixation techniques require a degree of mechanical aptitude and 

experience on the part of the surgeon if the occasional serious fai lure is  to be 
avoided. 

3 .  To cover a wide range of fracture situations, a fair ly formidable nu1  ber 
of i nstruments and fixation devices wi l l  be requ i red. 

4. As on the whole the t ime under anaesthesi a  is  much longer than wh n 
conservative measures are employed, the patient's generaJ condition and 

health i s  of greater concern : the services of an expert anaesthetist are more 
frequently requi red. 

The methods of achieving i nternal fixation i nc lude the use of a wide range 
of devices (screws, nails, plates, etc . ) .  

External skeletal fixation With this method, the bone fragments are he ld i n  
al ignment with pins inserted percutaneously. Two common methods of 
plac ing the pins are used; in one, each pin is passed through the skin and a 
bone fragment, and exits through the sk in on the other s ide .  M ore 
commonly, a cantilever system is used, with rigid p ins  which are screwed 
i nto a bone fragment and protrude from one side of the l i mb only.  One to s ix  
p ins  are fixed i n  each bone fragment. The  fracture i s  reduced with the  p ins  i n  



situ (at open operation, or by using an image intens i fier). The pins are then 

held in proper re lation to one another by a rigid external support. The ends 

of the pins are normal ly connected together with clamps; in  emergency 
s ituations plaster bandages may be used for this purpose. 

Such systems are of part icular value in the management of open fractures 
where the state of the skin and other factors may make the use of i nternal 
fi xation devices undesirable. Canti lever (one-sided) systems g ive the best 
access for the dressing of open wounds. 

In the I l i zarov method of external fi xation, control of the major fragments 
of the shaft of a bone is obtai ned by fi ne w i res passed through skin and bone, 
and held under tension on metal toro idal frames encirc l ing the l i mb.  Two or 

more frames are used for each major fragment, and these are held i n  
a l ignment b y  threaded spacers. 

Hybrid systems (such as the S heffield system)  are of particu l ar value i n  
treating fractures o f  the ends o f  long bones i nvol v ing the related joints. 
Wires under tension are held in an I l i zarov type frame which is l inked to 
p ins i nserted in  the shaft .  

The use of external fixators is  sometimes fol lowed, even in  the case of 

closed fractures, by pin track infections. The qual i ty of the fi xation i s  also 
dependent on the pins remai n ing t ight  in the bone, and there i s  some risk of 

non-union. 

Cast bracing Cast brac ing techniques are someti mes employed some weeks 
after the i nit ia l  conservati ve management of a fracture.  The method is used 
particularly in the treatment of fractures of the femur and t ib ia. In the case of 
fractures of the femur, one method employs two supports - one for the thigh 
and one for the leg below the knee - l i nked together by h inges at the side of  

the  knee. Suffic ient fixation may be  achieved thereby to  al low early 

ambu lation. 

Plastic splints A number of off-the-shelf plastic spl ints are avai lable for the 
immediate or delayed support of certain fractures (e .g .  of the humeral shaft), 
and have hygienic advantages. Some i ncorporate h inges. 

If the fracture is open, how will this influence treatment? 
The fol lowing points wi l l  requ i re separate considerat ion:  

I .  As debridement of the wound wil l  almost certain ly  be needed, general 

anaesthesia and theatre fac i l i t ies are essentia l .  Pulsati le l avage may be used 

to reduce the amount of bacterial contaminat ion, bearing i n  mind the adage 
'the solution to pollution is  d i lution ' .  

2 .  In  every case, potential d ifficulty i n  skin closure and cover of  the 
fracture must be antici pated, and at l east one possible l i ne of treatment 
worked out prior to the patient being taken to theatre . 

3. If the wound is bad ly soiled, and the skin damage substant ia l ,  the use of  
l arge implants is  di scouraged. The wider stripping of the  t issues required for 
the i nsertion of some i nternal fixation devices may di ssemi nate any infecting 
organisms and cause further (albe i t  local ) t issue damage. The presence of 
i nert material in the t issues may act as a n idus for i nfection, so that it i s  
d i fficul t  for any local infection to  be  overcome. The bu lk  of  an i nternal 
fi xation device may make wound c losure more d ifficult, and subsequent 
swel l i ng is  more l i kely to lead to sloughing of devital ised skin over any 
prosthesis .  If i ntramedu l lary nai l i ng  is to be employed, reaming of the 
medul l ary canal should be avoided. 



FRACTURE TREATMENT - OPEN FRACTURES 

I f  wound contamination is judged to be s l ight,  and i f  good cover of the 

fracture can be obtained, internal fixation of the fracture i s  often carried u t  
where it  is  felt to  contribute to  the chances of un ion  and a successful 
outcome. Where there is much tissue damage, and the ri ks of i nfection are 
high, the use of an external fixator should be considered. 

4. Open fractures are usually associated with greater damage to 
surrounding soft tissues than c losed fractures.  Postoperative  swell ing is  

invariable, is often severe, and may lead to circulatory impairment in  the 

l imb.  Special precautions must be taken over the type of splintage used, and 

the l imb must be elevated. Admission for observation of the patient and f 

the l imb circulation is almost invariably required. 
In some cases there is  serious elevation of pressure within the closed 

fasc ia! compartments of the l imb giving ri se to one or several recognised 
compartment syndromes: these may be suspected on c l ini cal grounds, an be 

confirmed by manometry. (In performing this an electronic transducer-tipped 
catheter gives the most accurate resu l ts . )  In those si tuations where the 
c l in ical findings are difficult to assess (e.g. in  the uncon cious patient or in 

the presence of multiple injuries), and where particular compartments are at 

risk, continuous prophylactic monitoring may have to be considered. In 

weighing up the fi ndings, the diastol ic blood pressure shoul d  be taken in to 
account. A differential pressure (diastol ic blood pressure mjnus the 
i ntracompartmental pressure) of 30 mmHg or less is  regarded as an 
indication for surgical decompression (by fasciotomy).  (See also p .  99 . )  

5 .  As a rule, open fractures are associated with greater violence, more 

in itial deformity and more direct soft tissue damage. Neurological and 

vascular damage is more common, and should be looked for; if found, then 
the appropriate addi tional treatment wi l l  be required. 

6. The majority of open fractures have microbial contamination which 
may be of both gram negative and gram positive organi ms.  The risk o f  t he 
development of infection is closely related to the degree o f  soft tissue i njury. 
There are special risks from organisms acquired from farmyards, fresh water 
contamination, and hospital envi ronments (e.g.  Clostridium perfringens, 

Pseudomonas aeruginosa, penici l l in-resi stant staphylococci) .  It is  
considered that the duration of antibiotic courses should be short to reduce 

the risks of the emergence of resistant strains .  S wabs shoul d  be taken from 

wounds on admission. 
Gusti lo et al recommend the fol lowing: 

• Type I fractures: a single dose of  2 .0 g of cephalosporin on admissi n 

followed by l .O g every 6-8 h for 48-72 h 
• Type II or Type III injuries: gram negative and gram positive 

prophylaxis is  necessary, as wel l as cephalo pori n in the previously 

recommended dosage. The patient should be given aminoglycosides 
(tobramycin),  1 .5 mg per kg body weight on admission, and 3 .0-5 .0 1 g 
per kg body weight daily thereafter in divided doses. This must be 
adjusted i f  there is renal insufficiency. 1 f  there is risk of clostridial  
infection, 1 0  mi l l ion units of  penici l l i n  should  also be given. I f  any 
secondary procedure (e.g. internal fi xation, delayed wound c losure )  is 
being performed, the antibiotic courses shoul d  be repeated. 

Attention should also be paid to tetanus prophylaxis .  
I f  wound contamination is j udged to be s l ight, antibiotics may or m ay not 

be given, depending to some extent on the assessment of the part icular 
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c ircumstances of the case and of  un i t  pol i cy. ( See Chapter 4 for deta i ls  of  

local treatment.)  
7 .  In the most severe open inj uries, where there i s  perhaps much 

comminution of bone, extensive crush ing of muscle,  gross wound 

contamination and neurological damage, primary amputation may have to be 
considered. The dec ision to amputate i s  not an easy one to make, especia l ly 
in  a c l imate where success i n  the re-attachment of severed l i mbs is  not 
unusual .  Nevertheless, i t  must be borne in  mind that even wi th the most 

sophi sticated techniques, requiring perhaps many operations spread over 
months or years, there may be u l t i mate fai lure; when amputation is then 

carried out, and an arti fi c ial l imb f i tted, the rap id i ty of rehab i l i tation may 
tempt the previously demora l ised pat ient to wish that the dec i sion to 

amputate had been made at the beg inn ing .  

Mangled Extremity Severity Score Such an i rrevocable l i ne of treatment as 
amputation should not of course be suggested to a patient w i thout the 
backing of a second, independent, senior opin ion .  In  comi ng to a decis ion i t  
may b e  helpful  t o  consider the Mangled Extremity Severity Score 

MESS factors 

1 .  Skeletal/soft tissue injury 
• Low energy i nj ury (stab wound, closed fracture, low velocity 

gunshot wound) 

• Medium energy i njury (open fracture, mu l tiple fractures, 
d is location) 2 

• High energy i nj ury (shotgun wound, h igh velocity gunshot 
wound, crush i njury) 3 

• Very high energy i nj ury ( as above, but  w i th gross 
contami nation, soft t issue avuls ion) 4 

2. Limb ischaemia 
• Pulse reduced or absent,  normal perfusion:  

less than 6 hours 
more than 6 hours 

• Pulseless, paraesthesiae, reduced capil l ary refi I I :  

l ess than 6 hours 

more than 6 hours 

• Cool, paralysed, i nsensate l imb:  
less than 6 hours 
more than 6 hours 

3. Shock 
• B P  more than 90 m m  
• Transient hypotension 
• Pers istent hypotension 

4. Age 
• <30 years 
• 30-50 years 
• >50 years 

2 

2 
4 

3 
6 

0 

2 

0 

2 



FRACTURE TREATMENT - CRITERIA FOR ADMISSION 

Case examples 

l .  A man aged 25 years involved in a road traffic acc ident 3 h 
prev iously i s  found to have an open fracture of the t ibia,  with reduced 
tissue perfusion and absent di stal pulses; he is normotensive.  The 

Mangled Extremity Severity Score would be 4 (age score = 0, open 
tibial fracture = 2, c irculatory impairment = 2, shock = 0), so that 
other th ings being equal, primary amputat ion would not be considere , 

but an aggressive attempt to save the l imb should be made (e .g .  by 

fixation of the fracture and arterial reconstruction). 

2 .  A man of 60 i s  brought in  with a gunshot fracture of the femur  

sustai ned 8 h previously. The l imb is  cold and paraly ed ,  and the 
sensat ion absent. There is  transient hypotension.  The Mangled 
Extremity Severity Score would be 1 2  (age = 2, gunshot wound = 3, 
ischaemia = 6, shock = I )  and primary amputation would be advised. 

(Johansen et al) .  This scheme has been devised to g ive a quantitative 
assessment of the severity of injury to a l i mb, and to offer a gu ide in mak jng 

the d i fficult  deci sion as to whether i t  i s  worth striv ing to save a l imb or t 
min imise losses and advise a primary amputat ion .  

In  applying the scheme, four factors are considered and the scores for 
each are added together to obtain a total .  A score of 7 or more i s  considered a 
h ighly rel iable guide to the need for amputation.  ( I n  a large series no false 

posi t ives were found, i . e .  i n  no case where the score was 7 or more was there 

ul t imate survival of the l imb. )  On the other hand, as might be expected, 

score of less than 7 does not necessar i ly guarantee that amputation may not 
eventual ly be required. The scoring emphasi ses the great importance of t e 
early restoration of good ti ssue perfus ion.  The four factors and the i r  scoring 
are as fol lows. 

Does the patient require admission to hospital? In most cases 
the decis ion is an easy one, being related to the seriousness of the i njury, the 
nature of the treatment and the need for continuous observation.  The mai n 

cri teria for admission very frequently overlap, and include the fol lowing: 

I .  Admission dictated by treatment. Admi sion may be d ictated by 
problems associated with anaesthesia - undue delay before anaesthesia, a 
prolonged anaesthetic, or where the anaesthetic is admin i stered very late at 
night and recovery wou ld be occurring at an i nconvenient t ime i n  the early 
morning. Admission will also obv iously be requ ired if the patient is  being 
treated by continuous traction, partly because of the continuous use of 
spec ial equ ipment, and partly because of the expert superv i sion required. 
Most commonly, admission wi l l  be required when as a result  of h i s  i nj ury 
the patient must be confined to bed . 

2. Admission for observation. Where there i s  appreciable risk of  
compl ications developing, admission may be requ ired for continuous 
observation. Thi s  is  obvious in  the case of associated head i nj ury, abdomi nal 
injury, or in  the case of general mult iple trauma. Of  particular relevance is 
admission for observation of the c irculation in an i njured l i mb .  The majori ty 
of t ibial fractures in adults, and ideal ly all supracondylar fractures i n  
ch i ldren, should b e  admitted for elevation of the l imb and observation of the 
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circulation. After open injuries (with the possible exceptions of fingers and 

toes) admission is adv isable so that any developing i nfect ion can be detected 

and dealt with as early as possible .  
3 .  Admission for general nursing care. Many fracture cases may or may 

not requ ire special treatment, but are nevertheless completely dependent on 
good nursing care. This appl ies particularly to fractures of  the pelv is  and 

spine where the patient i s  confined to bed. I t  also app l ies to other less 
obvious s i tuations, such as the patient w i th fractures of both arms, who may 
be rendered v irtually helpless with two comparatively mi nor injuries. 

4. Admission for mobilisation. Admission may be requ i red for a period 
unt i l  the patient adapts to the l im itations of the fracture and i ts sp l intage, 
e .g . ,  unt i l  a patient becomes su fficiently adept in the use of crutches that they 
can manage in  their own home. 

5. Admission for social reasons. Many e lderly and i n firm people, l iv ing 

alone or with equal ly affected relatives, may just be able to cope with l i fe 

prior to i njury. Even a m inor fracture may render them unable to return to 
their normal environment. Admiss ion i s  a necess ity if no other help i s  
avai lable, and o f  course treatment i s  a imed a t  getting them fit  t o  return home. 
Opportunity may be taken of their admiss ion to i nvestigate and treat any 
concurrent physical problem. If recovery i s  poor, assi s tance from hospital 
and domjc i l i ary occupational therapi sts, social workers or geriatric ians may 
be requ i red. 

6. Admission in the case of suspected child abuse. Where there i s  the 

poss ib i l ity of non-accidental physical i nj ury ( 'battered baby' syndrome), a 

ch i ld  returned to the home environment may be put at r isk of further i njury 

which might be l ife-threatening, and admiss ion is mandatory under such 
circumstances. 

SUSPECTED CHILD ABUSE 

The possibi l i ty of ch i ld  abuse should always be kept in m ind, especia l ly i n  
deal ing with i njuries sustained b y  ch i ldren under the age of 3 years (80% of 
cases l ie  wi th in  this age group). The other factors which m ight  alert you 

i nc lude the fol lowing:  

l .  The presence of a fracture with no h i story of i nj ury, or a vague h istory 
which is not in keeping with the nature or the extent of the i njury. 

2. The presence of mul tip le fractures or other inju ries, especial l y  when these 
are at d ifferent stages of heal ing,  indicat ing that they have occurred as the 
resul t  of separate i ncidents. 

3 .  The presence of multiple soft t issue i nj uries, i ncluding swell i ngs, bruises, 

burns, welts, lacerations and scars. There m ay be hand infections 

secondary to local burns; again ,  the appearance of these having occurred 
wi th a t ime in terval between them i s  of importance. 

4. If there is a head injury, radiographs of  the skul l  may show evidence of 
fracture or widening of sutures, possibly from rai sed i ntracran ial pressure 
secondary to cerebral oedema or subdural haematoma ( which is found in  
about 25% of chi ld abuse vict ims) .  

5 .  Evidence of fai lure to thrive, growth retardation, fever, anaemia or 
seizures. The commonest fractures that are found, in order of frequency, 
are of the ribs, humerus, femur, t ib ia and sku l l ,  and in the average case 
3-4 fractures are present. In the case of the long bones, the shafts are now 
recognised as being most commonly i nvolved: in the older lesions there 
may be gross deformity and exuberant cal lus (due to lac k  of fi xation) .  The 
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presence of mult iple lesions in vary ing state of heal i ng i s  
pathognomonic. 

In the metaphyseal region, the fractures may be impacted with copious 

new bone formation, there may be buckl ing of the bone without much in the 
way of new bone formation, or there may be i rregular deformity with ne 

bone appearing in layers as a result  of repeated trauma. I n  some cases there 
is  periosteal avulsion with marked local tenderness; th is  may not be detected 
on the in i tial fi lms, but may show up if the radiographs are repeated after 
1 0  days (with the formation of subperiosteal new bone). l njuries to the 
epiphyses and the growth plates are very u ncommon i n  cases of ch i ld  
abuse (whereas th is  pattern of injury i s  seen frequently i n  other forms of 

trauma). 

Apart from admission and the carry ing out of treatment appropriate to the 
fractures or other injuries, further invest igation should usual ly inc lude the 
fol lowing: 

1 .  Review of the records of previous admissions. 
2 .  Observations of the chi ld's weight and height .  

3 .  Obtain ing an X-ray skeletal survey, i nc lud ing the sku l l .  
4 .  Obtain ing c l in ical photographs. 

5. Most importantly, informing the Social Services so that the chi ld's 

home background can be looked i nto, and the appropriate action taken t 

safeguard the chi ld should the d iagnosi s of ch i ld  abuse eem l i ke ly. 
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BASIC TECHNIQUES OF CLOSED REDUCTION 

1 .  Closed reduction of fractures: Basic 
techniques (a): The direction and 
magnitude of the causal force ( I )  and the 
deformity (2) are related, and may be worked 
out from the h istory, the appearance of the 
l imb and the radiographs. Any force required 
to correct the displacement of a fracture is 
applied in the opposite direction (3) .  

4. Basic techniques (d):  I n  some fractures 
there may be difficulty in reduction clue to 
prominent bony spikes or soft tissue 
interposit ion. Reduction may sometimes be 
achieved by in i tia l ly increasing the 
angulation prior to manipulation. This 
method of unlocking the fragments must be 
pursued with care to avoid damage to 
surrounding vessels and nerves. 

2. Basic techniques (b): The first step in 
most closed reductions is to apply traction -
generally in the l ine of the l imb ( I ) . Traction 
wi l l  lead to the disimpaction of most 
fractures (2) and this may occur almost 
immediately in the relaxed patient under 
general anaesthesia. Traction wi l l  also lead to 
reduction of shortening (3), and in most 
cases to reduction of the deformity (4) . 

5. Basic techniques (e): The effectiveness 
of reduction may be assessed by noting the 
appearance of the limb ( I ), by palpation, 
especial ly in long bone fractures (2), by 
absence of telescoping ( i .e. axial 
compression along the l i ne of the limb does 
not lead to further shortening) (3) ,  and by 
check radiographs. 

3. Basic techniques (c): Any residual 
angulation following the application of 
traction may be corrected by using the heel of 
the hand under the fracture ( I )  and apply ing 
pressure d ista l l y  wi th the other (2) .  

6. Basic techniques (f) :  After reducti n of 
the fracture i t  must  be prevented from 
redisplacing unti l  it has un ited. The methods 
include the fol lowing: 
• Plaster fixation (see p. 57). 
• Skin and skeletal traction (see p. 309) . 
• Thomas spl int ( ee p. 3 1 0) .  
• Cast brac ing (see pp .  3 1 4, 350). 
• External fixation (see p. 78). 
For common methods of internal fixatiol' see 
Chapter 4. 



7. Protection of the skin: Stocki net: A 
layer of stockinet is usually applied next to 
the skin ( I ) . This has several functions: it 
helps prevent the l imb hairs becoming caught 
in the plaster: i t  fac i l i tates the conduction of 
perspiration from the l i mb; i t  removes any 
roughness caused by the ends of the plaster: 
and it may aid i n  the subsequent removal of 
the plaster. After the plaster has been applied. 
the stockinet is turned back (2) .  

1 O. Felt: Where friction is  l i kely to occur 
over bony prominences, protection may be 
given with felt strips or fel t  cut-outs, 
fashioned to isolate the area to be relieved 
(e.g. the vertebral and i l iac spines, the pubis 
and manubrium i n  plaster jackets). Adhesive 
felt should not be applied directly to the skin 
i f  skin eruptions are to be avoided. 

BASIC PLASTER TECHNIQUES - PROTECTION OF SKIN 

8. Stockinet cntd: After the stockinet has 
been reflected, excess is removed, leaving 
3-4 cm only at each end (3). The loose edge 
of stockinet i s  then secured with a turn or 
two of a plaster bandage ( i f  a complete 
plaster i s  being applied) or with the 
encirc l ing gauze bandage in the case of a 
slab. 
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1 1 . Plaster slabs (a): These consist of 
several layers of plaster bandage and may be 
used for the treatment of minor i njuries or 
where potential ly serious swel l ing may be 
anticipated in a fracture. In their application, 
slabs are cut to length ( I ), and trimmed as 
required (2) Lo fit the l imb bel'ore being 
applied (3). S labs may also be used as 
foundations or reinforcements of complete 
plasters. 

9. Wool roll: A layer of wool should be 
used to protect bony prominences (e.g. the 
distal u lna).  In complete plasters, where 
swel l ing is anticipated, several layers of wool 
may be applied over the length of the l imb: 
the in it ial  layer of stockinet may be omitted. 
A layer of wool may also be substituted for 
stockinget under a slab, and indeed many l ike 
to use a layer of wool under any type of cast. 
Wool roll i s  also advisable where an electric 
saw is  used for plaster removal. 

1 2. Plaster slabs (b): If a slab dispenser is 
available, measure the length of slab required 
and cut to length. A single slab of six layers 
of bandage wi l l  usually suffice for a chi ld.  In 
a large adult, two slab thicknesses may be 
necessary. In a small adult, one slab 
thickness may be adequate wi th local 
rein forcement. 



BASIC PLASTER TECHNIQUES - PLASTER SLABS 
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1 3. Plaster slabs (c): Alternatively, 
manufacture a slab by repeated folding of a 
plaster bandage, using say 8- 1 0  thicknesses 
in  an adult and six in  a ch i ld as described 
(I). Turn in the end of the bandage ( 2) so 
that when the slab is d ipped the upper layer 
does not fall out of a l ignment. 
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1 6. Plaster slabs (f): An anterior slab may 
be used as a foundation for a scaphoid 
plaster, or to treat an injury in which the 
wrist i s  held in dorsiflexion (measuring from 
a point just distal to the elbow crease, with 
the elbow at 90°, to the proximal skin crease 
in the palm). The proximal end is rounded 
( / ) while the distal lateral corner is  trimmed 
for the thenar mass (2) .  
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1 4. Plaster slabs (d): Ideally, the slab 
should be trimmed with plaster scissors so 
that i t  will fit the l imb without being folded 
over. For example, a slab for an undisplaced 
greenstick fracture of the distal radius should 
stretch from the metacarpal heads to the 
olecranon. I t  may be measured ( I )  and 
trimmed as shown, with a tongue (2)  to l ie 
between the thumb and index. 
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1 7. Plaster slabs (g): For the ankle (I) a 
plain untrimmed slab may be used, 
measuring from the metatarsal heads to the 
upper calf, 3-4 cm distal to a point behind 
the tibial tubercle. For the foot (2) where the 
toes require support, choose the tips of the 
toes as the distal point. 
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1 5. Plaster slabs (e): I n  a Colles fracture, 
where the hand should be placed in a position 
of u lnar deviation, the slab should be 
trimmed to accommodate this position, a 
stage that is often omitted in error. The 
preceding two plaster s labs are examples of 
dorsal slabs. 

1 8. Plaster slabs (h): Owing to the abrupt 
change in direction of the s lab at the ankle, 
the s l ab requires cutting on both sides so that 
i t  may be smoothed down wi th local 
overlapping. A back s lab may be further 
strengthened by a long U-slab wi th its l i mbs 
lying medial ly and laterally. 



1 

1 9. Plaster slabs (i): The same technique 
of side cutting is required for long arm 
plaster slabs ( 1 ) . These are measured as 
i ndicated from the upper arm to the 
metacarpal heads, with a cut-out at the 
thumb as i n  a Colles plaster slab (2). 

22. Plaster slabs (I): Al ternatively, 
consolidate the layers by holding the plaster 
at one end and pul l ing between two adducted 
f ingers ( I ). Repeat the procedure from the 
other edge (2). 

BASIC PLASTER TECHNIQUES - PLASTER SLABS • 

20. Plaster slabs (j): Wetting the slab: 
hold i t  carefu l ly  al both ends, immerse 
completely in tepid water, l i ft out and 
momentari ly  bunch up at an angle to expel 
excess waler. Plaster-setting t ime is 
decreased by both hot and soft water. 

23. Plaster slabs (m): Carefu l ly  position 
the slab on the limb and smooth out wi th the 
hands so that the slab fits closely to the 
contours of the l imb wi thout rucking or the 
formation or sore-making ridges on its 
in ferior surface. 

2 1 .  Plaster slabs (k): Now consolidate the 
layers of the slab. If a plaster table is 
avai lable, quickly place the slab on the 
surface and, with one movement with the 
heels of the hands, press the layers firmly 
together. ( Retained air reduces the ul t i mate 
strength of the plaster and leads to cracking 
or separation of the layers). 

24. Plaster slabs (n): At this stage any 
weak spots should be re in forced. Where 
there is  a right-angled bend in a plaster - for 
example at the e lbow or the ankle - two 
small slabs made from 1 0  cm (4") plaster 
bandages may be used as triangular 
reinforcements a t  e i ther s i te .  A s imi lar smal l 
slab may be used to reinforce the back of the 
wrist. 



BASIC PLASTER TECHNIQUES - PLASTER SLABS 

25. Plaster slabs (o): In the case of a long 
leg plaster slab, additional strengthening at 
the thigh and knee is  always necessary, and 
this 111ay be achieved by the use of two 
additional 1 5  c111 (6") slabs. 

28. Bandaging (a): Bandages used to 
secure plaster slabs should be of open weave 
(cotton or musl in)  and be thoroughly wetted. 
This is to avoid tightening from shrinkage 
after co111ing in contact with the slab. Secure 
the encl of the bandage between the thu111b 
and fingers, and squeeze several times under 
water. 

26. Plaster slabs (p): Where even greater 
strength is required, the plaster 111ay be 
girdered. For example, for the wrist, 111ake a 
small slab of s ix thicknesses of I 0 c111 (4") 
bandage and pinch up in the cenu·e ( I ). Dip 
the reinforce111ent, apply, and s111ooth down 
to form a T-girder over the dorsu111 (2) .  

29. Bandaging (b): Apply to the l imb 
firmly, but  without too much pressure ( I ) . 
Do not use reverse turns, which tend to 
produce local constrictions. The ends of the 
underlying stockinet may be turned back and 
secured with the last few turns of the 
bandage (2). On completion, secure the 
bandage with a smal l piece of welled plaster 
bandage. 

27. Plaster slabs (q): Girclering may also 
be achieved without a separate onlay. The 
basic plaster slab is  pinched up locally after 
being applied to the limb. Care must be tJken 
to avoid undue ridging of the interior sur ·ace. 

30. Complete POP technique: The skin 
should be protected as previously described 
using, where applicable, stockinet. wool rol l  
and fel t. The fol lowing sizes of  plaster 
bandage are reco111mended for normal 
application: 

Upper arm and forear111 
Wrist 
Thumb and fingers 
Trunk and h ip  
Thigh and leg 
Ankle and foot 

1 5  cm (6") 
10 cm ( 4") 
7.5 cm (3") 
20 cm ( 8") 
20 cm (8") 
1 5  cm (6") 



3 1 .  Plaster bandage wetting (a): 
Plaster bandages should be dipped in tepid 
water. Secure the end of the bandage with 
one hand to prevent the end becoming lost in 
the mass of wet bandage. Hold the bandage 
l ightly with the other without compression. 
I mmerse at an angle of 45°, and keep under 
water unti l bubbles stop rising. 

34. Plaster bandage application (b): 
Roll each bandage without stretching i f  there 
is no wool beneath; if there is  a layer of 
wool ,  and no swel l ing is anticipated, a l i tt le 
even pressure may be appl ied to compress 
the wool to half th ickness. Pla in tucks may 
be used distally to ensure a smooth fit, but 
figure-of-eight or reverse turns shou ld not be 
used if local constriction is  to be avoided. 

BASIC PLASTER TECHNIQUES - PLASTER BANDAGING 

32. Plaster bandage wetting (b): 
Remove excess water by gently compressing 
in an axial d irection and twist ing sl ightly. 
Alternatively, pul l  the bandage through the 
encircled thumb and index whi le l ightly 
gripping the bandage. 

35. Plaster bandage application (c): 
After the application of each bandage 
smooth the layers down to exclude any 
trapped air and consolidate the plaster. A 
second and, i f  necessary, third bandage may 
be applied to complete the prox imal portion. 
Each bandage shou ld extend 2-3 cm distal to 
the previous, and be wel l  smoothed down. 
The distal part may then be completed, and 
the hand or foot portion moulded before 
setting is complete. 

33. Plaster bandage application (a): 
Most moulding of the plaster w i l l  be requ i red 
at the wrist in upper l imb plasters, and at the 
ankle in  lower limb plasters. It i s  often useful 
to apply the more proximal parts first, so that 
moulding can be more profi tably carried out 
against a set or nearly set cuff of plaster on 
the forearm or calf ( i .e. start a forearm 
plaster at the elbow. and a below-knee plaster 
a t  the t ibial tubercle) .  

· . .  ' ' 
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36. Plaster bandage application (d): 
Where possible, the assistant should hold the 
limb in  such a way that the surgeon has a 
clear run whi le applying the plaster ( 1 ) . 
Where support must be given to a part 
included in the plaster, the nats of the hands 
should be used, and the hands eased 
proximal ly and d i stal ly to avoid local 
indentation. Where slabs are used, try to let 
gravity assist rather than h inder (2). 



REDUCING RISKS OF CIRCULATORY IMPAIRMENT 

37. Removal of rings (a): Wherever 
possible rings should be removed in  case 
finger swe l l ing leads to distal gangrene. A 
tight ring can general ly be coaxed from a 
finger if it is well coated with ol ive o i l  or a 
similar l ubricant. If this fai ls, the finger may 
sometimes be sufficiently compressed by 
binding it with, for example, macrame twine 
lo al low removal as shown. 

40. Plaster precautions (b): Consider 
spl i t t ing any complete plaster. This should 
be done ro111i11e/y after any operative 
procedure when swel l ing may be 
considerable ( from tourniquet release, 
postoperative oedema, etc.). Use a sharp 
knife and cul clown through the plaster to the 
underlying wool (the wool protects the skin) .  
This should be clone immediately after 
application of the plaster before it has had 
t ime lo dry out. 

38. Removal of rings (b): Otherwise a 
ring may be cul with a ring culler (I) or a 
saw cut may be made with a fine tooth 
hacksaw on to a spatula (2) to spring the 
ring. Ring removal i s  nevertheless sometimes 
obsessively pursued. If significant swel l ing is 
un l ikely, the ring loose below the knuckle, 
the patient intel ligent and the potential 
danger is  indicated, i l  may be retained with 
acceptable safety. 

4 1 .  Plaster precautions (c): Be sure the 
plaster has been co111ple1e/y clivi clecl clown to 
the wool along its whole length (I). (Any 
remaining strands wil l  act dangerous ly as 
constricting bands.) You should be able to 
see the wool quite clearly. The plaster edges 
should spring apart by 5- 1 0  mm or they may 
be eased apart by the handle of the knife, 
thereby dynamically relieving any 
underlying pressure (2). 

39. Plaster precautions (a): After an 
acute i njury, i f  mu h swel l ing is anticipated 
( I )  use a plaster slab in preference to a 
complete plaster. The retaining bandage 
have more 'give' than plaster, and are more 
readily cut in  an emergency. (2 )  If a slab does 
not give sufficient support, then a l low for 
swe l l ing with a generous layer of wool 
beneath the plaster. (W = wool; B = 
bandage. )  

42. Elevation (a): Wherever possible, the 
injured l imb should be elevated. In  the c�se 
of the hand and forearm in a patient wh has 
been aclmit lecl, the l imb may be secured in 
stockinet (or in a roller towel using safety 
pins) attached lo a drip stand at the side of 
the bed. Elevation should be maintained at 
least until swel l ing is  beginning to resolve. 



43. Elevation (b): In the case of the 
ambulant patient a s l ing may be used, 
provided the arm is  kept high enough ( I ) . I f  
the sl ing is  too slack the arm wi l l  hang 
down, encouraging oedema (2) .  

Instructions for Patients 
in Plaster of Paris Splints 
A. t l J  If fingers o r  toes become swollen 

blue, painful or stiff1 raise limb . 

(2)  If no i m provement in half an 

hour call in Doctor or retu rn 

to hospital immediately. 

B. ( I )  gxercisc all joints not included 

in plaster-especially fingers 
and toes 

t2) If you have been fitted with a 
wal k i ng plaster walk in it. 

(�) If plaster becomes loose or 

cracked-report to hospital as 

soon :lS possible. 

46. The patient who is  being al lowed home 
must be g iven clear warnings to return 
should the circulation appear in  any way to 
be impaired. Inform the patient or, where 
appropriate, a relative who wi l l  be looking 
after the patient. I t  i s  also useful to reinforce 
this by pasting an instruction label (such as 
the one i l lustrated) directly to the plaster. 

REDUCING RISKS OF CIRCULATORY IMPAIRMENT 

44. Elevation (c): In the case of the lower 
l imb, the leg may be elevated on pi l lows ( I ) . 
The end of the bed may be raised on an 
A-frame or on chairs (2) .  The ambulant 
patient should be advised to keep the foot as 
high as possible on a couch or chair 
whenever they are at rest. 

· -

47. Aftercare of patients in plaster 
(a): Is there swelling ? Swel l ing of the 
fi ngers or toes is common in patients being 
treated in plaster, but the patient must be 
examined careful ly for other signs which 
might suggest that circulatory impairment is 
the cause, rather than the local response to 
trauma. If there is no evidence of circulatory 
impairment, the l imb should be elevated and 
movemenls encouraged. 

45. Exercise: Those parts free of plaster 
shou ld be exercised as frequentl y  as possible, 
e.g. the fingers in  a Calles fracture (and later 
the elbow and shoulder). The patient should 
be shown how they should curl the fingers 
into fu l l  flex ion and then fully extend them. 
They should be g iven clear instructions as to 
how frequently to perform these exercises 
(e.g. for 5 minutes every waking hour). 

48. Aftercare (b): Is there disco/ormion of 
the roes or. fingers? Compare one side with 
the other; bluish discoloration, especial ly in 
conjunction with oedematous swel l ing 
distal ly. suggests that swel l ing of the limb 
within the plaster has reached such a level as 
to impair the venous return. and appropriate 
action must be taken. 



AFTERCARE OF PATIENTS IN PLASTER 

? 

49. Aftercare (c): Is there any evidence of 
arterial obstruction ? Note the f ive Ps: 
intense pain, paralysis of finger or toe 
nexors, paraesthesiae in fingers or toes, 
pallor of the skin with disturbed capi l lary 
return, and 'perishing cold' feel of the 
f ingers and toes. Arterial obstruction requires 
i111111ediate, positive action. (Cl in ical f indings 
of a s imi lar nature, along with pain on 
passive movements of the fingers or toes, is 
found i n  the compartment syndromes: see 
p. 99.) 

52. Treatment (c): If the circulation has 
been restored, gently pack wool between the 
cut edges of the plaster ( I )  and firmly apply 
an encircling crepe bandage (2) .  If this i s  not 
done, there is  risk of extensive skin 
( ' plaster') bl istering locally. If the 
c irculation is  not restored, reappraise the 
position of the fracture and suspect major 
vessel involvement. On 110 account adopt a11 
expectant and procrastinating policy. 

50. Treatment of suspected circulatory 
impairment (a): Elevate the l imb (I). I n  
the case or· a plaster slab, cu t  through the 
encirc l ing bandages and underlying wool (2) 
unti l  the skin is fully exposed, and ease back 
the edges of the plaster shel l  unti l  i t  is 
apparent that i t  i s  not constricting the l imb in 
any way. 

53. Aftercare (d): Ca11 the plaster be 
completed? If the plaster consists of a back
s lab or shel l ,  completion depends on your 
assessment of the present swel l ing, and your 
prediction of any further swel l ing. Most 
plasters may be completed after 48 hours; 
but if swe l l ing is  very marked completion 
should be delayed for a further 2 days, or 
until i t  i s  showing signs of subsiding. 

5 1 .  Treatment (b): Where the plaster is a 
complete one, split the plaster throughout its 
entire length. Ease back the edges of the cast 
to free the l imb on each side of the midl ine. 
Dil'ide al l  the overlying wool and stockinet 
and turn it back t i l l  skin is exposed. The 
same applies to any dressing swabs hardened 
with blood clot. 

1 
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54. Aftercare (e): Is the plaster i111ac1 ! 
Look for evidence of cracking, especial\. in 
the region of the joints ( ! ). ln arm plasters, 
look for anterior softening (2) and softe ing 
i n  the palm (3) .  I n  the leg, look for softening 
of the sole piece (4) .  the heel  (5 )  and calf 
(6). Any weak area should be reinforced by 
the application of more plaster locally. 



SS. Aftercare (f): Is the plaster causing 
restriction of movement? Look especial ly for 
encroachment of the palm piece on the u lnar 
side or the hand. restrict ing MP joint flexion 
( I).  I n  forearm plasters, look also for 
restriction of elbow movements. In below
knee plasters, note if the plaster i s  digging in 
when the knee is  flexed (2 ) .  Trim the plaster 
as appropriate (3) .  

SS. Aftercare (i) :  Has the plaster become 
too loose? cntd In the leg, grasp the plaster 
and pull it distally; note how far the toes 
disappear into the plaster. J f a  plaster i s  
loose, i t  should be changed unless ( i )  union 
is  nearing completion and risks of s l ipping 
are minimal or (i i) a good position is held 
and the risks of s l ipping while the plaster i s  
being changed are thought to be greater than 
the risks of sl ipping in a loose plaster. 

AFTERCARE OF PATIENTS IN PLASTER 

S6. Aftercare (g): Is the plaster too short? 
Note especial ly the Col les-type plaster with 
inadequate grip of the forearm (I ) ;  note the 
below-knee plaster which does not reach the 
t ibial tuberosity (2)  and which, apart from 
affording unsatisfactory support of an ankle 
fracture, will inevitably cause friction 
against the shin. Extend the derective 
plasters where appropriate (3 ) .  

S9.  Aftercare (j): Is  the patient 
complaining of localised pain ? Localised 
pain, especial ly over a bony prominence. 
may ind icate inadequate local padding, local 
pressure and pressure sore formation. I n  a 
chi ld it may sometimes suggest a foreign 
body pushed in under the plaster. In  al l 
cases, the affected area shou Id be inspected 
by culling a window in the plaster and 
replacing i t  after examination. 

S7. Aftercare (h): /-fas the plaster become 
too loose? A plaster may become loose as a 
result of the subsidence of l imb swel ling and 
from muscle wasting. If a plaster i s  slack, 
then the support afforded to the underlying 
fracture may become inadequate. Assess 
looseness by auempting to move the plaster 
proxi mally and distal ly, while noting its 
excursion in  each direction. 

60. How to remove a plaster - plaster 
slabs: Plaster shells or slabs are easi ly 
removed by cutt ing the encircling open 
weave bandages which hold them in 
posit ion. Care must be taken to avoid 
nicking the skin. and Bohler scissors are 
helpful in this respect. 



REMOVING PLASTERS 

6 1 .  Removing complete plasters -
Using shears (a): The heel of the shears 
must l ie between the plaster and the l imb. 
Subcutaneous bony prominences such as the 
shaft of the u lna (I) should be avoided to 
lessen the risks of skin damage and pain. 
Instead, the route of the shears should be 
planned to l i e  over compressible soft tissue 
masses ( 2) .  

64. Using shears (d): Keep the lower 
handle ( L) parallel to the plaster, or even a 
l i tt le depressed. Li fl up the upper handle 
( U) ; push the shears forward wi th the lower 
handle so that the plaster fi l l s  the throat of 
the shears. Maintaining a sl ight push ing 
force - al l  the culling action may be 
performed with the upper handle, moving it 
up and down l i ke a beer pump. 

62. Using shears (b): 1 1· possible, avoid 
culling over a concavi ty. If the wrist is in 
moderate palmar flex ion, as in a Colles 
plaster, the plaster should be removed by a 
dorsal cul (I). Jn a scaphoicl plaster, the 
dorsal route should be avoided (2) and the 
plaster removed anteriorly. 

65. Using a plaster saw (a): Plaster 
saws may be used for removing or cutting 
windows in plasters, but they should be used 
with caution and treated with respect. Do noc 
use a plaster saw unless there is a layer of 
wool between the plaster and the skin. Do 
not use it over bony prominences and do not 
use if the blade is bent, broken or blunt. 
Note: the blade does not rotate but osci I I ates. 

4 

1 
63. Using shears (c): Where there is the 
right-angled bend of the ankle to negotiate, i t  
i s  often helpfu l  lo make two vertical cuts 
down through the ole piece ( I )  and lllrn i t  
down (_). This then gives access for the 
shears to make a vertical cul beh ind the 
lateral mal leolus (3) and then skirt forw ards 
over the peronei (4). The remaining pla ·ter 
may then be sprung open. 

66. Using a plaster saw (b): Electric 
saws are noisy, and the apprehensive patient 
should be reassured. Cut down through the 
plaster at one level ( I ); the note wi l l  change 
as soon as i t  i s  through. Remove the saw (2 )  
and shift i t  lateral ly about 2.5 cm ( 3 ), and 
repeat (4). Do 1101 s l ide the saw lateral ly in 
shallow cuts; the culling movement should 
be up and clown. 



67. Polymer resin casts: Most use 
bandages of cotton (e.g. Bayer's Baycasl®), 
fibreglass (Smith & Nephew's Dynacast XR®) 
or polypropylene (3M's Primacast®). 
impregnated with a resin which hardens on 
contact with water. Advantages include: 
I. Strength combined with l ightness. 2.  Rapid 

selling (5- 1 0  min) and curing, reaching 
maximum strength in 30 min (cf. plasters 
whose slow 'drying out' period of about 
48 hours may lead. if unprotected, to 
cracking). 3.  Water resistance combined with 
porosity (although wening of the inner layers 
should sti l l  be avoided). 4. Radiolucence. 

Disadvantages include: I .  High item cost -
but their durabi l i ty reduces demands on staff 
and transport. 2. They generally mould Jess 
well than plaster, and are more unyielding. 

Af'ter acute injuries. where further swelling 
is l ikely, plaster is generally the more suitable 
casting material: it can be careful ly moulded 
to the part giving particularly good support, 
and where necessary it can be applied in the 
form of a slab. When swelling subsides. and 
the stabi l i ty of the fracture is not in doubt. a 
resin cast may be substituted. Where l i lllc 
swelling is anticipated in a stable fresh 
fracture, a resin cast may be used from the 
outset. Where a cast is likely to be abused (e.g. 
in wet weather where an extroverted teenager 
requires support for an ankle injury) there is  
much to be said for using a resin cast, and of 
course i t  is possible to rein force an ordinary 
plaster cast with an outer resin bandage. 

70. Application (c): Ensure the l imb is 
correctly positioned. and apply each turn so 
that it overlaps the one beneath by half a 
width ( I ) . I t  is permissible to use a figure-of
eight (2 )  round the ankle, elbow and knee to 
assist the bandage to l ie neatly in conformity 
with the contours of the l imb beneath. Turn 
back the stockinel ( 3 )  before applying the 
top l ayers of the bandage. and make qui te 
certain that there wi l l  be no sharp or hard 
cast edges which can cause ulceration of the 
skin. 

<-............... .. 

68. Application (a): Apply conforming 
slockinet (I ) to the limb: ensure that it 
extends 3-5 cm ( 1 -2") beyond the proposed 
l imits of the cast itse lf  (2 ) .  Next. apply a 
layer or padding ( 3 ). paying particular care 
to protect the bony prominences. Where it is 
necessary to resist exposure to water or to 
moisture, a synthetic water-resistant 
orthopaedic padding may be used (e.g. Smith 
& Nephew's Soffban®)_ 

7 1 .  Application (d): In some cases close 
moulding of the cast may be encouraged by 
the temporary application of a firm external 
bandage. For this a thick cotton or crepe 
bandage may be used. This is f i rst welled, 
and then wrapped tightly round the l imb. 
This  wi l l  also be found helpJ'ul in retaining 
the last turn or two of the resin bandages. 
which often have a disturbing tendency to 
peel away before they set. Remove the wet 
overbandage once the cast has set. 

POLYMER RESIN CASTS 

69. Application (b): Open each bandage 
pack only as required to avoid premature 
curing. Wear gloves to prevent the resin 
adhering 10 your skin or causing 
sensit i sation. I mmerse the bandage in  warm 
water for 2-5 seconds, squeezing it two to 
four times 10 accelerate setting. Fewer 
bandages wi l l  be required than with plaster, 
e .g.  a below-knee cast in an adult may be 
applied with two 7.5 cm (3") and one to two 
1 0  cm (4") bandages. Use the smaller sizes 
for the areas requiring a high degree of 
conformity (e.g. the ankle) .  

72. Removal of resin casts: Because of 
their i nherent springiness, resin casts cannot 
be cracked open after they have been cut 
down one side. as can plasters. I n  most cases 
i t  is necessary to bi valve by cutting down 
both sides. In the case of leg casts, i t  i s  best 
to turn down the sole piece first. Either 
shears or an osc i l lating saw may be used; i n  
the latter case. a dust extractor should be 
employed to avoid the inhalation of resin 
dust. Resin casts are Jess l ikely to break after 
windowing than plasters. 



ASSESSING UNION 

73. Assessment of union (a):  Union i n  a 
fracture cannot be expected unti l  a certain 
amount of t ime has elapsed, and it is 
pointless to start looking too soon. (See 
individual fractures for guidel ines.) When it 
i s  reasonable to assess union, the l imb 
should be examined out of plaster. Persistent 
oedema at the fracture site suggests union is 
incomplete. 

74. Assessment of union (b): Examjne 
the limb careful ly for tenderness. Persistent 
tenderness localised to the fracture site is 
again suggestive of incomplete union. 

75. Assessment of union (c): Persistent 
mobi l i ty at the fracrure site i s  certain 
evidence of incomplete union. Support the 
l imb clo e to the fracture with one hand. and 
with the other attempt to move the distal part 
in  both the anterior and lateral planes. In a 
unit ing fracture this is not a painfu l  
procedure. 

76. Assessment of union (d): Although c l in ical assessment is often adequaie in many 
fractures of cancellous bone, it is advisable, in  the case of the shafts of the femur, t ibia, 
humerus, radius and ulna, to have up-to-date radiographs of the region. The i l lustration is f a  
double fracture of the femur at 1 4  weeks. I n  the proximal fracture, the fracture l ine is  blurr d 
and there is external bridging callus of good qual i ty :  union here is fairly far advanced. I n  the 
distal fracture, the fracture l ine is st i l l  clearly vis ible,  and bridging cal lus is patchy. Union is 
incomplete, and certainly not sufficient to allow unprotected weight bearing. 

In assessing radiographs for union, be suspicious of unevenly dist1ibuted bridging callus. of a 
persistent gap, and of sclerosis or broadening of the bone ends. Note that where a particularly 
rigid system of internal fixation has been employed. bridging cal lus may be minimal or absent, 
and endosteal callus may be very slow to appear. 

If in doubt regarding the adequacy of un ion. continue with fixation and re-examine in 4 
weeks. 

Note that in all cases you must assess whether the forces the l imb i exposed to wi l l  result in 
displacement or angulation of the fracture, or cause such mobi l i ty that union wi l l  be prevented. 
You must therefore balance the following equation: 

External forces < (degree of union + support supplied by any internal fixation device 
and/or external splintage). 
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Open fractures: internal 
fixation 



OPEN FRACTURES - TREATMENT OF THE SKIN 

1 .  Open fractures - immediate care: 
When the case first presents, ensure that the 
fol lowing procedures are carried out in every 
case: ( I )  Take a bacteriology swab from the 
wound. (2)  Commence a short course of 
appropriate antibiotics (see p. 50). ( 3 )  Cover 
the wound wi th care, using sterile dressings 
(to reduce the risks of secondary (hospital) 
infection). (4) Apply temporary sp l intage 
(e.g. a plaster back she l l  or, if appropriate, 
an inflatable spl int) .  
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4. Type I cntd: Carry out a thorough 
(preferably pulsati le) wound lavage. Up to 
I 0 L of normal sal ine may be used (followed, 
by some, with 2 L of bacitracin-polymyxin 
solution) ( ! ) .  Primary closure of the skin is 
not advisable, but i t  may be helpful to use 
subcutaneous anchoring sutures (2) to 
prevent undue retraction and aid secondary 
suture. Apply a dressing which ensures the 
tissues remain moist (e.g. sal ine-soaked 
swabs over vasel ine gauze). Attention must 
then be paid to fixation of the fracture. 

2. Type I, technically open fractures: 
( I )  The risks of infection are s l ight and are 
un l ikely to be lessened by wide exposure 
(although this is advocated by some). The 
wound shou ld be thoroughly cleaned (2) and 
a sterile dressing applied locally (3) .  
Thereafter the method of supporting the 
fracture must be decided (see p. 79 and also 
Regional Injuries). If a plaster cast i s  being 
applied there 111us1 be allowance for swel l ing, 
e .g .  by using a backshell or by spl i t t ing a cast 
appl iecl over copious wool. 

5. Type I cntd: Inspect the wound after 48 
hours; if necessary, perform any secondary 
clebriclemenl. lf the wound remains clean, the 
aim should be to carry out a (delayed 
primary) wound closure under repeat 
antibiotic cover at 5 days (I) .  If the wound 
cannot be closed without tension, any 
remaining defect should be covered with a 
spl i t-skin meshed graft (2)  (which allows the 
escape of exudate). If the wound is d irty, 
then i t  should be treated by radical excision 
of all necrotic and infected tissue every 2-3 
clays unt i l  clean and ready to be grafted. 
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3. Type I, open from within out: T e 
wound is small with clean or min imal ly 
bruised. v iable edges ( I ) . The skin edges may 
be min imal ly excised, and the wound 
extended (2) to a l low a thorough inspecLion 
of the soft t i ssues and bone ends. It is 
unl ikely that much w i l l  be required in  the 
form of excision of contaminated or 
avascular t issue to achieve a thorough 
debridement. Advamage may be wke11 of the 
exposure to al/oiv an accurate open 
reduction ofthe .fi"acture. 

6. Type I I  open fractures: These sh uld 
be managed along s imi lar l i nes. I n  Type III  
injuries perform a rigorous lavage and 
debridement ( with, if needed, wound 
enlargement): al l foreign material must be 
removed along with any completely 
devitaJjsed tissue (including small bone 
fragments). The wound should be left pen 
but dre sed so as to prevent drying out. To 
fac i l i tate wound management (conducted as 
in Frame 5) an external fixator or locked 
in tramedul lary naj\ may be the best way to 
hold the fracture. 



7. Type Ill cntd: I f  bone is exposed, the a im 
should be to get  i t  covered wi th in  fi ve days, 
to reduce the risks of secondary infection . 
Spl i t  skin grafts wi l l  only surv ive i f  applied 
to a vascular bed, therefore they cannot be 
used over open joints, bone devoid of 
periosteum, and tendons without paratenon. 
Thought must be g iven to future access (e.g. 
for bone grafting should union fai l ) .  I n  these 
circumstances other methods of cover must 
be employed. These should only be 
undertaken by a surgeon experienced in 
plastic surgical techniques, and cons11l1mion 

9. Degloving injuries (a): In a degloving 
injury, an extensive area of skin is torn from 
its underlying attachments and thereby 
deprived of i ts blood supply. ln the hand or 
arm it is commonly caused by the limb being 
crushed between rollers ( I ) ;  in  the leg i t  may 
result from the shearing effect of a vehicle 
wheel passing over the l imb in  a run-over 
accident. 

OPEN FRACTURES - TREATMENT OF THE SKIN 

wi1h a plastic surgeon prior to 1he ini1ial 
procedure, with later transfer to a plastic 
surgical unit, is highly desirable. 

The local fasciocutaneous flap: This is the 
commonest and most useful technique. These 
Aaps include skin and fascia, but not muscle. 
(Skin Aaps in the lower l imb which do not 
include the fascia !  layer have a poor record of 
success.) Distally based flaps are sometimes 
used lo cover defects in  the distal third of the 
leg. Careful planning of the Aap is required. 
In  the example ( left) of the defect ( I )  to be 
covered, the anterior l imb (2 )  of the flap to be 
raised is placed 1 -2 cm posterior to the 
posteromedial border of the tibia. The 
posterior l imb (3 )  may cross the midline. 
After the flap has been raised and swung (4). 
the resu lt ing defect i s  covered with split skin 
grafts. 

8. Type Ill cntd: Other plastic surgical 
techniques include the following: 

Muscle flaps: These are generally reliable, 
but may result in functional loss. 
(a) The gastrocnemius myocutaneous flap: 
this provides particularly good cover round 
the knee and in the proximal third of the t ibia.  
E i ther the medial or lateral head may be used. 
(The muscle belly i s  isolated from soleus. its 
attachment to the Achi l les tendon div ided, 
and i t  is freed from its other head before the 
flap is  swung. )  
(b)  The soleal myocutaneous flap: th i s  may be 
used for cover in the middle third of the tibia. 

(The muscle is detached I cm distal to its 
musculotendinous junction, transposed, and 
anchored distally.) Added length may be 
obtained by making several transverse 
incisions in  its sheath. At a suitable t ime, its 
outer surface may be covered with split skin 
grafts. 

Free microvascular flaps: The commonest 
and most useful sources are from the 
latissimus dorsi or rectus abdominis .  The 
techniques are highly special ised, and careful 
planning must extend to dealing wi th the 
secondary defect. Fai l ure is generally due to 
vascular problems or infection at the recipient 
site. 

Where bone grafting i s  required this should 
be carried out as soon as it is safe to do so. Jn 
the case of 7,ipe I and Type II open ji-actures, 
this can be considered 2-3 weeks after wound 
healing. In the case of T)1pe Ill open fractures, 
grafting should be delayed for 6 weeks after 
healing has been obtained. Where there is 
extensive bone loss, future reconstruction 
may be possible using an l l izarov bone 
transport technique. 

Type Ille open (ractures have the highest 
rai lure and amputation rate, due to vascular 
d i fficulties or infection. I n  handling these 
cases the fracture must be soundly f ixed and 
any arterial repair (e.g. by an in terpositional 
graft) achieved within 4-6 hours; the vascular 
problem should be deal t  with by an 
experienced vascular surgeon, and not 
delegated. Prophylactic fasc iotomies should 
be carried out. 

1 0. Degloving injuries (b): The skin may remain unbroken ( 2  in  Frame 9), in  which case the 
l imb feels  l ike a Auid-containing bag, owing to the presence or an extensive haematoma 
between the skin and fascia.  If the skin is torn (3 in Frame 9), the effect i s  the creation of a large 
flap of full-thickness skin. ln either case, massive sloughing is l i kely unless the injury is 
properly managed. A number of plastic surgical procedures are available: 

I .  I I. the skin i s  in  good condition i t  may be de-fatted and re-applied immediately as a full 
thickness graft (al though failure is  not uncommon). 

2. If the skin i s  damaged, split skin grafts may be taken from it (prior to its excision); these may 
be used immediately if the s i te is suitable, or stored for a secondary procedure. 

3. The flap may be marked for later orientation and excised. After refrigeration storage in a 
sterile container (storage temperature is important), it is replaced after 1 -2 weeks as a single 
sheet graft, after the deeper layers have been removed using special equipment. 

In any open injury it is vital to keep in mind the risks of serious. l i fe-threatening infections, 
particularly tetanus and gas gangrene, and the appropriate protect ive measures must be taken. 



INTERNAL FIXATION - PRINCIPLES 

1 1 . PRINCIPLES OF INTERNAL FIXATION AND COMMON 
FIXATION METHODS 

When i t  i s  intended to i mplant materia ls for the treatment of fractures, th 

fol lowing criteria must be satisfied: 
l .  Freedom from tissue reaction: It i s  self-evident that i f  foreign mat rial 

i s  being implanted in  the tissues it should be biologically i nert, and not give 

rise to toxic reactions, local i nflammatory changes, fibrosis ,  foreign body 

giant cel l  reactions, etc . ,  which in turn are l i ke ly  to produce local pain ,  

swe l l ing and impai rment of function. There is  evidence of an extremely Jow 
but apparently c lear i ncidence of local, and possib ly  d istal ,  metal- induced 
neoplasia. In consequence, in the younger patient ( under age 40), i nternal 
fi xation devices are removed routinely once they have served their purpose. 

2 .  Freedom from corrosion: Implanted materials should not corrode. 

Where stain less steel is used it should be of an accepted grade and free from 
i mpur i ties ;  steps should be taken to avoid the i ni t i at ion of corrosion 

problems by fretting occurring at the point of contact between the separate 

components of an implant. I t  is essential to avoid  electrolytic degradation, 
and i n  practice this means that if more than one implant i s  used at the same 
side (e .g .  a plate and screws), identical materials are employed. 

3 .  Freedom from mechanical failure :  Implants must sati sfy the purposes 
for which they are intended. To withstand the forces to which they w i l l  be 
subjected demands a satisfactory compromise between the materials used 
and the design of the i mplant. In  the treatment of fractures, implants 
general ly must have great mechanical strength in assoc iation with smal l  

physical bulk ;  consequently most are made of metal . Of the suitable metals, 

the most frequently employed are: 

• Certain stainless steels 
• Alloys of chromium, cobalt and molybdenum (e .g .  Vi tal l ium®, Vinertia® 
• Titanium.  

The chrome-cobalt al loys are biological ly very i nert, but  are d ifficu l t  to  

machi ne so that most implants, including screws, are microcast us ing the lost 

wax techn ique; this adds to their cost. The stain l ess steel s  are less inert, but  

are easier to  machine and are cheaper. I n  the case of t i tanium, the favourabl e  
combination of high strength, l i ght  weight, hjgh fatigue strength, low 
modu lus of e lasticity and relat ive i nertness, a l lows the fabrication of th i  ner 
p lates and stronger intramedullary nai ls .  I t  also produces fewer artefacts in 

CAT and MRI scans, al lowing for example, earl ier and better detection of  
avascular necrosis in  femoral neck fractures. 

In  certai n s i tuations other materials are sometimes used, e .g .  in fractures 

of the femur in  the region of the stems of h ip  replacements it is possible co 
employ nylon plates held in position with nylon cerclage straps. At the 
ankle, b iodegradable plastic dowels may be used to treat certa in  mal l eol r 
fractures, and have the advantage that their s low absorption obviates any 
need for their later removal. Sensit ivity to these implants ( in the form of a 

low grade inflammatory response) i s ,  however, a not uncommon occurrence .  
Where i t  i s  desirable to have a certain amount o f  flexib i l i ty i n  a p late t o  
encourage the formation o f  some external bridging cal lus ,  carbon fibre p l ates 
are sometimes used. 



FIXATION DEVICES AND SYSTEMS 

Fractures vary enormously in pattern; bones vary in the i r  s ize, texture and 
strength. To cope with even the most common situations and be a match for 
every subtle variation of ci rcumstance requ i res an impressive range of 
devices and instruments for their i nsert ion.  The design of fi xation devices 
has in  the past been somewhat haphazard, and ai med at the treatment either 
of one fracture or the solution of a s ingle fixation problem. There have been 
attempts to produce integrated systems of fracture f ixat ion :  sets of devices 

which can contend with any fracture s i tuation. The most outstanding system, 
now firmly estab l ished, is that developed by the Association for the Study of 

Internal Fixation (ASIF or AO (Arbei tsgemeinschaft fi.ir 

Osteosynthesefragen) .  This group of general and orthopaedic surgeons was 

founded in 1 956 by Maurice E. M i.i l ler  to research certain concepts 
propounded by Robert Danis) .  As a result  of their work, apart from the 
development of a series of screws, p lates and other devices, and the 
corresponding instrumentation, the Assoc iation is  responsible for some 
change in emphasis in the phi losophy of fracture treatment. They feel that 

the common aim - a return to ful l  function in the shortest t ime - can often 

best be achieved by the use of i nternal fixation devices, of such strength and 
design that external spl intage can frequently be d i scarded, permi tt ing 
i mmediate joint freedom, early weight beari ng, short-term hospi tal i sation, 
and early return to work and other activ it ies.  These ideals are often achieved, 
but it must be stressed that optimum resu lts cannot be obtained without the 
necessary technical knowledge of the system and a degree of mechanical 
apti tude, both of which can be acqu ired by appropriate train i ng and 
experience. 

With any form of  internal fi xation great importance must always be placed 

on recognis ing which cases are best treated in this way. It is equally 

important to recognise which cases are not sui ted to treatment by i n ternal 

fi xation, and those which may be dealt with e i ther surgical ly or 
conservatively. I t  i s  i n  the last group that there i s  often some d ifficu l ty, and it 
is  important to remember the hazards of i nfect ion; even though i t  may be 

uncommon, i t  must always be a feared compl ication which, on occasion, can 
turn a comparatively minor fracture into a d i saster. In certain situations the 
risks of i nfection may be reduced and fracture fixation achieved by us ing 
minimal ly invasive techniques (such as closed in tramedul lary nai l ing) .  

Disturbance of the  fracture haematoma is  best avoided i f  a t  al l  possible as 

this may delay or prevent union;  the risks may be reduced by the use of 
Wave or Less Invasive Plate Systems ( see p.  76) .  

As in  many branches of surgery, the core problem is  i n  dec id ing how 
many excellent resu lts are requ i red to balance the occasional serious fai l ure, 
and the compromise to be made between the particulars of a case and the 
outlook and judgement of the surgeon. 



INTERNAL FIXATION - SCREWS 
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1 2. Principles of internal fixation and 
common devices: Cortical bone screws 
(a): The AO cortical bone screw enjoys 
widespread use and is probably the 
commonest of all in ternal fixation devices. 
The standard screw has an outside diameter 
of 4.5 111m ( I )  and a core diameter of 3.0 111111 
(2) .  The thread form is a 111odi fied buuress 
(3 ) ,  of 1 .75 m111 pitch (c. 15 TPI). The large 
head has a he111ispherical undersurface 
(4) and contains a hexagon socket (5 )  which 
is used for its insertion. 

1 5. Cortical bone screws (d): Placing 
the screws. Two 111utually exclusive screw 
positionings 111ay be used. To obtain the 111osl 
effective co111pression, and to avoid side 
thrusts which might displace the align111enL 
of bone fragments, screws should be inserted 
at right angles to the plane of the fracture ( I ) . 
To offer the 111axi 111u111 resistance to torsional 
forces, screws should be inserted at right 
angles to the cortex (2). I n  practice, a 
co111bination of these two placements may be 
employed with effect (3) .  

1 3. Cortical bone screws (b):  To insert 
an AO screw, the bone is  dril led with a 3 .2  
111111 dri l l  ( I ), preferably using a guide lo 
maintain its perpendicularity. The hole is  
then tapped (2) and sized, so that the correct 
length of screw ( fro111 a wide range) can be 
chosen. This is then inserted using a hex 
screwdriver (3) .  In certain circumstances it i s  
necessary to use smaller screws (e .g .  in 
dealing with phalangeal fractures) and 
screws of 3 .5,  2.7, 2.0 and 1 .5 m111 are 
available in the AO range. 

1 6. Cortical bone screws (e): In long 
bones, one or more screws may be used to 
hold a fracture in perfect alignment ( I l lus . ) .  
Such an arrangemelll can seldo111 suffice 
without additional support: this may be in the 
form of plaster cast, but commonly a plate is 
used to neutralise any torsional or bending 
stresses that the fracture might be subjected 
to (neutralising plate). Note that if the 
stresses are great (e.g. unsupported weight 
bearing), some of the load 111us1 be carried by 
the bone, otherwise eventual fatigue fracture 
of the plate is l ikely. 

1 4. Cortical bone screws (c): When tw bone 
frag111ents are being approxi111ated with a screw, 
it is usually desirable to do so in such a 111a ner 
that the adjacent surfaces are compressed one 
against the other - this improves the quality of 
the fixation. reduces the risks of non-union, and 
may be essential i f  the fracture will otherwise be 
unsupported (e.g. if a cast is not being applied). 
To do this. a clearance (or gliding) hole is  drilled 
in the nearest fragmem; tightening the screw 
draws the two fragments together: the so-called 
lag screw principle. 
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1 7. Common devices: Plates (a): There 
are 111any d ifferent types of plate. Some are 
qui te lightweight and occupy l i tt le space (I) ,  

being used only to hold 111ajor bone 
fragments in  al ignment, whi le others are 
heavy ( 2) and sufficiently rigid to al low � I  
external spl intage Lo b e  discarded. For these 
to be successful and to encourage endosteal 
cal lus formation, the bone surfaces should be 
brought together under a degree of 
compression. One way of doing th is  is to use 
a tensioning device (3) before inserting the 
screws on the second side of the fracture. 



INTERNAL FIXATION - PLATES 
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1 8. Plates (b): Another and more 
commonly used method of achieving 
compression is  to use a dynamic 
compression plate ( I ). This has specia l ly 
contoured slots (2), rather than pla in round 
holes for the cortical screws, which are 
inserted eccentrical ly after using an offset 
dri l l  guide (3) .  When the screws are 
tightened (4) their heads pinch the plate (5) ,  
causing the plate to sl ide sl ightly so that 
fracture surfaces are brought together in 
compression (6). 
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1 9. Plates (c): Plates should be placed so 
that compression loads are taken by bone (I ) ,  

and tension effects are neutralised by the 
plate (2) .  In practice this means that plates 
should be applied to the convex surface (e.g. 
the lateral side of the femur) . However, in the 
tibia, plates are often fixed to the 
anteromedial surface. In the case of the 
femur, tibia and humerus ideally 8 cortices 
should be engaged in  each major fragment (6 
in the forearm). End screws engaging a 
single cortex ( 3 )  may be used to relieve 
stress. 
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20. Plates (d): When a Aat plate is applied 
lo a bone using any system to obtain 
compression, this tends to occur in an uneven 
manner; the far side may open up as 
compression occurs on the nearside ( I ) . To 
avoid this, i t  i s  common practice to pre-bend 
the plate at the level of the fracture (2) .  Then 
the far side compresses f irst (3), before the 
rest of the fracture l ine becomes involved, 
wi th the plate tending to straighten out (4). 
Note too that wi th the use of appropriate 
clamps plates may be individually bent to fit 
snugly against the contours of a bone (5) .  

2 1 .  Plates (e): Plates come in  a great variety of shapes and sizes; some have been designed to cope with a specific fracture, whi le others have 
been developed to overcome certain inherent problems associated with the use of plates of a standard pattern. 

• The low-contact dy11a111ic compression pl cue ( LC-DCP) is relieved on its undersurface (I) so that the bone with which i t  i s  in  direct contact is 
reduced in area: this minimises tl1e amount of periosteum and bone which may be deprived of its blood supply by pressure from the plate. The screw 
slots are shaped in such a manner that in1erfragmen1ary bone compression screws (e.g. lag screws) may be inserted at angles up to 40° (2). 

• Reco11strnction plates have Y-cuts (3) between the screw holes which allow the plates 10 be bent in  zig-zag fashion (4) (as well as in other 
planes) so that they can be used in  special s i tuations (e.g. in certain pelvic fractures). 

• T- and L-b11ttress plates ( 5 )  are of particular value in dealing with fractures of the proximal t ibia (6) .  
• Lateral t ibia l  head (hockey stick) plates (7) are also used in  the proximal t ib ia l  area. 
• Cloverleaf (S)  plates are used main ly for the distal tibia. 
• Hook plates (e.g. Zuelzer (9), AO) may be used when one fragment i s  not particularly su ited to rece iving a screw (e.g. fractures of the medial 

malleolus ( I  0) or certain spinal fractures). 
• Carbon jibre plates (which can only be contoured al the time of manufacture) are sl ightly Aexible and al low the formation of bridging callus. 



INTERNAL FIXATION - PLATES 

22. Plates (f): The Eggar pla1e, now only 
occasionally used, i s  a l ightweight plate 
which is readily contoured to fit  the bone to 
which it is being applied. Additional support 
(e.g. with an external plaster cast) is 
generally required. The plate i s  fixed to the 
bone with self-tapping screws which are not 
fully tightened. This permits s l ight axial 
111ovement, so that as bone absorption at the 
fracture site occurs the bone ends are not 
kept apart and union is thereby encouraged. 

25. Cancellous bone screws (a): Screws 
designed for insertion in  cancellous bone 
have a coarse pitch and a narrow thread 
angle, a combination which at i ts extremes 
produces auger for111s. AO cancellous bone 
screws (with diameters of 6.5 or 4.0 mm) 
may be partially Threaded ( for use as lag 
screws) (I) ,  orji1lly threaded (2)  (when used 
to fix plates in  the metaphyseal regions of 
long bones). The near cortex only is  usual ly 
tapped, the screw cutt ing its own path in  the 
cancel lous bone (3) .  
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23. Plates (g): The wave pla1e has a 
substantial concavity in its middle th ird. This 
allows the easier ingrowth of blood vessels 
into any cancellous bone onlay grafts which 
may be placed between the plate and the 
bone surface. The wave plate also spreads 
stress concentrations over a wider area, 
thereby reducing the risks of fatigue fracture. 
In certain situations it may also act as a 
tension band. 

26. Cancellous bone screws (b): In the 
111etaphyseal regions cancellous screws get 
the best grip if they engage the thin bone of 
the opposite cortex (which may have to be 
tapped) ( I ). If a reduction has been held with 
a Kirschner wire (2), can1111/a1ed 3.5 and 6.5 
mm screws may be used when premature 
removal of the wire might threaten the 
reduction. The near cortex is dril led with a 
cannulated dri l l  ( 3 )  and the screw inserted (4) 
over the wire which is then removed. 
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24. Plates (h): Liss ( less i nvas ive 
stabilisation system) p/a/es are made of 
t i tanium, and are of particular value in 
osteoporotic bone and for periprosthetic 
fractures. [n the distal femur a precontoured 
range en ures a good fit (a). The plate is 
introduced through a small d istal incision, 
and secured with screws whose tips (b)  ar 
self-dri l l ing. Their caps (c) screw into the 
holes in  the plate which are threaded to tak e 
them. Proximal screws are inserted throug 
small incisions using a j ig. 

27. Cancellous bone screws (c): 
Partially threaded malleolar screws have 
been designed to secure small malleolar 
bone fragments by getting a purchase on the 
firm cance llous bone of the distal tibial 
metaphysis. They have an outside diameter 
of 4.5 mm and have fluted self-tapping tips. 
Because of th is  they are generally inserted 
without pre l iminary tapping. 



28. Self-tapping screws: Where the bone 
cortex is very thin, self-tapping screws get a 
better grip than tapped screws. (Note also 
that prior to the development of the AO 
range of bone screws, sel f-tapping screws 
were in  universal use for all forms of internal 
fixation; their main disadvantage was tha1 
they could be d ifficult  to insert in  dense 
cortical bone.) With the Sherman screw 
(9164", 3.6 mm OD) a pi lot hole marginal ly 
larger than the core diameter ( i n  praclice 
7164", 2.8 mm) is  dri l led before insertion of 
the screw. 

3 1 .  lntramedullary nails (a): These are 
used to I.rem diaphyseal fractures, and lake a 
number of forms. Rush pins are of solid 
stainless steel ,  come in  a range of lengths 
and diameters, and have hooked ends to 
prevent their migration into the bone cavi1y. 
They may be used singly and straight as 
supplied (e.g. in the ulna),  but in the femur 
( I l lus.}, tibia and humerus they may be bent 
to obtain a measure of 3-point f ixation, and 
paired, to provide beller support and so111e 
control of rotation. 

INTERNAL FIXATION - INTRAMEDULLARY NAILS 
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29. Blade plates: These are mos! 
commonly used al eilher encl of the fe111ur 
when !here is  insufficient bone on the 
epiphyseal side of a fracture to a l low an 
ordinary plate to be used. Blade plates come 
in a variety of angles and for111s: the plaie 
portion (I) i s  screwed to the shaft of the bone 
after t.he blade or spline (2) has been inserted 
into the bone. Cancellous bone screws ( 3 )  
111ay b e  used for interfrag111entary 
compression. 

32. lntramedullary nails (b): Nancy 
nails are so111et imes used in treai ing long 
bone fractures in  chi ldren. They are made of 
t itaniu111 , are flexible, and of small diameter. 
S ingly, they may be used in the radius and 
ulna (I ) ,  but in  the hu111erus (2) ,  tibia and 
femur they are employed in  pairs. The nails 
are bent so that they provide dynamic 3-point 
f ixation. Their sharp ends penetrate the 
cancellous bone of the metaphysis, thereby 
providing rotational and axial stabi l i ty. 

30. Dynamic hip screw/dynamic 
condylar screw: This  device uses a large 
diameter cancellous bone screw ( I )  which 
can be drawn ( with a small screw (2)) into 
the sleeve ( 3 )  of a plate which is  screwed to 
the shaft of the fe111ur (4). In the femoral 
neck the soft bone of the head is gripped and 
the fracture can be compressed; at the distal 
encl of the femur (5)  i t  i s  of particular value 
in treating T- or Y-fractures, al lowing the 
art icular fragments to be drawn together ( a  
blade plate in  such c i rcumstances is harder to 
insert and less effective). 

33. lntramedullary nails (c): Tubular, 
solid or clover leaf pattern nai ls are often 
used to treat shaf! fractures of the tibia. 
femur and humerus in  adults.  I n  many cases 
the operation can be perfor111ed without 
exposing the fracture. Reduction is obtained, 
someti 111es with skeletal traction ( I )  under 
intensifier control (2). Through a proximal 
incision (3) the meclul lary canal i s  located 
(4). A rod ( 5 )  i s  passed across the fracture, 
followed by a reamer (6) to al low the later 
passage of a close-fitting nail (7) over a guide 
rod ( 8) .  



INTERNAL FIXATION - EXTERNAL F IXATORS 
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34. lntramedullary nails (d): 
Interlocking of the fragments, a well-reamed 
canal and a close-fitting nai l  may suffice to 
resist torsional forces which might jeopardise 
the fixation. Bone absorpt ion at the fracture 
site is usually taken up by telescoping ( I ). I f  
torsional control i s  poor, an interlocking nail 
may be used; this employs transversely 
running locking bolts (2) which pass through 
holes (3 )  or slots (4) in  the nai l .  Where 
reaming is undesirable (e.g. in certain open 
fractures) sol id intramedul lary nails (e.g. of 
t itanium) may be used. 

37. (b) llizarov fixation: Fine ( 1 .5 or 
1 .8 mm diameter) Kirschner wires (A) are 
passed percutaneously through carefu l ly  
selected sites. Two or  more are used a t  each 
level .  They are generally tensioned and held 
with wire fixation bolts (B) to a ring (C) 
which encircles the limb. (The ring may be 
h inged or have a removable segment to ease 
application . )  Two or more rings are applied 
to each main bone fragment. They are 
connected together using threaded rods (D)  
or adjustors (E) .  

35. Tension band wiring: This  i s  used 
most frequently in olecranon and patellar 
fractures. The surfaces away from the 
articular side of the fracture (I) are drawn 
together and pre-loaded with a high tensile 
wire (2), while muscle pull (3) acting against 
the fu lcrum of the coronoid (or femoral 
condyle) brings the rest together (4). The 
wire is  twisted to tighten it (5) ,  and Kirschner 
wires (6) may be used if  required to preserve 
longitudinal al ignment. 

E 

38. (c) Hybrid fixation: This technique is  
particularly helpful in  dealing with 
metaphyseal fracture. I n  the Orthofix*"'' 
hybrid system (shown here being used to 
hold a tibial metaphyseal fracture) a lower or 
distal ring (A) is secured by means of a 
Sheffield clamp ( B )  and three Schanz pins 
(C) inserted into the t ibial diaphysis. The 
metaphyseal fragments <U'e held with 
tensioned wires (D),  clamped to a second 
ring (E) which is connected to the other wi th 
three reduction units (F) .  
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36. External fixators (a): There are many 
types to deal with a wide range of bone s izes. 
The pins (2 or preferably 3 in  each main 
fragment) must be rigid (e .g. ftat-threaded 
Schanz p ins) and are inserted through 'safe' 
areas to avoid damage to underlying ner es 
or blood vessels. S ingle-side (uni lateral or 
cantilever) systems g ive the best access for 
dressing open wounds, with bi lateral systems 
now being reserved mainly for arthrodeses. 
Meticu lous care must be taken to avoid pin
track infections. 



INTERNAL FIXATION - OPEN FRACTURES • 
39. INTERNAL FIXATION IN OPEN FRACTURES 

The use of i nternal fixation devices in  open fractures i s  a controversial 
subject, but cases which pose real d ifficulty for the uncommitted are i n  
practice rather uncommon. The fol lowing points should b e  noted : 
1 .  In ch i ldren, internal fixation seldom needs to be considered; i n  most 

fractures, if angulation and axial rotation are control led, the remarkable 

powers of remodel l ing can usual ly be rel i ed upon, and an anatomical 

reduction is  only occas ional ly requ i red. I t  i s  useful to remember, as in the 

adult, that if  the wound is  more than techn ical , advantage should be taken 
of it to reduce the fracture under v is ion;  a stable reduction is  often 
attainable. 

2 .  In  the adult,  where a fracture is  undisplaced, conservati ve methods of 
treatment can general ly be fol lowed w i thout d ifficu lty ;  once skin heal i ng 
has occurred, any secondary procedure can be carried out with 

com para t i  ve securi ty. 
3. Where a fracture is unstable, and is open from within out with m in imal 

t issue contamination (Type I open fractures),  i n ternal fi xation may be 
carried out in  reasonable safety once the wound has been adequate ly dealt 
with .  

Jn the case of the tibia, i ntramedul lary nai l i ng with reaming may be 

undertaken wi thout especial risk of infection in Type II open fractures. In 
Type I I I  open fractures, the use of i ntramedul lary nai ls  is said to carry no 
greater risks than other methods of treatment, although many would 

advocate the use of a sol id intramedul lary nail wi thout reaming, or seek 

an alternati ve method of holding the fracture (such as with an external 

fi xator). 

In the case of the fennu; intramedu l l ary nai l i ng with reaming may be 
attempted in both Type I and II fractures; but th is  procedure carries a very 
h igh risk of serious infection in Type I I I  i njuries, and therefore is  
contraindicated. 

4. Where there has been extensive sk in  and soft t issue damage or loss, and 

the wound has been badly contaminated, as a general rule i nternal fixation 

should be avoided; the fracture shoul d  be supported by a plaster cast or 
preferably by an external fixator. I n  the case of the femur, skeletal traction 

in a Thomas spl i nt may be used. Note that if an external fixator has been 
appl ied, and there is  no sign of pin-track i nfection, it may be possible to 

convert th is  ( i f  considered to be to the patient's advantage) to 
i n tramedul lary nail fixation with in the fi rst week without there being a 
greatly enhanced risk of infection . I f  there has been a pin-track i nfection, 
reamed secondary intramedul lary nai l i ng  is general ly contrai ndicated, the 

risks of i n fection being unacceptably h igh .  However, in a few cases, if the 
pins are removed, pin site debridements carried out, antibiotics 
admin istered, and fu l l  skin heal i ng obtained and held for some weeks, 

i ntramedul lary nai l ing may be reconsidered. General ly  speaking, 
however, when an external fixator i s  employed, i t  should be retained unt i l  
the fracture is  un i ted or unt i l  a support ing plaster cast  can be substituted; 
alternatively, convers ion to I l i zarov fi xation may be a possib i l i ty, the fine 
wires being relatively wel l tolerated. 



GUNSHOT WOUNDS 

Difficulty tends to occur i n  the handl ing of the unstable fracture where sk in  
cover i s  perhaps poor and/or the risks of i nfection are appreci able but not 
certain .  Against the use of in ternal fi xation in these c i rcumstances i s :  
l .  The risk o f  wider dissemination o f  i nfection i nto uncontaminated t issue 

by the greater exposure required for the insert ion of some i nternal fixation 

devices. 

2 .  The greater risks of wound breakdown.  

3 .  The greater difficulty in  obtain ing heal i ng i f  i n fection becomes 
establ ished, because of the presence of the fi xation device acti ng as a 
foreign body. 

In favour of internal fixation are the fol lowing:  
1 .  The chance of obtaining a good reduction . 

2. The possibi l i ty of holding that reduction for as long as requi red. 
3. The better prospects of securing bone un ion and soft tissue heal ing .  

I t  i s  a l so  important to  note that i n  the  case of  multiple injuries the  progno i s  
i s  best when the c ircumstances al low early rigid fixation of  a l l  lower l imb  
long bone fractures. (This  is  mainly due  to the avoidance of respiratory 

complications by early mobi l i sation. )  The eventual decis ion rests on the 
particular c ircumstances of the case, and the surgeon's  ind iv idual assessment 
of the factors discussed. 

40. GUNSHOT WOUNDS 

The pattern of injury and the treatment required is dependent on the type of 

missi le;  the general principle i s  that of delayed suture and early spl i t  skin 
graft ing.  

Low velocity gunshot wounds (for example, handgun 
wounds) 

The principles of treatment of uncompl icated wounds are: 

1 .  The margins of the entry and exit  wounds should be exci sed. 

2. The track should be thoroughly i rrigated with sal i ne or hydrogen 
peroxide. 

3. A sal ine-soaked gauze swab shou ld, i f  poss ible, be pa sed through and 
through, and then removed. 

4. The track should be l ightly packed open with vasel ine  gauze. 
5. The wound should then be covered with sal ine soaked dressings, dry 

gauze and wool,  secured wi th crepe bandages. 

6. The wound should then be i nspected at about 5 days and, i f  c lean, 
sutured. 

If  there is a bul let in  the t issues, the need for i ts removal should be carefull y  
balanced against the risks o f  exploration. I t  shou ld b e  noted that i f  a bul let 
remains i n  a joint ,  the toxic i ty of i ts  metal l ic  elements w i l l  have a d isastr us 
effect on the articular cart i lage. I t  i s  strongly advi sed that the affected joint 
should be thoroughly i rrigated and every attempt made to remove the fore ign 
body. 

Plastic bullets These tend to produce loca l i sed b lunt  injuries ,  and seldom 
cause fractures; i f  by any chance there i s  an accompany ing fracture ,  this can 
usual l y  be dealt with by normal closed methods of treatment.  



High velocity gunshot wounds These are characteri sed by smal l 
entry and l arge exit wounds. Shock waves may cause extens ive ti ssue 
destruction and even fracture at a d i stance from the d irect track of the 
miss i le .  A temporary wave of negative pressure wi th in  the wound may suck 
in c lothing and other debri s .  If bone i s  struck, a mul t ifragmentary fracture 
resu l ts .  

These injuries must  be  treated with great respect along the  l ines of  other 
Type I I IB  open fractures .  A fu l l  exploration with removal of all devi tal i sed 

t issues is essential, and primary closure is contra indicated. In many cases 

prophylactic compartmental fasciotomies are advisable. The fracture is often 
best fixed with an external fixator appl ied in such a way as to g ive good 
access to the wound. (If it is l i kely that a myocutaneous or other fl ap w i l l  be 
requ i red, the pins must be posi t ioned so that th is  is possible,  and a 
prel im inary consu ltation with a plastic surgeon is often helpfu l . )  

Explosions The severi ty of  the inj uries i s  i nversely proportional to the 

d istance between the vict im and the source;  the i ni t ia l  shock wave i s  

fol l owed b y  a short-l i ved fireba l l ,  but the accompany ing b last wave causes 
most of the damage. Death or traumatic amputation may resu l t ;  there may 
also be accompany ing respi ratory and auditory damage, and fal l i ng masonry 
or fly i ng debri s may cause crush or other i njuries.  The variety of t issue 
damage knows no l imits ,  and the treatment i s  dependent on the exact nature 

of the i njuries sustained. 
Where there are multiple casualties, Major Inc ident or Disaster Routines 

are general ly fol lowed where the most i mportant pri nciples i nclude the 
establ i shment of good communications so that the s ize of the emergency and 

the cal l-out can be determined, and in the hospi tal, d i fferent iat ing between 

minor cases (which do not requ ire i mmediate treatment), severely i njured 
cases (where resources should be concentrated), and the dead and dy ing:  th is  
i ni t i al triage would normally be carried out by the most experienced surgeon 
present. In the Belfast explosion experience (un l ike certain other d isaster 
s ituations) s i te medical teams have been thought to h inder rather than help 
the smooth running of the Pol ice, Fire and Ambulance services.  

Resuscitative procedures, as al ways, precede formal i nvestigation of 

i nj uries and arrangements for definit ive treatment. 
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FACTORS AFFECTING THE RATE OF HEALING OF A 
FRACTURE 

l . TYPE OF BONE 

Cancellous bone (spongy bone) Heal ing  in  cancellous bone i 
genera l ly  well advanced 6 weeks from the time  of the injury, and protection 

of the fracture can almost invariably be abandoned by that t ime. This appli es 
to fractures of bones which are composed principal ly of cance l lous t issue, 

and also to fractures involving the cancel lous bone to be found at the ends of 

long bones. This rule is i l l ustrated i n  the fol lowing examples: 
1 .  Weight bearing after a fracture of the calcaneus may be permitted after 

about 6 weeks. 
2 .  A patient with a traumatic wedge fracture of a vertebral body may 

commence ful l  mobil i sation after 6 weeks. 
3. Plaster fixation may be discarded after 5-6 weeks fol lowing a Colles 

fracture. 
4.  Weight may be al lowed through the leg 6 weeks after a fracture of the 

tibial table. 

5 .  Bed rest for 6 weeks is usual ly advised for any fracture of the pelv is  
involving those parts through which weight transmission i s  mediated. 

Cortical bone (compact bone) Endo teal cal l u  may take many 
months to become reasonably well  establ i shed, and many uncomplicated 
long bone fractures may take 9- 1 8  weeks to un i te .  In some cases, however, 

abundant external bridging cal lus may al low an earl ier return of function. 

For example: 
1 .  The average time to union of a fracture of the tibial shaft treated 

conservatively is 1 6  weeks 
2. Fractures of the humeral shaft can often be left unsupported after 

1 0  weeks. 
3. On the other hand, fractures of the metatar als, metacarpals and 

phalanges, where external bridging cal l us i s  usually substantial ,  are 
usual ly quite fi rm in 4-5 weeks. 

2.  PATIENT AGE 

In chi ldren, union of fractures is rapid. The speed of union decreases a age 

increases until skeletal maturity i s  reached. There is then not a great deal of 
difference i n  the rate between young adults and the e lderly. For example, in  a 
chi ld,  union may be expected i n  a fractured femur a l i tt le  after the number of 
weeks equivalent to its numerical age have passed, i .e. a fractured femur in  a 
ch i ld  of 3 years is usual ly un ited after 4 weeks; a fractured femur i n  a ch i ld  
of 8 years is usual l y  sound after 9 weeks. I n  contrast, a fracture of the 

femoral shaft i n  an adul t  may take 3-6 months to un i te .  
Apart from great rapidity of union it  shoul d  be noted that  ch i ldren h ve 

remarkable powers of remode l l ing fractures. These powers are excellent as 
far as displacement is concerned, and are often good for s l ight  to moderate 
angulation. Remodel l ing is poor in the case of axial rotation i n  both adults 
and ch i ldren .  The power to remodel decreases rapidly once adolescence is 
reached and epiphyseal fusion is imminent. 



1 .  Supracondylar fracture of humerus wi th 
soft tissue between bone ends. 

2. Chronic bone infection and fai lure of 
union of tibia following plat ing (plate 
removed). 

3. MOBILITY AT FRACTURE SITE 

Excessive mobi l i ty persist ing at the fracture s i te (due, for example, to poor 
fixation) may interfere with vascularisation of the fracture haematoma; i t  
may lead t o  d isruption o f  early bridging cal lus and may prevent endosteal 

new bone growth. One of the mai n aims of al l  forms of i nternal and external 
sp l intage is  to reduce mobi l i ty at the fracture s i te,  and hence encourage 
un ion.  If spl intage is inadequate, union may be delayed or prevented. 

4. SEPARATION OF BONE ENDS 

Union wi l l  be delayed or prevented if the bone ends are separated, for this 
interferes with the normal mechanisms of heal i ng .  (The converse i s  also true, 

namely that compression of the fracture fac i l i tates union . )  Separation may 

occur under several c i rcumstances : 

l .  Soft tissue interposition. For example, i n  fractures of the femoral shaft, 
one of the bone ends may become isolated from the other by herniating 
through some of the surrounding muscle mass, thereby delaying or 
preventing union. Fractures of the medial malleolus may fai l  to un i te due 
to i nfolding of a layer of periosteum between the fragments. 

2 .  Excessive traction. Excessive traction employed in the maintenance of a 
reduction may lead to separat ion of the bone ends and non-union. This 

may occur, for example, in femoral shaft fractures, particu larly those 
treated by skeletal tract ion. 

3 .  Following internal fixation. In some s i tuations where i nternal fi xation is 
used to hold a fracture, resorption of bone may occur at the fracture site; 
the fixation device may conti nue to hold the bone fragments in such a 
way that they are prevented from coming together, and mechanical fai lure 
may ensue. A bulky i nternal fixation device may in i tself i nterfere wi th 
the local blood supply and the fracture haematoma. Where possible, steps 

should be taken to avoid this (e .g .  by employing a wave plate or a LISS 

plate ) .  

5 .  INFECTION 

I n fection in the region of a fracture may delay or prevent un ion .  This i s  
especial ly t he  case if, i n  addit ion, movement is  al lowed to  occur  a t  the 

fracture. Infection of the fracture s i te is  extremely rare in conservat ively 
treated c losed fractures; infection,  i f  i t  occurs, fol lows e i ther an open i njury 

or one treated by internal fi xation. Where i nfection becomes wel l  establ i shed 
in the presence of an in ternal fi xation device, it i s  often difficu l t  to achieve 
heal ing wi thout removal of the device,  which acts as a foreign body and a 

n idus for persist ing infect ion.  This  is espec ial ly the case i f  there i s  
breakdown of  the overly ing sk i n  and t he  estab l i shment of  a s inus .  Not 
infrequently the si tuation ari ses where cast fi xation alone is unable to 
prov ide the degree of fixation necessary for un ion if the device is removed, 
and where i nfection is  l i ke ly  to remain if i t  i s  not. In  such c i rcumstances i t  is 
usual ly wiser to retain the fixation device unt i l  un ion is reasonably well 
advanced, or to consider using an external fixator. In some cases, where 
sound heal ing can be obtained and maintained after removal of an i nternal 
fixation device, i t  may be possib le  to repeat the internal fi xation in  the ster i le 
environment that has been obtained. 



COMPLICATIONS OF FRACTURES - GENERAL COMPLICATIONS 

6. DISTURBANCE OF BLOOD SUPPLY 

It is obvious that for the normal multipl ication of bone cel ls  and their 

precursors an adequate blood supply i s  required. Where the blood supply to 

an area i s  reduced, or where there is i nte1ference with the blood supply to 
both major fragments - e.g.  in radionecrosis of bone - heal ing may be 
interfered with.  On the other hand, reduction of the blood supply to one 
fragment, especial ly if cancel lous bone is i nvolved, may not i nterfere with 
union; indeed, in  some s i tuations it  may apparently sti mulate i t .  The most 

strik ing examples of this are fractures of the femoral neck and scaphoid, 

where the phenomenon of a vascular necrosis i s  most frequently di scovered 

in soundly united fractures. lnte1ference with the blood upply to one 

fragment at the t ime of i njury leads to i mmediate bone death;  this i s  
frequently fol lowed by sound union of the  fracture. Col lapse of necrotic 
bone beyond the level of union is observed at a later date. 

Again ,  a bulky internal fi xation device may in itself i nte1fere with the 
local blood supply and the fracture haematoma, delaying union.  Where 
possible this should be avoided by choosing the most appropriate device. 

7. PROPERTIES OF THE BONE INVOLVED 

Fracture heal ing i s  also affected by a number of imperfectly understood 
factors which lead to variations in  the speed of union. The clavicle is a 

spectacular example; non-union is extremely rare, the ti me to c l in ical union 
i s  unexcelled by any other part of the skeleton, yet movement at the fracture 
s i te cannot be controlled with any efficiency. Union of the t ibia is often s low 
to a degree that is d ifficult  to explain even when the influence of i ts nutri nt 
artery and fracture mobi l i ty are taken into account. 

8. OTHER FACTORS 

• Effects of smoking. Smoking has a deleterious effect on fracture union, 
often being a significant factor in  the rate and qual i ty of union.  

• Joint involvement. When a fracture i nvolves a joint, union i s  
occasionally delayed. Th is  may be  due to  d i lution of the  fracture 
haematoma by synovial fluid .  

• Bone pathology. Many of the commonest causes of pathological fracture 
do not seem to delay union in a mate1ial way. (Union may progress quite 

normall y  in,  for example, osteoporosis ,  osteomalacia, Paget's  disease and 
most simple bone tumours . )  Some primary and secondary mal ignant bone 

tumours may delay or prevent union (see pp. 1 05- 1 08) .  

COMPLICATIONS OF FRACTURES 

Compl ications which may occur in  a patient who has suffered a fracture or 
di slocation may be grouped in the fol lowing way: 

1 . GENERAL COMPLICATIONS OF ANY TISSUE DAMAGE 

These include: 
1 .  I nternal and external haemorrhage, o l igaemic shock, etc . 
2. Infection ( in  open or compound inj uries)  
3 .  Electrolyte shifts, protein breakdown and other metabol ic responses of  

trauma. 



COMPLICATIONS OF FRACTURES - PROLONGED RECUMBENCY 

2 .  COMPLICATIONS OF PROLONGED RECUMBENCY 

These include: 
1 .  Hypostat ic pneumonia. 

2 .  Pressure sores. 
3. Deep venous thrombosi s  and pulmonary embol ism.  

4.  Muscle  wasting and sti ffening of joi nts, making subsequent mobi l isation 
more difficul t  and prolonged. 

5. Skeletal decalcificat ion and the formation of urinary tract calcul i .  

6 .  Urinary tract infections. 
7 .  Neurological compl ications such as: ( i )  Common peroneal nerve palsy. 

This sometimes resu l ts from a less than i deal posture of the leg when 
external rotation leads to pressure in  the region of the fibular neck, or it 

sometimes occurs from pressure against a spl int .  ( i i )  U lnar neuropathy, 

from the patient repeatedly try ing to change posit ion us ing downwards 

pressure of the e lbows against the bed when use of a so-called monkey 
pole would avoid this .  

8 .  Cardiovascular compl icat ions,  such as cardiac fai lure due to weakening 

of the cardiac muscle and poor venous return.  
9 .  Psychiatric compl ications such as  depression.  

Avoiding these compl ications, as wel l  as the costs of protracted in-patient 

treatment, are the main reasons for the cont inu ing trend towards the 
operative management of many fractures. In the case of mu lt ip le  i nj uries, 

i nternal fixation i s  of considerable help to the nurs ing staff in their  care of 
the pat ient .  

3 .  COMPLICATIONS OF ANAESTHESIA AND SURGERY 

These include: 
I .  Ate lectasis and pneumonia. 
2. B lood loss l ead ing to anaem ia or shock with their  secondary effects. 
3. Wound infection, mechanical fai l ure of internal fi xation devices, etc. 

4. COMPLICATIONS PECULIAR TO FRACTURES 

These include: 
I .  Disorders i nvolv ing the rate and qua l i ty of union .  

2 .  Jo in t  st iffness. 
3 .  Sudeck's  atrophy. 

4. Avascular necrosi s .  
5 .  Myos i t i s  oss ificans. 

6 .  Infections. 
7. Neurolog ical , vascular and v i sceral compl ications. 

8 .  Implant compl ications. 

The last group wi l l  be considered in  more detai l .  

Slow union In  slow union, the fracture takes longer than usual to un i te ,  
but  passes through the stages of heal ing wi thout any departure from normal , 
c l i n ical ly or radiological ly. 

Delayed union In delayed union.  un ion fai l s  to occur with in the 
expected t ime .  As dist inct from slow union,  radiographs of the part may 
show abnormal bone changes. Typical ly there is absorption of bone at the 
level of the fracture, with the production of a gap between the bone ends. 



COMPLICATIONS OF FRACTURES - SLOW, DELAYED AND NON-UNION 

3. Hypertrophic non-union of the u lna. 

4. Atrophic non-union of the humerus. 

External bridgi ng cal lus may be restricted to a local ised area and be of poor 
qual i ty. There is, however, no sclerosi s  of the bone ends. 

Non-union In  non-union, the fracture has fai led to un i te ,  and there ar 
radiological changes which i ndicate that this s ituation w i l l  be permanent, i .e. 
the fracture wi l l  never unite, unless there is some fundamental alteration in 
the l i ne of treatment. Two types of non-union are recognised: 
1 .  In  hypertrophic non-union the bone ends appear sclerotic, and are flared 

out so that the diameter of the bone fragments at the level  of the fract re 
is i ncreased ( 'elephant's foot' appearance). The fracture l i ne is c learly 
visible,  the gap being fil led with cartilage and fibrous tissue cel l s .  The 
i ncrease in  bone density i s  somewhat m isleadi ng, and conceals the fact 
that the blood supply is good. 

2. In atrophic non-union there is no evidence of cel l ul ar act iv i ty at the 
level of the fracture. The bone ends are narrow, rounded and osteoporotic; 
they are frequently avascular. 

Treatment 

Slow union Assuming that the fracture is adequately supported, patience 
should ult imately be rewarded with sound bony union. 

Delayed union The difficult problem in this field i s  to d ifferentiate between 
delayed union which is going to proceed wi th proper encouragement to 
union, and delayed union which i s  going to go on to non-union. The only 
sure arbiter i s  t ime, but the d isadvantage of delay i s  that it  tends to 
encourage irreversible stiffness in those jo ints which are i mmobi l ised with 
the fracture (besides frequently creating problems from prolonged 
hospitalisation and absence from work) .  

If union has not  occurred within the t ime normal ly required (or certainly if  
the fracture i s  ununited by 4 months) or i f  gross mobi l i ty  i s  sti l l  present at 2 
months there should be a careful appraisal of the radiographs and the 
methods of fixation. As the commonest cause of delayed union is i nadeq ate 
fixation, particular attention should be paid to th is aspect of the case. If the 
radiographs show the changes of slow or delayed union, but none of the 
changes of non-union, and the fracture is well supported, i mmobi l i sat ion 
should be continued and the situation re-asse sed, with further radiographs, 
in 4-6 weeks. Improvement in the radiological appearance wi l l  then be a 
encouraging sign, suggesting that persistence i n  the establ ished l i ne of 
treatment wi l l  lead to union. If there is no change, or if there i s  deterioration, 
this is an indication for more active treatment (e.g. rigid i nternal fi xation). 

Hypertrophic non-union If the fracture can be fixed with absolute rigidity by 
mechanical means (which substitute for the primary bridging callus which i 
wanting) the cartilaginous and fibrous tissue between the bone ends wi l l  
mineralise and be converted to bone (by induction). In the femur, this  may be 
accomplished by careful reaming of the medullary canal and the introduction of 
a stout, large-diameter intramedullary nai l .  The bone ends are not d isturbed. In  
the tibia and the other long bones, good fixation may usually be obtained by 
compression plating or int:ramedullary nail ing. If the fibula has united or i s  
otherwise acting as a tether, preventing the tibial fracture surfaces from corning 
in  contact, i t  may as an initial measure have to be divided. 

There is some evidence that the process of i nduction which results in the 
conversion of the tissue at the fracture in to bone may also be st imul ated by 
the creation of small electric currents in the gap between the bone ends. This  



5. Malunion of t ibia wi th potential stressing 
of ankle joint .  

may be ach ieved by embedding percutaneous electrodes in  the fracture gap, 
or by placing field coils round the l imb.  Treatment by this method i s  lengthy 
(extending over several months) but can often be administered on an out
patient basis and is particularly indicated where it is desirable to avoid 
surgery (e.g.  in  the presence of continued i nfection). 

Ultrasound has also been clai med to accelerate union, as has the use of 
bone morphogenic protein .  

Atrophic non-union Treatment for atrophic non-union i s  less easy or 
rel iable, and involves four important aspects: 
l .  The fracture must be held rigidly: this usually i mpl ies internal fixation 

(e.g. the use of a large-diameter i ntramedul lary nail or a rigid 
compression plate). 

2 .  Fibrous ti ssue should be removed from between the bone ends which 
should be ' freshened' by a l imi ted local tri mming with an osteotome. 

3. The bone ends should be decorticated from the level of the fracture back 
to healthy bone; fine interrupted cuts are made in the outer surface of the 
bone cortex until i t  has a feathered or shingled appearance. 

4. The area round the fracture is packed circumferentially with cancellous 
bone grafts. 

Malunion In theory, the term malunion could be appl ied to any fracture 
which has united in less than anatom ical posit ion. In practice, i t  is used in  
the fol lowing circumstances: 
1 .  Where a fracture has united in a posit ion of persi stent angulation or 

rotation which i s  of a degree that gives the l imb a di spleasing appearance 
or affects i ts function. For example, malun ion in a Colles fracture may 
lead to undue prominence of the d istal u lna. The cosmetic effect may 
cause the patient some di stress, although functional ly the result  may be 
good . Again, persistent angulation in a fracture of the femur may not be 
particularly conspicuous, but wi l l  lead to i m pairment of function in the 
limb as a result of shortening and the effects of abnormal stresses on the 
knee and hip ( leading ult imately, perhaps, to secondary osteoarthritis i n  
these joints).  This effect is  most marked when the angulation deformity i s  
si tuated close to a joint. 

2 .  Where a fracture has un ited with a l i ttle persistent deformi ty in a situation 
where even the s l ightest di splacement or angulation is a potential source 
of trouble. This applies particularly to fractures involving joints. For 
example, sl ight persistent deformity in a fracture of the ankle may 
predispose to early secondary osteoarth1i t is .  

Treatment In  treating fractures, one of the main objectives i s  adequate 
reduction and avoidance of malunion. Regrettably, malunion is sometimes a 
sign of poor management. Fracture return c l in ics must be undertaken with 
the greatest care so that if any loss of position occurs this is detected and 
assessed as to whether it has reached an unacceptable level.  If found at a 
very early stage, simple re-man ipulation and the appl ication of a close fitting 
cast may correct the problem, leading to a better result (and even avoiding 
l i t igation).  This approach i s  often useful in a s l ipped Colles fracture. 
S imi larly, rotational deformi ty in a long bone fracture treated by 
intramedullary nail i ng may be corrected with cross screws; a Smith's 
fracture may be treated by an anterior plate; and a conservatively treated 
ankle fracture which has moved may be reduced and treated by in ternal 
fi xation. At a later stage, but before union has become complete, angulation 



COMPLICATIONS OF FRACTURES - SHORTENING; EPIPHYSEAL ARREST 

6. Malunion of femur leading lo shorten ing. 

r 

7. Traumatic epiphyseal arrest or radius 
leading to shorten ing. 

may sometimes be corrected by wedging of a plaster (see p .  349) or forcible 
manipu lation under anaesthesia, i .e .  manipulation which refractures the l imb 
through the early callus. If union i s  a lready complete, an osteotomy may be 

considered if the deformity is particularly severe. 

Shortening This is  general ly  a sequel of malun ion .  I t  occurs in transverse 
fractures which are off-ended ( i .e .  where there is complete lateral 
displacement or translation with loss of bony contact at the fracture site) ,  nd 
often in  spiral or oblique fractures which are displaced. I t  also resul ts from 
marked angulation of a fracture. 

In  ch i ldren, bone growth is  always accelerated in the i njured l imb, 
presumably as a result of the epiphyses being stimulated by the i ncreased 
blood supply. Any di screpancy i n  l i mb length is usual ly  quickly made up.  

For example, a fracture of the femoral shaft i n  a ch i ld may heal  with the 
fragments overlapping and with perhaps 3-4 cm of shortening.  After a year, 

the leg lengths may be equal - or the injured leg may even be a l i tt le longer 
than the other. 

In adults, shortening in the lower l i mb i s  seen most frequently after 
fractures of the tibial shaft. It is also seen after fractures of the shaft of th 
femur, and of the femoral neck where there is persistent coxa vara. 
Shortening of J .5 cm is easi ly tolerated, being compensated for by t i l t ing f 
the pelv is .  Shortening in excess of thi s  should be dealt with by alteration of 

the footwear: for example, 3 .5  cm of shorteni ng may be corrected by a 2 cm 

raise to the affected heel ,  most or all of which can usual ly  be g iven by a c rk 
l i ft within the shoe. Where shortening is due to evere persi stent angulation 
of a fracture, a corrective osteotomy may be i ndicated not only to correct the 
shortening but also to reduce abnormal stresses on the related joints. 

In  the upper l imb, shortening seldom causes any problem other than to the 
patient's tai lor. (Note, however, that shorteni ng of e i ther the radi us or the 
ul na, whi le leading to l i ttle overal l  shortening, may cause severe d i sab i l i t_ at 
the wrist or elbow. ) 

Traumatic epiphyseal arrest The epiphyseal p late may be dama'="ed 
as a result  of trauma. If the whole width of the p late is affected, then grow th 
may be arrested at that level, leading to progressive shorten ing of the l i mb .  

The final d iscrepancy in l imb lengths is  dependent on the  epiphysis affected 
and the chi ld 's age at the time of injury ; obviously the younger the ch i ld ,  the 
greater are the potential growth and potential shortening. 

More commonly, the epiphyseal plate is  i ncompletely affected so that 
growth continues more or less normal ly at one s ide whi le  at the other it may 
be severely retarded or arrested. This i rregula1ity of growth leads to some 
shortening of the l imb and to distortion of the associated joint which can 
only be partly corrected by remodell i ng .  In practice there may be progressive 
ti l t ing of the axis of movement of the joi nt. For example. a supracondylar 
fracture may be followed by a cubi tus varus deformity as a result  of a degree 
of malunion.  This deformity may become more severe as (uneven) growth 
continues. Traumatic epiphyseal arrest also occurs after open (compound) 
injur ies, where the delicate epiphyseal plate is damaged, especi al ly  by 
friction. This is  seen in  road traffic acc idents when a chi ld  is  dragged along 
by a vehicle ,  sustain ing skin loss and progressive abrasion of the deeper 
tissues by friction against the road surface. 

In  all cases of suspected epiphyseal damage a careful fol low-up i s  
necessary. The ch i  Id should be seen every 6- 1 2  months, and any res idual 



8. Malunion of acetabular fracture causing 
joint sti ffness and secondary osteoarth ri t is .  

COMPLICATIONS OF FRACTURES - JOINT STIF FNESS 

deformity carefu l ly  assessed by c l in ical and radiological measurement. I n  

the upper l i mb, i f  the deformity i s  progressive i t  may produce an  unsightly 
appearance and may be responsible for delayed neurological i nvolvement. In  
the  lower l i mb, abnormal stresses may be produced in  the  weight bearing 
joints,  u l t imately giving rise to pain ,  s t i ffness, i nstabi l i ty and often a rapidly 
progressive secondary osteoarthrit is .  

Treatment I t  i s  sometimes possible to treat th is  problem with an 
epi physeolysis .  In  this procedure the abnormal block of bone bridging the 

epi physeal plate is  excised, and the defect p lugged with fat or bone wax to 

prevent recurrence. In late cases, a corrective osteotomy may be i nd icated. 

Joint stiffness This is  a common complication. It must be borne in mjnd at 
every stage of fracture treatment in  order that its effects may be min imised. 
Stiffness may resu l t  from a combination of factors which include pathology: 

1 .  Within the joint 
2 .  Close to the joint 

3. Remote from the joint. 

Intra-articular causes of stiffness 

I .  I ntra-articu lar adhes ions: fibrous adhes ions may form within a joint as a 
resu l t  of: ( i )  Organ isation of a haemarthrosis or fracture haematoma 
produced, for example, when a fracture runs i nto a joint .  ( i i )  Damage to 
the art iculating (carti laginous)  surfaces with subsequent organisat ion 
within the joint .  ( i i i )  Prolonged i mmobi l i sation leading to degenerative 
changes in  articu lar carti lage. 

2. Mechanical restrictions: ( i )  The fracture may di srupt the joint to such an 

extent that there is mechanical restriction of movement, e.g. bony fragments 

may block part of the range of movements in a joint. ( i i )  Movements may be 
restricted by the formation of loose bodies, and in their turn loose bodies 
may abrade the articular surfaces leading rapidly to osteoarthritis. 

3. Osteoarthritis (osteoarthrosi s ) :  joint movements may be restricted as a 
resu lt of (secondary) osteoarthri t is .  This  may be caused by : ( i )  i rregularity 
of the joint surfaces (caused, for example, by d isplacement of a fracture 
which runs into a joint;  i t  may also fol low damage to subchondral bone, 
which may not show on routine radiographs but be detectable by MRI  

scans) .  ( i i )  Avascular necrosis  (produced as  result of  damage to  the blood 

supply of an intra-art icu lar fragment of bone ) .  ( i i i )  Mal un ion of a fracture 
( l ead ing to abnormal stresses on the joint from persistent angulation) .  

Peri-articular causes of stiffness 

I .  Joint  capsules and musculotendinous cuffs may become functional ly 
impaired, leading to joint sti ffness. There are many causes which include: 
( i )  Fibrosis result ing from direct i njury, passi ve stretching or d isuse. 

( i i )  Oedema, often encouraged by dependency, d i suse, or Sudeck's 
atrophy (post-traumatic osteodystrophy, see later) .  

2 .  Persistent displacement of a fracture ly ing close to a jo int  may lead to a 
mechanical block to movement. 

3 .  Persistent angulation of a fracture ly ing c lose to a jo int may lead to loss 
of part of a range of movements (someti mes with a corresponding gain 
e lsewhere ) .  For example, persist ing anterior angulation in a Col les 
fracture wi l l  result i n  loss of some pal mar flex ion. There is sometimes a 
corresponding gain in dorsi flexion.  



COMPLICATIONS OF FRACTURES - JOINT STIFFNESS 

4. In  a fracture lying close to a joint, movement may be restJicted by adhesi ns 
forming between the fracture and overlying muscle or tendon. This leads to 
tethering of these sa·uctures with i nevitable restJiction of movements. As 
general rule, the closer a fracture is to a joint, the greater the danger of 
movements being restricted in this way. Restriction of movements by ten on 
tethering is a particular problem in phalangeal fractures. 

S. Myositis ossificans, if present, w i l l  act as a mechan ical block to 
movement. 

Stiffness from causes remote from a ioint 

1 .  Stiffness may result from tethering or entrapment of muscle by adhesions 
forming between a fracture and overly ing muscle. This i s  commonly seen 
in fractures of the femoral shaft where the quadriceps muscle may 
become tethered to the bone, and may sometimes be aggravated by 
surgery, where exposure of the fracture requires further muscle d iv ision. 
Thjs effect may be minimised by early mobil i sation.  

9. Malunion of fracture-dislocation of elbow 
2. M uscle i schaemia, fol lowed by replacement fibrosis and contractures, 

(Monteggia) leading to loss of pronation and may occur when there is a vascular inj u ry accompanying the fracture. 
supination. Deformjty of the distal parts is common, and there may be restriction of 

passive as well as active movements (e.g. Vol kmann 's  i schaemjc 
contracture of the forearm or calf leading to restriction of movements in 
the hand and foot respectively) .  

Avoidance of stiffness Some of the basic principles in the avoidance of 
joint  stiffness are as follows: 

1 .  Accurate reduction of the fracture wherever possible. 
2. Spl intage of the mi nimal number of joints compatible with security. 
3. Spl intage of the fracture for the shortest t ime compatible  with the rel ief 

of pain and fracture healing. 
4. Urgent mobi l isation of al l  unspli nted joints in the l imb, e .g .  a patient  

with a Colles fracture should practise fi nger, elbow and shoulder 
movements from the day of injury. 

S .  Elevation of the injured part during  the in i tia l  stages to decrease joint 
oedema. 

6.  Where applicable, supporting the jo ints in such a posi tion that 
restoration of movement on discarding spl intage wi l l  be encouraged. 

7. Where a fracture involves articular surfaces. early movement become 
particularly i mportant if  an adequate range is to be regained. 

8. Where stiffness i s  present or anticipated, physiotherapy, and where 
appropriate, occupational therapy should be started as early as possible. 

9. Anticipate compl ications and avoid procrastination, especial ly with 
regard to non-union. 

1 0. When internal fi xation i s  being contemplated, there i s  some merit i n  
selecting techn iques and devices which w i l l  support the fracture to such 
an extent that the l imb may be exercised without external support whi le  
avoiding movement at  the  fracture site, wi th the  enhanced r isk of non·· 
unjon. This particularly val id in fractures lying close to, or i nvolving,  a 
joint  (e.g. supracondylar fractures of the humerus and the distal femur in 
adults). Physiotherapy and early movements of related joints are 
essential in the management of fractures treated by in ternal fi x ation, and 
measures may have to be taken to reduce the l i mit ing effects of wound 
pain in  the early days fol lowing surgery. 



1 0. Sudeck's atrophy: note the patchy 
decalcification. 

COMPLICATIONS OF FRACTURES - PAIN SYNDROMES 

Complex regional pain syndrome There are a number of 
imperfectly understood overlapping condit ions where there is post-traumatic 
pain associated with di sturbances to the local sympathetic nerve supply. The 
pain component is often severe, and appears d isproportionate to the inj ury. 
The terminology for this group of condit ions is confusing,  and in an attempt 
to simpl ify this, the term 'complex regional pain syndrome' has been 
suggested. This syndrome is subdivided into two groups. 

In the smaller Group II are those cases where there has been an injury to 
a major peripheral nerve (e.g. to the sciatic nerve following a gunshot wound 
or amputation). They are characterised by severe unremitt ing pain (often 
described as burning in character), increased skin temperature and sweating 
in  the territory of the nerve, and vascular effects with alterations in  skin 
colour (usually to blue or dusky red) .  Pain may follow l ight touch ( such as 
by the contact of bed clothes) and is often out of proportion to the st imulus.  
Later on, trophic changes may occur, with the skin often becoming smooth 
and shiny; the nails may be fast-growing and brittle and hair growth in the 
l imb stimulated . Those conditions described as major and m i nor causalgia 
fal l  within this group. 

The larger Group I of complex regional pain syndrome i nc ludes a number 
of closely related conditions with largely synonymous titles (Sudeck 's  
atrophy, reflex sympathetic dystrophy, pseudodystrophy, post-traumatic 
osteodystrophy, reflex algodystrophy) .  In these cond it ions there i s  
sensiti sation of pain pathways and of the sympathetic nervous system, but 
these features do not follow the course of a peripheral nerve; the c l inical 
findings are in  general s imil ar to those described above in Group IL 

This complication is seen most frequently after Cal les fractures of the 
wrist. It may present shortly after the in itial manipulation, and an associated 
compressive neuropathy (e .g.  the median nerve in the carpal tunnel ) may 
potentiate i t .  In most cases however it is not recognised unti l  removal of the 
plaster at the end of the normal 4-6 week period of i mmobi l i sation. There i s  
swel l ing of  the hand and fingers, and  the sk in  i s  warm, p ink  and glazed in  
appearance. There is striking restriction of movements in  the  fingers, and 
diffuse tenderness over the wrist and carpus. This tenderness may at first 
suggest that the fracture i s  ununited, but check radiographs wi l l  show that 
this is not the case. Typically the radiographs demonstrate union of the 
fracture, with diffuse, osteoporotic mottl ing of the carpus. A lthough seen 
most frequently after Calles fractures, i t  may follow a scaphoid fracture or 
indeed any injury about the wrist whether accompanied by a fracture or not. 
The condition is also seen in the lower l imb, the foot being s imil arly affected 
after, for example, an ankle fracture or even a sprain. About the knee, the 
effects can be particularly severe. 

The causal mechanisms of the condition, where there is an unusual 
sympathetic response to trauma, are uncertain .  I t  may follow the use of 
spl intage which is too tight or too slack; i t  may occur in associ ation with 
prolonged elevation of pressure within the muscle compartments of a l imb; i t  
may appear when the affected part has  had  a prolonged period of  
dependence. It i s  usual ly self- l imiting, with the  abnormali ties of  c irculation 
and decalc ification resolving slowly over a period of 4- 1 2  months. 
Nevertheless, restriction of movements may be permanent; to min imise this, 
intensive physiotherapy is usually prescribed and continued to resolution. In 
the more severe cases additional treatment may be advised. 



COMPLICATIONS OF FRACTURES - PAIN SYNDROMES 

Diagnosis The diagnosis is not often i n  doubt, but a number of tests are 

considered to be of value for confi rmation, especial ly if aggressive forms of 
treatment are being contemplated. These include: 
J .  3-phase radionucl ide scint igraphy (which may show asymmetrical b lo cl 

flow and increased periart icular uptake; this eems to be of greatest value 
in the early stages of the d isease ) .  

2 .  Thermography. 

3. The measurement of vasomotor and suclomotor responses. 

4. The measurement of skin potentials and res i stance. 
S. Synovial biopsy ( which may show non-speci fic subs novial fibros is  w i th 

synovial prol i ferat ion) .  

I t  i s  considered, however, that rel ief of symptoms and signs by 
sympathetic blockade is  of the greatest diagnostic va lue .  The easiest way of 

doing this i s  by the intravenous administrat ion of an alpha blocker such as 
phentolami ne. (This is not recommended for treatment as i ts  effects are of  

too short a duration . )  Local perfusion of guanelhicl ine may also be  used for 

diagnostic purposes (see below for detai l s ) .  

Treatment Treatment by  physiotherapy and movement i s  essent ial .  To that 
purpose the aim is  to reduce pain to a level where this can be ach ieved. If 
pain cannot be sat is factori ly control led by analgesics alone, regional 
sympathetic blockade should produce rel ief. In the upper l imb the stel lat 
gangl ion may be injected, and in  the lower l imb, the lumbar sympathetic 
chain .  A l ternat ively, a regional perfusion technique may be employed. T do 

this,  a cannula is inserted in a superfic ial vein and a tourniquet i s  appl ied to 
the l imb. The l imb is exsanguinatecl with an Esmarch bandage before the 

cuff is in flated to 250 mmHg. 20 mg of guanethicl ine sulphate in  a 40 mL 
solution is  then injected, and the tourniquet released after 20 minutes. Rel ief  
of pain and an improvement in  the c l in ical s ign for 1-4 clays after the 
perfusion is  regarded as being diagnostic (even although i t  i s  recognised that 
peripheral vasocl i latat ion is the main effect of guaneth icl ine)  and of value in  
permi tt ing intensive physiotherapy. Fai lure to re  pond to  such a procedure 
suggests that another cause for the patient's symptoms should be sought. 

Additional treatment. Regional perfusion with guanethicline may be 

repeated (between three and six b locks may be requ i red) with or without the 
use of oral sympatholytic drugs (such as prazo in or phenoxybenzami ne ) :  
nifeclip ine i s  also sometimes tried. and good re ults have been claimed 
foUowing the empirical use of precln isolone. Only rare! are surgical or 
chemical sympathectomy advised. 

Where the knee is  involved, a part icu larly aggress ive approach is 
advocated. This i t  i s  said may often lead to rapid and complete resolut ion . 
After confirmation of the diagnosis as described above, an epidural block ade 
is  maintained for 4 clays, during which t ime the l i mb is  mobi l ised v igorous ly  

by measures which include continuous passive motion, al ternating hot  and 

cold soaks, muscle stimu lation and man ipulat ion. 



1 1 . Avascular necrosis of the prox imal pole 
of the scaphoid. 

COMPLICATIONS OF FRACTURES - AVASCULAR NECROSIS 

Avascular necrosis A vascu lar necrosi s  i s  death of bone due to 
in terference with i ts blood supply.  I t  i s  an important and serious 
compl ication of certain fractures. 

There is  no doubt that in many comminuted fractures, fragments of bone 

are often completely detached from their surrounding t i ssues and deprived of 
their  blood supply. If the fragments are smal l ,  hea l ing is usual ly uneventfu l .  
If t he  fragments are larger, hea l ing may be  de layed, bu t  i t  i s  often d ifficult  to 
attribute the relat ive effects of avasculari ty and the poorer immobi l i sation 
associated with commi nution. It is not, however, w i th the shafts of long 
bones that this complication i s  most c losely associ ated. Avascu lar necrosis is 
seen in the femoral head after some intracapsu lar fractures of the femoral 

neck or after d islocation of the h ip .  I t  i s  found in the scaphoid after certain 
fractures of the proxi mal half of that bone. It sometimes occurs in the talus 

after fractures or di slocat ions.  In the lunate it may fol low frank dislocations 
or apparentl y occur without any obvious previous trauma. 

The importance of avascu lar necrosi s  i s  that the affected bone becomes 
soft and di storted in shape, l eading to pain ,  st iffness, and secondary 
osteoarthr i t is .  The fol lowing poi nts are of some i mportance: 
I .  Interference with the blood supply to the bone i s  a d i rect resu l t  of the 

fracture: the fracture shears those blood vessels  which are travel l ing  
wi th in  the  bone towards i ts art icu lar surface. 

2. As the fracture is responsible for the d i sruption of the blood supply, i t  
fo l lows that the d i srupt ion i s  attributable t o  the i njury, and dates from the 
t ime of i njury. 

3. There is no treatment that w i l l  l ead to rapid restoration of the normal 
bony microci rcu lat ion. 

4.  The greater the d isplacement of the fracture ,  the greater i s  the vessel 
d isturbance and the greater the chance of  th is  comp I ication ensuing. 

5 .  When an i nj ury has occurred at one of the h igh-risk s i tes,  the chances are 

that any patent c irculatory channels are h ighly vulnerable.  Reduction 

should be carried out with m in imal force and delay i f  there i s  to be any 
hope of avoid ing this complication. 

6. Avascular necros i s  i s  qui te dist inct from non-union.  In  the majority of 
femoral neck and scaphoid fractures  with a vascular necrosis ,  the fracture 

has united. 

7. Clear-cut radiological evidence of th is  compl ication may be qu i te slow in 
appearing, espec ial ly in the case of the femoral head. ( MRI  scans are 

however said to be helpful in early d iagnos is .  and with this in mind 

t i tan ium implants ( wi th which MRI scans are compat ib le )  may be used in  

preference to others . )  Symptoms of pa in  and st iffness usual ly  precede the 
rad iological changes .  In the case of femoral neck fractures it i s  common 
practice to look for avascu lar necros is for up to 3 years after the i njury. 

Treatment The natural course of a vascular necrosi s  is for the slow 
revascularisation of necrotic bone from the peri phery. This process takes 
6- 1 8  months, and i t  is be l ieved that dri l l ing of the affected bone in some 
cases may faci l i tate the ingrowth of a fresh blood supply. In spite of this 
secondary osteoarthrit ic changes in  the affected joints are inevi table .  In  the 
lower l i mb, de form ity of the a vascular bone may be min imised by the 
avoidance of weight beari ng, and this i s  of some val ue at least in  the case of 
the tal us .  



COMPLICATIONS OF FRACTURES - MYOSITIS OSSIF ICANS 

1 2. Myosit is ossificans at the elbow. 

If symptoms are commanding, and secondary osteoarthritis is well 
establ i shed, surgery may be required (e.g. h ip  replacement in  the case of 
femoral neck fractures - see under appropriate sections) . 

Myositis ossificans (heterotopic ossification) Myosit is 
ossificans i s  a compl ication of trauma. In i ts commonest form, a calcified 
mass appears in the t issues near a joint, leading general ly to considerable 
restriction of movements because of its mechanical effects. 

The commonest s i te i s  the elbow. It may, for example, develop some 
weeks after a supracondylar fracture, especially where there has been 
d ifficulty in reduction and manipulation has been repeated. Myositis 
ossificans i s  also found in  the elbow after dislocations or  fractures of the 
radial head. It  is  thought that these i njuries result in  haematoma formation i n  
the brachial i s  muscle a t  the front o f  the joint, and that this i s  dealt with by 
the ti ssues in  the same way as a fracture haematoma, i .e .  by calcification and 
ossification. 

The ensuing mass may be as large as a plum, and wi l l  greatly restrict  
flex ion of the elbow. It  is known that myosi t is  ossificans can follow passive 
stretching of joints and in  the past it was frequently seen in cases where, i n  
good faith, this treatment had been carried out to encourage movement after 
inj ury. The risks of this complication are so great, however, that passive 
stretching must  never be practised round the e lbow. 

Myosi tis ossificans is also seen at other s i tes, especial ly the shoulder, knee 
and hip,  e.g. after the open reduction and i nternal fi xation of acetabular 
fractures or after hip replacement procedures. It is found particularly 
frequently in patients suffering from head inj uries or paraplegia. In  some 
cases, especial ly where there i s  l i mb spasticity, rout ine passive joint  
movements may be a causal factor. 

Prophylaxis Where the risks of this comp! ication are considered to be 
especial ly h igh, indometacin may be used as a prophylactic.  The dose 
recommended is 2 x 50 mg dail y  for either 7 or 1 4  days. 

Treatment of established cases Early excision of the m ass g ives bad 
results, being almost always fol lowed by massive recurrence. Late excision 
(say after 6- 1 2  months) i s  often successful in  removing the mechanical 
obstruction to movement with less risk of recwTence. The risks of recurrence 
are reduced with a s ingle dose of i rradiation after surgery. The recom mended 
dose is 7 Gy units.  Irradiation wi th the same dose may also be used as a 
prophylactic in those unable to tolerate indometaci n .  



COMPLICATIONS OF FRACTURES - OSTEITIS/OSTEOMYELITIS 

Osteitis/osteomyelitis Infection in closed fractures (due to systemic 
spread of organisms) i s  rare and seldom diagnosed until infection is wel l 
establ ished. I t  is somet imes seen in patients suffering from rheumatoid 
arthritis who have been treated with anti- inflam matory preparations. 
Recurrent pyrexia, a raised sed imentation rate and white count, and unduly 
prolonged pain, local tenderness and swel l ing should arouse suspicion. 
Radiological changes may not be diagnostic and are slow in appearing. 

Bone infection is a feared complication of open fractures, and is also seen 
on occasion after the internal fixation of closed (and open)  fractures. The 
symptoms and signs are as detai led above. In addit ion,  when well 
establ ished, there will usually be a purulent wound discharge with staining 
of the plaster or dressings, which become foul smell i ng. 

Glycocalyx, a mucopolysaccharide, is secreted by bacteria and may be 
deposited on large surfaces of metal including plates and screws, rendering 
the organisms less susceptible to macrophage attack, so that once an 
in fection takes hold in the presence of retained i mplants, it may be very 
di fficult to e l iminate it .  

Treatment 

I .  The risk of this compl ication should always be kept in mind in the 
handl ing of open fractures or when internal fi xation is planned, so that the 
techniques practised may be above crit ic ism. In  addition, the prophylactic 
administration of antibiotics should be considered. 

2 .  Once fi rmly established, bone infections are pecul iarly resistant to 
treatment, and may become v i rtual ly incurable. Delay must therefore be 
avoided at all costs. 

3. Any doubtful wound should be swabbed so that the bacteriology and 
antibiotic sensitivi ty may be fi rmly establ ished. In patients being treated 
in plaster casts, access to the wound may be obtained by windowing of 
the plaster. The appropriate antibiotic must then be admin istered in 
adequate dose for an adequate time (usually 4 weeks as a min imum) .  If a 
choice is avai lable, preference should be given to an antibiotic which may 
achieve high concentration levels in bone. In  those cases where infection 
has been establ ished, appropriate monitoring by a bacteriologist/ 
infectious di seases physician should be sought. 

4.  If, after an internal fixation procedure, there i s  evidence of any systemic 
manifestation such as elevation of temperature, consideration shou l d  be 
gi ven to the removal of any infected material including a wound 
haematoma before pus formation becomes establ i shed. Th is may be done 
by opening the wound and irrigating it  copiously, preferably with a 
pulsati le lavage system; the a im i s  to avoid the bacteriological seeding of, 
for example, a large plate and screws. The wound may then be left open 
and closed at 48 hours or later depending on the post-debridement 
si tuation and bacterio logy. 

5. If i nfection has not been discovered and controlled at an early stage, 
drainage should be established, and regular dressings performed with 
aseptic precautions in  an attempt to allow heal ing by granulation tissue. 

6 .  Al though discharge from the wound may persist unti l  any internal 
fixation device is removed, this should be delayed until fracture heal ing is 
well advanced unless a satisfactory alternative method of the holding the 
fracture can be provided (e.g. by using an external fixator) . 

7 .  When i nfection is well  establ i shed and unresponsive,  more radical 
measures may be called for. These i nclude:  
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( i )  Saucerisation of the area, with radical exci ion of al I i n fected bone and 
open packing of the wound. 

( i i )  Raising the local concentrate of antibiotics by the i mplantation of 
i rrigation tubes or acryl ic  beads impregnated with gentamycin or other 

antibiotics. 

( i i i )  Rarely, amputation may have to be considered where there is  
profound toxaemia with deterioration of the patient's general condit ion, 

un influenced by treatment, or where there is widespread bone destruction or 
avasculari ty, poor control of the infection. and certa in continued infectio 
and non-union. 

Acute arterial arrest The arterial blood flow distal to a fracture i s  

occasional ly in terrupted, and assessment of the  c i rcu lat ion i n  a fractured 

l imb is  an essential part of the examination. Arterial arrest resu l ts in loss of 
the d istal pulses, pal lor and coldness of the skin.  loss of the capi l l ary 
responses, severe pain in the l i mb, paraesthesiae and eventually muscle 

paralysis .  The commonest cause i s  k inking of the main arterial t runks by the 
displacement of a fracture or d islocat ion.  In  these cases, the c i rculat ion is 
immediately restored by correction of the deformity, and this shou ld  alw ys 
be carried out as expedit iously as possible.  In c losed fractures other arterial 

disturbances are found, but these are re latively uncommon. A ragged bo e 

edge may cause arterial rupture, leading to the rapid formation of a large 

haematoma. A fracture may also g ive rise to profound arterial spasm, 
aneurysm, or int imal stri pping. In open fractures, arterial rupture often 
declares i tself by the nature and the extent of the accompanying 
haemorrhage. 

Diagnosis If the pu lses di stal to the injury s i te cannot be palpated, the 
patient should be resuscitated and reassessed with in an hour. The most 
re l i able guide to the situation is the Doppler pressure. To take th is ,  a 
sphygmomanometer cuff should be posit ioned above the i njury s i te and L he 

Doppler s ignal located. The cuff is then i nflated; the pressure at which the 

signal di sappears is  the Doppler pressure. Repeat the examination on the 
good side. If the pressures are not equal, the advice of a vascular surgeon 
should be sought immediately. If  no Doppler equipment is avai lable, then 
advice should be sought, again wi thout delay. should the periphera l  pulses 
on the injured side be reduced or absent .  Angiography may be requ i red. 

Treatment I t  i s  obvious that the survival of a u sefu l l imb i s  dependent on 

restoration of the c irculat ion. Where th is  i s  not achieved by reduction of the 
fracture, exploration of the affected vessel i s  mandatory. Treatment is  then 
dependent on the findings. If the artery is  cleanly di vided, an encl-to-end 
anastomosis may be performed. In  the presence of a defic i t ,  an i n- l ine 
reversed vein graft is  often used. In  e i ther case. to prevent damage to the 
suture l i ne ,  i nternal fixation of the fracture i s  an essential part of the 
procedure and is often performed fi rst. 

Most of the cases which appear to be clue to arterial spasm are in  fact 
associated with int imal damage. Open ing of the vessel is necessary to 
eluc idate this ,  al though pre l iminary i rrigation with papaverine is sometimes 
t ried. I f  int imal damage is confi rmed, resection of the affected segment wi th  
grafting may be required. 
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Arterial obstruct ion lead ing to muscle death and nerve palsy may also 
resul t  from swel l ing with in the muscle compartments of a l i mb ( see below) .  

Compartment syndromes Post-traumatic swel l ing may gradual ly  
compromise the circu lation wi th in  a closed fascia! compartment i n  a l imb .  I f  
unchecked, there may be necrosis of t he  muscles and loss of function i n  the 
nerves contained in  the compartment .  The effects depend on the speed of 

onset of the i ncreased pressure, i ts durat ion, and degree. ( For example, in the 
anterior compartment of the leg, local haemorrhage or oedema of muscles 
fol lowing trauma or overact ivi ty may lead to an inexorable rise of pressure 
beyond the systol ic blood pressure. This  w i l l  resu l t  i n  necrosi s  of the anterior 
compartment muscles, loss of conduction in the deep peroneal nerve, 
sensory d i sturbance in the foot and foot drop . )  

The c l in ical fi ndi ngs most commonly found inc lude: 

• Pain out of proportion to the injury. 

• Pain on passive movements of the fingers or toes (where the muscles 
being stretched l ie  wi th in the con fines of the suspect compartment ) .  

• Di ffuse tenderness over the muscles of t h e  compartment ( and n o t  just  
over a fracture ) .  

• Distal pallor. 

• Progressive pamlvsis of the muscles wi th in  the compartment .  
• Paraesthesia and loss (){ vibratio11 sense i n  the terri tory supplied by the 

nerves pass ing through the compartment .  

• Loss of any pulse which is dependent on any vessel pass ing through the 
compartment ( but beware of false negatives from retrograde flow) .  

Con f i rmation may be obtained by measuring the pressure wi th in  a suspect 

compartment, and this should be done as c lose to any fracture as possible for 
the most accurate resu lts .  This may be clone us ing a s imple needle techn ique, 
a s l i t  catheter, a side ported needle, or an electron ic  transducer-t ipped 
catheter. The last would seem to give the most accurate resul ts ,  and is good 

for conti nuous monitoring ( which is part icu larly desirable in cases 
complicated by head injury ) .  It i s  considered that when the 

intracompartmental pressure exceeds 30 mmHg then operative i ntervention 
i s  ind icated. However, the measurement of d i fferent ial  pressure ( the diastol ic 
blood pressure mi nus the intracompartmental pressure ) i s  to be preferred. 
and i f  th is  fal l s  below 30 mmHg fasciotomy is ind icated. In the case of the 
fasc ia!  compartments of the hand, threshold pressures for i ntervent ion are 
lower, being in the order of I 5-20 mm Hg. 

Treatment Th is i s  by means of a fasciotomy which i s  extensive enough to 
completely rel i eve pressure bui ld-up wi th in the compartment concerned. In  
some cases i t  i s  advi sable to  extend fasciotomy to any adjacent 
compartments which are also at r isk of being compromised. Prophylactic 

fasciotomies should be considered in all open fractures of Gracie IT and 
above and in  any severe crush ing injury. ( For further deta i ls  see under the 
appropriate regional sections . )  
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Immediate neurological disturbance Neurological 
complications occurring i mmediately after fractures and di slocations ar 
comparatively uncommon. Nevertheless, in  certain s i tuations a nerve may be 
stretched over a bone edge in a displaced fracture, or over a bone end in a 
dislocation. If prolonged this wi l l  lead to local i schaemia and in terruption of 
nerve conduction. If stretching is more severe there may be rupture of a ons 
or of neural tubes. Actual nerve division i s  rare, being seen mainly in 
association with compound injuries (especial ly gunshot wounds). The 
commoner fractures and dislocations associated with nerve palsies i nclude 
the fol lowing: 

Injury 

Dislocation of the shoulder 

Fracture of the shaft of the humerus 

Dislocation of the elbow 

Fractures around the elbow 

Dislocation of the hip 

Dislocation of the knee or rupture of 
lateral l igament of the knee and fracture 
of medial tibial table 

Nerve palsy 

Axi llary nerve pal y; rarely, other brachia! 
plexus lesions 

Radial nerve palsy 

Ulnar nerve palsy; sometimes median nerve 
affected 

Median nerve palsy: less commonly, ulnar 
nerve or posterior interosseous nerve 

Sciatic nerve palsy 

Common peroneal nerve palsy 

Treatment The majority of nerve lesions are i n  continuity. Assuming that 
the fracture or d islocation has been reduced, recovery often begins after 
6 weeks, progressing qui te rapidly thereafter. The skin must be protected 
during the recovery period against friction, burns and other trauma so long 
as sensation remains materially i mpaired. The joints should be exercised 
pass ively to avoid stiffness. Deformity due to overactiv i ty of unaffected 
muscles should be prevented: this applies particularly to the drop wrist f 
radial palsy, and the drop foot where the sciatic or common peroneal nerves 
are involved. Lively splintage may be particularly helpful in  these 
circumstances. 

Where there is a nerve palsy accompanying a fracture which is going to be 
treated surgically, opportuni ty may be taken to inspect the a ffected nerv e .  
This w i l l  often help in  establishing a prognosis, and may also permit  
definitive treatment of the injury (e.g.  by removing any local pressure on the 
nerve). In  the case of fractures of the humeral shaft accompanied by radial 
nerve palsy, primary open reduction, inspection of the nerve, and 
compression plating has been advocated in preference to conservative 
management of the fracture and expectant treatment of the palsy. 

When an expected recovery does not occur. electromyography (EMG) and 
nerve conduction studies may be of occasional d iagnostic value ,  but 
exploration is often required. Some also advocate a more aggressi ve 
approach in deal ing with nerve palsies accompanying fracture, adv i s i ng an 
EMG at three weeks, with exploration at 6 weeks if there is no change in a 
second EMG performed at that time. 
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In the case of nerve injury complicating a fresh i nj u ry, primary suture 
should be undertaken if the risks of i nfection are j udged to be sl igh t  and 
faci l i ties are good. Otherwise the nerve ends should be approxi mated wi th 
radio-opaque sutures or markers, and elective repair delayed unt i l  sound 
wound healing has been obtained. If  nerve repair is not possible, 
reconstructive surgery or orthotic support of the paralysed part may be 
required. 

Delayed neurological disturbance Sometimes a nerve palsy 
gradually develops long after a fracture has healed. 

Tardy ulnar nerve palsy This i s  the most striking example of this process. 
In  a typical case, the patient gradually develops, over a period of a few 
months, an u lnar nerve palsy which may become complete.  The i njury 
responsible is usually  a supracondylar fracture or a Monteggi a  
fracture-dislocation. The striking feature is the i nterval between the fracture 
and the nerve palsy. It is  usually in the order of several years, and indeed 
may be as much as 60. 

In  a number of these cases there is a cubitus valgus deformity, and the 
resu ltant stretching of the nerve is usually regarded as being responsible for 
the onset of the palsy. Nevertheless, tardy ulnar nerve palsy also occurs in  
the presence of  cubitus varus, so  that progressive i schaemia of the  nerve has 
come to be considered as another possib le factor. 

Treatment Tardy ulnar nerve palsy is usually treated by early transposition 
of the ulnar nerve. (The nerve is mobi l i sed from its  exposed position behind 
the medial epicondyle, brought round to the front of the elbow, and buried i n  
the flexor muscles o f  the forearm j ust beyond theis point o f  orig in . )  

Median nerve palsy Signs of median nerve compression may gradually 
develop a few months after a Col les fracture of the wrist. This  i s  generally 
akin to the partial nerve lesions seen in  the carpal tunnel syndrome. Some 
res idual displacement of the fracture may reduce the space avai l able in  the 
carpal tunnel leading to pressure on the nerve and an i ncomplete palsy. 

Treatment Symptoms are usually rel ieved by carpal tunnel decompression 
(by div id ing the flexor retinaculum).  

Delayed tendon rupture This uncommon fracture complication i s  
seen most frequently a t  the wri st, when after a Colles fracture a patient loses 
the abil ity to extend the terminal joint of the thumb. This is due to rupture of 
the extensor pol l icis longus tendon some weeks or months after the fracture. 
The rupture may resul t  from the gradual frayi ng of the tendon as it rubs 
against the heal ing fracture, or it may be caused by traumatic or fi brotic 
interference with its arterial blood supply, result ing in local sloughing of the 
tendon. 

Treatment In the case of the thumb, the best resul ts are obtained by 
transposition and suture of the tendon of extensor indicis  to the di stal 
segment of extensor poll ic is  longus (but see page 1 97 ) .  
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Visceral complications 

I .  Rupture of the urethra or bladder and perforation of the rectal wal l  may 
complicate fractures of the pelv is .  

2.  Rupture of the spleen, kidney or  li ver may fol low severe local trauma, 
abdominal compression or crush ing ( such a . for example, run-over injuries). 

3. Rupture of the intesti nes or teari ng of the mesenteric attachments may also 
follow abdominal compression. 

4. Paralytic ileus: Paralytic i leus i s  occasionally seen following fractures of 
the pelv is  and lumbar spine, the most l ikely cause being disturbance of the 
autonomic control of the bowel from retroperitoneal haematoma. 
Distension of the abdomen, absent or faintly tympani t ic bowel sounds and 
vomiting are the usual features.  lt is, of course, imperative to exclude the 
possibi l i ty of perforation, especially when there is a hi story of a run-over 
injury. The diagnosis may be made on the basis of the hi story and c l in ical 
findings, but plain radiographs of the abdomen, abdominal paracentesis, 
an ul trasound examination, laparoscopy or laparotomy may be necessary 
where there is a hi story of d irect injury. Treatment is by:  

1 3. Paralytic i leus secondary to  pelvic fracture: note the  air distension of bowel loops in  th i s  
plain abdominal f i lm .  

( i )  Nasogastric suction. 
( i i )  Intravenous Au  ids - the quantity and proportions being determi ned by 

the amount of aspi rate and other losses. and serum electrolyte 
estimations. In  the majority of cases, bowel sounds return within 36 
hours, and in travenous A u  ids and suction may be d i scontinued s ortly 
afterwards. 

5 .  The cast syndrome: Abdominal distension and vomiting sometimes occur in 
patients being treated in plaster jackets, hip spicas, or plaster beds, especially 
i f  the spine is hyperextended. When the onset is extrem ly rapid leading. to 
shock and prostration, the superior mesenteric artery or cast syndrome 1 ay 
be suspected ( i .e. there is  a high intestinal obstruction due to duodenal 
compression by the superior mesenteric artery) .  Treatment is as fol lows: 
( i )  I f  a plaster jacket has been appl ied. i t  should be removed. A patient 

being nursed in a plaster bed should be transferred to an ordinary bed 
or a Stryker frame. 
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( i i )  A large-bore gastric tube should be i nserted. 

( i i i )  Fluid replacement therapy may be requ i red. 

Fat embolism This condi tion i s  usual l y  thought to be due to 

microglobules of marrow fat escap ing into the c i rculation from the regi on of 

the fracture, and lodging primar i l y  in the lung parenchyma. It occurs most 

frequently after fractures of the femoral shaft and pel vis ,  and excessive 
mobi l i ty at the fracture site may be a contributory factor. 

The finding of fat globules i n  the lungs is extremely common, and only a 
small  percentage of cases progress to the more serious fat emboli sm 

syndrome (FES) ,  where the  fu lmjnating form may often be fatal . The 
pathology is by no means c lear cut, and d is tu rbance of l ip id metabol ism may 

account for certain features of the condi t ion.  The frequently observed effects 
on the brain, kidneys and skin are l ess easy to explain unless card iac septa! 

defects are more common than supposed. 
The majorfeatures are : 

I .  Respiratory insufficiency: there i s  increased frequency of respi ration; 
there may be dyspnoea and use of the accessory muscles of respiration. 

Radiographs of the chest often show mott l ing of the l ung fie lds, and there 
are changes in the blood gases. 

2. Cerebral involvement, wi th the pat ient becoming confused, aggressive or 

comatose. 

3. The occurrence of petechial haemorrhages in the skin .  These appear most 
frequently in  the axi l l a, anterior chest wall and the conjunctiva. 

The minorfeatures are pyrexia,  tachycard ia, jaundice, reti nal changes and 
renal i nsufllciency. 

Diagnosis Fat embol ism syndrome should be suspected when there is an 
unexplained deterioration in the condit ion of a patient a few days after 
sustai ning a femoral ,  pelvic or other major fracture . Any one of the 

fol lowing is  considered to be diagnostic  ( Lindeque, B.G.P. et  al ) :  

l .  A respi ratory rate o f  more than 3 5 ,  sustained after sedation. 

2 .  A Pa02 of less than 60 mmHg. 
3 .  A PaC02 of more than 55 mmHg, or a pH of less than 7 . 3 .  
4. lncreased work o f  breathing, w i th u s e  o f  t h e  accessory muscles and 

tachycardia. 

The development of FES may be antici pated by rout ine examinat ion of 
the blood gases, and some advocate that this be carried out on admission in 
the case of any long bone fracture. 

Prevention The risks of this compl i cation are reduced when:  

I .  Fluid replacement during and after surgery i s  impeccable .  
2 .  I n  cases of mult ip le injury, any femoral fracture is  r igidly fi xed: i n  

practice th is  general ly impl ies in tramedul lary nai l i ng, but t o  avoid 
excess ive intramedu l lary reaming i n  a patient with known pulmonary 
contusion an external flxator may be used. 

3. All efforts are made to reduce the occurrence of infection i n  any open 
1 11JUry. 
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Treatment 

1 .  Aggressively carry out al l rout ine resusc i tative measures such as the 
admin istration of oxygen and intravenous fl uids. If ind icated by the blood 

gas levels, proceed to enclotracheal intubation and the use of a venti l ator. 
( I n  rare cases a cardiopul monary by-pass pump may be requ ired. )  W here 
possible, act ive physiotherapy is advi sed. 

2 .  I f  there is  progressive deterioration in  blood gas levels, surg ical 
stabi l i sation of any femoral fracture is  advocated. After such a procedure 
the patient shou ld be left on a venti lator for not less than 24 hours ;  thi s  

may be discontinued when the blood gases i mprove, and there i s  an 

improvement in the tidal volume and the patient's level of consciousness. 
3 .  The administration of methylpreclnisolone in  cases where the Pa02 is  less 

than 60 mmHg, whether d iscovered before the onset of frank symptoms 
or later, has been shown to have a benefic ial effect. (A dose of 30 mg per 
kg body weight on admission, and repeated after 4 hours has been 

recommended . )  

Osteoarthritis See under causes of  jo i n t  st iffness (p .  9 1  ) .  

Implant complications 

Mechanical effects Plates and intramedu l lary nai ls  reduce the natural 
elast ic i ty of the bone in the area where they l ie .  As a resu l t, the loads to 
which a bone is subjected are not absorbed evenly throughout its length ; 
stress concentrations tend to occur at the ends of i nternal fixation devices. 
In  some cases this may lead to susceptib i l i ty to fracture, which may occur 
wi th less violence than is  needed in  a normal bone. lt i s  wel l  known that 
after a plated fracture of the tibia has united, comparatively m inor v iolence 

may resu l t  i n  a further fracture of the limb at e ither encl of the p late. 
S im i larly, after a minor fall on the side, the forces which would be absor eel 

by a normal femur may result  in a fracture of the femoral neck i n  someone 
who has had an intramedul lary nai l ing .  

Corrosion No metal implant is completely i nert, and the long-term ri sL of  
retention of  implants wi th in  the body have not been fu l ly  evaluated. I t  i s  not 
uncommon for the t issues surrounding a stai nless steel i mplant to become 
discoloured, with the formation of  substantial masses of fibrous t issue. Th is  
is especial ly l ikely to  occur if  there has  been frett ing between components 
(e.g.  between a plate and screw) .  There may be local ach i ng pain, and th is  i s  

an indication for removal o f  the device, assuming that the fracture is  soundly 
healed. 

The individual elements in the alloy that has been used for the fabrication 
of the implant may separate, giving r ise to local toxic effects, and havine the 
votent ial ,  once they enter the transport systems. of  causing problems 
el sewhere. Stain less steel contains in the order of 1 3% chromium, and this 
element is  well known for its local i rritant effect and i ts potent ial for 
induc ing sensitisation. Neoplasia has been rep rted in bone at the s i te of 
plates, and the implants have been considered as being responsi ble . It  is 
poss ible that freed metal elements, after transportation, may be capable f 
causing neoplasia i n  the l iver and elsewhere . Alumin ium i s  used in certain 
other al loys used for implants; th is  is  neurotox ic ,  competing  wi th  
magnesium in  the formation of tubul in ,  a pri mary structural protei n  in  
the nervous system: this mechanism has been l i nked wi th  Alzheimer's  
di sease. 
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Treatment While it must be stressed that problems of the above nature are 
rare, the risks of any long-term effects should be avoided where possible by 
the rou t ine removal of i mplants once they have served the i r  purpose; th is  i s  

the  general advice i n  patients under the  age of  40. Over tha t  age the 
indications are less powerfu l ,  but as a general rule in tramedul lary nai ls 

should be removed, as should any other device where there i s  evidence of 

local t issue reaction. 

PATHOLOGICAL FRACTURES 

A pathological fracture i s  one which has occurred in a bone which is 

abnormal or d i seased. 

In some cases the pathological process leads to progressive weakness of 
the bone so that fracture may occur spontaneously or after s l ight i nj ury only. 

Fracture may occur as an inevitable event in some disease process, e .g .  a 

fracture in the course of a destructi ve, chron ic  oste i t i s :  always unwelcome, 
but causing no surprise. On the other hand, the d isease process may be 
unknown to the patient and h i s  practit ioner, the tri vial  nature of the trauma 
giv ing concern to both . 

Where bone strength is not material ly impaired, the causal v io lence 
producing the fracture may not cause comment; i n  these c i rcumstances the 

radiographs taken after the inc ident may give the fi rst indication to anyone 

that something else is amiss .  It fol lows that v i rtual l y  any cond it ion capable 

of being detected by radiographs of the skeleton may fal l  i n to th is  category -

a l im it less range of congeni tal ,  metabol ic  and neoplastic d i sease . D iagnosis 
as a resul t  may be d ifficul t, but fortunate ly there i s  one important point to 
take i nto considerat ion : where fracture i s  the presenti ng feature, the number 
of condit ions commonly responsi ble is smal l .  These i nc lude the condit ions 
described in the following pages. 
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1 4. Osteoporosis: This is the commonest 
cause of pathological fracture, being 
especially important in  the spine, the wrist 
and the femoral neck. It i s  most frequently 
due to lowering of hormone levels in 
association with age or the menopause: less 
frequently i t  follows disuse, rheumatoid 
arthritis or vitamin C deficiency, which lead 
to a fai lure of osteoid t i ssue formation and 
the translucent appearance of bone on the 
radiographs. ( I l lus . :  fracture of 06.) 

1 7. Osteomalacia (c): Occasionally a 
triradiate pe lvis may be present and also be 
diagnostic. Osteomalacia may be treated with 
calciferol 1 .25 mg per day, and calcium 
gluconate 1 -2 g per day. The serum calcium, 
phosphate and urea should be moni tored at 
regular intervals. Fracture healing is  not 
materia l ly impaired in  either osteomalacia or 
osteoporosis .  

1 5. Osteomalacia (a): This i s  due to a 
fai l ure in osteoid mineralisation and the 
radiographic appearances may be d i fficult to 
d ifferentiate from osteoporosis. ( I l lus . :  
fracture of tibia and fibula.) I t  is usual ly  
secondary to an  inabi l i ty to  util ise vi tamin D 
(adul t  rickets) but is also seen where calcium 
is deficient in the diet (or excreted in  renal 
acidosis), where phosphate is excreted in  
excess (Fanconi syndrome) or  where v i tamin 
D is not absorbed (e.g. steatorrhoea). 

1 8. Paget's disease (a): This common 
condition is frequently seen in association 
with fracture, particularly in the tibia and the 
femur. ( T i lus . :  two healing fractures of the 
femur.) The radiological picture is complex 
with, frequently, cyst formation, bone 
thickening, increased bone density and 
disturbances of bone texture. Stress fractures 
are common, and complete fractures are 
usually transverse. 

b 
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1 6. Osteomalacia (b): Stress fractures are 
common. Areas of bone translucency 
(Looser's zones) in  the pelvis and long bones 
are characteristic. ( T i lus . :  note changes in 
ischium (a) and pubic ramus fracture (b) . )  
There are disturbances in  the blood 
chemistry: the serum P04 is reduced, while 
the serum calcium i s  normal or reduced. If 
the product of the serum calcium and 
phosphate ( in  SI units) i s  lower than 2.25, the 
diagnosis i s  confirmed. 

1 9. Paget's disease (b): I ncreased bon e 
density and deformity may in many 
situations make the use of internal f ixatio 
devices d i fficult .  ( Il l us . :  femoral neck 
fracture pinned in  coxa vara; healing fracrnre 
of shaft.) The rate.of heal ing and the 
soundness of bone union are not. however. 
usually greatly affected. In many si tuations 
conservative methods may be employed wi th 
success. 



20. Paget's disease (c): Note that 
sarcomatous change (a) in this condition may 
be followed by fracture (b) as the cortical 
bone is  eroded. Note, too, that the bone 
changes found in hyperparathyroidism and 
sometimes in  metastatic disease may mimic 
Paget's disease. 

23. Malignant bone tumours (b): 
Multiple myeloma i n  the pelv is  ( I l lus . :  with 
fracture of the femoral neck and a destructive 
lesion of the i l ium)  may sometimes be 
confused with secondary deposits from 
carcinoma of the prostate or other organs; 
full investigation is essential .  

PATHOLOGICAL FRACTURES 

21 . Osteitis: Sudden collapse of bone 
secondary to infection is comparatively 
uncommon as a presenting feature, but is  
seen where the destructive processes are 
comparatively low grade. Thorough 
investigation and appropriate treatment is 
mandatory. ( I l l us . :  Tuberculosis at the 
thoracolumbar leve l . )  

24. Malignant bone tumours (c): 
Primary malignant tumours of bone general ly 
present with pain and swel l ing rather than 
fracture, but this is not always the case, 
especially perhaps in Ewing's tumour ( Il lus . :  
radiograph prior to fracture) and 
osteosarcoma. The aggressive, locally 
malignant osteoclastoma again usually 
presents with pain and swell ing rather than 
fracture. 

22. Malignant bone tumours (a): The 
commonest malignant bone tumour is the 
metastatic deposit. Secondaries in bone occur 
most frequently from primary growths in 
lung or bronchus, breast, prostate or kidney. 
Any bone may be affected, but the spine, 
subtrochanteric region of the femur and the 
humeral shaft are amongst the commonest 
s i tes. ( I l lus . :  metastatic deposit in humerus, 
primary in lung.) 

25. Malignant bone tumours (d): 
Treatment: Note the fol lowing points: 
(I) Without treatment, un ion of a fracture 
occurring at the site of a malignant bone 
tumour seldom occurs. 

(2) If the tumour is responsive to local 
radiotherapy or to chemotherapy, healing 
may occur with appropriate splintage, but 
will be slow. 

( 3 )  In  the case of metastatic d isease, 
internal fixation has much to recommend it 
unless the patient is  moribund. Acrylic 
cement is sometimes used to reinforce a bone 
defect. 

(4) In the case of primary malignant bone 
tumours, the occurrence of fracture may be a 
factor in some circumstances in the 
advocation of amputation. 



PATHOLOGICAL FRACTURES 

26. Simple bone tumours and cysts 
{a): I n  the metacarpals, metatarsals ( I l lus . )  
and phalanges ( I l lus . ) ,  enchondromata are 
frequently encountered as a cause of 
pathological fracture. These are generally 
best treated by exploration, cureuage and the 
packing of the resultanl cavity in the bone 
with cancellous bone grafts. 

i nfancy or chi ldhood, but occasionally may 
not be d iagnosed until skeletal 
demineralisation is noted later in l i fe. 
Fracture healing is usual ly qui te rapid, and 
most fractures may be treated successfu l ly  by 
conservat i ve methods. Occasionally in the 
more severe forms of this condition, which 
present in chi ldhood, internal f ixation of the 
long bones by imramedullary nai l ing may be 
advocated as a prophylaxis against further 
fracture and to lessen bowing and other 
deformities of the legs. 

27. Simple bone tumours and cysts 
(b): In children between 5- 1 5  years, 
un icameral bone cyst is one of the most 
frequent causes of pathological fracture, 
especial ly in tJ1e proximal humeral shaft. The 
bone cortex may be thinned, but expansion is 
rare. The fracture should be treated 
conservatively. ( I f  the fracture fails to heal 
and the cyst disappears, curette and pack 
with bone grafts.) 

I nvestigation of 1iathological fractures 

I nvestigation of a pathological fracture may 
require some or all of the following: 

l .  A full personal and family history. 
2 .  Fu l l  cl in ical examination, including 

pe lv ic examination. 
3. Radiographs of the chest. 
4. Radiographs of the pe lvis .  
5 .  Radiographs of the sku l l  and skeletal 

survey. 
6. Estimation of the sedimentation rate. 
7. A ful l  blood coum, including a 

d ifferential cell count. 

28. Osteogenesis imperfecta: This 
hereditat)· di sorder (dominant transmissi n) 
is characterised by bone fragi l ity leading ro 
bowing of the long bones, deformities of 
modelling. pathological fractures and 
stunting of growth. ( I l lus . :  fracture of 
humerus with deformities of ribs.) Deafness 
and blue sclerotics a.re commonly associated. 
The condition generally declares itself i n  

8 .  Estimation of the serum calcium, 
phosphate, alkal ine phosphatase and, 
where appropriate, the acid phosphatase. 

9. Estimation of the serum proteins. 
I 0. Serum electrophoresis. 
1 1 .  Examination of the urine for Bence-

Jones protease. 
1 2. A bone scan. 
1 3 . Marrow biopsy. 
1 4. Bone biopsy. 
1 5 . Occas ionally, radiographs of parents r 

sibs. 



RECORDING AND COMMUNICATING 

RECORDING AND COMMUNICATING: SOME SUGGESTED 
GUIDELINES 

RECORDS 

Careful note-taking in  good pat ient management should al ready be 
recognised and pract ised, but in a field of  medic ine where evidence for 

insurance claims and l i t igation i s  commonly requ ired, i t  i s  of part icular 
importance. There are a number of areas where inadequacy is commonly  

found: these inc lude the  fol lowing:  
I .  Not infrequently, when the handl ing of a case i s  bei ng stud ied some t ime 

after the event, prob lems arise because entries or letters have been 
undated; and i f, as is often the case, they are on separate sheets, the t ime 
that they have been made cannot be determ ined by the ir  context .  It is v i tal 
that any entry is clearly elated, and in the serious ly i l l  pat ient whose 
condi t ion is rapidly changing during the first few hours after admission, 
the time should be clearly stated as wel l .  

2 .  I l legible handwrit ing i s  al ways a problem, but there should b e  n o  excuse 

for numeral s and capi tal letters which are so bad ly formed that they 

cannot be read by others or even by the orig inator. When contract ions are 
used ( and these can be helpful  in provid ing oases of upper case 
mean ingful clarity) only those in  common use should be employed. 

3 .  Paucity of notes (often very unfair ly)  suggests a s imi larly brief and, by 
impl ication, i ncomplete exami nation. In the heat of  deal i ng wi th a 
seriously i l l  pat ient there i s  no t ime for detai led note-taking, but as soon 
as pressure eases, a fu l l  record should be made, and certa in ly th is  should 

be clone on the day of the admission . 

4. The interpretation of racliographs should be i ncl uded in the notes, g iv ing 
negative as well as posit ive fi ndings. With the growing tendency to 

practise a degree of defensive medic ine,  racl iographs  should certainly be 
taken i f  there is any doubt about the nature or severity of an injury, and i f  
radiographs are not taken, i t  i s  perhaps wise t o  say a t  the t ime why th is  
has not been thought to be necessary. 

5. If there is something that you are not sure of, i ndicate what th is  is ( so 

that it cannot be clai med later that you had not considered i t ) ,  and 

state the course you tend to take ( wi th ,  if appropriate, the reasons for 

doing so ) .  

TELEPHONING 

Be clear whether the purpose of your cal l i s  to inform, to ask for adv ice, or 
to seek assi stance, and have al l  the appropriate i nformation at your finger 

ti ps. I t  i s  necessary to be able to describe a fracture patient in an unequivocal 
fashion, so that an unconfused picture of the problem is conveyed. There are 
undeniably d ifferent styles of doi ng th is ,  but the fol lowing method i s  

suggested: 

I .  Preamble. 
2 .  Prec ise fracture detai ls .  
3.  Particular qual ifiers. 
4. Reason for cal l .  

Preamble After any n iceties, i nc luding i f  necessary stat ing exactly who 
you are, give the age and sex of the patient along with any spec ial attributes 
which bear d irectly on the reason for the cal l :  
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'I have just admitted a 35-year-old man who is 

a professional ice skater. He has been in a road 

traffic accident and his main problem is . . . .  ' 

(Note that it is probably best to avoid 

contractions such as 'RTA '  as they have to be 

translated, and may grate when used over the 

telephone. ) 

Precise fracture details The description of the fracture should lways 
start wi th whether i t  i s  open or closed, and be followed by the bone i nvolved 
and at what level; then the pattern of the fracture, and any disp laceme t or 
angulation should be given: 

' . . .  an open.fracture of his right tibia in 

midshaft. It 's a transverse fracture, but it 's 

displaced medially and there 's some lateral 

angulation. There s some shortening, and 

there 's no bony con.tact. ' 

Particular qualifiers Where relevant these would include the 
fol lowing: 
1 .  Complications of the local i nj ury: this would i nclude a description of the 

size, nature, location and potential contami nation of a wound. It would 
also i nclude details of any vascular or neurological problem. 

2 .  Detai ls of any other injuries sustained, e.g.  other fractures, head i nj ry, 
chest or abdominal injuries. 

3 .  General condition of the patient, with, if appropriate, the time whe they 
would be considered fit enough for anaesthesia and surgery. 

4. Detail s  of any treatment already carried out, e .g .  flu id replacement, 
splintage etc: 

' . . .  The fracture is from within out, and the 

wound is l cm in length. It looks pretty clean, 

and there 's no neurological or circulatory 

problem, and he has had no orher injury. His 

general condition s  fine; he seems to have had 

very little blood loss and his pulse and BP are 

OK. I 've set up an·i. v. line and put him in a 

back splint. He 's not had anything by mouth for 

the last 6 hours. He 's been seen by the 

anaesthetist who is happy to do him any time. ' 

Reason for call 

1 .  When this is to inform only, the detai ls  of the treatment carried out and 
what is further proposed could, wi th profit, be expanded: 

'! am planning to take him to theatre to 

deb ride the wound. I think I 'll be able to get a 

good stable reduction under vision and I 'll put 

the limb in plaster afterwards. ' 

2 .  When advice is sought, the nature of the problem should be clearly stated: 

'! think this fracture might do best if internally 

fixed, but I 'm wondering whether this should 
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be done right away, or whether I should just 

reduce it and splint it, and add it to the 

beginning of tomorrow 's list. ' (Not generally 

the best solution!) 

3 .  When help is required, this should be clearly stated: 

'I think this is one you would want to treat by 

closed intramedullary nailing, and I 've laid on 

theatre for seven thirty . '  

For suggestions o n  the making o f  fol low-up notes, see Chapter 1 6, The 
Fracture Cl inic .  
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CHAPTER 

6 
The shoulder girdle and 
humerus 



FRACTURES OF THE CLAVICLE 

1. Clavicular injuries - Mechanism of injury: Most (94%) 
clavicular injuries result from a direct blow on the point of the 
shoulder, generally from a fall on the side ( A ) .  Less commonly, force 
may be transmitted up the arm from a fal l  on the outstretched hand ( 8 ) .  
Under the age of 3 0  road traffic and sporting in juries are the 
commonest causes. 
Fracture i s  commonest at the junction of the middle and outer thirds 
( I )  but is also common throughout the middle third (2) and, to a lesser 
extent, the outer third where the incidence is 1 8% ( 3 ). S11blu.ra1io11s and 
dis/oca1io11S may involve the acromioclavicular joint (4) and the 
sternoclavicular joint ( 5 ) .  Fractures of the clavicle involving the 
acromioclavicular joint are uncommon (2 .8% of cases). 

2. Common patterns of fracture (a): Greenstick fractures are 
common. particularly at the junction between the middle and outer 
thirds. Fractures may not be particularly obvious on the radiographs 
and i t  is often helpful in  chi ldren to have both shoulders included for 
comparison. The only abnormality vis ible in many cases is local 
kinking of the c lavicular contours. ( I l lus . :  Fracture of right c lavicle.)  
Heal ing of this type of fracture is  rapid, and red11c1io11 is 1101 required. 

3. Common patterns of fracture (b): In 
the adu lt, undisplaced fraclllres are also 
common, and are comparatively stable 
injuries. Late sl ipping is  rare. Symptoms 
settle rapidly and minimal treatment is 
required. 

4. Common patterns of fracture (c): 
With greater violence. there is separation of 
the bone ends. The proximal end, under the 
pull of sternomastoid, often becomes 
elevated ( I ). The shoulder loses ihe prop- l i ke 
effect of the clavicle, so that it tends to sag 
downwards and forwards (2) .  Note ( 3 )  the 
glenoid, (4) the coracoid, (5 ) the acromion. 

5. Common patterns of fracture (d): 
With greater displacement there is 
overlapping and shortening. I n  spite of :h is, 
union i.  usually rapid, and remodel l ing. even 
in  the auult. is so effective that strenuous 
attempts at reduction are unnecessary. Rare 
non-union is nevertheless seen most often in 
highly displaced fractures and those of the 
outer third. Pathological fraclllre may result 
from radionecrosis ( fol lowing radiotherapy 
for breast carcinoma) and may be mistaken 
for a local recurrence. 



6. Diagnosis: Cl in ical ly there is tenderness 
at the rracture site: so111eti111es there is obvious 
defor111 ity with local swel l ing, and the patient 
may supporl the injured limb with the other 
hand. In cases seen some days af'ler i njury. 
local bruising is o f'len a strik i ng feature. 
Diagnosis is confi rmed by appropriate 
radiographs: a single AP projection of the 
shoulder is usually adequate in the adult. 

1 

9. Treatment (c) - Ring or Quoit 
method: Narrow gauge stock inet is cut in to 
two lengths or about a metre each ( I ) . The 
central portions are stuffed with collon wool 
(2). One of the strips is taken and the padded 
area positioned over the front of the shoulder 
and tied firmly behind (3 ) .  

FRACTURES OF THE CLAVICLE 

7. Treatment (a): The 111ost important 
aspect of  treatment is to provide suppon for 
the weight of the arm which has lost its 
c lavicular tie. As a rule this is best achieved 
with a broad arm s l ing ( I ) . Additional 
f ixat ion may be obtained by wearing the 
s l ing under the clothes ( 2 ). No other 
treatment i s  needed in greenstick or 
undisplaced fractures. 

1 0. Treatment (d): The second strip is 
applied in a simi lar manner to the other 
shoulder (4 ) .  The patient is then advised to 
brace the shoulders back and the rree ends of  
the ring pads are t ied together ( 5 ). A pad of 
gamgee ( sandwich gauze/cotton woo l )  may 
be placed as a cushion beneath the knots (6 ) .  

8. Treatment (b) :  Where there is  marked 
displacement or a clavicular fracture i t  is 
usual practice to atte111pt to correct the 
anterior dri ft or the scapula round the chest 
wall ( I ) .  There is no s i 111ple way or achieving 
this. All methods allempt to apply pressure 
on the front of the shoulder (2 )  and. although 
they are co111parat ively i neffect ive i n  terms of 
reduction. are helpfu l  in reducing pain .  

1 1 . Treatment (e) - Figure-of-eight 
bandage: Pads or gamgee or couon wool 
alone are carerul ly  positioned round both 
shoulders ( I ) . The patient. who should be 
si l l ing on a stool. is asked to brace back the 
shoulders: a wool ro l l  bandage is then 
applied i n  a figure-of-eight fashion ( 2 ). For 
added security the layers may be l ightly 
stitched together at the crossover ( 3 ). 



ACROMIOCLAVICULAR DISLOCATIONS 

1 2. Treatment (f): Commercial ly available 
clavicle rings, covered with chamois leather, 
may be applied and secured with a strap. 
Many other patterns of off-the-shel f  
clavicular supports are available. With a l l  of 
these care must be taken lo avoid pressure on 
the axi l lary structures and the additional 
support of· a s l ing is  desirable for the f i rst 2 
weeks or so. Note also that elderly patients 
tolerate clavicu lar brac ing methods poorly, 
and s l ing support only may be advisable. 
(For internal fixation see Frame 25.) 

1 5. Pathology: Note that: ( I )  in 
subluxations and sprains, damage is  confined 
to the acromioclavicular l igaments, and the 
clavicle preserves some contact with the 
acromion. ln dis locations (2) the clavicle 
loses a l l  connection with the scapula. the 
conoid and trapezoid ligaments tearing away 
from the inferior border of the clavicle. The 
displacement may be severe, and the ensuing 
haematoma may ossify (3 ) .  

1 3. Aftercare: I .  Clavicu\ar braces of all  
types require careful supervision and, at least 
i ni t ially, may require inspection and possible 
tightening every 2-4 days. 2.  Where braces 
are used in conjunction with a s l ing, the s l ing 
may usually be discarded after 2 weeks. 3 .  
All  supports may b e  removed as soon a s  
tenderness disappears from the fracture site. 
4. Physiotherapy is seldom required except 
in  the elderly patient who has developed 
shoulder stiffness. 5.  A chi ld's mother should 
always be advised that the prominent cal lus 
round the fracture i s  a normal occurrence, 
and that i t  wi l l  disappear in a few months 
with remodel l ing. 
Note: If there is evidence of rorticollis 
accompanying a clavicu\ar fracture, further 
investigation of the cervical spine is 
indicated, as this finding may indicate a 
coincidental injury at the C 1 -2 level ( locked 
facet joints).  If plain radiographs are 
insu fficient to clarify the si lllation, a CAT 
scan should if possible be carried out. 

1 6. Diagnosis (a): The patient should be 
standing and the shoulders compared. The 
outer end of the clavicle wi l l  be prominent, 
and in cases of damage to the conoid and 
trapezoid ligaments the prominence may be 
quite striking. Local tenderness is always 
present. 
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1 4. Acromioclavicular joint injuries: 
I njury to Lhe acromioclavicu lar joint usual ly 
results from a fal l  i n  which the patient r \ls 
on the shoulder. Note that the c lavicle i s  
normally attached to the  scapula by ( I )  
acromioclavicular, (2) conoid and ( 3 )  
trapezoid ligaments. The scapular component 
of shoulder abduction requires free 
acromioclavicular movement. 

1 7. Diagnosis (b): Confirm any 
subluxation by supporting the elbow wit 1 
one hand. gently pushing the clavicle down 
with the other. I mprovement i n  the contour of 
the outer end of the clavicle will confirm the 
diagnosis of subluxation or d islocation. 



1 8. Diagnosis (c): Now stand behind the 
patient and abduct the arm to 90°. Flex and 
extend the shoulder while gently palpating the 
acromioclavicular joint. Failure of the ow er 
end of the clavicle to accompany the acromion 
indicates rupture of tile co11oid and trapezoid 
ligaments. 

2 1 . Treatment (a): I f  there is no gross 
instabil ity, treat by the use of a broad arm 
sl ing under the clothes for 4-6 weeks. 
Physiotherapy is  seldom required and an 
excellent result is the rule. 
NB: Subl uxations are easi ly reduced and held 
by adhesive strapping, but this treatment 
should not be employed as early skin 
reactions wi l l  always force abandonment. 

STERNOCLAVICULAR DISLOCATIONS 

1 9. Radiographs (a): Displacement of the 
clavicle by a diameter or more relative to the 
acromion ( I l lus . )  suggests rupture of the 
conoid and trapezoid l igaments. The 
radiographs however are often fal lacious in 
indicating the severity of the injury (and 
indeed may not show it) .  The reason is  that 
spontaneous reduction tends to occur in 
recumbency - the position in which AP 
radiographs are normally taken. 
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20. Radiographs (b): It must be clearly 
ind icated on the radiograph request form that 
the acromioclavicular joint i s  suspect. The 
radiographs should then be taken with the 
patient standing. The weight of the l imb is 
often sufficient to show up the dislocation. but 
i t  is common practice to have the patient hold 
weights in  both hands, and to include both 
shoulders for comparison. 

22. Treatment (b): In cases of gross instabi l i ty, good resu l ts usual ly follow conservative 
management. Complications are common after surgery, but this should be considered in  patients 
who are engaged in work which is heavy or involves prolonged elevation of the arms. A 
common method is Lo hold the clavicle in alignment wi th the acromion, using a lag screw ( 1 )  
run into the coracoid. A washer (2 )  i s  used to spread local stresses, and some advise 
reinforcement of the fixation with absorbable transarticular sutures ( 3 )  in  the acromioclavicular 
joint. Any tears in  the deltoid or trapezius should also be repaired. 
Treatment (c ) :  Other methods of internal fixation include figure-of-eight acromioclavicular 
wi ring; PDS (polydioxanone) sutures or polyester tape may be used in  the form of s l ings passed 
round the clavicle and under the coracoid. Kirschner wires passed across the joint tend to 
migrate, and their use is not recommended. In all cases there is a strong tendency for the 
devices to cut out, and i t  is imperative that there is  the additional support of a broad arm sl ing 
(under the clothes or with a body bandage) for 8 weeks. Internal fixation screws nws1 be 
removed at 6-8 1veeks before mobi!isalion. 



STERNOCLAVICULAR DISLOCATIONS 

23. Treatment (d): If  a dislocation reduces 
with the arm in abduction, a shoulder spica ( for 
6-8 weeks) may be used as an alternative to 
surgery. Complications: Symptoms from 
acromioclavicular osteoarthritis may be 
relieved by acromionectomy or excision or the 
outer 2 cm of the clavicle. Fascia! 
reconstruction of the coracoclavicular 
ligaments can be used for persistent instabi l i ty. 

24. Fractures of the outer third of the clavicle: Displacement is generally mini lllal as the 
coracoclavicular l igaments are not usually torn. When these ligalllent� are damaged, howev er, 
displacelllent lllay be marked and give rise (rarely) to non-union. ( I t  should be noted howe,er in 
this context that non-unions in outer third fractures of the clavicle are often sylllplOlll free. )  

There are two approaches to the treatment of outer third fractures of the clavicle.  Good results 
are general ly the rule with conservative lllanagement, which should fol low the l ines previously 
described for acromioclavicular injuries. Clavicular bracing is valueles and a sl ing under t e 
clothes for 4-5 weeks is usually quite adequate. 

Alternatively, to lessen the risks of non-union, some prefer to treat a l l  outer third fractures by 
reduction and plating of the clavicle. If the l igalllents are tom these should also be dealt with; 
PDS sutures or polyester tape in the form of sl ings passed round the clavicle and coracoid are 
particularly useful in this situation. 

25. Internal fixation of fractures of the clavicle: I nternal fixation of fractures of the 
clavicle in  the acute situation may be considered in cases of so-called 'floating shoulder', where 
there is a fracture of the clavicle associated with a fracture of the proximal humerus or of the 
glenoid. Good fixation reduces pain, improves patient mobi l i ty, and may faci l itate union at each 
site. Some also advise internal fixation routinely in all outer th ird fractures. In  a large lllale, two 
3.5 mill stainless steel plates or small  fragment reconstruction plates may be used; alternatively 
a low profile titanium plate may be preferred. 

Complications of clavicular fractures: I .  Glenohumeral joint sti ffness in the elderly lllay 
require physiotherapy. 2. Even after normal remodel l ing (which continues for many months) a 
persistent sharp clavicular spike may cause discomfort against the clothes and require excision. 
3 .  Non-union is rare, but if causing sylllploms is treated by bone grafting and internal fixation. 

26. Sternoclavicular dislocation: This is 
sometimes seen without any history of 
trauma, but general ly the commonest les on, 
a minor subluxation. fol lows a fal l  or blow 
on the front of the houlder (I) or fall on the 
outstretched hand. There is asymmetry oj rhe 
inner ends of rhe clavicles ( 2) due to the 
c lavicle on the affected side subluxating 
downwards and forwards.  There is  local 
tendeme s. The diagnosis is esse111ially a 
clinical one. 



27. Radiographs: AP and oblique 
radiographs are d i fficult to in terpret but are 
nevertheless usually performed; they may 
confirm the diagnosis when there is a major 
dislocation and the inner encl of the c lavicle 
is displaced onto the s ternum. Note that in  
rare cases ( i l lustrated) the c lavicle passes 
behind the sternum where it may endanger 
the great vessels. As a rule tomographs or 
CAT scans may be more useful in  elucidating 
these injuries. 
(Clavicle: dotted l ine:  sternal edge: arrows . )  

30. Scapular fractures (a): Fractures of 
the blade of the scapula are usually caused 
by direct violence. Even when commi nuted 
and angled ( I l lus . )  healing is  usually 
extremely rapid and an excellent outcome is  
the rule. Treatment i s  by use of a broad arm 
sling and analgesics. Mobi l i sation is 
commenced as soon as acute symptoms have 
settled, and is  usual ly possible after 2 weeks. 

28. Treatment (a): Minor subluxations 
should be accepted. The clavicle stabi l ises in 
the subluxatecl position; some prominence of 
the inner encl of the clavicle may persist with 
some asymmetry of the suprasternal notch. 
but a pain-free result is usual. The arm 
should be rested in  a s l ing for 2-3 weeks 
unti l  acute pain has settled. 

3 1 .  Scapular fractures (b): Fractures of 
the scapular neck lead to much bruising and 
swel l ing. Comminution is  co111111on. I f  
involvement o f  the glenohumeral joint i s  
suspected, check the position of the hu111eral 
head and any steps in  the articular surface of 
the glenoid by CAT scan, with a view to 
possible open reduction. In spite of 
frequently daunting radiographs, a good 
outcome usually follows conservative 
management with early 111obi l isation. 
Fractures of the scapular spine or coracoid 
may usually be treated conservatively. 

SCAPULAR FRACTURES 

29. Treatment (b): Gross displacements 
should be reduced under general anaesthesia. 
A sandbag (I) i s  placed between the 
shoulders which are firmly pressed backwards 
( 2 ). C lav icular braces are then applied (see 
Frame 9), along with a broad arm sl ing for 
4-5 weeks. Should the reduction be 
extremely unstable, surgical repair with fascia 
lata sl ings shoul d  be considered. The rare 
irreducible dislocation may require open 
reduction, which 111ay be hazardous. 

32. Dislocation of the shoulder: When 
the shoulder dislocates, the head of the 
humerus may come to l ie mainly ( I )  in  front 
of the glenoid (anterior dislocation of the 
shoulder), (2)  behind the glenoid (posterior 
dis location of the shoulder) or (3) beneath 
the glenoid ( luxatio erecta). Anterior 
dislocation is  by far the commonest of these. 



ANTERIOR DISLOCATION OF THE SHOULDER 

33. Anterior dislocation (a): This most 
commonly resu l ts from a fal l  leading 10 
external rotation of the shoulder (e.g. the 
trunk i nternally rotating over a fixed hand). It 
is rare in  chi ldren, common in  the 1 8-25 
years age group ( from motorcycle and 
athletic injuries) and comparat ively common 
in  the elderly, where the stabi l ity of the 
shoulder may be impaired by muscle 
degeneration and where fal l s  are common. 
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36. Anterior dislocation (d): In the older 
patient, especially, there may be tearing or 
stretch ing of the anterior capsule (3) ,  
sometimes wi th  associated damage to the 
shoulder cuff, especial ly subscapularis (4) .  
The greater tuberosity may fracture (5)  and 
occasionally there is  damage to the axi l lary 
artery or brachial plexus (6) .  

34. Anterior dislocation (b): The head or 
the humerus externally rotates out of the 
glenoid ( I )  and, having become free, comes 
to l ie medially in  front of the scapula (2). B = 
biceps tendons; C = capsule; G = glenoid; 
GT = greater tuberosity; H = head of 
humerus; L = glenoid labrum; LT = lesser 
tuberosity; S = subscapularis. 

37. Diagnosis (a): The shoulder is  very 
painfu l :  the patient resents movement, and to 
prevent this often holds the injured l imb at 
the elbow with the other hand. The arm does 
not always l ie into the side, appearing to be 
in sl ight abduction. The outer contour of the 
shoulder may appear to be s l ightly kinked 
due to the displacement of the humeral head. 

35. Anterior dislocation (c): Anterior 
dislocation is  inevitably associated with 
damage to the anterior structures. 
Commonly, the capsule is  torn away from i ts 
attachment to the glenoid ( I ) . This  is the so
called Bankan lesion. although the frequent 
s imultaneous displacement of the glenoi 
labrum (2 )  usually anracls this term. The 
humeral head may be damaged, and i t  is said 
may even show a Hi l l -Sachs type lesion ( see 
later) on an apparently first d islocation. (This 
abnormality i s  usual ly associated with 
recurrent dislocations.) 

38. Diagnosis (b): Palpate under the edge 
of the acromion. The usual resistance offered 
by the humeral head w i l l  be absent. I f  i n  
doubt. compare t h e  two sides. The d isplaced 
humeral head may be palpable ly ing 
anteriorly. 



39. Diagnosis (c): Nevertheless, the 
acromion and clavicle make examination 
d ifficult. In the doubtful case, i t  may be 
helpful to try to assess the relative positions 
of the humeral head and glenoid by palpation 
in  the ax i l ia. 

42. Radiographs (b): A second 
radiographic projec1ion is essenlial if1/Je 
diagnosis is in doub1. Note that if the 
humeral head has minimal medial 
displacement the AP view may appear 
nor111a/. (This is espec ial ly the case in  
posterior shoulder dislocations.) The most 
useful additional projection is the axial 
lateral (sometimes called the tangential 
lateral) .  (l l lus . :  the nomwl appearances in 
such fi lms.) In recun-ent dislocation this view 
may show a defect in  the posterior aspect of 
the humeral head (see Frame 69). 

ANTERIOR DISLOCATION OF THE SHOULDER 

40. Diagnosis (d): Axil lary (c ircumflex) 
nerve palsy is the commonest neurological 
complication. Test for integrity of the nerve 
by assessing sensation to pin prick ( I )  in  its 
distribution over the ' regimental badge· area. 
(The shoulder is usually too painful to assess 
deltoid act iv i ty with certainty. ) Look for 
other (rare) involvement or the radial portion 
of the posterior cord ( 2 )  and involvement of 
the axil lary artery (3) .  

43. Radiographs (c): The axial lateral is 
usually taken with the patient lying on their 
back with the arm abducted to 90°. The X
ray tube is  adjusted so that it l ies roughly 
paral lel  to the trunk: the central ray passes 
through the axil la to the plate which is 
placed above the shoulder. The bony features 
are easy to identify. I = glenoid: 2 = humeral 
head: 3 = coracoid; 4 = acromion; 
5 = clavicle; 6 = vertebral body of the 
scapula; 7 = lateral border or scapula: 
8 = spine of scapula. 

41 . Radiographs (a): The majority of 
anterior dis locations of the shoulder show 
qui te clearly on the standard AP radiographs 
of the shoulder. The humeral head is  
displaced anteriorly and medial ly;  in  its final 
position i t  may be described as lying ( i )  
preglenoid ( i i )  subcoracoid, ( i i i )  
subclavicu lar. This classification is  of l i tt le 
practical imponance; the important 
diagnostic feature is the loss of congruity 
between the humeral head and the glenoid, as 
i l lustrated. 

44. Radiographs (d): If the shoulder is too 
painful to allow an axial lateral. ob1ain a11 
apical oblique projec1io11; the landmarks are 
s imi lar to those seen in the AP, but may be 
easier to interpret. Alternatively, i f  the patient 
i s  not overweight, a 1ra11s/a1eral projection, 
at right angles to the plane of the AP, may be 
helpfu l .  This view is  often d i fficult to 
illlerpret. but note that in the normal shoulder 
( I l lus . )  the posterior border of the humerus 
and the axi l lary border of the scapula form a 
shallow parabol ic  curve (see also Frame 6 1  ) .  



ANTERIOR DISLOCATION OF THE SHOULDER - REDUCTION 

45. Radiographs (e): An associated 
fracture of the greater tuberosity is  not 
uncommon. This does not influence the 
in it ial  treatment of the dislocation by 
reduction, but may require subsequent 
attention (see Frames 57, I 07). The 
radiographs of an acute dislocation 111ay 
show evidence of previous episodes (for 
description see Fra111e 7 1  ) .  

48. Kocher's method {b):  Take plenty of 
time over external rotation. I n  the conscious 
patient, if muscle resistance is  felt ,  stop for a 
moment and then continue, distracting the 
patient's attention wi th conversation. I t  
should b e  possible t o  reach 90° o f  external 
rotation. (If severe pain and muscle spasm 
prevent rotation, general anaesthesia wi  II be 
required.) Excessive force m.usr be avoided in 
order to prevent fracture of the humeral 
shaft. 

46. Radiographs (f) - Subluxation of 
the glenohumeral joint: Note that if any 
painful lesion of the ar111 is treated in a sl ing 
for several weeks wasting in the shoulder 
g irdle wi l l  commonly result in  a 111 inor 
subluxation; this i s  most obvious if the AP 
radiograph is taken with the patient erect. No 
active treatment is required, but frank 
dis location should be excluded by a lateral 
projection. 

49. Kocher's method (c): The shoulder 
frequently reduces with a clear 'clunking' 
sensation during the external rotation 
procedure, but if this does not happen, flex 
the shoulder (by l i fting up the point of the 
elbow) and then adduct it ,  bringing the elbow 
across. the chest. (These and the fol lowing 
111ovements may be carried out rapidly.) 

47. Treatment - Reduction by Kocher's 
method (a): This, one of the most popular 
of reduction methods, may often be 
successful ly carried out in  the older patient 
after the ad111 in istration of i ntravenous 
diazepam, or in  the younger patient after 
substantial dose of intramuscular pethidine. 
Severe pain, or i f  the patient i s  of 111uscular 
bui ld, are indications for general anaesthesia. 
Apply traction ( I )  and begin to rotate the ar111 
externally (2) .  

SO. Kocher's method (d): Now intern· l ly  
rotate the shoulder, bringing the patient's 
hand towards the opposite shoulder. lf 
reduction has not. occurred, repeat all sta,,es, 
atte111pting to get 111ore external rotation in 
stage b .  l f  doubt remains, repeat radiographs 
should be taken. Complete fai lure is rare 
under general anaesthesia. In the sedated 
patient. fai lure is  an indication for general 
anaesthesia. 



ANTERIOR DISLOCATION OF THE SHOULDER - REDUCTION 

S 1 .  Alternative methods of reduction: 
In this common and general ly easy to reduce 
dis location there is  no shortage of alternative 
procedures. These include the following. 
(a) Hippocratic method: The principle 
is that traction is  applied Lo the arm and the 
head of the humerus is levered back in Lo 
position. The stocki nged heel is placed 
against Lhe chest ( without being pressed hard 
into the axi l la)  Lo acl as a fu lcrum, whi le the 
arm is adducted. 

S4. Aftercare (a): Check radiographs 
should be taken. This should be done before 
any anaesthetic is discontinued if there is 
doubt about the reduction. The arm should be 
supported after reduction to lessen the risks 
of immediate redislocation and to help 
relieve pain. Begin by placing a gamgee or 
wool pad i n  the ax i l ia ( for perspirat ion) ( I )  
and apply a broad arm sl ing (2) .  

S2. (b) Stimson's method: The patient is 
given a powerful analgesic (e.g. 200 mg of 
pethidine in a fit  athletic male) with 
resuscitation fac i l it ies available. The patient 
should be prone, with the arm dependent, a 
sandbag under the clavicle and a weight of 
about 4 kg tied to the wrist. The joint 
normally reduces spontaneously within six 
m inutes: i f  not, with one hand f ix the 
superomedial angle of the scapula (a), and 
wi th the other push the inferior angle 
medial ly (b) .  

SS. Aftercare (a) cntd: External rotation 
should be prevented by a body bandage ( I ), 
stretchable net ( Netelast®) (2) or, less 
securely, by the outside clothes (3 ) .  The 
supports may requ i re changing for the sake 
of hygiene from t ime to L ime unti l  they are 
discarded. If there is some residual pain ,  an 
outside s l ing may be worn for a further week. 
Mobi l i sation is usual ly rapid without 
physiotherapy being required. 

S3. (c) Milch's method: This method is 
based on neutral is ing the power of the 
shoulder muscles by abducting the joint. Place 
the fingers over the shoulder and steady the 
displaced humeral head wi th the thumb (a). 
Now gently abduct and externally rotate the 
arm (b) .  When full abduction is  reached, 
increase thumb pressure to s l ide the humeral 
head over the glenoid margin (c). Variations of 
th is method include the use of traction and an 
erect posture. Sedation or anaesthesia may or 
may not be required. 

S6. Aftercare (b): In  patients under 40 
there is a comparatively high incidence (said 
to be as high as 50%) of recurrence within 2 
years, and some advocate aspiration of the 
haematoma and a primary arthroscopic 
stabi l i sation procedure. The common 
practice is  to continue supporting the l imb as 
described for a 4 week period, the rationale 
being that this g ives the torn tissues L ime to 
heal. The efficacy of prolonged fixation in 
this respect is i n  doubt, and where early 
mobi l i sation i s  particularly desirable it would 
seem reasonable to curtail the period of post
reduction support. lf the shoulder has been 
dislocated four t imes or more the patient 
should be assessed for reconstructive surgery. 
Aftercare (c): In the elderly patient the 
risks of recurrent d islocation are mini mal, 
but the risks of stiffness are great. A s l ing 
support under the clothes should be applied 
in i tia l ly and d iscarded as soon as pain wi l l  
permit. Mobi l i sation of both the shoulder and 
the elbow may usually be started after l -2 
weeks and the patient referred for 
physiotherapy. In some elderly patients there 
may be joint i nstabi l ity problems due to 
damage to the shoulder cuff. If this is 
suspected it may be confirmed by 
arthroscopy, and good resu l ts have been 
claimed for subsequent secondary repairs. 



POSTERIOR DISLOCATION OF THE SHOULDER 

57. Aftercare (d): I f  there has been an 
associated fracture of the greater tuberosity 
( I )  this generally reduces adequately with the 
dislocation (2) .  Again, mobi l i sation should 
be commenced as soon as pain wi l l  permit 
(usually after 3-4 weeks). If the tuberosity 
remains seriously displaced, e.g. under the 
acromion (3 ) ,  and cannot be reduced by 
placing the arm in abduction (4) it should be 
openly replaced and fixed with a screw (see 
Frame 1 07) .  

60. Posterior dislocation (b): The 
frequently apparently normal AP projection 
makes it essential for an additional lateral 
view to be obtained when there is  any 
suspicion of posterior dis location. Where 
pain is not severe (as, for example, if the 
dis location occurs as a complication of a 
neurological disorder) a tangential lateral 
may show the humeral head lying clearly 
behind the glenoid. 

58. Aftercare (e): Where there has been an 
axil lary nerve palsy with loss of deltoid 
function, physiotherapy wi l l  be required. 
Although the lesion is usually in cont inu ity 
and fu l l  recovery may occur, this may take 
several months and is  not invariable. Assisted 
movements wi l l  be required - either 
normally, with the aid of sl ings and perhaps 
weights, or by hydrotherapy. If there is no 
sign of recovery after 6 weeks, nerve 
conduction studies should be undertaken. 

6 1 .  Posterior dislocation (c): Generally, 
however, pain wi l l  permit a translateral 
projection only. The parabolic curve, shaped 
l ike the path of a comet, formed by the shaft 
or the humerus and the edge of the scapula 
wi l l  be broken and further study wi l l  show 
the humeral head to lie behind the glenoid 
shadow (compare with Frame 44). 

59. Posterior dislocation of the 
shoulder (a): This may result from a fal l on 
the outstretched, internally rotated hand or 
from a direct blow on the front of the 
shou Ider. The head or the humerus is 
displaced directly backwards and, becaw;e of 
this. a single AP projection may show l itt le or 
no abnormal i ty as i l lustrated here. 
Nevertheless, c l inical ly there is pain, 
defonnit)' and local tenderness. Note: 
Posterior dislocation may accompany (and be 
missed) in obstetrical and Erb's palsies. 

62. Treatment (a): Reduction is usual lv 
easi ly accomplished by applying traction to 
the arm i n  a position of 90° abduction ( I )  and 
then externally rotating the l imb (2). If the 
reduction appears qui te stable the arm shou ld  
be  rested in a s l i ng  as  described for anterior 
dislocation of the shou lder. 



63. Treatment (b): I f  the reduction is  
unstable, it is essential that  the arm be kept in 
60° lateral rotation for 4 weeks to g ive the 
torn capsule and labrum a reasonable chance 
of healing. This can only be reasonably 
achieved by the application of a shoulder 
spica, with the shoulder abducted to about 
40°, externally rotated 60° and fu l ly  
extended. 

66. Late diagnosed anterior 
dislocation (a): The diagnosis may have 
been overlooked. the dislocation not being 
discovered until some weeks after the inju ry. 
Up unt i l  about 6 weeks or so, closed 
reduction (which is  often successfu l )  should 
be attempted. The forearm should be 
suspended by a canvas sl ing or bandage from 
a ce i l ing hook or improvised fixture above 
the table. A general anaesthetic is required. 
and at the time or the actual manipulation a 
muscle relaxant may be helpful. 

64. Luxatio erecta (a): In this 
comparat i vely rare type ol' shoulder 
dislocation. there is obvious deformity. with 
the arm being held in abduction. The 
radiographs pose no d i f'ficulty in 
interpretation. The patient should be 
careful ly examined for evidence of 
neurological or vascular involvement. and 
reduction carried out without undue delay. 

67. Late diagnosed anterior 
dislocation (b): The patient should be on 
their side and the s l ing adjusted so that. by 
using Lhc arm as a lever. an assistant can 
exert considerable traction through the 
patient's body weight. The humeral head is 
then manipulated over the glenoid l ip .  An 
image intensi f ier may give considerable 
assistance. Mobil isation should be 
commenced at an early stage (say I week). 

LUXATIO ERECTA 

65. Luxatio erecta (b): Reduction is  
usually easily obtained by applying traction 
in  abduction ( the position in  which the l imb 
is  lying) ( I )  and swinging the arm i nto 
adduction ( 2 ). The shoulder should be 
supported after reduction as for anterior 
dislocation. 

68. Late diagnosed anterior 
dislocation (c): If closed reduction fai ls. 
open reduction may have to be considered. 
This is seldom an easy procedure. and a 
substantial blood replacement may wel l  be 
required. An anterior approach is usually 
employed: i f  the reduction is unstable. 
temporary pin fixation may be requ i red. I f  
reduction cannot be achieved, resection of 
the humeral head with or without 
replacement (excisional arthroplasty. hemi
or total replacement arthroplasty) may have 
to be considered. 

If the dislocation is not discovered unti l  
some months a f'ter the injury, in the older 
patient the dis location should general ly be 
left unti l  the results of a prolonged period of 
physiotherapy have been assessed. ( Many 
become pain-free. albeit with a marked 
restriction in  shoulder movements . )  In the 
younger patient. exploration and open 
reduction or arthroplasty should be 
considered. 
Late diagnosed posterior 
dislocation: Manipulat ive reduction 
should be attempted as late as a year from the 
l ime of the dis location. The same technique 
as that described for late d iagnosed anterior 
dis location may be employed, with, in  the 
case of posterior dis location, pressure being 
applied from beh ind the shoulder on the 
posteriorly displaced head. Fai lure of 
reduction should be managed in the same 
way as anterior dislocation, but using a 
posterior approach for any operative 
procedure. 



RECURRENT DISLOCATION OF THE SHOULDER 

69. Recurrent dislocation of the 
shoulder: Even after early adequate 
treatment, red islocation of the shoulder may 
occur. Progressively less trauma is  required 
on each occasion: eventually the patient may 
be able to reduce the dislocation voluntarily. 
Pathological features may include ( I )  a 
Bankart lesion, (2)  attrition of the anterior 
shoulder cuff, ( 3 )  a defect with flattening of 
the posterolateral aspect of the head ( H i l l 
Sachs lesion), (4) rounding of the glenoid 
margin and decreased retroversion of the 
head. N = normal. 

72. Treatment (a): Arthroscopic repair 
with re-attachment and repair of the damaged 
structures has a fai lure rate in the order of 
20%, and many 'Prefer an open Bankart 
procedure. An anterior approach to the 
shoulder is usual ly used: an incision is  made 
along the l ine of the medial border of the 
deltoid, turning laterally along the clavicle 
( I )  or over the crest of the shou lcler. The 
groove between the deltoid (2 )  and pectoral is  
major ( 3 )  is identified and opened up; the 
cephalic vein (4) may need to be l igated. 

70. Diagnosis (a): The h istory is usual ly 
clear, and c l in ically, external rotation of the 
shoulder may cause apprehension. 
Distinguish between recurre111 and /iabit11a/ 
dis location. I n  chi ldren, this has a good 
prognosis; in adults, the patients are often 
psychotic or suffer from joint laxity. They 
can often voluntarily dislocate and reduce the 
joint without pain .  Arthroscopy shows a Jax 
capsule and capacious joint. Treat by 
biofeedback re-education of the shoulder 
muscles and avoid surgery. 

73. Treatment (b): The deltoid is turned 
back (2)  by incising some of its f ibres close 
to the clavicle. The common tendon of the 
coracobrachia l is and the short head of biceps 
(5) is divided close to the coracoid (6) and 
lUrned clown, taking care to avoid the 
musculocutaneous nerve. This reveals the 
subscapularis (7 ) .  

71 . Diagnosis (b):  An axia l  v iew may 
cl inch the diagnosis. Posterolateral clefe ts i n  
the humeral head ( H i l l-Sachs lesion, 
i l lustrated) are often strik ing in recurrent 
dis location, but do not occur in habitual 
dislocation. Other investigations: I .  
Arthroscopy; or 2. An air contrast CAT r 
M R I  scan may show bony defects or Bankart 
lesions: 3. Look for abnormal excursion f 
the humeral head by intensifier examination 
(or taking stress fi lms) with the shoulder in 
90° abduction. 

74. Treatment (c) - Bankart repair: The 
shoulder joint is opened by d ividing the 
subscapularis ( I )  and the capsule (2 ) .  If the 
glenoicl labrum is  loose and displaced into 
the joint (3) i t  is excised; if not, i t  i s  ignored. 
Access is improved by lateral retraction f 
the humeral head (4). The glenoicl edge is  
rawed (5) and dri l led obliquely to take 
anchoring sutures (6). (Alternatively, soft 
t issue anchors may be used . )  



75. Bankart repair cntd: Now the 
shoulder is  internal ly rotated ( I )  and the 
sutures which have been passed through 
bone are used to anchor the lateral part of the 
capsule to the raw edge of the glenoid (2) .  
With the shoulder in  neutral rotation ( 3 )  the 
medial part of the capsule i s  sewn over the 
lateral (4). The subscapularis is repaired (5 )  
followed by layer closure. The arm is  
bandaged to the s ide for 4 weeks before 
mobilisation is commenced. 

78. Shoulder cuff tear.s: With advancing 
years degenerative changes occur in the 
shoulder cuff. M i nor trauma may then 
produce small tears which, through 
impingement on the acromion, g ive rise to a 
painful area of movement centred at 90° 
abduction. Physiotherapy in the form of local 
heat and exercises and local in fi ltrations of  
hydrocortisone are usually helpful in  
relieving symptoms. More extensive tears 
may follow the sudden application of traction 
to the arm, and may g ive rise to d i ff iculty in 
abducting the shoulder. There is  init ial 
tenderness under the acromion and the 
shoulder is  hunched when the patient tries to 
abduct the arm; at a later stage they may be 
able to abduct the joint by trick movements. 
The diagnosis and the extent or  the lesion 
may be confirmed by arthroscopy, air contrast 
CAT scan, or M R I  scan. These injuries are 
usually treated by prolonged physiotherapy 
once the acute symptoms have sell led. If pain 
remains a problem, surgery may be advised; 
good results have been obtained as long as 2 
years from the onset of symptoms. (Surgery 
involves an allempt al repairing the rent in  
the cuff, using plastic surgical techniques i f  
necessary;-partial acromionectomy may be 
performed if the soft tissues are seen to 
impinge against the acromion. Certain 
arthroscopic repair techniques are also 

76. Bone-block repair: A bone graft may 
be used to buttress the joint in both anterior 
or posterior dislocations ( I l lus . )  where there 
is  a substantial bony defect. In recurrent 
anterior dislocation the joint may be 
re inforced anteriorly by a coracoid transfer 
procedure. Putti-Platt repair: Here there 
is no formal repair of any Bankart lesion: the 
div ided subscapularis is sewn in  double 
breasted fashion across the front of the joint. 
forming a soft tissue buttress and temporarily 
restricting external rotation. 

used . )  Surgery may be advised at an earlier 
stage should the problem arise (as i t  does 
only rarely) in the younger patient. 

79. Fractures of the proximal 
humerus: There are many di fferent palterns 
of fracture which occur in  this area; although 
some are of considerable rarity, they can be 
important because of the complications 
which may fol low them. 
A number of attempts have been made to 
classify fractures in  this region, but in order 
to acco111modate the bewildering array of  
injuries which occur. si111plicity has not been 
one of the resu lts. (The same outcome is to 
be seen in the classification of ankle 
fractures.) Two general classifications are of 
importance: one by Neer, and the other by 
the AO Group. (The latter is placed at the 
encl of this Chapter.) It is suggested that these 
are used for reference, and that only the bare 
facts in Frame 80 be committed to memory. 

SHOULDER CUFF TEARS 

77. Recurrent posterior dislocation of 
the shoulder: Surgical repair of the 
shoulder ( us ing Bankart or Puui-Plau-like 
procedures through a posterior approach) 
111ay be considered, using criteria s imi lar to 
those for recurrent anterior dis location. 
Recurrent dislocation of the shoulder may 
also be treated by arthroscopic surgery: there 
is an appreciable fai lure rate, and the long 
ter111 results are not known. 

Frac1ure-disloca1io11s of 1/ie shoulder. with 
fracture of the greater tuberosity or the neck 
of hu lllerus: see Fra111e 1 1 1 . 

Neurological co111p!ica1io11s of shoulder 
disloca1io11s. Any type of brachia! plexus 
lesion lllay be seen. and lllOSl lllake a 
reasonable functional recovery 
spontaneously. Isolated axi l lary nerve lesions 
are the colllmonest. and have the poorest 
prognosis in terllls of Jllotor recovery. 
Suprascapular nerve palsies have an 
excel lent recovery rate. No recovery after 6 
weeks or so is an indication for nerve 
conduction studies. Where there is  a d iffuse 
plexus lesion, if joint st iffness is not 
overcome before neurological resolution 
occurs, function may be permanently 
i lllpairecl: the lesson is that every effort must 
be made to lllobi l i se the shoulder as quickly 
as possible where there is a11y neurological 
colllplication. If no recovery has occurred 
after 3-5 Jllonths in 111ajor plexus lesions, 
exploration is indicated: a wide exposure is 
general ly required to al low, if indicated, 
nerve resection and free nerve graft ing. 

80. Fractures of the proximal 
humerus: Fractures in  this region 111ay 
involve the anatomical neck ( rare) ( I ), the 
surgical neck (2),  the greater tuberosity (3 )  or 
the lesser tuberosity (4). Colllbinations of 
these injuries are COlllmon, and it i s  
custo111ary to describe fractures in  this region 
by the number of fragments involved. e.g. 
two-part (5). three-pan (6) and four-part 
fractures ( 7 ) .  



FRACTURES OF THE PROXIMAL HUMERUS - NEER'S CLASSI FICATION 

I 

8 1 .  Classification of proximal humeral 
fractures: In the commonly accepted Neer·s 
classi fication, proximal humeral fractures are 
d ivided into 6 groups. Group I :  This group 
includes all fractures in  this region 
( i rrespective of the degree of comminution) 
where there is  minimal displacement or 
angulation. (M in imal displacement is def ined 
as being less than I cm: minimal angulation 
is (surprisingly) defined as being < 45° . )  

84. Group VI: This comprises the 
fracture-dislocations. Dislocation of the 
shoulder with an associated greater 
tuberosity fracture ( I )  is included in the two
pan injuries in  Group V I  (see also Frame 
57) .  More serious are the dislocations where 
the two-pan fracture of the proximal 
humerus is  through the surgical neck (2 ) .  
Most d ifficult of a l l  are the  three- and four
part injuries, especial ly when the humeral 
head is  completely detached and displaced 
(3) ,  or worse st i l l , spl i t  (4) .  
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82. Neer's classification - Group II: 
This includes all fractures of the anatomical 
neck displaced by more than I cm. These 
rare injuries may be compl icated by 
avascular necrosis of the humeral head. 
Group I l l :  This includes all appreciably 
displaced or severely angled fractures of

. 
the 

surgical neck; there are no problems with 
avascular necrosis. They may be impacted 
( I ), displaced (2 )  or comminu1ed (3) .  
Angulation is  often anterior. and may g ive an 
erroneous impression of abduction or 
adduction. 

85. Children's injuries: Note that in 
ch i ldren the commonest injury is a greenstick 
fracture of the surgical neck ( I ) ; this may be 
class i fied as a Neer Group I, two-pan 
fracture. Also common is a slight or 
moderately displaced proximal humeral 
epiphyseal injury with an associated juxta
epiphyseal fracture (2) (Salter-Harris Type 2 
injury). This would fit into Group I or I L  
depending o n  the displacement and 
angulation. 

83. Group IV: This includes all fractures of 
the greater tuberosity ( I ), displaced by the 
pu l l  of supraspinatu (2 ) .  I n  three-part 
fracture>. a fracture of the surgical neck ( 3 )  
allows the subscapularis ( 4 )  t o  rotate the 
head internally so that its articular surface (5 )  
faces mainly posteriorly. Group V injuries 
involve the lesser tuberosity (6). I n  thre -pan 
injuries the humeral head may be abducted 
and externally rotated so that its articular 
surface faces anteriorly (7). Four-part i njuries 
(8 ) ,  identical with four-pan injuries of roup 
IV may render the head avascular. 

86. Mechanism of injury: These fractures 
may be caused by a fall on the side (ofte"l 
leading to impacted. minimal ly displaced 
fractures) ( I ), by d irect violence or by a fal l  
on the outstretched hand. The pattern of 
injury following the !alter may be in l\ue ced 

by the djrection of motion of the trunk  over 
the fixed arm (2. 3 ) . 



87. Diagnosis: The patient tends to support 
the arm with the other hand ( I ) . There is 
tenderness over the proxi mal humerus ( 2 )  
and in severely angled o r  displaced fractures 
there may be obvious deformity. Later. gross 
bruising gravitating down the arm is an 
outstanding feature (3 ) .  (This may worry the 
patient unless this possibi l ity has been 
previously mentioned to h im by the 
surgeon.) 

90. Radiographs (c): Note that in  ch i ldren 
the epiphyseal l ine is  frequently mistaken for 
a fracture. In many radiographic projections 
the epiphyseal plate l ies obliquely so that 
instead of appearing as a l ine i t  i s  seen as an 
oval; as one part of this wi l l  be less dist inct  
than the other (see arrow) i t  may be 
misinterpreted. ( I l lus . :  normal shoulder.) 
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88. Radiographs (a): The diagnosis is 
established firmly by the radiographs. I n  a 
fair  number of cases two features may be 
clear: namely that the fracture involves the 
cancel lous bone of the head and neck and 
that there is  impaction of the fragments. Both 
these factors contribute to the rapid healing 
associated with most fractures or proximal 
humerus. ( I l lus . :  three-pan Group I fracture.) 

9 1 .  Treatment guidelines - Group I 
injuries (a): The following classical 
examples are arranged in order of severity. 
Undisp/acedfrac111re of"1ile grea/er 
111bemsi1r. This type or injury may occur in 
isolation or accompany a spontaneously 
reduced dislocation of the shoulder. The arm 
should be supported in a collar and cuff s l ing 
unti l  the acute symptoms have resolved ( 1 -2 
weeks). when mobi l i sation may be 
commenced. Watch carefully in case or late 
displacement. 

89. Radiographs (b): Note that a second 
radiographic projection of the shoulder is 
desirable for a clear assessment of these 
injuries. An apical oblique or a good 
translateral w i l l  general ly be able to clarify 
the relationships of the major elements. The 
i l l ustration. a translateral .  shows complete 
loss of bony contact between the main 
elements of a two pan fracture. 

92. Treatment guidelines - Group I 
injuries (b): '111pac1ed.fi"ac111re of 1fle 
s111;�ical neck. ( I l lus . :  three-pan fracture 
involving the greater wberosity as wel l  as the 
neck . )  There is minimal displacement and 
angulation showing in this single projection. 
Prolonged immobi l isation is  not necessary. 
Again. a collar and cuff s l ing should be worn 
unti l pain has sell led (2-3 weeks usual ly) :  
shoulder mobi l i sation may then be 
commenced. If in i t ial symptoms are severe. 
proceed as described in Frame 94. 
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93. Treatment guidelines - Group I 
injuries (c): Unimpacted fracture of the 
surgical neck. ( I l lus . :  two-part fracture 
involv ing the surgical neck.) In spite of not 
being i mpacted, an appreciable area of 
cancellous bone is  in  contact, genera l ly 
assuring rapid heal ing. Secondary 
displacement is unl ikely provided the l imb 
has some init ial  protection (required anyway 
to relieve the severe pain, aggravated by 
movement, which often accompanies these 
injuries). Treat along the l ines indicated in 
the following frames. 

1 2 

96. Treatment guidelines - Group I 
injuries (f): After 2 weeks the body bandage 
may be discarded unless pain is 
commanding. The s l ing should be worn 
under the outer clothes. The patient i s  
advised to commence rocking movements of 
the shoulder (abduction, flex ion ( I )) and to 
remove the arm from the s l ing three or four 
t imes per day to flex and extend the elbow 
(2). 

1 2 

94. Treatment guidelines - Group I 
injuries (d): S l ightly displaced and 
moderately angled humeral neck fractures 
may be treated satisfactori ly by external 
support alone; many other fractures may be 
managed along s imi lar l ines. Firstly, the arm 
should be supported in a sl ing. Where 
dis impaction is undesirable (e.g. Frame 92) a 
broad arm s l ing is preferable ( I ). Where the 
fracture is disimpacted (e.g. Frame 93), then 
a collar and cuff s l ing (2) has some potential 
for gravitational correction of any 
angulation. 

97. Treatment guidelines - Group I 
injuries (g): At 4 weeks the s l ing can be 
placed outside the clothes. Gentle active 
movements should be practised throughout 
the day. Over the next 2 weeks the patient 
should be encouraged to discard the use of 
the s l ing in gradual stages. 
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95. Treatment guidelines - Group I 
injuries (e): ln addition, the arm should be 
protected from rotational stresses by a body 
bandage (e.g. of crepe bandages) ( I )  under 
the clothes (2). A l ternatively, an expanding 
net support may be used (e.g. Netelast® ) and 
this i s  certainly more comfortable in  hot 
weather. Pain is  often severe, and analgesics 
will be requ i red in the first 1 -2 weeks. 

98. Treatment guidelines - Group I 
injuries (h): At 6 weeks the patient should 
be referred for physiotherapy i f, as i s  usual ,  
there i s  considerable restriction of 
movement. The range of movements 
(particularly glenohumeral, l l lus . )  should be 
recorded at fortnightly i ntervals, and 
physiotherapy discontinued when gains 
cease. Some permanent restriction of 
glenohumeral movement i s  common, but 
seldom i ncapac itating. 



99. Treatment guidelines - Group I I  
injuries (displaced fractures of the 
anatomical neck): These fractures are 
often complicated by avascular necrosis of 
the humeral head. Unless the displacement i s  
very severe (e.g. wi th  off-ending), or there is  
some complication (such as vascular 
obstruction in the arm) avoid manipulation or 
open reduction, and treat as in Frames 94-98. 
I f  manipulative reduction is required see 
Frames 1 0 1 - 1 03. I f avascular necrosis 
ensues, joint replacemem may have lo be 
considered. 

1 02. Treatment guidelines - Group Ill 
injuries; Manipulative reduction (b): An 
assistant maintains traction in adduction ( I ) . 
Now apply pressure on the humeral shaft, 
pushing i t  laterally (3 ) .  At  the same time, 
attempt lo comrol the proxi mal fragment 
with the other hand, applying f irm pressure 
beneath the acromion (4). 
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1 00. Treatment guidelines - Group Ill 
injuries (severely displaced or angled 
fractures of the surgical neck): I n  the 
elderly patient a good result can be expected 
in injuries of this pallern where the deformity 
is accepted and conservat i ve management is 
pursued along previously indicated l ines 
( Frames 94-98) .  Nevertheless, there wi l l  be 
some restriction of abduction, so where the 
deformity is particularly severe or the patient 
very active, manipulative reduction should 
be allempled. 

1 03. Treatment guidelines - Group I l l  
injuries: Manipulative reduction (3): I f  
the medial edges o f  the fracture can be 
opposed, reduction may be completed by the 
assistant abducting the arm gently (5) and 
gradually releasing the traction (6 ) .  After 
reduction of the fracture, the l imb should be 
supported in a broad arm sl ing and body 
bandage. 

1 0 1 .  Treatment guidelines - Group I l l  
injuries; Manipulative reduction (a): 
The patient i s  anaesthetised; i f  an i mage 
intensi f ier is available it should be employed 
and positioned in  such a way that the surgeon 
has adequate access lo the shoulder. Apply 
traction in  the l ine of the limb ( I )  and swing 
the arm into add11C1io11 (2) .  

i 

1 04. Treatment guidelines - Group Ill 
injuries cntd: I f  closed methods fail. 
consider open reduction and in ternal f ixation, 
using for example an intramedul lary nail 
with proximal and distal cross-boll ing. Rush 
pins are sometimes used in this situation: 
these are sol id  intramedu l lary nai ls with 
hooked ends. They can preserve alignment, 
but offer poor control of axial rotation unless 
used in  pairs. 



FRACTURES OF THE PROXIMAL HUMERUS - INTERNAL F IXATION 

1 05. Treatment guidelines - Group Ill 
injuries cntd: The fracture may instead be 
held with a plate and screws. ( I l lus: t i tanium 
plate . )  A good hold in  the soft cancellous 
bone of the proxi mal humerus may be 
obtained with a T-plate and multiple cortical 
bone screws; alternatively cancellous bone 
screws may be employed, with cortical 
screws to fix the plate to the shaft. I f  there is 
a problem wi th a T-plate encroach ing on the 
biceps tendon in  the bicipital groove, an L
plate may be used. 

1 08. Treatment guidelines - Group IV 
injuries cntd: ln three-pan injuries the 
articular surface ( I )  i s  d irected posteriorly by 
subscapularis. The viabil ity of the head is 
usual ly preserved. In the young and active, 
consider open reduction and internal fixation. 
This may be technically d iff icult. but it may 
be possible to reduce the fracture using a 
cancellous screw to oppose the head and 
shaft (2) and a tension band (3) anchored to 
the screw head for the tuberosity. ( For 
treatment in the elderly. see Frame 1 1 0. )  

1 06. Treatment guidelines - Group Ill 
injuries cntd: Good resu lts may also be 
obtained in this class of fracture using an 
external fi xator system. Under image 
intensifier control a Steinmann pin is inserted 
into the humeral head and the fraclUre 
reduced. Two half pins with continuous 
threads are inserted into the humeral head, 
and 2-3 pins into the shaft. After connecting 
the external neutralising bar the Steinmann 
pin is removed. 

1 09. Treatment guidelines - Group V 
injuries (displaced fractures of the 
lesser tuberosity): Two-part in juries (a)  
are rare and should be treated conservatively. 
I n  three part injuries, supraspinatus (S) is 
unopposed and the humeral head points 
forwards (b ) .  Treat as three-part Group IV 
injuries. Group V four-part injuries (c) are 
identical with four-part injuries in Group IV; 
there is  a high incidence of a vascular 
necrosis of the detached head. These injuries 
may also be managed conservat ively, and 
complications dealt with as they arise. 

1 07. Treatment guidelines - Group IV 
injuries (displaced fracture of the 
greater tuberosity): Two-part injurie. may 
be reduced by closed methods, but are l iable 
10 displace as the result of the unopposeJ 
action of the supraspinatus. I t  i s  probabl 
best to internally f i x  these fractures, and this 
may be done with a single cancellous screw 
(with a washer under the head). This i s  lso 
ind icated in  Group I injuries where there is 
late displacement. 

1 1  O. Treatment guidelines - Group IV 
and V injuries in the elderly: If the 
patient i s  fit, a joint replacement  procedLre 
may offer the best chances of a good 
functional resu lt .  Alt  rnatively, where there 
is no gross osteoporosis,  it may be possible 
to realign the fragments under intensifier 
control using Steinmann pins, and 
subsequently hold them with cannulated 
screws i nserted through small  stab incisions. 
Otherwise treat conservatively ( see Frames 
94-98). A stiff shoulder is  i nevi table, but 
overall function is often surprisingly good. 



FRACTURES OF THE PROXIMAL HUMERUS - GROUP VI INJURIES 

1 1 1 .  Treatment guidelines - Group VI 
injuries (fracture-dislocations): Two-part 
injuries in which there is a dis location of the 
shoulder and a fracture of the greater 
tuberosity are dealt with as though they were 
uncomplicated d i slocations, i .e .  by 
manipulative reduction. The greater 
tuberosity usually returns to its normal 
location, but if it remains severely displaced 
reduction should be undertaken (see Frames 
57 & 1 07). 
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1 1 4. Treatment guidelines - Group VI 
injuries cntd: If the previous technique 
fails, pass a threaded pin into the humeral 
head (under intensifier contro l ) ;  introduce the 
pin on the lateral aspect of the arm 3 cm 
below the acromial arch (I). Apply lateral 
traction to the pin (2) with s l ight traction to 
the arm (3) and manual pressure over the 
h umeral head (4). Aftercare is  as for Group 
m injuries. 

1 1 2. Treatment guidelines - Group VI 
injuries (fracture-dislocations) cntd: I f  
a two-part injury involves the surgical neck, 
the degree of separation of the fragments 
affects the chances of a sat is  factory closed 
reduction. Where there is little separation ( I )  
an intact periosteal sleeve wil l  general ly 
permit manipulative reduction. Where there 
is wide separation of the elements (2) closed 
reduction is difficult. I f  a CAT scan shows 
the head is fractured, a joint replacement 
should be considered. 

1 1  5. Treatment guidelines - Group VI 
injuries cntd: If closed methods fai I or are 
thought unl ikely LO succeed, open reduction 
should be considered. In  1hree- and four-par/ 
injuries, especially where there is spl i tting of 
the head fragment, the risks of a vascular 
necrosis with persistent pain and stiffness are 
high. Under these circumstances, excisional 
arthroplasty, hemiarthroplasty or total joint 
replacement should be considered. ( I l lus . :  
four-part fracture-dislocation with arrows 
pointing to the humeral head.) 

1 1 3. Treatment guidelines - Group VI 
injuries cntd: U nless the patient is  too frail ,  
reduction should be carried out. Where there 
is severe separation, the risks of fai lure are 
high, necessitating an open procedure and 
appreciable blood loss should be anticipated. 
Closed reduC1io11 1echnique: Apply strong 
traction in the neutral position or slight 
abduction ( I )  and manual pressure to the 
head via the ax i I la and front of the shoulder 
(2). Avoid hyperabduction. 

1 1 6. Treatment: In chi ldren, unimpacted 
fractures may be of adult pattern ( I l lus.)  or 
Group 2 epiphyseal i njuries, and open 
reduction is best avoided. Manipu late as 
described: thereafter the fracture may be held 
with K-wires inserted percutaneously from 
the shoulder down, or from the humeral shaft 
proximally across the growth plate into the 
head. The wires should be retained for 4-6 
weeks. Alternatively, a shoulder spica may 
be used. Angulation of up to 30° can be 
accepted. 



FRACTURES OF THE HUMERAL SHAFT 

1 1 7. Complications (a): Pathological 
fracture fro111 s i 111ple bone cyst is co111111on in 
the proxi111al hu111eral shaft in  chi ldren. The 
injury should be treated as an unco111plicated 
fracture. Heal ing usual ly proceeds nor111ally, 
often with spontaneous d isappearance of the 
cyst. Only rare ly (following repeated fracture 
or cyst expansion) is curellage and packing 
with bone chips indicated. 

1 20. Pathology (b): 3. I n  fractures 
involving the 111id third, the proxi 111al 
frag111ent tends to be abducted due to deltoid 
pull. 4. Radial nerve palsy, and non-union are 
co111111onest in middle third fractures, and 
open fractures of the hu111erus are seen most 
often at this level. 

1 1 8. Complications (b): Radionecrosis 
111ay follow radiation therapy for breast 
carcinoma, leading to pathological fracture. 
Active treat111ent i s  d ifficult due to local 
fibrosis and vascular change, but joint 
replace111ent 111 ight be considered in the 
selected case. (c) Arterial obstruction 
generally responds to reduction of

. 
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fracture; i f  exploration is required, 
prel i 111inary exposure and taping of the 
subclavian trunk at the root of the neck 111ust 
be anticipated. 

1 2 1 .  Diagnosis (a): The arm is Aail and 
the patient usual ly supports i t  with the other 
hand. Obvious 111obi l i ty al the fracture site 
leaves l i ttle doubt regarding the diagnosis. 
Confirmation is  obtained by radiographs, 
which seldo111 give dirficulty in 
interpretat ion. 

1 1 9. Fractures of the humeral shaft -
Pathology (a): I .  Fractures of the hu 11' eral 
shaft may resul t  from indirect violence ( e.g. 
a fal l  on the outstretched hand) or fro111 J i rect 
violence (e.g. a fal l  on the side or blow on 
the arm). 2 .  I n  fractures involving the upper 
third ( l l 1 us.)  the proxi111al fragment tend; to 
be pul led into adduction by the unopposed 
action of pectoral is major. 

1 22. Diagnosis (b): In all cases, look for 
evidence of radial nerve palsy - drop wrist 
( I )  and sensory i111pair111ent on the dorsu i of 
hand (2). This is, in  fact, an uncommon 
complication, as a slip of  brachialis lies 
beneath the nerve - this generally prevents it 
from coming in contact with the 
musculospiral groove or the fractured bone 
ends. ff, however, radial nerve palsy 
accompanies an open fracture, exploration is 
mandatory. 



1 23. Treatment (a) - U-slab method: 
Simple, single fractures may be treated by 
the application of a U-plaster. If angulation is 
s light, no anaesthetic i s  required. The patient 
should be seated ( I )  and a plaster slab 
prepared of about eight th icknesses of 1 5  cm 
(6") plaster bandage (2).  The length should 
be such as to al low i t  to str'etch from the 
ins·icle of the arm round the elbow and over 
the point of the shoulder (3 ) .  

1 26. Treatment (d): The plaster is secured 
with a wet open weave cotton bandage (6) .  
During the setting of the s lab, the fracture 
may be gently moulclecl and sl ight angulation 
corrected. Thereafter the arm shou lei be 
supported in  a sl ing (7),  which should be 
worn under the clothes. 

FRACTURES OF THE HUMERAL SHAFT - TREATMENT 

1 24. Treatment (b): Wool roll is then 
applied to the arm (4). Part icular attention is 
paid ·to the elbow. The padding should extend 
from the shoulder to a third or the way down 
the forearm. 

1 27. Treatment (e): If the fracture is badly 
displaced. heavy sedation or general 
anaesthesia is desirable. An assistant should 
apply light traction to the arm. A U-slab is 
applied as before, with careful moulding of 
the fracture as the plaster sets. A s l ing is 
worn under the clothes for additional 
support. 

1 25. Treatment (c): The slab is  now 
wetted and applied to the arm, starting on the 
medial side at the ax i l lary fold (5) and then 
bringing i t  round the elbow up to the 
shoulder. The slab should be carefu l ly  
smoothed down. Overlapping of the edges of  
the slab anteriorly or posteriorly i s  of l i tt le 
consequence. 
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1 28. Treatment (f) - Hanging cast 
method: The principle of this form of 
treatment i s  that the weight of the limb plus 
the plaster reduce the fracture and maintain 
reduction ( 1 ) .  A long arm plaster ( 2) is 
applied along with a col lar and cuff sl ing (3) .  
The patient must  be ambulant for th is  l i ne of 
treatment to succeed, and i t  is c la imed that 
there may be a higher rate of non-union from 
occasional distraction. 
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1 29. Treatment (g): After the in i tial pain 
has settled (say 2-3 weeks) the hanging cast 
may be replaced by a Sarmiento spl int 
(which some use from the outset). Where the 
fracture is  distal ly placed, a hinged pattern 
brace should be used; this is retained unti l 
union (often at about 9 weeks). Thereafter a 
sl ing may be worn as an additional 
precaution for 2 weeks, but mobil isation of 
the elbow should be commenced. Depending 
on progress, the patient should be considered 
for physiotherapy. 

1 32. Complications (a) - Non-union (i): 
This is seen most frequently in middle third 
fractures, especial ly in  the obese patient 
where support of the fracture may be d ifficult 
or where gravitational distraction of the 
fracture occurs. Rigid internal fi xation with a 
Jocked intramedu l lary nai l  or compression 
plating are advised; in the case of the l atter, a 
whole length plate is required in the elderly. 
Supplementary bone grafting is  usually 
advised, with postoperative support with a 
Sarmiento brace. 

1 30. Treatment (h): Consider internal 
fixation if there is a segmental fracture, two 
fractures in the same l imb; multiple injuries, 
fractures of both arms, a significant head 
i njury, pathological fracture, a radial nerve 
palsy in an open and otherwise suitable 
fracture, or after fai led manipulation. The 
most reliable method is  to use a plate ( I )  
applied to the posterior surface with an 
interfragmental screw (2). Alternatively, an 
i ntramedul lary nail with interlocking screws 
may be used. 

1 33. Non-union (ii): Visualisation of the 
radial nerve is  essential to avoid damage, and 
a posterior approach is frequently used. A 
midl ine posterior incision gives access to the 
lateral ( I )  and long heads (2) of triceps, 
which are separated. The nerve (3) l ies close 
to the deltoid margin (4) and should be 
identified. The medial head of triceps (5)  is 
split to give access to the humeral shaft. 

1 3 1 .  Treatment (i): l ntramedullary nail s  
may also be introduced retrogradely. The 
Rush pin ( I l l us.) is able to correct al ignment 
and apposition, but not rotation, and the 
quality of fixation i s  less good than a locked 
nai l .  I t  is inserted just proximal ( I )  to the 
olecranon fossa (2). The patient l ies supine·; 
traction is  applied with an olecranon pin ( ) 
and the hand and forearm supported (4) fr m 
an overhead bar. The fracture is reduced 
using an image in tensifier (5 )  and the fixation 
device i then introduced through a small 
triceps splitting i ncision (6). 

1 34. Complications (b) - Radial nerve 
palsy: This is generally a lesion in  
continu ity, and recovery often commences 
6-8 weeks after the init ial i njury. lf there is 
no indication for in it ial  exploration, then the 
patient may be treated expectantly. A radial 
palsy in the presence of an open fracture of 
the humeru is, however, an absolute 
indication for exploration. 

The patient should be provided with a 
drop-wrist spl int, preferably of l ively type, 
as soon as possible, and should attend the 
physiotherapy department so that they can 
be encouraged in  active and passive 
movements of the fingers, thumb and wrist. 
If there i s  no evidence of recovery in 8 
weeks, further investigation by 
electromyography should be carried out. I f  
this shows n o  sign o f  recovery, exploratio 
of the radial nerve should be undertaken. 
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AO CLASSIFICATION - HUMERUS, PROXIMAL SEGMENT 

Proximal Segment : 1 1 - 1 35. AO classification of fractures of 
the humerus, proximal segment ( 1 1 -) 

Type A fractures are extra-articular and 
unifocal, involving either the surgical neck 
or the greater tuberosity or the lesser 
tuberosity. 
A I = Fracture of the greater tuberosity: . I 
undisplaced; .2 displaced; .3 with an 
associated dis location. 
A2 = Impacted fracture of the surgical neck: 
. I undisplaced; .2 with varus deformity; .3 
with valgus deformity. 
A3 = Non-impacted fracture of the surgical 
neck: . I with angulation; .2 with 
displacement; . 3  mult ifragmentary. 



AO CLASSIFICATION - H UMERUS, DIAPHYSEAL SEGMENT 

HUMERUS, Diaphyseal Segment: 1 2-
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1 36. AO classification of fractures of 
the humerus, diaphyseal segment 
(shaft) ( 1 2-) 

Type A are simple ( i .e. there is a 
circumferential disruption of the bone). 
A I = Spiral fracture; . I in the proxi mal zo11e; 
.2  in  the middle or central zone; .3 in  the 
distal zone. 
A2 = Oblique fracture ( i .e. fractures where 
the fracture l ies ar 30° or more to a l i ne 
drawn at right angles to the shaft); the 
subgroups are the same as in AL 
A3 = Transverse fractures ( i .e .  the fracture 
l ine l ies at less than 30° to a l ine drawn at 
right angle to the shaft ) ;  the subgroups are 
the same as in Al . 

Type B fractures are wedge fracrures1 ( i .e .  
there is  a separate (butterfly) segment, but 
after reduction there i s  contact between the 
main fragments (a  so-called hitch)) .  
B I  = Spiral wedge fracture (usually as the 
result of twisting stresses) :  . I i n  the proximal 
zone; .2 in  the central zone; . 3  in  the distal 
zone. 
B2 = Bending wedge fracture (usual ly as the 
result of bending stresses) :  the subgroups , e 
as in B I  above. 
B3 = Bending wedge fracture: here the 
wedge is fragmented. The subgroups are as 
in B I  above. 

Type C fractures are complex ( i.e. they ha\ e 
more than two fragments, and even· after 
reduction the pattern is such that there is n 
contact between the main proxi mal and distal  
fragments). 
C I  = Complex spiral :  . I with two 
intermediate fragments: . 2  with three 
intermediate fragments: .3 with more than 
three i ntermedtate fragments. 
C2 = Complex segmental : . I with one 
intermediate segment ( "double fracture ' ) ;  
.2 with one intermediate segment and an  
additional wedge fragment; .3 with two 
i ntennediace segments. 
C3 = Complex, irregiilar fracture: . I with 
two or three intermedi ate fragments; .2 with 
shattering of the bone over a length of less 
than 4 cm: .3  with shattering of the bone over 
a length of 4 cm or more. 



1 37. What i njury and what sequel to injury is shown in th is localised 
radiograph of the shoulder? 

1 39. Classify this injury and comment on the position. 

SELF-TEST 

1 38. Whal is  your analysis of this injury"! 

1 40. Describe this in jury: what complication might you suspect? 



SELF-TEST 

1 4 1 .  What injury is  present? Is reduction required? 1 42. What is this injury? What treatment would normally be advised? 

1 43. What i s  this injury? What i s  its 
commonest neurological complication? 

1 44. What does this radiograph show? What 
i s  the prognosis, assuming there is  no 
additional deformity present in  the second 
view? What neurological complication might 
accompany this injury? 

1 45. Class ify this injury. How would i t  be 
treated? 



ANSWERS TO SELF-TEST 

1 37. Acromioclavicular dis location with massive calci f ication in the 
acromioclavicular l igaments ( no active Lreat111ent is l ikely to be 
required apart from physiotherapy). 

1 38. There is a fracture-d islocation of the shoulder ( Neer Group VI ,  
three-part i njury). The faint  shadow of the hu 111eral head is in the 
medial wal l  of the ax i l ia, and there is  a separate fracture of the greater 
tuberosity. (AO = I l -C3 .2 . )  

1 39. This  i s  a greenstick fracture of the  proximal hu111erus. There is  
no apparent angulation, but a second projection would be necessary to 
111ake certain of this .  I t  i s  probably a Neer Group I .  two-part injury. 
(AO = l l -A2. 1 .) 

1 40. Fracture of the surgical neck of the hu111erus; the fracture is of 
the unstable type, and the shaft i s  d isplaced 111edially so that i t  has lost 
contact wi th the head. The axi l lary artery and the brachia! plexus are at 
risk. There is a comminuted fracture of the greater tuberosity ( Neer 
Group IV, three-part i njury) .  (AO = 1 1 -B2. 1 . ) 

1 4 1 .  This is a greenstick fracture of the clavicle. No reduction is  
required. 

ANSWERS TO SELF-TEST 

1 42. Fracture or the glenoid. There is  i n  addition an undisplaced 
fracture of the acro111 ion. This i njury 111ay be treated by rest ing the ar111 
in a s l ing followed by 111obi l isation as soon as the acute symptoms 
have settled, although some would consider in ternal fixation. 

1 43. Anterior dislocation of the shoulder (an additional lateral 
projection would be required to confir111). An axi l lary nerve palsy 
might be associated. 

1 44. The radiograph shows a fracture of the hu111erus in a chi ld with 
complete loss or bony contact (off-ending). Callus i s  plentifu l ,  and 
union is far advanced with considerable shortening. The late result 
would normally be exce l lent, with the length discrepancy being made 
good. Radial nerve palsy is a possible co111pl ication in this type of 
injury. (AO = 1 2-A I .  I ;  the fracture is s l ightly spiral in pattern . )  

1 45. Undisplaced fracture o f  the surgical neck o f  the humerus in an 
adult ( Neer Group I, two-part fracture). It 111ay be treated 
conservatively by rest ing the arm in a s l ing, but some would prefer to 
stab i l ise the fracture by a plate and screws. or a locked intramedullary 
nai l .  (AO = I l -A2. I . ) 
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CHAPTER 

7 
lniuries about the elbow 



SUPRACONDYLAR FRACTURES IN CHILDREN - DIAGNOSIS 

1. Definition: A supracondylar fracture of 
the humerus is  a fracture which occurs in  the 
distal third of the bone. The fracture l i ne l ies 
just proximal to the bone masses of the 
trochlea (I) and capitulum (capitel lum) (2 )  
and often runs through the  apices of the 
coronoid (3) and olecranon fossae. The 
fracture l i ne is  generally transverse. 

4. Radiographs (a): The interpretation of 
radiographs is  made difficull by the changing 
complexities of the epiphyses. Typical 
appearances al ages 2, 4, 6 and 9 years are 
shown. 
Note: C = capitulum - present usually within 
the first year of l i fe; 
R = radial head - appears 3-5 years; 
·M = medial epicondyle - present by 6; 
T = trochlea - appears 7-9; 
L = lateral epicondyle - 1 1 - 1 4; (Olecranon -
8- 1 1  years . )  

2. Occurrence: The supracondy lar fracture 
is a common fracture of chi ldhood; its 
incidence reaches a peak about the age of 8 
years. It general ly resu lts from a fal l  on the 
outstretched hand, and should always be 
suspected when a chi ld complains of pain in 
the elbow after such an injury. 

5. Radiographs (b): Variations in 
appearances occur, and if there is any 
di fficulty in  interpreting the radiographs, 
there should be no hesitation in having fi lms 
taken of the other side for direct comparison. 
These may for example, draw alien Lion to ( I )  
the s l ight cortical irregularity of a minor 
greenstick fracture. 

3. Diagnosis: The olecranon and medial 
and lateral epicondyles preserve their normal 
equi lateral triangular relationship (unl ike 
dislocation of the elbow, also common in 
chi ldren). There is  tenderness over the distal 
humerus, there may be marked swel l ing and 
deformity, and the child general ly resists 
examination. Radiography is  mandatory, but 
in terpretation requires care. 

6. Radiographs (c): In fractures associated 
wi th more violence, the next detectable sign 
may be a hairl ine crack, visible on the AP 
view only (2) . With more violence, the 
fracture l ine wi l l  be detectable in the lateral 
projection as well l3). Next, the distal 

fragment is L i l ted in a backward d irection (4) .  



7. Radiographs (d): With st i l l  greater 
violence there is  backward displacement (5) ,  
often leading to loss of bony contact. I n  the 
AP view there is  often medial  or lateral shift 
of the epiphyseal complex ( M ) .  The complex 
may also be rotated relative to the humeral 
shaft (general ly lateral rotation). Rarely, as a 
resul t  of other mechanisms the distal 
fragment i s  displaced and t i t led anteriorly 
(A). Occul t  fractures may be suggested by 
the posterior fat pad becoming apparent i n  
the lateral projections. 

1 0. Interpretation of radiographs (a): 
Certain displacements showing in the lateral 
give a clear guide to the necessity for 
reduction. 
( I )  Displacement wi th accompanying 
evidence of arterial obstruction. (This  
absolute also applies to angled fractures wi th 
vascular complications.) 
(2) Displacements with complete loss of 
bony contact. 
(3) Ideally, where the d isplacement i s  such 
that there is  less than 50% of bony contact. 

SUPRACONDYLAR FRACTURES IN CHILDREN - DIAGNOSIS 

8. Vascular complications (a): Where 
there is appreciable displacement of the 
fracture, the brachia! artery may be affected 
by the proximal fragment. In the majority of 
cases this is no more than a kinking of the 
vessel, but occasional ly structural damage to 
the wal l may occur, with the risk of 
Yolkmann's ischaemic contracture. (Rarely, 
the neurovascular bundle is trapped between 
the fracture and the biceps tendon, wi th 
tethering of the overlying skin; this is an 
i ndication for exploration.) 

1 1 . Interpretation of radiographs (b): 
(4) Tf there is  backward 1il1ing (anterior 
angulation) of the distal fragment by 1 5° or 
more, then correction should be attempted. 
Note that in  the normal elbow the articular 
surfaces of the distal humerus lie at 45° to 
the axis of the humerus. (The construction is 
shown and the actual deformity is  20° 
(45-25°) . )  Remodell ing of persistent 
angulation is  slow and may be poor, leading 
to loss of flexion. 

9. Vascular complications (b): I n  every 
case check and record the c irculation prior to 
any manipulation. Seek the radial pulse, and 
note any evidence of arteria l  obstruction 
(pal lor and coldness of the l i mb, pain and 
paraesthesia in the forearm, and progressive 
weakness of the forearm muscles) . Look for 
excessive swe l l ing and bru ising round the 
elbow. Neurological complications: 
Note any evidence of i mpaired function i n  
t h e  u lnar, median o r  radial nerves, said to 
occur in  6- 1 6% of cases. 

1 2. Interpretation of radiographs (c): 
Reduction is  required if there is signifi cant 
lateral or medial 1il1ing. Note that the normal 
'carrying angle' of the elbow is  about 1 0°. 
( Il lus. :  a cubitus varus deformity of 1 7° 
( I  0° + 7°) . )  Cubitus varus and cubitus valgus 
do not remodel wel l ,  and may u l t imately be 
associated with tardy u lnar nerve palsy. 
Some regard any degree of tilting as 
signi ficant and meri t ing correction, and 
certa in ly a deformity of 1 0° and above is 
unacceptable. 



SUPRACONDYLAR FRACTURES IN CHILDREN - REDUCTION 

1 3. Interpretation of radiographs (d): 
Reduction is required i f  there is any 
significant rowrio11al deformity. This is 
general ly most obvious in  the lateral 
projection. (Left above: no rotational 
(torsional) deformity present; R ight :  
rotational deformity present . )  Rotation, l i ke 
cubitus valgus and varus, does not remodel 
well .  In  this context 'significant' i s  in  effect 
any degree of rotation that is obvious in the 
plain fi lms. 

1 6. Manipulation techniques (a): The 
arm should be manipulated under general 
anaesthesia. Gentle/moderate traction is 
applied at about 20° of flexion while an 
assistant applies counter-traction. This leads 
to disimpaction of the fracture. Some 
surgeons advise that this and the fol lowing 
stages should be carried out with the arm in 
supination. 

1 4. Classification of supracondylar 
fractures: Simple and useful is the Wilkins 
modification of the Gartland system. Type I :  
Undisplaced fracture. Type I la :  Greenstick 
fracture with anterior angulation (posterior 
t i l t ing of the distal fragment); Type l ib: 
Greenstick fracture with anterior angulation 
and rotation; Type I I I :  Completely displaced 
fracture. Types I and I l a  do wel l ,  almost 
i rrespect ive of treatment. Results are poorer 
in Type l i b  and Type 1 1 1 ,  and internal fixation 
is  preferred by many for injuries in these 
categories. 

1 7. Manipulation (b): Now, maintaining 
traction and counter-traction (I), flex the 
elbow to 80° (2). This l ifts the distal 
fragment, thereby reducing any posterior 
displacement and correcting any backward 
t i l t ing (anterior angulation). 

1 5. Summary of indications for 
reduction: Assuming no vascular 
complication, pure posterior displacement 
( I ). lateral or medial d isplacement (2) f 
50% or less. and angulation of less than 1 5° 
( 3 )  may be accepted, as remodel l ing is  
generally  rapid and effect ive. Rotation (4) , "  
valgus or varus (5).  or loss of bony co tact 
(6) require correction. In  the next frames the 
techniques for clos cl• reduction and cast 
fixation for any supraconclylar fracture are 
fol lowed by alternative methods using 
in ternal fixation. 

1 8. Manipulation (c): During this 
manoeuvre, the epiphyseal complex may be 
further coaxed into position by grasping it in 
the free hand. The thumb can be used to 
steady the prox imal humeral shaft. Lateral 
displacement and torsional deformity ( ax ia l  
rotation ) may a lso be corrected in  th is  way. 



1 9. Fixation (a): After reduction, the 
fracture 111usl be 111aintained in a stable 
position. Flex ion of the e lbow stretches the 
triceps over the fracture, often spl int ing it 
111osl efficiently. The aim should be 10 flex 1he 
elbow as far as 1he swle of1he circula1ion at 
the time will permit, while making an 
allowance i11 a111icipa1io11 ojfurther swelling. 

22. Fixation (d): Unfortunately further 
extension of the e lbow may be required to 
restore the circulation. In such cases, apply a 
generous layer of" wool ( I ), fol lowed by a 
long arm plaster slab (2 )  secured wi th 
bandages and a sl ing ( 3 ) .  Many surgeons 
favour this i11 every case. Warning: Never 
apply a complete plaster because of the risks 
of swel l ing, and avoid applying any pressure 
with encircling bandages at the front of the 
elbow - some skin this area, only bandaging 
the cast into position above and below the 
joint. 

SUPRACONDYLAR FRACTURES IN CHILDREN - F IXATION 

20. Fixation (b): Assuming that at 80° a 
pulse is present ( i f  present before the 
manipulation it should st i l l  be there. and i f  
absent it w i l l  have hopeful ly been restored) 
continue flex ion of the elbow unti l  the pulse 
disappears (due to the elbow flexure crease 
along wi1h the swel l ing co111pressing the 
brachia! artery). 

p 

23. Fixation (e): While the slab is being 
applied. the risks of recurrence of valgus or 
varus deformity may be reduced by carefu l 
positioning of the forearm: if" there has been 
valgus deformity ( lateral t i l t ing ,  medial 
angulalion) ( I )  place the arm in supination 
( S ). With varus (2) place the ar111 in pronation 
( P) .  With insign ificant angulation the neutral 
( N )  position may be employed. 

2 1 .  Fixation (c): Now extend the elbow 
slowly for about I 0° beyond the point  when 
the pulse returns. This is the position i11 
which the arm sho11ld be 111ailllai11ed. I f  
I I 0-20° o r  more of flex ion can b e  preserved, 
a s l ing and body bandage. well secured with 
adhesive strapping. 111ay suffice for fixation. 

24. Check radiographs: Check 
radiographs 111ust now be taken in two 
planes. ( For interpretation of" AP radiographs, 
see later.) In the lateral projection i l lustrated 
there has been a good reduction: note how a l l  
posterior di splace111ent has been corrected 
and the nor111al angulation of the epiphyseal 
complex has been largely restored. (For key 
see fol lowing fra111e . )  



SUPRACONDYLAR FRACTURES IN CHILDREN - CHECK RADIOGRAPHS 
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25. Check radiographs cntd: This 
diagram i s  based on the previous radiograph, 
and shows correction of al I posterior 
displacement ( I ). and restoration of the 
normal angulation of the epiphyseal complex 
(2). (F  = fracture l ine; C = capitel lum; R = 

radial head.) If a good reduction has been 
achieved: I .  discontinue the anaesthetic; 2. 
admit the child for overnight observation; 3 .  
elevate the arm in  a roller towel or s imilar 
device; 4. leave access in the dressings for 
observation of the pulse and finger 
circulation. 

28. Radiographs (a): If the radiographs 
show a poor reduction, then no more than 
two further attempts at manipulation may be 
permitted under the same anaesthetic. The 
i l lustration shows a typical unsatisfactory 
lateral projection where there is complete 
loss of contact between the distal fragment 
and the humeral shaft, with proximal 
displacement of the distal fragment (compare 
with Frame 24). 

26. Late development of ischaemia: If 
while under observation the pulse disappears, 
and especially if there are other signs of 
ischaemia, all encircling bandages should be 
cut, and all wool in front of the elbow teased 
out. If this does not lead Lo improvement, the 
elbow should be placed in a more extended 
position (e.g. by cracking the slab and 
slackening the sling). 

29. Radiographs (b): An AP projection 
should also be taken and the position 
checked in every case, even although faults 
in reduction demonstrated in the lateral 
projection are the ones more usually 
associated with circulatory impairment. As 
the AP view cannot be obtained with the 
elbow straight, superimposition of the radius, 
ulna and humerus make interpretation 
difficult (but see following frame). Be careful 
to avoid disturbing the reduction during the 
taking of these radiographs. 

27. Absent pulse after manipulation: 
Returning to Frame 20 - If  after 
manipulation the pul e is nor palpable, the 
elbow should be flexed to not more than 100° 
and maintained in that position with a sl ing 
and a back slab (applied over wool and eld 
with a l ightly applied bandage). The 
anaesthetic should be continued while check 
radiographs are taken. 

30. Radiographs (c): The epiphyseal 
complex preserves its relationship with the 
radius and u lna. In turn, with a good 
reduction, the radius and ulna regain the ir 
alignment with the humerus. Note in this 
unsatisfactory reduction the radius (R), Ina 
( U )  and epiphyseal complex (E) are 
displaced medially in relationship to the 
humerus ( H ). 



SUPRACONDYLAR FRACTURES IN CHILDREN - REDUCTION PROBLEMS 

3 1 .  Radiographs (d): The preceding case 
wi th vascular impairment was remanipulated 
and the above correction obtained. This i s  a 
good reduction, and was accompanied by 
restoration of the pulse at the wrist. 

34. Absent pulse, adequate 
circulation: I f  a good reduction has been 
obtained and the pulse remains absent ( th is  
occurs in 3% of cases) the circulation should 
be checked more critically. The use of a 
pulse oximeter before and after manipulation 
is often helpful. lf the hand is  warm and 
pink, with good capi l l ary return i n  the nai ls, 
there is  no immediate indication for further 
intervention. Admission, elevation and close 
observation for 24 hours are essential .  
(Generally the pulse returns spontaneously 
over 2-3 days.) 

32. Radiographs (e): A l ine drawing of 
the preceding radiograph is shown along with 
a sketch of the forearm bones drawn in 
roughly the same position (compare also with 
Frame 29). R = radius, U = ulna, H = 

humerus, F = fracture, 0 = olecranon, M = 

medial epicondyle. 
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35. Absent pulse, ischaemia: I f  there are 
incontrovertible signs of gross ischaemia. 
either in  the face of a good reduction or a 
fai led reduction, exploration of the brachia/ 
artery must now be undertaken. (Volkmann's 
ischaemic contracture occurs in  roughly once 
in  every thousand cases of supracondylar 
fracture, and is  generally avoidable.) 
Exposure of the artery is  straightforward. ( i )  
A lazy S incision may be used, following the 
lateral edge of biceps and crossing the elbow 
near the fold. 

33. Remanipulation: If a poor reduction 
has been obrained and remanipulation is 
necessary, the preceding technique may be 
repeated: alternatively, whi le an assistant 
applies l ight traction to the forearm, the 
distal fragment i s  pushed forwards with the 
thumb whi le the fingers control the proximal 
fragment. Plaster fixation may be applied as 
described before. 

3 
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36. Exploration of brachia! artery 
cntd: ( i i )  The skin edges are reflected and 
the bicipital aponeurosis ( I )  div ided close to 
the tendon (2 ) .  ( i i i )  The arm is put in full 
pronation and the space (5) between 
brachioradial is latera l ly ( 3 )  and pronator 
teres medial ly (4) opened up with the finger 
t ips. 



SUPRACONDYLAR FRACTURES IN CHILDREN - TRACTION REDUCTION 
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37. Exploration of brachia! artery 
cntd: ( iv)  The brachia! artery (A)  is found 
lying close to the biceps tendon. The median 
nerve (M) lies on its medial side. The 
fracture Lies deep to the brachialis (B )  in the 
floor of the wound. In some cases relief of 
local pressure on the vessel (e.g. from the 
fracture) may restore the circulation, but 
other measures, requiring experience in 
vascular surgery, may be necessary. 

40. Reduction failure (c): The arm is 
abducted at the shoulder and traction of 1 .5 
kg applied with the elbow at 60° flexion. 
Counter-traction of I kg is applied directly 
with a canvas sl ing applied well above the 
elbow to avoid compression in this 
vulnerable area. After swelling subsides the 
situation may be re-appraised, or the traction 
discontinued and a plaster slab substituted at 
2-3 weeks. 

38. Reduction failure with satisfactory 
circulation (a): It is unwise to repeat 
manipulation beyond the third attempt owing 
to the risks of increasing swelling. In these 
circumstances, marked displacement (but not 
angulation, valgus or varus) may be 
accepted, relying on later remodell ing. The 
fracture i l lustrated had no bony contact 
(completely off-ended) in the lateral: after a 
year, considerable remodell ing has occurred, 
with loss of 1 5° only of flexion. 

4 1 .  Reduction failure (d): Alternatively, 
skeletal traction may be employed: this may 
be achieved with a butterfly screw or simjlar 
device in the ulna. Traction is applied with 
weights, and the forearm supported with a 
sl ing. Elbow flexion may be controlled with 
the sling which may be elevated or lowered 
as thought necessary - this avoids any direct 
pressure in the antecubital Fossa. 

39. Reduction failure (b): Jf displacement 
and angulation are outside acceptable l imits, 
open reduction is not generally 
recommended. Instead, continuous traction 
may be employed. This is especially 
indicated where there i s  minimal circulawry 
impairment, brachia! artery exploration is not 
indicated, and the elbow cannot be flexed. In 
Dunlop 1rac1ion, traction tapes are applied to 
the l imb. W = wool; C = lightly applied crepe 
bandage. 

42. Alternative fixation technique: This 
is recommended (where image intensification 
is available) for all fractures where i t  is 
difficult to maintain a reduction. Many 
advise i t  for all Type Ila and Type I I I  
fractures. Begin by reducing the fracture by 
traction and elbow flexion as described; ;vith 
the elbow flexed, correct any rotation. Now 
flex the elbow fully and insert a K-wire 
laterally. aiming for the axi l la ( I ) .  Extend the 
elbow to 90°, locate the u lnar nerve by a 
small incision over it, and insert a second 
medial K-wire above it (2) .  



43. Alternative fixation technique cntd: 
The K-wires (a) should not be less than 1 .6 
mm in d iameter, and should engage the 
opposite supracondylar ridge (b). They may 
cross the growth plate wi thout causing any 
obvious growth problem. They should remain 
proud of the skin (c). S ingle wire fixation is 
less secure and is not recommended. 
Additional support wi th a cast and s l ing is 
recommended. The wires may be removed as 
an out-patient procedure, wi thout anaesthetic. 
after 3-4 weeks. 
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46. Anterior supracondylar fracture 
(c): Continuing the traction ( I )  the elbow is  
s lowly extended (2) ,  reducing the angulation 
(3). The arm is  put i n  a plaster back slab i n  a 
position of 1 0° flexion (4). This position 
should not be maintained for more than 3 
weeks. At that stage the elbow should be 
gently flexed (usually about 70-80° can be 
achieved) and supported either wi th a s l ing 
or further slab unti l  union. 

ANTERIOR SUPRACONDYLAR FRACTURES IN CHILDREN 

44. The anterior (reversed) 
supracondylar fracture (a): 
Supracondylar fractures in which the distal 
fragment i s  displaced anteriorly are 
comparatively uncommon. The normal angle 
(45°) between the epiphyseal complex and 
the shaft is increased. This deformity is 
aggravwed by flexion of the elbow. 
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47. Anterior supracondylar fracture 
(d): An alternative technique is to apply wool 
to the l imb ( I )  and disimpact the distal 
fragment by direct traction on the epiphyseal 
complex (2). A plaster cuff (3) i s  then applied 
by an assistant and al lowed to set. Care must 
be taken to avoid ridging at the distal end (4) 
which has the potential for causing 
circulatory impairment. 

45. Anterior supracondylar fracture 
(b): An uncommon but related injury is the 
more distally s ituated traumatic separation of 
the epiphyseal complex (Salter-Harris Type 
I or 2) in which the displacement i s  identical. 
To reduce either of these injuries, l ight 
traction i s  applied to the elbow in the flexed 
position ( I ) . This dis impacts the fracture (2 ) .  

48. Anterior supracondylar fracture 
(e): The rest of the plaster is quickly applied, 
and whi le it i s  sti l l  soft flex to 1 1 0° or less 
and exert pressure on the distal fragment 
through the forearm; the position is  held t i l l  
the plaster has set. Check radiographs are 
taken and fixation continued as for a normal 
supracondylar fracture. Note that many 
prefer to fix anterior displaced supracondylar 
fractures by K-wires (in the manner 
described for (posterior) supracondylar 
fractures). 



MEDIAL EPICONDYLAR INJURIES IN CHILDREN 

49. Supracondylar fractures -
Aftercare (a): Assess union at about 3--4 
weeks for a child of 4 years, and about 4-5 
weeks for a child of 8 by radiographs and 
fracture site tenderness. A further useful test 
is to place your thumb over the biceps 
tendon, and then flex and extend the elbow 
through a total range of 20°. Spasm of the 
biceps indicates that union is not advanced. 
Mobil isation may be commenced when there 
is  evidence of union, and often earlier in 
cases treated by K-wires. 
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52. Medial epicondylar injuries: 
Pathology (a): The medial epicondyle ( I )  
may be pulled off by the u lnar collateral 
l igament (2) when the elbow is forcibly 
abducted (3).  I t  may be injured by dcrect 
violence, and possibly avulsed by sudden 
contraction of the forearm flexors. which are 
attached to it (4). Suspect if there is medial 
bruising (5) and always test the integrity of 
the ulnar nerve (6). 

50. Supracondylar fractures -
Aftercare (b): Mobil isation may be 
commenced from a s l ing ( i .e .  the arm is 
removed from the s l ing for I 0 minutes' 
active exercises three to four times per day). 
The sl ing is discarded as soon as any 
discomfort has settled. This procedure may 
also be used where there is a l i ttle residual 
fracture tenderness and biceps spasm. 
Physiotherapy is indicated if, after 2 weeks' 
mobil isation, there is still gross restriction of 
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53. Pathology (b): The most minor 
degrees of violence result in slight separation 
of the medial epicondylar epiphysis ( I ). 
Comparison f i lms may be helpful in 
diagnosis. Injuries of these types may be 
treated by immobil isation in a long arm 
padded plaster for 2-3 weeks. In some cases 
tardy ulnar nerve palsy may occur. With 
greater violence the epiphysis is separated 
and displaced in a distal direction (2) .  
Fixation with K-wires is often advised for 
separat ions of 5 mm and greater. 
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5 1 .  Supracondylar fractures -
Aftercare (c): Physiotherapy can be safely 
stopped when a range of 25- l 20° is reached 
(normal 0-1 45°) .  The parents shoul d  be 
cautioned against using passive movements, 
and advised that some loss of elbow 
movements may be expected for up to a year 
after this injury. If any cubitus varus or 
valgus is present it should be recorded and 
the ch i ld assessed yearly regarding 
deteriorat.ion and the need for corrective 
osteotomy. 
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54. Pathology (c): The po1e111ially most 
serious injury is when the medial epicond_de 
is trapped ill the elbow joint. This may 
follow dislocation of the elbow (A), which 
must always be accompanied by rupture cf 
the ulnar collateral l igament or avulsion of 
the medial epicondyle. In the latter case, 
when the elbow is reduced (B) ,  the 
epicondyle may be trapped in the joint (3 ) .  
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55. Pathology (d): A further hazard in  
diagnosis is when the medial epicondyle is 
trapped in an elbow which has been 
momentarily dislocated but has reduced 
spontaneously. No1e: I .  If the child is over 6 
years and the medial epicondylar epiphysis 
cannot be seen in the AP view it  is probably 
in the joint. 2. If there is any doubt 
comparison fi lms should be taken. 

58. Trapped medial epicondyle (b): I f  
the previous method fai ls ,  the medial 
epicondyle may be brought out by 
electrically stimulating the flexor mass. 
General anaesthesia is required, the elbow 
rnusl be strongly abducted and a good muscle 
contraction must be obtained. The necessary 
equipment and expertise in its use may be 
available through the physiotherapy 
department. 

LATERAL EPICONDYLAR INJURIES IN CHILDREN 

56. Pathology (e): In the normal lateral 
projection, the medial epicondyle cannot be 
seen; if it can, as in the case here, i t  is lying 
in the joint. The rules are quite clear: I .  
Should the medial epicondyle be visible ( i .e. 
what is the child's age)? 2. Does i t  show in 
the AP view? 3. ls it visible in the lateral? 

59. Trapped medial epicondyle (c): I f  
both measures fail the medial epicondyle 
must be extracted through a small 
anteromedial incision and held in  position by 
K-wires (retained for 3 weeks) (or a screw i f  
over 1 2) .  
Ulnar nerve palsies: The majority of 
palsies found in association with medial 
epicondylar injuries are lesions in  continuity, 
and recovery usually commences in 3-6 
weeks. Some treat these expectantly, while 
others explore all ,  with a view to 
decompression where applicable. 
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57. Treatment of trapped medial 
epicondyle (a): Removal by manipulation 
i s  often successful .  Under general 
anaesthesia, increase valgus ( I ), supinate (2) ,  
extend elbow (3)  and jerk wrist  into 
dorsif\exion (4).  A finger placed over the 
medial side of the elbow (5) may detect the 
medial epicondyle sl ipping out of the joint. 
(Aftercare as described in Frame 53. )  

60. Lateral epicondylar injuries in 
children: The epiphysis for the lateral 
epicondyle is inconstant, but usually appears 
about 1 1  years, fusing with the main 
epiphysis 2-3 years later ( I ). I t  may, 
however, oss ify by direct extension from the 
capitellum (2) .  Detachment may follow 
adduction stress; rarely i t  may become 
trapped in the joint after a dislocation. Treat 
as for medial epicondyle. 



LATERAL CONDYLAR INJURIES IN CHILDREN 

6 1 .  Lateral condylar injuries in 
children - Pathology (a): The comlllon 
pattern of injury involves the whole of the 
capitellum and nearly half the trochlea ( I ). 
This large fraglllent lllay be displaced by the 
forearm extensors (2)  or the lateral ligament. 
As the capitellar epiphysis (3) and the shaft 
(4) may be the only structures visible on the 
radiographs, their relmionship may be the 
only clue 10 injury. 

64. Lateral condylar injuries -
Treatment (c): Where there is a lateral 
displacement which is unstable, or late 
slipping occurs, K-wire fixation is indicated. 
Where image intensification is available, it 
may be possible to do this as a closed 
procedure, but in lllany cases open operation 
is required. Two wires must be used, 
followed by a plaster shell and sling. The 
wires may be removed after 3-4 weeks and 
mobilisation commenced at 4 weeks. 

62. Lateral condylar injuries -
Pathology (b): Fractures of the lateral 
condyle lllay be ( I )  undisplaced, (2) laterally 
displaced, (3) rotated. Treatment (a): 
U11displaced frac111res should be treated 
conservat ively by a long arlll padded back 
shel l  and sl ing for 3-4 weeks. As it is 
i lllportant to make sure no late sl ip occurs 
radiographs should be taken at weekly 
intervals. 

65. Lateral condylar injuries -
Treatment (d): In injuries where there is 
rotation of the complex, such as i l lustrated 
here, closed lllethods.are unlikely to give a 
satisfactory reduction, so that there is risk of 
non-union, growth disturbance and 
progressive cubitus valgus. Open reduction 
and K-wire fixation are therefore indicated. 
(Aftercare as above.) Note that if there is 
some uncertainty over the position or extent 
of the epiphyseal fraglllents, fil llls taken. after 
the injection of a radio-opaque dye into the 
frac;ture haelllatollla lllay be helpful. 

63. Lateral condylar injuries -
Treatment (b): Where there is slight to 
llloderate lateral shift of the colllplex, closed 
reduction may be attempted by applying 
local pres�ure under general anaesthesia. In 
lllany case this fai ls. with the deforlll ity 
recurring a soon as the local pressure is 
released. If however the reduction is 
successful .  a long arlll padded back shell 
should be applied and retained with a sl ing 
for 3-4 weeks. Again it is vital to detect any 
early sl,ipping by weekly radiographs. 

66. Medial condylar injuries in the 
child: Isolated Jlledi· I condylar 
(un icondylar) injuries are uncommon· in 
children. and may be lllissed as the trochle r 
centre of ossi fication does not appear unti l  
age 7-9. lf the injury is suspected (e.g. by the 
presence of medial instabil ity of the joint r 
j uxta epiphyseal fractures) further 
in formation lllay be obtained by exalllination 
under anaesthesia and arthrography. If the 
fracture is d isplaced or unstable it should be 
opened and fixed with K-wires. 



67. Adult fractures - Supracondylar 
fractures: In adults, the fracture l ine tends 
to l ie a l i tt le more proximal than in  chi ldren: 
comminution, obl iquity or spira l l ing and 
medial or lateral t i l t ing are common. 
Although undisplaced stable fractures may 
be treated in a cast, elbow stiffness from 
delays in mobi l i sation is a common and 
serious complication. Ope11 red11c1io11 and 
i11/er11a/ fixa1io11 (e.g. ivith medial a11d /a1eral 
pla1es) is 1he preferred method of1rea1111e11t 
for the 111ajori1y of adulr supracondylar 
ji"actures. 

70. Fractures of the capitellum (b): A 
small flake may be detached from the 
capite l lum as a result of force transmitted up 
the radius; i t  may come to lie in  the front of 
the joint. I t  should be treated as a loose body 
and excised. This may be carried out safely 
through a smal l  lateral incision (which must 
not extend as far as three fi nger breadths 
below the joint line to avoid damage to the 
posterior interosseous nerve). 

ADULT FRACTURES AT THE ELBOW 

68. Medial and lateral epicondylar 
fractures: Displacement of these fractures is 
seldom severe and, although potential  
instabi l i ty of the joint may be present, 
symptomatic treatment only is usua l ly  
required. A crepe bandage applied over wool 
to l imi t  swel l ing and a s l ing for 3-4 weeks is 
usua l ly  adequate. A short period in a long 
arm plaster i s  indicated if  pain is severe. 

7 1 .  Fractures of the capitellum (c): A 
more serious fracture involves the major 
portion of the anterior half of the articular 
surface of the capitel lum. Genera l ly  the 
corresponding part of the trochlea is 
involved. Severe disab i l i ty wi l l  result i f  this 
i s  not accurately reduced, and genera l ly 
exposure through an anterior approach wi l l  
be necessary. Smi l l i e  p ins or a Herbert screw 
may be used for fixation. 

69. Fractures of the capitellum (a): The 
cartilaginous and bony surfaces of the 
capite l lum may be damaged by force 
transmitted up the radius from a fall on the 
outstretched hand, often in association with 
radial head injuries. There may be late 
osteochondritis dissecans and 
osteoarthritis.Treatment: In i t ia l ly, 
symptomatic; later, excise loose bodies and 
dri l l  the capite l lum to encourage 
revascu lari sati on. 

72. Fracture of a single condyle in the 
adult (a): Fracture of the lateral ( I )  or 
medial (2)  condyle (AO = 1 3-B I and B2, 
see p. 1 67)  may be caused by the same 
mechanisms responsible for the more severe 
Y-fractures. Displacement may be sl ight or 
marked (3 ) .  Where there is  displacement, 
best resu lts are obtained by open reduction 
and internal fi xation: this can usually be 
achieved using one or two cancellous lag 
screws (4), with an additional plate along the 
supracondylar ridge if required. 



ADULT FRACTURES AT THE ELBOW 

73. Fracture of a single condyle (b): I f  
displacement i s  minimal, a s  i l l ustrated, and 
particularly if the patient i s  elderly and frai l ,  
conservative treatment may be preferred: 
apply a long arm plaster (over wool) and 
support the arm in a sling. The plaster may 
usually be discarded safely after 4-5 weeks, 
and mobi l isation commenced from the sling. 
Physiotherapy may be started shortly 
thereafter. 

76. lntercondylar fractures (c): In  
displaced and moderately fragmented 
fractures, especially in the younger patient, 
open reduction should be carried out. 
Approaches: (i) through a lateral incision; ( i i )  
through a triceps splitting incision, or ( i i i )  
through a chevron osteotomy of the 
olecranon ( I )  with its proximal reflection 
(triceps attached) (2). Reduction: The 
articular fragments should be reduced first 
using K-wires: i t  may be helpful to 
manipulate the lateral element using a wire 
inserted in the retrograde fashion (a, b, c). 

74. lntercondylar Y- or T-fractures (a): 
This potentially serious injury is caused by 
the coronoid ( I )  being driven like a wedge 
between the two halves of the trochlea (2), 
often by a fall or blow on the elbow. The 
vertical split bifurcates (3), and with further 
violence the two main fragments may 
separate (4) (AO = 1 3-C I ) . Fragmentation 
(comminution) (5) i s  often a further problem 
(AO = I 3-C2). 

77. lntercondylar fractures (d): After 
reduction insert a cannulated screw ( I )  and 
compress the fragments using a cancellous 
screw (2). The articular complex may then be 
lined up with the shaft, and temporarily held 
with K-wires (3) .  Then a posterolateral 3.5 
mm reconstruction plate (4), and a medial 
dynamic compression or reconstruction plate 
(5) may be used to hold the articular complex 
in alignment with the shaft. Additional 
compression screws may be used (6) and 
defects should be packed with bone grafts 
(7). Mobilise early. 
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75. lntercondylar fractures (b): While 
internal fixation is generally the first choice, 
conservative treatment (as in Frame 73) 1 ay 
be undertaken if the fracture is  undisplaced. 
With gross comminution, primary joint 
replacement should be considered. In  oth r 
cases, where operation is thought inadvisable 
(e.g. because of anticipated technical 
difficulty), apply a long-arm plaster over wool; 
before this sets, apply traction, and side-t side 
pressure. Remove the plaster and mobilis 
from a sling at an early date (e.g. 4-5 wee s). 

78. Dislocation of the elbow (a): 
Dislocation of the elbow is common in b th 
chi ldren and adults and generally results 
from a fal l on the ou tretched hand. I t  is 
sometimes confused vith a supracondylar 
fracture. The two may be distinguished 
clin ically by searching for the equilateral 
triangle formed by the olecranon and 
epicond)des ( I ) . This is undisturbed in 
supracondylar fractures (2) but d istorted in 
elbow dis locations (3) . 



DISLOCATION OF THE ELBOW 

79. Dislocation of the elbow (b): Damage to the ulnar nerve. median nerve or brachia! 
artery is uncommon, but nevertheless should always be sought. A number of motor tests may be 
used to assess function in both nerves. In the case of the 11/nar nerve. the abil ity to grip a sheet 
of paper between the ring and l it t le finger ( I )  may be used to assess good interosseous muscle 
function. I t  i s  important that the fi ngers are not a l lowed to flex at the MP joints. In  the case or 
the median nerve, contraction and power in  abductor pollicis may be assessed by fee l ing the 
muscle (2) while the patient attempts to resist the thumb being pressed from a vertical position 
into the plane of the palm. Sensory function in  the areas supplied by the median ( M )  and 
ulnar ( U) nerves should also be quickly tested (3 ) .  In the case of the brachia! emery the 
quickest assessment is of course by identification of the radial pulse (4) .  

8 1 .  Radiographs cntd: The lateral shows 
posterior and proximal displacement. These 
combined appearances are those found in the 
commonest dislocation of the elbow, the 
posterolateral dislocat ion. Accompanying 
fractures are uncommon, but i t  i s  wise to 
assume that there is an associated injury unti l  
you have demonstrated otherwise. In 
particular, post-reduction fi lms should be 
carefully scrutinised. In adults, look for 
fractures of the coronoid process and the 
radial head, and in  chi ldren, the epicondyles 
or the lateral condyle. 

82. Treatment (a): Reduction should be 
carried out under general anaesthesia. A fair 
amount of force is often required, although 
the use of a muscle relaxant will reduce this. 
Apply strong traction in the l ine of the l i mb, 
and ir necessary sl ightly flex the elbow while 
maintaining traction. Success is  usually 
accompanied with a characteristic reduction 
'clunk ' .  

80. Radiographs: The above frame shows 
the typical appearances in  the AP projection 
or a dislocation of the elbow. Note how the 
radius and ulna are displaced laterally and 
proxi mal ly. 
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83. Treatment (b): If the last manoeuvre is 
unsuccessful. c lasp the arm and push the 
olecranon forwards and medial ly ( I ), using 
traction in moderate flex ion (2 )  and counter
traction with the fingers (3 ) .  



DISLOCATION OF THE ELBOW - ASSOCIATED INJURIES 
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84. Treatment (c): After reduction has 
been achieved, take check radiographs, and 
apply a padded crepe bandage; this may be 
worn with a s l ing for two weeks (4). 
Alternatively, apply a plaster back slab and 
s l ing with the e lbow in 90° nexion (5). Avoid 
too early or too vigorous mobi l i sation, and 
also passive movements which run the risk 
of myosit is ossificans. 

87. Associated injuries (c) - Lateral 
condylar injury: Note the following 
points. J .  The capitellar epiphysis (along 
with half the cartilaginous trochlea) has been 
carried medially by the radius, and is s l ight ly 
rotated. 2. The medial epicondylar epiphysis 
has j ust appeared and is  not displaced. 3 .  The 
medial dislocation of the elbow is  unusual. 

85. Late diagnosed posterior 
dislocation in children: Between 3 weeks 
and 2 months, open reduction carries an 
unacceptable risk of myositis ossificans: if 
the dislocation is discovered within that 
period the injury should be treated 
conservatively and the elbow just mobi l i sed. 
A quarter do wel l  and need no further 
treatment; in  the remainder (and in cases 
discovered later than 2 months) operative 
reduction should be attempted. 

88. Associated injuries - Lateral 
condylar injuries cntd. The preceding 
injury was treated by manipulative reduction; 
the lateral condylar complex remained 
displaced. ( Reduction could be achieved by 
firm local pressure, but displacement 
occurred in  this unstable injury as soon as 
pressure was released.) 

86. Associated injuries (a): In chi ldren, 
the medial epicondylar epiphysis may be 
detached. On reduction of the elbow, i t  v. i l l  
generall) be restored to an  acceptable 
position. A plaster slab and a s l ing are 
ad ised for 4 weeks. (b) The medial 
epicondyle may be retained in  the joint: th is 
must alv. ays be excluded (see Frame 55 et 
seq .) .  

89. Associated injuries - Lateral 
condylar injuries cntd: Open reducti n 
was therefore carried out and the condylar 
mass held in  position with two K-wires. Note 
the small bone fragment from the shaft 
(Salter-Harris Type 2 injury ) .  Fixation was 
complemented by a long arm plaster back 
shell for 4 weeks. 
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90. Associated injuries (d) - Fracture 
of the coronoid: Coronoid fractures can be 
classified into three types: ( i )  S imple 
avulsions; ( i i )  fractures involving half or 
less; ( i i i )  fractures involving more than half. 
Groups (i) and ( i i )  may be treated 
conservatively, commencing mobi l i sation 
before 3 weeks. Group ( i i i )  injuries may be 
internally fixed to reduce the risk of recurrent 
dislocation. Established recurrenl dislocc11io11 
(rare) may be treated by bone block 
reconstruction of the coronoid and/or repair 
of the capsule and medial l igament. 

9(3 . . Anterior dislocation (b): The elbow 
may be reduced by applying traction and 
extending the joint. If the reduction is stable, 
it may then be treated by plaster fixation for 
a l im i ted period in extension as in  an anterior 
supracondylar fracture. Nevertheless, there is 
appreciable risk of late subluxation and 
difficulty i n  elbow mobi l isation so that, on 
the whole, internal fixation is recommended 
for this injury (I l lus: a Rush pin wi th tension 
band wiring: see Frame 95 for a preferred 
position for the wire). 

DISLOCATION OF THE ELBOW - ASSOCIATED INJUR IES 

9 1 .  Associated injuries (e) - Fracture of 
the radial head: In general the dis location 
should be reduced and if the radial head 
fracture is found to be of Type I or Type 1 1  
(see Frame 1 1 4). then the treatment 
appropriate lo that type or fracture should be 
followed without further delay. In highly 
comminuted Type 1 1 1  rractures or the radial 
head (as i l l ustrated), primary radial head 
replacement is normally the treatment or  
choice. 
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94. Anterior dislocation (c): A more 
complex form or anterior dis location is seen 
in the side swipe injury ( ' baby car fracture ' ) .  
This occurs when a driver rests the elbow on 
a car's window ledge, and is struck by a 
passing vehicle. Typically the elements of 
this injury include ( I )  anterior dis location of 
the elbow with fractures of·(2)  the olecranon, 
( 3 )  the humerus, (4) the ulna and sometimes 
(5) the radi us. 

92. Anterior dislocation of the elbow 
(a): This is an uncommon injury, but may 
fol low a fall on the elbow which results i n  
the forearm bones being pushed forwards. 
For dislocation to occur, the olecranon must 
fraclllre. and this becomes a potentially very 
unstable injury (see also p. 1 80). 

95. Anterior dislocation (d): It is v i tal to 
reduce the dis location immediately, and this 
may be held by immediate in ternal fixation. 
( I l lus:  tension band wiring wi th an oblique 
cancellous bone screw; accompanying 
humeral and elbow fractures have been dealt 
with by plating and screwing.) Al ternatively, 
the elbow may be reduced and held in plaster 
in extension for 2-3 weeks prior to delayed 
internal fixation. The other injuries may be 
treated with less urgency, conservatively or 
surgically. 



ISOLATED DISLOCATION OF ULNA OR RADIUS 

96. Isolated dislocation of the ulna: 
Dislocation of the u lna may occur in  
association wi th  a fracture of the radial shaft. 
As such fractures 111ay be qui te distal, it is 
important that adequate radiographs of the 
forearm are taken. This double injury may be 
treated by manipulative reduction of the 
elbow fol lowed by a long arm plaster unti l  
the radius has united. However, to permit 
early mobi l i sation and the avoidance of 
elbow sti ffness, internal fixation of the radius 
is to be preferred. 

99. Pulled elbow (b) - Diagnosis: I n  
addition to  having the  appropriate h istory of 
sudden traction on the arm, the chi ld wi l l  be 
found to be fretfu l .  There is tenderness over 
the lateral aspect of the joint (I) and 
supination is  l im i ted (2). Radiographs are 
usual ly normal, there being seldom any 
detectable increase in  the radiohumeral joint 
space even with comparison fi l ms. 

97. Isolated dislocation of the radius: 
Lateral, anterior or posterior dislocation of 
the proximal end of the radius i s  almost 
invariably part of a Monteggia lesion (see 
p. 1 80) which is sometimes concealed 
because the ulnar fracture is  of greenstick 
pattern ( I l lus.) .  Great care must be taken i n  
the assess111ent and treatment o f  these 
injuries which is  dealt w i th in  detail later 
(pp. 1 80- 1 8 1 ). 

1 00. Pulled elbow (c) - Treatment: I n  
111ost cases reduction can b e  achieved b y  
either ( i )  placing the wrist in  full radial 
deviation (I) and forcibly supinating the ar111 
(2)  or ( i i )  rapidly alternately pronating and 
supinating the forearm (3) .  If these measures 
fai l ,  the ar111 should be rested in a s l ing, when 
spontaneous reduction usual ly occurs within 
48 hours. 

98. Pulled elbow (a): This condition is 
due to the radial head stretching the orbicular 
(annu lar) l iga111ent and s l ipp ing out from 
under its cover. It occurs in chi ldren in the 
2-6 age group, and is nor111al ly caused by a 
parent suddenly pul l ing on the chi ld's rm 
(e.g. to prevent the chi ld fro111 running on to 
a road). l t  i s  also aid to occur in  wrestlers. 
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10 1 . Fractures of the olecranon (a): 
The olecranon 111ay be fractured as a resu l t  of 
a fall on the point of the elbow ( \ ) . Such 
fractures may be displaced as a result of 
triceps contraction (2) .  The olecranon may 
also be fractured as a d irect result of triceps 
contraction. 



FRACTURES OF THE OLECRANON 

1 02. Fractures of the olecranon (b ): 
Diagnosis i s  usual ly straightforward, but 
beware of the fol lowing fal lacies: ( I )  the 
normal epiphyseal l ine, (2) duplication of  the 
normal l ine due to obliquity of the 
projection, (3) normal bifid olecranon 
epiphysis (the epiphyses appear between the 
ages of 8- 1 1  and fuse at 14 years), (4) pate l la  
cubi ti due to  ossification in  the  triceps tendon 
(note rounded edges). 

1 03. Treatment (a): I f  the rracture is 
hairl ine and undisplaccd, it may be treated by 
immobi l isation of the arm in a long arm 
plaster (3-4 weeks in a chi ld. 6-8 weeks in 
an adu l t ). Note the three l ines running 
through the olecranon in the radiograph: the 
most distal is a fracture. the middle the 
epiphyseal l ine. the most proximal either a 
b i fid epiphysis or a fracture of the epiphysis 
(di fferentiate by looking for tenderness). 

1 05. Treatment (c): If the olecranon fragment i s  small (a  third or less or the articular surface) 
and significantly disp laced (by triceps pu l l )  surgical excision gives excellent results. This 
procedure is  particularly useful in  the elderly where the fragments may be osteoporotic. 
Operation: The operation is performed under a general anaesthetic using a pneumatic 
tourniquet to obtain a clear bloodless field. The fragment is exposed through a vertical posterior 
incision and excised. The tear in the triceps insertion is  then careful ly repaired with horizontal 
mattress sutures and the wound closed in layers. A pressure bandage (crepe over wool) and a 
collar and cuff s l ing are applied (or a plaster back she l l  and s l ing may be employed). The e lbow 
may be mobi l ised after 2 weeks. 

1 04. Treatment (b): If the fracture l i ne is 
pronounced but s t i l l  undisplaced, i t  may be 
treated in the same way. but radiographs 
should be taken at weekly intervals during 
the first 3 weeks in  case of (un l ikely) late 
displacement. M inor epiphyseal separations 
may also be treated conservati vely. S l ight to 
moderate displacement may be accepted in 
the frai l  elderly. 

1 06. Treatment (d): l f  there is  any doubt 
regarding the stab i l ity of the e lbow ( i .e .  i f  the 
olecranon fragment is fairly substantial) this 
should be tested on the table by anempting to 
produce an anterior dis location with the 
elbow flexed at 90°. If the elbow can in  any 
way be subluxated, the olecranon must be 
retained. 



FRACTURES OF THE RADIAL HEAD 

1 07. Treatment (e): I f  the olecranon 
fragment is substantial it must be reduced 
and held by some form of internal fixation. 
The many methods available include: ( I )  a 
Zuelzer or other hooked plate and screws; (2) 
a dynamic compression or other plate, 
contoured to fit round the olecranon; (3) a 
Croll or other pattern lag screw (e.g. an AO 
cancellous screw). During the final 
tightening of such a screw it  is important to 
check that elbow movements are not 
prevented by the fracture components 
binding l i ke cal l iper brakes. 
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1 1  O. Mechanics of injury (b): The radial 
head fractures ( I )  but may also damage the 
articular surface of the capitellum (2), 
prolonging recovery. In  some cases, where 
violence is severe, the interosseous 
membrane tears (3) ,  severe comminution of 
the head occurs (4) and there is rnbluxation 
of the distal end of Lhe ulna (5)  due to 
proximal migration of the radial shaft. 
(Essex-Lopresti fracture-dislocation.) 

1 08. Treatment (f): Tension band 
wiring: K-wires control alignment and 
rotation and the twisted stainless steel wire 
compresses the fragments together. The ends 
of the K-wires are bent over and hammered 
home. A Rush pin may also be used. The 
security of fixation dictates the need for any 
external fixation and when mobilisation may 
be commenced. Major separations in chi ldren 
may be treated by the insertion of two K
wires and a figure of eight of suture material 
rather than wire. 

1 1 1 . Diagnosis (a): There is complaint of 
pain in the elbow and there may be local 
bruising and swelling ( ! ) .  In minor fractures, 
tenderness may not be apparent until the 
damaged portion of the head is rotated under 
the examining thumb (gently pronate and 
supinate while palpating the radial head) (2) .  
Somewhat paradoxically, the range of 
pronation and supination is often full, 
although elbow extension is usually 
restricted. 

1 09. Fractures of the radial head -
Mechanics of injury (a): Although e 
radial head may be fractured by direct 
violence, such as a fall or blow on the .ide of 
the elbow, injury frequently results from 
indirect violence ( I l lus.) .  A fal l  on the 
outstretched hand results in force beine 
transmiued up the radius, with the radial 
head striking the capitellum (capitulum). 

1 1 2. Diagnosis (b) - Radiographs: 
Most radial head fractures wi l l  show in the 
standard lateral and (supination) AP 
projections, but i f  there is  clin ical evidence 
of fracture and negative radiographs, 
additional AP projections should be taken in  
the midprone and fu l l  pronation position, so 
that all portions of the radial head wi 11 be 
visualised in profile. 



1 1 3. Diagnosis (c): Assess the pauern and 
severity of the fracture from the radiographs: 
( I )  hairli ne, (2) undisplaced marginal, ( 3 )  
undisplaced segmental (2  types), (4) 
displaced marginal, (5) displaced segmental, 
(6) comminuted. Always examine the 
forearm and wrist to exclude an 
Essex-Lopresti fracture-dislocation. 

1 1 6. Treatment (b): Type I I  fractures 
( i l lustrated is a typical example) are probably 
best treated by open reduction and internal 
fixation (but see Frame 1 1 7) ,  using, for 
example, small fragment screws. The 
procedure may be carried out through a 
lateral incision, taking care to avoid 
damaging the posterior interosseous nerve. 
Postoperatively the elbow should be 
supported in  a sling, and mobi l i sation 
commenced as soon as possible, this being 
dependent on the qual ity of the fixation. 

FRACTURES OF THE RADIAL HEAD 

Type I 

Type II 

Type Ill 

1 1 4. Classification of radial head 
fractures: The Hotchkiss modi fication of 
Mason's recognises three types. Type I :  
Small marginal fractures with displacements 
of less than 2 mm, and which do not 
appreciably compromise stabil ity or affect 
rotation. Type I I :  Includes large two part 
fractures displaced by 2 mm or more, any 
fracture that restricts rotation, and 
comminuted fractures amenable to operative 
fixation. Type III: H ighly comminuted 
fractures where operative fixation is not 
poss ible. 

1 1 7. Treatment (c): Type I l l ,  severely 
comminuted fractures should be treated by 
i mmediate excision of the radial head. A l l  
fragments must be  removed. The arm is  then 
rested in a s l ing for 2-3 weeks before 
mobil isation. lf there is valgus instab i l ity of 
the joint, demonstrable before or during 
surgery, then prosthetic replacemelll is 
advised, using, for example, a titanium 
implant. 

1 1 5. Treatment (a): Type I fractures such 
as of the pattern i l lustrated should be treated 
with a l ight compression bandage and a s l ing 
before mobil isation from the sling is  
commenced after 2-3 weeks. The s l ing alone 
may be worn for a further 2 weeks. If pain is 
very severe ini t ia l ly, a plaster back slab may 
be used. An excellent outcome is  usual, but 
note that many months may elapse before 
full exrensio11 is regained. 

1 1 8. Treatment (d): Sometimes excision 
of the radial head is  followed by proximal 
drift of the radius ( I )  so that the distal end of 
the ulna becomes prominent and painful (2). 
This i n  turn may be treated by excision of the 
distal encl of the u lna (3), albeit with some 
weakening of the grip. Proximal drift i s  a 
feature of the Essex-Lopresti lesion, and 
may be min imised by delaying radial head 
excision for 6 weeks. 



FRACTURES OF THE RADIAL NECK 

1 1 9. Treatment (e) : Type J I  fractures may 
also be treated conservatively (see Frame 
1 1 5 ), often with excel lelll results. They 
should be reassessed after 2-3 months. I f  
pronation, supination and extension are 
severely restricted, late excision of the radial 
head should be considered. Note: It is 
general ly advised that excision of the radial 
head should be performed either within the 
first 48 hours or after union (between carries 
the risk of myosit is ossificans). Lare 
diagnosed injuries should be leji until union. 

1 22. Treatment (a): With s l ight or no 
t i l t ing ( I  and 2)  and up to 30° in chi ldren 
treat conservatively (as in Frame 1 1 5) .  With 
marked t i l t ing (3) (20° or more in  adults) 
manipulate. Do so by applying traction and 
gently pronate and supinate, feel ing for the 
prominelll part of the radial head to present;  
then apply pressure when the head is  at its 
zenith.  (Thereafter treat as in  Frame 1 1 5 . )  
Open reduction is  i ndicated i f  closed 
methods fai I .  
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1 20. Fractures of the radial neck (a): 
The axis of rotation of the radioulnar joints 
passes through the centre of the radial head 
( I )  and the attachment of the triangular 
f ibrocanilage (2). The axis passes through 
the centre of the neck (3) and l ies at right 
angles to the plane of the head. Fractures 
through the neck (4) have the potential to 
disturb this relationship between the head 
and the neck. 

1 23. Treatment (b): Where there is gross 
epiphyseal displacement, operat ive reduction 
is indicated. On reduction, the fragments 
may be found to lock in a stable position. I f  
not, a K-wire may be used for 2-3 weeks to 
achieve stabi l i ty. Note: In some cases of 
severe t i l t ing i t  i s  possible to obtain a 
reduction by inserting a temporary 
percutaneous wire into the radial head and 
levering it back into position under 
intensi fier control. 

1 2 1 .  Fractures of the radial neck (b ): 
Fractures of the radial neck may result from 
the same mechanisms as those causing 
fracture of the radial head, and the 
diagnostic features are also s imi lar. Patterns: 
The fractures may be hairl i ne and 
undisplaced ( I )  or result  in  s l ight (2) or �ross 
t i l t ing (3). In ch i ldren, the epiphysis of the 
head may be completely separated and 
widely d isplaced (4) .  



HUMERUS, 
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AO CLASSIFICATION - HUMERUS, DISTAL SEGMENT 

Distal Segment :  1 3- 1 24. AO classification of fractures of 
the humerus, distal segment ( 1 3-): 

Type A fractures are totally extra-articular. 
A 1 = Avulsion fracture (of apophysis) :  . 1  
lateral ; . 2  111edial;  .3 111edial, with the 
frag111ent trapped in the joint. 
A2 = Simple 111etaphyseal (supracondylar 
fracture): . I with the proximal part of the 
fracture l ine ly ing lateral ; .2 with proxi111al 
part of the fracture l ine ly ing medial ; .3 with 
the fracture l ine lying transverse. 
A3 = Mul t ifrag111ented metaphyseal; . 1  with 
an unbroken wedge; .2  with the wedge 
frag111ent fractured; .3 complex. 

Type B fractures are partial ly articular. 
B 1 = Lateral sagittal ( i .e. general ly 111ost 
obvious in the AP radiographic projection) :  
. 1  involving the capitellu111; .2  s i 111ple 
trochlear; .3 111u l t ifragmentary trochlear. 
B 2  = Medial sagittal: . 1  medial side of the 
trochlea; .2  through the trochlear notch; .3 
mult i  fragmentary trochlear. 
83 = Frontal ( i . e .  generally 111ost obvious in 
the lateral radiographic project ion) :  . I of the 
capi te l lum;  .2  of the troch lea; .3 of both the 
capi tel lu111 and the trochlea. 

Type C fractures are co111plete articular 
fractures, and are 111u l t i frag111entary. 
C I  = Si 111ple fractures of both the epiphysis 
and the metaphysis (T- and Y-fractures): . I 
s l ight displace111ent only; .2 wi th marked 
displace111ent; .3 T-fractures with the 
horizontal l imb distal ly placed so that it is in  
the epiphysis. 
C2 = S i111ple fracture of the epiphysis, 
111ult ifragmentary fracture of the 111etaphysis: 
. I wedge intact; .2  wedge fractured; .3 
co111plex. 
C3 = Mul t i frag111entary epiphyseal fracture 
wi th a simple or mul t ifragmentary fracture of 
the 111etaphysis; . I metaphysis s imple; .2 
wedge fracture of the 111etaphysis; .3 complex 
111etaphyseal fracture. 



AO CLASSIFICATION - RADIUS/ULNA, PROXIMAL SEGMENT 

RADIUS/ULNA, Proximal Segment :  21 -
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1 25. AO classification of fractures of 
the radius/ulna, proximal segment 
(21 -): 

Type A fractures are extra-art icular. 
A 1 = Fracture of the u lna only:  . I avulsi n of 
the triceps insertion (olecranon) ;  .2 s i 111ple, of 
the metaphysis ;  .3 mul ti frag111entary, of Lie 
111etaphy. is . 
A2 = Fracture of the radius only:  . 1  a vu ls ion 
of the biceps insertion (radial tuberosi ty)  . . 2 
s imple fracture of the neck; .3 
mult i  fragmentary of the neck. 
A3 = Fracture of both the radius and uln ; . 1  
both simple; .2 one s i 111ple and the other 
mult ifragmentary; .3 both 111u l t i frag111entary . 

Type B fractures are partial articular fractures. 
B 1 = Articular fracture of the u lna with the 
radius i ntact: . 1  unifocal, of the olecranon or 
coronoid; .2 b ifocal (olecranon and coro oid) 
- both simple ; .3 bifocal mult ifragmentary. 
B2 = Articular fracture of the radius wi th the 
u lna intact: . 1  si mple fracture of the radial 
head; .2 mult i  fragmentary fracture of the radial 
head wi thout depression; . 3 depressed 
mul ti fragmentary fracture of the radial h ad. 
B3 = Articular fracture of one bone, wi th an 
extra-articular fracture of the other: . 1  simple 
articular fracture of the u lna; .2 simple 
articular fracture of the radius; .3 
mul t i  fragmentary articular fracture of either 
bone. 

Type C fractures are co111plete articular 
fractures. 
C 1 = Simple articular fractures of both b nes: 
. 1  head of radius and olecranon; .2 head 
radius and coronoid. [There is  no th ird 
subgroup here.] 
C2 = Articular fractures of both bones, one 
simple and the other mult ifragmentary: . I 
radial head s imple, olecranon 
111ul t ifragmentary; .2 olecranon s i 111ple, radial 
head mult ifrag111entary: .3 coronoid s imple, 
radial head multi fragmentary. 
C3 = Both bones mult i  fragmentary; . 1  three 
fragment in  each bone; .2 111ore than three 
frag111ents in the ulna: .3 more than three 
fragment in  the radius. 



1 26. Diagnose and suggest treatment. 

1 28. Diagnose and suggest treatment. 

SELF-TEST II 

1 27. Whal is this injury? Comment on the position. 

1 29. Comment on this AP radiograph of the 
elbow. What force has been responsible for 
the injury? 

1 30. Comment on this supracondylar 
fracture which has been manipulated and put 
in  plaster. 



SELF-TEST 

1 3 1 .  What is th is fracture? What 
complication has occurred? 

1 34. What is the nature of this fracture? 
How might it be treated? 

1 32. What is this injury? How should it be 
treated? 

1 35. What fracture is present? How should 
this be treated? 

1 33. What does this radiograph show? What 
treatment wi l l  probably be required? 

1 36. How would you tseat th is  injury? 



1 26. The radiographs show an undisplaced 
supracondylar fracture of Lhe hu111erus in  a 
chi ld. Assuming there were no c irculatory 
problems, a collar and cuff s l ing under the 
clothes should suffice for init ial treatment. 
(AO = l 3-A2.3 . )  

1 27. Y-fracture of the humerus. There i s  
considerable separation of the two distal 
components, and open reduction and internal 
fixation should be considered unless the 
patient is particularly frail (when repeat 
manipulation wi th side-to-side compression 
may be undertaken) .  (AO = I 3-C2. I . ) 

1 28. Dislocation of the elbow with fracture 
of the olecranon. The elbow should be 
reduced and check radiographs taken. 
Moderate residual displace111en1 of the 
olecranon should be accepted, but i f  there is  
marked residual displacement then this should 
be reduced and fixed (e.g. with K-wires and a 
figure of eight suture not using wire).  Note 
that the ossification centres for the olecranon 
have not yet appeared and this rea l ly 
represents a Sal ter-Harris Type 2 in jury. 
(A0 = 2 1 -8 1 . I . ) 

1 29. There is a double injury - avulsion of 
the 111edial epicondyle and fracture of the 
radial neck. al111ost certainly both due to 
an abduction (valgus) injury. (Humerus: 
AO = 1 3-A 1 .2;  radius: AO = 2 l -A2.2.)  

1 30. This has been an anterior suprarnndylar 
fracture and the reduction is  unacceptable. 
(AO = l 3-A2.3. )  

1 3 1 .  Fracture of the lateral condyle with 
non-union. (AO = 1 3-8 1 . 1 . ) 

1 32. Dislocation of the elbow with highly 
comminuted fracture of the radial head. Treat 
by reduction and i111111ediate excision of the 
radial head, preferably with prosthetic 
replace111en1. (AO = 2 1 -82.3 . )  

1 33. Displaced fracture of the capitel lu111. 
Open reduction and internal fixation (e.g. 
with a Herbert screw) would be advised. 
(AO = 1 3-83. 1 . ) 

1 34. This is a com111inuted Y-fracture of the 
distal humerus in an adult. (AO = 1 3-C 1 .3 . )  
Here i t  has been dealt with b y  reduction and 
cross-screw stabilisation of the articular 
elements, which have subsequently been 
realigned and fixed 10 the shaft using 
reconstruction plates. 

ANSWERS TO SELF-TEST 

1 35. Undisplaced fracture of the distal 
hu 111erus involving the elbow; 111ore stress 
would probably have produced a Y-fracture. 
Treat by rest in  a s l ing and early 
111obi l isalion. (AO = 1 3-82.2. )  Greater 
separation of the frag111ents would merit 
cross-screwing. 

1 36. Undisplaced Type I fracture of the 
radial head: treat by crepe bandaging and 
rest in a sl ing. Mobi l i se after 2 weeks. 
(AO = 2 1 -82. 1 . ) 
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CHAPTER 

8 
lniuries to the forearm bones 



FOREARM FRACTURES - GENERAL PRINCIPLES 

1 .  Anatomical features: The radius and 
ulna are bound together by ( 1 )  the annular 
(orbicular) l igament, (2) the in terosseous 
me111brane, (3) the radio-ulnar l igaments and 
the triangular f ibrocarti lage. This gives the 
radius and u lna some of the features of (4) a 
bundle of sticks and (5)  a l inked 
parallelogram. 

4. Fracture-dislocations (a): I f  one 
forearm bone is seen to be fractured and 
angled, i t  has inevitably become relatively 
shorter ( 1 ) . If its attachments to the wrist and 
humerus are intact, the other forearm bone 
must be dislocated. The commonest 
fracture-dislocation of this type is a fracture 
of the u lna with a dislocation of the radial 
head (Monteggia injury) (2) .  

2. Direct violence: With direct violence i t  
is possible to fracture either of the forearm 
bones in isolation. These injuries are 
comparatively unco111mon, but do occur, 
especial ly in the ulna when in a fall the shaft 
strikes a hard edge. They 111ay also occur 
when the ulna is struck by a weapon as the 
victim atte111pts to protect the head with their 
arms. 

5. Fracture-dislocations (b): The same 
pattern of injury occurs in the Galeazzi 
fracture-dislocation when a dislocation of 
the distal ulna acco111panies a shaft fracture 
of the radius. Never accept a single forearm 
bone fracture as an entity 1111til a Monteggia 
or Galeazzi i11ju1y has been eliminated. 

3. Indirect violence: More co111111on ly. the 
forearm is  injured as the result of indirect 
violence. such as a fall on the back or the 
front of the outstretched hand. The force of 
impact on the hand stresses the forearm 
bones: the 111ost common occurrence is f r 
both to fracture. 

6. Axial rotation (a): In any forearm 
injury, when the u lna fractures it may 
angulate or displace l ike any other bone � I ) .  
When the radius fractures, however, in 
addition to angulation one fragment may 
rotate relative to the other (axial rotation) (2 ) .  
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7. Axial rotation (b): Axial rotation of the 
ulna is rare, but always check to see that it is 
not present. To do so, note that in the lateral 
projection the olecranon ( I ), coronoid (2) 
and slyloid process ( 3 )  should be clearly 
visible. This relationship is lost in  the 
presence of axial rotation (4) .  

1 0. Axial rotation (e) - Forces 
responsible (a): In all radial shaft 
fractures, pronator quad1'atus tends lo pronate 
the distal fragment ( I ) . In all upper 
(proximal) third fractures, pronator leres 
helps to pronate the distal fragment (2),  
assisting pronator quadratus in  this 
movement. 

FOREARM FRACTURES - GENERAL PRINCIPLES 
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8. Axial rotation (c): Jn  the case or the 
radius, note any discrepancy in lhe widths of 
the fragmellls at fracture leve l .  A d ifference 
as i l luslraled indicates the presence of axial 
rotat ion. 

1 1 . Axial rotation (f) - Forces 
responsible (b): In upper third fractures, 
the proximal fragment is fully supinated by 
biceps ( 3 )  while the distal fragment is fu l ly 
pronaled by pronators teres and quadratus 
( I  & 2), ( i .e. there is  a maximal tendency to 
axial rotation). In fractures distal to the mid 
third, biceps is  opposed, so the proximal 
fragmem tends to l ie in  the mid posit ion. 

5 

9. Axial rotation (d): Note also the normal 
relationship between the radial tubercle ( I )  
and the styloid process (2)  in  this AP view of 
the radius in full supinalion. In full 
supination the radial lllbercle l ies medially 
( 3 ). I n  pronation it l ies laterally (4). In the 
mid position it i s  concealed (5). The position 
of the radial styloid should always 
correspond. 

1 2. Fracture slipping (a) - Greenstick 
fractures: In chi ldren's greenstick fractures 
any intact periosleum on lhe original concave 
surface of the fracture exerts a constant, 
springy force which may cause recurrence of 
angulalion if the plaster slackens, impairing 
three-point fixation. Frequent check.films 
may be essential in any conservatively 
treated fracture. 



FRACTURE OF BOTH BONES OF THE FOREARM IN CHILDREN 

1 3. Fracture slipping (b): Another 
contributory cause of fracture s l ipping is 
when muscle wasting occurs in a patient in a 
full arm plaster wearing a collar and cuff 
s l ing. Loss of brachial is and brachioradialis 
bulk leads to plaster slackening and 
angulatory deformity. (Nore: soft tissue 
shadow Frame 26.) Patients with 
conservatively treated fracwres should /Je 
given broad arm slings. 

1 6. Treatment (a): In the undisplaced 
angulated greenstick fracture, the chi ld 
shou ld be g iven a general anaesthetic and the 
angulation corrected. One hand applies a 
l itt le traction and the corrective force, whi le 
the other acts as a fulcrum, under the 
fracture. 

1 4. Fracture of both bones of the 
forearm in children - Patterns (a): Most 
fractures are greenstick in pattern as 
i l lustrated. The radiograph shows fractures of 
the radius and ulna in the middle thirds. The 
distal fragments are t i l ted anteriorly (posterior 
angulation) but there is no displacement. An 
extensive, intact periosteal hinge can be 
assumed and reduction of such a fracture 
involves correction of the angulation only. 

1 7. Treatment (b): If the fracture is 
overcorrected, the periosteum on the init ial ly 
concave side of the fracture wi l l  be felt to 
snap. This wi l l  immediately give the fracture 
more mobi l i ty :  this has the advantage of 
reducing the risks of late angulation, but has 
the d isadvantage of requiring greater care 
with respect to the initial positioning in 
plaster. 

1 5. Patterns (b): When there is off-en ing 
of one or both bones there is potential 
instab i l i ty. Shortening and angulation are 
more l ikely, and axial rotation may occur; 
reduction may therefore be more 
troublesome. In some difficult  cases the use 
of Nancy flexible intramedullary nai l s  may 
be considered. 

1 8. Treatment (c): In the undisplaced 
greenstick fracture where there is no 
rotat ional deformity, the arm should be 
placed in  a stable position whi le the cast .s 
applied. To prevent re-angulation, fractures 
with pos1erior tilting (anterior angu lation ) ( I )  
are general ly most stable in  ful l  pronation, 
whi le the commonest fractures with a11rerior 
tilting (po terior angulation) (2) are best i n  
ful l  supination. I f  an extreme position is  
required. the cast  should be changed at four  
weeks and the  arm pu t  in a more neutral 
position. 



FRACTURE OF BOTH BONES OF THE FOREARM IN CHILDREN 

1 9. Treatment (d) - Displaced 
fractures: When the fracture is displaced. 
axial rotation of the fragments should be 
looked for and the appropriate position in the 
pronation/supination range evaluated. The 
forearm is then placed in that position, and 
strong traction is applied for a quarter of a 
minute or so, with the patient wel l  relaxed 
under a general anaesthetic. The elbow is 
flexed at a right angle for counter-traction. 
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22. Radiographs: ( I )  Persistent 
displacement without angulation may be 
readi ly  accepted. (2 )  Complete off-ending 
without angulation: remanipulate but accept 
if no improvement can be gained. Careful 
surveil lance to detect early angulation is 
essential. (3 )  S l ight angulation ( I  0° or less), 
while undesirable, will correct wi th 
remodell ing .in  the younger ch i ld, and should 
be accepted. Marked angulation requires 
remanipulation. 

20. Treatment (e) - Displaced fractures 
cntd: Assessment of reduction is d ifficult. 
but often residual displacement may be 
detected by fee l ing the subcutaneous surface 
of the u lna in the region of the fracture. I n  
the d ifficult case i t  i s  sometimes possible to 
gain bony apposition by applying traction 
and increasing the deformity before finally 
correcting i t .  Only rarely is open reduction 
and internal f ixation indicated. 

23. Treatment (g): A broad arm sl ing, 
keeping the arm wel l elevated, should be 
employed. and the fingers exposed. I f  there is  
much ·swel l ing, or  the reduction has been 
d iff icult, the patient should be admitted for 
elevation of the arm and circulatory 
observation: otherwise the chi ld must be seen 
within 24 hours of the application of the 
plaster and the parents given the usual 
warnings. 
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2 1 .  Treatment (f) - Fixation: To lessen 
the risks of ischaemia apply a back shell 
only, maintaining traction whi le this is done. 
Wool ( I )  i s  followed by the she l l  (2) .  held by 
cotton bandages. Just before the plaster sets 
g ive a final moulding (e.g. 3 - post
angulation fracture). Review the check 
radiographs before withdrawing the 
anaesthetic. ( Note that some proximal third 
fractures in chi ldren are only stable with the 
elbow in extension. and this position can be 
maintained for 5 weeks with relative safety.) 

24. Treatment (h): On review, the fingers 
should be checked for swel l ing. colour and 
active movements. I f  there is  some doubt, 
slowly and gently extend the fingers - if  this 
produces excessive pain. it i s  suggestive of 
ischaemia. If ischaemia is  present, the 

· 

encirc l ing bandages must be spl i t  and the 
situation carefu l ly  re-assessed after a short 
interval. If the c irculation is  perfect. the 
plaster may be completed. 



FRACTURE OF BOTH BONES OF THE FOREARM IN ADULTS 
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25. Treatment (i): In stable and unstable 
injuries check the cast and the position of the 
fracture at fortnightly or weekly intervals 
respectively for 3-4 weeks; i f  satisfactory, 
the sl ing may then be discarded. Plaster 
fixation is  maintained t i l l  union (usually after 
a further 3-4 weeks in a chi ld of I 0 years, 
and a further 1 -2 weeks in a chi ld of 4). The 
arm may be placed in  a neutral position at 
4 weeks if an extreme position was ini t ia l ly 
required. Thereafter mobi l i sation may be 
commenced from a sl ing. 

28. Adult fractures: In the adult 
displacement, angulation, rotation and 
comminutio1r may be qui te marked and 
closed reduction is often d ifficult or 
i mpossible to achieve. Even if an acceptable 
position can be obtained, and a cast 
successfu l ly applied, late s l ipping of the 
fracture is extremely common and d ifficult to 
treat. The best treatment for displaced 
fractures of the forearm bones in  the fit adul t  
i s  open reduction and internal fixation, 
usually by plating both bones through 
separate incisions. 

26. Management of late angulation 
(a): (Detected by progress f i lms . )  Sl ight 
angulation of up to I 0° may be accepted, 
especial ly under the age of I 0, but a slack 
plaster must be changed to prevent .further 
angulation. Where angulation is more severe 
and has been detected before callus has 
appeared ( I l lus.)  the plaster should be 
changed under general anaesthesia and the 
angulation corrected by manipulation. (If the 
fracture is rigid, consider dri l l ing the bone 
and an osteoclasis.) 

29. Adult fractures cntd: 3.5 mm AO 
dynamic compression plates are commonly 
used, with the radial plate contoured to fit the 
curve of the shaft. The screws should 
preferably engage 6 cortices above and 
below the fracture, using, where possible, 
additional interfragmentary screws and a 
bone graft if there is any residual gap. Bone 
grafting is  also advised i f  there is  no sign of 
callus by s ix weeks. The aim is  to achieve a 
rigidity of fixation which wi l l  permit early 
mo bi I isation. 

27. Management of late angulation 
(b): In  a young chi ld, i f

. 
ca l lus has appeared, 

accept any angulation unless gross (20° or 
more). In the older child, say IO years or 
over, if angulation is  marked remanipulation 
(or osteoclasis) should be considered even in  
the pre;ence of cal lus ( I l lus.) ,  as the powers 
of remodel l ing are less good. Union after 
remanipulation is usually rapid. 

30. Treatment (a): The radius and u l na are 
exposed separately to minimise the risks of 
cross union, and a tourniquet i s  used ( I  J. The 
ulna is  subcutaneous along its posterior 
border: a longitudinal posterior incisio , 
fol lowed by exposure and cleaning of the 
bone ends, usually permits easy reduc · on 

(2) .  Plating is usua l ly  carried out to stab i l ise 
the fracture; intramedul lary nai l i ng may not 
always control any ( sl ight) tendency to axial 
rotation. 
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3 1 .  Treatment (b): Unless the radial 
fracture is  in  the distal third, a formal 
(Henry) exposure is  required to avoid 
damage to the posterior interosseous nerve 
( I ). The biceps tendon ( 2 )  i s  fol lowed down 
to the tubercle, and the plane between the 
supinator ( 3 )  and the pronator teres (4)  
located. The supinator is  reflected laterally 
(5) carrying the nerve away from danger. The 
rest of the shaft may then be exposed safely 
for reduction and plating. 

----

34. Treatment (e): In conservatively 
treated fractures. the fol lowing precautions 
must be taken. ( I )  The plaster should be 
checked weekly for slackness, and changed 
if necessary. (A complete plaster, applied 
over wool, should be used in  an adul t . )  (2) A 
broad arm rather than a collar and cu ff s l ing 
should be used. (3) Weekly radiographs are 
necessary to detect and al low the correction 
of early slipping. 

ISOLATED FRACTURE OF THE ULNA 
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32. Treatment (c): If the i11temal jixatio11 is 
rigid, 110 external support is 11ecesSC11)' a11d 
the ar111 ca11 be fullv 1110/Jilised )iv111 the start. 
If the fixation is not rigid (A),  a cast may be 
used unti l  there is reasonable cal lus 
formation round both fractures (often at 
about I 0 weeks), changing the cast to remove 
the sutures at 3 weeks. With better fi xation 
( B ), after few days with a crepe support the 
arm may be mobil ised fully and then a cast 
provided for a short period after discharge 
from hospital 

35. Isolated fracture of the ulna (a): 
This injury may result from direct violence 
(e.g. in  warding off a blow from a stick or 
fal l ing object. or by striking the arm against 
the sharp edge of. for example, a machine or 
a step). I n  all cases. however, the whole of 
the radial shaft should be visualised to 
exclude, in particular, an associated 
dislocation of the radial head. 

33. Treatment (d): I t  i s  reasonable to treat 
fractures of the forearm bones in  the adult 
conservati vely ( I l lus .) :  I .  i f  the fractures are 
undisplaced. 2. in the elderly, or in the 
patient suffering from mult iple injuries 
where the duration of anaesthesia required 
for open reduction and internal fixation is 
considered hazardous. If manipulation is 
required, proceed (as described al Frame 1 9) 
with attention to axial rotation. 

36. Isolated fracture of the ulna (b) -
Treatment: As there is an appreciable 
incidence of non-union, some prefer early 
open reduction and internal fixation for al l  
these fractures. Where displacement is sl ight, 
conservative treatment may be used. A long 
arm plaster should be applied with the hand 
in  mid pronation ( I ) . Beware however of late 
sl ipping. The plaster is retained until union is 
advancing (usually about 8 weeks). f f  
angulation is  marked, then open reduction 
and internal fixation wi l l  have to be 
considered (2 ) .  



MONTEGGIA FRACTURE-DISLOCATION 

37. The Monteggia fracture-dislocation 
and related injuries - Mechanisms (a): 
Severe angulation of a forearm bone is 
nor111al ly acco111panied by fracture or 
dislocation of the other (see Fra111es 3 and 4). 
I n  the Monteggia fracture-dislocation, 
fracture of the ulna is  associated with 
d islocation of the radial head. The most eas i ly 
understood 111echanis111 is when a violent fal l  
or blow on the ar111 fractures the u lna and 
displaces the radial head anteriorly. 

40. Patterns (b): (4) The radial head 111ay 
dislocate anteriorly and be as associated with 
a fracture of the olecranon (Hu111e fracture). 
(5) Greenstick fracture of the ulna, often 
d ifficu l1  to detect, partly accounts for the fact 
that Monteggia lesions are frequently 
overlooked in chi ldren. Always check the 
position or the radial head in both views, and 
always look for distortion and kinking of the 
ulna. 

38. Mechanisms (b): More co111111only, the 
injury results fro111 forced pronat ion. A fal l  on 
the outstretched, fu lly pronated ar111 ( I )  is 
fol lowed by further pronation as the trunk 
continues to turn over the f ixed hand (2) .  The 
radius is forced against the ulna, fracturing i t  
(3 )  and in  turn is levered away fro111 the 
capitellu111 (4). Rarely, the radial head 111ay 
dis locate without da111age to the ulna: 
supi11ario11 of the ar111 is needed for reduction. 

4 1 .  Treatment (a): The key to successful 
111anagement of this potentially d iff icult 
injury is accurate reduction of the ulnar 
fracture. Jn  the adult, and in chi ldren with 
displaced fractures, this is best achieved by 
open reduction and internal f ixation. The 
fracture is  easily approached through a 
posterior incision, and the reduction 111ay be 
held with a plate applied to the 111edial aspect 
of the ulnar shaft with cortical screws. 

39. Patterns (a): (N )  In the nor111al elbow a 
l ine through the axis of the radius cuts the 
centre of the spherical capi te l lu 111) .  ( I )  The 
radial head 111ay di locate backwards v. i th 
fracture and posterior angulation of the u lna 
(posterior Monteggia). (2) The radial head 
may dislocate anteriorly, with anterior 
angulation of the u lna (anterior Monteggia). 
Or (3) the radial head 111ay d islocate laterally, 
wi th lateral angulation of the ulna ( lateral 
Monteggia). 

42. Treatment (b): Thereafter the e l tow 
should be placed in right-angled flex ion. The 
position of the radial head should be decked 
by palpation and by radiographs. Ful l  
upination 111ay be required to 111aintair 

reduction, but generally the neutral position 
will be satisfactory in  maintaining stab i lity 
after the ulna has been fixed. If the radial 
head v.i l l  not reduce in  fu l l  supination. it 
should be exposed. any loose cart i l age 
fragments re111oved. and any tear in  the 
orbicular l iga111enl sutured. 



43. Treatment (c) - Aftercare: ( I )  The 
plaster is changed at 3 weeks and the stitches 
removed. (2) Plaster i s  f inal ly d iscarded 
when, on your assessment, there is adequate 
stabi l i ty. Your opinion wi l l  be based on the 
type of fixation, i ts technical adequacy, callus 
formation, etc. In practice, mobil isation from 
a sl ing (3 )  may often be started about 4 
weeks. Physiotherapy is often required. 
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46. Treatment (e) - Monteggia 
fractures in children (a): Any greenstick 
angulation of the u lna should be corrected by 
manipulation ( I ) . Anterior Monteggia 
fractures should be put up in a position of 90° 
flex ion at the elbow and in supination (2 ) .  

MONTEGGIA FRACTURE-DISLOCATION 

44. Treatment (d) - Monteggia fracture 
associated with comminution of the 
radial head: In this example, the ulnar 
shaft fracture was reduced and plated. There 
was an open comminuted fracture of the 
radial head. A thorough debridement of the 
wound was carried out and the fragmented 
radial head was removed. A plug of antibiotic 
impregnated cement ( Palacos ''"' ) was then 
inserted as a temporary spacer. 

47. Treatment - Monteggia fractures 
in children cntd: Posterior Monteggia 
fractures ( 3 )  are often stable in full extension 
and may be fixed for not more than 3 weeks 
in this position: the elbow should be brought 
into a more flexed position for the remainder 
of the time in plaster. The position of the 
radial head must be con firmed by weekly 
radiographs; i f  there is  any evidence of 
incongruity, exploration may have to be 
considered. 

45. Treatment - Monteggia fracture 
associated with comminution of the 
radial head cntd: Once sound wound 
heal ing had been obtained, the cement was 
excised and a bipolar radial head replacement 
substituted. I mmediate mobil isation could 
then be commenced. 

48. Late diagnosed Monteggia lesions: 
I .  In the adult, some restriction of elbow 
movements may be the only complaint. 
Excision of the radial head may give 
temporary rel ief, but i s  often fol lowed by 
proxi mal drift of the radius and troublesome 
subluxation of the ulna at the wrist. 
2 .  Tardy u lnar nerve palsy may be the 
patient's first complaint; transposition of the 
ulnar nerve is  often effective in  arresting the 
progress of this condition. 
3 .  I n  chi ldren, excision of the radial head is 
contraindicated - i t  would lead to growth 
disturbance. In some cases manipulative 
correction may be possible depending on the 
delay. 

I n  exceptional c i rcumstances the condition 
may be very late in being brought to l ight. In 
chi ldren under the age of I 0 good results 
have been claimed for surgery performed as 
late as 4 years after the in i t ial injury. (Such 
late reconstructions involve: 
I .  Excision of scar tissue in  the region of the 
radiohumeral joint. 
2 .  Prox imal ulnar osteotomy. 
3. Reduction of the radial head. 
4. Reconstruction of the annular l igament 
using palmaris longus or triceps fascia . )  



GALEAZZI FRACTURE-DISLOCATION 

49. The Galeazzi fracture-dislocation: This i s  a fracture of the radius associated 
with a dislocation of the inferior radio-ulnar joint. Note that in the normal wrist the 
distal end of the ulna (excluding the styloid process) l ies just prox imal to the articular 
surface of the radius, the space between being occupied by the triangular fibrocartilage. 
If the radius is fractured, always look for subluxation of the ulna. 

5 1 .  Galeazzi fracture - Treatment (b ): 
If displacement of the u lna persists after 
internal fixation of the radius, a K-wire for 3 
weeks may be used to stabilise the inferior 
radio-ulnar joint. 
Galeazzi fracture-dislocations in children: 
Manipulate and put up in  plaster in 
supination. Open reduction is seldom 
required. 
Late diagnosed Galeazzi lesions: 
Prominence of the ulna wi th pain in  the wrist 
is the commonest complaint and excision of 
the distal ulna may g ive relief. 

52. Isolated fracture of the radius (a): 
Fracture of the radius can occur without in i tial 
involvement of the inferior radio-ulnar joint. 
This comparatively uncommon situation may 
fol low direct injury to the radius which results 
in  an undisplaced fracture. Nevertheless, late 
subluxation of the in ferior radio-ulnar joint 
may appear when, as is frequent, late 
angulation of the fracture occurs. 

50. Galeazzi fracture - Treatment (a): 
In the adult, open reduction and plating cf the 
radius through an anterior incision e l iminate 
the risks of late sl ipping. Reduction of the 
radius is followed by spontaneous reduction 
of the ulnar subluxation, and only i n  
exceptional c i rcumstances does t h e  infenor 
radio-ulnar joint require opening. With stable 
internal fixation and an intact u lna, there is 
less need for additional external fixation. 

53. Isolated fracture of the radius (b): 
lH rhe ad11l1, isolated fractures of the radius 
wi th no signi ficant angulatory or rotational 
deformiry may be treated in  plaster wi th the 
arm in  supination. Sl ight axial rotation ay 
be controlled by careful positioning of the 
forearm: in  a l l  cases careful survei l l anc is  
v i tal to detect early s l ipping, an indication 
for operative intervention. 

In children, isolated fractures of the radius 
should also be treated conservatively. 

Non-union of the radius: This compl ic  tion 
may be treated along standard l i nes by 
internal fixation and bone graft ing. 



54. Forearm compartment syndromes: 
These occur most frequently after fractures 
of both the forearm bones, but may fol low 
supracondylar fractures and fractures of the 
radial  head and neck in chi ldren. The 
condition should be suspected i f: 1 .  There is 
marked pain on passive extension of the 
fingers; 2. There is  reduced sensation or 
paraesthesia in the hand; 3 .  There is a 
significant rise in compartment pressure: this 
i s  most useful in  the unconscious patient. 
Both anterior and posterior compartments 
may be a ffected, but the anterior i s  most 
commonly involved. Release of pressure in 
the anterior compartment usually results in  a 
fall of pressure in the posterior compartment, 
but if pressure monitoring shows pressure in 
the posterior compartment separate 
decompression (through an additional, l i near 
posterior incision) may be required) 
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COMPARTMENT SYNDROMES II 
Method: A curv i l inear incision is general ly 
advised. (McConne l l ' s  approach ( I l lus. ) ,  as 
described by Henry, not only al lows 
decompression of the anterior compartment, 
but exposure if required of both the median 
and ulnar nerves. )  The decompression must 
include: 
I .  The lacertus f ibrosus (bicipital 

aponeurosis) .  
2 .  The fascia over flexor carpi ulnaris. 
3.  The fascia over the edge of flexor 

cligi torum superficial is. 
If i njury to the median nerve is  suspected, 
the l i kely s i tes of its compression are: 
1 .  At the lacertus. 
2. Over the proximal margin of pronator 

teres. 
3. At the proximal margin 01· flexor 

digi torum superficial is .  



AO CLASSIFICATION - RADI US/ULNA, DIAPHYSEAL SEGMENT 

RADIUS/ULNA, Diaphyseal Segment : 22-
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55. AO classification of fractures of 
the radius/ulna, diaphyseal segment 
(22-): 
Type A are simple ( i .e .  there is  a 
c ircum ferential disruption of the bone), 
involving one or both bones. 
A I = S imple fracture of the u lna with a 
intact radius:  . I oblique; .2 transverse; .3 
with dislocation of the radial head 
(Monteggia fracture-dislocation). 
A2 = Simple fracture of the radius, with the 
u lna i mact: . I oblique; .2 transverse; .3 with 
dislocation of the distal radio-ulnar joint 
(Galeazzi fracture-dislocation). 
A3 = Simple fracture of both bones: . I 
proximal part of radius involved; .2 midule 
third of radius fractured; . 3  fracture of  distal 
radius. 

Type B fractures are wedge fractures ( i .e. 
there is  a separate ( butterHy) segment, but 
after reduction there is  contact between the 
main fragments (a  so-called h i tch));  one r 
both bones are involved. 
B I  = Wedge fracture of the ulna and an i ntact 
radius; . I wedge i ntact; .2 multi fragmentary 
wedge: .3 with dis location of the radial head 
(Monteggia fracture-dislocation). 
B2 = Wedge fracture of the radius and a 
intact u lna: . I wedge intact; .2 
multi fragmemary wedge; .3 with dislocation 
of the distal radio-ulnar joint (Galeazzi 
fracture-dislocation). 
B3 = Wedge fracture of one bone. with a 
simple or wedge fracture of the other: . I 
wedge ulna; .2 wedge radius: .3 wedge 
fractures of both bones. 

Type C fractures are complex ( i .e. they have 
more than two fragments, and even after 
reduction the pattern is such that there is no 
contact between the main fragments); on or 
both bones may be involved. 
C I  = Complex fracture of the ulna: . I b i focal 
with radius intact ; .2 bifocal with radius 
fractured: .3 i rregular, with or without 
fracture of  radius. 
C2 = Complex fracture of the radius: . I 
bifocal " ith ulna intact: .2 bi focal with 
fracture of ulna; .3 irregular, with or witrout 
fracture of ulna. 
C3 = Complex fracture of both bones; . I 
bifocal of both bones; .2 bifocal of one b ne 
and i rregular fracture or the olher; .3 i rre,,,ular 
fracture of both bones. 



SELF-TEST • 
SELF-TEST 

56. Describe this fracture. What treatment would you advocate? 57. Interpret this radiograph. How might this appearance be avoided? 

58. What is  this injury? 59. Describe this injury. How would you treat i t? 



SELF-TEST I ANSWERS TO SELF-TEST 

60. Describe this injury. What treatment would you carry out? 6 1 .  Comment on this radiograph. 

ANSWERS TO SELF-TEST 

56. Greenstick fractures of the radius and u lna, wi th anterior angulation. Treat by manipulation 
under general anaesthesia and the application of long arm plaster slab. (AO = 22-A3.3 . )  

57. Cross-union has occurred in th i s  fracture of the radius and ulna. The distal fragments have 
rotated 90° relative to the proximal fragments (malunion). No pronation or supination w i l l  be 
possible. This would be avoided by open reduction and i nternal fixation through separate 
incisions. (AO = 22-A3.3.)  

58. Hume fracture (anterior Monteggia fracture-dislocation where the u lnar fracture in  vol es 
the olecranon). ( ln the AO classification this would appear as a special variety of radius/ulnar 
proximal segment; as there is a smal l  coronoid fracture this would be classified as 2 1 -B 1 .2 . )  

59. Adult anterior Monteggia fracture-dislocation, wi th a fracture of  the u lna in  the proximal 
part of i ts middle third, with anterior angulation; the radial head is dislocated anteriorly. 
Treatment would be by open reduction and internal fixation of the ulna; reduction of the radial 
head would then have to be confirmed. (AO = 22-A 1 .3 . )  

60. Galeazzi fracture-dislocation in  a chi ld; there is a greenstick fracture of the  radius wilt 
anterior angulation. The distal end of the ulna is d islocated anteriorly. (AO = 22-A2.3 . )  

6 1 .  The radiograph i s  of an arm in  plaster; there is  a fracture of the u lna, apparently in 
reasonable alignment in th is  s ingle v iew but the radial head is  dislocated anteriorly, i .e .  this i s  
an anterior Monteggia fracture-dislocation which has not been satisfactorily reduced. The arm 
appears to be in  the mid-prone position, and reduction of the radial head migh t  have been 
achieved i f  the arm had been placed in  supination. Further treatment here is  i mperative (e.g. 
remanipulation and placing the arm i n  supination; should this fai l lo reduce the d islocation 
of the radial head, exploration of the radiohumeral joint would have to be considered 
(preferably after plating of the ulna). (AO = 22-A 1 .3 . )  
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The wrist and hand 



COLLES FRACTURE - DISPlACEMENTS 

1 .  Colles fracture: A Calles fracture is  a 
fracture of the radius within 2 .5 cm of the 
wrist ( 1 ), with a characteristic deformity i f  
displaced. I t  i s  the commonest of a l l  
fractures. I t  i s  seen mainly in  middle-aged 
and elder) y women, and osteoporosis is a 
frequent contributory factor. Ir usually results 
from a fal l  on the outstretched hand (2), and 
generally the distal radial fragment remains 
intact. (See Frame 44 et seq for those other 
cases where the radiocarpal joint is 
involved.) 

4. Displacements (c): With greater 
violence there is  dorsal displacement of the 
distal fragment (2) .  The shaft of the radius is 
driven into the distal fragment leading to 
impaction (3). (The dotted l i nes indicate the 
position of the distal fragment prior to any 
displacement.) 

2. Displacements (a): The six 
characteristic features of a displaced Colles 
fracture (see later for details) are shown in 
this foreshortened view of the pronated right 
arm, v iewed from below. The slight obliquity 
of impact (F) produces the two most striking 
features of dorsal and radial displacement 
(D & R) of the distal fragment. (T = 

triangular fibrocartilage; U = ulnar styloicl; M 
= medial; L = lateral . )  

5. Displacements (d): The al tered contour 
of the wrist in a badly displaced Colles 
fracture is  striking, and is  referred to as a 
'dinner fork deformity'. When viewed from 
the side, the wrist has the same curvature as a 
fork, with the tines resembl ing the fingers. 

I 

3. Displacements (b): The deformity ..:an 
be followed by studying the wrist in the rwo 
plane in which the radiographs are usual ly 
taken. The impact (F) fractures the radius 
through the cancellous bone of the 
metaphysis .  With greater violence the 
anterior periosteum tears, and the distal 
fragmem t i l ts into anterior angulation ( I )  
wi th los; of the 5° anterior t i l l  of the joint 
surface. 

6. Displacements (e): This radiograph 
shows a typical displaced Calles fracture. 
The anterior angulation, dorsal d isplacement, 
and impaction are obvious (deformit ies 1 ,  2, 
3 in  previous frames) .  



7. Displacements (f): In the AP plane, a 
small lateral component of the force of 
impact causes lateral (radial) displacemelll 
of the distal.frag111e111 (4). The distal 
fragment is attached to rhe u lnar styloid by 
the triangular f ibrocanilage, and generally 
this leads to avulsion of the ulnar styloid. 
Note rhat in the AP projection of the normal 
wrist that the joint surface has a tilt of 22°. 

1 0. Diagnosis: I .  If there is pain i n  the 
wrist and tenderness over the d istal end of 
the radius after a fal l ,  radiographs must be 
taken in every case. The site of max imum 
tenderness wi l l  help to d i fferentiate fracture 
of the scaphoid (but see scaphoid fraclllres) .  
2.  Where there is  marked displaceme111 the 
characteristic appearance leaves l ittle 
diagnostic doubt. Note that in the normal 
wrist rhe radial styloid lies I cm distal to the 
u lnar. 

COLLES FRACTURE - DIAGNOSIS 

8. Displacements (g): Sometimes the 
triangular fibrocanilage is torn; in either case 
there is disruption of the inferior radio-u lnar 
joint .  The distal fragment t i l ts laterally in to 
11/11ar a11gulatio11 ( 5 )  (reducing the t i l t  to less 
than 22°) and impacts (3) .  The sixth feature 
is a rotational or torsional deformity (6)  (see 
Frame 2), not obvious in either AP or lateral 
project ions. 

1 1 . Radiographs (a): I n  the majority of 
cases the fracture is eas i ly identified. 
Sometimes it may be missed because 
impaction has rendered the fracture l ine 
inconspicuous. If in doubt, look at the angle 
between the distal encl of the radius and the 
shaft in the lateral radiograph. Decrease to 
less than 0° is suggestive of fracture (but 
enquire about previous injury). N = normal. 

9. Displacements (h): ln this AP 
radiograph of a Calles fracture, note the 
features just mentioned, i .e. radial deviation, 
ulnar angulation and impaction of the distal 
fragment. 

1 2. Radiographs (b): The min imally 
d isplaced fracture wi l l  also reveal itself i n  the 
lateral projection by an increase i n  the 
posterior radial concavity, often with local 
kinking ( I )  or by a separate or accompanying 
break i n  the smooth curve of the anterior 
surface of the radius (2). N = normal. 



COLLES FRACTURE - TREATMENT 

1 3. Radiographs (c): In the AP view of 
the wrist, look for any i rregularity i n  the 
smooth lateral aspect of the radius. l f  there is  
any doubtful radiographic feature suggesting 
fracture, return to the patient and confirm 
whe1her 1here is any localised tenderness 
over 1he suspec1 area. N = normal. 

1 6. Does the fracture require 
manipulation? (b): If there is displacement 
of the u lnar styloid, this indicates serious 
disrup1ion of 1he i1!ferior radio-u/11arjoi111. 
(Acute u lnar angulation of the distal fragment 
i s  also evidence of this .)  An attempt at 
correction should be made irrespec1ive of 
01her appearances. 

14. Diagnosis cntd: As stated, a Colles 
fracture is  generally caused by a fal l  on the 
outstretched hand - a mechanism common to 
many upper l imb fractures. Although other 
injuries in the arm occurring in association 
wi th Colles fracture are 1111com111011, 
c l in ically the scaphoid, elbow and shoulder 
should be examined, and on the radiographs 
the scaphoid should be scrutinised. (Special 
views are required if an associated scaphoid 
fracture is  strongly suspected.) 

1 7. Does the frocture require 
manipulation? (c): I f  the joint l ine in the 
lateral projection is t i l led I 0° or more 
posteriorly rather than anteriorly, the fracture 
should be manipulated: but in the very old, 
frai I patient somewhat greater degrees of 
deformity may be accepted. 

1 5. Treatment - Does the fracture 
require manipulation? (a): If the frac ture 
is  grossly displaced. i t  obviously should be 
reduced ( I ) . If undisplaced, no manipulation 
is  needed (2). Between these extremes, t e 
fo llowing additional factors may be 
considered: if there is a readi ly appreciated 
naked eye deformity (3) manipulation should 
be carried out (but dist inguish between 
swelling and deformiry). 

1 8. Reduction technique (a): Anaest esia 
i s  necessary for the reduction of this fracture, 
and either a general anaesthetic or 
i ntravenous regional anaesthetic (B ier block) 
may be used with success. A lthough the 
latter has a good safety record, it should not 
be employed un less faci l i ties for 
resuscitation are freely available. Where 
there is  a preference for general anaesthesia 
but the patient attends late at night with a 
h istory of recent intake of food or drink, i t i s  
permissible and often safer to apply a 
temporary plaster back she l l  and an arm 
s l ing, and delay reduction of the fracture 
unt i l  morning. 
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1 9. Reduction technique (b): Before any 
manipulation, start by preparing a sui table 
plaster back slab. The le11gth should equal the 
distance from the olecranon to the metacarpal 
heads ( l  ). The width in  an adult should be 1 5  
cm (6"), and i t  should be about eight layers 
thick. The s lab should be trimmed wi th a 
tongue (2) for the first web space, a large 
radial curve to a l low elbow Aexion (3)  and 
a llowance for ulnar deviation (4). 
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22. Reduction technique (e): The elbow is 
now extended ( I ) . The heel of one hand 
should be placed over the dorsal surface of the 
distal radial fragment, and the fingers curled 
round the patient's wrist and palm (2). This 
grip al lows traction to be re-applied to the 
dis impacted fracture. 

COLLES FRACTURE - TREATMENT 

20. Reduction technique (c): The 
essential  first stage in the reduction of a 
Calles fracture is to disimpact the distal 
radial fragment. The elbow is Aexed to a 
right angle and the arm held by the 
in terlocked fingers of an assistant ( I ) . 
Traction is applied in the l i ne of the forearm 
(2 ) .  
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23. Reduction technique (f): Now. by 
using the heel of the other hand as a fulcrum 
(3) firm pressure directed anteriorly (4) wi l l  
co1Tect a l l  the  remaining deformities normally 
visible in lateral radiographs of the wrist 
(posterior displacement. anterior angulation ) .  

21 .  Reduction technique ( d ) :  Traction 
need only be applied for a few seconds, and 
dis impaction may be confirmed by holding 
the distal fragment between the thumb and 
index. I t  should be easy to move anteriorly 
and posteriorly. When disimpacted the radial 
styloid should lie I cm distal to the u lnar 
styloid. 

24. Reduction technique (g): St i l l  
maintaining traction, a l ter  the position of the 
grip so that the heel (here of the right hand) 
is able to push the distal fragment u lnarwards 
and correct the radial displacement (5) .  U lnar 
angulation. the other deformity seen in  the 
AP radiograph. i s  corrected by placing the 
hand in full ulnar deviation at the wrist. 
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25. Reduction technique (h): Change the 
grip Lo allow free application of the plaster 
(which fol lows Charnley's principle of three 
point fixation). Note that one hand holds the 
thumb fully exLenclecl ( I ) . The other holds 
three fingers (to avoid 'cupping' of the hand ) 
mai111aining s l ight traction (2) .  The l imb 
should be in  full pronation (3) , .fi.ill ulnar 
deviation at the wrist (4) and slight palmar 
flex ion. 

28. Reduction technique (k): Before the 
plaster sets, many surgeons l i ke to apply 
further pressure over the posterolateral 
aspect of the distal fragment, and maintain 
this unti l  selling occurs ( 'final mould ing ' ) .  
This precaution ensures maintenance of the 
reduction, but care should  be taken not Lo 
dent the plaster. 

26. Reduction technique (i): Note that the 
elbow must be extended (either by an assistant 
(5) or by resting the upper arm against the 
edge of the table) Lo maintain this position. 
The skin may be protected with wool roll (6) .  
1 1· stockinel is preferred, it must be applied 
prior Lo reduction. 

29. Reduction technique (I): A collar and 
cuff sl ing should be applied ( I ) . Make sure 
that there is no constriction at the elbow (2)  
or at the wrist (3) ,  and try Lo f lex  the elbow 
beyond a right angle so that the forearm i s  
not dependent. 

27. Reduction technique (j): The welted 
slab should now be positioned so that it 
covers the anterior, lateral and posterior 
aspects of the radius (7). The tongue should 
be carefully turned i nto the palm (8) .  The 
slab should be held i n  position with two 
welled 1 0  cm (4") open weave bandages 
(cotton, gauze or K ling TM bandages) (9) .  The 
encl can be secured with a welled scrap c f  
plaster bandage. 

30. Alternative techniques: IL i s  not 
unexpected that in  th is  common fracture 
methods of reduction are legion. As i t  is 
general ly an easy fracture Lo reduce, it 
fol lows that succes an rightly be c laimed 
for many techniques. The method g iven is 
logical in  so far as i l  correlates with the 
pathology as seen on the radiographs. 
Note. h wever: 
I .  A direct. si mple and extremely effective· 
procedure is to disimpacl the fracLUre 
( Frame 20), apply a plaster slab (Frame 27) 
and correct the defonnity before the plaster 
sets by applying pressure on Lhe 
poslerolateral aspect of the distal fragment 
(as in  Frame 28). 
2.  Jn the elderly patient, unfit for general 
anaesthe ia (but preferably after intravenous 
diazepam). a marked dorsal d isplacemeu 
may be corrected by quick application o, 
pressure (without previous clisimpaction I 
over a dorsal slab. 
3 .  In  the young adult, if a good reduction 
cannot be secured and held, so that there is 
recurrence of severe deformity, Lhe use of an 
external f ixator, K-wires or plating should be 
considered (see Frame 42).  



3 1 .  Treatment cntd: Check radiographs 
should be studied. Severe pers ist ing 
deformity. especially i1 1  the A P  projectio11 
( I l lus .)  should not be accepted, and 
remanipulation should be undertaken. I f  
d i fficulty i s  anticipated, radiographs may be 
obtained before d iscontinuing the 
anaesthetic. I f  the position is  acceptable. the 
patient i s  shown finger exercises and advised 
regarding normal plaster care. 

34. Aftercare (c): At 2 weeks the plaster i s  
checked for marked slackening ( replace), 
softening ( rein force) and technical faults (see 
next two frames). Movements in  the f ingers, 
elbow and shoulder are examined and 
appropriate advice given or physiotherapy 
started. In  some centres radiographs are taken 
a\ this stage; slight slipping is inevitable, but 
marked sl ipping may be an indication for 
remanipulation (not usually a profitable 
procedure). Al this stage too, if desired, the 
plaster may be replaced by a resin cast. 

COLLES FRACTURE - AFTERCARE 

24 hrs 

32. Aftercare (a): The patient is seen the 
next day and the l ingers examined for 
adequacy of the circulation and the degree or 
swel l ing ( I ) . The palm, fingers, thumb and 
elbow are checked for constriction caused by 
bandaging or elbow flex ion, and any 
adjustments made (2). Thereafter the patient 
should be seen within the next 2-5 days with 
a view 10 completion of the plaster. 
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2 - 5  days 

33. Aftercare (b): Al the next review 
(usually a fracture cl in ic)  f inger swel l ing is 
checked: i f  s l ight, the plaster is completed ( if 
marked. completion is delayed). Superficial 
layers of collon bandage are removed, the 
slab retained. and encirc l ing plaster bandages 
applied. The patient is instructed in elbow 
and shoulder exercises, and unless there is 
st i l l  a fair amount of swel l ing the s l ing may 
be discarded. 

35. Aftercare (d) - Positional errors: ( I )  The commonest fault is Jack of u lnar deviation. 
This should be sadly accepted if discovered at 2 weeks (but replastered in the correct position i f  
discovered earlier). Lack o f  ulnar deviation increases the risks of late problems arising from 
disruption of the inferior rad io-ulnar joint: non-union of the ulnar styloid is common, with 
frequently some restriction of pronation and supination and local pain. (2)  Excessive wrist 
flex ion is l iable to lead to d i fficulty in recovering dorsiflexion and a useful grip, and may be 
associated with compression of the median nerve. I f  present, the plaster should be re-applied 
with the wrist in a more extended posit ion. ( Fu l l  wrist flexion was once advocated in the 
treatment of Colles fracture - the Collon-Loder position - but has been abandoned for the 
reasons given . )  
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36. Aftercare (e) - Plaster faults: Errors 
in plastering technique shoul d  not occur, but 
nevertheless are often discovered at this stage. 
The fol lowing faults are common: ( I )  The 
distal edge of the plaster does not follow the 
normal obl ique l ine of the MP joints, and 
movements of the l itt le and sometimes the 

s/s2 
37. Aftecare (f): The plaster should be 
removed at 5 weeks (or 6 weeks in badly 
displaced fractures in the elderly) and the 
fracture assessed for union. (Radiographs are 
of l imi ted value.) ({there is marked 
persisting tenderness, a fresh plaster should 
be applied and union re-assessed in  a further 
2 weeks. 

ring finger are restricted. The plaster should 
be trimmed to the clotted l ine. (2) All the MP 
joints are restricted by  the plaster which has 
been continued beyond the palmar crease. 
Trim to the clotted l ine. (3) The thumb is 
restricted by a few turns of plaster bandage. 
Again the plaster should be trimmed to permit 

38. Aftercare (g): If tenderness is  minimal 
or absent, ( 1 )  a circular woven support (e.g. 
Tubigrip ""' or a crepe bandage) may be 
appl ied to l imi t  oedema and to some extent 
increase the patient's confidence. ( 2 )  The 
pat ient  is  instructed in wrist and fi nger 
exercises and encouraged to practise these 
frequently and with vigour. Arrangements are 
made to review the patient in a further 2 
weeks. 

free movement. (4) The plaster i s  digging into 
the skin of the first web and should be 
trimmed back to the dotted l ine.  (5)  The 
plaster i s  coo short. Support of the fractur is 
greatly  impaired; the plaster should be 
extended to the olecranon behind, and as far 
in front as wi l l  s t i l l  permit elbow flex ion. 
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39. Need for rehabilitation (a): At bout 
7 weeks post injury. you must decide whether 
to d ischarge the patient or refer them for 
rehabi l i tation . Base your decision on: ( i )  
finger movements, ( i i )  grip strength, (iii) 
w1ist movements, ( iv )  the patient's 
occupation. For example, i f  finger 'tuck-in · 
( i .e .  the last few degrees of flex ion) cannot be 
carried out ( loss of terminal tuck-in is 
i l lustrated) physiotherapy should be 
considered. 
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40. Need for rehabilitation (b): Assess 
the patient's grip strength by first asking them 
to squeeze two of your fingers as t ight ly as 
possible whi le you try to withdraw them. 
Compare one hand wi th the other. Repeat with 
a single finger. Marked weakness is  an 
indication for physiotherapy. 

s = as• 
N 

P =70° 

4 1 .  Need for rehabilitation (c): Assess 
wrist movements. In i t ial ly, material 
restriction of pa/111arjiexion i s  normal and by 
itself is of l i tt le importance. I f, however, the 
total range of pronation (P) and supina1io11 
(S)  is less than half normal, physiotherapy is  
advisable. Where there is on ly sl ight 
restriction of movements and power, 
rehabi l i tation may st i l l  be ind icated through 
the special requirements of the patient's 
work. 

43. Alternative fixation methods (b): Where, during the manipulative procedure, 
instabil ity is found to be marked, and it is considered that it wi l l  be very d ifficult to maintain 
any reduction that can be achieved if only a cast is used, then the position may be held with two 
or more K-wires. An addi tional plaster cast will be required unti l  union of the fracture is wel l  
advanced. The wires may be removed after 3-4 weeks. I n  s imi lar circumstances, plating of the 
fracture may also be considered. ( For example, see Frame 46. ) 

42. Alternative fixation methods (a): 
These may be indicated where the fracture 
cannot be satisfactori l y  reduced or held by 
closed methods, e.g. where there is severe 
comminution, or spli tt ing of the radial 
fragment into two or more substantial 
fragments. An external fixator (e.g. the 
Agee-WristJack TM i l lustrated) a l lows control 
of length whi le avoiding the necessity of 
having to put the wrist up  i n  marked ftexion 
to maintain the reduction. 
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44. Splitting of the radial fragment 
(a): Sometimes there may be a small vertical 
crack through the radial fragment, showing 
i n  the AP view ( I ) . I n  other cases the fracture 
may run horizontally, and the scaphoid or 
lunate may separate the fragments (2). In the 
young adult, especial ly where the main 
fragments are separated and there is  no gross 
fragmentation, some form of internal fixation 
is indicated. 
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45. Splitting of the radial fragment 
(b): In a nu111ber of cases the fracture 111ay be 
reduced under in tensif ier control (or under 
vision using an arthroscope). K-wires 111ay be 
used to lever the frag111ents into position 
prior to the insertion of the Kirschner 
fixation wires which are shown in  this 
radiograph. Additional support with a cast 
wi l l  be needed. So111e permanent joint 
st iffness is the rule after injuries of this 
pattern, and prolonged physiotherapy wi l l  
usually be required. 

47. Complications (a) - Persistent 
deformity or malunion (i): Radial drift of 
the distal frag111ent results i n  pro111inence of 
the distal  radius ( I ) . Radial t i l ting and bony 
absorption at  the fracture site lead to relative 
pro111 inence of the distal ulna (2) and t i l t ing 
of the plane of the wrist as seen i n  the AP 
radiographs (3 ) .  These deformities 111ay be 
symptom free, and surgery on purely 
cosmetic grounds is seldom indicated. 

46. Splitting of the radial fragment (c): Where com111 inution is  not a proble111, fractures of 
this pattern may also be held by screwing and plating. I n  this example note the cross-screw 
which has been used to hold and co111press the two radial frag111ents together, and the plate 
which holds and aligns the distal co111plex with the radial shaft. 

48. Malunion (ii): In so111e cases there is  
qu i te  marked pain in the region of the distal 
radio-ulnar joint, owing to its severe 
disorganisation. There is generally quite 
marked local renderness and supination, in 
particular, i s  reduced. Physiotherapy i n  the 
form of grip strengthening and pronation/ 
supination exercises is  indicated. I f  
symptoms remain severe, excision of the 
distal end of the ulna 111ay be considered. 

49. Malunion (iii): Uncompl icated 
persistence of d inner-fork deformity ( i .e 
persistent deformity in the lateral but not i n  
t he  AP radiographs) i s  acco111panied by some 
loss of pal 111ar flex ion, but s ignificant 
functional disturbance is  unusual. This type 
of residual deformity is  genera l ly  accepted. 



SO. Complications (b): Delayed rupture <if 
extensor pollicis /011g11s may fol low Cal les 
fracture. and be due Lo aurition of the tendon 
by roughness at the fracture site. or by 
sloughing from interference with its blood 
supply. Disabi l i ty i s  often sl ight, and 
spontaneous recovery may occur. There is  no 
urgency regarding treatment, and i n  the 
elderly this complaint may be accepted or 
treated expectantly. I n  the young. extensor 
indicis proprius tendon transfer i s  advocated. 

52. Complications (d) - Carpal tunnel 
(median nerve compression) 
syndrome: Paraesthesia in the median 
distribution is  the main present i ng symptom, 
but look for sensory and motor i nvolvement. 
If detected before reduction: ( i )  Complete 
lesion: reduce, plaster and re-assess. If no 
improvement, explore, and div ide not only 
the roof of the carpal tunnel  but the 
antebrachial fascia. ( i i )  Partial les ion:  reduce 
and apply a cast; if motor symptoms remain.  
or i f  symptoms persist for a week, 
decompress. 

COLLES FRACTURE - COMPLICATIONS 

S 1 .  Complications (c): Su deck's atrophy/ complex regional pain syndrome: This i s  
often detected about the L ime the patient comes out  of plaster. The fingers are swollen and finger 
ftexion is  restricted. The hand and wrist are warm. Lender and painfu l .  Radiographs show 
diffuse osteoporosis ( I l lus.) .  heat111e11t: The mainstay of treatment is intensive and prolonged 
physiotherapy and occupat ional therapy. but i f  pain i s  very severe a further 2-3 weeks rest of 
the wrist in plaster may give sufficient rel ief LO a l low commencemelll of effect ive finger 
movemems. If the MP joints are st iff in extension and making no headway, manipulation under 
general anaesthesia followed by fixation in  plaster ( M P  joints flexed. IP joints extended) for 3 
weeks only may be effective in in i t iating recovery. In severe cases. a sympathetic block may be 
allempted by in fi l tration of the stellate ganglion. or by regional perfusion wi th guanethidine 
sulphate. (See Chapter 5 for a fu l ler discussion.)  

53. Median nerve compression 
syndrome cntd: If detected after red11ctio11, 
Release the spl i nts. put the wrist in the 
neutral position. and use K-wires or an 
external fixator to hold the reduction; i f  
symptoms persist. explore. I f  detected ajier 
1111io11, exploration is general ly advised, as 
symptoms otherwise Lend Lo pers ist. Note 
that d iagnosis al the late s1age may be 
suggested by the response to Lapping over the 
nerve ( I l lus . ) ,  or by nerve stretching, 
tourniquet, or nerve conduction tests. 

54. Complications (e) - Persisting 
stiffness: Restriction of movements. even 
after prolonged physiotherapy, i s  not 
uncommon, but is seldom severe enough to 
impair l imb function Lo a material extent. 
This is due Lo compensatory ( trick) 
movements developed by the elbow, shoulder 
and trunk (e.g. in case of loss of supination). 
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55. Complications (f) - Associated 
scaphoid fracture: This  may be treated by 
manipulation of the Calles fracture and 
application of a scaphoid plaster. After the 
Calles fracture has united, further 
immobi l i sation may be required for the 
scaphoid. Al ternatively, the scaphoid fracture 
may be fixed with an AO lag cancellous 
screw ( I l lus . )  (or a Herbert screw), the Calles 
fracture manipulated, and fixation 
discontinued as soon as the latter has uni ted. 

58. Related fractures (b) - Angulated 
greenstick fracture of the radius: In this 
type of injury there is both c l in ical and 
radiological deformity. Manipulation is  
required as for a Calles fracture, and the 
aftercare is  s imi lar; the period of plaster 
fixation may be reduced to 3 or 4 weeks, 
depending on the age of the chi ld .  

56. Related fractures (a): A number of 
fractures involving the distal end of the 
radius, produced by falls on the outstretched 
hand, have certain simi larities to the classical 
Col !es fracture. The commonest of these is  
the undisp/aced greenstick fracture of the 
radius. ln its most minor form it may be 
overlooked; the only sign may be sl ight local 
buck l ing .  

59. Related fractures (c) - Overlapping 
radial fracture (i): In children the radius 
often fractures close to the wrist, with 
off-ending ( i .e. complete loss of bony 
contact ) .  On the ulnar side there may be: 
I .  Detachment of the triangular 
fibrocarti lage; 2.  Separation of the ulnar 
epiphysis; 3 .  Fracture and angulation of the 
distal ulna; 4. Fracture and displacement of 
the distal ulna ( I l lus. ) ,  in  effect a fracture of 
both bones of the forearm; 5.  Dislocation 
of the u lna (Galeazzi fracture-dislocation). 

57. Undisplaced greenstick fracture of 
the radius cntd: The level of the fract re is 
rather variable, and i t  may be s i tuated fa irly 
proxi mal ly. These fractures may be treated 
l ike undisplaced Calles fractures by the 
application of a p laster slab. This may 
usually be completed after 1 -2 days. Fi ·ation 
for about 3 weeks only is  usual ly all that i s  
necessary. 

60. Overlapping radial fracture (iU): I f  
the fracture I ine i s  transverse ( I ), reduction is  
straightforward by traction (2)  and local 
pressure (3 ) .  When. however, there is a 
fracture running obliquely from front to back 
(4), reduction by traction is  often impo�sib\e 
owing Lo the in tegrity of the periosteu1 on 
the dor al surface (5 )  and the overlapping 
bony spikes (6). 
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6 1 .  Overlapping radial fracture (iii): 
Two closed techniques may be tried. For the 
first, two assistants are essential to apply 
111axi111a/ traction to the limb ( I ) . While this 
is being strongly maintained, the surgeon 
should press forcibly with the heel of one 
hand on the distal fragment (2) and use the 
other to apply counter-pressure ( 3 ) .  
Reduction is  achieved by  shearing off one of 
the bone spikes (4). 

64. Related fractures (d) - Slipped 
radial epiphysis: This injury is common in  
adolescence, and the clisplacecl distal radial 
epiphysis i s  usually associated with a small 
fracture of the metaphysis (Sal ter-Harris 
Type 2 injury). Unless displacement is 
min imal, manipulation followed by plaster 
fixation (as for a Calles fracture) is ind icated. 
Growth disturbance i s  rare, but reduction 
should be carried out promptly (it i s  often 
d i fficult to reduce after 2 clays) .  

COLLES FRACTURE - RELATED FRACTURES 

62. Overlapping radial fracture (iv): 
Alternat ively, by increasing the deformity 
( I )  and applying pressure directly over the 
distal radial fragment ( 2 ) ,  whilst maintaining 
traction (3), reduction may be achieved. 
After the fragments have interlocked the 
angulation is co1Tectecl. Thereafter plaster 
fixation is carried out as in other fractures in 
Lhis region. 

65. Related fractures (e) - Fracture of 
the radial styloid: This fracture is  
sometimes caused by an engine starting
hanclle kickback as wel l  as by a fal l  on the 
outstretched hand. Displacement i s  usually 
s l ight, and manipulation is un l ikely to be of 
valu�. Every case should be checked for 
scapho-lunate dissociation. A Calles plaster 
is usually adequate, although some prefer 
fixation with a lag screw or K i rschner wires. 
Physiotherapy is usually required, and 
Sucleck's atrophy a common complication. 

63. Overlapping radial fracture (v): I f  
shorten ing is  marked, and closed methods 
fai l ,  open reduction may be considered. 
(Performed through a small dorsal incision 
under a tourniquet; internal f ixation is not 
required, although a K-wire may be used to 
hold the fracture temporari ly - being 
withdrawn as soon as the plaster has been 
appl ied.) Nevertheless, if persisting overlap 
is reluctantly accepted, a good resul t  from 
remodel l ing is the usual outcome ( I l lus . )  
provided any angulation is  corrected. 

66. Related fractures (f) - Smith's 
fracture (i ) : This  injury frequently results 
from a fal l  on the back of the hand, although 
a clear history is not always obtainable. The 
distal radial fragment is t i l ted anteriorly 
(posterior angulation) and may be displaced 
anteriorly. The fracture is usually impacted. 



SMITH'S FRACTURE 

67. Smith's fracture ( i i ) : This fracture is 
frequently referred to as a 'reversed Colles 
fracture' because the deformities, when 
viewed from the side cl i nically and 
radiological ly, are in the opposite direction Lo 
those seen in a Colles fracture. (Note, 
however, that the two fractures may be 
identical i n  AP radiographs.) Comminuted 
Smith's fractures may involve the articular 
surface of the radius ( I l lus.) .  Greenstick 
fractures are common. 

70. Smith's fracture (v): The anterior slab 
is  trimmed (5) and positioned (6) before 
completion of the forearm pan of the cast (7)  
which may be moulded whi le setting. The 
cast i s  then extended above the elbow. 
Aftercare: Spl i t  i f  necessary; radiographs al 
weekly intervals for the first 3 weeks (treat 
any s l ipping by remanipulation or 
moulding); change slack plasters wi th care. 
S ix  weeks' fixation is usual ly required, with 
physiotherapy after removal of the cast. 

68. Smith's fracture (iii): To reduce these 
fractures, traction is applied Lo the arm ( I )  i n  
supination (2) unti l  disi h1paction is achieved. 
(This may be confirmed as i n  a Col Jes 
fracture.) Pressure may be applied with the 
heels of the hands to force the distal 
fragment dorsal ly (3) .  

71 . Related fractures (g) - Barton's 
fracture: This is a form of Smi th's fracture 
in which the anterior portion only of the 
radius is  involved. Closed reduction may be 
attempted along thelines indicated for 
Smith's fracture, but this may fai l  with the 
carpus wedging the fragments apart. If this 
occurs, open reduction and i n ternal fixation 
are indicated i n  the younger patient (e.g. by 
cancellous screw or an Ellis bullress plate). 
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69. Smith's fracture (iv): The reduction is  
d ifficult to hold, and a long arm plaster i .  
required ( I ). This  may be more conveniently 
applied in two stages, and a complete plaster 
i s  better than a simple slab. The arm is  held 
in full supinalion and dorsiflexion (2). This is 
eas i ly maimained with the elbow extended 
(3) .  The arm is  measured for an anterior 
forearm slab (4) and wool roll applied Lo the 
arm. 

72. Barton's fracture cntd: In the yo ng 
patient these potentially unstable and 
disab l ing fractures are best treated by open 
reduction and internal fixation. The most 
satisfactory procedure is  to expose the 
fracture anteriorly and reduce it under vi .  ion;  
thereafter i t  i s  best held with a volar plate 
(e.g. with an El l i s  buttress plate or an AO 
right-angled or oblique T-plale ( I l lus . ) ) .  



73. Related fractures (h): Forcible 
palmar flex ion may result i n  a minor 
avulsion fracture of the carpus at a l igament 
insertion ( I l lus. ) .  If the wrist i s  forcibly 
palmar flexed or dorsiflexed, the carpus 
impinging on the distal end of the radius may 
produce a marginal chip fracwre of the 
radius. Symptomatic treatment only is 
required for ei ther of these injuries (e.g. 2-3 
weeks in a plaster back slab). 

76. Diagnosis (b): Tenderness i n  the 
anatomical snuff box ( I )  i s  suggestive of this 
injury, but by no means diagnostic. Many 
wrist sprains without fracture g ive rise to 
tenderness i n  this site. Beware too of 
tenderness which may be the result of a 
Bennett's fracture of the thumb metacarpal 
(2) or of a fracture of the radial styloid (3 ) .  

FRACTURES OF THE SCAPHOID - DIAGNOSIS II 

74. Fractures of the scaphoid -
Mechanisms of injury: Scaphoid fractures 
often result from 'k ick-back' when using 
starting handles on internal combustion 
generators, pumps, compressors and inboard 
marine engines. (The motorist 's avoidance of 
this fracture is  h is  only dividend from the 
un fortunate abolition of car starting handles. )  
Otherwise the  fracture may be  acquired by 
fal l s  on the outstretched hand. 

77. Diagnosis (c): In a true scaphoid 
fracture, tenderness wi l l  also be el ici ted on 
the application of pressure over the dorsal 
aspect of the scaphoid, and also on pressure 
over the palmar aspect. Tenderness in these 
additional sites very seldom occurs in other 
injuries in this area, no matter how severe. 
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75. Fractures of the scaphoid -
Diagnosis (a): Fracture of the scaphoid 
may be suspected when there is complaint of 
pain on the lateral aspect of the wrist 
fol lowing any i njury (or frequently repeated 
stress). In those cases which fol low starting 
handle accidents there may be marked and 
rapid swel l ing of the hand and wrist. 

78. Diagnosis (d) - Radiographs (i): 
Radiography is  required i n  all suspect cases. 
Note the fol lowing important points: 
I .  Request cards should be clearly marked 
'scaphoid' and not 'wrist ' .  This  is necessary 
to ensure that the fi lms are properly centred, 
and that at least three projections of the 
scaphoid are obtained to i mprove the chances 
of the fracture being visual ised in the init ial  
radiographic series. 
2 .  The fracture is often hairline, and as a 
consequence hard to detect. 
3 .  Because of  this accepted d i fficulty - ie 
that a hairl ine fracture may not show up on 
the i n it ial fi lms - i t  i s  common practice i n  all 
suspected but unconfirmed cases that 
radiographs should be repeated at 1 0- 1 4  
days. Although there i s  some controversy 
about this, the common view is that local 
decalcification after such an interval may 
reveal a previously hidden fracture. 
4. If doubt remains, a bone scan may be 
helpful. 

Note that there is a 20% rate of false positive 
report ing of scaphoid radiographs, and 
clinical confirmation of the diagnosis is 
mandatory. 



FRACTURES OF THE SCAPHOID - ANATOMICAL FEATURES 

79. Radiographs (ii): This radiograph is typical of ·  a fracture through 
the waist of the scaphoid. Ln  this example the fracture l ine is  eas i ly seen 
in  both the AP projection and one oblique - but this by no means is 
always the case. 

80. Anatomical features (a): The scaphoid (shaded) plays a ke) 
role in wrist and carpal function, taking part in the radiocarpal joint 
( I )  and in the joint between the proximal and distal rows of the carpus 
(2). It articulates with the radius (R l. Lrnpezium (Tm), trapezoid (T ), 
capitate (C)  and lunate ( L).  The commonest site for fracture is the waist 
(50%); 38% of fractures occur in  the proxi mal half and 1 2% in  the 
distal half. (U = ulna, H = hamate. P = pisiform. Tl = triquelra l . )  

8 1 .  Anatomical features (b) :  A number 
of abnormalit ies in  ossification may be 
confused with fractures. The os cenrra/e may 
be small ( I ), large (2) or double (3 ) .  The os 
radiate extemum (4) l ies in the region of the 
tubercle and in some cases may represent an 
old, ununited fracture; certainly the so-called 
'bipartite scaphoid' (5) is now generally 
regarded as being due to this. ( Rounded 
edges d ifferentiate these from fresh 
fractures.) 
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82. Anatomical features (c): The blood 
supply of the scaphoid is through small 
vessels which enter the l igamentous ridge 
( I )  lying between the two main articular 
surfaces (2) .  When these vessels are well 
scattered (a), ischaemia following fracture is 
uncommon. I f  a l l  the vessels emer the distal 
pan of the ridge (b), fractures of the waist 
(W) and proximal poles ( P) may be followed 
by avascular necrosis. 

83. Anatomical features (d): Avascular 
necrosis i s  of immediate onset, but 
1 -2 months may elapse before increased 
bone density betrays its presence on the 
radiographs (2) .  There is  usually slow bm 
progressive bony col lapse (3 )  and radiocarpal 
osteoarthri t i s  (4). This leads to worsening 
pain and stiffness in  the wrist. Avascular 
necrosis occurs in  about 30% of fractures of 
the proxi mal pole of the scaphoid. 



84. Anatomical features (e): Because of 
i ts role i n  two 111ajor joints ( I ), 111ove111ent of 
the frag111ents is d ifficult to control, and non
un ion 111ay occur in waist fractures. Cystic 
changes at the fracture site (2) are followed 
by marginal sclerosis ( 3 ) .  The edges 111ay 
round off and form a sy111pto111less 
pseudarthrosis (4) or osteoarthrit is 111ay 
supervene (5) .  ote that non-union can occur 
wi thout avascular necrosis, and that 111ost 
fractures with avascular necrosis are un ited. 

87. Fractures of the tuberosity of the 
scaphoid: Avascular necrosis never occurs 
in fractures of th is  type. and non-union here 
does not give rise to s ignificant sy111pto111s. 
Sympto111atic treatment only is  needed (e .g .  a 
crepe bandage or plaster. depending on pain ) .  
So111e extend th i s  to include al l  distal pole 
fractures, but general ly plaster fixation is  the 
111ains1ay of treat111ent of all fractures through 
the body of the scaphoid (but see Fra111e 98) .  
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85. Prognostic features: The prognosis is 
good in stable injuries: these include 
( Herbert Classif ication) fractures of the 
tubercle (A I ), and hairl ine rractures of the 
waist (A2) .  The prognosis i s  poorer in 
1111.Hable injuries which include oblique 
fractures of the distal third ( B I ), displaced 
fractures of the waist ( B2) .  prox i111al pole 
fractures ( B3 ). fracwres associated with 
carpal dis locations ( B4: I l lus . :  trans-scapho 
peri lunar dislocation of the carpus - see 
Fra111e I 02) and co111111inuted fractures ( B S ) .  

88.  Treatment of  undisplaced fractures 
of the body of the scaphoid - The 
classical scaphoid plaster (a): The 
position of the hand is  of so111e importance 
and should be 111ade quite clear to the patient 
prior to the application of the plaster. In  the 
classical scaphoid plaster (a  position 
nevertheless chal lenged by so111e) the wrist 
should be fully pronated ( I ) , radial ly 
deviated (2 ) ,  and 111oderately dorsiAexed ( 3 ) .  
In  addition, the thu111b should be  i n  111id 
abduction (4). 

SCAPHOID PLASTER 

86. Treatment of suspected fracture: 
When there is local tenderness and normal 
radiographs, apply a scaphoid plaster and 
s l ing. Re111ove the plaster and repeat X-rays 
at 2 weeks (see also Fra111e 78). Absorption 
or bone at the site of any hairl i ne fracture 
wi l l  then usually reveal it. If a fracwre is 
confi r111ed, apply a fresh cast and treat as for 
a frank fracture. If the radiographs are 
negative. the patient is presu111ed to have 
suffered a sprain, and is treated accordingly: 
but i f  sy111pto111s persist re-exa111ine and 
X-ray after another 2 weeks. 
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89. The scaphoid plaster (b): An anterior 
plaster s lab. although by no 111eans essent ia l ,  
is frequently used. This 111ay be made fro111 
6-8 layers of I 0 c111 (4") plaster bandage, or 
taken fro111 a slab dispenser. The proximal 
corners should be trimmed and a cut-out 
111ade to accom111odate the swel l  of the thenar 
111uscles. 



FRACTURES OF THE SCAPHOID - AFTERCARE 

90. The scaphoid plaster (c): Stockinet is 
applied from just above the elbow ( I )  to the 
proximal phalange.s (2) ,  al lowing for 
subsequent tum-down. A smal ler gauge (or 
wool rol l )  may be used for the thumb (3 ) .  A 
turn of wool is used to protect the bony 
prominences of the wrist (4). If there is  a lot 
of early swel l ing suggesting more to come, 
more generous wool padding is  applied 
round the wrist and hand. 
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93. Scaphoid fracture - Aftercare (a): 
A sling should be worn for the first few days 
unt i l  swel l ing subsides. Analgesics are 
usually required in i tial ly. The patient is 
reviewed at 2 weeks (assuming the in i tial 
plaster check has been satisfactory) .  lf on 
this visit the plaster i s  unduly slack, i t  should 
be changed. Any softening i n  the pal m  
should be reinforced. 

91 . The scaphoid plaster (d): The plaster 
slab may then be wetted and applied to the 
forearm, taking care not to extend i t  beyond 
the proximal palmar crease (5). Encircl ing 
plaster bandages are then applied, using 1 5  
c m  (6") bandages for the forearm, 1 0  c m  (4") 
for the wrist and 7 .5 cm (3") for the thumb 
(6). The edges of the stockinet are turned 
clown before completion (7). 

94. Aftercare (b): At 6 weeks the plaster 
should be removed and the scaphoid assessed 
c l in ically and with radiographs. There are 
several possi bil ities: ( i )  If there is no 
tenderness over the dorsal surface and in the 
snuff-box, and the fracture appears un ited on 
the radiographs, the wrist should be left free 
and reviewed in 2 weeks (usually for 
discharge, or further radiographs if  pain 
recurs). 
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92. The scaphoid plaster (e) - Common 
faults: Plaster including MP joints of 
f ingers. restricting flex ion ( I ). Terminal  
phalanx of thumb i nc luclecl, preventing 
interphalangeal joint flex ion (2) .  Plaster too 
short (3) .  Plaster restricting flex ion of th 
elbow (4J. (Note that to give the best sup ort 
to a scaphoid fracture there is  some 
questioning of the position of the wrist and 
the need to include the thumb. Some use a 
Calles plaster in neutral or sl ight flex ion,  
wi thout radial deviation . )  

95. Aftercare (c) : ( i i )  The fracture l ine  may 
st i l l  sho clearly on the radiographs. ( i i i: 
The radiographs may suggest un ion, but 
there is marked local tenderness. ( iv) Th re is 
some uncertainty on e i ther score. These 
possibi l ities are all suggestive of delayed 
union, and a further 6 weeks of plaster 
fi xation i desirable. 



96. Aftercare (d): At 1 2  weeks, there may 
be: ( i )  Evidence of avascular necrosis (note 
density of proximal half in  radiograph), ( i i )  
Clear evidence, c l inical ly and radiological l y  
of u11io11. I n  these c i rcumstances, there is  no  
need and no advantage in  cont inuing with 
plaster fixation. 

99. Complications (a) - Sudeck's 
atrophy: Treat as described in Frame 5 I .  
(b) Avascular necrosis: I n  the early 
stages an anterior bone block graft (e .g .  
Matti-Russe operation) may be considered. 
In the late stages where there is bony 
collapse ( l l lus.)  only salvage procedures 
(such as those detailed in Frame 1 0 1 )  are 
l i kely to be of benefit. 

FRACTURES OF THE SCAPHOID - COMPLICATIONS 

97. Aftercare (e): At 12 weeks, there may 
be: ( i i i )  No evidence of union, ( i v )  Evidence 
of established non-union; internal fixation 
should be considered (e.g. us ing a Herbert 
screw ( I l lus . )  or a cannulated screw inserted 
percutaneously) .  In ( iv ) ,  local bone graft ing 
wi l l  also be required. I f  surgery is refused, or 
not thought advisable, plaster should be 
d iscarded in established non-union. In ( i i i ) ,  a 
further period of plaster immobi l isation may 
be considered if there is marked persistent 
pain and local tenderness. 

1 00. Complications (c) - Non-union: 
I .  Late diagnosed non-union, seen 3-6 
months after injury, may st i l l  be effectively 
treated by plaster fixation and pulsed 
magnetic fields, provided that there is no 
displacement, carpal collapse, or 
osteoarthrit ic change. 
2 .  If there is  d isplacement, or if seen later 
than 6 months, and symptoms are present, 
internal fixation and bone grafting are 
advised. 

98. Displaced fracture of the scaphoid: 
If there is marked displacement ( I l lus.) ,  be 
sure to exclude a concurrent carpal 
dislocation. Where displacement or 
angulation exceed I mm or I 5° respectively. 
open reduction and internal fixation (through 
an anterior approach to avoid i mpairing the 
blood supply of the fragments) is indicated; 
indeed, as the results of internal fixation are 
so very good, many advocate this for every 
displaced scaphoid fracture. 

3. If an early impingement osteoarthrit is 
threatens, sat isfactory results may be 
obtained from excision of the radial styloid 
even although the midcarpal joint is 
unaffected by this ( I l lus . ) .  
4. Symptomless non-union of the scaphoid, 
sometimes d iscovered by accident, should 
have the risks of secondary osteoarthri t is 
assessed; i f  the appearances indicate that 
these are insignificant, then no treatment is 
indicated. 

1 01 .  Complications ( d) - Advanced 
osteoarthritis: This general ly occurs as a 
sequel to avascular necrosis or non-union. 
The fol lowing treatments may be considered: 
I .  Wrist joint ( radiocarpal) fusion: Pronation 
and supination movements are retained, but 
all other wrist movements are lost. This i s  the 
most reliable procedure and is the only one 
which should be considered in  the patient 
who undertakes heavy manual labour. 
2 .  Where the retention of some wrist 
movement i s  essential, excision of the 
proximal row of  the carpus may be 
considered. The results are a l i tt le 
unpredictable in  terms of final range of 
movements, strength, and freedom from 
pain. 
3 .  Where surgery is  thought inadvisable, 
good results in  terms of relief from pain with 
reasonable function may be obtained by the 
use of a block-leather support, or s imi lar 
orthotic device. 



CARPAL DISLOCATIONS - DISLOCATION OF LUNATE 
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1 02. Dislocations of the carpus: These 
may result from a fall on the outstretched 
hand, and are comparati vely uncommon. 
There are two main groups. In  the first, rhe 
metacarpals (m), the distal row of the carpus 
(d) and part of the proximal row (p) dislocate 
backwards. In  classify ing injuries within this 
group, the prefix 'peri '  is used to describe 
undisplaced structures in  the proximal row. 
Occasionally one of the carpal bones 
fractures, part remaining in  al ignment and 

1 03. Dislocation of the lunate (a): This 
i s  the commonest of a l l  the carpal 
dislocations, and generally results from a fall 
on the outstretched hand. I t  is frequently 
overlooked, and this is nearly always due to 
fai lure in  i nterpretation of the radiographs. 
Note in  the normal radiographs of the carpus 
( I l lus.) that the pisiform bone stands out to a 
varying degree from the rest of the volar 
surface. 

part displacing with the distal row of the 
carpus. Note in the i l lustrations that 
structures drawn in faint l i nes and 
shaded in dark grey are displaced (N = 

normal appearance from the side or volar 
aspect): 
( I )  Peri lunar dislocation of the carpus. 
(2) Periscapholunar dislocation of the 
carpus. ( 3 )  Trans-scapho perilunar 
dislocation of the carpus. (Not i l lustrated are 

the rare transcapitate, transtriquetral 
perilunar dislocation and others.) 
I n  the second main group of injuries, the 
distal row re-al igns wirh the radius and 
part of the prox imal  row is extruded, 
hence: (4) Dislocation of the scaphoid. 
(5) Dislocation of the lunate. (6) Dislocation 
of the lunate and scaphoid. (7) Dislocation 
of the lunate and part of the scaphoid. 
(Note the correspondence between I & 5 2 
& 6. 3 & 7 )  

1 04. Dislocation of the lunate (b): The shape of the dislocated lunate is  qui te different 
from the ovoid/quadrilateral mass of the pisi form. The concave surface in which the capitate 
usually sits is row1ed anteriorly, and the crescent moon shape of the bon (and hence its name) 
is rendered obvious. The articular surfaces of the scaphoid and triquetral remain a ligned witn 
the radius whi le the lunate is displaced anteriorly. In the AP projection. the lunate is  sector
shaped (resembl ing a cheese segment). Diagnosis: This is established on the basis of a history 
of injury, local tenderness and the radiographs. Evidence of median nerve involvement is very 
suggestive (may result from direct pressure of the displaced bone on the nerve). 



1 05. Treatment (a): Reduction can 
generally be achieved by closed methods 
under general anaesthesia. ( I )  Apply traction 
to the supinated wrist. ( 2 )  Extend the wrist. 
maintaining traction, (3) Apply pressure with 
the thumb over the lunate. (4) Flex the wrist 
as soon as you feel the lunate slip into 
position. 

1 08. Treatment (d): Many prefer K-wire 
fixation in a l l  cases. To do this the wrist i s  
put  in  Aexion and fu l l  ulnar deviation. and 
the lunate f ixed to the radius with a K-wire 
(a). The wrist is then positioned in  
dors i llexion and radial deviation and a 
second wire passed through the scaphoid 
into the lunate (b). The wrist i s  then placed 
in  a more neutral position and the first wire 
removed (c) .  A l ight cast is worn for 5-6 
weeks. The wire is retained for 4 weeks. 

CARPAL DISLOCATIONS - DISLOCATION OF LUNATE 

1 06. Treatment (b): Alternatively, if an 
assistant i s  available, they should apply 
traction in supination and extension as before 
( I )  whi le you use both thumbs to push the 
lunate posteriorly and distally ( 2 ) .  When i t  is 
fe l t  to reduce. the wrist is once again flexed. 
The reduction should be checked with 
radiographs before the anaesthetic i s  
discontinued. ( Fai lure is an indication for 
open reduct ion. )  

1 09. Complications (a) - Late 
diagnosis: If there is delay in making the 
diagnosis, manipulative reduction becomes 
increasingly d i fficult ,  and after a week 111ay 
not be possible. Open reduction is then 
necessary, and carries with it the greatly 
increased risk of avascular necrosis. Surgery 
should be perfor111ed through an anterior 
incision, and every effort 111ade to reduce the 
bone without disturbing any or its 
l iga111entous attach111ents (ev idence suggests 
the 111ajor blood supply enters anteriorly) or 
further damaging the median nerve. 
(b) Median nerve palsy: Prompt 
reduction of the dislocation is usually 
fol lowed by early complete recovery. After 
late reduction recovery 111ay be incomplete, 
but seldom requires separate treatment. 
(c )  Sudeck's atrophy: This is a common 
complication and is treated along previously 
described l ines (See Fra111e 5 1  and Chapter 
5 ) .  
(d )  Avascular necrosis: ( I l lus . )  This 
leads to col lapse of the lunate and secondary 
osteoarth1·itis which advances with great 
rapidity. A // cases of dislocated /1111a1e sho11/d 
have 1110111'1/r radiographsfor 6 1110111/is to 
allow early detection of this complication. I f  
detected early. excision may prevent 
progressive osteoarthritis. In many cases, and 
certain ly at the later stages, arthrodesis of  the 
wrist is preferable. 

1 07. Treatment (c): ( i )  The wrist is 
encased in plaster in  a position of 111oderate 
flex ion for 1 -2 weeks. ( i i )  The plaster is then 
changed for one with the wrist in the neutral 
position for a further 2 weeks. ( i i i )  Weekly 
radiographs should be taken to detect any 
late subluxation (an indication for K-wire 
fixation).  ( i v )  Physiotherapy may be 
required, depending on the degree of residual 
sti llness. Swel l ing may be a problem 
init ial ly. and require generous padding, 
elevation. and a s l ing .  

Note that  repeated trauma to the wrist 
without frank dislocation of the lunate may 
lead to s imi lar radiographic appearances 
( Kienbock's disease); this condition is found 
in manual workers such as carpenters, 
cobblers and jack ha111mer operators. 



OTHER CARPAL INJURIES 

1 1 0. Dislocation and subluxation of the scaphoid (see also Carpal instability and 
Scapholunate dissociation) (a): These uncommon injuries are diagnosed radiologically 
and, i f  suspected, AP projections in  both radial and ulnar deviation may be helpful. The most 
striking feature is the widening of the space between the scaphoid and lunate. 
Trea1111en1: I .  If the displacement is anterior and complete as shown, manipulate as for 
dislocation of the lunate. 2. In many cases, d islocation is  incomplete, with Lhe proximal pole 
being t i l ted posteriorly and the distal pole anteriorly. Such injuries have often a toggle-like 
instabi l ity within the dorsiflex ion/palmar flexion range (and the stable position within this phase 
must be found by trial and error during reduction). 

1 1 1 . (b) cntd: Reduction may be 
achieved by pressure over the proximal I ole. 
If possible, an image i ntensifier should be 
used to check the reduction and stabi l i ty. If a 
stable position is found, the wrist should be 
put up in plaster in that position, with some 
radial deviation; the plaster should be 
retained for 6 weeks. with frequent 
radiographs to check the position. If 
instability i s  not easily controlled, then t e 
scaphoid should certainly be fixed wi th 
K-wires. a procedure many advocate for al l  
cases. 

1 1 2. Dislocation of the lunate and half 
the scaphoid: This combination of injuries 
may be treated by manipulative reduction as 
described for dislocation of the lunate. 
Thereafter i t  is probably best to internally f ix 
the scaphoid fracture, e.g. with a Herbert 
screw. These injuries have a much poorer 
prognosis than uncomplicated dislocations of 
the lunate. 

1 1 3. Trans-scapho perilunar dislocation of the carpus: This injury co1Tesponds to 
dislocation of the lunate and half the scaphoid just described. It is the commonest of the first 
group of carpal dislocations. ln some cases there may be associated fractures of the sty\oid 
process of the radius and the ulna. Trea1111ent: Reduction by traction is usually easy. Thereafter 
the management is that of fracture of the scaphoid. If, however, the scaphoid reduction is poor 
or i f  the wrist is very unstable, internal fixation of the scaphoid must be considered. 



1 1 4. Other carpal injuries (a) -
Perilunar dislocation of the carpus: 
This corresponds to isolated disloca1ion of 
the lunate. Treatrnel//: I .  Reduce by traction. 
2.  Apply plaster wi th the wrist in  flex ion and 
retain for 1 -2 weeks before 
3. Changing the plaster to one with 1he wrist 
in the neutral position. This should be 
relained for a furlher 2 weeks. 
4. Thereafter, physiotherapy may be required 
10 mobilise the wrist. 

1 1  S. Other carpal injuries cntd: 
(b) Dislocation of both the lunate 
and scaphoid: This should be 1reated as 
for dis location of the lunate. 
(c) Periscapholunar dislocation of 
the carpus: This should be treated in the 
same way as perilunar dislocation of the 
carpus. 
(d) Dislocation of the trapezium, 
trapezoid or hamate: These are rare. 
Closed reduclion should always be 
attempted, but open reduction is frequently 
required. In the face of instabi l ity, transfix ion 
by K-wires may be helpfu l .  
(e) Fractures through the bodies of 
any of the carpal bones other 
than the scaphoid: These are rare, and 
should be treated symptomatically by 6 
weeks' fixation in a Colles or scaphoid 
plaster (depending on the injury). Frac1ures 
of the hamate (see also below) and pisiform 
may be complica1ed by ulnar nerve palsy, 
which should generally be treated 
expectantly. 
(f) Small chip fractures of the 
carpus: These are common and usual ly 
result from hyperflexion or hyperexlension 
injuries of the wrist. Direct violence is 
sometimes responsible. The bone of origin is 
often i n  doubt. Rest of the wrist in plaster for 
3 weeks is a l l  that is required, and full 
recovery of function is the rule. 

1 1 7. Carpal instabilities: A carpal instabi l ity is a condition in  which there is a loss of 
normal carpal al ignment which develops at an early or late stage after an injury. 
In  static carpal instabilities there is  an abnormal carpal alignment which can be seen by 
careful study of standard AP and lateral radiographs of the wrist. In dorsiflexion inswbility the 
lunate is rotated i nto dorsiflexion; in pa/111arjlexio11 i11s1abili1y the lunate is rotated into palmar 
flexion; in  u/11ar 1ra11s/oca1ion the whole carpus is d isplaced in an ulnar direction; and i n  dorsal 
s11bluxa1ion the carpus in displaced in a dorsal d irection. 
In dynamic carpal instabilities routine radiographs are normal. The patient i s  usual ly able to 
toggle his carpal alignment from normal to abnormal and back, or manipulation of the scaphoid 
by the examiner may reproduce the sensation of instabi l ity of which the patient usual ly 
complains.  To establish the diagnosis, place lead markers on the skin over points of local 
tenderness, and take radiographs in both stable and unstable positions. 

CARPAL INSTABILITIES • 

1 1 6. Other carpal injuries cntd: 
(g )  Fracture of the hook of the 
hamate: This injury is  seen most often as 
a result of a heavy golf or tennis swing, but 
may fol low a fall. or a direct blow in  the 
palm.  There is  local pain and tenderness. The 
fracture is  best shown by a CAT scan of both 
wrists in the praying position ( I ), or by 
carpal tunnel fi l ms (2 ) .  The best treat111ent is 
to excise the hamate fragment. (h  = hamate; 
c = capitate; t(T) = trapezium; S = scaphoid; 
P = pisifor111; Q = triquetral; L = lunate . )  

I n  the case of scapholunate instabi l i ty, AP 
views of the supinated wrist i n  both radial 
and u lnar deviation are usually diagnostic. 
Examination of the wrist in  motion using an 
i111age in tensifier may also be helpful. Other 
investigations: I .  A radio-isotope bone scan 
may be carried out. If this is negative, either 
the diagnosis is incorrect, or local 
inAammatory changes are of such a minor 
degree that no more than conservative 
111anagement should be considered 
2. Arthrography may be helpful in detecting 
the presence and location of ( in tercarpal) 
l igamenl tears. The co111111onest instabil ity is 
between the scaplwid and luna1e 
(scapholunate dissociation) ( I l lus . ). I f  
untreated this may b e  fol lowed by 
osteoarthrit is .  

Treaune111: I .  In the acute case: manipulative 
reduction using the image in tensi f ier, 
fol lowed by the insertion of K-wires. The 
technique is s i 111 i lar to that used for 
dis location of the lunate (see Frame I 08) :  i n  
the example shown two K-wires have been 
used for better carpal fixation. A l ternatively 
an open repair of 1he torn l igaments may be 
undertaken. 2. In chronic cases reattachment 
of the avulsed scapholunate l igament may be 
carried out, but where there are arthritic 
changes and subluxation a salvage procedure 
may have to be considered. 



METACARPAL AND PHALANGEAL FRACTURES - ASSESSMENT 

1 1 8. Injuries to the metacarpals and 
phalanges - general principles: In 
assessing how best to treat a speci f ic injury, 
begin by making sure there is no signi ficant 
soft tissue involvement such as nerve or 
tendon injury, or substantial skin loss (see 
later for further detai ls) .  Next, from the 
racliographs, assess whether the bony 
alignment can be judged as being acceptable. 
( I l lus :  acceptable undisplaced fraclllres of the 
shafts of the middle and ring metacarpals . )  

1 2 1 .  Assessing stability: Now go on and 
make an assessment of the stability of the 
fracture. Undisplaced transverse and 
longitudinal fractures are generally stable, 
but the fol lowing are usually unstable: 
( I )  rotated spiral and some oblique fractures; 
(2) multi fragmentary fractures; ( 3 )  severely 
displaced fractures; (4) multiple fractures; 
(5) fractures through the neck of a proximal 
phalanx; (6) displaced articular fractures. 

1 1 9. Assessing position cntd: Generally 
speaking, the position of a metacarpal or 
phalangeal fracture can be considered 
acceptable (a) if angulation does not exceed 
1 0° in either the lateral or AP projections ( I ), 
but in the lateral, 20° may be accepted in the 
metaphysis (2)  and 45° in  the neck of the 
f i fth metacarpal ( 3 ); (b) i f  there is at least 
50% bony contact (4); (c) i f  there is no 
rotational deformity (5) .  

1 22. Assessing stability cntd: I r  there is  
some remaining doubt, assess the.fi111ctio11al 
stability of the fracwre. This is clone by 
asking the patient 10 f1ex the injured f inger 
(without assistance) and assessing the range 
of movements in the joints on either side of 
the fracture. 1 1· 1he fracture is functionally 
stable the range obtained should reach 
30% of the normal range. ( i .e .  M P =  27° 
(N = 90°); PI P =  30° ( = I 00°); DIP = 24° 
(N = 80°).) 

1 20. Assessing position cntd: Rotational 
deformity may not always be obvious on the 
radiographs, or cl in ical ly when a f inger is i n  
the extended position. Note, however, that 
when the f ingers are individual ly nexed dial 
they all touch the pal m  close 10 the scaphoid. 
Check that this is the case. (The same 
precaution should be taken when the quality 
or a reduction is being assessed or when 
splintage is  being applied.) 

1 23. Treatment (a): If there is  no 
significant soft t issue injury, if the fractu e is 
in  an acceptable position, and if i t  is 
cl inically and racliologically stable. treat'Tlent 
should be directed at control l ing the i nitial 
pain and swe l l i ng. El evat ion of the arm in a 
s l ing may be helpful. provided the sling is 
applied in such a 11•ay the// the hand is 1101 
dependent. Any pres ·ure dressing should be 
applied in such a way that it avoids any local 
constriction. Mobi l i se early. 



METACARPAL AND PHALANGEAL FRACTURES - TREATMENT 

1 24. Treatment (b): If the posit ion is 
unsatisfactory, the fracture should be 
manipulated. I f  a good stable position can be 
obtained, treat as above. I f  the position is 
acceptable. or an acceptable position has 
been obtained by manipulation, but the 
fracture is unstable. spl intage will be 
required. For the less severe injuries buddy 
(garter) strapping to an adjacent finger with 
interdigital felt padding provides the ideal 
combination of stabi l ity whi le retaining 
movement ( I l lus . ) .  

1 27. Treatment (e): I f  the fracture cannot 
be reduced or held with s imple spl intage in 
acceptable position. then open reduction 
and/or stabi l isation with some form of 
internal f ixat ion (or an external f i xmor) 
should be considered. Other indications for 
this approach include: I .  The presence of a 
significant sort tissue injury: 2. the presence 
of multiple fractures: 3. fractures involving 
or disrupting joint surface. ( I l lus. :  open 
unstable fracture of proximal phalanx in  an 
unacceptable position.) 

t 

1 25. Treatment (c): If the injury is more 
severe, and a more restricting cast or 
bandaging is necessary, close attention must 
be paid to the position of the f ingers. The M P  
joints should never be splinted in  extension. 
When recovery of movements is hoped for. 
the MP joints should be flexed to 90°, the I P  
joints extended. and the thumb abducted. I n  
practice this i s  often diff icult t o  achieve. but 
M P  joint extension should be studiously 
avoided. 

1 28. Methods of internal fixation: The 
aim is to achieve a rigidity of fi xation that 
wi l l  al low early mobilisation. Unfortunately 
the bones of the hand are small and soft 
tissue cover poor. These factors, along with 
the proximity of the gl iding structures. and 
the risks of tendon and joint adhesions have 
led to the development of alternative 
techniques: these include type A 
intraosseous wiring. The latter is suitable 
for transverse fractures, and employs a single 
loop of 26G monofi lament stainless steel 
wire and a K-wire. 

1 26. Treatment (d): The previously 
described position. where return of function 
is  expected, reduces the effects of fibrosis in 
the col lateral l igaments, and places the fi nger 
joints in  a favourable position for 
mobi l isation. I t  must be carefu l ly  
d ifferent iated from the position of jixarion 
where no return of function is anticipated 
(e.g. the position a joint is placed in for 
fusion ) .  In  the latter case. the MP and I P  
joints are p u t  up in  midflexion. 

1 29. Type A intraosseous wiring cntd: 
Tec/111iq11e. The fracture may be approached 
through a mid-l ine dorsal incision (except in 
the case of the distal phalanx, when an H 
incision is used). Two transverse holes, 
s i tuated marginally towards the dorsal 
surfaces and 3-4 mm from the bone ends, are 
dri I led using a trocar pointed 0.035" (0.89 
mm) K-wire (or equivalent dri l l )  ( I ) . 
Through these holes the wire is threaded 
using, if requ i red, a 20G needle as a carrier 
(2) .  A K-wire is then inserted obliquely 
through the distal fragment (3). 



METACARPAL AND PHALANGEAL FRACTURES - INTERNAL F IXATION 

1 30. Type A intraosseous wiring cntd: 
The K-wire is  part ia l ly withdrawn (4), the 
fracture reduced, and the K-wire driven 
through the opposite cortex (5). The wire is 
twisted (6), and the ends cropped and tucked 
into a hole dril led in  the cortex (7). External 
splimage (e.g. bandages, s ling, POP 
backshe l l )  lllay be used for colllfort, but this 
should be discarded by the seventh day. A 
biodegradable bone peg lllay be used instead 
of the K-wire. This  forlll of wiri ng is  not 
recOJlllllended for metacarpal shaft fractures. 

1 33. 90-90 intraosseous wiring cntd: 
A 20G needle lllay be used as a carrier, 
flexing the finger at the fracture site as 
required for placing the vertical wire ( I  & 2) .  
When both wires have been inserted (3),  the 
fracture is  reduced and the wires tightened 
by twisting. The ends shoul d  be buried to 
avoid interference wi th the g lid ing structures. 
After closure, additional external spl intage 
may be elllployed for patient comfort; this 
should be d iscarded and mobi l i sation 
COlllmenced within 7 days. 

1 3 1 .  Type B intraosseous wiring: This 
i s  suitable for small articular fraglllenls. 
Technique: The fracture is reduced, and a 
hole dri l led at right angles to the fracture 
l ine ( I ). Leave the dril l  (0.035" (0.89 llllll) 
K-wire) in position, and with a second dri l l  
lllake a hole paral lel to  the first (2). Insert the 
wire, using a hypoderlllic needle as a carrier, 
tighten, crop and bury as before (3) .  If the 
fraglllent i s  too small to dri l l ,  i t  lllay be 
snared by passing the wire next to bone 
(e.g. through the collateral l igalllent 
attachment) (4). 

1 34. Tension band wiring: This can give 
very su·ong fixation, and is useful for 
unstable fractures of the phalanges and 
llletacarpals, especially when there is a 
degree of fragmentation. Technique: The 
fractures are reduced and held with single or 
paired K-wires; the wires are cropped so that 
the amount protruding frolll the bone is  just 
enough to give anchorage for tension band 
wires. These are looped round the dorsal 
surface of the bone before tightening. 

1 32. 90-90 intraosseous wiring: This 
resembles Type A wiri ng, but instead of a 
single wire ( I ), two wires are used at r ig t 
angles to one another (2) .  It is a strong 
method of holding transverse fractures of the 
metacarpals and phalanges, and is  useful for 
fusions and replants. It should not be used i f  
there i osteoporosis o r  fragmentation. 
Technique: The bone ends are trimmed if 
necessary to provide f lat contiguous surf aces, 
and holes dri l led with careful attention to 
orientation. 

1 35. Percutaneous K-wires: This  i s  used 
most ofcen to stabilise phalangeal ( I ), ard  
metacarpal fractures a t  a l l  levels (2) .  I n  many 
cases the wires can be inserted without 
exposing the fracture. The quality of fixation 
is  seldom perfect, and additional extern I 
splintage is often required. Although there 
can be problems with loosening, migration, 
i n fection. distraction and non-union, it is a 
valuable technique. Best results are obtained 
when trocar pointed wires are inserted with 
slow dri l l ing speeds 



METACARPAL AND PHALANGEAL FRACTURES - INTERNAL F IXATION 

1 36. Compression screws: These may be 
used to reconstruct articular fractures, or lo 
hold unstable fractures of the metacarpals or 
phalanges. The bone fragments are often 
smal l  and friable, and secure fixation without 
risk of devascularisation or fragment fracture 
requires careful case selection. As a general 
rule, any fragment should be at least three 
times the diameter of the screw intended to 
be used. (2.7 mm screws may be used in 
metacarpal fractures; 2.0 and 1 .5 mm screws 
are used in  phalangeal fractures.) 

1 39. Motion-permitting external 
fixators: The Compass P IP  Joint Hinge®, 
centred over the axis of movement of the 
joint, is allached to two pins on either side of 
the fracture, control l ing the position of the 
fragments as in other external fi xators, and 
permitting a degree of d istraction to 
encourage al ignment of fragments 
(particularly intra-articular ones). The worm 
may be disengaged to permit active 
movements, or i t  may be engaged and 
advanced for passive mobi lisation. 

1 37. Plate fixation: Places muse be 
carefu l ly  placed co avoid interference with 
the gl iding structures. They are of value in  
fractures which are comminuced ( I ), have 
bone loss, or are intra-art icular or 
periarlicular (e.g. ofT- and Y- (2) )  pallern; 
and as an alternative to that shown in Frames 
1 3 1 - 1 35 .  Avai !able are + tubular, DCP, 
T-shaped condylar, and Mennen (3) .  In the 
latter ( used for metacarpal fractures) the 
prongs are crimped round the bone after cJ1e 
fracture has been reduced. 

1 40. Soft tissue management (a): 
Where there is  necrotic or foreign material, a 
thorough debridemenc should be performed 
under a tourniquet to minimise the risks of 
infection. There is l i tt le tissue lo spare in the 
hand, and wide excision of wounds is to be 
avoided. (2)  The tourniquet should be 
released prior co closure to secure bleeding 
points and reduce wound haematoma. 

1 38. Rigid mini external fixators: 
Small  external fixators may be used for 
mult i  fragmentary fraccures. fraccures with 
bone loss and/or severe soft tissue 
involvement, infected fractures, and fraccure
dis locations of the P IP  joint .  Traction (e.g. 
for joint disruptions) or compression 
techniques may be employed. Uni lateral, 
bi lateral, and combination systems ( I l lus.)  
can be used. Their application can be 
d ifficu lt .  the pin tracks are susceptible co 
infection, and the pins may interfere with the 
g l iding struccures. 

1 4 1 .  Soft tissue management cntd (b ): 
Where there is skin loss, every al!empt 
should be made to ensure that heal ing wi l l  be 
achieved as quickly as possible co permit 
early mobil isation. The exposure of fractures, 
joints and bones should be avoided, and if  
the s i tuation permits a primary skin grafting 
procedure or plastic repair should be carried 
out. 



FRACTURES OF THE THUMB METACARPAL 

142. Soft tissue management cntd (c): 
I f  there is  division of both neurovascular 
bundles to a finger, amputation should be 
advised unless fac i l it ies for microsurgery are 
available and the particular circumstances 
(e.g. employment, hobbies, etc . )  make an 
auempt at  preservation particu larly desirable. 
I n  all cases, the maximum length of thumb 
must be preserved. 

1 45. Diagnosis: Injuries of the base 
usually result from force being applied along 
the long axis of the thumb, e.g. from a fal l  or 
blow on the clenched fist ( I ), or from forced 
abduction of the thumb (2) .  Any of these may 
be mistaken for scaphoid fracture. but 
tenderness is maxi mal distal to the snuff box 
(and deformity may be obvious). 

1 43. Soft tissue management cntd (d): 
If there is apprec iable risk of infection (e.g. 
ragged wound, d irty causal instrument) 
primary suture of nerves and also of tendons 
in the 'no man's area' of the tendon sheaths 
should not be undertaken. Where, however, 
the c ircumstances are ideal, the experienced 
surgeon may achieve the best results by 
primary repair. 

1 46. Bennett's fracture: Note the 
distinctive fealllres of this fracture: I .  a small 
medial fragment of bone which may t i l t, but 
maintains its relationship with the trapezium, 
2. the (vertical )  fracture l i ne involves the 
joint between the thumb metacarpal and the 
trapezium (trapezometacarpal joint). 3. most 
important, the proximal and lateral 
subluxation of the thumb metacarpal. 
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1 44. Injuries to the thumb - The base: 
The commonest injuries i nvolv ing the base 
of the thumb are ( I )  Bennett's fracture (or  
Bennett' fracture-dislocation as i t  may be 
more aptly cal led); (2) fracwres of the base 
of the thumb metacarpal .  When there is a 
vertical extension into the joint, converting 
it i n to a T- or Y-fracture, the prognosis 
i s  less good ( Rolando fracture, R ) ;  
( 3 )  carpometacarpal dislocation of the th mb. 
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1 47. Treatment (a): The principle of 
reduction i s  straightforward: traction is  
applied to the thumb ( I )  and reduction 
completed by abducting i t  and applying 
pressure to the lateral aspect of the base 1 2) .  
A general anaesthetic or B ier b lock i s  usual ly 
necessary. Maimaining reduction can be 
troublesome, and careful attention must be 
paid to the detai Is of plaster fixation. 



1 48. Treatment (b): Begin by applying 
stockinet to the arm ( I )  and the Lhumb (2 ) .  
Bony prominences should be  protected as 
required wi th wool roll (3 ) .  A small felt pad 
is placed over the base of the Lhumb 
metacarpal (4). (Nore: adhesive felt should 
not be applied directly to the skin in  this 
situation if a pustular rash is lo be avoided . )  

1 5 1 .  Aftercare: I .  Check radiographs are 
taken to confi rm that reduction has been 
achieved. 2. The arm may require elevating 
with a s l ing for the f i rst few days. 3 .  The 
patient should be seen at weekly intervals for 
the first 2-3 weeks and the thumb X-rayed. I f  
the plaster appears slack at any stage i t  must 
be changed. I f  there is  evidence of s l ipping 
of the fracture a new plaster should also be 
applied (no anaesthetic is general ly 
required). During the setting of the plaster. 
l ight traction should be applied lo the thumb 
while the plaster i s  well moulded round the 
base ( in  the position described for the ini t ia l  
reduct ion). 4. Plaster fixation should be 
maintained for 6 weeks. 

FRACTURES OF THE THUMB METACARPAL 
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1 49. Treatment (c): An assistant applies 
traction to the thumb and steadies the lateral 
three fingers ( I ). Two to three 1 5  cm (6") 
POP bandages (with or without an amerior 
slab) are applied to the forearm (2) .  Two 1 0  
c m  (4") POP bandages are then quickly 
applied to the wrist and up to the IP joint or 
the thumb (3). 

1 52. Alternative methods of 
treatment: A good result is the rule 
fol lowing reduction and plaster f ixation. but 
alternative methods or holding this fracture 
are practised. These include: ( I )  screw 
fixation (e.g. using the AO small fragmelll 
set, with further stabilisation or the fixation 
with a K-wire) :  or (2) the use of two K-wires. 

1 50. Treatment (d): The surgeon now 
takes the thumb (the plaster being set on the 
forearm whi le the distal pan remains soft). 
He must apply traction ( I ), abduct the thumb 
(2), maintain pressure over the base of the 
first metacarpal (3), and mould the plaster 
well into the MP joint on its f1exor aspect (4) .  

1 53. Fractures near the base of the 
thumb metacarpal: Greenstick fractures 
of this type are common in chi ldren. 
Angulation is  usually sl ight or moderate. and 
should be accepted; gross angulations should 
be manipu lated, using the technique 
described for Bennett's fracture. Plaster 
fixation for about 5 weeks is desirable. 
Rolando fractures require careful reduction, 
and good results are claimed for stabilisation 
wi th an external fixator, the pins being placed 
in  the metacarpal and the trapezium. 



THUMB DISLOCATIONS 

1 S4. Carpometacarpal dislocation of the thumb: The thumb may dislocate at the joint 
between the metacarpal base and the trapezium, or the whole of the first ray may be involved, 
the trapezium remaining with the thumb metacarpal, with the dislocation taking place between 
the trapezium and the scaphoid ( I l lus.) .  Both these injuries resu lt from forcible abduction of the 
thumb. Treatment: Reduce by applying traction to thumb and local pressure over the base. Any 
persisting instability may be controlled with percutaneous K-wires. Thereafter apply a well
padded plaster of scaphoid type for 3 weeks. Elevation of the l i mb for the first few days is 
desirable. Physiotherapy is seldom required. 

1 S6. Posterior dislocation (b): 
Manipulative reduction may often be 
attempted without anaesthesia (by the quick 
confident application of the traction to the 
thumb with simultaneous pressure over the 
metacarpal head). When open reduction is 
required this should be performed through a 
lateral incision under a tourniquet. In a l l  
cases a l ight plaster splint should be worn for 
2-3 weeks after reduction. 

1 S7. Rupture of the ulnar collateral 
ligament (Gamekeeper's) (a): This 
injury is caused by forcible abduction ( I ). 
I f  unrecognised and untreated, there may be 
progressive MP subluxation (2) with 
interference with grasp, causing significant 
permanent disabil ity. Suspect this injury 
when there is complaint of pain in  this 
region. Lookfor tenderness on the medial 
side of the MP joint. 

1 SS. Injuries at the MP joint of the 
thumb - Posterior dislocation (a): This 
injury general ly resu l ts from forcible 
hyperextension of the thumb. I L  i s  common 
in  chi ldren. In a number of cases there is 
'button holing' of the capsule by the 
metacarpal head and closed methods of 
reduction wi l l  fai l .  1 evertheless. 
manipulation should be tried first in  all cJses. 

1 SS. Ulnar collateral ligament (b): 
Extend the MP joint fully and apply stress to 
the u lnar collateral l igament by abducting the 
proximal phalanx. Repeat wi th the thumb 
flexed at the MP joint. Note the presence of 
any 'give ' .  Careful ly compare one side " i th  
the  other. 1 f  i n  doubt. stress radiographs 
should be taken. Careful palpation may 
reveal the torn d istal portion of the l igament 
lodged between the adductor pol l ic i s  
aponeurosis and i t s  normal position (S tener 
lesion). 



1 59. Ulnar collateral ligament (c): 
Study radiographs of the joint: 
I .  Subluxation Illay or Illay not be apparent 
in  the unstressed fi l llls. 2.  An avulsion 
fracture ( I l lus . ) Illay betray this type of injury 
(sollleti llles separately referred 10 as 
galllekeeper's fracture). I f  a fracture is 
present. note its position. ( Marked 
displacelllent. or rotation so that its articular 
surface is  poi nting distally. and a large 
fragment are indications for surgery.) 

1 62. IP joint dislocation of the thumb: 
Reduce by traction as described for MP joint 
dislocations. Only occasionally is 
anaesthesia required (ring or B ier block). 
Thereafter splint for 2-3 weeks with a local 
plaster slab. Fractures of the terminal 
phalwir: Crushing injuries are the usual 
cause, and any soft tissue dalllage takes 
priority in  Illanagement. A l ight local spl int 
(e.g. of plaster) wil l  prevent pain frolll 
stubbing. 
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1 60. Ulnar collateral ligament (d): 
Treat111e11t: I .  S l ight laxity or minimal ly 
displaced avulsion fracture: scaphoid cast for 
6 weeks ( I ) . 2. Rotated fragment: reduction 
and internal fixation. 3.  Gross laxity. 
especial ly with a palpable Stener lesion: 
pri mary surgical repair is usually preferred. 
(Conservative treatment may give a good 
result but is less rel iable . )  4. Lale 
diagnosed complete tear: repa ir of the 
capsulo-ligamentous complex with a 
palmaris longus free tendon graft: or as a 
salvage procedure. MP joint fusion ( 2 ) .  

1 63. Injuries to the fifth metacarpal: 
The commonest fractures involving the 
metacarpal of the l iu le finger are: 
( I )  fractures of the neck; (2 )  spiral 
fractures of the shaft, usua lly undisplaced; 
( 3 )  transverse Fractures of the shaft, 
often angulated: (4) fractures of the base: 
( 5 )  fractures or the head. (b = base, 
h = head.) 
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1 6 1 .  Fracture of the proximal phalanx: 
The severely angled fracture ( I )  should be 
reduced by traction and local pressure. Hold 
with a dorsal (or volar) slab (2) to which is 
added a g irdered extension (3 ), held on wi th 
bandages. I f  the position cannot be readi ly  
held, in ternal fixation (e .g .  by  one of the 
wiring methods) is indicated. The minimally 
angled fracture (4) or the spl inter fracture 
(5 )  Illay be protected by a local slab (s imi lar 10 
3) bandaged in  position. Elevation may be 
required. 

1 64. Fractures of the neck of the fifth 
metacarpal (a): These are nearly always 
caused by the clenched fist Jlleeting 
resistance, e.g.  as a result of a fight 
( I ) . Angulation and impaction are 
coJllmon (2) .  When angulation is s l ight (3)  or 
Jlloderate (4) it should be accepted, and the 
fracture supported for 3-4 weeks until local 
pain seules. 



FIFTH METACARPAL FRACTURES 
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1 65. Neck of fifth metocarpal (b ): A 
simple dorsal slab ( I ), completed after a few 
days, may be qu ite sati sfactory. Better 
fixation is  achieved by the addition of a 
finger extension (2)  to the basic slab. St i l l  
more support is provided by the use of buddy 
(garter) strapping (3) and the inclusion of the 
ring and l itt le fingers in the extension (4) 
(securing bandages omitted in  I l lus. for 
clarity). 
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1 68. Neck of fifth metacarpal (e): A 
finger slab. made from a thrice-folded slab 
formed from three layers or so of I 0 cm ( 4") 
plaster bandage (6 )  is applied from wrist to 
finger tip (7) .  Pressure is maintained while the 
slab is setting. Meanwhile an assistant can be 
securing the slabs with a wet gauze bandage 
(8) .  Complete in 2-3 days and retain for 3--4 
weeks only. 

1 66. Neck of fifth metacarpal (c): I f  
angulation i s  gross (more than 45°), an 
attempt may be made to correct it. The M P  
joint i s  flexed; pressure i s  then applied t o  the 
head via the proximal phalanx. using the 
thumb. The fingers apply counter pressure to 
the shaft. Reduction is generally easy. The 
position may be maintained using a K-wire 
or with a plaster cast. 
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1 69. Injuries of  the fifth metacarpal 
cntd: Spiral fractures of the shaft (2), 
transverse fractures of the shaft with sl ight or 
moderate angulation or displacement (3) and 
fractures of the base (4) may be treated quite 
adequately by the application of a Colles 
plaster for 3--4 weeks. 
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1 67. Neck of fifth metacarpal (d): T he 
fol lowing technique may be employed. 
Stocki net i s  applied to the arm ( I )  and to the 
l i tt le finger (2). A thin strip of  felt (3) is 
placed OYer the finger (4). A substantial 
dorsal slab is  applied (5).  The finger shou ld 
be flexed into the palm and the striking point 
checked (see Frame 1 20). 

1 70. Injuries of the fifth metacarpal 
cntd: Marked angulation of a shaft fracture 
should be treated by traction and local 
pre sure prior to plast r fixation ( I ) . 
Displaced fractures may be s imi larly red ced 
(2) ;  if um,table they may be held with 1 -'.<. 
intramedul lary K-wires inserted through t J1e 
neck or  the metacarpal .  Soft t issue bet we n 
the bone ends may necessitate open 
reduction. when the position may be 
maintained by percutaneous (3) or 
intramedul lary K-wiring, 90-90 intraosseous 
wiring, or plating. 



1 7 1 .  Injuries of the fifth metacarpal 
contd: Fractures of tbe head of the fifth 
metacarpal ( Frame 1 63(5) )  may be treated by 
buddy strapping and early mobil isation: if 
symptoms are marked a dorsal slab may also 
be used for the first 1 -2 weeks. 1 1· the 
fragment  i s  substantial and displaced. 
internal fixation using a screw or Type B 
intraosseous wiring may be considered. 
Disloccuion of rhe base of the metacarpal 
( I l lus.) i s  usually easi ly reduced with 
traction. but may need K-wire stabi l i sation. 

1 74. Fractures of the proximal and 
middle phalanges: Undisplaced. simple 
fracwres. e.g. of the shaft ( I ) , base ( 2 ). neck 
(3 ) ,  intercondylar region (4) or epiphyseal 
injuries (5) ,  seldom present any problem. 
Buddy strapping (6) for 3-4 weeks may give 
adequate support, but if symptoms are 
marked this may be supplemented by the use 
of a volar or dorsal slab, with finger 
extension. Displaced fractures should be 
assessed and treated as previously indicated 
(Frame I 1 8  et seq ) .  

PHALANGEAL FRACTURES II 
1 72 . Injuries to the middle and ring 
metacarpals: The so-called inboard 
.fi"act11re.1· involving the third and fourth 
metacarpals are inherently stable as they arc 
anached by muscle and l igamclll to one 
another and lo the stable pi 1 lars formed by 
second and firth metacarpals. The 
commonest fracture is a spiral or transverse 
fractures or the shan, espec ially the 4th 
metacarpal ,  but fractures involving both or of 
the base and neck arc frequent. Undisplaccd 
fractures may be supported by a Colics type 
slab. but be on guard for swel l ing which can 
be severe. especially in mult iple fractures. 

When the AP radiographs show the 
presence of an isolated off-ended fracture 
( i .e .  where there is complete loss of bony 
apposit ion) affecting the middle or ring 
metacarpals. or where there is moderate 
angulation or shorten ing. the position can 
generally be accepted. The strik ing point of 
the li nger however should be checked, a 
dorsal slab applied and the l i mb elevated to 
counteract swel l ing. If off-ending or 
angulation is  conspicuous in the lateral 
prr�jection. reduction should be carried out. 
either by manipulation or by an open 
procedure. 

1 75. Aftercare: In all cases: 
I .  Uninjured fingers should be left free and 
exercised. 2.  Rigid f ixation should be 
discarded as soon as possible. In many 
situations where a cast support has been used 
init ial ly, buddy (garter) strapping may be 
substituted after 2 weeks, and often all 
support al"ter 4. In no instance should the MP 
joi111s be Ji.red in extension . 

Complications: Finger s1ifli1ess is the 
commonest and most disabling complication. 
and is due lo joint adhesions. f ibrosis in the 
ad jacent nexor tendon sheaths and collateral 
l igament shorten ing. Infection in open 
fraclUrcs may be a major contributory factor. 
St iffness may be minimised by the 
procedures described (e.g. elevation, correct 
spl in ting, early mobi l isation) and by 
intensive physiotherapy and occupational 
therapy. Physiotherapy and occupational 
therapy should be continued with vigour 
unti l  the range of movements and finger 
power become static. This implies careful 
recording. at frequent intervals. of these 
parameters. In  this respect it is helpful to 
note the total active m11ge of"111otion (TA M )  
i n  each digit :  this overall movement can be 
assessed by a single goniometer 
measurement; it is a l i ttle less than the sum 
of the normal maxima or nexion of the 
individual joints. the normal value of TAM 
being taken to be 250°. 

1 73. Injuries to the index metacarpal: 
The so-called 011tboardfractures involve the 
second and fifth metacarpals. Fractures of the 
f i fth metacarpal have already been dealt with 
and severely displaced fractures of the index 
should be managed along s imi lar l ines. In 
part icular. badly displaced fractures should 
be reduced. and i f  necessary secured by some 
form of internal f ixation. I f  K-wires are used 
they should be retained for 3 weeks: plaster 
f ixation may be needed for a further 2 weeks. 

Early return to work should be encouraged 
lo foster re-adaptation. Inabil i ty to work and 
a stat ic  response to physiotherapy require a 
most careful assessment of the fol lowin�: I .  
possib i l i ty of redeployment. 2.  Poss ib i l i�y of 
improvement from further surgery (e.g. 
tenolysis) .  3 .  amputation. 

A111p11ratio11 as primary treatment must be 
raised in open phalangeal fractures when 
they are associated with nexor tendon 
div ision. Div ision of one or both 
neurovascular bundles, skin loss or severe 
crushing are additional factors weighing in  
favour of th is  procedure ( i n  contrast to 
attempted repair where treatment is l i kely to 
be prolonged and the final result uncertain ) .  
Wi th  these factors must be  considered the 
patient's age. sex and occupation. 

Malunion. Problems may arise from: 
I .  Recurrence of deformity. 
2 .  Fai lure to correct init ial deformity. 
3 .  Torsional deformity. I n  some cases 
epiphyseal displacement may have escaped 
attention. 
In the latter case remodel l ing may lead to 
correction, and in the others trick movements 
and postural adaptations may remove the 
patient's in i tial strong desire for corrective 
surgery. I t  i s  wise not to offer surgical 
correction umil at least 6 months have passed 
since the injury. 



MALLET FINGER 

1 76. Fractures of the terminal 
phalanx: Fractures of the terminal tuft 
(often com minuted) ( I ), of the neck (2) ,  and 
the base (3) are painful but relatively 
unimportant injuries. Treatment of any 
associated soft tissue injury takes precedence 
(e.g. debridement and suture of pulp 
lacerations). Nevertheless, strapping the 
finger to a spatula or use of a plastic f i nger 
splint may relieve pain and prevem any 
painful stubbing incidents. 

1 79. Mallet finger (c): Where the pat ient's 
cooperation is in doubt, a Smi l l ie  plaster may 
be used for 6-8 weeks, although it can cause 
some sti ffness. Form a 4-layer tube or 7.5 cm 
(3") dry POP bandage round the f inger. Dip 
the hand momentarily in waler, asking tl1e 
patient to flex the PIP joint and extend the 
DIP joint against the thumb whi le the POP is  
smoothed. Nore: I n  any case there may be 
some recurrence on removal of splintage, but 
disabi l ity is seldom more than slight. and 
spontaneous improvement may occur up to a 
year after the injury. 

1 77. Mallet finger (a): This is caused by 
forcible flex ion of an extended finger. The 
distal extensor tendon sl ip is torn at its 
attachment lo bone (Type l injury) or avulses 
a fragment of bone (Type 1 1 ) .  The patient i s  
unable to extend the DIP jo int  fully; drooping 
of the finger tip may be slight (a) or severe 
(b) .  ln late cases there may be hyperextension 
of the PLP joint (c). In Type I l l  injuries, more 
than 20% of the articular surface of the distal 
phalanx is  involved, sometimes with anterior 
subluxation of the phalanx. 

1 80. Mallet finger (d): Jr there is 
subluxation, splint in flexion or extension ir 
reduction can be achieved in that position: 
otherwise repair is advised through a C
shaped incision. A pull-out wire may be used 
with a stabi l is ing K-wire as i l lustrated, but a 
suture anchor (such as the Mitek® M icro 
QuickAnchor®) may be preferred. Lare 
diagnosed: Extension splintage may be 
successful even as late as 6 months. I r  there 
is a swan-neck deformity. an oblique 
retinacular ligament reconstrnction has been 
advocated. 

1 78. Mallet finger (b): Trea1111e111: Al l  
these injuries excepting Type l i l  w ith  
subluxation may be treated by sp l in t ing the 
distal joint in extension. A Stack or Abun 
splint ( I l l us . )  may be used. Choose the size 
with care to lessen the risks of skin 
ulceration. I t  i s  strapped to the finger and 
worn for 6 weeks constantly, and then for a 
further two at n ight only. It may be removed 
for skin hygiene if extension is  preserved. 
Al ternatively, support the distal joint with a 
short length of padded spatula strapped to the 
volar surface. 

1 8 1 .  MP and interphalangeal joint 
dislocations: These may be si mple or 
multiple ( I l lus . )  and as they result from 
hyperextension are almost always posterior 
dislocations. Reduce a described for the 
thumb (Frame 1 56) .  Thereafter buddy 
strapping . hould be applied for 2 weeks 
un less there is  any evidence of instabi l i ty -
when POP pl intage may be requ i red for a 
sl ightly longer period. 



1 82. Fracture-dislocation: It is essential 
that the joint surface is  correctly relocated. 
and important that mobi l isation is 
commenced as soon as possible. Open 
reduction is  usually required, and fixation 
may be achieved with intraosseous wiring, 
smal l  fragment set screws, or plating. 
Mobil isation should be commenced 
immediately with the added support of buddy 
strapping. 

DISLOCATIONS AND SUBLUXATIONS 

1 83. 'Sprains' and lateral 
subluxations (a): These are usually caused 
by fal ls in which the side of a f inger strikes 
some resistant object. There is  avulsion or 
tearing or a col lateral l igament. Spontaneous 
reduction is  the rule. Diagnosis: The injury 
should be suspected on the basis or the 
h istory and the presence or local tenderness. 
Confirmation is  obtained by noting instabi l ity 
on stressing the col lateral l igament. 

1 85. Compartment syndromes in the 
hand: There are no less than I 0 osteofascial 
compartments i n  the hand (7  for the 
interossei. I thenar. I hypothenar, and I 
containing adductor pol l icis) .  I ncreased 
compartment pressure may fol low severe 
crushing injuries, mult iple fractures, and the 
erroneous admin istration of unsui table 
i ntravenous infusions. The onset may be 
heralded by severe pain, loss of f inger 
movements. and i ncreased swel l ing .  The 
fingers are usually held in a position or 
extension at the MP joints, and Aexion at the 
proximal IP joints. Sensory disturbance is not 
a feature. The increased t issue pressure 
required to produce this condition is about I 0 
mm lower than that found at other sites. 

Treatment: The Lransverse carpal l igament 
must be d ivided. I f  a midl ine incision is  used 
then access to the three anterior 
compartments may be readi ly obtained 
through it. The interosseous compartments 
may be opened through two longitudinal 
dorsal incisions (over the second and fourth 
metacarpals) .  The dorsal incisions may be 
closed primarily, but secondary closure is  
usual ly advised for the volar incis ion. 

1 84. Sprains and lateral subluxations 
(b): Radiographs may show a tell-tale 
avulsion fracture. If doubt remains. stress 
f i lms may be taken. Trea1111e111: (a )  B uddy 
strapping for 5 weeks should be adequate. (b) 
If an avulsion fracture is  present and has 
rotated, it should be replaced and f ixed. 
Complicarions: Fusiform swel l ings of the 
finger may persist for many months even i n  
the  treated injury. I f  a Aexion deformity starts 
to develop, use an extension assisting l i vely 
spl int .  



AO CLASSIFICATION - RADIUS/ULNA, DISTAL SEGMENT 

RADIUS/ULNA, Distal Segment : 23-

A 

B 

c 

1 86. AO classification of fractures of 
the radius/ulna, distal segment (23-): 

Type A fractures are extra-articu lar. 
A 1 = Fracture of the ulna only:  . I styloid 
process; . 2  simple, of the metaphysis; 
.3 mult i fragmemary of the metaphysis. 
A2 = Si mple impacted fracture of the radius: 
. I undisplaced; .2 with dorsal t i l t ing (Colles 
patlern); .3 with anterior tilting (Smith 
pauern). 
A3 = Mult ifragmemary fracture of the 
radius: . I with axial i mpaction and 
shortening; .2  with a wedge; .3 complex. 

Type B fractures are partial articular 
fractures of the radius. 
B 1 = Pa11 ia l  articular fracture of radius in the 
sagittal plane: . I simple lateral; 
.2  multi fragmentary lateral; .3 medial .  
B 2  = Panial articular fracture of the radi s 
with inv lvement of the posterior l ip (dorsal 
rim )  ( B anon·s fracture) :  . 1  simple; .2  wiw an 
additional lateral sagittal fracture: .3 with 
dorsal di>location of the carpus ( fracture 
dislocati n of the wrist). 
B3 = Partial art icular fracture of the radi s 
with involvement of the anterior l ip  ( volar 
rim )  ( Reverse Barton·s fracture) : . I si mple 
with a small fragment: .2  simple with a large 
fragment: .3 mult ifragmentary. 

Type C fraclllres are complete articular 
fractures. 
C I  = Both the metaphyseal and articular 
elements are si mple : . I with a posteromeJia l  
articular fragment: .2 with the art icular 
fraclllre ! 1 11e in the saginal plane: .3 with 
articular fraclllre l ine i n  the frontal plane. 
C2 = The articular fracture is  s imple, but the 
metaphyseal fracture is multi fragmentary: . I 
the articular fracture l ine is in the sagittal 
plane; .2 the articular fracture l ine is in the 
frontal plane: .3 the metaphyseal fracture 
extends into the diaphysis .  
C3 = The articular fracture is  
rmr l t ifragmentary: . I metaphyseal simple 
.2 the metaphyseal fracture is also 
multi fragmentary; . 3  mult ifragmentary 
metaphyseal fracture extending i nto the 
diaphysis. 



SELF-TEST 

1 87. Describe this AP radiograph of the 
wrist; the h istory is  of pain and marked 
swel l ing following a fal l  on the outstretched 
hand. 

1 90. The complaint i s  of pain and deformity 
of the hand following an injury i n  which the 
fingers were forced backwards. What does 
the radiograph show? 

1 88. There is a history of deformi1y of the 
wrist persisting after an in j ury some years 
previously. Whal is 1he diagnosis? 

1 9 1 .  Describe this injury sustained by a 
chi ld in a fal l .  

SELF-TEST 

1 89. The h istory is  of a crushing injury of 
1he hand and fingers. Describe the 
racliograph. 

1 92. Describe the radiographic appearances. 
The history is of a fal l  on the outstretched 
hand. 



SELF-TEST 

1 93. What does this radiograph show? 

1 96. What is this injury? What special 
precaution would you take if attempting 
treatment by closed methods? 

1 94. What injury is  being treated here? 

1 97. What is this injury, and how is  i t  being 
treated? 

1 95. What is the injury? How would you 
treat it7 

1 98. What does this radiograph show? Vhat 
functional restriction would you expect? 



1 99. What is this injury? How would you 
treat it'7 

202. What does this scan show? 

200. What is this injury? How would you 
treat it? 

203. Whal type or frac1ure is  present? What 
is 1he prognosis? How might it be 1rea1ed'7 

SELF-TEST 

201 .  What fracture complication is  shown 
on this radiograph? 

204. What is  th is injury? How would you 
treat i t? 



ANSWERS TO SELF-TEST 

ANSWERS TO SELF-TEST 

1 87. Fracture of the distal radius; the distal fragment i s  fragmented, 
with the fracture l ine involving the radiocarpal joint; fracture of the 
ulnar sty lo id. (AO = 23-C 1 .2 . )  

1 88. Malun ion of a Smith's fracture. (AO = 23-C 1 .2 . )  

1 89. There is  a transverse fracture of the base of the proximal phalanx 
of the ring f inger; the s ingle fi lm suggests that there is no signi ficant 
angulation or displacement. There is a fracture of the base of the 
proximal phalanx of the middle finger, wi th vertical spl inter fractures 
running i nto the proxi mal IP joint.  There is angulation of the fracture. 
The single oblique view suggests that this is mainly anterior angulation. 

1 90. Posterior dislocation of all the f ingers at the MP joints. The 
thumb is  not affected. 

1 9 1 .  Greenstick fractures of the radius and ulna just proximal lo the 
epiphyseal l i nes. There is s l ight subluxation of the distal u lna whose 
angulation is less than that of the radius. The deformity corresponds to 
that found in a Smith's fracture, and the combination of fracture of the 
radius with u lnar subluxation has some of the feature of the Galeazzi 
lesion. 

1 92. I .  There is a highly comminuted fracture of the distal radius with 
the radial displacement, u lnar angulation and impaction usual ly 
associated with a comminuted Col Jes fracture with involvement of the 
radiocarpal joint .  A lateral projection would be required to differentiate 
i t  with certainly from a Smith's fracture. 2 .  There is  a fracture through 
the waist of the scaphoicl. (AO = 23-C3. l . )  

1 93. Long-standing non-union o f  the scaphoid, with early secondary 
osteoarthritic changes in the wrist joint .  

1 94. Bennett's fracture of  the thumb being held with fine K-wires. 

1 95. This i s  a s l ipped distal radial epiphysis, uncommonly associated 
with a greenstick fracture of the ulna in its distal th ird .  This should 
reduce easi ly by manipulation; subsequent treatment would be by 
plaster fixation. 

1 96. MP dislocation of the thumb in  a child: theatre fac i l it ies should 
be available ( for an open reduction) should manipulation under general 
anaesthesia fai l .  

1 97. Unstable, s l ightly comminuted fracture of the  distal radius v, i th 
an associated injury to the ulnar styloid (Colles type fracture); th is i s  
being treated by an external fixator. Stable i njuries of this pattern ould 
normally be treated conservatively: the use of an external fixator i s  
generally reserved for open injuries. unstable fractures which are 
d ifficu lt to control, and highly cornminuted fractures involving the 
radiocarpal joint .  

1 98. Malun ion of a fracture of a middle phalanx. There would be 
inevitable Joss of flexion i n  the distal IP  joint .  

1 99. Mal let finger, with a small av ulsion fracture of the base of the 
distal phalanx; there is  no joint subluxation. and the injury should 
respond wel l  to 6 weeks' spl intage i n  extension. 

200. Dislocation of the proximal IP joint of the ring fi nger. Treat by 
manipulative reduction fol lowed by buddy strapping spl intage. 

201 . Avascular necrosis of the scaphoid. 

202. The distal end of the ulna extends wel l  beyond the distal radi al 
epiphysis. disturbing the mechanics of the wri t joint .  The relative 
increased length of the ulna is clue to a traumatic epiphyseal arrest 
involving the distal radius: this ha-, fol lowed a previous sl ipped di. tal 
radial epiphysis. The bone block responsible for the growth disturbance 
can be clearly seen to involve about 50% of the epiphyseal plate. 

203. Displaced and possibly s lightly com111inutecl fracture of the waist 
of the scaphoid. This injury has a bad prognosis. and primary internal 
fixation is desirable. 

204. Carpornetacarpal dislocation of the thumb, with a srnal I 
associated fracture, possibly of the metacarpal base. Manipulative 
reduction fol lowed by plaster fixation, with K-wire fixation i f  unstJble. 
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CHAPTER 

1 0 
The spine 



FRACTURES OF THE SPINE  - GENERAL PRINCIPLES; ANATOMICAL FEATURES 

1 .  General principles: 
I .  The main concern in  any spinal injury is 
less with the spine itself than with the 
closely related neurological ele111ents (the 
spinal cord, issuing nerve roots and cauda 
equina). 
2 .  If there is  no neurological complication 
the chances of later neurological 
involvement must be assessed; if there is 
some risk of this, precau1io11s 111us1 be wke11 
to see 1hat 1his is avoided a1 a/I .\"/ages. 
3. I f  there is an incomplete paraplegia or 
other major neurological proble111 
complicating the injury grea/ care 111us1 be 
/(/ken 10 see 1hat 110 de1eriora1io11 is allowed 
10 occur. 
4. I f  paraplegia is present and co111plete, the 
prognosis regarding potential recovery 111ust 
be firmly established as early as possible. 
Only if this is pronounced, 101a/ a11d 
per111c111e111 can vigi lance in the handl ing or 
the spinal injury be relaxed. 

In sum111ary, the key to the 111anage111ent 
of spinal injuries is a thorough 
understanding of the nature of any 
damage to the bony ele111ents, the 
supportive l iga111entous structures, and 
the related neurological structures. 
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4. Anatomical features (c): The 
vertebrae are bound together by the 
fol lowing structures: the supraspinous ( I ), 
interspinous (2), intertransverse (3 )  and 
capsular (4) l iga111ents, and the l iga111entu111 
flavum (5) .  Together, these form the so
called posterior l iga111ent complex. Playing a 
less powerful but nevertheless i 111porlant 
role are the posterior (6) and anterior (7)  
longitudinal l igaments and the annular 
l igaments (8) .  Trauma may result in  da111age 
to any of the bony or l iga111entous structures 
of the spine, in  isolation or in combination. 

2. Anatomical features (after 
Kapandji) (a): The components or a 
typical vertebra have a co111plex 
relationship, and can be i l lustrated with an 
exploded diagra111. The elements comprise 
the vertebral body ( I )  co111posed of 
cancellous bone covered with an outer shell 
of cortical bone, the horseshoe-shaped 
neural arch (2), two articular masses or 
processes which take pan in the facet 
( interarticular) joints (3)  and the transverse 
(4) and spinous (5) processes. 

5. Assessment of spinal injuries (a): I n  
managing any case of spinal injury i t  i s  
important t o  determine which structures 
have been involved and the extent of the 
damage they have suffered; wi th this 
in formation an assessment may be made of 
the risks of complication. Nole: I .  The 
h is tory may d irect you to the type of injury 
to suspect; 2 .  The cl inical examination may 
be a valuable guide to the extent of bony and 
ligamentous injury (and any neurological 
complication); 3. Investigation by X-ray and 
CAT scan is likely to provide the most 
information; M R I  scans, if available, may 
help clari fy the extent of any associated soft 
tissue da111age, especial ly the intervertebral 
discs and the posterior ligament complex. 

I t  is important to make an early 
assessment of the stability of the spine, i .e .  
to assess whether i t  i s  able to withstand 
stress without progressive deformity or 
further neurological damage. I nstability may 
be purely mecha11ical (e.g. in so111e 
co111pression fractures where further 
kyphotic deformity 111ay occur); or 
11eurological (e.g. where shifting or further 
extrusion of bone fragments within the 
spinal canal may lead to neurological 
deterioration). Combined mechanical and 
neurological instab i l i ty may be present. I n  
assessing instability i t  may b e  helpful to 
regard the spine as having three main 
elements or columns. 

3. Anatomical features (b): When these 
components are brought together they f orm 
a protective bony covering for the cord 1 6) 
and the issui ng nerve roots (7)  The neural 
arch (2) is di vided by the articular processes 
( 3 )  imo pedicles (8 )  and lami nae (9) .  

i l i \ ! 1 1 1 1 1 1 . 

6. Assessment of spinal injuries (b): 
The middle colwrm ( M )  consists of the 
posteri r longitudinal ligament ( I ), the 
posteri r part of the annular l igament ( 2 1, 
and the posterior wall of the vertebral 
column (3 ). Unstable injuries occur when 
damage to the 111iddle column is  combined 
with damage to either the anterior column or 
to the posterior column. 
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7. Assessment of spinal injuries (c): 
The posterior col1111111 ( P), vi tal for stabi l i ty, 
co111prises the neural arch, the pedicles, the 
spinous process, and the posterior 
l iga111entous complex. The wuerior col11111n 
(A)  is for111ed by the anterior longitudinal 
l iga111ent, and the anterior parts of the 
annular l iga111ent and vertebral body. Note 
that fai lure of these columns in their role as 
supports can be due to bony or l iga111en1 
involvement. Four categories are recognised 
in the Denis classi fication of spinal injury: 

1 0. Seat-belt type injuries (c): Rapid 
deceleration causes the spine to jack-knife 
round an axis brought forward by a lap type 
seat-belt, and tension forces lead to fai lure 
of the posterior and middle columns. The 
spine is  unstable in flexion. Fai lure 111ay 
occur entirely through bone (Chance 
fracture) ( I ), or l igaments (2), or a 
combination (3 ) ,  involving either one ( I  & 
2) or two (3 )  levels of the spine. I njuries of 
this pattern may be seen in  situations outside 
road traffic accidents, but the essential 
element i s  tension failure. 

CLASSIFICATION OF SPINAL INJURIES 

8. Compression fractures (a) :  S imple 
co111pression fractures are common stable 
injuries involving the anterior column only. 
l-lyperflexion of the spine round an axis 
passing through the disc space leads to 
mechanical fai lure of bone with either 
anterior ( I l lus . )  or lateral wedging. The 
height of the posterior pan of the vertebral 
body is  maintained. ( Note thal severe 
wedging - e.g. 111ore than 1 5-20° - often 
indicates damage to the other colu111ns and a 
burst fracture or fracture-dislocation.) 

1 1 . Fracture-dislocations (d): Al l  3 
columns fail in these unstable injuries. 
Suspect i f: I .  there are multiple rib or 
transverse process fractures (as from D I  to 
08 the ribs and sternu111 g ive additional 
support to the spine); 2.  there is  a sl ight 
i ncrease in the height of a disc or a fracture 
of an articular process. Types: 
Flexion-rotation fracture-dislocation. There 
is often a fracture of an articular process on 
one side ( F), or a s l icing fracture through a 
vertebral body, leading to rotation and 
subluxation of the spine. 

9. Burst fractures (b): Axial loading of the 
spine may cause fai lure of the anterior and 
middle colu111ns. One or both end plates 111ay 
be involved. and bone fragments 111ay be 
extruded into the spinal canal, compro111 is ing 
the neurological structures and, 111ore 
controversial ly, causing neurological 
i nstabil ity. Radiographs 111ay show the 
vertebral body fracture, loss of vertebral 
height, and. in the AP, laminar fractures and 
separation of the pedicles. ( I l lus :  CAT scan 
showing displacement of bony fragments 
both anteriorly and posteriorly.) 

1 2. (d cntd): (b) Shear rypes of 
.fi'acture-dislocation: I n  the posteroanterior 
type ( I )  the upper segment shears forwards, 
often with fracture of the posterior arch at 
I or 2 levels. In the anteroposterior type 
(2 )  there is complete l igamentous disruption, 
but often no fracture. In  the 
.flexion-distraction type (3) there is an 
anterior annular tear with stripping of the 
anterior longitudinal l igament a llowing 
anterior subluxation: this i s  a tension type of 
injury, as in the seat-belt lesion. 



NEUROLOGICAL EXAMINATION & GRADING 

1 3. Neurological examination - Basic 
principles: 
Where there is  evidence of a deficit, a 
Lhorough neurological examination is  
requ i red on admission; this must  include as a 
minimum: 

I .  Testing for evidence of muscle act ivity 
and power in  a l l  muscle groups below the 
level of injury. 
2. Testing sensation of pin prick and l ight 
touch over the entire area affected. 
3. Testing proprioception. 
4. Testing the reflexes - the tendon reflexes, 
the plantar responses, the anal reflex 
(stimulation of the perineum leading to 
contraction of the external anal sphincter) 
and the glansbulbar reflex (compression of 
the glans leading to perinea! muscle 
contraction). 

Note also the fol lowing points: 
I .  Where the spinal cord is  involved, the 
neurological level should be determi ned. 
2. The neurological level and the level of any 
bony injury should be correlated. Absence of 
any obvious bony injury at the neurological 
level should lead to further local 
investigation (e.g. by M R l  scan). 
3 .  The severity of any deficit should be 
assessed. 
4). If the fi ndings indicate a comple1e spinal 
lesion, the examination should be repeated 
after 6 hours, 1 2  hours and 24 hours. 

1 6. Assessing the neurological level of 
cord or nerve root injury: Cord or root 
damage is reflected in disturbance of 
myotomes or dennatomes. Myotomes (a): 
As a rule, motion in each joint i s  logically 
controlled by four myotomes in  sequence: 
viz. Hip jlexion L2, 3; ex1ensio11 L4, 5. Knee 
ex/ens ion L3, 4 ( including knee jerk);jlexio11 
L5, S I .  Ankle dorsijlexion L4, 5; plan1ar 

.flexion S I ,  S2 ( including ankle jerk). ( I n  
addition, inversion is controlled by  L4 and 
eversion by L5, S I . ) 
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1 4. Anatomical features (a): Note: 
I .  The spinal cord ends at L I ;  any injury 
distal to this can involve the cauda but not 
the cord. 2. A l l  the lumbar and sacral 
segments of the cord I ie between D I  0 and 
LI only. 3. I njuries at the thoracolumbar 
j unction produce a great variety of 
neurological disturbances as: (a) the cord 
may or may not be transected; (b) the nerve 
roots may be undamaged. partly divided or 
completely divided. 
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1 7. Myotomes (b): I n  the upper l imb, the 
arrangement i s  less regular: Shoulder 
abduc1ion CS; adduclion C6, 7. Elbow 
jlexion CS, 6 ( including biceps jerk); 
ex1ensio11 C7, 8 ( including triceps jerk). 
Wrisl jlexion and ex1ension, both C6, 
7.  Fingerjlexion and extension C7, 
8 .  Prona1ion and s1 1pina1ion C6 ( including 
supinator jerk). Hand i111rinsic muscles T I  . 

1 5. Anatomical features (b) - Cervical 
cord: Nore: I .  The phrenic nerve arises from 
C4, with minor contributions from C3 and 
CS.  Cord section proximal to the phrenic 
nerve w i l l  lead to rapid death from 
respiratory paralysis. Those with lesions 
C4-S, and more distal, are capable of 
respirati n wi thout external support. 
2 .  C2 and C3 supply the vertex and occiput 
(accounting for pain here in  upper cervical 
lesions) .  CS-T I contribute to the brachi 
plexus. ( 1 1 1ustration is  diagrammatic.) 

1 8. MRC grading: Muscle act iv i ty sho Id 
be assessed using the M R C  scale: 

MO - No active contraction 
Ml - A flicker of movement can be seen or 
palpated, but this is not enough to produce 
movement 
M2 - Weak contraction which can produce 
movement if gravity is e l iminated 
1\13 - Contraction weak, but can produce 
movement against gravity 
1\14 - Strength not ful l ,  but can produce 
movement against gravity and some 
resistance 
MS - Full strength 

Motor index score: This is useful for 
assessing the extent of motor loss, and for 
gauging any i mprovement or deterioration. 
In Lhe upper l imb, biceps, the wrist exten ;ors, 
triceps, flexor d ig i torum profundus and the 
hand intrinsics are each assessed using the 
MRC grading system and added together 
The total for the right upper extremity and 
left upper extremity (RUE and LUE) are 
noted ( 25 in each normal l imb). The 
procedure is repeated in Lhe lower l imb, 
using the h ip flexors. quadriceps, t ibial is 
anterior, extensor hallucis longus, and 
gastrocnemi us. 



1 9. Dermatomes (a): In the upper l imb, 
the anterior axial  l i ne follows the l ie of the 
second rib from the angle of  Louis, and 
continues down the anterior aspect of the 
arm, spl i tting near the middle f inger, which is  
supplied by C7. The other dennatomes are 
arranged in a regular fashion on either side of 
the axial l ine. 
I f  indicated, a sensory index score may be 
made for each l imb (0 = absent sensation. 
I = impaired, 2 = normal). 

NEUROLOGICAL EXAMINATION & GRADING 
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20. Dermatomes (b) : The l u 111bar and 
sacral der111atomes have a complex 
arrangement which is  d iff icult to commit to 
memory. Remember by the facts that: I .  The 
outer border of the foot is supplied by 5 I ;  
2. The medial pan of the foot and the lateral 
pan of the leg by LS; 3. The 'stocking top' 
area by L2; 4. The saddle area by 53. 'We 
kneel on L3. stand on 5 I ,  and sit on 53 . '  

2 1 .  DETERMINING THE SEVERITY OF NEUROLOGICAL 
INVOLVEMENT 

I t  is helpful  to record the extent of any neurological impairment, and the 
Frankel scale is a simple and d irect method of doing so: 

Frankel A: Complete paralysis 
Frankel B:  Only sensory function below the injury level 
Frankel C:  Incomplete motor function below the injury level 
Frankel D: Fair  to good motor function below the injury level 
Frankel E: Normal function. 

TYPES OF INCOMPLETE CORD INJURY 

A number of cord syndromes are recognised. These i nclude the following: 

Anterior column syndrome The damage i s  to the anterior two thi rds 
of the cord and commonly occurs in burst fractures of the spine where there 
i s  compression of the cord and interruption of its blood supply by fragments 
of bone which have been forced i nto the spi nal canal. There is complete 
motor paralysis and loss of sensation to pin prick and l ight touch, but 
proprioception and perception of deep pressure are retained. There i s  greater 
muscle loss in the legs than in the arms. This has the worst prognosis  of all  
cord syndromes, wi th only I 0- 1 5% having any functional recovery. No 
return of sensation to pin prick or temperature in the sacral area after 24 

hours i s  a very poor prognostic indicator. 

Central cord syndrome This is the commonest incomplete cord 
syndrome, and generally fol lows a hyperextension injury. It is particularly 
common in the older patient who has a degree of cervical spondylosis (see 
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also Frame 69) .  The cord may be affected over several segments, with 
involvement of both grey and white matter. The effects are curiously greater 
in the arms than in the legs. In the upper l imbs, lower motor neurone lesions 
predominate, with a partial flaccid paralysis of the fingers and arms, and loss 
of pain and temperature sensation. In  the lower l imbs the lesion i s  an upper 
motor one, resu lting in  a spastic paralysis,  usually w ith sparing of sensat ion,  
but  sometimes with bladder and bowel involvement. 

Brown Sequard syndrome This most commonly results from a 
uni lateral facet joint fracture or dislocation and is clue to hemi transection or 
s imi lar damage to the cord. There is muscle paralysis and loss of 
discriminatory and joint sensation on the s ide of the injury, and l oss of pain 
and temperature sensation on the other. The syndrome has a good prognosis ,  
with more than 90% regaining bowel and bladder control and the abi l i ty to 
walk. 

Posterior cord syndrome I njuries to the posterior cord are rare, but 
may follow injuries associated with rupture of the posterior l i gament 
complex or penetrating wounds. There i s  loss of vibration and position 
sense, but motor function and pain and temperature sensation are retain d. 

Cauda equina syndrome Urinary retention i s  the most consi stent. 
finding (see p. 257) and partial inju1ies often have a good prognosis .  In :my 
suspected lesion examine for saddle anaesthesia, rectal tone, the 
bulbocavernosus reflex and sacral sparing .  

THE COMMON LESIONS 

l .  Spinal concussion causes a temporary arre t of conduction within the 
cord; its effects are patchy and recovery i s  rapid .  If, for example, there is 
a complete spinal lesion on first examination, spinal concussion i s  an 
unl i kely but possible cause. If after 1 2  hours the lesion remains complete, 
spinal concussion is not the cause. 

2. If there is any evidence of voluntary motor act ivi ty, skin sensation or 
proprioception below the level of the lesion, the cord has not been 
transected (and further recovery is possible) .  

3 .  After an injury to the cord, the reflexes general ly di sappear for at least 
some hours, and sometimes for as long 2 weeks. Return of reflex act iv i ty 
with continued absence of al l  sensation and vol untary muscle contra tion 
confirms a transection of" the cord. 

4. Where the injury is at a level where there i s  potential damage to lumbar 
nerve roots or the cauda equina (e.g.  inj uries at the thoracolumbar 
junction) persistent absence of reflexes would  confirm such damage. 

5. Note that cord transection is i rrecoverable,  but there is potential recovery 
where there is involvement of nerve roots and the cauda equina. 
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22. Injuries to the cervical spine -
Diagnosis: Suspect involvement of the 
cervical spine where the patient: I . 
Complains of neck, occipital or shoulder 
pain after trauma; 2. Has a lorlicol l i s  ( I l lus.) .  
complains of restriction of neck movemenL� 
or supports the head wi th the hands; or 3. l s  
found unconscious after a head injury. 
especial ly in  road traffic accidents. In a l l  
cases. further investigation by radiographs is 
essent ia l .  

25. Initial management (c): Especial ly if  
there is some evidence of neurological 
i nvolvement. do 1101 check the range of 
movements i n  the cervical spine. Accompany 
the patient to the X-ray department. 
supporting the head during  the posit ioning or 
the tube and making sure that the spine is not 
forced into flexion. For ini t ial  screening an 
A P, lateral and a through-the-mouth 
projection of CI and C2 should be taken. 

CERVICAL SPINE - INITIAL MANAGEMENT 

23. Initial management (a): If you 
suspect lhal the cervical spine has been 
injured. your first move should be to 
safeguard the cord by control l ing neck 
movements. The simplest and best way of 
doing this is by applying a cervical collar. 
( I l lus . :  commercial ly available collar 
adjustable in  depth and girth.)  Al the 
roadside. an adequate collar may be 
fashioned from rolled newspapers pushed 
i nto a nylon stocking and wrapped round the 
neck. ( But see later regarding use or a collar 
in  so-cal led whiplash injuries. ) 

26. Initial management (d): If these 
f i lms appear normal, you may proceed in 
reasonable safety to: I .  Further exam ination 
or the neck for localising tenderness. 
restriction of active movements and 
protective spasm, and 2 .  A more thorough 
neurological examination. I r  these show no 
departure from normal. the patient may be 
treated with a cervical col lar, with a fol low
up review in I week. 

\ 
24. Initial management (b): 
Alternatively, if the patient i s  on a trolley, the 
head may be supported by sandbags. Do 1101 
a/101.- 1he head 10 jle.rfonvards, a11d do 1101 
hypere.r1e11d. Keep the head in  a neutral 
position wherever possible, and in the 
conscious patient quickly check that there is 
active movement in  al l l imbs. 

27. Initial management (e): I nvestigate 
further if there is  persistent l im i tation of 
movements or evidence of neurological 
d isturbance. CAT and MRI  scans are l i kely 
lo provide the best additional information. 
CAT sea/IS may help show hard-to-see 
fractures. especia l ly of the neural arches and 
facet joints. and define any neural canal 
encroachment i n  burst fractures. 

MRI sca11s may be able to show the state 
of the posterior l igament complex and the 
in tervertebral discs. Alternatively, the 
fol lowing additional radiographs should be 
taken: I .  Two more lateral projections. one 
in flex ion and one in extension: these again 
should be supervised: 2 .  Right and left 
oblique projections or the cervical spine. 

The commonest difficulty is the technical 
one or visual is ing the lower cervical 
vertebrae in the stocky patient. The upper 
border of Tl 1m1s1 be seen. Accept that detail 
may be poor. Do 1101 accep1 that the spine 
cannot be shown in  sufficient deta i l  lo 
exclude dis location or one vertebra over 
another. If necessary, assist the radiographer 
by arranging for traction to be applied to the 
arms - one in  adduction and the other in 
abduction; sl ight angulation of the tube and 
increase in exposure may be helpful. In 
some cases screen ing of the cervical spine 
movements may be usefu l .  



CERVICAL SPINE  - FLEXION & FLEXION/ROTATION INJURIES 

28. Classification of cervical spine 
injuries: Injuries of the cervical spine may 
be grouped according to the mechanism of 
injury: 
( I )  Flex ion (anterior compression) injuries 
(2) Flexion and rotation injuries 
(3) Extension injuries 
(4) Burst (vertical compression) fractures. 
(Note that injuries involving the proximal 
cervical spine are dealt wi th separately at the 
end of the fol lowing section.) 

3 1 .  Stable anterior wedge fracture 
(b): Assuming these criteria are satisfied, 
neurological d isturbance is  rare and the 
prognosis excellent. Treat wi th a cervical 
collar for 6 weeks. Rarely, when there is  a 
degree of lateral wedging there may be 
troublesome nerve root involvement usually 
with (main ly)  sensory disturbance in  the 
corresponding dermatome. If instability is at 
all suspected, treat as a cervical dislocation. 

29. Causes of flexion and flexion/ 
rotation injuries: These may result from: 
I .  Fal l s  on the back of the head leading to 
flex ion of the neck, e.g. in  motor cycle spi l ls, 
d iv ing in shallow water, pole vau l ting and 
rugby footbal l ;  2. Blows on the back of the 
head from fal ling objects (e.g. in the 
bui lding and mining industries); 3. Rapid 
deceleration in head-on car accidents. 

32. Flexion/rotation injuries -
Unilateral dislocation with a locked 
facet joint (a): One facet joint dislocates, 
so that in the lateral projection of the 
cervical spine one vertebral body is  seen to 
overlap the one below ( i .e .  there is  anterior 
translation of the upper vertebra with regard 
to the vertebra below) by about a third. The 
AP view may not be helpful, or i t  may show 
malalignment of spinous processes. There is 
often l iule d ifference between laterals taken 
in  flexion and extension. 

30. Fle:xion injuries: Stable anterior 
wedge (compression) fracture (a): The 
vertebral body is  wedged anteriorly, while 
the posterior part is genera l ly  i ntact. 
lnstabi l i t} must be excluded: there must be 
no evidence of injury to the posterior 
ligament complex, with no separation of the 
vertebral pines (which the radiograph here 
suggests may possibly be present) .  Check i f  
possible wi th a n  MRJ scan. E l iminate 
damage to the neural arches or facets. 
Flexion and extension laterals may be carried 
out to exclude i nstabi l ity. 

33. Unilateral dislocation (b): Obliq e 
projections wi l l ,  however, confirm the 
diagnosi . On one side the columnar 
arrangement of bodies, foramina and facet 
joints w i l l  be regular ( I l lus.) ,  whi le on th  
other (see next  frame) i t  wi l l  be broken .  
Damage t o  the posterior l igament complex i s  
variable, and after reduction these injuries 
may be qui te stable but note: i f  there is  an 
associated fracture involving a facet joint the 
injury is  most certainly unstable and fusion 
w i l l  be required after reduction. 



34. Unilateral dislocation (c): The 
oblique radiograph shows a dislocated facet 
joint .  In a l l  cases requiring reduction a 
preoperative M R I  scan should be carried out 
to exclude a disc rupture: a signi ficam 
prolapse may merit an anterior clisceclomy 
and interbody fusion in  case manipulation 
precipitates a further disc protrusion and a 
catastrophic neurological problem. In the 
e lderly, espec ial ly. manipulative reduction 
also carries a risk of causing a central cord 
syndrome, so that an open procedure may 
then be preferred. 

37. Treatment (b): 3. The surgeon must 
have freedom lo manipu late the head. and 
may do this with the patient fu l ly on the 
table, or pul led up until the head is supported 
in the lap of the surgeon seated at the top end 
of the table. Place the thumbs under the jaw, 
clasp the fingers behind the occiput. and 
apply firm traction in  la1eral flexion away 
from the side of the locked facet, i .e .  in  the 
d irection the head is usually inc l ined. 

CERVICAL SPINE - FLEXION & HEXION/ROTATION INJURIES 

35. Unilateral dislocation (d): On 
cl in ical examination of. the patient with a 
uni lateral dis location, the head is sl ightly 
rotated and incl ined to the side ( I )  away 
from the locked facet (2 ) .  There is often 
great pain with radiation ( 3 )  due to pressure 
on the nerve root at the level of the affected 
joint. and ( rarely) there may be cord 
involvement. Proceed to treatment if there is  
no neurological defect or  significant disc 
prolapse. 01/ienvise see Frame 68. 

38. Treatment (c): 4. Maintaining traction. 
bring the head into the midl ine position. 
correcting the rotation elcrnent before lateral 
tlexion. Release the traction, support the 
head (e .g .  with foarn plastic blocks) and 
confirm reduction wi th the image intensif ier 
or by check radiographs. Ir however. 
reduction has nol been achieved, repeat the 
manoeuvre with gremer anaesthelic 
relaxation. If reduction fai l s  ( rare). or i f  
preferred. apply traction using sku l l  tongs or 
a halo as for a bi lateral facet dislocation. 

36. Treatment (a): The initial a irn in 
treatrnent i s  to reduce the dis location, and the 
secret of th is i s  well-controlled traction. I .  
The patient i s  gi ven a general anaesthetic; the 
head rnust be well supported during 
induction. the admin istration of any muscle 
relaxant and intubation ( which must be 
carried out wi thout undue extension of the 
neck). 2 .  X-ray fac i l i t ies should be available 
(preferably an i mage i ntensifier). 

39. Treatment (d): 5 .  Once reduction has 
been achieved. a cervical collar should be 
applied, and worn continuously for 6 weeks. 
6. Fortnightly radiographs of the neck should 
be taken, and tlexion and extension laterals at 
the encl of the 6 weeks' f ixation. lf1/iere is 
any evidence of /cue .rnbluxa1io11 ( I l lus. )  the 
patient should be aclmilled for local 
(posterior) cervical fusion. Some also 
advocate fusion i f  the in it ial displacement is 
more than 25% or 3 .5 rnm. 



CERVICAL SPINE - APPLICATION OF HALO TRACTION 

40. Flexion/rotation injuries -
Unstable injuries (a): The commonest 
injury is a cervical dislac[/[io11 wi1/Jo111 

ji-ac1ure. Displacement may be severe, and 
there is frequently locking of both facets. 
Damage to the posterior l igament complex is  
always present. (This  may be associated with 
an avulsion fracture of a spinous process, 
widening of the gap between two spinous 
processes or evidence ojforward slip 011 a 
.flexio11 la1era/. ) An MRI  scan is advised to 
exclude a signi ficant disc prolapse. (See 
Frame 68). 

43. Halo application cntd: Support the 
head manual ly throughout the procedure. 
The head of the supine patient should be j ust 
clear of the bed, wi th a board between the 
shoulder blades extending up to the occiput. 
Shave and prep the skin round the areas of 
the proposed pin sites. Sl ide the halo into 
position, and hold i t  with 3-4 suction cups 
screwed into the halo (a), positioned away 
from the skull pin sites. These may then be 
i n fi ltrated ( through the holes in the halo) 
with local anaesthetic (b). 

4 1 .  Unstable injuries (b): Skull traction 
wi l l  be required to achieve and maintain 
reduction and should be applied without 
delay. This may be carried out using a halo 
(which at a later stage may be attached to a 
vest or plaster jacket for continued support). 
The Bremer range inc ludes: (a) Adjustable 
rings; (b) Halo-crown devices; (c) Small, 
large and custom buil t  paediatric rings; 
(cl) Traction hoops. (Note that where there is 
no fracture, fusion will be required . )  

44. Halo application cntd: Adjust the 
suction cups to ensure the halo is centred. 
Using the fingers at first, screw in  opposite 
pairs of skul l  pins, before repeating this with 
the other pair. (At this stage some make 
small skin incisions to avoid indentation of 
the skin.)  Now tighten them in stages -
again in a diametrically opposed sequence -
to a maximum torque of 8 inch/pounds 
(0.90 Newton/metre) using a torque wrench 
or torque-l imit ing caps. Then attach a 
traction hoop. (See Frame 58 for aftercare. )  
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42. Halo traction pin sites: Palpate the 
groove between the superc i l iary ridge and 
the frontal prominence (a). The anterior p 1 11s  
should l ie on this l ine.  caudal to the maximal 
c i rcumference of the skull, and about I cm 
above the orbital margin .  Each should l ie  in  
the l ine of the outer half of the eyebrow (c.g 
at the j unction of the middle and outer 
thirds) .  The posterior pins should be s i ted 
diagonally opposite (b) ,  at such a level th:it 
the halo band clears the ear by about a half 
centimetre (c) .  

45. Applying skull tongs (a): 
Alternatively, sku l l  tongs may be used when 
no later need for a halo-vest i s  anticipated. 
Several types of cal l iper are available, and 
the following description applies to thosic of 
Cone's pattern. Shave the skin round the 
proposed insertion points (approximately 
6-7 cm above the external auditory meati )  
and infi l trate the areas deeply o n  both sides 
with local anaesthetic ( a ) .  



46. Applying skull tongs (b): Make a 
small incision (about I cm in length) on each 
side down to bone (b ) .  B leeding is usually 
brisk, but generally controllable by firm local 
pressure applied for a few moments: if not, 
secure and tie off any rernaining bleeding 
points. Now insinuate one point holder 
through the ternporal is  muscle fibres until it 
i s  in contact with the skull (c ) .  

49. Other traction devices: B/ackb11m 
callipers (2) are designed to hook into the 
clipli:ie of the skul l .  and a trephine is used to 
remove a tiny l id  of outer cortex. 
Occasionally no dipli:ie is present, and the 
points rnust hook under the fu l l  thickness or 
the skull, and come in contact with the dura. 
Cn11c/1jie/d tractio11 tongs (3) are i nserted 
nearer the vertex than the other two devices. 

CERVICAL SPINE - APPLICATION OF SKULL CALIPERS 

47. Applying skull tongs (c): Keep the 
point holder pressed firrnly against the sku l l :  
straighten ou t  the  cal l iper, and close i t  with 
the turnbuckle spanner ( cl ) .  Guide the second 
point holder through the skin wound: 
oscil late the call iper sl ightly to al low its 
tapered encl to part the ternporal is  fibres on 
the second side (e) .  Close the call iper until 
both point holders are in fi rm but not hard 
contact with the skull .  

SO. Reduction (a): Assurning there is  no 
disc prolapse (which might precipitate a 
neurological problern - see Frame 68). rnany 
surgeons prefer to carry out a manual 
reduction. General anaesthesia with good 
relaxation and X-ray faci l i t ies are essential .  
Great care must be taken during induction 
and throughout to avoid uncontrolled 
rnovements of the head. When all i s  ready. 
the head is supported and the encl of the 
table dropped: firm traction is  applied in the 
neutral position or s l ight Aexion ( I )  to 
unlock the facets (2) .  

48. Applying skull tongs (d): Now screw 
the points in (you should check that their 
protrusion is  l imited to about 3 mm) to 
penetrate the outer cortex only; tighten them 
with a key (f). If the points fai l  to enter. 
either they arc blunt or the bone unduly hard. 
In these circumstances. a small awl may be 
used as a starter. taking great care to avoid 
penetration of the inner cortex. Now seal the 
wound with strips of gauze soaked in 
Nobecutancn1 or a s imi lar preparation. 

5 1 .  Reduction (b): Maintaining firrn 
traction. the neck is  slowly extended (3 ) .  
The hand supporting the  occiput may be 
moved in anticipation clown the neck to act 
as a fulcrum (4) .  The traction is  then slowly 
reduced, the table encl raised and, whilst 
maintaining a J i ll ie controll ing traction, the 
position is checked with radiographs. 



CERVICAL SPINE  - REDUCTION METHODS 

52. Reduction (c) - Alternative 
techniques: Continuous (weight) traction 
may be used to overcome muscle tension and 
unlock overriding facets. Control the 
direction of traction with the position or the 
traction pulley, or by pads under the head or 
shoulders. The amount of traction can be 
adjusted by the weights: al low I 0 lb (4.5 kg) 
for the head + 5 lb (2.3 kg) for each 
interspace: e.g. 35 lb  ( 1 6  kg) for CS on C6. 
The duration of maximal traction is 
moni tored by radiographic progress. 

S4. Reduction (e): As soon as the neck has 
been stretched sufficiently to allow the 
locked facets just to clear one another (2) ,  
the neck should be extended to complete the 
reduction (3) and traction reduced. In 
longstanding cases (say 1 -3 wt;eks post 
injury) progress wi l l  be much slower, and in 
extreme cases can extend to days. General ly, 
if reduction is not achieved after 6 hours, 
manipulative or open reduction is  advised 
rather than increasing the amount or duration 
of traction. 

53. Reduction (d): A better arrangement is for traction to be applied with the patient in a 
sitting-up position. Traction is more efficient, being countered by the body weight; the patient  
can see what is going on.  and if paraplegic, breathing is  easier as  the diaphragm is 
unobstructed. A framework of slotted angle (e .g.  DexionTM ) ( I )  may be attached to the m ttress 
frame if the hospital bed has not this faci l i ty, and the frame may be racked up and clown (2 )  
while pressure points are being attended to. The weight required (3 )  should be  i n  t he  order of  
that detailed in  the previous frame. The l ine of traction should start in the neutral position or 
sl ight flex ion (4). The patient should be seclatecl, and in rhe recently injured patient radiographs 
to check progress should be rake11 every 15 111i11ures. Fai lure to reduce after several hours i> 
often regarded as an i ndication for an open procedure. 

SS. Reduction (f): The racl iograph on the lef'l shows an unstable dislocation of C6 on C7. with 
locked facets and an associated fracture of the spinous process of C6. On the right the 
dislocation has been reduced. The C6/7 disc space indicates that a further reduction of traction 
is required. Aftercare: [f the original injury was confined to the posterior l igament comple x, 
then to avoid late subluxation a local cervical fusion is  necessary. If the instability i s  clue to a 

fi"acture (as above) and healing of that fracture wi l l  restore stab i l i ty, then it is sufficient to 
support the neck unti l  union occurs. This may be achieved by continuous traction ( i n  the order 
of 2.5 kg (6 lb), taking care that on no account the neck be over distracted) .  Alternatively, 
depending on your assessment of the degree of inherent residual instabi l ity and local practice, 
you may use a halo vest, an extensive off the shelf brace. casts, or internal fi xation. Note, 
however, that at the end of any period of conservat i ve treatment srability 111 1 1st be checked with 

ftexion a11d exrension larerals. 
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56. The halo vest (a): The halo (h )  may 
be attached to a vest (or cast). with additional 
components. On each side. a transverse bar 
(tb) is screwed (s)  to the halo. These in  turn 
are fixed to 4 uprights (u) with locking 
couplings ( le) .  The caudal ends of the 
uprights are attached through additional 
couplings f ixed to plastic connectors (pc). 
These may form i ntegral parts of a vest. or be 
incorporated in a plaster cuirass or jacket. 

59. Plaster fixation in cervical spine 
injuries (a): Plaster f ixation is occasionally 
indicated. giv ing more support than a 
wel l - fi ll ing col lar. It may be helpful in 
treating the poorly motivated patient who is  
tempted to remove a brace. I t  may a lso be 
used in some cases where pin track 
infections prevent continuation of treatment 
in a halo vest. Stocki net i s  applied to the 
head and trunk ( \ ), and woo\ padding to 
pressure areas (2) .  Felt pads to the chin and 
occiput are advisable. 

CERVICAL SPINE  - MINERVA PLASTER 

57. The halo vest (b): The Bremer vest 
has anterior ( a )  and posterior (b )  shells with 
soft replaceable l iners. They are l inked 
inferiorly with thoracic bands (c) secured to 
locking posts. Above. two shoulder pads 
which extend from the posterior shel l  are 
secured in front with webbing straps (d )  
which pass through keepers and  are fixed 
superiorly with Velcro fasteners. A range or 
sizes. including one for paediatric use. is 
avai lable. A pelvic girdle attachment may be 
fixed to the vest for additional stab i l i ty. 
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60. Plaster fixation (b): Four plaster 
slabs are prepared 1·rom 1 5  cm (6") plaster 
bandages; two are applied over the shoulders 
(3) .  one from midscapular region to the 
occipul (4) and one over the point of the 
chin on to the chest ( 5 ) .  The slabs are joined 
with circular bandages; the stockinel and 
wool are turned down and trimmed (6) .  This 
plaster i s  best applied with the patient seated 
on a stool. 

58. Attaching the vest: The head is 
supported and l i fted up with the trunk so that 
the posterior section of the vest (with its 
paired uprights and transverse bars in place), 
can be slid into position. The transverse bars 
are then attached to the halo. The anterior 
shell i s  now p laced on the chest, and the two 
pans joined together by tightening the 
thoracic bands and securing the shoulder 
straps. The transverse bars are attached to the 
front uprights and the connectors tightened. 
After check radiographs, a l terations in 
a l ignmelll and traction (using the adjusters 
on the uprights) may be made. Aftercare: I .  
Re-tighten the halo pins after 3 6  hours. 
Subsequently a loose pin may be tightened i f  
resistance is  met - otherwise insert a new 
pin. tighten it. and remove the old. 2.  Clean 
the areas round the pins dai ly with soap and 
water. and remove any crusting with 
hydrogen peroxide. 3 .  Treat infected pin 
tracks with antibiotics and intens i fi ed site 
care. If there is  no improvement, introduce a 
new pin at a fresh site, before removing the 
old and if necessary carrying out a local 
debridement. Other complications: These 
include osteomyelit is of the skul l ;  extradural 
haematoma: extradural. subdural and 
cerebral abscess. Symptoms include 
headache. pyrexia. f i ts. hemiplegia and coma. 
Treat the complication, abandon skull 
traction. and use an alternative such as a 
Minerva plaster. 
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6 1 .  The Minerva plaster: This extensive 
plaster, although perhaps not giv ing quite as 
much support as a well fi tt ing halo vest wi th 
a pelvic attachment. is sometimes used as an 
alternative. especial ly in  chi ldren. I t  may 
also be used where pin track infections 
prevent further use of a halo. Me1hod: A 
plaster jacket is applied f i rst ( I ) ; this i s  
extended with s labs to form a collar (2) ;  
additional support i s  provided with a head 
band ( 3 )  and side struts (4) .  I f  to be worn for 
any length of time. the head should be 
cropped or shaved (5 ) .  



CERVICAL SPINE - INTERNAL FIXATION/FUSION 
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62. (Mid) cervical fusion (a): Under the 
circumstances of an uncomplicated posterior 
l igament complex rupture, fusion within a 
few days of injury is advised. Anterior 
cervical fusion is  somewhat unreliable. and a 
posterior fusion is to be preferred. Note: 
Traction is maintained during the procedure 
( I ). After careful ly controlled intubation. the 
patient is turned to the prone position. with 
the head supported in a head ring (2). The 
cervical spines are exposed through a 
midl ine incision (3) .  

65. Cervical fusion (d): There are a 
number of other fixation techniques along 
with bone grafting for cervical spine fusions: 
I .  Hook plates, s imi lar in concept to Zuelzer 
plates, may be used. one on each side of the 
spinous processes. In practice each is  bent so 
that its hook portion can s l ip  under the 
inferior edge of a lamina. sui tably notched to 
receive it and to prevent it from drifting: its 
upper end is  held with a single screw into the 
articular mass. A Bosworth H-graft ( I l lus . )  
wi th cancel lous bone chips may then be 
applied. 

63. Cervical fusion (b): If prel iminary 
traction has failed to obtain a reduction, this 
may generally be achieved by local trimming 
of those parts of the facets which are 
blocking reduction ( facetectomy). Fai lure Lo 
obtain reduction is unusual in recent injuries. 
but there may be d ifficulty after 3-4 weeks. 
Note Lhal in  very longstanding dislocations. 
spinal stab i l i ty i s  more important than 
accurate reduction, and the spine may be 
fused in the dis located position if  reduction 
cannot readily be obtained. 

66. Cervical fusion (e): 2. Songer 
mult i  filament cables, of stainless steel or 
titanium. are easier to handle and less prone 
to fa i lure than plain wires. They may be 
passed round adjacent lami nae, tensioned. 
and then held with crimps ( i ); They may be 
passed through holes drilled through Lhe 
spinous process bases and incorporate 
cortical bone grafts ( i i ) ;  Where fixation of 
more than two vertebrae is required the 
repair may be reinforced with rods, moulded 
LO l ie snugly and held with sublaminar 
cables. 

64. Cervical fusion (c): The ruptured 
posterior l igament is identi fied and the 
adjacent spinous processes, laminae and 
facet joints rawed. The safest and easiest vay 
to perform fixation technique is wiring of 
adjacent spinous processes, either by plain 
wire ( I l lus . )  or Songer cables. Two i l i ac b ne 
grafts are placed (and sometimes wired 
together) on e i ther side of the spines, 
bridging them. Cancel lous bone chips are 
packed into the area before closure. The AO 
Group fa\our H-shaped cortical bone grafts. 

67. Cervical fusion (f): 3. l f an anterior 
approach i s  required ( fo r  example to can') 
out an anterior decompression ) then the spine 
may be stabi lised anteriorly using, for 
example, a plate with locking screws, or 
plates on either side of the vertebral bodi s. 
Anterior fusion is  sometimes insufficient to 
stabi l i se the spine when there has been a 
massive associated posterior complex 
disruption. and may requ i re an additional 
posterior fus ion. I n  all cases supplementary 
external spl intage (e.g. with a neck brace) is 
advised unt i l  union. 



68. Treatment of fracture-dislocations 
where there is a neurological defect 
on admission: Jn about I 0% of cervical 
spine dislocations posterior extrusion of 
intervertebral disc material can compromise 
the cord. and there is  a risk that the si tuation 
may be aggravated i f  reduction is undertaken 
without prior decompression. A thorough 
neurological examination should of course be 
carried out on admission, and if there is 
evidence of neurological involvement 
(particularly of the cord) then further 
investigation of the state of the relevant 
intervertebral disc should be undertaken. 
This is best done by a careful ly supervised 
M R I  scan; fai l ing this myelography with a 
postmyelography CAT scan should be carried 
out. lf there is  evidence of cord compression, 
then a decompression by the anterior route 
be.fore reduction is generally advocated. 
Where there is no indication for 
decompression, and in the presence of a 
partial or complete cord lesion, fusion may 
be delayed for 1 -2 weeks. but is sti l l  
advocated to faci l i tate nursing and 
rehabi l i tation. 

70. Radiographs (a): Spontaneous 
reduction is the rule, so that the radiographs 
111ay be quite 110m1a/. Nevertheless, plain 
films may show: I .  Avulsion of the anterior 
longitudinal l igament from its attachment to 
the vertebral body ( Il lus . )  or an osteophyte; 
2 .  Anterior displacement of the pharyngeal 
shadow secondary to haemorrhage; 
3. Rarely, there may be fractures of the 
laminae or spinous processes, or 4. Tearing 
open of a vertebral body. 

CERVICAL SPINE - EXTENSION INJURIES 

69. Extension injuries: Mechanisms: 
Commonly: I .  From a fall downstairs, the 
forehead striking the ground; 2. In  front
i mpact car accidents where the forehead 
strikes the car roor. fasc ia or bonnet (3rd, 4th 
and 5th phases or injury ) ;  3. In rear- impact 
car accidents in which the neck forcibly 
extends. 

Pathology: These injuries are 
particularly common in the middle aged and 
elderly who suffer from cervical spondylosis. 
Osteoarthritic rigidity in the spine may lead 
to excessive stress concentrations at any area 
of the spine retaining mobi l i ty. A similar 
predisposition is found in those suffering 
from ankylosing spondyl i tis. severe 
rheumatoid arthritis. or congenital 
deformities of the spine with localised areas 
of fusion (e.g. Kl ippel-Fei l  syndrome) .  The 
neck hyperextends ( I )  leading to tearing or 
avulsion of the anterior longitudinal ligament 
(2) .  During the period of extension the cord 
may be stretched at the level of the vertebral 
lesion ( 3 ) .  At the same ti me, or when the 
vertebrae snap together again, the cord may 
be ni pped by backward projecting 
osteophytes (4) ( i n  the patient with advanced 
spondylosis ) .  Stretching and kinking of 
spinal vessels may lead to extensive 
spreading thrombosis ( 5 ) .  The cord damage 
is  often di ffuse and may not correspond 
exactly with the level of injury (6 ) .  Spread of 
thrombosis may lead to a deteriorating 
neurological picture (central cord syndrome) .  

7 1 .  Radiographs (b): MRI  imaging is 
often of considerable value in showing any 
involvement of the related anterior 
longitudinal l igament and the intervenebral 
disc, as demonstrated above. I t  may clarify 
the nature of the pathology in this and other 
cases of so-called SC IWORA syndrome -
Spinal Cord Injury Without Radiological 
Abnormality. 

As far as the cord is  concerned sole 
involvement of the central area is  rare. but 
when it occurs the effect is : (a) Motor loss 
tends to be greater in the arms than in  the 
legs. ( b )  Temperature and pain conduction 
are more I i  kel y to be affected than 
proprioception and l ight touch. which are 
frequently spared. 

Diagnosis: I .  The history of injury. pain in 
the neck and complaint of weakness in the 
arms are suggestive. 2.  Where the causal 
force is anterior. bruising or laceration of the 
forehead is an invaluable sign. 

72. Treatment: Extension injuries of the 
spine are general ly stable. but there may be 
instabi l ity when there is profound disruption 
or the anterior structures including the disc 
and anterior longitudinal l igament. Local 
rrearmenr consists of the judicious use of a 
collar unti l  local pain and cervical muscle 
spasm settle. The general 1rea1111en1 is that of 
the accompanying neurological problem 
which may be minor or profound. 

73. Burst fractures of the cervical 
spine: Mechanisms: These injuries may be 
caused by: I .  Heavy objects fal l ing on the 
head: 2. The vertex striking the ground as in 
fal l s ,  d iv ing and other athletic accidents: 3 .  
The head strik ing the  roof in head-on car 
accidents (phase 2 ) .  

Diagnosis: I .  The history of injury may be 
suggestive. 2.  There may be tell-tale 
lacerations on the crown of the head. 3. 
Complaint of pain in  the neck should lead to 
the taking of the radiographs which wi l l  
clarify the diagnosis. 

These injuries are often cl inical ly and 
radiologically s imi lar to certain anterior 
wedge ( compression) fractures. but have 
generally a better prognosis than the latter. 
with neurological deficits often being 
transitory. Nevertheless in the more severe 
cases there may be damage to the anterior 
(and sometimes the posterior) column. with 
instab i l ity and gross neurological damage. 



CERVICAL SPINE - BURST FRACTURES 

74. Radiographs (a): The appearances are 
dependent on the degree of causal violence. 
When the forces are moderate, a fissure 
fraclllre of the vertebral body may be 
produced, most obvious in the AP projection 
( I l lus . :  Vertical fracture through the body of 
CS, with a s imi lar but less marked fracture of 
C6). Where the deformity is  greater, lateral 
displacement of the pedicles may be obvious. 

75. Radiographs (b): In  more severe 
injuries the vertebral body may be 
com minuted and flattened. Fragments of the 
vertebral body may be extruded in any 
direction; when this occurs the cord may be 
endangered. ( I l lus. :  Compression fracture of 
CS ; note the encroachment on the neural 
canal by the posterior pan of the body.) CAT 
sca1111i11g is ()(partirnlar value in clarifying 
1/te ex1e111 ojji"ac111res oflltis 1ype. 

77. Neurological assessment: On admission, a complete neurological examination should 
be carried out as previously described. I f  the paralysis i s  bi lateral, symmetrical and complete, 
testing should be repeated meticulously at 6 hours, 1 2  hours, and 24 hours post-injury. No 
recovery after 24 hours in  injuries al cervical level almost certainly indicates a hopeless 
prognosis.  Be careful to 1101e. ltoweve1: 1ha1 a profow1d neurological loss cw11101 be declared 
complete unless propriocep1io11 a11d lig/11 touch have been most care/idly assessed. Many 
apparent recoveries in lesions f i rst described as COlllplete lllay wel l  have been due lo fa i lure in 
carry ing out a careful exalllination of these modalities of sensation. 

Trea1111e111: 
I .  The posterior l igament complex is generally intact, so that once these fractures have healed 
there is l i tt le tendency lo subsequent disp lacelllent. The ailll should be to protect the spine frolll 
movelllent, and in the alllbulant patient this may be achieved with a halo orthosis. Cervical 
traction for 6 weeks unt i l  union has occurred may also be used. 
2.  Removal of backward projecting bone fragments which are interfering with cord function 
may be carried out through an anterior approach .  Although the value of this is to some extent 
controversia l ,  i t  has been advocated in the face of the fol lowing criteria: 

( i )  an i ncolllplete cord lesion: 
( i i )  a deteriorating neurological picture; 
( i i i )  a local block on myelography; 
( i v )  confi rmatory evidence on CAT or MRI  scan of spinal encroachment. The indications are 
less clear when the neurological condition is static, and even less so when it is complete. At 
surgery the fraglllents of the vertebral body are excised and replaced with three conical bone 
struts and an anterior plate bridging the vertebrae above and below. 

76. Neurological involvement: The lllost 
vulnerable pan of the cord l ies anteriorly, 
and bone fraglllents pushed backwards into 
the spinal canal tend to result in  an anterior 
cord syndrome (see also Frallle 2 1  ) . The 
motor supply of the upper l imbs tends L be 
affected before the lllotor pathways to Lie 
lower l imbs : hence paralysis tends Lo be 
maximal in the upper l i lllbs. Next to be 
involved are the spinothalamic tracts 
carrying pain and temperalUre, and last1y the 
posterior columns ( proprioception and light 
touch). 

78. The upper two cervical vertebrae: 
(a) Atlanto-occipital subluxations and 
dislocations: Traumatic lesions at thi. level 
are usually caused by severe hyperextension. 
They are especial ly COlllmon in  chi ldren, due 
lo thei r  flatter occipital condyles. Death from 
respiratory arrest is usual, but a few survive. 
Subluxations of slow onset from rheumatoid 
arthriti� and spinal and pharyngeal infections 
are seen more frequently. The radiogra1�hs 
are often d ifficult to interpret. S ubluxati on 
may be detected by means of Wachenheilll's 
basilar l ine :  this i s  drawn tangent to the 
posterior surface of the c l i vus and extended; 
i t  shou ld 11or111aU1· just touch the 
posterosuperior aspect of the odontoid 
process at the point indicated by the arrow. 
Trea1111e111: Traction and Aexion are 
contraindicated. Apply a halo vest and obtain 
reduction by adj ustment of this prior to 
fusion (occiput to C I  and C2) . 
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79. (b) Fractures of the atlas (i): The 
usual pattern of fracture is quadripartite 
(Jefferson fracture), and is produced as a 
result of severe downward pressure of the 
occipital condyles on the atlas. Such force 
may result from: I .  A weight fal l ing on the 
head (e.g. in the construction industry); 
2.  The head strik ing the roof of a car in a 
road traffic accident; 3. A fal l  from a height 
on to the heels. 

82. Radiographs (b): Congenital absence 
of part or  the posterior arch may cause 
confusion, but in  itself is of no signi ficance, 
being a stable condition. Treatme11t of arch 
frac/ures: These cannot be reduced; with 
slight displacement a well- f i t t ing collar for 
6 weeks should suffice. With more severe 
displacements, \ 2 weeks in  a halo vest is 
advised. Late subluxation of C \ is rare. but 
should be looked for at the end of the period 
of fixation. 

CERVICAL SPINE - FRACTURES OF THE ATLAS 

80. Fractures of the atlas (ii): Cli nically. 
i f  the patient i s  conscious he may resent 
sitt ing up and may support Lhe head with the 
hands. There may be complain! of severe 
occipital pain due 10 local pressure on the 
great occipital nerve. About 50% of patients 
survive this injury without signi ficant 
neurological involvemenl; bui nole a third 
are associated with a fracture of Lhe axis, and 
half with another cervical spine injury. Most 
fractures are stable. with an intact transverse 
ligament. 
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83. (c) Transverse ligament lesions (i): 
The transverse l igament ( I )  runs between 
two bony tubercles (2 )  which lie between the 
joint surfaces (3) which articulate with the 
occiput and those which articulate below 
with the axis (4). The odon1oid process 
(5)  articulates with the anterior arch (6) and 
the transverse l igamenl reslrains i ts 
backward travel .  

81 .  Radiographs (a): The lateral 
radiograph may show the fracture of the 
posterior arch ( I l lus.) . The plain AP view is 
usual ly  unhelpful. A through-the-mouth 
projection is  general ly more valuable and 
should reveal the lateral displacement of the 
l<lleral masses. Nevertheless, pain and 
resistance to all movement may lead Lo 
fai lure; if this i s  so. an oblique centred on 
C3, AP and lateral tomography and CAT 
scanning may be useful. I n  chi ldren the latter 
is of particular value. 

84. Transverse ligament (ii): The 
l igament may be Lorn in sudden flex ion 
injuries: it may become auenuated or rupture 
in rheumatoid arthritis (or in pharyngeal 
infections in  chi ldren - Grise l 's syndrome). 
In either case the risk to the cord is great as i l  
becomes pinched between the  posterior arch 
of the alias and the odontoid peg (as shown 
here diagrammatical ly) .  



CERVICAL SPINE - TRANSVERSE LIGAMENT LESIONS 

85. Transverse ligament (iii) -
Diagnosis: The condition may be suspected 
from the history, by pain in the neck and the 
head, and by the presence of marked cervical 
spasm, often with an associated torticol l i s .  
Vertebro-basilar insufficiency is  occasional ly 
present. 

Radiographs: The diagnosis i s  established by 
racl iographs: 

86. Treatment cntd - Atlantoaxial 
fusion {a): There are many methods used in  
cervical fusions at this level. A common 
method is to begin by rawing the posterior 
arches of C I  and C2 ( I ) . Two stout gral'ls 
( from tibia or i l i ac crest) are wired in 
position (one side only shown) (2) .  The 
upper wires (3 )  pass round the arch while 
the lower (4) i s  passed through a hole dril led 
in the spine of C2. The area is packed with 
bone chips. 

I .  Plain lateral fi lms should be examined and the gap between the posterior face of the anterior 
arch and the odontoicl carefu l ly  measured (the atlas-<lens interval or ADI ). With the spine in  
flex ion (which in  acute cases should only be permitted under the closest supervision) th is  
should be less than 3 mm in adults and 3.5 mm i n  chi ldren. ( I l lus. :  gro s sh ift in  an arthr i ti c 
spine.) 
2. There is  general ly a degree of rotational deformity, and a through-the-mouth view may show 
an asymmetrical location of the oclontoicl peg relative to the lateral masses of the atlas. 
3 .  If there is remaining doubt, flexion and extension laterals should be taken under close 
supervision. An abnormal excursion of the oclontoicl peg in relation to the anterior arch of the 
atlas is diagnostic. 
4. I f  available, CAT scanning may also be used to clarify the relationship between the od ntoid 
peg and the anterior arch of the atlas. 

Treatment: 

Children: 
I .  In Grisel 's syndrome the majority of cases resolve spontaneously. Where th i s  does not ccur, 
the dislocation should be reduced by skull traction (e.g. using a halo) fol lowed by a period of 3 
months in a halo vest. 
2. In acute traumatic dislocations, reduc

.
tion by traction � !lowed by a halo vest for 3 months 

are also indicated. At the end of this period stab i l ity should be checked by flex ion and extension 
laterals. If instability i s  st i l l  present, an atlantoaxial fusion is  indicated. Fusion is  also advised in 
late diagnosed cases (over 3 weeks) or where there is  neurological i nvolvement. 

Adults: 
I .  Acute traumatic dislocations: As the potential for l igament heal ing is poor in the adul t ,  fusion 
is  the treatment of choice. This should be preceded by a 2-3 week period of traction wi th  
reduction of the deformity. After fusion a ha lo vest is usually advised for 8- 1 2  weeks. 
2.  Chronic subluxation: Reduction is  inadvi able, and an in situ fusion of C I  and C2 is 
recommended. 

87. Atlantoaxial fusion (b): If the 
posterior arch of C I  is very fra i l ,  it may be 
necessary to include the occiput in the 
grafted region; great care must be taken in 
passing the f ix ing wires through holes 
dril led in the edge of the foramen magnum. 
After surgery, a halo vest is usual ly worn for 
8- 1 2  weeks. 

88. Atlantoaxial fusion (c): As an 
alternative, after cleaning and decortic.:ition 
of the posterior elements ( i nc luding the facet 
joims) with a high peed burr, a rectan00ular 
bar ( a) i s  bent to fit snugly between thf' 
occipm and the spinous process of C2 (b). 
Songer cables are passed through burr holes 
made i n  the occiput (c)  and under the 
laminae of C I  and C2. These are c ightened 
and secured with crimps ( as shown at cl). 
Bone grafts are then placed on each side, 
lateral to the vertical elements of the bar. 
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89. Odontoid fractures (a): 
Classificarion: Type I injuries ( I )  involve the 
tip of the peg, are generally stable and 
require symptomatic treatment only with a 
collar (but exclude an unstable associated 
atlanto-occipital dislocation). Type I I  i njuries 
(2), the commonest, involve the junction of 
odontoid peg with the body. Although Type 
l i l  fractures (3)  run deeply into the body of 
C2, union fai l s  to occur i n  about a quarter of 
cases, so they must be handled as careful ly 
as Type I I  fractures. 

92. Congenital odontoid 
abnormalities: These include: ( I )  
Complete absence (predisposing to 
dislocation); (2) Hypoplasia: (3 ) Non-fusion 
of the odontoid process (persistent os 
odontoideum)  (the ossification centre for the 
apex normally appears at 2 years with fusion 
occurring by 1 2) .  Rounded edges and a 
separate articulation with the atlas may help 
to distinguish it from a fracture (even though 
i t  may behave as such). 
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90. Odontoid fractures (b): Fracture may 
result from sudden severe ftexion ( I ) or 
extension (2)  of the neck ( f1exion and 
extension fractures). Diagnosis: This injury 
may be suspected from the history and the 
site of pain and protect ive muscle spasm. 
Occasionally the original injury may be 
ignored, and discovered only on 
investigation of an advancing arax ia or other 
neurological disturbance. 

93. Flexion injuries of the dens: The 
atlas and dens displace anteriorly in relation 
to C2. ( I l lus. :  Flex ion injury revealed by a 
f1exion latera l . )  There may be an associated 
rotational injury. If the fracture is junctional. 
the incidence or non-union is about 60%. 
with risk of progressive subluxation and 
neurological involvement. 

Trea1111e111. In  spite of the risks of 
complications these injuries are frequently 
treated conservatively, especial ly in 
chi ldren. 

9 1 .  Odontoid fractures (c): The diagnosis 
may be readi ly  confirmed by routine 
radiography; the fracture may show clearly 
in the through-the-mouth AP projection 
( I l lus . :  Fracture of the base) and/or in  the 
standard lateral view. Only if  there is doubt 
need carefu l ly  supervised flex ion and 
extension laterals be taken, or CAT scans 
carried out. Confusion can sometimes arise, 
however, from certain congenital 
abnormal ities. 

good reduction should be aimed for, in order 
to lessen the risks of non-union. In the 
younger patient. persistent displacement can 
in fact re-model wel l .  
2. After 1 -2 weeks i n  traction, i t  may be 
possible to mobi l i se the patient; this is 
especia l ly desirable in the elclerly patient 
who w i l l  not tolerate prolonged traction and 
confinement to bed. Continuous external 
support for the neck is  required for 8 weeks, 
and this may be provided with a halo vest 
(which is  convenient i f  a halo has been used 
in i tia l ly for traction) or a M i nerva plaster; i n  
some cases a cervical brace may suffice. 
3 .  Stabi l i ty should then be assessed wi th 
f1exion and extension laterals. Surgical 
treatment (general ly a posterior fusion of C I  
and C2) i s  indicated (a)  i f  conservative 
treatment fai ls, (b) the case presents late, (c)  
a good reduction cannot be obtained, or (cl) 
where the delays and complications of 
conservative management are thought to 
present a greater hazard than the risks of 
primary surgery. 
In most cases displacement of the os 
odontoideum may be treated conservatively 
un less the forward s l ip  is extensive or there 
are severe or progressive neurological signs. 
The experienced surgeon may advise 
internal f ixation in certain adult odontoid 
fractures, using two screws running from the 
antero-inferior edge of C2 into the odontoid 
process. An antero-median approach is  used, 
and high resolution two-plane imaging is 
essential .  
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94. Extension injuries of the dens: 
Fracture with backward displacement of the 
odontoid fragment i s  commoner in  the 
elderly, and is  a relatively stable lesion. 
Trea1111e111: I .  l f  the shift i s  s light, a collar for 
8 weeks should suffice. 2. I f  marked, apply 
traction in  s l ight flexion wi th sku l l  tongs, but 
slacken off the weight as soon as reduction 
has been achieved to avoid distraction. After 
2-4 weeks a collar may be substituted. 

7. Fractures of the pedicles of C2 (c): 
The fracture normally shows clearly in  
lateral radiographs of the cervical spine. 
Occasionally there is spondylol isthesis of 
C2 on C3. 

Treatme111: 
I .  Exrension injuries wirh distraction: Skul l  
traction for a period of 4-6 weeks may be 
used to maintain position only. There is  
always the r isk in  th is  type of injury of 
further distraction, and i t  i s  therefore 
important to l imi t  traction to a 

95. Fractures of the pedicles of C2 (a): 
Fractures of the pedicles of the axis may 
occur in two distinct ways: I .  Fracture may 
follow simultaneous extension and 
distraction of the neck. This is the 
mechanism of death by hanging. S imi lar, and 
not always fatal, injuries occur in cyclists 
who are caught under the chin by a tree 
branch or a rope; nevertheless, neurological 
disturbance is usually profound. 

maximum of 2 kg (5 lb). lf radiographs 
suggest distraction, or if there is  
deterioration in the neurological picture, 
traction must be abandoned. Fusion would 
then be indicated. 

2.  Extension injuries with compression: 
( i )  If the injury appears to be stable and 
there is  no neurological disturbance, a 
well-fi tting collar should be worn for 
6 weeks. 
( i i )  If there is neurological involvement with 
evidence of deterioration, decompression 
and fusion are normally advocated. 
( i i i )  lf there is  any evidence of instability, 
fusion is also advisable. Posterior and 
anterior Fusion have both been advocated for 
C2 fractures. 

96. Fractures of the pedicles of C2 (b): 
2. Radiological ly  identical fractures ma) be 
produced by forcib le extension of the neck 
accompanied by compression; this may occur 
in  road traffic accidents if the head strikes the 
veh icle roof and ricochets i n to extension. 
Neurological involvement here is  rare. These 
two types of injury may be distinguished )ly 
the h istory, s i te of bruis ing (neck or 
forehead) and neurological disturbance. 

98. Isolated spinous process fractures: 
Fracture of the spinous process of C7 01 T I  
(c lay shoveller's fracture) may resu l t  from 
sudden muscular contraction (avulsion 
fracture). This is a stable injury (unless there 
is evidence of extension into the lamina ) .  
Sympt mat ic  u·eatment only i s  require (e .g . 

a cervical collar for 2-3 weeks) .  lt must be 
carefu l ly dist inguished from a cervical 
dislocation with associated fracture. (If in 
doubt, flex ion and extension laterals should 
be taken . )  
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99. WHIPLASH INJURIES 

Whiplash occurs most frequently in road traffic acci dents. In the classical 
incident the spine is  hyperextended following a rear i mpact col l ision ( I )  and 
then rapidly flexed as the vehicle in  which the patient is travel l ing hits an 
object in front - usuall y  another car (2) .  It  is  usually agreed that the 
extension element is the more i mportant in producing disabi l i ty :  amongst the 
reasons for this include the observation that Aexion is generally l imi ted by 
the chin contacting the chest, while there i s  no equivalent restriction placed 
on extension. As di stinct from this mechan ism, 'whiplash inj ury'  is a 
somewhat emotive term and has been considerably abused, being at times 
chosen with regrettable i mprecision to describe v i rtually  any injury to the 
neck. 

The Quebec Task Force, an international body of experts interested in  all 
aspects of these i njuries, reported in  1 995.  They defined whiplash as 

'an acceleration-deceleration mechani sm of energy transfer to the neck. It 
may result from rear-end or side impact motor vehicle coll i si ons,  but can 
also occur during diving or other mishaps. The i mpact may result in bony or 
soft t issue injuries (whiplash inj ury) which may lead to a variety of c l inical 
manifestations (Whiplash-associated Disorders) . '  

They went o n  t o  classify Whiplash Associated D isorders i n  the fol lowing 
manner: 

Grade I :  Complaint of neck pain, stiffness or tenderness only, with no 
abnormal physical signs. 
Grade II: Neck complaint, with musculoskeletal signs (e .g.  decreased range 
of movements or point tenderness). 
Grade III: Neck complaint, with posit ive neurological s igns (e.g. ref-lex 
di sturbance, muscle weakness, or sensory defects ) .  

Other symptoms which may be  found in  a l l  grades include deafness, 
dizziness, t innitus, headache, temporary memory loss, dysphagia and 
temporomandibular pain .  The Task Force gave a fourth grade where there is 
a neck complaint associated with a fracture or dis location . Many consider 
that the inclusion of fractures confuses the issue, and that the term should be 
reserved exclusi vely for soft ti ssue injuries. 

S i nce 1 995 pub! ications from other sources have revealed further 
complex ities surrounding this i ssue. While it has been recognised that there 
is l i ttle clarity regarding the exact nature of the physical basis for the 
complaints associated with these disorders, i t  is now apparent that in  very 
many cases there is a non-organic element. It has been noted that the 
condition is  twice as common in women than men, that it is increasing i n  
frequency in  spite o f  the introduction o f  head restraints and other protective 
measures, and curiously that it is  v i rtually unknown in  Lithuania - where 
there appears to be l i tt le knowledge amongst motorists of the condition and 
where there is not a cl imate of l i t igation. Whi le  there seems l i tt le doubt that 
malingering does occasionally occur, this i s  considered to be rare. I t  i s  
thought that in many cases a s ignificant component of  late disabi l i ty i s  
psychological , even if th i s  i s  not a t  conscious level , and  that psychological 
elements and sometimes i l l ness-related behaviour are often establi shed 
within three months of i nj ury. 

The prognosis for recovery is adversely affected by the severity of the 
coll ision (which may sometimes be assessed by reports of the damage to the 
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vehicle),  the Quebec Task Force grad ing of the i njury, the age of the patient 
(the prognosis i s  poorer in the old), and the position of the passenger in the 
vehicle (the prognosis  being worse for  front  seat passengers than those in  
the rear). A high proportion of patients make a ful l  recovery (one series 
quotes 60% recovered at three months and 90% at six months), but in about 
1 0% of cases disabi l i ty may continue for years or become permanent, 
sometimes interfering with or preventing return to previous employment. 
There is uncertainty as to whether a whip lash i njury may precipi tate arthritic 
changes in  the neck, although some evidence has been presented to show 
that joint space narrowing and other spondylotic changes may appear 
l -2 years after the incident and be related to it .  

DIAGNOSIS 

The main symptoms are of pain and stiffness in the neck. In addit ion there 
may be radiation of pain and numbness in to the shoulder, arm and hand, or 
to the interscapular region or occiput. In an apprec iable n umber of cases 
there may be an add itional complaint of low back pain, the mechanism of 
which is uncertain .  

Clinically, neck movements are generally restricted, and asymmetrical 
restriction is  considered by some to be of particular s ignificance. 
Widespread cervical tenderness is usual, often wi th involvement of the 
anterior cervical muscles, but local i sation should be looked for. Objectiv 
neurological signs are rare, but should always be sought. 

NEED FOR FURTHER INVESTIGATION 

Hoffman considers that further investigation (e.g. by X-ray) i s  indicated if 
the patient does not satisfy all of the fol lowing criteria: 

1 .  No posterior midl ine tenderness. 
2. No intoxication (which may mask the complaints and findings) .  
3 .  Normal level of alertness. 
4.  No focal neurological signs. 
5 .  No painful ,  distracting injuries. 

This i s  general ly  very rel iable, but i s  not i nfal l ib le :  if in  doubt, there should 
be no hesi tation in  commencing further i nvestigation by obtain ing X-rays of 
the neck. 

Radiographs If these are taken they may show the following: 1 .  There 
may be loss of the usual cervical curvature or local i sed kinking (of greater 
significance). 2. Occasional ly, there may be evi dence of hyperextension 
(anterior osteophytic avu lsion) or hyperftexion ( flake fracture of a spinous 
process). 3 .  The presence of pre-existing osteoarthrit ic changes in the 
cervical spine which predispose to i nj ury (by concentrat ing local stresse · ) . 

MRI scans These are frequently performed, and may show evidence o 
disc prolapse or nerve root compression. The results however can be 
unrel iable, as abnormaliti es have been reported in symptomless patients, and 
vice versa. 

TREATMENT 

Treatment is primari ly conservative, and to m i n imise the risks of the 
superimposition of a non-organic element, a positive approach in  the 
handl i ng of these cases, with emphasis of the l i kel ihood of a complete 
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recovery, is strongly advised. I t  has been suggested that the content of any 
medico-legal report in the early stages (and which the patient is l i kely to 
see) should reflect this. 

The Quebec study strongly advised against the prolonged use of cervical 
collars, which they considered to be associated with cases with poorer 
outcomes. They advocate : 

Grade I :  I mmediate return to normal act iv i ties, with no work restrictions 
and no medication. 
Grade II: To return to normal acti vit ies as soon as possible, and preferably 
within a week. Temporary alteration of work patterns may be required, but 
the need for these should be reassessed after two weeks unless the cl in ical 
c ircumstances or the working envi ronment are unusual . Non-narcoti c  
analgesics and/or NSAIDs may b e  prescribed for up t o  one week only. 
Grade III:  As in Grade I I , but narcotic analgesics may be required for short 
periods in i tia l ly. Manipulation may be of transient benefi t, but not more than 
two sessions are recommended. Treatment started by a physiotherapist  and 
continued at home by the patient h imself is general ly very helpfu l ,  with 
emphasis again being placed on the l ikel ihood of a good recovery. 
McKenzie exercises are considered to be of particular val ue. 

Cases persisting over three months Careful ly reassess and, if 
necessary, consider the prescription of minor tranqu i l l i sers or 
antidepressants. Gracie I I I  patients with progressive neurological 
deterioration or persisting racl icular arm pain may be considered for surgery 
provided a disc protrusion at the relevant level has been confirmed : then 
cli scectomy and anterior cervical fusion general ly  give a good result .  

Barre-Lieou syndrome This may follow a whiplash incident. There i s  
complaint of  headache, vertigo, t innitus, ocu lar problems and facial  pain.  I t  
is  thought that i t  may be clue to a sympathetic nerve disturbance at  the C3-4 
level, and i n  75% of the cases there i s  i mpairment of sensation in  the C4 
clermatome, with weakness of shoulder and scapular movements. 
Myelography may show nerve root sleeve di sturbances. Good results have 
been cla imed for anterior cl i scectomy combined with local cervical fusion. 



THORACIC AND LUMBAR SPINE - FRACTURE DIAGNOSIS 

1 00. Fractures of the thoracic and 
lumbar spine 
Mechanism of injury: 
Fractures of the thoracic and lumbar spine 
occur most frequently as a resul t  of forces 
which tend 10 produce flex ion of the spine. A 
rotational element is often present. 

Causes: The many possible causes of this 
type of injury include: 
I .  Falls from a height on to the heels, where 
the d irection of the forces acting on the spine 
are offset by the normal thoracic convexity, 
leading to anterior stress concentrations. 
2.  Blows across the back and shoulders 
which cause the spine lo jack-kni fe al the 
thoracolumbar junction, e.g. injuries in the 
mining and construction industries. 
3 .  Flexion and rotational forces transmitted 
to the spine from road or vehicle impact in 
car and motor cycle accidents. 
4. Heavy l i fting, espec ial ly in  the m iddle 
aged and elderly, where there is  often the 
pathological element of osteoporosis or 
osteomalacia. Less commonly, malignancy 
(especial ly metastatic deposits) may be a 
factor, when the causal force may be s l ight or 
not even remembered. 

1 0 1 .  Diagnosis: Suspect on a history of 
back pain after trauma, particularly i f  there is 
local spinal tenderness ( I ), pain on spinal 
percussion (2), or especially if there is an 
angular kyphosis (3). Thoracic or abdominal 
radicular pain may wrongly divert attention 
to the chest or abdomen, and in the elderly 
there may be no convincing history of injury; 
any suspicion merits radiography. 
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1 02. Radiographs (a): AP and lateral racl iographs only should be 
taken in the first instance. I n  the obviously seriously injured patient 
there 111ay be d ifficulty in  obtaining a lateral because of severe pain, 
or through fear of causing cord damage. In these c ircumstances, a 
shoot-through lateral 111ay be taken using a fixed grid or chest bucky. 
( I l lus . :  Shoot-through lateral; note lacks securing canvas 10 stretcher 
poles, but detail sufficient to show an anterior wedge compression 
fracture of L3,  with anterior subluxation and obvious instability.) 

1 03. Radiographs (b): If these measures are unsatisfactory you 
should personally supervise the turning of the patient on their side in  
order to obtain a lateral projection: in  essence you should see that the 
patient is turned gently and smoothly in such a way that the upper part 
of the spine wi th the shoulders is rotated in pace with the pelvis, a cl 
that the patient re111ains well supported (e.g. by p i llows) when on their 

side. This is often a convenient t ime to physically inspect the back. 
looking for bruising, swel l ing and deformity. and palpating to detect 
tenderness, local oedema and any palpable gap between the spinous 
processes (signifying a posterior complex injury w ith impl ied 
instabi l ity). 
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1 04. Note: 
I .  The most important decision to make in 
any spinal injury is whether it is stable. This 
obviously profoundly in fluences the 
approach to treatment. 
2.  Most stable frac//.ires are uncompl icated 
by damage to the cord or cauda equina 
(although certain 111echa11ically stable 
bursting fractures may be neurologically 
unstable). 
3 .  U11stable fractures of the spine may be 
recognised in  the plain films, but if there is 
any doubt, CAT scanning to show the state of 
the middle and posterior columns is 

-

-indicated. Unstable fraclllres may be 
accompanied by neurological involvement. I f  
this is incomplete, there is always hope o f  
recovery. There is however the risk that 
further displacement at the fracture site may 
jeopardise this, or convert an uncompl icated 
injury to a complicated one. Treatment is, 
therefore, vital ly i mportant .  
4. The commonest spinal injury byfar i s  the 
flex ion compression wedge fracture. 
5 .  In  practice, the most frequently 
encountered problems are the recognition of 
such a fracture and to decide whether i t  i s  
stable or not. 
6. Other types of injury are more often 
unstable than stable. 

1 05. Stobie flexion compression 
(wedge) fractures (a): Flexion 
compression (anterior wedge) fractures are 
most commonly observed in lateral 
radiographs and are caused by pure ftexion 
forces. ( I l l us . :  Flexion compression fractures 
of two vertebrae: note the di fference in 
height between the anter.ior and posterior 
marg ins of each vertebral body.) 

1 06. Stable flexion compression 
fractures (b): Less commonly, when there 
is a rotational element added to forward 
flexion, vertebral wedging may be apparent 
in the AP projection ( lateral wedging). ( I l lus . :  
Lateral wedging of L3 result ing in  a 
traumatic scol iosis .) This form of wedging is 
often associated with root compression on 
the narrowed s ide, and these injuries have a 
poorer prognosis regarding ul t imate 
functional recovery and freedom from pain .  

1 07. Interpreting the radiographs (a): I n  the thoracic spine, a 
flex ion compression fracture with anterior wedging of a single vertebra 
wi l l  lead to localised kinking ( I )  wi th or without a localised overlying 
kyphotic prominence (2). M ul tiple fractures in  the thoracic spine, 
especially when wedging is  s l ight i n  each of the affected ,vertebrae, 
wi l l  lead to a more regular kyphosis (3 ) .  In ei ther of these 
circumstances, the i ncreased thoracic curvature wi l l  tend to produce an 
i ncreased lumbar lordosis (except where the lumbar spine is arthrit ic) 
(4) and/or hyperextension in the hip joints. In the case of the lumbar 
spine, there may be obl i teration or reversal of the normal l umbar 
lordosis (5) .  (Compare with the normal profile, N . )  

1 08. Interpreting the radiographs (b): I n  t he  commonest 
flex ion compression fractures, the anterior border of the vertebra w i l l  
measure less than the  posterior border. The crushing of the  anterior 
portion may be qui te regular, or may result in  a marginal shearing 
fracture (general ly the anterior superior corner) ( I l lus . ) .  If the 
posterior margin appears to show a decrease in height (compared 
with the heights of the vertebrae above and below) this is evidence 
of greater violence, and raises the poss ib i l i ty of an element of burst 
fracture, wi th the risk of bony fragments encroachino on the 
vertebral canal. I f  this i s  suspected, a CAT scan to cl';;_rify the issue is 
recommended. 
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1 09. Interpreting the radiographs (c): 
Assess the amount of wedging; the fracture 
is l i kely to be stable if the height of the 
anterior margin st i l l  amounts to two-thirds or 
more of the posterior margin or, putting this 
another way, i f  the degree of wedging is  1 5° 
or less, or if the width of the body d ivided by 
the di fference in the heights is greater than 
3 .75, i .e .  

c " x < l 5°, or 
b - a  

> J . 75. 

1 1 2. Unstable fractures (b): Look for 
other evidence of damage to the posterior 
ligament complex and associated structures 
fundamental to spinal stab i l i ty. Note 
especial ly any avulsion fracture of a spinous 
process ( I ) ,  avul sion-fracture of the t ip of a 
spinous process (2) ,  and wide separation of 
the vertebral spines at the level of injury (3) .  
I n  the cases i l lustrated, the poss ib i l i ty of the 
additional involvement of the facet joints 
should be considered. 

1 1 0. Interpreting the radiographs (d): 
In the case of the upper eight thoracic 
vertebrae, note any associated fractures of 
the sternum or ribs. Each of the upper 
thoracic vertebrae is  l i nked by ribs to the 
sternum, and appreciable wedging cannot 
take place without involvement of these 
structures. 

1 1 3. Unstable fractures (c): Examine the 
radiographs carefu l ly  for evidence of 
fractures at the level of the facet joints ( I )  or 
pedicles (2). A comminuted fracture of a 
vertebral bogy (3 )  with involvement of these 
structures ( I l lus . :· Face� joint fracture, 4) is 
generally unstable; bilateral pedicle fractures 
are invariably unstable. If there is any doubt 
regarding the integrity of the articular 
processes, CAT scans may give valuable 
additional informat ion. 

1 1 1 . Unstable fractures (a): Marked 
wedging (20° or more, or col lapse of the 
anterior margin to less than half the 
posterior) points to damage to the posterior 
l igament complex, and therefore to 
instabil i ty. (Note however that if the 
posterior margin is reduced in  height a 
greater degree of· wedging is possible prior to 
posterior complex rupture - but i n  the 
presence of this f inding, the possibi l ity of a 
burst fracture should be i nvestigated, e.g . by 
CAT scanning.)  

1 1 4. Unstable fractures (d): Look fo 
sh ift of one vertebra relative to another. This 
i s  an i nvariable sign of instabil i ty. Vertebral 
displacement patterns include the fol lowing: 
(a) Ruptured posterior l igament with 
un i lateral facet joint displacement ( 1 ), in the 
lateral projection, the degree or forward sh ift 
is about a th ird or less (2) ;  (b)  B i l ateral 
dis located facet joints, often with a vertebral 
body fracture and a greater degree of 
displacement (3 ) .  



1 1 5. Unstable fractures (e): Shearing 
fracture of a  vertebral body (4); B i lateral 
neural arch fracwres and traumatic 
spondylol isthesis (5) .  Note: In all these 
injuries there is  dalllage to the posterior 
l igament complex. If there is  any remaining 
doubt the following additional radiographs 
should be taken: I .  Obl ique projections; 2 .  A 
further lateral, supervised, in s l ight flex ion: 
3.  If  available, and most usefully, an M R I  
scan. 

----= -
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1 1 8. Treatment - Stable fractures (a): 
I .  Adlllil for bed rest in recumbency. 
2 .  Prescribe analgesics as required, and as 
soon as pain i s  under control comlllence 
vigorous extension exercises. The patient 
may then be lllObi l i sed, and lllay often be 
al lowed home after a week, especial ly i f  
wedging is lll i n i lllal. Sollle form of back 
brace may be helpful in i tial ly in reducing 
pain and encouraging lllobi l i ty. 
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1 1 6. Unstable fractures (f): Sear belt 
i11j11ries (Clw11ceji'acrures): These result 
from fai lure of the posterior and Jlliddle 
columns i11 re11sio11. In  the plain f i lms the 
points to note are widening of the 
interpedicular distance in the AP, and. in the 
lateral, increased distance between the 
spinous processes. These are indicative of a 
signi ficant degree of posterior l igament 
colllplex disruption. In the example. failure 
has occurred through the vertebral body and 
the spinous process (Type 3 of the patterns 
shown in Frame I 0 . )  

1 1 9. Treatment - Stable fractures (b): 
Burst fractures are usually stable and if  this 
is confi rmed may be treated as described in 
the previous frame. I f  there is instabi l i ty. 
internal f ixation lllay be considered. In the 
face of a neurological problem sollle advise 
decolllpression (e.g. with rellloval of the 
affected vertebral body, clearance of the 
canal, and the insertion of 3 strut grafts and a 
bridging plate), but unfortunately there is  
l i tt le to suggest that  th is  has any benefit. and 
it i s  d iff icult  to just ify as the colllpl ication 
rate is  75%. 

1 1 7. Unstable fractures (g): The 
radiographs lllay give unequivocal evidence 
of instab i l i ty. In other cases where there is 
the slighresr suspicion of· the posterior 
l igalllent colllplex being involved, that 
structure lllUSt be carefu l ly examined 
cl i nically. Press firlllly between successive 
spines, preferably i n  sl ight flex ion. If the 
interspinous l igaments are torn, a boggy 
softness wi l l  be fel l  instead of the normal 
resistance to pressure. An increased gap 
between the spinous processes lllay also be 
noted. 

1 20. Treatment of unstable fractures, 
with or without a neurological lesion 
(a): The primary aims of lreatlllent are: 
I .  To reduce any displacelllent that is present. 
2.  To prevent any recurrence of displacement 
( with risks of neurological d isasters) unt i l  
stab i l i ty i s  regained. 
3 .  To treat any lllajor neurological problem 
and its COlllpl ications (see later). 

Stabi l i ty lllay be achieved by: 
I .  Spontaneous anterior fusion. 
2.  Heal i ng of the torn posterior l igalllent 
Colllplex (which can seldolll be relied upon, 
especial ly i n  cases uncomplicated by 
fracwre). 
3 .  By in ternal fixation with or without fusion. 

Genera l ly speaking i11tema/ fixation of all 
1.111srab/efracli.lres i s  preferred, to fac i l itate 
nursing and permit early lllobi l isation. 
However, as union of a spinal fracture 
usual ly results in stabil ity. i f  the fracture can 
be reduced and held t i l l  this occurs, 
conservative treatlllent i s  often possible 
especial ly where there are no fac i l i t ies for 
in ternal fixation and early lllObi l i sation. 
Conservative managelllent may also be 
undertaken in  other cases to g ive the patient 
t i llle to recover from their injuries ( to the 
spine and elsewhere) and to allow a thorough 
assessment of the case to be made. Surgical 
treatlllent lllay then be undertaken as an 
elect ive procedure. 



THORACIC AND LUMBAR SPINE - INTERNAL FIXATION 

1 2 1 .  Treatment (b): Reduction can 
generally  be achieved by gently extending 
the spine wi th a pi l low or a sandbag at the 
level of injury. (If this is unsuccessful, or i f  
there are locked facets, open reduction wi l l  
be  required.) After reduction, further care is  
dependent on the nature of the injury and the 
avai labi l i ty of equipment. 
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1 24. Treatment (e) - Internal fixation 
(i): This is generally the treatment of choice 
for unstable fractures. It may be combined 
with open reduction (necessitated, for 
example, by locked facets) and wi th bone 
grafting. The AO Locking Hook Rod system 
i l lustrated may be used between T3 and T I O. 
The hooks ( I )  snug against the laminae, and 
can be locked to them as requ i red (2). They 
are fixed to paired partially threaded rods (3 ,  
4) which  may be bent to  fit the  contours of 
the spine. 

1 22. Treatment (c): The patient may be 
nursed in a Stryker frame. This is now 
seldom used, but is available in some 
centres. This special bed allows the patient to 
be rotated from the supine to the prone 
position with minimal nursing effort. During 
the manoeuvre, the patient is sandwiched 
between two mattresses ( I ,  2) which are 
locked together, and turned round a pivot at 
one end (3 )  and a quadrant (4) at the other. 
The frame is  then locked and the uppermost 
mattress removed. 

1 25. Internal fixation (ii): Most other 
systems use screws passed through the 
pedicles into the vertebral bodies. The entry 
point ( I )  i s  below the facet close to the upper 
margin of the transverse process, with the 
track through the pedicle incl ined 
downwards (2)  and medially (3 )  at an angle 
which varies with the vertebral level. Great 
care must be taken (by probing and image 
in tensifier control) to see that the spinal 
canal is not entered. AO notched plates (4) 
and 4.5 mm screws may be used from T6 to 
S I .  

1 23. Treatment (d): Alternatively, where 
instab i l ity is min imal  or as a fol low up to a 
period in a Stryker frame, a POP jacket may 
be applied. The sedated but conscious p ti em 
supports h imself by tJ1e thighs ( 1 )  and 
shoulders (2) between two tables (3) w hile  
the  plaster i s  applied over stockinet ( 4 ) .  Felt 
and wool are used to protect the bony 
prominences prior to the application of s labs 
and encircl ing bandages (5). The patient i s  
l i fted on to pi l lows and the cast trimmed 
when dry. I nstead of a cast, an orthosis 1 ay 
also be used. 
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1 26. Internal fixation (iii): Paired Schanz 
screws ( 1 )  and imernal fix a tors (2) may 3Jso 
be employed. After careful introduction, the 
upper and lower pairs of screws are lock;:d to 
fixators. one on each side of the spinous 
processes. One fixator can be l inked to the 
other across the midl ine. The ends of th pins 
are cut ff (3) so that a l l  can be buried. 
Angulation can be corrected (4) before the 
fixator is  tightened. Bone chips can be 
packed into the col lapsed vertebra through a 
small funnel. 
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1 27. Internal fixation (iv): The Oswestry 
pedicle screw system can be used fro111 T I  0 
to S l ,  and employs rigid sel f-tapping pedicle 
screws ( l ). These are inserted after the 
accuracy of their proposed paths has been 
confir111ed with probing and the use of an 
i 111age intensifier. The pedicle screws are 
l inked with connecting bars (2 )  which can be 
bent to suit the local contours, before being 
locked with square socket grub screws (3) in 
the threaded ends of the pedicle screws. 

1 30. Other injuries (a) -
Retrospondylolisthesis: This lesion ( I )  
occurs 111ost especial ly at T l  2-L I ,  and 111ay 
follow a distally sited blow (2) .  There 111ay 
be shearing through the disc (3 ), the 
vertebral body (4) or the pedicles (5) so that 
the articular processes i 111pinge on the 
vertebral body (6). Any neurological 
involvement i s  seldo111 complete, but as the 
posterior l i ga111ent complex is damaged, 
instability may be present; these injuries 
should be treated wi th respect. 

THORACIC AND LUMBAR SPINE - INTERNAL F IXATION 

a 
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1 28. Internal fixation (v): The Kaneda 
Anterior Spinal sysle111 111ay be used fro111 
T I O-L3 to treat spinal instabi l i ty caused by 
fracture, and as an adjunct 10 spinal fusion 
where decompression with re111oval of a 
vertebral body has been perfor111ed. Tetra 
spiked contoured plates (a) help spread axial 
loads. Smooth rods (b) are anchored wi th 
spinal screws to the vertebral bodies, and to 
one another by transverse couplers (c) .  

1 3 1 .  Fractured transverse processes: 
In the lumbar region these 111ay result fro111 
direcl lrau111a. avulsion (quadra1us 
lu111borum), or, in  the case of LS, be 
associated with a sacra- i l iac disruption 
(which 111ay involve the L5 nerve root). They 
111ay accompany fracture-dislocations of 1he 
spine. Mult iple fractures 111ay be 
co111pl icated by retroperitoneal haemorrhage, 
shock, paralytic i leus or renal da111age, all of 
which wi l l  require appropriate treat111ent. No 
treat111enl apart fro111 res1 i s  needed for 
unco111plicated transverse process fractures. 

1 29. Treatment of unstable fractures 
with a complete, irrecoverable cord 
lesion: 1 n theory the need for open reduction 
and internal fixation of the spine becomes of 
less i 111portance when an associated cord 
lesion is found to be complete, and in the 
past such injuries were lreated 
conservatively. 

Nevertheless, particularly if the spine is 
grossly unstable, internal fi xation may be 
indicated on the fol lowing grounds: 
I .  To faci l itate nursi ng; 
2.  To preven1 or minimise spinal defor111i ty 
which. if 111arked, may co111pro111ise 
respiratory function and the abi l i ty to sit up, 
Lo use a wheelchair, and co111plete a 
sat isfactory progra111111e of rehabi l itation; 
3 .  To permit earlier 111obil isation; 
4. To reduce the risks of chronic back pain 
fro111 nerve root involve111ent. 

If the spine is not wildly unstable, and first
class nursing is  available, there is  less need 
for in1ernal fi xation, and the treat111ent i s  then 
of the accompanying paraplegia. 

1 32. The management of spinal 
paralysis 
The ai 111s of treatment are: 
I .  To prevent the well known sequelae of 
spinal injuries. 
2.  To obtain maxi 111al physical recovery and 
111ental readjustment with, ideally, 
3 .  Complete physical independence and 
4. Return to ful l-t i 111e employment. 
These ideals can be 111ost fu l ly realised 
through the special resources and 
environ111ent of a spinal cord injury unit, and 
no effort should be spared in having the 
patient transferred to such a unit at the 
earliest possible opportunity. Pending 
transfer, and assuming the injury has been 
dealt with in an appropriale fashion, il is vi 1al 
that anention is  paid to the skin, bladder and 
other problems as detailed in the fol lowing 
pages. 



MANAGEMENT OF SPINAL PARALYSIS 

TREATMENT OF THE SKIN 

If pressure i s  appl ied to the skin i t  becomes ischaemic ;  if pressure i s  
mai ntained, necrosis from tissue anoxia results .  The s k i n  o f  t h e  elderly i s  
thin,  and least able t o  tolerate pressure. Poorly nourished skin,  anaemi a, and 
local skin damage such as abrasions (which increase oxygen demand) ar 
also adverse factors. The most important point , both of which are amenable 
to treatment, are: l .  The duration. of i schaemia, 2.  The amount of pressure 
applied to the skin.  

Duration of skin pressure The duration of pressure applied to any 
one area is in practice regulated by regular turning of the patient. D uring the 
in i t ial weeks of treatment i t  is  essential that the patient does not lie for 
longer than 2 hours in one posit ion. If the patient is being nursed on a 
Stryker frame, then they alternate from the prone to the supine; if they are 
being nursed in bed, then they alternate between l ying on each side and i 
the supine posi tion. It is important to note that regular turning of the patient 
should start from the t ime of injury ; i rreversible damage may be done on the 
day of admission when other problems allow this v i tal aspect of treatment to 
be overlooked for some hours. 

Amount of skin pressure The amount of pressure appl ied to the skin 
is obviously i mportant :  if  the body weight is local ly concentrated then 
ischaemia wi l l  be complete. If the skin loading is  reduced by being spread 
over a large area, then i schaemja wi l l  be l ess severe and more tolerable. 
Because of these loading factors, pressure sores tend to commence over 
bony prominences - the sacrum, the trochanters, the heel s ,  the elbows and 
the malleol i .  Particular attention should be paid to these areas, and local 
padding over the ankles and elbows may help. To d istribute the body weight 
more evenly, the patient may be nursed on pi l l  ws la id across the bed from 
head to foot. When the patient is ly ing on their back, additional pi l lows 1 i d  
horizontal ly may b e  used to support the elbows and arms.  Pi l lows may also 
be placed under the legs so that the heels are rel ieved of pressure. W hen rhe 
patient is ly ing on their side, a pi l low may be pl aced between the legs an 
the legs posit ioned i n  such a way that the malleoli  and knees are free from 
pressure. In some centres, water beds or sand beds are used to help di stri ute 
the loads on the skin.  

I t  is  i mportant to preserve the tone and general condition of the skin .  If i t  
becomes moist i t  becomes susceptible t o  bacterial invasion. If i t  i s  subjected 
to friction through contact with rough, unyielding surfaces, local abrasio s 
may occur. Local injury  of this nature i ncrease tissue demands and may 
in i tiate the production of pressure sores. To prevent thi s :  l. Unstarched, oft 
bed l inen should be used and non-porous surfaces avoided. N ursing the 
patient on sheepskin  is sometimes advocated. 2 .  The skin should be 
protected from incont inence. 3 .  Skin hygiene should be maintained by 
frequent, thorough cleansing with soap and water. �fter washing, the skin 
must be thoroughly  dried . 

If pressure sores occur, substantial undermi ning of the skin may conceal 
the often considerable extent of each lesion.  Preventative measures should 
be tightened up, and any underlying anaemia corrected. Any l ocal sloughs or 
sequestra should be removed. If the area i n vol ed is smal l ,  heal ing may be 
ach ieved with local dressings, goi ng through the stages of granulation and 
contraction. I f  a large area is involved, rotational A aps usually a fford the best 
means of closure. If sores persist, they are frequently fol lowed by 



MANAGEMENT OF SPINAL PARALYSIS - INNERVATION OF THE BLADDER 

Neurological control of the bladder 
(a): N01e: 
( i )  Autonomic fibres control l ing the detrusor 
muscle or the bladder and the internal 
sphincter travel from cord segments S2, 3 
and 4 to the bladder v ia  the cauda equina ( I ). 
( i i )  Under normal c i rcumstances bladder 
sensation and voluntary emptying are 
mediated through pathways stretching 
between the brain and the sacral centres (2) .  

progress ive anaemia, deterioration in general health and wel l being, and 
often amyloid di sease. 

TREATMENT OF THE BLADDER 

Note f i rst the neurological control of  the bladder, detailed in  the fol lowing 
frames, (a)-(c ) .  

Neurological control of  the bladder 
(b): Jr the cord is transected above S2 (e.g. 
by a thoracic spine fracture), voluntary 
control is lost, but the potential for 
coordinated contraction or the bladder wall. 
relaxation or the sphincter and complete 
emptying remains. (Normally 200-400 mL 
or urine is passed every 2-4 hours, the renex 
act iv i ty being triggered by rising bladder 
pressure or skin stimulation) - (automatic 
bladder or cord bladder). 
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Neurological control of the bladder (c): 
I njuries which damage the sacral centres ( I )  
or the cauda (2)  prevent coordinated reflex 
control or  bladder act iv i ty. Bladder emptying 
is always incomplete and i rregular, and 
occurs only as a result of distension. I ts 
efficiency varies with the patient·s state of 
health. the presence of urinary infection and 
muscle spasms (autonomous or isolated 
atonic bladder). In summary. the effects on 
the bladder are dependent on the level of 
injury. 

Prevention of overdistension The long-term aims of treatment are to 
min imise the effects of chronic bladder di stension such as renal fai lure, 
bladder calcul i ,  and chronic infection. The i mmediate problem is the 
prevention of overdistension of the bladder whi le min imis ing the risks of 
i nfection. The methods avai lable include: 

I .  Intermittent catheterisarion: If properly performed during the acute phase 
on a regular 4-6 hour basis ,  with a full aseptic ritual, the risks of infection 
are probably lowest with this method. It i s  however very demanding on 
staff. 

2. Indwelling catheterisarion: This is probably the commonest method 
employed, but is al most invariably accompanied by some degree of 
urinary infection. 

3. Intermittent suprapubic cysrostomy using plastic tubing: This method i s  
demanding on staff and faci l i t ies,  and carries the risk o f  pelvic infection. 

Mechanical emptying of the bladder by one of these methods is usual ly 
required for 3-4 weeks, after which,  in the appropriate lesions,  automatic 
function wi l l  be starting to take over. A bladder retraining programme may 
then be in i t iated. The bladder empty ing profi le, i .e .  when most urine is 



MANAGEMENT OF SPINAL PARALYSIS - OTHER TREATMENTS 

produced, should be assessed fi rst. A constant fluid i ntake is adhered to, t en 
the aim should be provide the most efficient way of empty ing the bladder. 
Ul trasound and urodynamic analysis may be used to j udge the completeness 
of bladder emptying. After an in it ial IVP, this i s  repeated at yearly in tervals, 
along with a urine culture, estimation of the serum urea and creat ine,  and the 
performance of a creatine clearance test. 

TREATMENT OF THE BOWEL 

At the end of the period of spinal shock there is a slow but incomplete 
recovery of peristalsis.  The bowel is emptied with cathartics, aperients and 
suppositories, and a bowel retraining programme commenced, the aim being 
to achieve emptying every second day, and avoid overst.retching of the bowel 
and megacolon. Emptying is enhanced by taking advantage of the gastro
colic reflex, but also using abdominal skin and phincter t imulation and 
suppositories. Should megacolon develop a colostomy or an i l eostomy may 
become necessary. 

TREATMENT OF SPASTICITY 

With the return of the spinal reflexes spasti city of the trunk and l imb muscles 
may develop. The aim should be to prevent contractures and maintain a ful l 
range of joint movements by physiotherapy and appropriate medication:  
diazepam i s  often of value. 

TREATMENT OF PAIN 

Neuropathic pain, often accompanied by  disturbing hyperaesthesia, may 
develop at or below the level of inj ury. This is best managed through the 
combined efforts of a pain management team. 

OTHER TREATMENTS 

Physiotherapy and occupational therapy These measures 
should be commenced without delay, attention being paid to the following 
aspects of management: 
l. The chest: The risks and effects of respiratory infection should be 

minimised by deep-breathing exercises, the development of the accessory 
muscles of respiration, assisted coughing, percussion and postural 
drainage. 

2. The joints: Mobi l i ty should be preserved in the paralysed joints by 
passive movements. This must be clone with caution i f  there is any 
spasticity;  overstretching must be avoided to min imise the risks of 
myositis oss i fi cans. 

3. The unparalysed muscles: These should be developed for compensatory 
use, e .g.  shoulder g irdle exercises to make unaided bed-wheelchair 
transfers possible. 

4. Other measures: Depending on the level of the lesion the patient ma_ 
require assistance in some or all of the following areas: 
( i )  Regaining balance for s i tt ing o r  standing; 
( i i )  Tui tion in cal l iper walking (or gait i mprovement in partial lesions) ;  
( i i i )  Overcoming problems of dressing;  
( iv)  Help with alterations and adj ustments with in  the home to permi t  

wheelchair use; 
(v)  Industrial retraining or other measures to help return to employment. 



SELF-TEST 

1 33. Describe the lesion shown. Is the 
injury stable or unstable? 

1 36. What does this AP radiograph show? 
Which two neurological cornplications are 
most l ikely to be associated with the injury? 

1 34. Describe this through-the-rnouth view 
of the f i rst l wo cervical vertebrae. 

1 37. What does this MRI  scan show? Is the 
injury stable? 

SELF-TEST 

-

t 

1 35. This  lateral radiograph is of an elderly 
patient cornplaining of pain in the back after 
l i ft ing a heavy weight. Whal does the 
radiograph show? 

1 38. Describe this injury. What treatment 
would be required? 



ANSWERS TO SELF-TEST 

ANSWERS TO SELF-TEST 

1 33. Dislocation of CS on C6 with bi lateral locked facets. 50% 
forward sh ift is present and the injury is unstable. There is no 
accompanying fracture. 

1 34. There is  a congenital deformity of the odontoid process 
(hypoplasia). No fracture is present and there is no evidence of other 
injury. The shadow lying above the hypoplastic odontoid process is 
that of one of the incisors. This is a common f inding which is 
sometimes misinterpreted as a fracture. 

1 35. Flex ion compression fractures (anterior wedge fractures) of L I  
and L2 and probably L3. Central ballooning of the disc into L4. Gross 
demineralisation of the spine, probably secondary to osteoporosis or 
osteomalacia ( i .e .  these are pathological fractures). 

1 36. There is  a burst fracture of L3, w i th marked wedging, a vertical 
split through the vertebral body, and separation of the pedicles. The 
structures most al risk are: I .  The L3 nerve passing through the neural 

foramen on the wedged side of the spine; 2. The cauda equina within 
the spinal canal. 

A CAT scan would help c lar ify how much bony material has been 
extruded into the canal ;  in  practice. burst fractures in  th is  region h ve 
generally a very good prognos is, even in  the face of gross extrusions. 

1 37. There is  a flexion (anterior compression) fracture of C7. There 
are additional, less obvious fractures of T I ,  T2 and T3. Those affecting 
Tl and T2 are of hairline pattern. There is d isruption of the paste ·or 
l igament complex, so that the injury is  an unstable one. 

1 38. Anterior dislocation of LS on the sacrum, with bi lateral locked 
facets, and a fracture of the anterior margin of the first piece of th 
sacrum. This i s  a fracture-dislocat ion of the flex ion-distract ion type. 
Open reduction was required. 
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The pelvis, hip and femoral 
neck 



FRACTURES OF THE PELVIS - GENERAL PRINCIPLES 

1 .  General principles (a): The two wings 
of the pelvis are joined to the sacru 111 behind 
( I )  by the very strong sacroi l iac l iga111ents. I n  
front they are uni ted by the sy111phys is pubis 
(2) .  This arrange111ent for111s a cylinder of 
bone, the pelvic ring (3)  which protects the 
pelv ic organs and transfers the body weight 
fro111 the spine to the l imbs. (The dotted l ine 
ind icates the path of weight transfer.) 

4. Anatomical considerations (b): The 
urogen ital diaphrag111 ( l )  is pierced by the 
111e111branous urethra (2), and the bladder l ies 
behind the pubic bones. Fractures of the 
pe l vis ,  especially i n  the region of the 
sy111physis and pubic ra111i ,  are often 
associated wi th da111age to the urethra or 
bladder; rarely, there 111ay be involve111ent of 
the rectu111. 

2. General principles (b): ]f the pelv ic ring 
is broken al two levels, the pelv is  may be free 
to open out or displace proxi 111ally ( I ), 
carry ing the l imb wi th it .  Isolated (single) 
i njuries of the ring (2) do not have this 
tendency. This s imple concept underlines the 
main consideration i n  classifying pe lvic 
fractures, namely to decide whether the injury 
is s1able or unstable. Conversely, if there is a 
major pelvic displacement, the pelvic ring 
must be broken al two levels even if on first 
inspection only one is obvious. 

5. Anatomical considerations (c): The 
pelvis is richly supplied with blood vessels 
which are frequently damaged by fractures. 
Internal haernorrhage is ofte11 severe, 
leading to shock which ca11 be rapidly.fatal. 
NB:  Shock should be a111icipa1ed in pelv ic 
fractures and merits .first co11siderario11 (see 
p. 33) .  In  the region of the sacroi l iac joint the 
lu111bosacral trunk and the sacral nerves are 
also susceptible to injury. 

3. Anatomical considerations (a): If the 
pelv i s  i s  subjected to splaying forces, th 
weak symphysis tends to g ive first ( I ) ; "·i th 
greater violence, the sacrospinous (2), the 
sacrotuberous (3) ,  and the anterior sacroil i ac 
l igaments (4) rupture, so that the halves of 
the pelv i s  can external ly  rotate. If the pel v is  
is subjected to vertical shear forces, the 
interosseous (5 )  and posterior sacro i l iac 
l igaments (6) are torn, leading to dislocation 
of the sacroi l iac joint  and proxi111al 111igration 
of the he111ipelv is .  In  111any injuries local 
fractures replace l iga111ent tears (7) .  

6. Classification of pelvic fractures: I n  
both the Til e  and the A O  classification three 
clearly defined Types are recognised: Stable 
fracture• are classified as Type A; fractures 
which are rotationally unstable bur vertically 
stable fal l  i n to Type B ;  and fractures which 
are both roratio11ally and vertically u.nswble 
form Type C. Jn Tile's widely used 
classification the subgroups are as fol lows: 
A I :  Fractures of the pe lv is  not involv ing the 
pelv ic  ring. 
A2: Srable, min imal ly displaced fractures of 
the pelvic ring. 
B I :  Anteroposterior compression fractur s 
(open book). 
B2 :  Lateral co111pres ion (ipsi l ateral) .  
B3: Lateral co111pre sion (contralateral) .  
C I :  Uni lateral vertically unstable. 
C2: B i l ateral vertical l y  unstable. 
C3: Associated with acetabular fracture. 
Diagnosis: Fractures of the pelv is  co111111 only 
occur in  fal l s  fro111 a height and fro111 
crushing injuries. Screening films of the 
pelvis should be 1ake11 in every case of 
mu lt iple trau 111a (especial ly in the 
unconscious patient), unexplained shock 
fol lowing trauma, blunt abdo111 inal injury, 
and femoral shaft fractures. Instabi l i ty is best 
assessed by pelvic in let and outlet fi lms and 
by CAT scan. If the software for 3-D 
reconstructions ( imaging) i s  avai lable, th is  
greatly facil itates interpretation of the exact 
relationship of the bony elements in volved. 



7. Summary of treatment guidelines: 
There are two clear issues involved in  the 
management of any major pel vic fracture: 
I .  l11itial proced11res (IP) to reduce internal 
haemorrhage. These include the application 
of an external fixator and perhaps a pe lv ic 
clamp. 
2 .  Definitive tremment ( DT) of the fracture. 
Both goals may in  some cases be achieved 
by the same measures. The present tendency 
is  for increasing use of open reduction and 
internal fixation. 

Al and A2 (Ti le's classification): 
IP and DT: Conservative treatment may be 
fol lowed in the majority of cases. 
B l  
IP: Apply a n  external fixator. 
D T: Use an external fixator; or internally fix 
the symphysis pubis unless there is a 
contraindication (such as increased risk of 
infection from a supra-pubic drain ) .  

B2 and B3 
IP: Use an  external fixator i f  t he  patient i s  
haemodynamically unstable. 
DT: Conservative, unless there are mult iple 
injuries or di fficulty in pain control, making 
nursing d ifficu l t .  

Cl and C2 
IP: External fixaror (and i f  necessary a pelvic 
clamp) plus skeletal leg traction. 
DT: I n ternal fixation (e.g. by sacral bars, 
application of reconstruction plates) .  

1 0. A2: Minimally displaced, stable 
fractures of the pelvic ring (a): These, 
l ike many other pelvic fractures, may result 
from a fal l  on the side ( I ), force being 
transmitted through the trochanter or i l i ac 
crest, or from crushing accidents (e.g .  from 
reversing vehicles (2) ,  rock fal l s  etc.), or 
through violence transmitted along the 
femoral shaft (e.g. road accidents, fal l s  from 
a height, etc . ) .  Other stable injuries may 
fol low anterior compression forces .  

FRACTURES OF THE PELVIS - STABLE FRACTURES 

8. A 1: Fractures not involving the 
pelvic ring - Avulsion fractures (a): 
Sudden muscle contraction, especially in  
athletes, may avulse the anterior superior 
spine (sartorius) ( I ), the anterior inferior 
spine (rectus femoris )  ( 2 ), the ischial 
tuberosity (hamstrings) ( 3) . the posterior 
spine (erector spinae) (4), and the crest 
(abdominal muscles) ( 5 ) .  The crest and blade 
(6) may also be fracLUred by direct violence. 
I n  all cases there is localised tenderness, and 
symptomatic treatment is al l that i s  usual ly  
required. 

9. A 1 :  Fractures not involving the 
pelvic ring - Avulsion fractures (b): I n  
the case of the ischial tuberosi ty, non-union 
is  an appreciable risk, and if this occurs there 
may be problems wi th chronic pain and 
disabil ity. To prevent th is, open reduction 
and in ternal fixation have been advocated, 
and this i s  espec ial ly indicated if there is 
much separation of the fragments (2 cm or 
more ) .  

1 1 . A2:  Minimally displaced, stable fractures of the pelvic ring (b): By far the 
commonest fracture is  one involving the superior pubic ramus. This i s  seen frequently in  the 
elderly patient fol lowing a fall on the side. Osteoporosis or osreomalacia are frequently 
contributory factors. This i11j11ry is ofie11 missed and should always be suspected if there is 
d ifficulty in walking arter a fal l .  and a femoral neck fracture has been excluded. Cl in ical ly there 
wi l l  be tenderness over the superior ramus, and pain on side-to-side compression of the pelvis; 
movements or the hips may be relatively pain-free. Racliographs or the h ip  may fai l  to visualise 
the area and ful l  pelvic films are required. Treatment i s  by bed rest for 2-3 weeks unt i l  the pain 
settles and mobi l isation can be commenced. 



FRACTURES OF THE PELVIS - OPEN BOOK FRACTURES 

1 2. A2: Minimally displaced, stable 
fractures of the pelvic ring (c): Other 
fractures of this type include: ( 1 )  fractures of 
two rami on one side; (2)  fracture of the 
i l ium running into the sciatic notch: (3) 
fracture of the i l i um or sacrum involving the 
sacroi l iac joint. The nature of these injuries 
often suggests at least momentary 
involvement elsewhere in the ring: 
nevertheless, assuming that they are 
uncomplicated, they may be treated as in the 
previous frame. 

1 5. B 1 (b): As the pelv is  opens out the 
sacrospinous and sacrotuberous l igaments 
are torn, and CAT scans may show anterior 
widening of the sacroi l iac joints. The 
posterior sacroi l iac l igaments remain intact, 
so that there is  no vertical instability. 
Treatmenl: l .  Where the posterior damage is 
minimal and the anterior gap does not exceed 
2.5 cm, treat by bed rest and monitor the 
symphyseal separation by repeated 
radiographs. 2.  I f  the separation exceeds 
2.5 cm, more active treatment i s  required. 

1 3. A2: Minimally displaced, stable 
fracture of the pelvic ring (d): Many 
quadripartite (butterfly) fractures ( 1 )  of the 
pe lv is. and double fractures of the rami with 
symphyseal involvement (2)  are stable. They 
usually result from AP compression of the 
pelv is  which is  insufficient to disrupt the 
anterior sacroi l iac ligaments: the posterior 
part of the pelvic ring remains intact and 
rigid, while the loose anterior fragment i s  
on ly slightly displaced. Anticipate shock w1d 
damage to the urethra, but otherwise treat 
with 6 weeks' recumbency. 

1 4. B 1 : Anteroposterior compression, 
rotationally unstable, vertically stable 
fractures (a): These injuries frequently result 
from run-over incidents where the wheel of a 
motor vehicle forces the anterior superior i l iac 
spines backwards and outwards ( 1 ) ; they may 
also occur when the pelvis is compressed by 
fal l ing rock or masonry which pins the patient 
to the ground. The ring fai ls anteriorly (e.g. at 
the symphysis or through two rami )  (2), u11d 
posteriorly (3) .  The pelvis opens out (hence 
the term ·open-book"fractures). 

1 6. Treatment (a) - External fixation (a): An external fixator may be required to deal w th the 
haemodynamically unstable patient, and for definitive treatment. Fixation pins may be inserted 
(a) in the i l iac crest, or (b) in the anterior inferior i l iac spine. The i l iac crest is exposed 2.5 cn' 

posterior to the ASS through a 1 .5 cm incision directed towards the umbilicus ( 1 ) . Separate the 
subcutaneous fat down to bone with forceps, and identify the inner and outer tables. As the space 
between them is small, their orientation must be clearly defined. To do this, carefully intrnduce a 
1 .6 mm K-wire on each side to act as a guide, keeping its t ip against the bone (2) .  The crest i s  
then drilled between them, using a guide (3)  to protect the soft tissues. The fixation p ins  may 
be self-drilling threaded Schanz pins of 5-6 mm in diameter. inclined at 45° to the body axis (4). 
Preferably two further pins, 2 cm apart are introduced in a similar manner on each side. They are 
connected to bars parallel to the crest (5) .  Before tightening the connector (6), close the pelvic gap 
by manual compression or by turning the patient on their side. This technique is suited to the 
emergency room, as the use of an image intensifier is not required. 



FRACTURES OF THE PELVIS - OPEN BOOK FRACTURES 

1 7. External fixation (b): Here a screw is  inserted into the anterior in lerior il iac spine on 
each side. The quality of the f ixation is  better (and, as is aptly remarked. it is easier to close a 
book from the front than the top). Method: A 2 cm incision is made 3 cm distal and sl ightly 
medial to the ASS. The tissues are parted down to bone with artery forceps and separated with 
small  retractors. taking care to avoid damage to the lateral femoral cutaneous nerve ( I ) . Use a 
dril l  sleeve while starting dri l l ing the cortex. The screw should l ie between the bony cortices, 
and above the acetabular roof (2 ) .  Its position should be checked with an image intensifier 
(although some rely on K-wire guides as previously described). Use a single 6 mm self-dri l l ing 
or similar screw, inserted to a depth of 40-50 mm (and, i f  preferred, a second. inserted 2 cm 
proximal to the first). Reduction may be carried out under intens i fi er control, e.g. with 
distancing manipulation forceps applied to the screws, rotation of the hips to correct any 
rotation of a hemipelv is .  and turning the patient on their side and/or applying side pressure to 
close the pelvis before f inal t ightening of the connectors. A curved radiolucent carbon fibre 
connector may also be used. 

1 

1 8. Aftercare - The pins: I .  Clean the 
wounds and the visible parts of the pins with 
sterile water daily. and dress until the 
wounds are dry. I f  there is  a colostomy, the 
pin sites must be protected at a l l  t imes. 
2.  If there is any i n flammation round the 
pins, take a bacteriological swab, clean the 
area, and administer antibiotics. 
3 .  If there is  a purulent discharge, enlarge the 
skin incisions at the pins to establ ish 
drainage, and i f  necessary perform an 
aggressive debridement and lavage. I n  severe 
cases the affected pin may have to be 
removed; then, if the remaining pins do not 
afford sufficient fixation and re-sit ing is  not 
possible, treat the fracture by conservative 
methods at least unt i l  pin-track healing has 
been obtained. 
4. Pin loosening may often be dealt wi th by 
re-siting. 

Physio1herapy: This should be started 
without delay to lessen the risks of DVT. The 
patient can usual ly be allowed to sit up after 
a week. and often start partial weight-bearing 
with a frame at three weeks. 

Re111ovol of rhe }i"ame: Trial removal of the 
connecting bar may be carried out when 
there is radiological evidence of early union. 
Otherwise do not attempt at less than 
9 weeks where there has been a symphyseal 
disruption. or 6 weeks in other cases. If pain 
occurs. replace the connector; if there is  none 
after a week. remove the bars and the pins. 

1 9. Treatment (b): If the patient i s  not haemodynamically unstable, 
conservative treatment i s  also possible using a canvas pelvic s l ing. The 
upper edges of the s l ing are rein forced with steel rods and eyelets, and 
it may be padded with wool prior to being positioned under the pe lvis .  
Weights in  the order of 4-8 kg are applied through pul leys in a Balkan 
beam ( I ), resulting in  an inward thrust on the sides of the pelvis .  I f  
check radiographs show the reduction i s  incomplete, the weights may 
be increased or the traction cords crossed (2).  The treatment should be 
continued for 6 weeks, taking the usual precautions over skin care; 
weight-bearing can generally be allowed after 8 weeks. 

20. Treatment (c): This radiograph shows a Type B I  open book 
fracture of the pe lv is  with wide separation at the symphysis pubis. 
Indications for open reduction and internal fixation of the symphysis 
include: I .  A symphyseal gap of 3 cm or more; 2.  An associated 
S-1 joint disruption; 3. A posterior pelvic disruption which requires 
stabi l isation; 4. A locked symphysis. An in-dwel l ing catheter should be 
introduced prior to surgery, but note that the presence of a supra-pubic 
catheter or a colostomy are absolute contraindications for surgery in 
this region. 



FRACTURES OF THE PELVIS - UNSTABLE FRACTURES 

2 1 .  Treatment (c) cntd: Check radiographs of the previous case 
show complete reduction of the symphyseal disruption which has been 
held with a reconstruction plate. This  has been applied to the superior 
aspects of the pubic bones wi th three screws on each side. In simi lar 
cases, if there is  any instabi l ity in the vertical plane, a second anterior 
plate may be required, although anterior plating is general ly best 
avoided as there is some risk of the screws penetrating the retro-pubic 
space. ( Meticulous care must be exercised in performing surgery in this 
area to lessen the risks of i nfection and disabling symphyseal osteit is .)  

23. Contralateral compression injuries (bucket handle 
fractures) (83): Two rami fracture ( I )  opposite the posterior injury 
(2)  (or there is a butterfly fracture). The hemipelvis  rotates (3 ) ,  causing 
leg shortening without vertical migration. The majority are stable so 
that in most no f ixation is needed. As i n  the previously described B2 
cases, an external fixator may be used to control any frank instability or 
considered as su itable for dealing with leg shortening in excess of 
1 .5 cm. An external fixator w i l l  be required i n  any case where there is a 
problem with haemodynamic instab i l i ty, and should also be considered 
in cases of mult iple injury, or where there is a problem wi th pain on 
mobilisation. 

22. lpsilateral lateral compression injuries (82): Violence to the 
side of the pelv is  ( I )  may cause fracture of the rami (2) or overlappi g 
of the pubic bones: the posterior sacroi l iac l igaments remain in tact (3 ), 
and the hemipelvis h inges round them, often with crushing of the 
anterior margin of the sacroi l iac joint on the same side as the rami (4). 
Tissue elasticity often leads to spontaneous reduction, so that i n  mo. t 
cases no f ixation is needed. I n  the remaining ca es, an external fixator 
may be used to control any instabil i ty. evenheless an external fi xmor 
wi l l  be required i n  any case where there is  a problem with 
haemodynamic instabil ity. and should also be considered i n  cases of 
multiple injury, or where there is a problem with pain on mobi l i sati n. 
Open reduction is required i n  the rare t i l t  fractures where bone 
protrudes into the perineum. 

24. Rotationally and vertically unstable injuries (C 1 ,  2 & 3) 
(a): The pelvic ring is completely disrupted at two levels or more. 
A11teriorly, in the 1111i!ateral (CJ) injury the symphysis i s  disrupted 
( I )  or the rami fractured (2). Posteriorly, there i · total loss of 
continuity between the sacrum and pelvis .  This may result from 
complete l igamentous rupture and d islocation of the sacro i l iac joint 
(3) ;  or i t  may involve fractures of the posterior i l iac spines (4) ,  the 
i l ium at other levels, or the sacrum. I n  bilateral (C2) injuries (5), 
there is extensive disruption (often with an anterior butterfly fracture 
(6)) involving both sides or the peh is, so that both are free to m igrate 
proximally. 



FRACTURES OF THE PELVIS - UNSTABLE FRACTURES 

25. Rotationally and vertically unstable injuries (b): On the 
radiographs the most obvious sign of vertical instabi l ity is the prox imal 
migration of a hemipelvis .  In addit ion, there may be avulsion of the 
transverse process of LS, and avulsion of the t ip of the ischial spine. In 
the CAT scan, posterior displacement of a hemipelv is  by more than 
I cm i s  diagnostic. Note in the above radiograph gross vertical 
instab i l i ty on the left ,  with fracture of both rami and di slocation of the 
sacroi l iac joint .  There is in addition disruption of the symphysis pubis 
and a fracture through the sacrum on the right (most noticeable at the 
inferior margin of the sacro i l iac joint) .  Although not clearly shown. the 
transverse processes of LS are fractured on both sides. This is a 
C2 (bi lateral) fracture. 

27. The anti-shock pelvic C·clamp: This consists of side-arms 
( I )  which can be moved freely along a cross bar ( 2 )  when pressure is 
applied prox imally (3) ,  but lock when subjected to any distal force (4 ) .  
Hollow bolts ( S )  which screw into the  s ide  arms are designed to  carry 
Steinmann pins.  Method of applica1io11: Make a skin incision on each 
side approximately 6 cm or so from the posterior superior i l iac spine. 
on a l ine connecting the posterior superior i l iac spine with the anterior 
superior i l i ac spine (6). and sl ide the side-arms unt i l  the threaded bolts 
enter the wounds. Anchor each bolt by hammering a Steinmann pin a 
depth of I cm into bone (7) .  Bring the bolts into contact with the pelvis 
by approximating the side-arms with pressure from above. Tightening 
the bolts with a spanner wi l l  now close the S-1 joints ( 8 ) .  

26. Rotationally and vertically unstable injuries ( c )  - Initial 
procedures (IP): These serious in juries are often associated wi th 
l i fe-threaten ing internal haemorrhage and other complications . I n  the 
ini t ia l  stages, prompt appl ication of an external fixator and skeletal 
traction may be sufficient to control blood loss, but in  some cases a 
C-clamp (see next frame) or other measures wi l l  be required. Prior to 
surgery, or if surgery is considered inadvisable, control rotational 
instab i l ity with an external f i xator or a canvas sl ing, and proximal 
migration of the hemipel v is  with skeletal traction (up to 20 kg) applied 
through a supracondylar or t ibial  Steinman pin .  

28. The anti-shock pelvic C-clamp cntd: This CAT scan shows 
marked widening of the right sacro i l iac joint .  This was associated with 
disruption of the symphys is  pubis and haemodynamic instabi l i ty. I n  th is 
case, as in  others with s imi lar pathology. i t  was considered important to 
stabi l i se the pe lvis as soon as possible both from c irculatory 
considerations and from the point of view of fac i l itating nursing during 
the init ia l  period fol lowing the injury: this is especia l ly important in 
cases of mult iple in jury. 



FRACTURES OF THE PELVIS - UNSTABLE FRACTURES 

29. The anti-shock pelvic C-clamp cntd: Application of a C-clamp 
was successful in stabi l ising both the sacroil iac joint disruption and the 
haemodynamic instabil ity. ( Note that in the CAT scan only the tips of the 
C-clamp screws are showing in the plane of the cut. ) 
Definitive treatment (OT) (a): Any secondary definitive treatment 
procedure is  usually advised wi th in  the subsequent five days; 
protracted use of external fixation carries the risk of pin track 
infections and ul t imately makes nursing less easy. The interval can be 
used with profit to stabi l i se the patient, to al low appropriate 
radiographs to be taken, and to obtain and check any specialised 
equipment requ i red for the in tervemion. 

3 1 .  Definitive treatment (OT) (c): Local pos1erior approaches may be 
used to treat dislocations of the sacroi l iac joint, and fractures of the sacrum 
in Type C injuries. In the latter, the safest method of stabil ising the sacral 
fracture is by means of sacral bars ( 1 ), inserted through small incisions (2), 
after cross-dril l ing (3). (DT) (d): The sacroiliac joint may be stabi l ised by 
screws running into the lateral masses (ala) of the sacrum (4). The position 
and direction of these screws must be determined with the greatest care, and 
it is advisable to visualise .the ala directly a11d to use an image intensi fier. Ln 
some cases, however, it is possible to carry out the procedure percutaneously 
using guide wires and cannulated screws. (DT) (e): Where the sacrum is 
fractured, fixing screws must engage the body of the sacrum (5) to obtain the 
necessary purchase. Again the utmost care must be taken to avoid broaching 
the sacral canal (6) or entering the pelvis anteriorly (7) .  The use of an image 
intensifier is mandatory. Formal pos1erior approaches (e.g. Kochers's) may 
be needed in acetabular reconstructions where there is involvement of the 
posterior column. Nole: /11 Type CJ injuries 1he ace1abu/11111 1llkes prioriry. 

30. Definitive treatment (OT) (b): ll/11s1ra1ed: The defin i t ive 
treatment of the case shown in Frames 28 and 29, using a 
reconstruction plate J'or the symphysis and two screws to secure the 
sacroi l iac joint. Note that surgery should only be undertaken by the 
experienced, because of' the high operat ive morbidity: problems 
include uncontrollable haemorrhage. infection. wound breakdown, c.nd 
neurological damage. A111erior approaches, which seldom g ive 
problems with wound heal ing. may be used to internally fix most 
fractures and dislocations in the region of the sacroi l iac joints, to ap ly  
reconstruction plates to the i l ium, t plate the rami and symphysis, nd 
to reconstruct certain acetabular fractures. 

32. (DT)(f): Farmal pos/erior approaches (e.g. Moore's) may be 
needed in some acetabular reconstructions where there is involvement 
of the posterior column or sciatic nerve involvement (see p. 274) .  

Type C3 injuries - Definitive treatment (DT): /11 Type CJ injuries 
1he ace1ab11/11111 wkes priori1y in 1he assess111e111 and in any propase. / 
recons1mc1ion. (See also Frame 39 et seq . )  The 3-D reconstruct abc ve 
shows a Type C3 injury which would be d ifficult to interpret fu l ly  with 
plain X-ray f i lms. On the right there is  a vertical fracture of the i l iu 1 
running into the sciatic notch. and fractures of the pubic rami .  There is 
a comminuted fracture of the acetabular floor involv ing both co!ut ns  
(see later). The anterior part of the  i l i um and the  roof of the 
acetabulum are rotated. There is  no substantial proximal m igration of 
the right hemipelvis. 



33. Type C3 injuries - Definitive 
treatment (OT) cntd: This radiograph 
shows the previous case after surgical 
in tervent ion. Note the extensive use of 
reconstruction plates and cancellous bone 
screws to hold the many elements involved in 
the fracture. 

36. Coccygeal injuries (a): The coccyx is 
usually injured by a fall in a seated position 
against a hard surface, e.g. the edge of a step. 
There is local pain and tenderness, and 
sometimes pain on defaecation. S ining on 
hard surfaces is always painfu l .  (Note that 
coccygeal pain may also be caused by 
lumbar disc prolapse, pel vic  inflammatory 
d isease, chordoma and other tumours of the 
sacrum.) 

FRACTURES OF THE SACRUM AND COCCYX 

34. Fractures of the sacrum (a): The ala 
or the sacrum ( I )  may be fract urecl as a result 
of either side-to-side or anteroposterior 
compression of the pe lvis. Transverse 
.fiacwres of the sacrum usually result from 
fa l ls from a height on to hard surfaces. These 
fractures may be undisplacecl (2), or they 
may be associated with some lateral ( 3 )  or 
anterior displacement (4). 
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37. Coccygeal injuries (b): The main 
patterns of injury are: ( I )  Fracture of the 
coccyx, with a varying degree or anteversion; 
(2)  Anterior subluxation of the coccyx; 
( 3 )  Anterior displacement of the coccyx 
secondary to fracture of the encl piece of the 
sacrum; (4) Rarely, posterior subluxation of 
the coccyx. 

35. Fractures of the sacrum (b): Jn  some 
cases or both horizontal (A)  and vertical ( B )  
fractures there may b e  involvement of sacral 
nerve roots. leading to sensory disturbance. 
weakness in  the leg(s) or saddle anaesthesia 
and incontinence. Treatment of the sacral 
fractures is  symptomatic, w i th 2-3 weeks· 
bed rest. I n  the majority of cases the 
neurological d isturbance is  transitory 
(generally being a lesion in continui ty), but 
some advocate early investigation by CAT 
scan, and dependent on the results, a 
lami nectomy. 

38. Diagnosis: 
I .  C l inical ly, there is  local tenderness. 
2 .  When there is  anterior subluxation, the 
prominent sharp edge of the sacrum may be 
obvious on palpation. 
3 .  The disp lacement may be detected on 
rectal examination. 

The d iagnosis i s  confirmed by local ised 
radiographs of the region, although fi lm 
qual i ty may be poor in  the obese patient. 

Trea/111e111: 
I .  S i tting on hard surfaces should be avoided, 
and in i t ia l ly the patient should use an 
in flatable rubber ring cushion. The patient 
should not be al lowed 10 become constipated. 
2.  If symptoms become chronic, local short
wave diathermy or u l trasound may be tried; 
alternatively, the painful area may be injected 
with a long acting local anaesthetic, e.g. 
I 0 mL of 0.5% bupivacaine hydrochloride 
( M arcaine®). 
3. I f  a l l  conservative measures fai l ,  excision 
of the coccyx should be considered. 



ACETABULAR FRACTURES - DIAGNOSIS 

39. Fracture of the acetabulum/central 
dislocation of the hip: In this group of 
injuries the pelv i s  is fractured as a result of 
force transmitted through the femoral head. 
This may occur from a blow or fal l  on the 
side ( I )  or when force is  transmitted up the 
limb (2) via the foot, as in  a fal l  from a 
height or through the knee as in a car 
dashboard injury. 

42. Is the anterior column intact? (a): 
The anterior column is  the mass of bone 
which stretches downwards from the anterior 
inferior i l iac spine, and includes the pubis 
and the anterior part of the acetabular floor. 
To help clarify this, CAT scans are 
invaluable, but if this fac i l i ty is not 
immediately available, then a three-quarter 
internal obl ique view of the hip should be 
obtained. 

40. Diagnosis (a): The fracture is  easily 
diagnosed by routine radiographs which 
reveal characteristic disturbance of the 
acetabulum. There are, however, many 
patterns of injury due to variations in the 
amount and direction of the causal force. 
Pending full assessment, the patient should 
be treated for any accompanying shock. and 
skin traction (c. 4 kg) applied to the l imb. 

4 1 .  Diagnosis (b): When the hip joint "s 
seriously disorganised, open reduction and 
internal fixation of the fragments can give 
good results. Nevertheless, i t  is c lear thar a 
very careful analysis of these fractures is  
necessary to select those cases sui table for  
such treatment. The first screening 
procedures should be : I .  A standard AP 
projection of the pelvis showing both h ips on 
the one fi lm,  along with;  2.  A lateral 
projection of the affected hip. 

I f  there is  any signi ficant d isplacemenc of 
the fragments or the femoral head, an att mpt 
should then be made to answer the following 
question • as discussed in  fol lowing frames: 
I .  Is the anterior column intact? 
2.  ls the posterior column intact? 
3 .  What damage has the acetabular floor 
sustained"' 

43. Is the anterior column intact? (b): Foam wedge are placed under the buttock on the 
qffected side unti l  the pelv is  is t i l ted at 45° ( I ) . The rotation of the pelv is  from the AP plane 
(3) to the oblique position (4) places the blade of the i l ium 1 11 prof i le  (5) to the central ray (2). 
The radiographic appearances are complex. especial ly i f  the fracture is  badly displaced, but 
note on the f i lms the state of the shaded portion (6) which represents the anterior column. ·ore 
also the easily identi fied posterior margin of the acetabulum (7) ,  i ts  less obvious anterior margin 
(8) and its floor (9) .  ( 1 0  and 1 1  are the anterior superior i l iac spine and the i l i ac crest . )  Isolated 

fractures of the anterior column are unco111111on, but are important to recognise as they require 
an anterior surgical approach for reduction. 



44. Is the posterior column intact? (a): 
The posterior column stretches upwards from 
the ischial tuberosity to the sciatic notch. and 
includes the posterior part of the acetabular 
f loor. To clari fy th is a second obl ique 
projection is often helpful ( three-quarter 
external oblique projection) .  

46. What damage has the acetabular 
floor sustained? (a): The radiograph 
shows gross comminution of the acetabulum. 
The degree of acetabu lar d isruption. and the 
extent of comminution may be further 
eluc idated by CAT scans or 3-D 
reconstructions. 

ACETABULAR FRACTURES - DIAGNOSIS II 

45. Is the posterior column intact? (b): The pelv is  is t i l ted 45° towards the injured side by 
sandbags under the good side ( I ) . This rotation of the pelvis from the normal position (2 )  to the 
oblique ( 3 )  throws the area or the posterior column (4 )  away from the rest or the pe lvis .  1ote on 
the radiographs the area of the posterior column (shaded) .  the ischial spine (5 ), and the anterior 
lip of the acetabulum (6). Careful study of the AP. lateral and two 45° obliques may al low you 
to assess the state of the columns. but if there is s t i l l  some doubt a CAT scan (especially if there 
is the fac i l ity for 3-D imaging) wi l l  usua l ly reveal the main elemems involved and any 
displacement of the femoral head with great <:larity: i t  should be used without hesitation i f  
available. I f  not. stereoradiography o r  imensi l ier screening may b e  of further help. 

47. (b): This CAT scan shows an intact h ip on the right. On the left there is disruption of the 
medial pan of the floor of the acetabulum. with an apprec iable gap between the main fragments. 
There is comminution or the floor, with a bone fragment - equivalent to a loose body - lying 
between the femoral head and the main anterior fragment. There is  a fracture of the anterior 
acetabular margin ;  this is not seen to be signi ficantly disp laced at this level or cut. 



AO CLASSIFICATION OF FRACTURES - ACETABULUM 

48. {c): A 3-D reconstruction of the previous 
case confirms the degree of comminution of 
the acetabular floor. This also shows with great 
clarity a backward projecting spike of bone in 
the region of the greater sciatic foramen. (This 
was held responsible for an accolllpanying 
sciatic nerve palsy, and was rellloved at open 
operation, during which internal fixation of 
both disrupted anterior and posterior columns 
was carried out.) You may now be in a position 
to relate your findings to the AO classification 
of acetabular fractures. 

5 1 .  AO classification of acetabular 
fractures - Type C: In Type C fractures 
both columns are involved, and no part of the 
acetabulum relllains in continuity with the 
i l i u lll. 
CI: The portion of the fracture involving the 
anterior column extends to the i l iac crest. 
C2: The port ion of the fracture involv ing the 
anterior column extends to the anterior 
border of the i l ium.  
C3: The fracture involves the sacroi l iac joint .  

49. AO classification of acetabular 
fractures - Type A: In  Type A fractures 
one column only is involved, the other 
remaining intacl. 
A I :  Fractures of the posterior wal l and 
certain variations; these injuries may be 
associated with posterior dislocation of the 
hip (see p. 280). 
A2: Fractures of the posterior column and 
variations. 
A3: Fractures of the anterior column and 
variations. 
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52. Treatment (a): Is the displacement of 
the fracture mini lllal ( i .e .  less than 2 mm) or 
is  the acetabular floor highly fragmented? I f  
so, treat the injury conservatively with 
traction (e.g. H ami lton-Russell of 3 kg) for 
6 weeks, with active hip movements during 
this period; weight bearing may be permitted 
after a further 3 weeks. Some loss of hip 
movements is inevitable, but overall function 
is often very good. Further treatment wi l l  
on ly be required i f  secondary osteoarthri t is 
supervenes. 

50. AO classification of acetabular 
fractures - Type B: In Type 8 fractures the 
main fracture line l ies  transversely. Part of the 
acetabular roof always remains in  continu ity 
with the i l ium. 
8 I :  Transverse fracture with or wi thout 
involvelllent of the posterior acetabular walL 
82:  A venical fracture added to the transverse 
fracture forms a T-fracture, of which ther are 
several variations. 
83: A vertical fracture added to the transverse 
fracture involves the anterior column. 

53. Treatment (b): Is there a fracture o f  
one or both columns. with displacelllent i n  
excess of 2 m m ?  I s  there a fracture of the 
acetabular floor without gross comminution? 
I s  open reduction and internal fixation 
technically feasible, and is  it l i kely to lea to 
reasonable restoration of the acetabulum? I f  
so, then this  must be considered. (The 
i l lustrati n i s  of a case where a badly 
displaced acetabular fracture involving both 
columns has been satisfactori ly treated by 
open reduction and internal fi xation w i th 
reconstruction plates.) 



54. TREATMENT (c} - GENERAL CONSIDERATIONS 

Open reduction of acetabu lar fractures i s  seldom easy. An extensive 
exposure i s  always required, and attendant haemorrhage is  a common 
problem. There is often great d i fficu l ty in obtain ing a substantial 
improvement in  the posit ion of the bone fragments and in subsequently 
holding them, so that operating time can be very long, increas ing the risks of 
in fection and delayed wound heal ing. There is the clanger of  exacerbating or 
producing sciatic nerve problems and of causing heterotopic ossi f ication, 
a vascular necrosis of the femoral head, or chondrolysis of  the hip.  Such 
surgery may be contrai ndicated in the e lderly, obese or the unfi t .  In chi ldren 
and adolescents open reduction is rarely indicated and then not always 
rewarding. As these fractures are of highly vascular cancellous bone, the 
v igorous processes of repair may render reduction impossible if surgery i s  
delayed for much longer than a week or so. 

The results of open reduction and internal f i xat ion of acetabular fractures 
are known to be surgeon clepenclent, and the final deci sion as to whether 
surgery should be considered ( and th is  i s  especial l y  so in borderl ine cases) 
should be made by someone with a wide experience of these cases. In  some 
situations this may mean seeking an opinion from elsewhere, or transferring 
the patient to another unit .  

INSTRUMENTATION 

Appropriate instrumentation is essential, and the AO Group has clevelopecl 
special ised pelv ic  reduction clamps and pushers. Schanz pins may be used 
l ike a joystick to help lever bone fragments into posit ion.  If possible the 
operation should be performed on a radiolucent table  so that fu l l  use may be 
made of an i mage intensi fier. 

IMPLANTS 

A wide range of implant materials should be avai lable, including cancellous,  
cortical and cannulatecl bone screws. Reconstruction plates (3 .5 m m  and 4.5 
mm) permi t  bending ( with appropriate i rons) in  two planes to accommodate 
any contour that may be encountered There is a range of reconstruction 
plates pre-bent in various arcs. 

EXPOSURES 

The choice of surgical exposure depends on which columns and which parts 
of the acetabulum have been involved (and, in the case of other pelv ic  
fractures, which parts must be  stabil ised ) .  One  or  both columns may have to 
be tackled. In the latter situation. the anterior may be dealt with first, 
especially if i t  i s  the most di splaced. 

ANTERIOR APPROACHES 

Tile recommends an approach which combines the most desirable features of  
the Smith Peterson and the i l io-ingui nal approaches. Th is  g ives wide access, 
from the l ateral two-th i rds of the superior pubic ram us anteriorly, to the 
sacroi l iac joint posteriorly. 

The incision This is shaped l ike a question mark, with the proximal l i mb 
ly ing 1 cm above and paral lel to the outer one third of the inguinal l igament; 
i t  extends posteriorly along the i l i ac crest. The distal l imb extends clown to 
meet and fol low the lateral border of sartorius .  



ACETABULAR FRACTURES - TREATMENT 

Development: 

I .  The thick fascia of external obl ique is d ivi ded l cm above and paral le l  to 
the outer third of the inguinal l igament and along the i l iac crest. Carry the 
di ssection down and divide the internal oblique and transversal i s  at their 
attachment to the i l iac crest; identify and preserve the lateral cutaneous 
nerve of thigh. 

2. Perform an osteotomy of the anterior superior i l iac spine l cm proximal 
to its t ip.  To aid i ts later replacement, dri l l  and tap i t  for a 6.5 m m  screw 
before dividing the bone. 

3. Mobil ise the i l iacus from the inner wal l  of the pel vis .  ( Do not strip both 
surfaces of the i l i um during the same procedure otherwise there is risk of 
devital ising the bone and causing avascular necrosis.) 

4. Retract the anterior superior i l iac spine and by blunt di ssection open up 
the interval between sartorius and tensor fa cia lata. 

5. Identify the two heads of rectus femoris and insert stay sutures c lose to 
their origins.  Divide and reflect the straight head from anterior inferior 
i l iac spine, and the reflected head from the anterior part of the 
acetabu lum. 

6.  Ease the i l iacus from the superior pubic ramus .  
7 .  Identify and divide the i l iopectineal fascia to faci l i tate further exposure.  

Flex and internally  rotate the hip to give better access to the superior 
pubic ramus. In some cases it  may be desirable to osteotomise the ant rior 
in ferior i l iac spine and reflect this and recru femoris dista l ly. 

Posterior approaches There are a number of posterior approaches to 
the hip which are s imi lar in principle ( Kocher, Langenbeck, S tookey, Moore, 
etc . ) .  

The incision In  the Moore approach, in which the patient i s  prone with a 
sandbag placed under the hip, the skin inc i sion starts wel l  lateral to the 
posterior superior i l iac spine, bisects the tip of the greater trochanter in the 
midl ine ,  and extends 7 .5 cm (3") down the l ateral aspect of the femur. 

Development: 

I .  The incision is deepened over the trochanter to expo e the extensive 
subtrochanteric bursa, and the opening is  extended prox imal ly by spli tting 
the fibres of g luteus maxi mus. Di tal ly, d iv ide the aponeurotic insert ion 
of g l uteus maxi mus by a vertical incision, and extend this distal l y  to 
d iv ide i ts attachment to the l i nea aspera. 

2. The sciatic nerve is identi fied, and if required taped with sal ine-soake 
ribbon gauze and safely posi tioned without traction. Extension of the hip 
and flex ion of the knee help re l ieve tension on the nerve.  

3 .  Stay sutures are inserted in the short rotator� ( internal obl ique and the 
gemel l i ,  and, if necessary for greater access. piri formis proximal ly  and 
the obturator extern us distal ly )  prior to their d iv ision c lose to the femur. 

4. Keeping proximal to the quadratus femoris (to avoid the medial femoral 
c ircumflex artery supplying the femoral head), the short rotators are 
reflected medial ly to expose the acetabulum from the sciatic notch to the 
ischium. 

5 .  If further exposure of the ischium is requi red (e .g .  to faci l i tate the p l acing 
of a Schanz pin),  identify and preserve the pudenda! nerve and artery. 



COMPLICATIONS OF PELVIC FRACTURES II 
6. The i l ium can be exposed by reflection o f  the gluteus maxi mus and 

medius. The exposure may be fac i l i tated by abduction of the h ip .  To 
access stil l  more of the lateral aspect of  the acetabulum, an osteotomy of 
the greater trochanter may be carried out. To expose more of the 
acetabular floor, an osteotomy of the ischial spine may be performed. This 
approach may also be caried out with the patient in the lateral posi tion.  

Combined exposures The two above exposures may be combi ned (an 
even wider exposure is described by Carnesale) .  Both are ex tensi le,  and may 
be extended distally to expose the femur. 

5 5 .  COMPLICATIONS OF PELVIC FRACTURES 

1 . HAEMORRHAGE 

Substantial internal haemorrhage is common, particu larly where there i s  
di sruption of the pel vic ring and proxi mal migration of the  hemipelv is  
(Type C injuries) .  Shock must  be anlicipa!ed in al l  but  the most  minor of 
fractures. (See page 308 for detail s  of  the management of major fluid loss . )  
Internal haemorrhage may be greatly reduced by the prompt stab i l i sation of 
the pel vie fracture by appl ication of an anterior external fixator w i th ,  if 
required, a posterior pel vic anti-shock C-clamp. Such emergency procedures 
are often l i fe-saving, and should be carried out in any signi ficant pelvic 
fracture where there is haemodynamic instab i l i ty. 

B ruis ing appearing in the scrotum or buttock, or spreading d i ffusely along 
the l ine of the inguinal l igament, is indicative of a major internal 
haemorrhage. In  the abdomen, a large retroperitoneal haemorrhage may be 
fel t  as a di screte mass on palpation (and may be further eval uated w i th a 
CAT scan and/or ul trasound examination) .  ff the peritoneum on the posterior 
abdominal wall has been breached, b lood may escape into the abdominal 
cav i ty. lntraperi toneal haemorrhage may also result  ( rarely) from the tearing 
of mesenteric vessels .  This is a serious comp I ication and may be suspected 
by loss of bowel sounds, abdominal guarding, a progressive increase i n  
abdominal girth,  and a blood-stained peritoneal tap; i t  i s  a n  indication for 
abdominal exploration. Where haemorrhage is extraperitoneal, exploration is 
generally unprofitable and l ikely to aggravate b lood loss; pel vic stab i l i sation 
and flu id replacement remain the mainstay of treatment .  

Ischaemia in  one leg is a grave sign and may be due to rupture or int imal 
damage to an i l i ac artery. If the patient's condition wi l l  perm i t, exploration 
of this vessel i s  indicated. 

In  the uncommon case of a severe retroperi toneal haemorrhage, where in 
spite of a massive transfusion programme losses continue to gai n over 
replacement, explorat ion may have to be reconsidered. I t  is  seldom that a 
single bleeding source can be found, the haemorrhage generally ari sing from 
massive d isruption of the pelv ic  venous plexus; then, packing of the wound 
for 48 hours may give contro l .  Occasional ly, successful results have also 
been clai med from l igation of one or both internal i l i ac arteries. Where the 
problem is considered to be due to smal l -bore arterial bleeding, this may 
sometimes be brought under control by select ive emboli sation using image 
intensifier angiography. 



2. DAMAGE TO THE URETHRA AND BLADDER 

Incidence Out of every 1 00 fractures of the pelv is ,  roughly S are l i kely to 
have a urinary tract complication ; more than two-thi rds involve the urethra. 
B utterfly fractures are the main cause of urethral damage, whi lst d isplaced 
fractures of the hemipelv is  are generally responsible for the sharp edge of a 
superior pubic ramus rupturing the bladder. 

Types of injury Rupture of the membranous urethra Many of the c ses 
are partial ruptures, with an intact portion of the urethral wal l st i l l  connected 
to the bladder. Less commonly, there is complete rupture with the bladder 
losing al l continuity with the urethra; the bladder often displaces proximal ly. 

Extraperitoneal rupture of the bladder This is usually caused by a sharp 
spike of bone penetrating the anterior wal l .  

lntraperitoneal rupture o f  the bladder This may result  from the same 
mechanism, but only occurs if the bladder is ful l  at the time of inj ury. 

Rupture of the penile urethra Injuries of this type general ly  fol low a fal l 
astride a bar or similar object. 

Diagnosis 

1 .  Suspicion should be particularly aroused if the radiographs show either of 
the fractures described. 

2.  The presence of perinea! bru ising is h ighly uggestive.  
3 .  The presence of blood at the tip of the penis i s  d iagnostic .  
4. I f  there is no peni le blood, and damage to the bladder or urethra thou-=>ht 

possible but not probable, the patient should be asked to attempt to pass 
uri ne .  (The dangers of urinary extravasation have been exaggerated in the 
past and are no longer considered to be of import . )  If c lear urine i s  
passed, n o  further investigation o r  treatment i s  required. A posit ive 
chemical test for blood in the presence of macroscopically c lear ur ine 
should in these circumstances be ignored . If after several tries the pat ient 
fai l s  to pass urine, they should be re-assessed. The palpabi l ity of the 
bladder should be determined and catheterisation considered. 

S. Catheterisation carries the risk of convert ing a partial urethral tear into a 
complete one, and of introduc ing infection. A diagnostic catheterisation 
should be approached with caution:  a ful l  aseptic regi men should be 
fol lowed, and a fine catheter employed. The procedure should be quickly 
abandoned if the catheter cannot be introduced with ease. If the tap i �  dry, 
thi s  suggests intraperitoneal rupture of the bladder; if blood-stained urine 
i s  obtained, this  suggests an extraperi toneal tear of the b ladder or a partial 
tear of the urethra; if  blood only is obtained, this suggests a major tear of 
the posterior urethra. 

6 .  If  there are strong grounds for suggesting significant damage to the 
bladder or urethra (e.g.  pen ile blood) a urethrogram should be performed 
in preference to catheterisation. The end of a syringe containing 20 mL of 
45% Hypaque® is introduced into the urethra and i njected; the penis i s  
closed off with the fi ngers and radiographs taken. The volume i njected 
may be doubled if required. The following are common fi nd i ngs: 
(a) The bladder shadow is clearly outl ined without spil lage: no 

significant abnormality is likely to be present. 



(b) The bladder is partly fi l led and there is extravasation of the raclio
opaque dye to the side: this suggests exlraperitoneal rupture of" the 

bladder. 

(c) The bladder fai ls  to fi l l ,  and there is extravasation of the dye into the 
pelvic floor: there i s  rupture of the membranous urethra. 

(d)  The bladder fai ls  to fi l l ,  and there is extravasation of dye beneath the 
pelvic floor: there is rupture of the penile urethra. 

Treatment lntraperitoneal rupture of the bladder The bladder is 
explored and the tear located and sutured. The blaclcler is drained 
subsequently with a Foley catheter. 

Extraperitoneal rupture of the bladder The bladder i s  explored and the 
diagnosis confirmed. The rupture is repaired and drained by by-pass 
(suprapubic) catheterisation. 

Incomplete tear of the urethra If there is ev idence of teari ng of the 
membranous urethra, but the b laclcler i s  undisplaced, i t  is  l i kely that some 
urethral t issue remains in cont inuity;  a suprapubic dra in  is inserted and the 
urethrogram repeated after I 0 days. If the c i rcumstances are favourable, a 
Foley catheter may be introduced at this stage and the suprapubic catheter 
withdrawn.  Later serial bouginage may be required. 

Complete rupture of the urethra If the bladder is float ing free it must be 
drawn clown to posit ion.  This  may be achieved by opening the b ladder and 
rai l -roadi ng a Foley catheter downwards . After the bal loon has been inflated, 
the catheter may be used for applying gentle traction. The bladder i s  drained 
by a suprapubic catheter which is kept in posi t ion for several clays. The 
retropubic space may require separate drainage. 

Rupture of the penile urethra An incision is made over the t ip of a catheter 
passed to the level of the obstruction. The catheter is then passed into the 
bladder through the other encl of the urethra. If this cannot be located, the 
bladder w i l l  require opening and the d istal encl of the urethra identified by 
instru mentation from above. The urethra i s  then repaired, using the catheter 
as a stent. Delayed repairs are in  the maj ority of cases associated with severe 
strictures (requ i ring complex urethroplasty) ,  and should be avoided. 

3. INJURY TO THE BOWEL 

The rectum may be torn in open fractures with perinea! involvement, and 
rarely in closed inj uries of the central dislocation of the h ip  type. I njury to 
the small bowel (mesenteric tears or shearing inj uries of the wall leading to 
infarction or perforation) may be produced by crushing injuries of the pelvis.  
Bowel involvement may be suspected in  the closed i njury by abdominal 
rigidi ty, loss of bowel sounds, loss of l i ver du l lness and di stension. 
Exploration and a clefunctioning colostomy are essential . 

4. RUPTURE OF THE DIAPHRAGM 

Routine radiography of the chest should be performed in a l l  major fractures 
of the pelvis ,  and the standard AP projection shoul d  e l iminate this often
m issecl complication. If a rupture is confirmed, a thoraco-abclom inal repair 
through the bed of the eighth rib should be undertaken as soon as the 
patient's general condi tion w i l l  permit .  



5 .  PARALYTIC ILEUS 

This complication may result  from disturbance of the autonomic outflow to 
the bowel due to the accumulation of a retroperitoneal haematoma. 
Treatment by nasogastric suction and intravenous fl uids usual ly  brings rapid 
resol ution within 2-3 days. 

6 .  LIMB SHORTENING 

Shortening of one leg may result  from persi stent prox imal di splacement of 
the hemipelvis (Type C injuries) or from rotation of the hemipe lv is  i n  
contralateral lateral compression fractures (Type B 3  injuries).  Cl in ical  
measurement of the amount of shortening is  d ifficul t :  leg length as meas red 
from the anterior superior spine to the medial mal leolus is unaffected, heel
blocking techniques are rather unsati sfactory and the measurement of the 
d istance from the umbi l icus or x iphisternum to the medial  malleolus 
somewhat inaccurate. The amount of shortening may be j udged with gre test 
accuracy from the radiographs by noting any di crepancy between the le  rel 
of the i l iac crests on the AP fi lm (after making a l i tt le a l lowance for fi l m  
magni fication effects). A correction ( raise) should b e  made t o  the footwear i f  
there i s  shortening o f  over 1 . 25 cm ( y") .  
7. NEUROLOGICAL DAMAGE 

Neurological damage may involve:  
1 .  The lumbosacral trunk at the triangle of Marc i l le  where there are fractures 

involving displacement of the hemipelvis :  
2 .  Isolated sacral nerves in  fractures of the sacrum;  
3 .  The sciatic nerve itse lf as  i t  passes behind the  h ip .  

I n vestigation by CAT scan and 3-D reconstructions may be helpfu l .  
Lesions in  continuity predominate, and some persi stent disabi l i ty i s  the 

rule.  Exploration is seldom indicated unless a mechanical cause amenabl to 
treatment can be demonstrated. 

8. IMPOTENCE 

Impotence occurs in  about a sixth of major pelvic fractures, and i n  about half 
of those cases in which there is rupture of Lhe urethra. It i s  frequently 
permanent. The cause may be due to neurological damage, but some 
consider this compl ication to be related to pen i le  vascu lar insufficiency. 

9. OBSTETRICAL DIFFICULTIES 

Even in the case of quite marked post-fracture pelvic di stortion, natural 
chi l dbirth is rarely  affected to a degree requiring caesarian section.  Where 
there has been a symphyseal disruption, this may recur, pers ist, and warr:mt 
surgery. 

1 0. PERSISTENT SACROILIAC JOINT PAIN 

Sacroi l iac pain i s  a common compl ication of  pelvic fractures, especial ly 
where there has been c lear involvement of a sacroi l iac joint  (e .g .  in  open 
book fractures, Type B I )  and may be permanent. Where there has been a 
sacroi l iac joint di slocation, the risks of severe, disabl ing pain are part icularly 
high and are related to the degree of persisting displacement. In some ca -es 
consideration of local fusion i s  merited. 



1 1  . PERSISTENT SYMPHYSEAL INSTABILITY 

This is a rare complication and an indication for i nternal fi xation; screening 
may be of  help in  con fi rming the diagnosis.  

1 2. OSTEOARTHRITIS OF THE HIP 

Central dislocation of the  h ip  is not infrequently fol lowed by  this 
complication . I t  i s  dealt with along routine l ines.  Many cases may come to 
and are suitable for total hip replacement, and prior reduction of a major 
d i splacement wi l l  render this easier. 

1 3 . MYOSITIS OSSIFICANS 

Myosit is  oss i ficans is seen most frequently after operative intervention or 
where there is  an accompanying head inj ury. The treatment is along the l ines 
previously indicated. 



DISLOCATION OF THE HIP - DIAGNOSIS 

56. Traumatic dislocation of the hip: The 
hip rnay dislocate as a result of force being 
transmitted up the fernoral shaft. This rnost 
commonly occurs as a result of  dashboard 
impact in road traffic accidents ( I ). Note that 
this mechanism rnay be responsible for 
s imu ltaneous fracture of the patel la (2) or of 
the fernoral shaft (3) .  Force transmitted up the 
l irnbs frorn fal l s  on the foot,  force applied to 
the l urnbar region (e.g. in roof falls on 

57. Posterior dislocation of the hip -
Diagnosis: I n  a typical posterior 
dis location, the hip is  held sl ightly flexed, 
adducted and internally rotated ( I ) . The leg 
appears short (2). Few other injuries are 
associated with the agony accompanying 
posterior dislocation, and this i s  almost as 
diagnostic as the deformity. Pain is less 
severe if the acetabulum is  fractured, and the 
deformity may be concealed if there is an 
associated femoral fracture (3 ) .  

kneeling rniners) and rarely force applied 
directly to the Lrochanter rnay also cause the 
hip to dislocate. I f  the leg is  flexed at the hip 
and adducted (4) at the time of irnpact, the 
femur d islocates posteriorly (5), internally 
rotating al the sarne time (6). I n  sorne cases, 
the posterior lip of the acetabulum is  fractured 
(7) .  If the hip is widely abducted, anterior 
dislocation may occur, even without any 

58. Radiographs (a): The diagnosis is 
confi rrned by radiographs of the hip; the 
deformity is  usually obvious on the AP 
projection, but dislocation cannot be 
excluded with one view (c.f. dislocation of 
the shoulder); a lateral projection is helpful 
in confirming the distinction between an 
anterior and posterior dislocation, and 
essential if no abnormality is obvious on the 
AP fi lm ( I l lus. :  Obvious posterior 
dislocation). 

axial transrnission of force (8); the femur 
externally rotates (9 ) .  Note that,  i f  the fernur is 
in  some other part of  the abduction/add ction 
range, these mechanisrns may be responsible 
for central dis location type fractures of the 
pelv i s  ( 1 0) . A congenital reduction in  the 
normal degree of anteversion of the hip is a 
common finding in those who suffer posterior 
dislocations of the hip. 

59. Radiographs (b): Acetabular rin 
fracture may be produced by the shearing 
force f the backward travel l ing femor.:il 
head (see Frarne 56 (7) above). The fragrnent 
rnay be srnall ( I l lus .) ,  when i t  is seldom of 
consequence. I t  rnay be large or cornm nuted, 
in  which case there is  increased risk of 
sciatic nerve palsy, instabi l i ty in reduction 
and later osteoarthritis. 



60. Sciatic nerve involvement: The 
presence or absence of da111age to the sciatic 
nerve should be sought in every case, and 
particularly where an acetabular r i 111 fracture 
is present. Enquire about nu111bness or 
burning sensations in  the l i 111b and, as a 
111ini 111al screening, test the power of 
dorsiflexion in the foot ( I )  and appreciation 
of pin-prick sensation in the leg below the 
knee (2) .  

63. Reduction (c): The head of the fe111ur 
should now be lying directly behind the 
acetabulu 111 and j ust requires to be l i fted 
forwards. The force required is variable, but 
great leverage can be obtained by gripping 
the leg between the knees ( I )  resting your 
forear111s on your thighs (2) and flexing your 
knees (3). The assistant keeps the pe lv is  fro111 
l i ft ing by downward pressure (4) .  Reduction 
usually occurs with an obvious 'clunk ' .  

DISLOCATION OF THE HIP - REDUCTION 

6 1 .  Reduction (a): Reduction should be 
carried out as soon as a general anaesthetic 
can be arranged. The co111pl ication rate is 
lowest in those treated within the first 6 
hours of the injury. The key to success is  
complete muscle relaxation; the anaesthetist 
should be reminded of this and of the need to 
transfer the patient on a stretcher canvas on 
to the floor to al low the hip to be 
manipu lated ( I ) . An assistant should kneel at 
the side of the patient and steady the pe lv is  
(2)  

64. Reduction (d): Reduction is  often less 
striking when there is a rim fracture, and 
when a ri111 fracture is present (shown by the 
radiographs) the stabi l i ty of the reduction 
should always be checked by downward 
pressure on the femur. Gross instabi l i ty i s  an 
indication for open reduction and internal 
fixation of the rim fracture. 

62. Reduction (b): When the patient is 
fu l ly relaxed (and the administration of 
suxa111ethoniu111 ch loride (Scol ine®) just prior 
to 111anipulation is  often invaluable) the knee 
( I )  and h ip  (2) are flexed gently to a right 
angle, at the same time gently correcting the 
adduction and internal rotation defor111 i ties 
(3 ) .  (Note: The assistant's hands, v i ta l  to the 
reduction, have been omitted from th is  and 
subsequent drawings for clarity.) 

65. Reduction check radiographs (e): 
Check radiographs should be taken in  two 
planes (and most advocate routine post 
manipulation CAT scans) to check the 
reduction and e l iminate the presence of loose 
bodies and any associated bony injury. The 
fol lowing poss ibi l i t ies arise: 
I .  The d islocation has been fu l ly reduced. 
2.  The dislocation and a rim fracture have 
both been reduced, and the h ip  is  stable 
c l inical ly. ( I n  both I .  and 2. further treat111ent 
i s  conservative.) 
3. Although the femoral head is  concentric 
wi th the acetabulum, the joint space is 
increased. This should be eluc idated further 
(wi th a CAT scan, tomography or 
arthroscopy ). Persistent displacement of this 
type may be due to a trapped bone (rim) 
fragment or infolding of the labru111. A 
trapped bone fragment should be removed by 
surgery, as if left it w i l l  lead to rapid onset of 
osteoarthritis. Excision of a trapped labrum 
is  advocated but the grounds for this are less 
clear; there would seem some j ustification 
for a 'wait-and-see' approach. 



DISLOCATION OF THE HIP - REDUCTION 
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66. Check radiographs cntd: 
4. There is persistent displacement of a 
fracture involving more than 20% of the rim, 
or the hip is  unstable ( I l lus . :  Note rim 
fragment situated near upper l ip  of the 
acetabulum).  
S .  There is a displaced fracture of the r im 
with a persist ing sciatic palsy. 

Operative reduction and in ternal (screw) 
fixation of the fragment are indicated in  4. 
and 5 . ;  in  5 .  early intervention offers the best 
chance of recovery. However, the results of 
rim fixation in  chi ldren and adolescents are 
often poor. 

69. Bigelow's method cntd: After flexing 
and abducting the hip, the joint i s  smoothly 
external ly rotated (3) and then gradual ly 
extended (4) .  
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67. Aftercare: Some advocate splintage 
and/or traction to rest the hip in  an effort to 
reduce the risks of complications. A common 
regimen is  fixed (skin) traction in a Thomas 
splint for 4 weeks and bed mobi l i sation for a 
further 2 weeks before weight bearing. 
(Others however advise much shorter periods 
of recumbency, e.g. of 1 week, and the value 
of both traction and splintage have been 
disputed.) l f· there is a rim fracture, weight 
bearing should be deferred until about 
8 weeks post-injury. 

70. Bigelow's method cntd: As extension 
of the hip progresses, the external rotated 
l imb is turned into the neutral position (5) .  
Stimson's method: This is occasionally 
attempted when a general anaesthetic must 
be withheld or where there is an associated 
femoral fracture. The patient i s  turned into 
the prone position ( l ). The end section of the 
theatre tabl.e i s  removed and the unaffected 
leg held by an assistant (2) .  The pelv is  i s  
supported by the end of the table (3) .  

68. Alternative methods of reduction -
Bigelow's method: Failure to reduce a 
posterior dislocation of the h ip  by the method 
described is  uncommon and generally due to 
insufficient muscle relaxation; nevertheless, 
if failure occurs, B ige low's method may be 
tried. Jn  essence, the hip is  reduced by a 
continuous movement of c ircumduction 
which may be broken down into five stages: 
( 1 )  The hip is  fully flexed and then 
(2 )  abducted. 

7 1 .  Stimson's method cntd: The leg 1s 
flexed at the knee and held at the ankle i n  the 
neutral position (4). The h ip may be red ced 
by d irect pressure over the head of the femur 
(5)  or, if the femur is intact, by downward 
pressure on the upper calf (6). This may be 
done manually or by the stockinged foot: the 
latter procedure allows s imultaneous 
application of pres ure over the head of the 
femur, as at (5) .  



72. Anterior dislocation of the hip: 
Anterior dislocation of the hip is less 
common than posterior dislocation. The leg 
is usually held abducted and in external 
rotation. There may be swel l ing and later 
bruising in the groin. Anterior dis location 
may be compl icated by femoral vein 
compression (with the risks of thrombosis 
and embolism). by femoral nerve paralysis or 
femoral artery compression. ( Persistent 
absence of the peripheral pulses after 
reduction is an ind ication for explorat ion . )  

DISLOCATION OF THE HIP - COMPLICATIONS 

73. Reduction: Proceed as for posterior 
dislocation. with the wel l-anaesthetised 
patient on the floor, a11d 011 assisrw11 
s1eadyi11g rhe pelvis. Flex ing the hip ( I )  and 
correcting the abduction and external 
rotation ( 2 )  convert an anterior dislocation 
into a posterior dislocation. At the encl of this 
procedure the head or the femur is  l i fted up 
as before into the acetabulum. (The 
subsequent management i s  as Frame 67 . )  

74. Reduction - Bigelow's method: This 
method i s  less reliable for routine use, but 
may be tried in  the d iff icult case. 
Circumduction of the hip is again carried out 
in the fol lowing order of movements: 
( I )  Fully flex: ( 2 )  Adduct the hip:  
(3)  Internal ly rotate; (4)  Extend; (5 )  B ring 
into the neutral posit ion. 



DISLOCATION OF THE HIP - COMPLICATIONS 

75.  COMPLICATIONS OF DISLOCATION OF THE HIP 

1 . IRREDUCIBLE DISLOCATION 

This may result from in-turning of the labrum or by bony fragments trapp d 
in the acetabulum (I l lus . ,  I ) . Open reduction is necessary, but be certain that 
the patient has been completely relaxed during the attempts at c losed 
reduction. (Note that if  there is a delay in exces of three hours in attempting 
the reduction of an anterior dislocation, some advocate prior exploration of 
the femoral vein to remove any thrombus that may have developed, and 
thereby reduce the risk of embolus.)  

2. FRACTURE OF THE FEMORAL HEAD 

Osteochondral fractures of the femoral head may remain di splaced after 
reduction of the hip. Small fragments should be excised. but large fragments 
( I l lus . ,  2)  should be replaced and secured with a cancel lous screw or other 
device. Late osteoarthri t is is common. 

3.  INTRACAPSULAR FRACTURE OF THE FEMORAL NECK 
(I l lus . ,  3) 

The risks of a vascular necrosis  are extremely high, and the following 
treatment should be considered: 1 .  In the frail el derly, excision of the 
femoral head, and replacement with a Thomson or s imi lar prosthesis .  2 .  I 
the middle-aged, total hip replacement. 3 .  In the young, open reduction and 
internal fixation through a posterolateral approach .  

4. SLIPPED UPPER FEMORAL EPIPHYSIS COMPLICATING HIP 
DISLOCATION 

Treat as 3 (3 . ) .  

5.  EXTRACAPSULAR FRACTURE OF THE FEMORAL NECK 
( I l lus . ,  5 )  

I .  The fracture should be  deal t w i th  fi rst by  open reduction and the 
insertion of a pin and · plate or s imi lar device. This can be taxing clue to 
difficulty in  interpreting control fi lms in  unfamiliar planes of rotation. 2 .  The 
dislocation may then be reduced, usual ly with ease, by closed manipulat i  n ;  
alternatively, open reduction may b e  considered. 
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6. FRACTURE OF THE FEMORAL SHAFT ( I l l us . ,  6 )  

I .  I t  i s  sometimes poss ible t o  treat both injuries conservati vely, reducing the 
hip dis location by Sti mson's method and treating the femoral fracture in a 
Thomas spl int. 2. If Stimson 's method fai l s ,  it may be possible to apply 
sufficient traction to the upper fragment by a substantial threaded screw 
inserted into the greater trochanter percutaneously. 3. It is more sati sfactory 
to expose the femoral shaft and reduce the dis location by means of a heavy 
duty bone c lamp applied directly to the upper fragment ( temporari l y  insert a 
large diameter Ki.intscher nai l  into the prox i mal fragment to prevent the bone 
being crushed with the c lamp, and use the l i nea aspera for orientation).  
Thereafter the fernoral shaft rnay be internal ly  fi xed. (P lating i s  thought to 
carry a lesser risk of being compl icated by rnyosit is ossi ficans than 
intrarnedul lary nai l ing in this particu lar s i tuation, al though many prefer the 
latter with cross-screwing.) 

7. FRACTURE OF THE PATELLA AND OTHER KNEE INJURIES 
( I l l  us . ,  7)  

The di slocation shou ld be reduced by any of the methods described and the 
knee injury treated on its own merits (e .g .  a cornminuted fracture of the 
pate l la  should be treated by excision).  

8. SCIATIC NERVE PALSY 

This compl icates about 1 0% of di slocations of the h ip .  Fortunately three out 
of four are incornplete, and about half recover completely. I f  no 
improvement fol lows reduction of the hip,  exploration i s  advisable within 
the first 24 hours of injury if there is a large or cornminuted rim fracture 
which rnay possibly be causing persistent local pressure on the nerve. In  
other cases the indications for exploration are less  c lear, and some treat this 
cornpl ication expectantly by conservative methods. (If the patient i s  being 
treated in a Thomas spli nt, this shou ld be fitted with a foot piece to hold the 
ankle in the neutral posi tion. When the patient is mobil i sed, a drop foot 
spl i nt may be requi red and precautions must be taken to avoid trophic 
u lceration in the foot. )  Others advocate exploration in  al l cases where a 
sciatic pal sy is sti l l  present after reduction, consideri ng that if no other 
pathology is found, decornpression of any haematoma in the region of the 
nerve wi l l  fac i l i tate recovery. 

9. AVASCULAR NECROSIS 

The inevitable tearing of the hip joint capsule accompanying d is location of 
the hip rnay di sturb the blood supply to the femoral head ; in about I 0% of 
cases this may lead to a vascular necrosis .  Dynamic MRI scanning of the hip 
(using an intravenous paramagnetic contrast agent) gives a good assessment 
of the blood supply of the femoral head when performed as early as 48 hours 
after the injury. Radiographic changes however are s low to appear - usual ly, 
but not always, within 1 2  months of inj ury. C l i nical ly, persistent discomfort 
in the groin and restriction and pain on internal rotation are suggestive of 
this compl ication. A vascular necrosis of the head of the femur leads to 
secondary osteoarthritis of the hip.  I t  is  thought that forage arthroplasty 
(where the femoral head is dri l led),  if carried out before there is subchondral 
bone col lapse, may encourage revascularisation. 
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1 0 . SECONDARY OSTEOARTHRITIS OF THE HIP 

This i s  the inev itable sequel t o  avascular necrosis ,  but may also occur wh n 
dislocation of the hip is accompanied by a fracture invol v ing the art icular 
surfaces. (Failure to observe such an injury may be prevented by performing 
an early CAT scan . )  I t  i s  also seen in  cases where scoring of the femoral ead 
is observed in open reductions. 

It  may occur as a late complication, somet i mes as long as 5- 1 0  years after 
i njury ; the cause then is less clear, but may possibly arise from art icular 
cartilage damage concurrent with the init ial  injury. (An MRI scan at an early 
stage may someti mes confirm potential ly harmful articular carti lage 
damage.) The incidence of secondary osteoarthri ti s rise to nearly 40% i 
manual workers who continue with thei r  former occupation.  In the youn"' 
patient hip fusion may be considered. but general ly total hip replacement is 
the treatment of choice. 

1 1  . RECURRENT DISLOCATION 

This compl ication is rare; operative fi xation of a large acetabular r im 
fragment in the hip which is  demonstrated to be unstable c l i nical ly may 
largely avoid it .  Otherwise a bone-block type of repair may have to be 
considered. 

1 2 . MYOSITIS OSSIFICANS 

This is seen most frequently fol lowing exploration of the h ip, or when th 
dislocation is  accompanied by head injury. It may l ead to v i rtual fusion f 
the hip .  The risk of this complication ensuing may be minimised in the 
fol lowing ways: 
1 .  Avoid surgery if possible, but i f  surgery i s  essential, then the prophylactic 

use of indometac in  should be considered (see Ch. 5 ) .  
2 .  Splint the h i p  fol lowing reduction. 
3 .  Avoid passive movements of the hip in  the head injury case w i th l i mb 

spast ic ity. Late excision (say after 1 year) of a di screte bone mass, w ith 
prophy lactic radiotherapy, may restore function, but the recurrence rate in  
other c ircumstances i s  high. 

1 3 . LATE DIAGNOSED DISLOCATION 

This i s  a euphemism for missed dislocation.  Al ways suspect di slocation f 
the hip as a poss ible accompaniment of fracture of the patel la or femur. 
l .  If discovered within a week of injury manipulation may be attempted . 
2. After a week and up to several months good results have been claimed by 

heavy (up to 1 8  kg) skeletal traction for up to 3 weeks under sedation_  
When radiographs show the femoral head level with or a l i ttle beyon the 
acetabulum, the leg i s  placed in abduction and the traction decreased; this 
i s  generally  successful in restoring the head to the acetabulum. If  this 
fai ls ,  open reduction may be attempted; in  ei ther case pess imism 
regard ing the eventual outcome i s  often unj ustified, many cases achieving 
a good result without avascular necrosis en uing. 

3 .  After a year, open reduction i s  unl ikely to be feasible and an upper 
femoral (Schanz) osteotomy may be cons idered. 
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76. Slipped upper (proximal) femoral 
epiphysis: This condition occurs in 
adolescence; the term is  to some extent a 
misnomer as in fact it is the femoral shaft 
which moves proximally ( I )  and externally 
rotates (2) on the epiphysis. Only 
occasional ly in advanced cases is there 
movement of the epiphysis relative to the 
acetabulum (3) .  There is  never any 
juxta-epiphyseal fracture ( i .e .  i t  is a 
Sal ter-Harris Type I lesion). 

and i n  severe cases there rnay be shortening 
and an external rotation deformity. 
Racliographs confirm s l ipping, and there may 
be evidence of rem ode I I  i ng and new bone 
formation. 

Acute-on-chronic: There is  a long history 
of chronic disabi l i ty on which arc 
superimposed acute symptoms (clue to an 
increase in the s l ip) .  

Classification (b ): Two more recent 
classifications (c l in ical and radiographic) are 
of prognostic value, and d ifferentiate 
between so-called stable and unstable sl ips. 

Clinical Classification: A stable s l ip is 
said to be present when walking (albeit with 
crutches) i s  possible. In  unstable s l ips 
walking, even with crutches. is not possible. 
and this group has the worst prognosis. 

Radiographic Classification: Attention is 
paid to the presence or absence of a h ip joint 
effusion on an ul trasound exami nation. and 
to the presence or absence of metaphyseal 
remode l l ing in the plain racliographs. In  the 
stable s l ip. there is  no effusion, but evidence 
of remodel l ing;  i n  the unstable s l ip  there is 
an effusion and no remodel l ing suggesting an 
acute event. 

SLIPPED UPPER FEMORAL EPIPHYSIS - DIAGNOSIS 

77. Aetiology: Both biochemical and 
mechanical factors may be involved. 
Bioche111ical/hom1011alfac1or.1· have long 
been suspected for the fol lowing reasons: 
I .  The condition is commoner in males, and 
virtually unknown in females after the 
menarche: 2.  I t  occurs at adolescence: 
3. Those affected are often adipose and 
sexually imrnature, showing features of the 
Frt:ih l ich's syndrome. or are very tall and 
thin, suggesting increased production of 
growth horrnone. and it is common in 
chi ldren who are receiv ing growth hormone 
supplements: 

78. Diagnosis (a): The condition should be 
.1·11.1pec1ed in any adolescent with a h istory of 
limp and occasional groin or knee pain. 
especial ly i f  overweight or belonging to one 
of' the body types described. Examination of 
the hip shows loss of internal rotation. often 
accompanied by pai n, at every stage in the 
condition. In severe cases there is restriction 
of Aexion and abduction. the limb is  held i n  
external rotat ion. and there may be  some 
shorten ing. 

4. Some cases are associated with juven i le 
hypothyroidism ( with lowered thyroxin and 
thyroid-st imulating hormones). or 
hypogonadism: 5. It is often bilateral: 6. I n  
less than 30% is there a h istory of injury 
( there is no hereditary tendency). 
Mec/Ja11ica/ fac1ar.1· may include I .  I ncreased 
femoral anteversion: 2. I ncreased obliquity 
of the epiphyseal plate (physis); 3 .  I ncreased 
acetabular depth: 4. I ncreased shear stresses 
on the epiphyseal plate secondary to obesity. 

Classification (a): The traditional 
classification recognises four categories: 
I ,  Pre-sl ip:  2. Acute s l ip ;  3, Chronic sl ip;  
4. Acute-on-chronic s l ip .  

Pre-slip: There is a history of leg 
weakness. pain in the groin or knee 
especial ly on exertion. and some loss of 
internal rotat ion in the hip. Some widening 
or the epiphyseal plate may be detected in 
the radiographs. but nothing else. 

Acute: The duration of symptoms is less 
than 3 weeks. There is restriction of 
movements i n  the hip, often with an external 
rotation clef'ormity, and pain may prevent 
weight bearing. There may be a history of a 
traumatic incident. but this is often of a 
trivial nature. The radiographs show 
evidence of' sl ipping. 

Chronic: There is  a history of pain i n  the 
groin or knee i n  excess of 3 weeks. 
(Symptorns have usually been present for 
months or even years . )  There is restriction of 
movements i n  the hip in several planes. 

79. Diagnosis (b): The earliest 
radiographic signs are to be found i n  the 
lateral projection. A l ine drawn up the centre 
of the neck should normal ly bisect Lhe 
epiphyseal base or the head; i f  i t  fai l s  to do 
so. a s l ip is present. and the percentage and 
angle of the s l ip should be noted. ( I l lus. 
1 5-20%. 1 7° slip.) Mild slip: less than 33%. 
or 30°. Moderate slip: 33-50% or 30-50°. 
Severe slip: more than 50% or 50°. 
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80. Diagnosis (c): In the AP v iew s l ip  i s  
less obvious, bu t  nevertheless may be 
detected wi th experience. Radiographs of 
both h ips should be taken 10 al low 
comparison and detect an early si lent s l ip on 
the other side. In the normal h ip ( I )  a tangent 
to the neck should cut through a portion of 
the epiphysis. When sl ip is present (2) th is  is 
no longer the case. (A simi lar construction 
( with s imi lar f indings) may be used in the 
lateral. wi th a l ine drawn tangent 10 the 
posterior pan of the neck. )  

83. Treatment (a): The aim i s  to stabilise 
the slip and avoid avascular necrosis and 
chondrolysis. In stable cases, where s l ips are 
general ly not severe, in situ fixation is  
advised us ing a s ingle percutaneous 
cannulated screw (6.5 to 7.4 mm) inserted 
through a small incis ion carefu l ly placed so 
that the screw l ies in  the centre of the head 
perpendicular to the physis, w ithout 
penetrating the head postero-superiorly (and 
thereby endangering the capital blood supply 
or risking chondrolysis) .  

. . . . .  
8 1 .  Diagnosis (d): Look for radiographic 
evidence of new bone formation 
(bultressing). This may be found in the 
region of the inferior and posterior aspects of 
the metaphysis. The !alter is shown in  the 
i l lustration, lying between the dolled l ine 
(which denotes the original l ine of the neck), 
and the arrows. This finding is indicative of 
chronicity. 

84. Treatment (b): In unstable cases with 
severe s l ipping there is controversy over 
management. Many advocate pinning in  silll; 
others perform an open reduction or a 
manipulation. Both are said Lo be associated 
with an increased incidence of avascular 
necros is and the former is probably best 
avoided. Any auempts al manipulation must 
be mild, applying lig/11 traction in mid 
abduction and turning the leg into internal 
rotat ion. Accept any correction to 30% or 
less, and pin in that position. Never a11e111p1 
10 correcr a chronic slip. 

82. Diagnosis (e): Remodell i ng al the 
superior c i l lustrated )  and anterior aspects of 
the metaphysis also indicates chronicity. An 
u l trasound examination should be carried 
out: the presence of an effusion indicates an 
acute epi -ode. These radiographic featur s 
along with the patient's abi l i ty to weight bear 
should allow the s l ip  to be classified as stable 
or unstable. Finally CAT and MRI scans may 
help diagnose early a vascular necrosis and 
chondrolysis. 

85. Treatment (c): Other methods include: 
( i )  Conservative treatment, with 1 2  weeks in  
a hip spica: this runs the r isk of further 
s l ipping. chondrolysis, and pressure sore ;; 
( i i )  Immediate correct ive osteotomy and 
internal fixation ; the risks of avascular 
necrosis are high. ( i i i )  Afrer epiphyseal 
union, a ,ubtrochanteric osteotomy wi th 
excision of an anterolateral wedge ( I )  is J 
valuable procedure. al lowing correction of 
rotation C 2 ), adduction ( 3 )  and extension. 
This may then be held with a nail or blade 
plate (4). 



86. Complications - (a) Avascular 
necrosis: This i s  a serious co111plication in 
1he adole cent.  and is  seen 111ost often in :  
I .  Acute unstable s l ips: 
2.  Where there has been over-reduction or 
the defor111i ty by forcible 111anipu lation 
(especial ly where there has been a 111 isguided 
atte111pt to reduce the chronic ele111ent or an 
acute-on-chronic s l ip) ;  
3. Where pins have penetrated the 
superolateral quadran1. da111aging the blood 
supply to 1he head; 

87. Fractures of the femoral neck -
Level of fracture (a): Four sites of frac1ure 
are well recognised. the 111ost i111portant 
being: ( I )  subcapital and (2) transcervical .  
The distinction between these two is  rather 
blurred, as rotation i n  the plane of the X-rays 
may be misleading. I t  i s  clear, however. 1hat 
both l ie with in the joint capsule (C)  and are 
well described as illlracap.rnlarjiac111res. 

FEMORAL NECK FRACTURES - DIAGNOSIS 

4. Where !here has been an osteoto111y of the 
re111oral neck. 

Trea1111e111: If discovered early (e.g. by CAT 
and M R  I scans) a period or non-weight 
bearing with crutches for several 111onths 
may help 10 reduce the deror111ation or the 
head which occurs through joint trans111itted 
pressure when the bone is sort and in the 
early stages of revascularisation. 
Physiotherapy and anti- inna111matories 111ay 
help opti111ise the preservation of joint 
111ovc111cnts. In  the well established case a 
d i fficult choice 111ay have to be 111ade 
between: 
I .  The uncertain results or  osteoto111y; 
2. The d iff iculty or hip arthrodesis and the 
risks or late secondary osteoarthri t is  i n  the 
knee, other hip and spine: 
3 .  The risks and long-ter111 uncertaint ies of 
total hip replace111en1 .  

(The accompanying i l l ustration is of a case 
treated by open reduction (with reAection or 
the greater trochanter) and 111ult iple pin 
fixation. Neither procedure would be 
presently advocated by the authors . )  

88. Level of fracture (b): The other 
co111111on sites of fracture arc ex1racaps11/ar. 
In the i111enrocha111eric or basal fracture ( 3 )  
t he  fracture l ine runs along 1he  base of the 
fe111oral neck between the trochanters. In 
penrocha111eric fractures (4) the fracture l ine 
invol ves the trochanters. one or both or 
which 111ay be fractured or separated. so that 
i n  effect this is often a co111111 inuted fracture. 

(b) Chondrolysis: This is said to be present 
if the joint  space is  reduced on the affected 
side to hair or less of that on the good (or. i n  
bi lateral cases. a reduction or the  space to 
less than 3 111m) .  The cause is not known, but 
contributory ractors include penetration of 
the head by the f i xation 111aterials. severe 
sl ips, prolonged pre-sl ip symptoms and 
subtrochanteric os1eoto111y performed prior to 
epiphyseal closure. 

Trea1111e111: This follows the same l ines as 
those employed in cases of established 
avascular necrosis. 

(c) Involvement of other hip: In  keeping 
with the aetiology. the other hip may be 
affected at any t ime. This is particularly 
l iable to be missed when the patient is being 
rested in bed during treatment of the primary 
complain! .  Routine radiography of both h ips 
is advised. particularly in the recumbent 
patienl. If the second hip is involved. 
treatment is pursued along the l i nes a lready 
described. 
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89. Incidence: The y-axis of the graph 
represents the yearly inc idence per !000 
popula1ion and shows that below the age of 
60 the fracture occurs most frequently · in 
men, generally from industrial trauma. The 
incidence i ncreases with age, and in later l i fe 
is three 1 imes commoner in women. where 
hor111one-dependent osteoporosis and a 
degree or osteomalacia are contributory 
factors. The fracture is seen rrom t ime to 
t ime in chi ldren. 



FEMORAL NECK FRACTURES - DIAGNOSIS 

90. Aetiology: In middle aged women, a 
number of factors associated with an 
increased incidence of hip fracture have been 
recognised. These include: 
I .  Having a previous fracture, sustained 
when above the age of 50, fol lowing minor 
trau1na. 
2.  Having a maternal history of hip fracture. 
3. Being a current smoker. 
4. Having a low body weighl. 

Mechanism of injury: A fal l  on the side is 
the commonest cause. 

Risk factors: There are a number of factors 
(many of which are correctable), which arc 
associated with a higher incidence of this 
fracture. These include: 
I .  Poor eyesight. 
2.  Slow gait . 
3 .  The taking of hypnotics, sedatives and 
diuretics. 
4. Neurological problems including 
Parkinson's disease and stroke. 
5.  Foot deformities and arthrit is . 
6. Weakness of the lower l imbs. 
7. Loose carpets or s l ippery nooring. 
8.  A decrease in  bone mineral density. 
9. An elevated rate of bone turnover. 

92. Diagnosis (b): Tenderness wi l l  be 
found over the femoral neck anteriorly 
( I )  and in  extracapsular fractures over the 
greater trochanter. Pain i s  produced by 
rotation of the hip (2 ) .  Bruising ( 3 ) is a late 
sign in extracapsular fractures, and is absent 
in acute injuries and in i ntracapsular 
fractures. Rarely, with an undisplaced 
fracture, the patient may be able to bear 
weight. 

Prevention: 
I .  The risks or any ageing patient sustaining 
this fracture should be kept in mind, and any 
of the risk factors detailed above (e.g. poor 
eyesight) should be treated as thoroughly as 
possible. Exercise should be encouraged. and 
the patient advised against smoking and h igh 
alcohol consumption. 
2.  Calcium and vitamin D supplements in the 
elderly, especial ly if housebound, are cost
effective in reducing the incidence of this 
fracture. 
3 .  I n  post-menopausal women, HRT 
(hormone replacement therapy) should be 
considered if the patient is known to be 
su ffering from osteoporosis or is otherwise in 
a high risk category. 
4. Where the risks are considered to be 
particularly high, and low bone mineral 
density has been discovered, bisphosphonates 
may be considered. 
5 .  Where the patient is very fra i l ,  and 
particularly if there is any unsteadiness of 
gait. the wearing of padded under garments 
(eg "H ipSavers ' )  has been demonstrated to 
dramat ically reduce the incidence of these 
fractures. 

93. Diagnosis (c): An AP radiograph of the 
pelvis with a lateral of the affected hip are 
best for screening of this area. Generally the 
fracture l ine is obvious but if not, look for 
asymmetry in Shen ton's l ines ( I )  and in the 
lateral, angulation of the head with respect to 
the neck (2) or fragmentation (3 ) .  If there is 
any remaining doubt, a localised AP view 
should be taken: if this appears negative. 
re-examine by M R I  scan after 48 hours, or 
repeat the plain fi lms after 1 -2 weeks. 

9 1 .  Diagnosis (a): I nabi l ity to bear " eight 
after a fal l .  part icularly in  an elderly patient. 
with or without pain in  the hip. i s  most l i kely 
to be due to this common fracture which 
must be excl uded in  every case by 
radiographic examination; fractures of the 
pubic rami  or distal l imb fractures are I ss 
common causes of this primary complainl. 
External rotation of the l imb, sometimes with 
a l ittle shortening. is  a valuable (but no: 
invariable) sign. 

94. lntracapsular fractures: These are 
prone to complications for two clear re,1sons: 
(a) The blood supply to the femoral he<.d may 
be di turbed by intracapsular fractures I ), 
leading to avasc11/ar necrosis. A dynatr ic 
MRI bone scan gives the earliest indic· tion 
of this compl icat ion. Note the main SUJ�ply 
penetrates the head close to the cartilage 
margin (2) and ari es from an arterial n1g 
(3) fed from the lateral and medial fem ral 
c i rcumflex arteries (4 and 5). A small p rtion 
of the head is  inconstantly supplied via the 
I igamentum teres (6 ) .  



95. Complications cntd: (b)  The head 
fragment i s  often a shell containing fragile 
cancellous bone, and affords poor anchorage 
for any fixation device. I nadequate fixation 
may lead to 11011-1111io11. 1ote that any 
connection between non-union and 
avascularity is tenuous - the head is often 
viable in non-union. and avascular necrosis i s  
seen most frequently in united fractures. 

98. Garden Type 3 fractures: Here the 
fracture l ine is obviously complete. There is 
rotation of the femoral head in  the 
acetabulum, i .e .  the proximal fragment is 
abducted and internally rotated. This may be 
apparent from the dislllrbance in the 
trabecular pattern. The fracture is slightly 
displaced. (Garden Type 2 injury is included 
for comparison.) 

FEMORAL NECK FRACTURES - CLASSIF ICATION 

96. Complications cntd: It fol lows that 
complications are most frequent in 
proximally situated and displaced fractures. 
Any disp lacement should be assessed along 
the l ines laid down by Garden which, 
amongst other things. take into account 
disturbance of the weight-carrying trabeculae 
radiating from the calcar femorale. /11 
Garde11 Tvpe I frac111res. the inferior cortex 
is not completely broken. but the trabeculae 
are angulated (abduction fracture). 

99. Garden Type 4 fracture: The fracture 
here is fu l ly displaced, and the femoral head 
tends to lie in the neutral position in the 
acetabulum. (Type 2 injury is  included for 
comparison.) Garden Type 3 and 4 fractures 
of the femoral neck carry the worst 
prognosis. 

97. Garden Type 2 fractures: In Type 2 
injuries the fracture l ine is complete; the 
inferior cortex is clearly broken. The 
trabecular l i nes are interrupted but are not 
angulated. In both Type I and Type 2 
fractures there is no obvious displacement of 
the fragments relative to one another. 

1 00. Garden classification cntd: The 
radiograph shows a typical subcapital 
Garden Type 4 fracture. The femoral head is 
lying in  the acetabu lum in the neutral 
position. 
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1 0 1 .  TREATMENT 

IMMEDIATE MANAGEMENT 

In the in i t ial assessment the following points hould be considered and 
where appropriate, documented: 

I .  Risk of pressure sores: Where this i s  high. a large cell, alternating 
pressure mattress or s imilar pressure-decreasing bed should be used: 
otherwise soft surfaces (e.g. fleeces) should be used to protect the sacrum 
and heels. 

2 .  Hydration and electrolyte balance: Set up an intravenous line and 
in i tiate an appropriate replacement regime.  

3 .  Pain: This should be control led to al low regular changes of patient 
position and reduce immobi l i ty, and hence the risks of pressure sore and 
respiratory complications. Pain relief should be administered prior to the 

X-ray examination. 

4. Core body temperature: Any reduction should be corrected and the 
patient kept warm. 

S. Continence: Catheterisation may be needed if the patient is incontinent. 
6. The patient's mental state, previous mobility and overall function. and 

the social circumstances should also be noted. 
7. The X-ray investigation should be carried out expedi tiously, and i f  

possible the patient should be transferred t o  the ward within a n  hour of 
admission. 

SURGICAL MANAGEMENT 

1 . General principles 

Intracapsular fractures may be treated by : 
1 .  Reduction and internal fi xation; 
2 .  Primary replacement of the femoral head (hemiarthroplasty) ; 
3. B ipolar arthroplasty ; 
4. Total hip replacement; 
S. Conservative measures. 

In the case of young and middle aged adults, most centres advocate closed 
reduction and internal fixation of all grades of intracapsular fracture. (For the 
management of fractures of the femoral neck in children see Frame 1 2  .) 

In the fit, older patient Type 2 fractures are also usually  treated by c losed 
reduction and internal fixation . Type I fractures are generally treated in the 
same way in order to avoid the risks of dis impaction, but in a very few 
centres are managed conservatively, reserving surgery for those cases where 
subsequent disimpaction occurs. 

In the elderly fit patient, internal fixation is usual ly extended to include 
fractures of Types 3 ,  and often Type 4, the view being that if the 
compl ications of a vascular necrosi s  or non-union supervene, that the p tient 
wi l l  be able  to tolerate a secondary procedure (usually a total h ip  
replacement). Where the  risks of ei ther of  the  e complications are 
considered in the otherwise fit elderly patient to be particularly high (e .g .  in  
a badly di splaced, proximally si tuated Type 4 fracture) then a primary t tal 
hip replacement procedure may be considered, although in fractures of the 
hip this procedure carries an i ncreased risk ( L 0-20% risk) of d islocatio . 



W here the patient is less fi t, with a l i fe expectancy of perhaps a few but 
not many years, where there is poor mental alertness, previously reduced 
mobi l i ty from other causes such as arthritis,  and/or the risks of compl ication 
are also thought to be high,  a hemiarthroplasty or b ipolar arthroplasty may 
be considered. In  the case of the hemiarthroplasty, uncemented stems are 
associated with a higher rate of thigh pain, poorer overal l  function, and a 
higher rate of revis ion.  On the other hand, the use of cement may cause 
intraoperative hypotension and elevation of pulmonary artery pressure. The 
risks of these compl ications must be anticipated, and may be reduced by 
lavage of the medullary canal and the use of modern cementing techniques. 

In  the case of unipolar and bipolar arthroplasties, the latter may give a 
marginally better result in the more acti ve patients within the particular 
group where hemiarthroplasty i s  the treatment of choice, espec ially after the 
second year. Many such devices may be converted into a total h ip  
replacement a t  a later elate. In  choosing such  a device care should be  taken to 
select one which does not permit di ssociation of the components should 
dislocation occur. 

2 .  Investigations 

The fol lowing investigations may prove invaluable in assessment and are 
performed routinely in many centres:  I .  A chest racliograph and, i f  there is a 
productive cough, a sputum fi lm and culture ;  2 .  Electrocardiograph;  3. Full 
blood count, with at some stage grouping and cross-matching of blood for 
surgery; 4.  Estimation of the serum urea and electrolytes; 5. Routine charting 
of fluid input and output. 

3. General treatment 

I .  Preliminwy skin traction (3-4 kg) may help to relieve in i tial pain but i ts 
abi l i ty to min imise further di splacement of the fracture has not been 
shown. 

2. Analgesics appropriate to the patient and the level of pain should be 
repeated. Tranquillisers and hypnotics may also be required but 
administered with caution. 

3. Intravenous fluids should be continued, with consideration g iven to any 
concurrent respi ratory or cardiovascular problems. (A raised serum urea 
is clearly associated with a poor prognos is in femoral neck fractures . )  
Whole blood or  packed ce l l s  may be requ i red i f  the  patient i s  markedly 
anaemic.  The type and quantity of replacement are determined by the 
urinary output, the urea, electrolyte and haemoglobin levels, and the 
respi ratory and cardiac state. Oral fluids are encouraged. 

4.  The physiotherapist may give valuable assi stance in  the management of 
the moist chest. 

5. Nursing of the highest standard is required i f, in  particular, pressure sores 
are to be avoided, especially in the heavy patient who is afraid to move 
because of pain .  

6 .  Antibiotics may be prescribed where there i s  a heavy purulent spi t  or frank 
urinary tract infection ; although treatment may be started immediately, 
bacteriological confirmation must be sought. 

While i t  has been establ ished that the mortal i ty rate for operative treatment 
of a hip fracture is h igher where the procedure is not carried out with in the 
f i rst 24 hours, delay is justified if i t  can bring the patient into the opt i mal 
medical state prior to surgery. 
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4. Surgical factors For the lowest mortal i ty and morbidity, the 
fol lowing points should be noted: 
1 .  Both the surgeon and anaesthetist should  be experienced in th is  field .  
2 .  Regional (spinal/epidural) i s  general ly better than general anaesthesia. 
3. Posterior approaches with the patient in the prone posi t ion should 

general ly be avoided. 
4. Antibiotic prophylaxis over a min imum period of 24 hours is 

recommended. 
5. Prophylactic measures against thromboemb I ism should be taken w hen 

appropriate. 

5. Postoperative care 
ln summary, attention should be given to the following:  
l .  Moni tor and rel ieve pain.  
2 .  Give oxygen for the first  6 hours following surgery, and as long as 

hypoxaemia persists (assessed by oximetry ) .  
3 .  Keep the patient well hydrated and correct any e lectrolyte i mbalance or 

anaemia. 
4.  Give postoperative physiotherapy, especial ly i f  there i s  any evidence of 

constrictive airways di sease. 
5 .  Mobi l i se the patient as early as possible, and preferably with in  the fi rst 

24 hours. 
6.  Adopt a mult idiscipl inary approach to the rehabil i tation of the patient. 

6 .  Internal fixation devices A large number of systems have been 
developed for the internal fi xation of intracapsul ar fracture. None meets all 
criteria that are desirable in th is exacting s i tua ·on : some have advantages 
under particular conditions and c ircumstances, and some in others. Most of 
the design problems relate to the softness of t he bone and restricted size f 
the prox imal fragment; it is often d ifficult  to grip it i n  a manner that wi l l  not 
further imperil i ts dubious blood supply, while at the same time holding the 
fragments in  close, rel iable and continuing proximi ty, without penetration of 
the femoral head or extrusion of the device. 

The AO dynamic h ip screw addresses most of the difficul ties encountered 
in th is  exacting area, and it  and i ts variations are in widespread use for the 
treatment of most femoral neck fractures (but see l ater for alternative 
methods). It i s  inserted l ike the majority of de\ ices by a blind procedure, i .e .  
the fracture site is not exposed (although the fracture, its reduction, and rhe 
placement of the device are visual ised with the use of an i mage i ntensifier). 



1 02. The lateral approach for 
blind (closed) nailing procedures: 
The patient i s  placed on an orthopaedic table 
and the feet secured, either with I 0 cm calico 
bandages to the foot platforms ( I )  or by the 
use of foot cases (2). If the fracture is 
displaced i t  is reduced by applying traction 
(3) and internal rotation (in the case of most 
intracapsular fractures) (4). The position is 
checked in  two planes by an image intensifier 
(5). I f  there is  d ifficulty in  abducting the 
sound leg to g ive sufficient access for the 
intensifier head for the lateral, some 

1 03. Insertion of AO dynamic hip 
screw (a): An angle guide ( I )  i s  used to 
position the guide wire at an angle to the 
femoral shaft which corresponds with the 
geometry of the device. The outer bone 
cortex is  dril led and the guide wire (2) is 
inserted; its position is checked in two planes 
with the intensifier. A second guide wire 
(3 )  may be inserted well out of the way 
above the first, in order to steady the head 
and avoid losing the reduction during the 
insertion of the device. 

FEMORAL NECK FRACTURES - TREATMENT II 
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improvemelll may be gained by sl ightly 
dropping the injured leg ( i .e. by extending the 
hip) and raising the other. Alternatively the 
sound leg may be positioned clear of the 
intensifier head by flexing it at the knee and 
hip (6); traction in this position is, however, 
less effective as pelvic t i l ting is unopposed. 
Failure Lo achieve reduction may be regarded 
as an indication for a replacement procedure. 
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The incision is made in the l ine of the 
femur, commencing between the t ip of the 
greater trochanter (7) and the trochanteric 
ridge (8 ) ;  its length is  dependent on the build 

1 04. OHS insertion (b): A device 
( I )  which measures the protrusion of the 
guide wire is used to gauge the length of the 
screw required (usually I 0 mm less than the 
distance between the shaft and the head 
margin) .  The OHS triple reamer (2) is 
adj usted to the size of the screw, and used to 
cut a tapping hole for the screw, a hole for 
the plate sleeve, and a bevel for its shoulder. 
If the bone of the head is dense, it may be 
tapped for the screw. 

of the patient and the size of any plate: small 
can always be extended. The incision is 
deepened through the vastus lateral is :  this is 
reflected wi th a rugine, and the bone exposed 
using spike retractors (9)  which help control 
any bleeding. 

The next stage is  to insert a carefu l ly  
positioned guide wire which is  used to  guide 
the defin i t ive fixation device. Ideal ly  it 
should l ie ei ther centrally or sl ightly towards 
the inferior and posterior parts of the femoral 
neck. and pass through the centre of the 
femoral head ( I  0). 

1 05. OHS insertion (c): The screw ( I )  is 
inserted with a guide (3) and its position 
checked; Aats in  its stem (2) which permit 
sl iding must be al igned with keyways in  the 
plate sleeve. The guide wire is removed and 
the plate driven home with an impactor (4). 
It is screwed to the shaft (5) with AO cortical 
screws. A compression screw (6) which 
threads i nto the stem of the OHS screw and 
abuts on a shoulder (7) in the sleeve may be 
used to draw the fragments together. A screw 
parallel to the main screw may be used to 
prevent rotation. 
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1 06. Aftercare: After surgery fluid and 
electrolytes should be carefu l ly  monitored 
and appropriate pain relief medication should 
be prescribed. G ive oxygen for the first 6 
hours, and thereafter for as long as there is 
pulse oxi metry evidence of hypoxaemia. If 
there i s  constrictive airways disease then the 
patient should have pre- and postoperative 
physiotherapy. 

I n  most cases the patient can be al lowed to 
sit out of bed the clay fol lowing surgery. 
Early ( i .e .  wi th in  the first week) weight 
bearing does not seem to affect the union of 
i ntracapsular fractures i n  a material way, and 
should therefore be encouraged as soon as 
the patient's general condition w i l l  permit .  
Once sound wound heal ing is  underway the 
patient may be allowed home i f  mobi l i ty and 
social circumstances w i l l  al low. A 
domici l iary assessment by an occupational 
therapist i s  often i nvaluable in making a 
decision in th is respect. 

Out-patient attendances (e.g. at 6 weeks, 3 
months and 6 months), with check 
radiographs, should be arranged until the 
patient i s  i ndependent; thereafter, they 
should be seen at i n tervals of 6 months to I 
year for a total of 3 years to allow detection 
of a vascular necrosis, which may be late i n  
declaring i tself. ( Note that i f  a t i tanium OHS 
screw i s  chosen, M R I  scans may be used to 
detect avascular necrosis at an early stage.) 

1 09. Alternative treatments (c): I n  the 
frai l  elderly patient who has a reasonable 
expectation of remaining mobi le for a 
number of years, then a bipolar 
hemiarthroplasty may be considered. Where 
such a procedure is performed the results 
after two years are generally better than 
those following a unipolar arthroplasty. The 
pattern chosen should not al low separation of 
the components shoul d  dislocation occur. 
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1 07. Alternative treatments (a): There 
are many other methods described for f ix ing 
these notoriously d ifficult fracrures. These 
include: ( I )  Moore or Knowles pins (a 
min imum of 3) can be of value in chi ldren as 
they have the least effect on the blood supply 
of the femoral head; (2) Three self-tapping 
parallel screws, inserted percutaneously, are 
often favoured, particularly in  Garden I and 
2 fractures; (3) Two hybrid screws, which 
have extending wings control l ing rotation 
and backing-out, have also been 
recommended for i ntracapsular fractures. 

1 1 0. Alternative treatments (d): A total 
hip replacement is appropriate in the fit older 
patient, particularly with a Garden 3 or 4 
fracture, who has medium or high act i vity 
levels, or previous joint disease, and has a 
reasonable l i fe expectancy. I t  gives better 
results after 3 years than a hemiarthroplasty, 
and is the best treatment for a failed nai l ing .  
There is a 1 0-20% r isk of dislocation, but  i f  
th is i s  isolated a good prognosis can be 
expected. The most important consideration 
is  the patient's fitness for this more major 
procedure. 

1 08. Alternative treatments (b): In a 
fra i l  patient over 65. who is not l i kely to 
have a I ng or very active l i fe, and who as a 
fracture with a h igh risk of non-union or 
a vascular necrosis (e.g. a Garden 3 or 4 
fracture). a hemiarthroplasty may be 
performed, e.g.  w i th a Moore or Thomprnn 
prosthesis ( l l lus.) ;  the latter i s  preferred 
where the calcar femorale is poor. Ceme ted 
stems seem to g ive the best results. A 
Harcl inge approach is recommended. There i s  
a tendency to  late, low erosion of the 
acetabulum. 

1 1 1 . Alternative treatments (e): All 
impacted fractures (Garden I and some 
Garden 2) may be treated conservat i vely,  and 
th i s  i s  an important consideration, espec1al ly 
where i n  an ageing population these fractures 
are on the i ncrease. and where surgical t me 
i s  in heavy demand. Overall a lower 
mortal i ty rate has been c la imed in  those 
treated conservatively as opposed to 
surgically. 
Mel hod: 
I .  The leg is  rested i n  a gutter spl int unti I 
pain settles (usually after about a week). 
2 .  Parti I weight bearing wi th crutches is 
then commenced, and continued for 8 weeks, 
after which full unsupported weight bearing 
may be al lowed. 
3. Check radiographs are taken 2 days after 
the start of mobilisation, and thereafter e very 
2 weeks unt i l  the eighth week. 
4. If the fracture d isi mpacts and becomes 
unstable (a 1 4% incidence only is cla imed) 
then active treatment becomes necessar), 
when a hemi- or total arthroplasty may e 
performed. Dis impaction is seen most often 
in those over 70, especia l ly those in  poor 
general heal th , or i n  the younger patient wi th 
a low l i fe expectancy. The problems of 
prolonged recumbency in the elderly may 
nevertheless fol low this l ine of treatment. 



1 1 2. Complications (a) - Avascular 
necrosis: In most cases, the cause is the 
interruption of the blood supply to the 
femoral head by the fracture. A bulky 
internal fixation device may further disrupt 
the blood supply. It is commonest i n  Grade 3 
and 4 fractures. The onset of pain, l i mp, 
deteriorating function and restriction of 
movements may be delayed for many 
months. X-ray changes usual ly appear with in 
the first year. but  may be delayed for as long 
as 3 years. The whole femoral head may be 
involved with increased densi ty, loss 

1 1 4. Non-union cntd: In the older patient, 
especial ly in the untreated fracture where the 
fracture has come seriously adrift ( I l lus.) ,  or 
where there is pronounced rounding of the 
bone ends, sclerosis, or marked cystic 
changes i n  the neck, prosthetic replacement 
of the femoral head ( hemiarthroplasty), or 
total hip replacement are the treatments of 
choice. A Pauwel's osteotomy is a useful 
procedure both in the young and in the old 
(up to the age of 70) for whom a total h ip  
replacement i s  a fall-back procedure. 
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of sphericity, joint space narrowing and 
secondary OA l ipping. Changes may show 
only in the weight bearing portion of the 
head ( ' superior segmental necrosis " ) where 
there is  a characteristic double break i n  the 
contour of the femoral head. Dynamic M R I  
scans may permit a n  early diagnosis. 
7/-eat111e111: Control mild symptoms with 
analgesics. In severe cases in the young 
patient a MacMurray osteotomy should be 
considered: i n  the older patient a total h ip  
replacement is usually advised. 

1 1 5. lntertrochanteric basal neck 
fractures (a): Fractures of this type 
occurring at the base of the neck have the 
fol lowing points in their favour I .  They are 
extracapsular, and in the adult are not 
associated with a vascular necrosis .  2. 
Because of the size of the neck and head 
fragments, good internal f ixation can usua l ly  
be achieved; non-union is extremely rare, 
and early weight bearing after internal 
f ixation is  usua l ly possible. 

1 1 3. Complications (b) - Non-union: 
This i s  most often seen in Grade 3 and 4 
fractures, especial ly if missed or where the 
qual i ty of fixation has been poor. In  the 
younger patient. even where the d iagnosis is 
late (e.g. at 6 months) internal fixation and 
bone grafting (e.g. with a Dynamic Hip 
Screw and fibular graft) may be considered. 
and in some quarters pri111a1y treatment with 
pinning and grafting is  recommended for 
high-risk fractllres. 

1 1 6. lntertrochanteric basal neck 
fractures (b): Operative 1reatme111: The 
patient is placed on the orthopaedic table, 
and if the fracture is  displaced, traction i n  the 
neutral position wi l l  generally achieve 
reduction. The proximal femur is exposed as 
previously described, and the fracture 
secured either with a Dynamic Hip Screw 
and a long (e .g .  7-holed) plate, or a one-piece 
blade or nail plate. 
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1 1 7. lntertrochanteric basal neck 
fractures (c): Aftercare: I .  The patient can 
usually be al lowed to sit out of bed by the 
second day. 2. St i tches are removed about the 
I 0th day. 3 .  I f, as i s  usual, good fixation of 
the fracture has been obtained, the patient 
can be gradual ly  mobi l i sed during the first 
week. Full weight bearing is  often achieved 
within the first 3 weeks. 4. The patient is 
discharged home as soon as a satisfactory 
level of independence has been regained. 5 .  
Thereafter the patient attends as an outpatient 
at intervals of 4-6 weeks. 6. As soon as 
check radiographs show sound union of the 
fracture, the patient may be d ischarged from 
further attendance (again assuming a good 
functional result ) .  The f ixation device is not 
removed unless the patient is young (e.g. 
under the age of 45) or the device is  g iving 
rise to symptoms. 

1 20. Treatment cntd: In the unstable 
fracture (3 in  Frame 1 1 8 and I l lus . ) ,  i t  is 
d ifficult to obtain strong reliable fixation. 
The stresses on any fixation device are h igh, 
and mechanical fai lure is  common. A 
Dynamic Hip Screw wi th a long plate is 
nevertheless often successfu l ,  and this may 
also be used in fractures invo lv ing the 
proximal femur, espec ial ly in conjunction 
with neutral is ing screws. 

1 1 8. Pertrochanteric fractures (a): 
These lie distal to the in tenrochanteric l ine, 
and several pallerns are common (see the AO 
classification on p. 30 1 for fu ller detai ls) .  
The fraclllre I i  ne may pass through the mass 
of the greater trochanter and run to the lesser 
trochanter with (2) or without ( I )  its 
separation. I t  is often highly fragmented, 
with separation of the greater and usually the 
lesser trochanter (3). lt may be continuous 
wi th a spiral fracture of the prox imal femoral 
shaft (4). 

1 2 1 .  Treatment cntd - Alternative 
fixation devices (a): The Gamma nai l ,  
I l l us . ,  (or  Richards hip screw), used for 
pertrochanteric and prox imal subtrochanteric 
fractures, has an IM nail ( I ), angled (2) to 
sui t  the prox imal femoral canal , and a lag 
screw (3) .  A sleeve (4) with keyways for the 
lag screw is held with a set screw (5) .  
Rotation of the IM nail i s  prevented with 
distal locking screws (5 )  located wi th a j ig, 
and the fragments can be compressed with a 
compression screw (6). Fraclllre distal to the 
nail tip may occur with these devices. 

1 1 9. Pertrochanteric fractures (b): 
Treatme/I/: Where there is  l i tt le or no 
fragmentation (as i n  I & 2 in  Frame 1 1 8) .  
stab i l i ty i not a problem, and a Dynamic Hip 
Screw with a long plate w i l l  g ive adequate 
fixation. If  the fracture requires pre l imin ry 
reduction on the table, analysis of the 
radiographs wi l l  indicate whether the l imb 
should be internal ly rotated, externally 
rotated, r placed in the neutral position. 
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1 22. Alternative fixation devices (b): 
Where more of the proximal shaft is 
involved. a blade plate ( I )  or 95° Dynamic 
Condylar Screw may be used. With furthe r  
involvement o f  the shart, a Russel l-Taylor 
reconstruction ( locking) nail (2) offers 
considerable versat i l i ty. This has slots 
distal ly for 6.4 mm locking screws (3). T he 
prox i mal end accept 6.4 mm (4) and 8 nm 
(5)  cancellous screws. A nail locking scrt:w 
(6) is available. It is of value in pathological 
subtrochanteric fractures in tumours and in 
ipsi lateral shaft fractures. 



1 23. Alternative fixation devices (c): 
Schanz screws ( I )  in combination wi th an 
external fixator (2) are of part icular value in 
the management of open injuries in th is 
region. This treatment i s  a lso advocated in  
many closed fractures, especial ly where 
resources are low. Surgical trauma and blood 
loss are minimal ;  the technique is 
straightforward, quick and inexpensive, and 
mobi l isation on crutches. non-weight 
bearing, can usually be started after 48 hours. 
The average time to union is  1 6  weeks. 

1 26. Subtrochanteric fractures: 
Fractures at this level are often pathological 
(e.g. from metastases). If the patient's 
general condition is  very poor, pain re l ief 
may be obtained by traction in a Thomas 
splint ( I l lus . ) .  In all other cases, internal 
fixation is advocated wi th, for example, a 
Russel l-Taylor reconstruction nai l .  Where 
there is a large osteolytic defect, acry l ic  
cement packed in to  i t  w i l l  g ive  much 
additional support to the internal fixation 
device, and immediate mobil isation may be 
possible. 

EXTRACAPSULAR FRACTURES - TREATMENT 

1 24. Conservative treatment: As union 
is  seldom a problem in intertrochanteric and 
pertrochanteric fractures. they can be 
successful ly treated by bed rest and traction. 
A Thomas splint may be used if  desired for 
additional support. This form of treatment 
may be adopted if, for example, the patient is 
unf i t  for anaesthesia, or there are problems 
with other injuries; the risks must outweigh 
the advantages of early mob.ilisation. 

1 27. Trochanteric fractures: Isolated 
fractures of the greater ( I l lus.) or lesser 
trochanters may result from sudden muscle 
contraction (avulsion or gluteus mecli us, or 
i l iopsoas i nsertions). Fractures of the greater 
trochanter may also result from direct 
violence. Symptomatic treatment only is 
required, and the patient may be mobi l i sed 
after a few clays· bed rest. 

1 25. Aftercare in pertrochanteric 
fractures: In stable fractures (e.g. I & 2 in 
Frame 1 1 8 )  wi th high qual i ty internal 
fixation, the patient may be mobi l ised early, 
wi th weight bearing at any stage. In less 
stable injuries the decision when to permit 
weight bearing i s  even more dependent on 
the rigidity of the form of fixation employed. 
In the very unstable fracture premature 
weight bearing may lead to mechanical 
fai lure of the internal fixation device, and it 
is often wise to advocate non-weight bearing 
w i th crutches unti l  cal lus appears and is seen 
to be offering appreciable local reinforcing 
support. 
Co111plica1 io11s: The commonest 
complication is  fai l u re of fixation, with the 
hip drifting into coxa vara ( usually secondary 
to cutting out of the fixation device). I f  this 
occurs before much cal lus has appeared. i t  
can  usually be  corrected by returning the 
patient to bed and applying skeletal traction 
of· 5-7 kg. This is maintained unt i l  union is 
established. A l ternatively, a further attempt 
at internal fixation may be made. If coxa vara 
is  discovered late, the position has usually to 
be accepted. In some cases a correct ive 
osteotomy or a h ip replacement procedure 
may have to be considered. 

1 28. Fractures of the femoral neck in 
children (a): These uncommon injuries 
result from severe violence, and have been 
c lassi fied by Deibel into 4 types: 
Type I: Subcapital (trans-epiphyseal) 
Type I I :  Transcervical ( I l lus .)  
Type I I I :  Cervicotrochanteric (basal) 
Type I Y: Pertrochanteric. 



HIP SPICA APPLICATION 

1 29. Fractures of the femoral neck in 
children (b): 
Type I: Subcapital: These are fracture
dislocations with the capital epiphysis being 
extruded from the joint. A vascular necrosis is 
virtual l y  inevitable. 
Trearme111: I n  a child under I 0, manipulative 
reduction should be atte111pted, followed by 
the application of a hip spica. In the older 
child, or where closed reduction fai ls ,  open 
reduction and in ternal fixation with 
transepiphyseal pins should be carried out. 

Type II: Transcervical: This i s  the 
commonest injury. If undisplaced, avascular 
necrosis i s  uncommon, but i f  d isplaced the 
incidence is  very high (60%). 
Treatme111: I f  the fracture is undisplaced and 
the chi ld i s  under I 0, a hip spica should be 

1 30. Hip spica application: I. The chi ld 
should be sedated, and whi le st i l l  in bed, 
apply stockinet in  sections to the affected leg 
( fro111 the toes to the knee). to both thighs, 
and to the trunk (St) . Now get ready a 
nu111ber of plaster slabs: (a)  3-4 slabs 
( 1 0- 1 5  c111 (4"-6") wide) sufficient in length 
to encircle the trunk, and meet in  the 111 idl ine 
anteriorly; ( b )  Anterior and posterior slabs 
( I  0 c111 (4")), stretching from the toes to the 
level of the n ipple l ine on the affected side; 
(c) Anterior and posterior slabs for the good 
side, stretching from above the knee to the 
nipple l ine; (d) A groin reinforcing slab for 
each side ( 1 0- 1 5  cm (4"-6")): each slab 
should run in  a spiral d irection from the 
lower abdomen near the midl ine round the 
lateral, posterior and medial aspects of the 
thigh. Also cut to length a piece of wooden 
(or plastic) dowel l ing, e.g.  a broom handle, 
approximately 2.5 cm ( I ") in diameter, to 
stretch from mid tibia on the affected side to 
mid thigh on the other ( D) .  This, by 
triangulation, improves the strength of the 
cast enormously, and later can serve as a 
handle to help l i ft the chi ld. 

applied and maintained until the fracture 
has uni ted. ln the older chi ld imernal 
fixation which does not transgress the 
growth plate should be considered (e.g. with 
a small h ip screw, multiple cancellous 
screws or Knowles pins; the latter have the 
disadvantage of not offering any 
compression) .  If the fracture is displaced, 
manipulative reduction and internal fixation 
may be required. Capsulotomy is sometimes 
advocated in  an effort to reduce 
intracapsular pressure and diminish the risks 
of avascu lar necrosis. 

Type III: Cervicotrochanteric: In these 
injuries (and also in Group IV fractures) the 
inc idence of a vascular necrosis is lower, but 
coxa vara and non-union may occur. 
Treatll/e111: Treat as Group I I  injuries. 
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2. Now transfer the chi ld to an orthopaedic 
table equi pped with a chi ld's pelvic rest (R )  
and  perinea! post ( PP). The table should be 
adjusted so that the trunk below the scapulae 
is clear (T). The legs must be supported in 
such a way that movement (and the risk of 
cracking the plaster) i s  minimised. This may 
be done with a separate assistant to hold each 
leg. Alternatively, support each leg with wool 
bandage ( B )  sl ings tied to a scissors fitment 
( S )  attached to a pole inserted in the perinea! 
post. (After the cast has been applied and has 
set, the s l ings are cut Aush with the plaster 
and a few turns of plaster bandage used as a 
local reinforcement . )  
3 .  Apply wool roll generously to cover all 
areas. I n  the older or very thin chi ld the bony 
prominences may be f i rst protected with fe lt  
pads in the same areas as recommended for a 
plaster jacket (see p. 57) .  
4. Now apply plaster bandages, thoroughly 
covering the entire area to be incorporated in 
the plaster. For best results, and to avoid 
problerns with prernature setting, i t  i s  best to 
have two staff applying the bandages, and 
two dipping. Then apply the slabs, starting at 

Type IV: Pertrocha.nteric: The defonni tv 
should be controlled by skin traction for 3-4 
weeks unt i l  ca l lus  begins to appear, and then 
a hip spica should be applied and maintained 
unt i l  union is  complete. Over the age of I J 
internal fi �ation rnay be considered, and 
some advise that in th is  age group a prirn ·y 
subtrochanteric osteotorny lessens the risks 
of non-union and coxa vara. 
Complications 
Avasrnlar necrosis: The extent i s  h ighly 
variable, ancl the fracture should be treated 
expectantly. Sometimes a hip fusion may 
have to be considered. 
No11-u11ion: A subtrochanteric osteotomy, 
usual ly using some forrn of i nternal fi xation. 
is generally successful in achieving unio1;. 
Coxa vara: This may be treated wi th a 
corrective osteotorny. 

the trunk: one operator holds one end of the 
slab, and passes the other under the pati nt 
to the other operator: the slab is then 
stretched and wrapped round the trunk,  
rneeting i n  the mid l ine. The anterior slabs 
rnay be passed between the verticals from 
the sl ings. Girdering rnay be used to 
re inforce the groin area. After a l l  the slabs 
have been applied, apply the finishing layers 
of plaster; cover the dowel wi th  a layer of 
plaster and anchor i ts ends with a figure of 
eight of plaster bandages ( U) .  Throughout 
the appl icat ion of the plaster, stop frequently 
to smooth down and consol idate the layers. 
Now cut any suspen ion bandages and make 
good any local defects; remove the periP ea l  
post, and tr irn the cast in the perinea! ar a in  
the front (F); turn back the stockinel in  z.11 
areas. and secure with a few turns of 
bandage (G) .  
5 .  Transfer the  patient back to  bed, to  l ie on 
pi l lows supporting the plaster during the 
drying out period. At a later stage trirn tl·e 
cast generously posteriorly, and protect tne 
raw plaster with waterproof adhesive tape to 
prevent soi l ing. 



AO CLASSIFICATION - FEMUR, PROXIMAL SEGMENT 

FEMUR,  Proximal Segment : 31 - 1 3 1 .  AO classification of fractures of 
the femur, proximal segment (3 1 -): 
Type A fractures involve the 1rochanteric 
area (bounded by the inlertrochameric l ine 
and the l ine separating the diaphysis from the 
prox imal segment. at the level of the distal 
I i  mil of the lesser trochanter). 
A I = Simple frac!Ures beginning anywhere 
in  the region of the greater 1rochanter, and 
ending above or below the lesser trochanter: 
. I the fracture runs along the 
i ntertrochanteric l ine: .2 i t  passes through the 
greater lrochanter: .3 i t  passes below the 
lesser trochanter. 
A2 = Mult i  fragmentary fractures starting 
anywhere on the greater trochanter and 
running into the rnedial cortex which is 
broken al 1wo levels: . I with one 
i nterrnediate fragrnem: .2  with several 
intermediate fragments: .3 with the rnedial 
border of the fracture extending rnore than 
I crn below the lesser trochanter. 
A3 = The fracture l ine extends from below 
the greater trochanter to above the lesser 
trochanter: . I s irnple oblique: .2 sirnple 
transverse: .3 rnult ifragrnentary. 
J N01e: Avulsion fractures of the greater and 
lesser trochanters cannot be classi fied with 
other Type A fractures, and have a separate 
classification. namely 3 1 -D 1 .  J 
Type B fractures involve the femoral neck. 
8 I = M inimal ly d isplaced subcapital 
fractures: . I impacted with 1 5° or more 
valgus: .2 impacted wi th less than 1 5° of 
valgus; .3 non-impacted fractures. 
82 = Transcervical fractures: . I basal: 
.2 adduction pattern: .3 shear pallern. 
83 = Displaced subcapital fractures: 
. I moderate varus displacement with external 
rotat ion; .2 moderate d isplacement with 
shortening and external rotat ion: .3 marked 
d isplacement. 
Type C fractures involve the femoral head; 
they are rare, and are general I y seen as a 
complication of posterior dis location of the 
hip .  
CI = Spl i t  fractures: . I avulsion of the 
l igamentum 1eres: .2  with detachment of the 
l igamentum 1eres: .3 with a large fragment. 
C2 = Depressed fracture of the head: 
. I posterior superior: .2  anterior superior; 
.3 depression with a spl i t  fracture. 
C3 = Frac!Ure of the head and the neck: 
. I split fracture wi th a lranscervical fracture: 
.2 split fracture with a subcapital fracture; 
.3 depressed fracture with a fracture of the 
neck. 
No1e: I .  The dist inction between fractures in 
Type 8 is somewhat arbitrary as the great 
majority of fractures within this group are of 
a common panern. the apparent radiological 
d ifferences being due to di fferences in 
posit ioning or projection. 
2 .  The AO group observe the following 
approximate equivalents with the Garden 
Classification: 
Garden I = 3 1 -8 1 .2 
Garden 2 = 3 1 -B 1 .3 
Garden 3 = 3 1 -83 . 1 
Garden 4 = 3 1 -83.2 or 3 1 -83 .3  



SELF-TEST 

SELF-TEST 

1 32. Following a head injury and a 
dislocation of the hip which was reduced by 
manipulation, this patient complained of 
persistent pain and stiffness in the h ip. What 
i s  the cause of this? 

1 35. This radiograph is of a chi ld who 
complained of pain in the h ip and inabi l i ty to 
weight bear after a fal l  from a tree. What 
injury is  present, and what complications 
might ensue from this? 

1 33. Nine months after internal fixation of a 
femoral neck fracture by a trifin nail this 
patient complained of pain in his hip. 
(a) What i s  the source of his complaint? 
(b)  What was the level of the fracture? 
(c) Has it united? 
(cl) What deformi ty of the femoral neck 
existed before the injury? 

1 36. What does this radiograph show? How 
would you treat this? 

1 34. This radiograph is  of a young man who 
was complaining of severe pain in the h ip 
and d ifficu l ty in  weight bearing after a 
sudden sprint whi le playing footbal l .  Wh.1t 
abnormality is present? 

1 37. What pathology is  presem, and ho" 
has it been dealt with? 



1 38. What fracture has occurred here? What 
treatment has been carried out? What i s  the 
resul t? 

1 39. What complication is present i n  this 
untreated i ntracapsular fracture of the 
remoral neck') 

SELF-TEST • 

1 40. What injuries are present? How might 
this be treated? 

1 4 1 .  What is  this fracture? What complication may be present? 1 42. What injury is  present? 



SELF-TEST 

143. What abnormality is present? Assuming this is the only injury, 
how would you treat i t? 

1 45. Describe this injury in a child of six .  
How might i t  be treated? 

1 44. What class of pelvic fractur is showing in  this radiograph? 

1 46. What class of pelvic fracture is  showing in  this radiograph? 



ANSWERS TO SELF-TEST 

1 32. Myositis ossificans. 

1 33. (a) Avascular necrosis with bone collapse. 
(b) Subcapital. 
(c) Yes. 
(d) Coxa valga (secondary to pol iomyel i t i s ) .  

1 34. Avulsion fracture of the anterior inferior i l iac spine ( rectus 
femoris). 

1 35 .  Del bet Type 1 1  l (cervicotrochanteric or basal) fracture of the 
femoral neck with displacement. Possi ble complications include 
avascular necrosis. delayed or non-union. and coxa vara. 

1 36. There i s  a multi locular cyst involving the femoral neck and 
prox imal femoral shaft, with a fracture running across it. This is an 
unclisplacecl (as yet) extracapsular fracture of the femur in a case or 
fibrous clysplasia. The diagnosis wou ld have to be confi rmed by biopsy: 
normally the area would be cureued, packed with bone chips. and the 
fracture secured with a Dynamic Hip Screw and long plate. or a blacle
plate. 

1 37. S l i pped proximal femoral epiphysis. There is some persisting 
deformity. The position has been accepted (a  lateral would be required 
to confirm the extent of the s l ip) and held with three pins, one or which 
may be penetrating the head. Screw f ixation might be a preferable 
procedure. 

1 38. This is an unstable pertrochanteric fracture which has been 
treated with a one-piece nail-plate device. This has broken (clue to the 
severe stresses it has been subjected to). but the fracture has gone on to 
unite. albeit in coxa vara. 

1 39. Non-union. 

1 40. There is an obvious dis location of the hip. I n  addition there is a 
fracture of the floor of the acetabulum. Further racl iographs and a CAT 
scan would be required to clarify the extent of the latter, but the 
impression is of a comparatively undisplaced transverse fracture 
through the acetabular floor. Assuming this i mpression is confirmed. 
the d islocation would be reduced by manipulation; the acetabular 
fraclUre would then be reassessed by a postoperative CAT scan: if 
d isplacement of the fracture is  min imal. then conservative management 
with traction and early h ip  movements would be advocated. 

1 4 1 .  This is a quadripartite (butterfly) fracture of the pubic ram i :  there 
is risk or damage to the urethra or bladder. 

1 42. This shows a posterior d islocat ion of the hip which was unstable 
due to an associated fracture of the acetabular rim: the fragment in 
question can be seen ly ing in proximity to the upper and outer quadrant 
of the femoral head. The h ip  was reduced, and to maintain the 
reduction, the rim fragment had to be exposed through a posterior 
approach and screwed back into posit ion. 

1 43. There is  a symphyseal separntion of just under 2.5 cm. This 
should be treated by bed rest unti l  the pa in  settles. The separation 
should be moni tored by repeated radiographs. and more active 
treatment pursued (e.g. with the use of an external fixator or by internal 
fixation) should deterioration occur. 

ANSWERS TO SELF-TEST 

1 44. Exami nation of the symphysis shows a degree of overlap. The 
sacro i l iac joints appear intact, but there is a fracture involving the blade 
01· the pelvis and the noor of the acetabulum on the right; the 
hemipelvis is displaced proximal ly. This i s  a Tile Type C3 injury. 

1 45. There is an undisplaced crack fracwre of the femoral neck in a 
chi ld ( Deibel Type I I  injury) .  This may be treated by the application of 
a hip spica. 

1 46. The right hemipel v is  i s  vertically and rotationally unstable. but 
the acetabulum is  intact: this is therefore a Ti le Type CI fracture. After 
successful resuscitation the injury was treated by open reduction and 
held with long cance l lous screws and reconstruction plates. 
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FEMORAL SHAFT FRACTURES - GENERAL PRINCIPLES 
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1 .  Classification: I n  the AO classification 
system the femoral shaft i s  def ined as in 
effect stretching between the inferior margin 
of the lesser trochanter (proximal segment) 
( I )  and the upper border (2) of a square 
containing the distal end of the femur (the 
distal segment). For descriptive purposes the 
shaft (or diaphyseal segment) may in turn be 
divided in to proximal (3), middle (4). and 
distal th irds (5). The proximal th ird i s  
sometimes referred t o  a s  the subtrochanteric 
zone. 

4. Diagnosis: This seldom presents any 
d ifficulty; weight bearing is  impossible and 
there is abnormal mobi l i ty in  the l imb at the 
level of the fracture. The leg is often 
external ly rotated, abducted at the hip, and 
shortened. Radiographs confirm the 
diagnosis. It i s  most i mportant to exclude 
fracture of the patella, dislocation of the hip, 
fracture of the neck of the femur, and 
acetabular fracture; only good qual i ty 
radiographs should be accepted. 
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2. Causes of fracture: Considerable 
violence is usually required to fracture the 
femur, and the common causes include road 
traffic accidents, fal ls from a height, and 
crushing injuries. Pathological fractures may 
also occur: the commonest cause is senile 
osteoporosis but metastatic deposits, 
especial ly in the subtrochanteric region, are 
frequently seen ( I ) . Stress concentrations and 
bone erosions at the stem ends of prostheses 
may also be responsible (2) .  

5. Conservative treatment: Femoral 
shaft fractures are frequently treated 
conservatively, and the first principle to 
appreciate is that the large muscle masses of 
the quadriceps ( I )  and hamstrings (2 )  tend to 
produce displacement and shortening (3 ) .  
Traction can overcome th is ,  and is the basis 
of most conservative methods of treatment. 
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3. Fluid loss: In a closed fracture, loss of 
half to one l i t re of blood into the tissues, with 
accompanying shock, is common. Fractures 
open from within out occur classically in rhe 
proximal  th i rd. B lood replacement is ofien 
required in closed fractures, and normally 
essential in open ones; grouping, cross
matching and setting up of an in travenous 
l ine should be done routinely (except in 
chi ldren). l n  the transport of patients to 
hospital, temporary splintage w i l l  help 
reduce local bleeding and shock. 
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6. Traction methods - (a) Skin traction: 
Skin traction with adhesive strapping, i; used 
in  chi ldren and young adults. There are 
occasional problems with skin sensit iv i 1y and 
pustular i nfections under the strapping. 
( Non-adhesive tapes may sometimes be used 
for shon periods of l ight traction.) 
(b) Skeletal traction: Skeletal traction 
using a Steinmann pin through the tibia: 
tuberosity is preferred in the older patient 
with inelastic skin and where heavy trac tion 
is  required. There are occasional problems 
with pin track infections. 



7. Applying skin traction (a): With the 
exercise of care and gentleness this can 
usual ly  be done wi thout an anaesthetic. ( I )  
Begin by shaving the skin.  (2 )  I L  is Lhen 
tradi t ional to swab or spray the skin with a 
111 i lclly antiseptic solution of balsa111 of Peru 
in alcohol. This 111ay fac i l itate the adhesion 
of the strapping. 

1 0. Applying skeletal traction (a): The 
preferred s i te i s  the upper t ibia a l i t t le under 
2 c111 ( I ") posterior LO Lhe pro111 inence of Lhe 
L i  bi al tuberosity ( I ) . IL i s  i111porLanL Lo avoid 
the knee joint, and the growth plate in 
chi ldren: so begin by carefu l ly  ident i fy ing iL 
by flexing Lhe knee (2) ,  noting its 
relationship to Lhe Luberosi ty (3). If a general 
anaesthetic i s  not employed, in f i ltrate Lhe 
skin and tissue down Lo periosteum with 
local  anaesthetic (e .g.  2-3 mL of I %  
l ignocaine) (4). 

FEMORAL SHAFT FRACTURES - TRACTION 

8. Applying skin traction (b): 
Commercial traction sets use adhesive tapes 
which can stretch fro111 side Lo side but not 
longitudinally. They co111e supplied wi th 
traction cords ( I )  and a spreader bar (2)  with 
foa111 protection for Lhe 111a l leol i (3 ) .  Begin 
by applying the tape Lo Lhe 111edial side of leg 
- do this by peeling off the protective 
backing wi th one hand (4) while pressing Lhe 
Lape down and advancing Lhe other (5) .  

1 1 . Skeletal traction (b): Now 111ake a 
small incision in the skin ( I )  enough Lo Lake 
Lhe traction pin only; insert iL unt i l  Lhe point 
strikes bone. Drive the pin through Lhe lateral 
t ibial  cortex by applying firm pressure and 
twist ing the chuck handle (2 ) .  You should 
feel i t  penetrate the outer cortex and pass 
qu ickly with l i tt le resistance t i l l  it meets Lhe 
111ed ial conex. Stop aL this stage. 

9. Applying skin traction (c): The leg is 
internal ly rotated and Lhe tape applied to the 
outside of Lhe leg. preferably a l iule 111ore 
posterior than on Lhe 111ed ial side. The tapes 
shou ld ex Lend up the leg as far as possible, 
i rrespect ive of Lhe site of the fracture. Now 
apply traction Lo the leg (6) and finally secure 
Lhe tapes throughout their length w i th 
encirc l ing crepe bandages (7 ) .  

I I 
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1 2. Skeletal traction (c): In f i ltrate the 
skin down Lo periosteu 111 on Lhe medial side, 
using the l ie of the pin Lo guide you to the 
expected ex i t  area (3 ) .  Drive Lhe pin through 
the medial cortex, and 111ake a small incision 
over the Lenling skin to a l low i t  to come 
through. Protect the openings with gauze 
strips soaked in  NobecutaneTM or a s imi lar 
sealant (4). Try to insert the pin at right 
angles to Lhe leg. 



FEMORAL SHAFT FRACTURES - THOMAS SPLINT 

1 3. Traction systems - Skin traction in 
a Thomas splint (a): The most i111ponant 
decision in  selecting a Thomas splint is the 
ring size. To save t ime (e.g. before 
anaesthesia) the un injured leg 111ay be 
111easured ( I ), and an al lowance of 5 c111 
111ade for swel ling, present and anticipated. I t  
is nevertheless wise to have readi ly available 
a size above and below the estimate in  case 
of inaccuracies. 

1 6. Thomas splint (d): The s l ing placed 
directly beneath the fracture (5) should 
preferably be unyielding, and one of canvas 
with web and buckle fastenings (4) is often 
favoured in this situation. it is custo111ary to 
apply the splint with the master s l ing in 
position; the other s l ings are then attached 
and adjusted to the contours of the l i 111b. Less 
satisfactorily, perhaps, the splint is applied 
with all the sl ings already in  position. 

1 4. Thomas splint (b): Anaesthesia will be 
required in the adult. Applying traction with 
one hand on the spreader bar (2) the selected 
splint is pushed up the leg (3) .  It should 
reach the ischial tuberosity (or 111ore l i kely 
the perineu111) and it should be possible to 
pass one finger beneath the ring round i ts 
complete circu111ference. ff the ring is too 
large or too s111al l ,  111aintain traction while 
the next size is tried. 
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1 7. Thomas splint (e): Calico and canvas 
s l ings can drift, separate, or ruck, and 111any 
prefer the s111oothness of an unbroken 
circular bandage, stretched in  double 
thickness over the splint (e.g. Tubigrip

.
.-.1) 

( I ) .  This has the disadvantage of 'waisting' 
the spl int (2), being less than fir111 under the 
fracture and tending to drift distally ( 3 ) .  The 
last 111ay be prevented by anchoring it to the 
ring with ribbon gauze or bandage (4). 

1 5. Thomas splint (c): The choice of soft 
furnishings and their 111ethod of application is 
often 111ade with a fanaticis111 that 111ay amaze 
the uncommitted. S l i ngs to bridge the side 
irons 111ay be for111ed fro111 strips of 1 5  cm 
(6") wide calico bandage ( I ) . I t  i s  traditional 
to secure these with large safety pins ins rted 
fro111 below, close to the outer iron (2) .  
Sometimes spring c l ips are used. A double 
bandage thickness ensures greater rigidity 
(3 ) .  
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1 8. Thomas splint (f): If 111u l tiple s l ings 
are used. any tendency for the111 to separate 
111ay be mini 111i sed by pinning each to it; 
neighb ur ( I ); any tendency to distal dri ft 
may be prevented by attaching the top sl ing 
to the posterior half of the ring. A layer of 
wool should be placed between the s l ings  
and the l i 111b to smooth out  any unevennoss 
(2) ( not necessary with circular woven 
bandage). In al l cases. a large pad (e.g. c f  
ga111gee) should be placed directly bene· th 
the fracture to act as a fulcrum. 



1 9. Thomas splint (g): Ln long obl ique 
fractures and those with apposit ion. no 
manipu lation w i l l  be needed and the traction 
system may be completed by, for example, 
tying the cords to the end of the splint ( I ). 
The convention of passing the medial cord 
under the corresponding iron helps to control 
the tendency to lateral rotation (2) .  A Chinese 
windlass (of spatulae or a metal rod) may be 
used to take up slack (3) .  

1 

22. Thomas splint (j): After the traction 
cords have been attached, the encl or  the 
splint can be raised temporari ly on a p i l low 
( I )  whi le the limb is  bandaged to the spl int ,  
using, for example, 15 cm (6") crepe 
bandages (2) .  Note gamgee or wool padding 
behind the fracture to act as a fulcrum ( 3),  
behind the knee to keep i t  i n  sl ight nexion 
(4), and along the shin to avoid sores (5) .  

FEMORAL SHAFT FRACTURES - THOMAS SPLINT 
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20. Thomas splint (h): Where skeletal 
tract ion is being used a metal loop ( 4) 
(Tul loch-Brown loop) al lows a d irect pull to 
be made in the l i ne or the l imb. The loop 
may be tied to the encl of the Thomas splint 
( 5 ) and tensioned with a windlass as 
previously described (6).  A stirrup (7) may 
be employed to prevent springing or the 
loop. Protect the sharp ends or the pin with 
caps (8). 

3 i 

4 

2 1 .  Thomas splint (i) - Manipulation: 
With the exception of the young chi ld .  
manipu lation is advisable i f  there is  loss of 
bony apposit ion. With the spl int in position, 
but unanached, an assistant applies strong 
traction ( I )  whi le pressure is  applied in the 
directions deduced from the radiographs (2) .  
When the traction is eased off. the l imb 
remains the same length if  a h i tch has been 
obtained ( 3 )  but telescopes if not (4) .  

23. Thomas splint (k): The system described is  normal ly referred to as f ixed traction i n  a 
Thomas splint . The basic principles are straightforward, but it is important that they are 
thoroughly understood. Muscle tension (mainly quads and hams) tends to produce shortening 
( I ) : this can be overcome by traction. for example through a Steinmann pin (2) aided by a loop 
and traction cord ( 3 ) .  1 1· 1he traction cord is  tied 10 a ringless Thomas splint, the reduction is 
maintained so long as a pull is kept on the cord (4); redisplacement occurs if the cord is 
released (5). This proximal migration is normally prevented by the ring (6) so that the reduction 
is maintained even when the traction cord is released (7 ) .  Note that muscle tone = tension i n  
traction cord = ring pressure. 
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24. Thomas splint (I): The pressure of the 
ring of the Thomas splint tends to produce 
sores ( I )  (especial ly in the perinea I, groin 
and ischial tuberosily regions) and must be 
relieved ( 3 ) .  This is done by applying 
traction (c. 3 kg/8 lb) to the anchored cords 
(2) .  I f  ring pressure is unrelieved, increase 
1/ie 1rac1io11 weig/11s. 
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27. Thomas splint (o) - Supporting the 
splint (ii): Some prefer a l i vely system 
which can be achieved in various ways, e.g. 
by weights and a system of pulleys ( I ) . The 
suspension cord may be arranged in Y
fashion to straddle both irons of the Thomas 
splint (2) .  Support for the proximal end of 
the splint ( 3 )  i s  less clearly an advantage 
al though often pursued - i t  may cause extra 
pressure beneath the ring (4). 

4 5 
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25. Thomas splint (m): The traction 
weights have a tendency to pull the patient 
down towards the foot of the bed (4). This 
may continue till the splint comes to rest on 
the traction pulley (5 ) .  This may be 
countered if  i t  becomes a problem by raising 
the fool of the bed (6), when the traction 
weight is balanced by the upward component 
of the patient's body weight (7) .  

' 
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28. Thomas splint (p) - Supporting the 
splint (iii): Another form of l ively splint 
support ( ' the octopus ' ) consists of elastic 
Bunjee cord ( I ), which can be ad justed with 
tensioners (2). The cords are attached to the 
splint with G-cramps (3) and to cross 
members of the Balkan beam (4) by means 
of a bar (5) along which a pulley (6) i s  free to 
move, allowing easy movement up and down 
the bed (7) .  

26. Thomas splint (n) - Supporting the 
limb and the splint (i): To allow the 
patient to move about the bed and prevent 
pressur on the heel, it is desirable to support 
the splint: this may be done most si mply by 
tying a cord from the end of the splint to an 
overhead bar of the Balkan beam bed. T e 
position of the suspension cord may be 
adjusted from near the midl ine to either side. 
( I l l us. : Lateral attachment to control external 
rotation . ) 

29. Thomas splint (q): Check radiographs 
should be taken after the application of a 
Thomas spl int, after any major adj ustment, 
and thereafter at fortnightly intervals t i l l  
union. 

Corrections: ( i )  lf there is persistent 
shortening ( I )  tighten the windlass in a fixed 
traction ystem (2) .  This wi l l  inevitably 
increase ring pressure, and must be 
compen;;ated by increasing the traction 
weight ( 3 ) . (Soft ti ssue between the bone 
ends may neverthele s thwart reduction . • 
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30. Thomas splint (r) - Corrections: ( i i )  Where the prox imal fragment is abducted (4)  the position may be improved by increasing the 
traction (5) and abducting the leg (6 ) .  The position or the ring traction pul ley and the spl int supports w i l l  require corresponding adjustment. (iii) I f  
the proximal fragment i s  adducted ( 7 )  increase or traction alone (Sa) may lead to a n  improvement i n  the position. I t  may b e  helpfu l  t o  apply side 
thrust with a pad (Sb) between the leg and the medial side iron. (iv) Flexion and/or abduction or the proximal fragment (9) due to unresisted psoas 
and g luteal action is frequently a very painful complication. In the young patient, raising the spl int ( I  0) and/or abducting the leg and bandaging a 
local pad in position ( 1 1 ) may bring the fragments into al ignment, but this manoeuvre is less certain in the older patient where internal f ixation is 
frequently advisable J"or J"emoral fractures at this level and of this type. In any patient in whom this conservative technique is practised, care must 
be taken to avoid pressure in the region or the anterior superior i l iac spine ( 1 2 ). 

3 1 .  Thomas splint (s) - Corrections: (v) 
Perhaps the commonest residual deformity 
requiring and amenable to correction is 
backward sag at the fracture site ( 1 3 ) .  I i" a 
continuous posterior support is used. the 
padding behind the fracture should be 
increased in  thickness. If separate s l ings are 
used, the s l ing behind the fracture should be 
tightened and/or the padding behind the 
fracture increased ( 1 4) .  

32. Thomas splint (t) - Aftercare (i): 
During the first 72 hours fol lowing fracture. 
swell ing or the thigh from haematoma and 
oedema may render the ring tight round its 
c ircumference. ( Normally it should be easy 
to put a finger under the ring at any point.) 
To avoid changing the spl int.  sp l i t  the ring 
with a hacksaw. ease the ends apart. and 
protect them with adhesive strapping. 

33. Thomas splint (u) - Aftercare (ii): 
The fol lowing items should be checked daily. 
Look for impending pressure sores (and take 
appropriate action). In the Ac/iii/es 1e11do11 
region if the s l i ngs stop at this level ( I ) :  
under the  heel. i f  the heel i s  included (2)  ( i f  a 
circular woven support is used. a cruciare 
incision in it at heel level is prophylactic 
(3 ) ) ;  over the 11101/eo/i (4) .  
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34. Thomas splint (v) - Aftercare (iii): 
The ring area: Good nursing care is  v i tal  to 
avoid skin breakdown. ln addition, for 
circumferential tightness, spl i t  the ring; for 
perinea! pressure, i ncrease the ring traction 
weight; for anterior spine pressure (a), lower 
the splint (b) ;  for pressure below the ring (c) ,  
decrease or relllove any support weight (cl) 
and place a pi l low above the ring (e); pad the 
edge of the sl ing if needed (f). 

35. Thomas splint (w) - Aftercare (iv): 
Check daily for weakness of ankle 
clorsi flexion ( I ), indicative of comlllon 
peroneal nerve palsy and necessitating 
careful inspection of the neck of the f ibula 
where the cause is general ly fel t ing of the 
wool padding which then translllits pressure 
frolll the side iron (2) .  Repad. and fit a 
Sinclair foot support or silllilar if the palsy is  
colllplete: expect recovery in  6 weeks. 
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37. Early mobilisation techniques (a): Where there is abundant cal lus and the fracture 
cannot be sprung, splintage lllay be d iscarded and the knee mobi l i sed unti l  there is sufficient 
lllature cal lus to al low weight bearing. 
(b): The Pearson k11ee-jlexion piece: this lllay be used as soon as some stabi l is ing callus 
appears at the fracture site. 

Me1hod: The traction cord ( I )  is transferred to the Pearson attachlllent (2) which is f i xed to 
the Tholllas splint (3) and h inges at the level of the knee axis (4) . An adjustable cord (5) may be 
used to gradually advance the range of perlllissible knee flex ion. The end of the Tholllas spl int 
is raised (6) and supported (7)  whi le a cord (8 )  lllay a l low the patient to assist knee extension 
lllanual ly. 

36. Thomas splint (x) - Aftercare (v): I n  
those cases where skeletal traction i s  
employed. look for: 

I .  Loosening of the Steinlllann pin ;  th is  
lllay require recentring; other treatlllent is  
seldolll required, so that traction lllay be 
continued. 2 .  Pin-track in fection; a woun 
swab should be sent for bacteriological 
examination and the appropriate antibiotic 
adllli n istered. If infection is  marked, the 
traction site lllay have to be abandoned. 3. 
Shifting and digging-in of the loop; adjusr 
with padding. 

During the period a patient spends in bed 
they should practise quadriceps and general 
mai ntenance exercises. Spl intage in  ch i ldren 
should be continued unt i l  union (6- 1 2  
weeks). I n  adults, lllOb i l i sation o f  the knee 
joint and/or the patient may be possible 
before union is  complete. 

38. Early mobilisation techniques: (�) -
Cast bracing (i): After 4-8 weeks in a 
Thomas spl int, cast bracing may be 
considered, especially in fractures of the 
distal half. Many techniques are practised . l n  
a typical procedure the patient i s  sedated 
wi th diazepam, a sandbag placed under the 
buttocks. and a cast sock drawn over the 
knee ( I ). Circular woven bandages 
(stockinet) encase the l i lllb in  two sections 
(2) and are taped in  position (3) .  
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39. Cast bracing (ii): A layer or wool rol l  
i s  used l o  protect the bony prominences 
below the knee (4) and as a single layer of 
padding in the thigh (5). A below-knee 
plaster is then applied (6) and completed by 
turning back and incorporating Lhe circular 
woven bandage (7). An appropriately sized 
bucket lop of polythene is selected (8) ,  
trimmed as required and taped in  position 
(9) .  

4 1 .  Cast bracing (iv): The cast brace 
affords moderate support of the fracture. and 
mobilisation of the patient may be 
commenced - at first using crutches and with 
the hinges locked. Arter 1 -2 weeks or as 
progress determines, flexion can be permitted 
and the crutches gradually discarded. The 
brace is worn unt i l  union is complete. 

A number of commercia l ly produced casl
bracing kits are avai lable using materials 
other than plaster of Paris (e.g. the bucket 
may be formed from pre-cul plastic sheet 
which can be temporari ly softened by 
heating and moulded lo shape; resin plaster 
bandages and polyethylene h inges can be 
employed). I n  many cases these render the 
technique comparatively simple, with the 
resu lt :hat the so-called weight-rel ieving 
cal l iper, tubed into the patient's shoe, is now 
much less frequently employed for early 
mobilisation than in the past. 

40. Cast bracing (iii): Traction is applied to the leg ( 1 0 ) .  the bucket is pul led well into the 
groin ( 1 1  ) . a plaster thigh piece applied. moulded in  a quadri lateral fashion ( Lo prevent rotation) 
( 1 2 )  and completed ( 1 3 ) .  Maintaining traction in 1 0° flexion. polycentric hinges ( 1 4) are 
carefu l ly  positioned with a j ig which is centred on the patel la  ( 1 5 ). The side-stays ( 1 6 )  are 
adjusted unt i l  the fixation plates ( 1 7 )  lie snugly against the upper and lower plaster 
components. Large encircling jubi lee c l ips ( 1 8 )  may be used LO hold the h inges in position 
while the jig is removed and flex ion function checked. The h inges are plastered in  position ( 1 9) 
and a rocker or boot applied ( 20) .  The h inges can be unlocked by removal of 2 set screws (2 1 ). 

42. Other methods of treating fractures of the femur - Hamilton-Russell traction: 
Th is is particularly applicable in the conservat ive treatment of bi lateral fractures; it is a form of 
balanced traction where the pull on the limb ( I ) is countered by the body weight (2) through the 
bed being raised (3) .  The fracture and distal fragment are supported by a padded canvas sl ing 
(4), angled slightly towards the head (5 )  Lo counter a tendency Lo distal dri fl .  The theory behind 
the classical arrangement is that the l ine or pull on the femur is the resultant (6) of a 
parallelogram of forces. where the horizontal component ( 7 )  is doubled because of the pul ley 
arrangement ( 8) .  Friction losses spoil the theory. and many prefer d irect control of all forces 
(9) .  Th is method of treatment. although often useful, g ives restricted support Lo the fracture. 
Note that balanced traction can be carried out using a Thomas spl i nt bandaged Lo the l imb, but 
unallached Lo any or the traction cords. 
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43. Gallows traction: Chi ldren up to the 
age of 3 years (or 4 if very small and l ight) 
are ideally treated by this method, which 
may sometimes be used at home i f  the 
circumstances are suitable. Traction tapes are 
applied to both legs and f ixed Lo an overhead 
beam ( I )  so that the chi ld's buttocks are just 
clear of the bed (2),  making nursing easy. 
The body weight is responsible for the 
traction. Gallows traction should 1101 be used 
i11 the older child as there is the risk of 
vascular spasm and peripheral gangrene. 

3. Interlocking nai ls  (e.g. Grosse-Kempf, 
Russel l-Taylor and others) where rotation of 
the upper, lower, or both bone fragments is 
prevented by horizontal screws; these are 
passed through openings in the 
intramedullary nail and engage cortical bone 
on either side. The use of interlocking nails is 
advocated in the presence of instabi l i ty (eg 
from comminution); this may be deduced 
from study of the radiographs, being by 
definition a feature of AO Type C fractures. 
I nstabi l i ty may also accompany certain Type 
B fractures, and may not become apparent 
unti l  sometime during the course of surgery. 
4. In children, flexible Nancy nai l s  which do 
not breach the epiphyseal plates may be 
employed. 

Nail ing is usually carried out by a closed 
( 'bl ind')  technique, with the fracture not 
being exposed unless reduction cannot 
otherwise be obtained. Plain nai ls may also 
be inserted from below ( i .e .  with the entry 
point being accessed through the knee joint) . 
Most patterns of t i tanium nails are stronger 
than those of stainless steel and are less 
prone to fracture, especial ly if unprotected 
weight bearing is permitted before bony 
union is advanced. 

44. Hip spica: Stable femoral shaft 
fractures may be supported by a plaster h ip 
spica (3) ;  this must include the injured leg to 
the toes, the other leg to above the knee, and 
extend to above the nipple l ine ( 'one and a 
half h ip spica ' ) .  A hip spica may be used for 
the fretful chi ld where good nursing care is 
available al home (with fortnightly out
patient reviews) or for the badly infected 
open injury in the adult. (See p. 300 for 
application detai ls . )  
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46. IM nailing (b) - Positioning: Careful 
positioning is required to give proximal 
access and to al low two-plane visual isation 
of the fracture with an image intensi fier. (a) 
Traction may be applied through foot pieces 
or a traction pin, on an orthopaedic table 
with a perinea) post. The affected leg is 
adducted, while the good leg is flexed and 
abducted at the hip.  (b) Alternatively the 
operation is performed on a radiolucent 
table, with a pi l low under the buttock (and 
with or without a perinea) post). The leg is 
positioned by an assistant. 

45. lntramedullary (IM) nailing (a): I n  
many cemres in ternal fixation by 
in tramedul lary nai l ing is  considered the 
preferred treatment for femoral shaft 
fractures in the adult . The prime advantage is  
that i t  generally permits early mobi l isation of 
the patient. thereby lessening the r isks  of 
pulmonary. circu latory, renal, jo int  and other 
complications, whi le promoting muscle 
activ i ty, j in t  movements and functional 
recovery. It may also al leviate problems of 
bed occupancy (which is the historic reason 
for its in troduction). l ntramedul lary nai l ing 
is  of particular value in  cases of mul tiple 
injuries, 1>. here i ts use is  advocated if the 
patient's general condition will a l low. 

The main patterns of nai l  in common use 
include: 
I .  Plain i ntramedul lary nails ( Klintscher, 
clover-leaf and other patterns) which are 
inserted v. ithout prel im inary reaming, or 
with reaming l imi ted to removal of any 
medul lary tight spots which might interfere 
with their passage. 
2.  AO (or other intramedullary nails of 
s imi lar pattern) which are inserted after a 
thorough reaming, which is carried out to 
ensure that the nail has a tight fi t throughout 
the length of the medu l lary canal. (Note, 
however, that reaming is  general ly not 
advised in  most Grade I l l  open femoral 
fractures. l 

47. IM nailing (c) - Positioning cntd: 
Again. an orthopaedic table may be used 
with the patient in  the lateral position. A 
horizontal perinea) po l is employed and 
used to permit effecti ve skeletal or foot 
support traction. The good leg is extended at 
the hip while the affected leg is flexed at t e 
h ip to al low access for the C-arm and the 
heads of the image intensi f ier. 



48. IM nailing (c) - Positioning cntd: 
Alternatively, using an orthopaedic table, the 
good leg may be flexed al the hip and 
external ly rotated, to g ive access for the 
image intensi fier. Traction may be applied on 
the a ffected side in  the l ine of the l imb 
through a Steinmann pin ( I ), with the 
perinea! post offering counter-traction (2) .  
The affected s ide is  adducted at the hip. 

-

5 1 .  IM nailing (f): Reaming is frequently, 
but 1101 always, undertaken before insertion 
of the nail. This may be merely 10 remove 
any tight spots, or i t  may aim 10 remove 
sufficient bone to ensure that u l t imately there 
wi l l  be good contact between the nail and 
bone over a reasonable length of the shaft. 
Techniques vary, but often a reaming rod is 
substituted for the guide wire; cannulated 
flexible reamers of increasing diameter are 
then feel over the reaming rod unt i l  the 
desired bore has been achieved. 
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49. IM nailing (d): The greater trochanter 
is exposed through a 6-8 cm lateral incision: 
the piri form fossa ( I )  is identi f ied with a 
finger, and the medullary canal entered 
through it, using an awl (2) .  The position is 
confi rmed with the intensifier before 
enlarging the opening. Alternatively a guide 
wire ( 3 )  held in the chuck of an introducer 
may be used and the opening may be 
enlarged wi th a cannulatecl culler (4). It may 
be necessary to sl ightly trim a medial ly 
overhanging trochalller using bone nibblers. 
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52. IM nailing (g): The nail is then 
inserted. (The choice of nail length and 
diameter i s  preferably made with X-ray 
studies prior to surgery.) I nstrumentation 
varies with the devices employed, but 
generally an insertion handle ( I )  is attached 
to the chosen nail (2) and the nail threaded 
clown the guide wire (3) .  A so-called slap 
hammer (4) is then usually employed to drive 
the nai I home. 

50. IM nailing (e): I n i tia l ly the aim is  10 
reduce the fracture and pass a guide wire ( I )  
across the fracture ( 2) into the distal 
segment. To gain purchase on the proximal 
fragment, a small diameter nail ( 3 )  may be 
sl ipped over the guide wire.  If one angled at 
i ts tip is used, this may if rotated faci l itate 
the reduction (4). The length and diameter of 
the intended nail may be determined prior to 
surgery by X-ray using a sui table cal ibrated 
ru le. 
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53. IM nailing (h): Interlocking screws 
may then be i nserted ( I ,  6), but first confirm 
the absence of any rotational deformity (the 
second toe, patel la and anterior superior i l i ac 
spine should be in a l ignment ) .  The insertion 
handle usually doubles up as a jig (2) to 
al low easy placement of the cross-screws. 
The corresponding holes in the nail may be 
c ircular ( 3 )  or sloned (4) giving static or 
dynamic locking ( where some telescoping is 
possible (5) ) .  Distal locking screws may be 
inserted using the in tensif ier for location 
purposes. 
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S4. Retrograde IM nailing (a):  This  can 
be of value in obese patients, in cases of 
111u l tiple injury, and where there are 
additional fractures round the fe111oral or 
tibial conclyles which have to be dealt with at 
the sa111e t i 111e. The knee is flexed over a 
pi l low to about 45°. The interconclylar notch 
is exposed either through a patel lar tendon 
splitt ing incision or through a 111eclial 
parapatel lar incision, wi th lateral 
clisplace111ent of the patel la .  

3 
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S7. Retrograde IM nailing from the 
fracture site: Plain, clover-leaf and so111e 
other pattern intra111ecluliru·y nails 111ay be 
inserted by a retrograde technique after 
exposure of the fracture. This  can be of value 
where i111age intensification is not available. 
The fracture is exposed ( I )  and the selected 
nai I driven up the proxi111al frag111ent ( 2 )  
until i t  presents at the buttock where it i s  
del ivered through a s111all incision (3 ) .  The 
Fracture is reduced (4), and the nail driven 
back clown (5) across the fracture site into 
the distal fragment. 

SS. Retrograde IM nailing (b): A guide 
wire is  then inserted and its position checked 
in two planes with the i111age intens i fier. A 
rea111er is threaded over the guide wire, and 
this is used to prepare the bone to accept the 
intra111eclu l lary nail which is expanded over a 
short length at i ts h i l t . 
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SS. IM nailing in children: While 
conservative L reat111ent is general I y 
advocated for shaft fractures in chi ldren, 
stable fractures of the fe111ur 111ay be treated 
with Nancy nai ls using the principle of 3-
point fixation. They range Fro111 2-4 111111 in 
diameter and are flexible. They are bent to f i t, 
and have flattened ends ( I )  to engage in 
cancellous bone and control rotation: the 
other, protruding ends are atraumatic (2) .  
They are inserted through s111al l  2 c111 
incisions ( 111eclial and lateral supraconclylar 
for 111icl-shaft fractures, lateral for distal shaft 
fractures). 

S6. Retrograde IM nailing (c): After the 
nail has been i ntroduced, static or clyna1 ic 
locking screws may be inserted at the distal 
end; proximal static locking 111ay also be 
carried out. Short nai ls are available for 
supracondylar fractures ( i ncluding after so111e 
knee replacements) and for so111e distal 
fe111oral fractures after hip replace111ents. 
( I l lus . :  Fe111oral m id-shaft fracture with 
cerclage wir ing and a locked IM nai l ,  plus 
fractures of the proximal tibia treated by 
open re uction and cross-screwing.)  

S9. Other methods of fixation -
External fixators: Fractures of the femur 
are le s easy to control with external fixG.tors 
than tho e of the tibia, owing to the 
magnitude of the stresses at the fracture ' i te 
from the weight of the l imb. Nevertheless the 
technique is often useful in the 111anagement 
of highly contaminated open fractures, and 
can be replaced under suitable circu 111stances 
by an IM nai l  at up to 10 days post-trauma. 
(See also Frame 82.) So111e cases of open 
fracture are suitable for treatment by thin 
wire methods (e.g. l l izarov, p. 78) .  



60. Other methods of fixation -
Plating: This is particularly useful for rapid. 
rigid fixation in an ischaemic l i 111b requiring 
vascular repair. Plat ing incurs a sl ightly 
i ncreased risk of infection and non-union. 
Co111pression plating is reco111mended. with 
screws engaging 8 cortices above and 8 
below the fracture. There should be no gaps 
at the fracture site. and if possible an 
interfrag111entary screw should be inserted. 
Co111pression plating with bone graft ing is 
so111eti111es used in the treatment of non
union after i ntra111edul lary nai l ing. 

63. Special situations cntd: 

(b) Fracture in the confused patient: 
Where there is a head i njury or a sen i le 
confusional state, a patient being treated 
conservatively may try to re111ove their own 
splint; it is possible to prevent this by 
encircling it w i th plaster bandages laid on 
top of the normal crepe bandages (Tobruk 
splint) .  This procedure 111ay also be used to 
give extra security when a patienr is in 
transit. 

(c) Metastatic fracture: If death is not 
i111minent, i ntramedullary nai l ing is  advised 
to relieve pain .  Acry l ic cement packed round 
any defect 111ay give sufficient support to 
al low the patient to bear weight. 

(d) Femoral shaft fracture with (acute) 
ischaemia of the foot: Nearly all w i l l  
respond to  reduction of the  fracture. which 
should be carried out under circu111s1ances 
which wi l l  per111 il exploration should 
reduction fai l .  If the fe111oral artery is in fact 
div ided, co111pression plating through the 
exploratory incision w i l l  usually g ive the 
rigid fixation that i s  required prior to vessel 
reconstruction. 

(e) Femoral shaft fracture with nerve 
palsy: The 111ajority are lesions i n  

FEMORAL SHAFT FRACTURES - SPECIAL SITUATIONS 

6 1 .  Aftercare following IM nailing: 
Postoperat ive ly. and preferably when the 
patient is still on the table. the knee should 
be checked for instabi l ity. On return to the 
ward the l i 111b should be supported on a 
Braun rra111e. guner splint, or Tho111as spl int .  
Posloperati ve radiographs should include 
good quality views or the proxi111al and distnl 
femur lo exclude any conclylar or 111issecl 
subcapital fractures. 

A lkr the first few clays care is dependent 
on the qual i ty of fixation. If a tight fining. 
large diameter nail  i s  used. and i f  rotation is 
well controlled by intercligitating fragments 
or cross-screws, no external spl intage is 
necessary. The knee may be mobi l i sed and 
the patient allowed up on crutches. To avoid 
the risks of the nail bending or undergoing 
fatigue fracture many prefer 10 defer weight 
bearing for 8- 1 0  weeks or unti l  some cal lus 
appears. (Shorter periods may be considered 
when stronger t i tanium nails are used . )  
Where the fi xation i s  less sound. a period of 
a few weeks with the leg cradled in a 
Thomas splint may be thought desirable. 

After un ion of the fracture, but not before 
1 2- 1 8  months. the nail is removed routinely 
in all but the very frail to reduce the risk of a 
comparatively minor injury causing a 
fracture or the femoral neck ( from local 
stress concentrations at the encl of the nai \ ) .  

cont inui ty. the co111mon peroneal ele111en1 
being most often affected. I I. there is reason 
to believe that there may be nerve di1·isio11. 
exploration and internal f-ixation may have 10 
be undertaken. 

(f) Fracture of the femoral neck and 
shaft: This combination or injuries must be 
excluded i n  every case: note 100 that the ring 
of a Thomas splint may obscure the affected 
area. I f  the shaft fracture is prox imal. both 
fractures may be treated by a dynamic h ip  
screw and long plate. In  many cases a 
Russel l-Taylor reconstruction nail 111ay be 
suitable. although it g ives less satisfactory 
compression of the femoral neck fracture. 

(g) Femoral neck fracture with 
dislocation of the hip: See p. 284. 

(h) Fractures of the femoral shaft and 
patella: Note the following important 
points: I .  Early mobil isation of the knee is 
essential for retention of funct ion. 2 .  Avoid 
pate llar excision when mobi l isation of the 
knee is going to be delayed. 3 .  Avoid i f  
possible exposure of the femoral fracture and 
the creation of tethering adhesions between 
the femur and quadriceps. 

The ideal management ol' this difficult 
combination of injuries is JM nai l ing of the 

62. Special situations - (a) lpsilateral 
fracture of the femur and tibia: The 
complication rate for these combined injuries 
is high. irrespective of treatment. To allow 
early mobi l i sation. internal fixation (e.g. by 
intramec\ul lary nai l ing)  of both fractures is 
often preferred. Where conservative 
treatment is indicated (e.g. i n  chi ldren) a 
Steinmann pin is inserted proximally ( I ) . the 
tibia manipu lated. and a below-knee cast 
applied incorporating the pin (2). A Thomas 
splint ( 3 )  with traction through the pin (4) 
controls the femoral fracture. 

remoral fracture and immediate treatment of 
the patel la  appropriate to the type of fracture 
sustained. I f  the femoral fracture must be 
treated conservatively. it is best to leave even 
badly displaced or comminutec\ pate llar 
fractures to uni te by fibrous union: mobi l ise 
the knee as early as possible: excision of the 
patella can then be carried out as a late 
secondary procedure when no further llexion 
can be gained. 

(i) Open fractures: I nspection or the 
fracture site to exclude intrameclul lary 
contamination should be pan of the in itial 
c\ebridement. If internal fixation is indicated 
(especially with 111ult iple injuries) the 
infection rate in Gracie I and Gracie II injuries 
i s  said to be no greater after a meticulous 
c\ebridement and closed nai l i ng than in 
closed fractures. Gracie l l l A  fractures with 
good skin cover and no meclul lary 
contamination can be nai led in reasonable 
safety if rea111 ing is  avoided. Gracie I l l  B & C 
open fractures are general ly best treated 
ini t ia l ly with an external fi xator. 



FEMORAL FRACTURES IN HIP REPLACEMENTS 

64. Other fractures of the femur - (a) 
Fractures of the upper third: It is often 
hard 10 control fractures at this level by 
conservative measures (but see Frame 30). 
Severe. prolonged pain i s  often a further 
problem, and is due to !he psoas and glutei 
causing i nvoluntary movement of the 
prox imal fragment. In the adul t  in ternal 
fixation should certainly be cons idered 
( I l lus . :  Nai led femur in Thomas spl int ) .  
Some cases are suitable for fixation with a 
pin and long plate. a iming 10 gel three screws 
al least distal 10 the fracture. 

67. Fractures of the femur after hip 
replacement (iii) - Trea1111elll c111d: 
Operat ive treatment has been advised for a l l  
other fractures. general ly wi th  bone gral"l ing 
to encourage union. B l :  The Dall-Mi les 
system is often recommended. Prox imal ly, 
cerclage cables are auached 10 cable sleeves 
which sil  in  slots i n  the plate which is 
auached to the shaft distally with screws. 
While additional screws may be inserted 
obl iquely on either side or the prosthetic 
stern, broaching the orig inal cement mantle 
is not particularly recommended. 

65. (b) Fractures of the femur after hip 
replacement (i): The Vancouver 
classi fication of these fractures ( Duncan & 
Masri) is well established. Three Groups. 
some with subdivisions, are recognised: 
Type A: These are the 1rochan1eric fractures 
( incidence 4%), and are subdivided into Ac 
and AL. depending on which 1rochanter is 
involved. Type B: These occur round or just 
distal Lo the stern of the prosthesis. In  Bl the 
prosthesis i s  stable ( incidence 1 6%) .  

68. Fractures of the femur after hip 
replacement (iv) - B2: In  this group where 
there is instabi l i ty, removal or the original 
prosthesis and replacement with a long
s1ernrned device is  usually advised. This may 
require supplementing with cerclage wires or 
cables, along with routine bone grafting. B3: 
In  this most challenging group the 1reatrnen1 
or each case must be decided on its merits. 
Several strategies have been described: 
I .  The proximal femur may be replaced with 
an al lograft along with a long stemmed 
prosthesis. This requi res supplementation 
with bone grafling and ol"ten ccrclage wiring. 
The patient's own proximal femur may be 
retained and used as vascularised auiograft 
(by bivalv ing ii and wrapping it round the 
al lograf1). 2. In some cases a less major 
procedure may be possible: the canal may be 
cleared of debris. fresh cement inserted, 
taking care 10 avoid cement extrusion 
between the fresh fracture surfaces. A plate is 
1hen used. with cerclage wiring and screws 
through the shafl and the new cernelll mantle. 
3 .  In  the older palient, the proximal femur 
may be resec1ed and replaced wi  1h a custom 
prosthes is  (of wmour-replacernenl type). 
C:  Here open reduction and in ternal fixation 
are recommended. The selection of the most 
appropriate fixation device is dependent on 
the exact s i 1e and the particular features of 
the frac1ure. These include plates (such as the 
Liss plate); screw, nail and blade plates; and 
short cross-pinned intrarnedu llary nai ls 
inserted in  the retrograde fashion. 

66. Fractures of the femur after hip 
replacement (ii) - Vancouver 
classification cntd: Type B2: Here the 
prosthesis is unstable (38%).  B3: The bone 
stock is inadequate. This is the most serious 
and hardest 10 treat (32%) .  Type C: The 
fracture curs well below the stern (9%).  
1/-ea1111e111: Type A :  I f  the fracture is stable, 
conservative management will generally 
suffice. If the fracture is  unstable, then Opi!n 
reduction and internal fixation is  generally 
advised (e.g. wi th a Dall-Miles cleat and 
cable grip system). 

69. (c) Supracondylar fractures (Typ,e 
A fractures of the distal segment) (i): 
(See Frame 84forfidl AO c/assijicarion) In 
chi ldren. fractures in the distal third of the 
femur are frequently only min imal ly 
displaced. and may be successfu l ly treated 
by the appl icat ion of a cyli nder plaster. 
Weight bearing should nol be permitted unti l  
evidence of early union appears on the 
radiographs. but during this period the 
patient may be mobi l i  ed with crutches. 



70. Supracondylar fractures (ii): In the 
adult, especially. supracondylar fractures 
have a strong tendency for the distal 
fragment to rotate ( I )  under the continuous 
pull of the gastrocnemius (2 )  into a position 
of posterior angulation (anterior t i l ting) (3) .  
I f  these injuries are being treated 
conservatively, this cannot be controlled by 
traction in the l ine of the l imb (4) .  I t  i s  
necessary to flex the knee and maintain the 
traction over a fulcrum (5 ) .  

73. Supracondylar fractures (v) -

Internal f i xation devices cntd: A combination 
dynamic screw and plate is another method 
or fi xation. The radiograph shows such a 
device being used to internally fix a 
supracondylar fracture which has occurred 
distal to the stem of a h ip replacement (Type 
C fracture). 

SUPRACONDYLAR FRACTURES 

7 1 .  Supracondylar fractures (iii): The 
necessary degree or knee flex ion may be 
obtained using a Pearson knee llexion piece. 
or better st i l l  by bending the Thomas splint at 
the level or the fracture ( I l lus. ) .  Mobi l i sation 
of the knee should be started as early as 
possible, as the risks of knee sti ITness from 
the development of tethering adhesions 
(between the quadriceps muscle and the 
fracture) is high. 

74. (d) Unicondylar fractures (AO Type 
B fractures) (i): Where the displacement is 
s l ight ( I l lus . )  these injuries may be treated 
successful ly by conservative measures. 
Traction in a straight Thomas spl int may be 
used for the f i rst 1 -2 weeks, but thereafter 
mobi l i sation should be started early, either 
with a Pearson knee-flex ion piece or with 
Hami lton-Russel l  tract ion. Many however 
prefer 10 !real all.fi'ac/l/res of1/1is lvpe by 
i111en1al.fixa1io11. 
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72. Supracondylar fractures (iv): To 
allow early mobil isation of the knee and 
lessen the risks of st iffness many prefer 
internal f ixation of these potential ly d i ff icult 
fractures. If the fracture is  proximally 
si tuated, an i nterlocking intramedullary nail 
may be used ( I ) . Many other devices are 
suitable: these include (a)  a Liss plate: (b)  a 
condylar blade-plate ( 2 )  (these are available 
in a number of sizes, and arc elbowed (3) to 
fit the curve of the lateral femoral condyle). 
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75. Unicondylar fractures (ii): I f  there is 
a s igni f icant displacement with disturbance 
or the contours or the articular surfaces of the 
knee, then internal f ixation is certainly 
indicated. Where the bone is of good texture, 
use two cancel lous screws ( I ), with washers 
( 2 )  to prevent the heads sinki ng. A well
contourcd buttress plate (3) and cancellous 
screws can be used if the bone is  very soft, or 
where the fracture has occurred in the 
presence of a knee joint replacement. 



CONDYLAR FRACTURES 

76. Unicondylar fractures (iii): Shearing 
fractures which are entirely intra-articular 
frequently fai l  to unite i f  treated 
conservatively. possibly due Lo dispersal of 
the fracture haematoma by the synovial fl uid. 
Non-union may cause knee instabi l i ty. These 
fractures may be held with two cancel lous 
screws with their heads sunk below the level 
of the articular surface. Thereafter a 6 week 
period of non-weight bearing in a plaster 
cyl inder is  advised before vigorous 
mo bi I isal ion. 

79. T· and Y·condylar fractures (iii): 
Where there is  a great deal of comminution. 
the aim should be to restore the alignment or 
the knee and mobil ise i t  as early as possible. 
Hami lton-Russell traction or other 
conservative methods may be employed. 
Anempts at open reduction of the fracture 
itse lf  are not l i kely LO be rewarding. but fine
wire fi xation using l l izarov techniques or a 
hybrid system may be used. Irrespective of 
treatment the resul ts in this pattern of 
fracture are often poor. 

77. (e) T· and Y·condylar fractures (AO 
Type C fractures) (i): Undisplaced 
fractures may be treated conservatively or 
surgical ly, with the laller general ly allowing 
earl ier mobi l isation of the knee. I f  there is no 
gross fragmentat ion, a dynamic condylar 
screw may be used. The procedure requ i res 
an extensive exposure and is seldom easy: in 
many cases this is due to extensive 
comminution which in practice is  often 
round to be greater than suggested by the 
radiographs. 

80. (f) Displaced femoral epiphysis: 
This injury usually resu lls from 
hyperextension, and there is risk of vascular 
complications; reduction should be carried 
out expeditiously by applying traction, 
flexing the knee Lo a right angle and pressing 
the epiphysis backwards into position. The 
knee should be kept in flex ion for 3 weeks in 
a plaster slab, and for a further 3-5 weeks in 
a plaster cylinder in a more neutral position. 
Alternatively, after reduction the epiphysis 
may be stabi l ised with two K-wires across 
the growth plate. 

78. T· and Y·condylar fractures (ii): 
Some cases are amenable to treatment with a 
retrograde I M  nai l  in combination with 
interlocking and additional cross-screw: to 
secure the other components of the fracture 
( I l lus.) .  Using a short stemmed nail ,  sue a 
procedure may be used in some fractures of 
the femur (e.g. Type C fractures) associated 
wi th hip replacements. I l izarov methods, 
including hybrid fixation systems (see p .  78) 
may also be employed, and are of  especial 
value in elderly patients wi th osteoporot ic 
bone. 

8 1 .  (g) Segmental fractures: These are 
uncommon in  the femur, but are associa1ed 
wi th a l1 igh inc idence of non-union at o e 
level. Fracture exposure may lose the 
tenuous blood supply to the intermediate 
segment Although they may be treated 
conservatively (dealing wi th each 
complication as it arises), closed nai l ing. i f  
reduction can be accomplished, i s  a more 
attractive alternative. A nail ,  locked at b.:ith 
ends, should be used. Static nai l ing may be 
converted at a later stage Lo dynamic nai l ing 
if union is delayed. 



COMPLICATIONS OF FEMORAL FRACTURES • 
82. COMPLICATIONS OF FRACTURES OF THE FEMUR 

Among the many compl ications which may accompany this fracture the 
fol lowing should be noted: 

l . Oligaemic shock See page 33 .  
2 .  Fat embolism See page I 03 .  
3 .  Compartment syndromes Invol vement of the fascia !  
compartments of the thigh is  extremely uncommon because of the i r  large 
volume and because they blend with those related to the muscles round the 
h ip, al lowing extravasation beyond their l imits .  Thi s  comp l i cation is  seen 
most often after intramedul lary nai l ing, and the poss ib i l ity of i ts occurrence 
kept in mind. (For detai ls  of pressure monitoring and treatment, see p. 99.)  

4. Slow or delayed union These are common compl ications, and i f  
the fracture is  being treated conservat ive ly, may necessi tate prolonged 
immobil isation of the knee, with risk of permanent sti ffness. Where the 
fracture is  being treated by intramedu l lary nai l i ng ,  if the nai l  i s  not a c lose 
fit, undue movement may be occurring at the fracture site ;  this  is part icularly 
l i kely to be the case in  d i stal fractures. Revis ion nai l i ng ,  with reaming 
(which is  said to have an osteogenic e ffect) and the insertion of a wider nai l 
usually result  i n  union.  Where a locked i ntramedul lary nai l  i s  used, 
conversion from static to dynamic locking (by removal of the appropriate 
i nterlocki ng screws) may encourage union.  

5 .  Non-union In  fractures being treated conservati vely, this  i s  general ly 
dealt with as soon as it i s  confidently diagnosed, by in tramedul lary nai l i n g  
and bone grafting. Tf non-union occurs in  a fracture which has been treated 
by intramedul lary nai l i ng, bone graft ing w i l l  also usual ly be requ i red. In  
addit ion, the qual i ty of  the fixation must be  rev iewed, and  i f  th i s  i s  found 
wanting, i t  must be dealt with.  In some cases this w i l l  i n vo lve replac ing the 
nai l  (after reamjng the canal ) with one of a l arger d iameter. Rotational 
instabi l i ty must be control led, and the use of i nterlocking screws is  desi rable.  
In  some cases, i n  order to obtai n  compression of the fragments, the use of a 
dynamic compression plate may be considered. 

6. Malunion In conservatively treated fractures pers istent lateral 
angu lation is the commonest deformity, and if 25° or more,  then correction 
by osteotomy and intramedul lary nai l i ng should be considered . Angulation 
in  the lateral p lane seldom gives rise to much d ifficulty. Nearer the knee, 
angulation showi ng on the AP radiographs may give ri se to instab i l i ty, 
di fficu lty in walking and secondary osteoarthri t i s  o f  the knee. Each case 
must be assessed on i ts own merits, but again correct ive 
osteotomy/osteoclas is  should be considered. 

Where intramedul lary nai l i ng has been carried out, angulation showing on 
the AP or lateral projections is  seldom a problem in midshaft fractures unless 
there has been fai lure of the fi xation device. Moderate and usua l l y  
acceptable angulation in  these p lanes may occur in  di stal third fractures . 

Rotational deformity in cases treated by intramedul lary nai l i ng may 
requ i re correction. If recognised when the fracture is  st i l l  mobi le, this may 
be dealt wi th by rev is ion of the p lacement of the i nterlocking screws. I f  
un ion has  occurred, a rotational osteotomy may be performed and 
maintained with a reamed i nterlocking intramedul lary nai l .  



7. Limb shortening Moderate shortening in the adu lt  should be 
corrected by shoe alteration to within 1 -2 cm ( 1 /2") of the l imb discrepa cy. 
In  the careful ly  selected, more severe case, lengthening may be considered 
using a modified I l izarov technique over an i ntramedul lary nai l .  

In chi ldren, any difference in  leg length usually corrects (or indeed 
overcorrects) spontaneously within 6- l 8 months of the inj ury, and alteration 
to the shoes is seldom required. Only rarely in  epiphyseal inj uries i s  there 
progress ive shortening.  

8 .  Knee stiffness This  is a common compl ication of femoral and t ibial  
fractures, and of i njuries to the extensor mechanism of the knee. A mong the 
factors which are involved are the following: 
(a) Quadriceps tethering: lf the quadriceps becomes adherent to a fem ral 

shaft fracture, it becomes unable to gl ide over the smooth d i stal shaft i n  
the normal fashion. This results in  fi xation of the patel la  and restriction 
of movement in the knee. The closer the fracture is to the knee, the more 
important is this effect. Surgical in tervention tends to aggravate this 
tendency (unless i t  can be fol lowed by rapid mobi l i sation). Some 
advocate the use of a continuous passive motion machine in the 
i mmediate postoperative period . 

(b) Fractures involving the knee joint: Fractures which involve the articular 
surfaces may give rise to intra-articular and periarticular adhesions, or 
may form a mechanical block to movement. Early mobi l isation is 
espec ially desirable where a fracture invol ves the joint, and the use of 
continuous passive motion equipment i s  often advocated. 

(c) Prolonged immobilisation: Fixation of the knee for an undesirably long 
period, for example by delay in union, may lead to stiffness, and this 
e ffect is particularly marked in  the elderly. 

9. Infection Infection may somet imes supervene in femoral shaft 
fractures treated by intramedullary nai l i ng .  Sometimes the source is obvious 
(e .g .  from a contaminated open wound where the ini tial debridement ha" 
been unsuccessful or insufficiently scrupulous), but often it may 
unaccountably fol low a meticulously performed c losed procedure. The 
course of treatment must be indiv idually determined, but the fol lowing 
guidel ines usually apply: 
I .  The causal organism should be i solated, and the appropriate antibiotic 

administered in  effective closes for an adequate length of time. 
2 .  If the infection has become establ ished, i t  i s  unl ikely to respond unless 

the fracture is fi rmly supported, and a most thorough debridement ca ITiecl 
out under antibiotic cover. 

3. If the fixation afforded by the nail  remains good, the nai l may be retai ned, 
but here, as in  those cases where the fixation is poor, removal of the nai l  
is  often advocated. At the time of the debridement and after removal of 
the nai l ,  the canal may be reamed (to permit the later insertion of a larger 
(by 2-2.5 mm in diameter) nai l) ,  and i rrigated thorough ly  with I O  L f 
saline; a drainage hole placed in the di stal femoral cortex faci l i tates the 
fl uid flow. The l imb is placed in traction or an external fixator appl ied. 
Intravenous antibiotics are administered. A repeat debriclement may be 
required in  48 hours . If negative post-debridement cu ltures are obtain cl 
then repeat nail ing may be performed; if not, then it w i l l  be necessary to 
conti nue with an external fixator, a lthough it may be difficult  to mai m ai n  



FEMORAL FRACTURES - AFTERCARE II 
a good hold on the fracture as Schanz pins in the metaphysis  have a 
tendency to loosen .  

AFTERCARE 

1 . Immediate postoperative See Frame 6 1 .  

2 .  Quadriceps exercises Stabi l i ty in  the knee and extension power 
are dependent on a good quadriceps. It i s  important that the muscle i s  not 
al lowed to waste, and quadriceps exercises should be started as soon after 
the injury as possible, and intens i fied on removal of any fi xation. ( Amongst 

the few exceptions are injuries to the extensor mechanism, where quadriceps 
exercises are usual ly delayed for 2 weeks in case early contraction endangers 

a repai r. ) 

3 .  Flexion exercises These should also be commenced as soon as 
possible,  prov ided the means can be devi sed to support the fracture fu l ly. 
Flex ion should not be permi tted unless stress on the fractu re can be reduced 
to a safe level or where heal ing can be more or less guaranteed (e .g .  t ib ia l  
table fractures) .  

4. Discarding walking aids Wal king without the support of s t icks  or  
crutches i s  frequently fol lowed by an i mprovement in  flex ion, and such 

support i ve measures should be d iscontinued as soon as the state of union and 
the patient's balance w i l l  al low. 

5. Physiotherapy I deal ly, quadriceps and ftex ion exercises shou ld be 
supervi sed by a physiotherapi st with access to aids and fac i l i ties such as 
weights, s l ings, local heat and hydrotherapy, but basical l y  the patient should 
be instructed in  quadriceps and flex ion exerc i ses,  and the i mportance of 

performi ng these frequently should be stressed. Passive mobi l i sation of the 

pate l la  in appropriate cases may also be helpfu l .  Physiotherapy should be 

continued unti l  an acceptable functional range has been achieved ( see below) 
or unti l  a static posi t ion has been reached. For th is  i t is necessary to record 
the range of movements in the knee wi th accuracy; th i s  should be clone 

i n i tia l ly at weekly and then at monthly intervals .  A measurable  gain in range, 

no matter how smal I, is an encouragement to the patient to further effort; and 
on the other hand the absence of any improvement should make it  c lear to 
them that to continue treatment is not j ust i fi able.  

In routine cases treated by intrameclu l lary nai l ing, recovery of a ful l  range 

of flex ion is achieved in the majority of cases in 1 2  months, wi th most of the 

gain occurring in the fi rst three months. 

NOTES 

Acceptable functional range What i s  acceptable obviously varies 
considerably from case to case, being dependent on the gravi ty of the i njury, 
the age of the patient, occupat ion, ath let ic  or outdoor pursuits, hobbies, etc . ,  

bu t  the  basic a im i s  a stable knee wh ich  places l i tt le restraint on normal 
everyday acti v i t ies .  The fol lowing factors are i mportant .  

Lack of extension Loss of extension, both act ive and passi ve, may be found, 
e.g. in an angulatecl supraconclylar fracture of the femur, or where there has 
been previous osteoarthri t i s  in the knee. Such losses are seldom severe 
enough to cause appreciable disabi l i ty, usual ly bei ng compensated at h ip  and 



FEMORAL FRACTURES - AFTERCARE 

ankle. If the knee can be passively but not actively extended, this is known 
as an extension lag. Extension lag frequenl ly gives rise to 'g iv ing way'  of the 
knee. It is common to some degree after most cases where a patel lectomy 
has been performed, but usual ly  recovers if q uadriceps exercises are 
intensi fied. 

Where extension lag i s  clue to quadriceps tethering, quadriceps exerci ses 
should also be encouraged. The patient in most cases of persi stent lag learns 
to compensate for the di sabi l i ty by using the hip extensors to keep the kn e 
straight while standing. 

Lack of flexion Appreciable cl isabi l ity fo llows if flex ion to 1 00° ( i . e .  I 0° 
more than right-angle flex ion) cannot be obtained, and l 00° should be the 
aim. Flexion to 80-90° wi l l  permit sitt ing in inside seats ( i .e .  non-aisle seats) 
in public transport, cinemas, etc . ,  but wil l  not allow the patient to knee l .  Less 
than J 00° wi l l  cause difficulty with steps, deep tread and narrow stai rs, and 
if both knees are affected, rising from armless chairs .  

Where flexion has just become static at  less  than 1 00°, manipulation of the 
knee under general anaesthesia should be considered. This  is best avoided, 
however, after pate l lectomy and quadriceps tendon and patel lar l igament 
repairs because of the risks of secondary rupture. Gains in  flex ion by 
manipulation are seldom high, and late manipulations are usually very 
unrewarding. Arthroscopy should be considered. with div is ion of any in tra
articular adhesions. 

Where 80° or less flexion is possible and the position static,  the patiem's 
functional disabi l i ty and functional requirements should be carefu lly 
assessed. I f  there is a marked deficit, quadricepsplasty should be considered. 
In this procedure the vasti are divided close to the knee so that their teth ring 
effect i s  e l iminated; rectus femoris then becomes the sole extensor of the 
knee. This often gives a useful gain (often in the region of 40°) although 
sometimes this is at the expense of an extension lag,  and always with soi e 
loss of power. 



AO CLASSIFICATION - FEMUR, DIAPHYSEAL SEGMENT 

FEMUR, Diaphyseal Segment : 32-
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83. AO classification of fractures of 
the femur, diaphyseal segment (32-): 

Type A fractures are si111ple. 
A I = Spiral fractures: . I subtrochanteric 
zone; .2  111 idshaft; .3 distal zone. 
A2 = Oblique fracture (30° or more): . I 
subtrochanteric; .2 midshaft ;  .3 distal zone. 
A3 = Transverse fractures: 
. I subtrochanteric; .2  111 idshaft; 
.3 distal zone. 

Type B fractures are wedge fractures. 
B I  = Spiral wedge fractures: 
. I subtrochanteric; .2 111idshaft; 
.3 distal zone. 
B2 = Bending wedge fractures: 
. I subtrochanteric; .2  midshaft ;  
.3 distal seg111ent. 
B3 = Fragmented wedge fractures: 
. I subtrochanteric; .2  midshaft; .3 distal 
segment. 

Type C fractures are complex. 
C I  = Spiral fractures: . I with two 
intermediate fragments; .2  wi th three 
in termediate frag111ents: .3 with more than 
three inter111ediate frag111ents. 
C2 = Segmental fractures: . I with one 
i n termediate segment; .2 with one 
inter111ediate segment and an additional 
wedge fracture: .3 with two in1er111ediate 
segments. 
C3 = I rregular fracLUres: . I with two or three 
in ter111ediate frag111ents; .2  with shattering 
l i 111i ted Lo less than a 5 cm length of the 
bone; . 3  wi th shattering over 5 cm or more of 
the bone. 



AO CLASSIFICATION - FEMUR, DISTAL SEGMENT 

FEMUR, Distal Segment : 33-
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84. AO classification of fractures of 
the femur, distal segment (33-): 

Type A fractures are extra-articular. 
A I = S imple fractures: . I a vu ls ion fractures 
of the medial or lateral epicondyle; 
.2 fracture of the metaphysis, oblique or 
spiral; .3 fracture of the metaphysis, 
transverse . 
A2 = Metaphyseal wedge fractures: 
. I wedge intact; .2  lateral mult i  fragmented 
wedge: .3 mult i  fragmented medial wedge. 
A3 = Complex metaphyseal fracture: 
. I wi th a spl i t  intermediate segment; 
.2  i rregular, but l im i ted to the metaphysis : .3 
irregular, and extending up in to the 
diaphysis. 

Type B fractures are partial  articular. 
B I  = Lateral condylar fractures in the sagittal 
plane: . I simple through the intercondylar 
notch; . 2 imple through the weight bearing 
surface; .3 mul t i fragmentary. 
B2 = Media l  condylar fractures in  the sagittal 
plane: . I s imple through the intercondylar 
notch; .2 imple through the weight beari g 
surface : . mul t ifragmentary. 
B3 = Frontal plane fractures: . I flake 
fracture, anterior and lateral; .2  posterior 
unicondylar; .3 posterior bicondylar. 

Type C fractures are complete articular. 
C I  = Simple fractures of both the articular 
surface and the metaphysis: . I s l ightly 
displaced T- or Y-fracrure; .2  markedly 
displaced T- or Y-fracture; .3 distally situ ted 
T-fracture with the horizontal element 
involving the epiphy is. 
C2 = S imple fracture of the articular surface, 
mu I ti fragmentary of the metaphysis: . I wi th 
intact wedge; .2  mult ifragmented wedge; .3 
complex. 
C3 = M ultifragmentary of the articular 
surface: . I metaphyseal simple; 
.2 mul t ifragmentary of the metaphysis; 
. 3  mul t ifragmentary of the metaphysis, 
extending in to the shaft. 



85. Injuries of the patella and 
extensor mechanism of the knee -
Mechanisms (a): The patella may be 
fractured by direct violence, e.g. in road 
traff ic accidents in which the knee strikes the 
fascia ( I )  (note the association between 
fracture of the patella, fracture of the femoral 
shaft and dis location of the hip) ;  by fal l s  
against a hard surface, e .g .  the edge of a step 
(2); by heavy objects fal l ing across the knee 
(e.g. fal l ing rock) (3 ) .  

88. Diagnosis (b) :  Note c l inical ly any of 
the fol lowing: bru is ing and abrasions ( I ); the 
presence and s i te of tenderness (2) ;  any 
palpable gap above the patella ( 3 )  or beneath 
i t  (4); any obvious proximal displacement of· 
the patella (5) .  

FRACTURES OF THE PATELLA 

86. Mechanisms (b): The pate l la  may also 
be rractured by i ndirect violence. i .e .  as a 
result of a sudden muscular contraction ( I ) . 
This same mechan ism may also cause: 
rupture of the quadriceps tendon (2 ) ,  rupture 
or the patellar l igament (3) ,  or avulsion or 
the tibial tubercle (4 ) .  

87. Diagnosis (a):  Fracture of the pate l la  
should be suspected when there is  a h istory 
of d irect violence to the knee; fracLUre of the 
pate l la and other injuries to the extensor 
mechanism should be suspected when there 
is d i ff iculty in standing after a sudden 
muscular effort (especial ly when there is a 
snapping sensation within the knee). In many 
cases there is inability to straight leg raise, 
and in most cases there is inability to ex1e11d 
the knee. 

89. Diagnosis (c): In all cases, radiographs are essential to clari fy the diagnosis. An AP 
projection and a lateral (preferably in extension) w i l l  general ly suffice. In  the acute case 
tangential projections cannot usual ly be obtained because of pain .  but these views are often of 
value in cases which present late. If there is  remaining doubt over the integrity of the patella. 
oblique projections may be helpful. Do not mistake a congenital bipartite patella ( I l lus.) for a 
fracture. This anomaly most rrequently affects the upper and 0111er quadrant; it may be obvious 
i n  one view only. The edges are usual ly rounded. and this may help to d ifferentiate it from a 
fracture. Other anomalies, such as tripartite patella. may also be dist inguished by s imi lar 
rounding and absence of local tenderness. Do not mistake non-traumatic patella alta for a 
ruptured patel lar ligament. U ltrasound and M R I  scans may be helpful in conf i rming the 
diagnosis in cases of rupture of the quadriceps tendon or the patel lar l igament. 



FRACTURES OF THE PATELLA 

90. Treatment (a) - Vertical fractures: 
Fractures of Lh is  type are usually undisplaced 
and stable. They do not show in the lateral 
radiographs. In the AP view, Lhe overlapping 
femoral shadow may make them d i fficu l t  to 
delect, and in fact these fractures are 
frequently missed. Conservative treatment 
only is  required. 

93. Undisplaced horizontal fractures: 
Undisplaced horizontal fractures (even with 
some comminution) may be treated along 
simi lar l ines with, however, radiographs at 
weekly intervals for the first 2-3 weeks to 
exclude late separation. After removal of the 
plaster or brace at 6 weeks, physiotherapy 
wi l l  be required, and crutches may be needed 
again for the first few weeks unti l  confidence 
is  regained. 

9 1 .  Treatment (b): A 6 week period in  a 
cyl inder plaster (plaster cylinder, pipestem 
plaster) i s  usually advised. Method: Apply a 
layer of stockinet (two pieces) from the h ind 
foot to the groin ( 1 ). Protect the malleoli 
with a piece of· felt (2) ,  holding the 
butt-joined ends with adhesive tape (3). Note 
concavities for the Ach i l les tendon (4) and 
dorsum of the foot (5) .  Pad the leg with 
wool (6). 
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92. Treatment (c): The knee is normal!_ 
kept in  fu l l  extension (but not in recurvatum 
or hyperextension) whi le 20 cm (8") plast r 
bandages are applied (7) .  A slab is not 
necessary. The edges of the stockinet are 
turned back before completion (8). Crutches 
are usual ly  advised for the first 2 weeks, i th 
a total of 6 weeks in plaster. As an alternative 
to a plaster cast, many prefer to use a plastic 
knee splint (e.g. by Zimmer) for about 3 
weeks, � l lowed by a further 3 weeks in a 
hinged knee brace. 

94. Displaced horizontal fractures: Fractures of this type should be explored so that: 
1 .  The exacl nature of the pathology may be determined; 2. The appropriate treatment carrid 
out. Knee function after patellectomy is often excellent, but may fa l l  a l i tt le short of perfect; 
although a full range of movements may be regained. there is often a fee l ing of instabi l ity whi le 
descending steep slopes, and there may be some weakness i n  r is ing from the squatting positmn. 
The pate l la  should there fore be preserved, but only if Lhe articular surface can be perfectly 
restored and maintained in that position unti l  union occurs. In practice, this is only usual ly  
possible when there i s  no  fragmentation, and although the  racliographs ( I l lus. ) may suggest that 
only two fragments are present, this can only be confirmed at exploration. 



FRACTURES OF THE PATELLA - OTHER EXTENSOR APPARATUS INJURIES 
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95. Treatment (a): I f  the joint surface can 
be restored, the fragments may be held by 
AO tension band wiring: two hooked 
K-wires ( I )  are inserted, round which is 
looped a wire (2 )  tightened by twisting. A 
second wire in a figure of eight ( 3 )  may be 
used (as may a figure of eight with the 
inferior l imb in a hole dril led through the 
patel la) .  The K-wires are sunk home (4) and 
trimmed (5). Py1ford 111iri11g which uses a 
wire loop (6 )  and purse string (7) is strong. 
but is not advised because of the risks of 
avascular necrosis of the pate l la .  

98. Avulsion fractures of the tibial 
tubercle: In the adult or adolescent near 
skeletal maturity ( I l l us . )  the displacement. i i

. 

marked, should be reduced and the tubercle 
fixed with a screw. If displacement i s  s l ight, 
a 6 week period in  a plaster cyl inder should 
suffice. In chi ldren, surgery should be 
avoided i f' poss ible because of the risks of 
premature epiphyseal fusion but, if 
manipulative reduction fai ls, open reduction 
and f ix ing with a suture may become 
necessary. 

96. Treatment (b): If the joint surfaces 
cannot be restored and held, or i f. as 
i l l ustrated. there is much fragmentation. a 
complete patellar excision should be carried 
out, with repair of the quadriceps insertion 
and lateral expansions (which are invariably 
damaged). Note, however, that if the damage 
is confined to one pole of the pate l la .  and the 
major pan of the patel la is spared. then good 
results can be obtained by par1ial 
pa1ellec10111y. 

99. Rupture of the quadriceps tendon: 
The diagnosis is essentially cl in ical:  it may 
sometimes be suggested by examination of 
the soft tissue shadows on the radiographs 
( 1 1  lus . ), or by ultrasound. The tendon must be 
re-attached surgical ly :  and it is often 
necessary to dri l l  the pate l la  to provide 
anchorage for the sutures. Thereafter a 
plaster cyl inder is applied. Quadriceps 
exercises are commenced at 2 weeks. weight 
bearing at 4 weeks and knee flex ion at 6 
weeks. 

97. Treatment (c): For exploration or 
excision, the patella may be exposed through 
a midl ine vertical incis ion (best where 
further surgery is  required) ( I )  or a lazy S (2 )  
wi th  the  raising of two flaps. The patellar 
fragments are carefu l ly  dissected free. taking 
care that every piece is removed (3). The 
insertion (4) along with the lateral 
expansions (5 )  are repaired with mattress 
sutures and a plaster cyl inder applied. 
Crutches should be used for 4 weeks and 
mobi l i sation commenced at 6 weeks. 

1 00. Rupture of the patellar ligament: 
The c l in ical diagnosis may be confinned by 
proximal displacement of the patel la  in the 
plane fi lms ( I l lus.) ,  or by ul trasound. The 
tendon should be repaired, and a 
quadrilateral wire (through the pate l la  and 
t ibial tubercle .  retained for six weeks) wi l l  
reduce tension in  the  sutures. Wi th  avulsions 
of the distal tip of the pate l la, remove the 
bony fragments and re-attach the l igament 
(with holes dri l led through the patel la) and 
use a tension rel ieving wire. 



DISLOCATION OF THE PATELLA/KNEE 

1 0 1 .  Osgood Schlatter's disease: I n  
chi ldren, sudden o r  repeated quadriceps 
contraction may be responsible for this 
condition, which is  characterised by 
recurrent pain, tenderness, and swel l ing over 
the tibial tubercle. It may be mistaken for an 
acute injury. Whi le  slow spontaneous 
resolution is  the rule, an acute episode may 
be treated by 2 weeks in a plaster cyl inder. 
Severe persistent symptoms occasionally 
merit excision of the detached fragment 

1 02. Acute lateral dislocation of the 
patella (a): The pate l la  dislocates laterally, 
often as a result of sudden muscular 
contraction or a blow on its medial border. I t  
may be reduced (unless of long standing) by 
applying firm lateral pressure (anaesthesia is 
seldom required). If a first incident, a 6 week 
period of plaster fixation is advised; i f  not, 
apply a pressure bandage for 1 -2 weeks. 
Some prefer early arthroscopy, washing out 
blood and any loose bodies, re-attach ing any 
large osteochondral fragment, and early 
mobi I isation . 
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1 04. Patella dislocation (c): As the femur meets the t ib ia  at an angle, the quadriceps ( I )  and 
patel lar l igament (2) have a lateral component ( 3 )  during muscle co1maction; this is greater where 
there is genu valgum (5); it is resisted by the femoral gutter (4). An error in tracking may cause the 
pate l la  to dislocate. When this starts in extension, patel la aha (6) or an abnormal quadriceps 
insertion (8) may be factors. In these particular cases a re-alignment procedure may be required 
(e.g. Elmsl ie-Tri l lat, Hauser (9)) or Galeazzi; in the latter, more suitable in the adolescent, the 
divided semitendinosus tendon is threaded through a hole in the patel la ( I  0), and the stump sewn to 
semimembranosus ( I  I ) . Where the dislocation occurs inflexion there may be hypoplasia of the 
patel la or lateral femoral condyle (7), with a shallow sulcus and tilting of the patel la. Such cases 
may respond to a lateral tissue (vastus lateral is) release, with or without medial reefing, but they 
may also require a re-alignment procedure. If there is no tracking problem, ligament laxity is 
sometimes blamed. Many respond to physiotherapy (concentrnting on the oblique fibres of vastus 
medial is) and the use of a knee brace during athletic activities. 

1 03. Patella dislocation (b ): Lateral 
dislocation commonly  occurs as a first or 
subsequent incident in  the course of recunenl 
dis location of the patella, a condition seen 
most frequently in  teenage girls. The 
presence on the tangential projection of the 
knee of a marginal osteochondral fracture is  
diagnostic, but may not  be obvious unt i l  
some weeks after a first incident (which may 
also be overlooked if spontaneous reduction 
occurs). 

1 05. Dislocation of the knee (a): 
Surprisingly, this injury may fo l low 
comparatively minor trauma. Most 
commonly the tibia i s  displaced anterior!), 
but medial, lateral, po terior and rotational 
displacements are a l so found. There is 
inevitably major damage to the l igaments of 
the knee; all or most may be torn along w,th 
the joint capsule. Note that c l inical 
examination has been shown to g ive a more 
accurate assessment of l igamentous damage 
than M R I  scanning. 



1 06. Dislocation of the knee (b): 
Sometimes there is  displacement of the 
menisci, fractures of the t ibial spines, 
common peroneal nerve palsy and, most 
seriously, popliteal artery damage. 

Trean11e111: Closed reduction should be 
carried out as expeditiously as possible. 
Reduction is genera l ly easy, and may be 
achieved with traction and Lhe application of 
pressure over the displaced t ibia.  Thereafter, 
these injuries may be treated conservat ively 
or surgically. 

In the conservc11ive 111a11ageme111 of these 
cases, where surprisingly good results 
preponderate. the leg should be supported 
after reduction by l ight traction (2-3 kg/6 lb) 
in  a Thomas splint for 3-4 weeks; th is  may 
be fol lowed by a further 4 weeks in  a plaster 
cyl inder before mobi l isation is  commenced. 

S1.11ger)' is ind icated in the fol lowing 
c ircumstances: I .  I f  closed reduction fai l s  
(genera l ly clue to buuon-holing of the 
capsule by a femoral conclyle); 2.  If there is 
persistent circulatory impairment in the l imb 
after reduction, when popliteal artery 
exploration is indicated; 3. I f  there is a 
common peroneal nerve palsy, also persisting 
after reduction, and where it i s  thought that 
exploration and possible nerve 
decompression might be of benef i t .  

1 08. Medial ligament injuries: The 
commonest cause is  a blow on the lateral 
side ol" the knee ( I )  which forces the joint 
into valgus (2) .  With sl ight force, there is 
part ial tearing of the 111edial l igament (knee 
spra in )  and the knee remains stable on 
c l in ical testing. With greater v iolence. the 
deep portion of the l igament ruptures ( partial 
tear) (3); stressing the knee in  30° 11exion 
with the foot internally rotated ( F) causes 
more opening up of the joint than normal, 

KNEE SOFT TISSUE INJURIES - MEDIAL LIGAMENT 

I n  addition, some advocate exploration and 
l igament repair after closed reduction in a l l  
cases of dislocation of  the  knee. The formal 
repair may be delayed for some days after 
the closed reduction. 

1 07. Soft tissue injuries of the knee: 
When there has been trauma to the knee and 
the racl iographs show l itt le in the way of 
bony injury. the possibi l i ty of a signi ficant 
sort tissue injury should be considered. I t  
would be unrealistic to say that injuries or  
th i s  type are easy to  diagnose; they 
sometimes are. but often cause much 
difficulty. There is  the common c l in ical 
picture of pain in  the knee, swe l l i ng. and 
d ifficulty in  weight bearing shared by many 
lesions. I nvestigation of each case should 
aim first to localise the injury to a specific 
structure, al though it must be accepted that 
local ising tenderness may be d ifficult to 
ascertain  where there has been an associated 
fracture in  the region. An attempt should be 
made to exclude the fol lowing: 
I .  Da111age to the extensor apparatus; 
2. Lateral dislocation of the patella with 
spontaneous reduction; 
3 .  Tears of the l igamellls of the knee; 
4. Meniscus tears. 

In so111e centres, when the injury is suspected 
of being more than trivial, further 
investigation is pursued in  an aggress ive 

but stressing the joint in extension (E) has no 
e ffect. There may be c l inical evidence of 
rotatory instabi l i ty. With greater violence, 
superficial and deep parts of the l igament 
rupture (4) and the tear rapidly spreads 
across the posterior ligament (5 ) .  The medial 
meniscus (6)  may also tear. When the knee is 
stressed in  extension ( E) s l ight to moderate 
opening up wi l l  be noted, and if the edge of 
the l igament rolls over it may be fe l t  
subcutaneously (7) .  With severe violence, the 

fashion: any haemarthrosis i s  aspirated. and 
the soft tissue elements examined directly by 
arthroscopy, or indirectly by M R I  scan. ote 
that the presence of a substantial 
haemarthrosis i s  general ly associated with 
damage LO a major strucLUral element. 
Aspiration is generally required to permit a 
more meaningful examination, and general 
anaesthesia is advisable. Any suggestion of 
locking or other evidence of meniscal 
damage merits further investigation by 
anhroscopy or MRI scan (because i f a  
meniscus i s  torn and suitable for surgical 
repair. this i s  best undertaken with in 4 weeks 
of the injury). 

If there is  no hard evidence to impl icate any 
of the 111ajor son tissue structures (and this is 
so in  the 111ajoritv of cases) a provisional 
(and rather unsatisfactory ) diagnosis of 'knee 
spra in '  or ·sprained l igaments with traumatic 
effusion' may be made, and the case treated 
appropriately (e.g. by the application of a 
crepe bandage support, Jones pressure 
bandage, or c ircular woven bandage 
(Tubigrip®)) . The case should be re-assessed 
at weekly intervals thereafter unt i l  e i ther the 
symptoms have seuled completely, or a more 
accurate diagnosis can be established. 
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cruciates (especial ly the anterior cruciate) 
rupture ( 8 )  and the joint opens widely on 
stressing as at ( E) .  Bruising on the lateral 
side (9) and medial tenderness ( I  0) are 
suggestive of medial l igament damage. I f  
there i s  remaining doubt regarding its 
integrity, repeat c l i nical tests after aspiration, 
or take stress radiographs, comparing one 
side with the other. 



KNEE SOFT TISSUE INJURIES - LIGAMENT INJURIES 

1 09. Medial ligament injuries (b) -
Treatment 
(a) Sprain: Crepe bandages or a Jones 
pressure bandage should be applied and the 
patient given crutches to use unt i l  the acute 
symptoms have settled: review at least twice. 
(b) Isolated tear, with no evidence of 
'rol l ing over' of the medial l igament: POP 
fi xation with the knee at 45°.flexion for 8 
weeks, or the use of a l im i ted motion 
(30°-60°) knee brace. Review at one week to 
exclude associated meniscal i njury. 
(c) Major tear: I f  isolated and 
uncomplicated, conservative 111anagement 
111ay be pursued (e.g. with a l im i ted 111otion 
brace) and a good resul t  expected. If under 
anaesthesia gross i nstab i l i ty i s  found, this is 
suggestive of posterior capsular tearing 
and/or involve111ent of other 111ajor structures. 
Exploration and repair of the 111edial 
l iga111ent and postero111edial capsule are then 
advised. An associated 111en iscus i nj ury 
should be carefu l ly  assessed and treated on 
i ts ·merits: the meniscus should be preserved 
if feasible, and in  so111e cases it may be 
possible to re-attach or repair it. l f  the 
anterior cruciate l igament has been detached 
or torn, it may be re-attached or repaired, or 
this deferred unti l  later when knee 
111ovements have been regained. 

Complications of medial ligament 
injury - (a) Late valgus instability: It 
111ay be possible to i 111prove stab i l i ty by a 
reconstruct ive procedure; semitendinosus 
may be rerouted and used to reinforce a 

1 1 2. Lateral ligament (b): Test the 
stab i l ity of the knee by applying a varus 
stress wi th the knee in extension ( 1 ) , looking 
for opening-up of the joint on the lateral side 
(2). Test for common peroneal involve111ent 
by looking for weakness of dorsiftexion of 
the foot and toes (3) ,  and/or sensory loss on 
the dorsum of the foot and side of the leg (4) . 

defective medial l igament, or a prosthetic 
l iga111ent replacement may be carried out. 

(b) Persistent rotatory instability: 
lmprove111ent may fol low a 111edial capsular 
repair and pes anserinus transposition, 
although the late results are often 
disappointing. 

1 1  O. Pelligrini-Stieda disease: A valgus 
strain of the knee may produce partial 
avulsion of the medial l iga111ent, with 
subsequent calcification in the subperiosteal 
hae111atoma. There is prolonged pain and 
local tenderness, with l imi tation of flex ion, 
but no i nstab i l ity. fn the acute phase, plaster, 
immobi l isation for 2-3 weeks is advised, 
followed by mobilisation. Local 
hydrocortisone infil trations are so111eti 111es 
advocated for the chronic case. 

1 1 3. Lateral ligament (c): I n  some cases 
the radiographs may show tell-tale avulsion 
fractures of the fibular head or t ibia. ( f l l us . :  
Note a s111al l  undisplaced fracture of the head 
of the fibula produced by the lateral l iga111ent 
(the fracture highl ighted with black arrows), 
and a l arge displaced fragment ( indicated 
wi th white arrows) avulsed by the biceps. ) 
7/·eatm.ent: 1 .  I f  the knee is c l inically stable, 
syrnpto111atic treat111ent only is required (e.g. 
a crepe bandage and crutches). 

1 1 1 . Injuries to the lateral ligament 
(a): The lateral l igament ( 1 )  is part of a 
co111plex which i ncludes the biceps fe 111 ris 
tendon (2) and the fascia l ata (3) attache to 
t ib ia,  fibula and patel la .  All these structures 
111ay be da111aged if the knee is subjected to a 
varus stress (4), and with severe violence the 
cruciates (5) wi l l  also be torn. The co111111on 
peroneal nerve (6) 111ay be stretched or torn. 

1 1 4. Lateral ligament (c) cntd: 
Treannent cntd: 2. I f  there is instab i l ity, 
operati ve repa ir  of the l i ga111ent and rep i r  of 
the posterolateral capsule ( i f  i nvolved) i' 
indicated, unless there is a definite, 
undisp laced fracture which seems l i kely to 
go on to union; in such c ircu111stances a 
plaster cyl inder should be applied and 
retained for 6-8 weeks before mobi lisat ion.  
3 .  Co111mon peroneal nerve palsy, i f  present, 
is l i kely to be due either to a lesion in 
cont inuity, or a complete disruption of the 
nerve over an extensive area. If the l igament 
i s  being repaired, the opportuni ty should be 
taken to inspect the nerve. (So111e advocate 
explorauon of the nerve in all cases, 
irrespective of the need for repa ir  of the 
lateral l igament, holding the view that this 
gives the opportun i ty of carrying out a local 
decompression should this be requ ired, and 
thereby perhaps a id ing recovery.) I n  a l l  cases 
treatment for drop foot should be started. 
With a lesion in cont inu i ty, recovery usually 
starts within 6 weeks, but a disruptive lesion 
carries a poor prognosis. 



KNEE SOFT TISSUE INJURIES - CRUCIATE LIGAMENTS 

1 1  S. Posterior cruciate ligament injuries: The mechanism whereby the posterior cruciate 
l igament is damaged is usual ly e i ther a fal l .  in  which the tibia strikes a rock or some other 
object and is forced backwards ( I )  or from dashboard impact in  road traffic accidents. There is 
often associated damage to the medial or lateral l igaments. 

Diagnosis: (a) I n  most cases there is  a striking alteration in  the prof i le of the knee when placed 
in flexion: the tibia sags backwards (2) and this explains why the anterior drawer test ( for the 
anterior cruciate l igament) often g ives a false posit ive: the displaced tibia can be pul led forward 
to the normal position. (b )  The posterior drawer sign may be positive (3) .  If there is remaining 
doubt, the knee should be aspirated and examined under anaesthetic. 

1 1 7. Anterior cruciate ligament tears 
(a): Isolated tears are uncommon ( forced 
flex ion or hyperextension injuries); tears of 
the medial l igament and/or medial meniscus 
may be associated. 

Diagnosis: I .  Note variations in  the anterior 
drawer sign: sl ight s l ip + internal rotation of 
the tibia (S + I ) = isolated anterior cruciate 
tear; sl ight s l ip + external rotation (S + E) = 

medial ligament tear: marked s l ip  without 
rotation ( M )  = tear anterior cruciate + medial 
l igarnenl. 

1 1 8. Anterior cruciate ligament tears 
(b): Diagnosis: 2. Careful ly examine AP and 
lateral radiographs or the knee, looking for 
te l l-tale avulsion fractures ( I l lus . :  Avulsion of 
the anterior auachmenl indicated with 
pointer). Independently test the medial 
l igament, and look for evidence of meniscus 
injury. Consider performing an anhroscopy 
or M R I  to obtain unequivocal evidence of 
concurrent meniscal and cruciate l igament 
tears. Radiographs may also be used to 
assess anterior cruciate funct ion. 

1 1 6. Posterior cruciate ligament 
injuries cntd: (c) Radiographs may show 
a vu ls  ion fractures of the posterior cruciate 
l igament auachments. 

Trem111enr: If untreated. and instab i l ity 
persists. disabi l i ty is considerable, and 
osteoarthrit is often advances with great 
rapidity. 
I .  If there is  an undisplaced fracture of the 
posterior t ibial spine representing an 
avulsion of the posterior attachment of the 
l igament. the leg should be kept in a plaster 
cyl inder for 6-8 weeks before mobil isation. 
( Some however advocate internal fixation 
irrespective of the pallern or injury.) 
2.  A displaced t ibial spine fracture should be 
reduced and held with a screw. 
3. A detached l igament should be re-attached 
10 bone. 

As the majority of detachments are 
posterior. procedures 2. and 3. involve a 
posterior ( popl i tea l )  approach to the knee. 

1 1 9. Anterior cruciate ligament tears 
(c): Treatment: I .  If the anterior t ibial spine 
is  undisplaced, treat with a 6-8 week period 
of fixation in a plaster cylinder. 2. If there is 
a substantial t ibial spine fracture which is  
displaced. i t  should be careful ly repositioned 
at open operation and f ixed with a screw. 
3. If the anterior at1achmcn1 or the l igament 
is avulsed. it may be re-atlached to bone: it 
may also be left and the need ror a formal 
reconstruction assessed at a later date on the 
basis of instab i l ity. 4. The resu lts of 
immediate surgical treatment or tears or the 
central portion of the anterior cruciate 
l igament are somewhat uncertain. I n  some 
cases. i t  may be possible lo effect a direct 
repair. but general ly the shredding and 
attenuation or the torn ends render this 
ineffective. An augmented repair (which 
seems to give the best resu lts) or a secondary 
reconstruction may be possible. using for 
example: (a )  A portion or the patellar 
l igamelll and part of the patella (used to 
anchor the end of the ·new' l igament) :  
(b)  Part of the i l iotibial tract formed imo a 
tube pedicle anchored with a block of bone; 
(c) the use of semitendinosus, grac i l i s  or 
both. 5. Associated tears of the medial 
meniscus and medial l igament take 
precedence in  1rea1111e111. Any minor 
instabi l ity may be dealt  with by intensive 
quadriceps bui lding and the judicious use of 
a dynamic knee brace: i f  there is any 
significant instabi l i ty, surgical reconstruction 
should be considered. 



KNEE SOFT TISSUE INJURIES - MENISCUS 

1 20. Meniscus injuries: I n  the young 
adult, the menisci are general ly injured as a 
result of a rotational stress applied Lo the 
flexed, weight bearing knee ( I ) . Injury can 
also result from rapid knee extension 
(anterior horn tears) and direct v iolence 
(cysts). The medial ( M )  and lateral (L)  
menisci are altached a t  their anterior and 
posterior horns to the t ibia, and by coronary 
l igaments (C) to the femur and t ib ia .  The 
majority of tears commence as vertical spl its 
in  the substance of the meniscus 

1 2 1 .  Diagnosis of meniscus injuries -
Note the following points: 
I .  Acute tears in the young adult generally 
result from a clear-cut incident of weight 
bearing stress. often whi le engaging in an 
athletic pursuit  such as footba l l .  There is  
immediate pa in  i n  the knee and d i fficulty in  
weight bearing. I ni t ia l  d isabi l i ty is usually 
marked, and if the patient has been playing 
football ,  they will be unable to cont inue -
this important aspect of the history should be 
c larified. Locking, if present and shown Lo be 
true, is a very i mportant finding. 
2 .  Meniscus tears are very uncommon in 
women. Dislocation of the pate l la  or 
chondromalacia pate l lae should always be 
e l iminated before the diagnosis of a torn 
meniscus is contemplated in women. 
3.  Absence of knee swel l ing may be 
decept i ve. After peripheral tears there is 
certai nly usual ly a rapidly forming 
haemarthrosis but there may be no 
immediate swe l l i ng after longitudinal tears 
(the menisci are avascular). Any reactionary 
synovit is  may appear quite late (e.g. several 
days) after the i n i t ial inc ident. 
4. There is almost invariably joint l ine 
tenderness, but as many minor lesions give 
this fi nding this is of l i t t le diagnostic value 
apart from local i sation to either side of the 
joint. 

( ' longitudinal tear') (2); the free edge may 
displace centrally, forming a bucket handle 
tear (3) or a racquet tear of the posterior (4) 
or anterior horns. The central edge may 
rupture forming a parrot-beak tear (5). I n  
peripheral detachments the whole meniscus 
may displace central ly (6) or, more 
commonly, the posterior horn only of the 
lateral meniscus is affected (7). Congenital 
discoid menisci may also become detached 
( 1 2) with ridging of their upper surfaces ( 1 1 )  
- a common condition in chi ldren. 

5 .  A springy block to full extension is almost 
diagnostic of a displaced, bucket handle tear. 
6. Some days after the f i rst i ncident other 
signs may appear. such as quadriceps 
wasting and sl ight oedema in the joint l ine. 
When pain subsides, other confirmatory tests 
such as MacMurray's manoeuvre may g ive 
pos i t ive results. 
7.  Radiographs should always be taken to 
exclude other pathology. 
8. In chronic lesions, positive physical signs 
are often lacking, and further investigation 
may be required (e.g. by arthroscopy, M R I  
scan, arthrography, provocative exercises). 

Treatment 

I .  Locked knee: Admit at an early date for 
surgical treatment. Pending admission, a 
pressure bandage support. crutches, and 
analgesics may be prescribed. Attempts to 
un lock the knee are of questionable value. 
2 .  In 01her cases where the history and 

.findings snggest a )i-esh meniscus tear: Treat 
conservatively. Remember that peripheral 
detachments can uni te, and that many joint 
i n juries may mimic a torn meniscus yet 
recover completely. A pressure bandage 
should be applied, the patient given crutches 
and advised to practise quadriceps exercises. 
Analgesics may be required. If the knee fai Is 

Detachments of the anterior horn also occur, 
but are le s common. A men iscus cyst ( 8) 
may result from a direct blow (such as a 
kick) and the lateral meniscus is most 
commonly affected. Cysts of the medial 
meniscus must be dist inguished from pes 
anserinus gangl ions. In middle age, 
horizontal tears may occur within the 
substance of the meniscus (9) ,  sometimes 
wi thout trauma, and may convert to tears 
with potent ial  for d isplacement ( I  0 ) .  

to settle ' i th in 2 weeks, the usual practice is  
to perform a d iagnostic arthroscopy fol lowed 
by the procedure appropriate to the f indings 
and ava i l able fac i l i t ies. I n  general terms, :he 
aim should be to preserve any part of the 
meniscus that can be made to make a 
contribution to the proper functioning of 1 he 
knee (e.g. excision of the central port ion only 
of a bucket handle tear, leaving an intact 
peripheral rim). Where the meniscus is 
detached at the periphery, or where there s a 
tear through the vascular peripheral margrn 
of the meniscus, re-attachment or repair may 
be carried out. In many cases i t  is possible to 
do this us ing the arthroscope, and withou1 
opening the joint: this may make i t  possible 
to mobi l i :,e the patient at a very early stag 
and may ,horten the in i t ial period of 
convalescence. Repair is best undertaken 
with in four weeks of injury. I t  is not suita le 
for chronic or horizontal cleavage tears. 
3. Me11iscus cysts: Excise the cyst. In 
addition, many advocate removal of the 
associated meniscus which is not 
infrequently torn. 
4. Hori:onta/ cleavage 1ears: Symptoms may 
resolve "·ith physiotherapy alone, and 
meniscectomy may frequently be avoided. 



1 22. Fractures of the lateral tibial 
table: These general ly result fro111 a severe 
valgus stress, and several pallerns or injury 
are found. 
(a) l111pacl of the 111ass of the la1eral fe111oral 
condyle 111ay be responsible for the 's l id ing 
fracture' which passes downwards and 
lateral ly fro111 the t ib ia l  spine region, the 
main articular surface re111aining inlacl ( I ). 
With increasing violence the t ibial frag111ent 
is depressed (2) and there 111ay be an 
associated Fraclllre of the fibular neck (3 ) .  In 

1 23. Diagnosis (b): This  is con fi nned by 
radiographs, an AP view with a 1 5° tube t i l t  
giving the most in for111ation. Measure the 
maximal depression of any frag111ent relative 
to neighbouring inrac1 bone or a l ine 
projected from the ( i ntact) 111edial table. I r  
the medial l igamenl i s  suspect (e.g. local 
tenderness, etc.) stress f i l 111s (preferably after 
aspiration and under GA) may be helpfu l .  
( I l l us. :  Smal l  sp l i t  fracture wi th  stress f i l 111s 
showing 111edial l iga111enl tear.) 

the severe cases I here 111ay be rupture of the 
111ed ial l iga111en1 (4), rup1ure of the cruciates 
(5) ,  and 111ecl ial subluxation of the t ibia (6) .  
(b)  The 'corner' of the lateral femoral 
conclyle 111ay cause a spl i t  fracture (7) ;  or 
(c) A crush fracture ( 8 )  of the 1 ibial 1able. In 
either or ihese cases 1here 111ay be tearing of 
the 111ecl ia l  l igament (9 ) .  or the cruciates ( I  0), 
relative lengthening of the lateral l igament 
( 1 1  ), or crushing of the lateral meniscus. 
(cl) A second fracture l ine ( 1 2 )  111ay convert 
any of these injuries i nto a biconclylar 
fracture. 

1 24. Diagnosis (c): The state of the 1 ibial 
table and the articular surface in particular 
may be assessed with CAT scans. With 3 D  
reconslructions ( I l lus . )  which can be rotaied 
on 1he screen it beco111es possible to assess 
the extent of 111ajor frag111ent displace111ents 
and 1he slale of the articular surfaces wi1h 
greal clari1y. 

TIBIAL TABLE FRACTURES • 
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(e )  Fractures of the 111ecl ia l  1 ibial  table are 
unco111111on. but do occur. They may be 
associa1ecl wi 1h la1eral l iga111en1 ruptures and 
co111111on peroncal nerve palsy. (Their 
1reat111e111 i s  a long s imi lar l i nes to lateral 
1 ib ia l  iable injuries . )  

Diagnosis (a) :  The cl in ical findi ngs of 
lateral 1 ibial  table fracture include: 
hae111anhrosis ( 1 3 ) .  lateral bruising and 
abrasions ( 1 4 ). valgus defor111 ity of  the knee 
( 1 5 ) .  

1 25. Treatment (a): No liga111e111 da111age, 
110 tibial s11b/11.rmio11. aud a ra/Jle depression 
of less 1/icm 10 111111. Apply skin traction of 3 
kg (6-7 lb)  ( I ) : quadriceps exercises should 
be co111menccd immediately and ftexion as 
soon as pain w i l l  permit (2 ) .  Traction 111ay 
often be discontinued after 4 weeks; weight 
bearing may be per111iued after 8 weeks. The 
late resul1s are generally excel lent. 
Al ternat i vely. fix the lateral table with 
cannulated cancellous screws inserted 
percutaneously. 



TIBIAL TABLE FRACTURES - B ICONDYLAR 

1 26. Treatment (b): Fracrures displaced 
by 111ore tha11. 10 mm (i). If the displace111ent 
i s  more than I 0 111111 and is  not reduced, there 
wi l l  be persistent valgus defor111ity of the 
knee, and often some residual instabi l i ty 
leading to appreciable disab i l i ty. Note in the 
i l l ustration the l arge lateral frag111ent and the 
medial  subluxation of the tibia of a degree 
suggesting some associated da111age to the 
medial l igament. 

1 29. Treatment (e): If the articular surface 
of the t ibial  plateau is depressed more than 
I 0 111111, even in  the absence of depression of 
the upper lateral t ibial margin, the chances of 
obtaining a good result by conservative 
treatment becomes less l i kely. In assessing 
the indications for surgery, the extent and 
degree of depression of the lateral t ibial 
plateau may be apparent on AP or lateral 
( I l lus . )  radiographic projections; further 
infor111ation on the bony disturbance may be 
obtained by CAT scans and 3D 
reconstructions. 

1 27. Treatment (c): Fracrures displaced 

by more th.c111 10 mm (ii). These injuries 
should be treated by open reduction and 
internal fixation. When the fracture has been 
fixed, the medial l igament should be re
tested, and if found to be ruptured it should 
be repaired. It may also be possible to re
attach any displaced meniscus using 
absorbable sutures. (The radiograph shows 
the previous fracture after open reduction 
and internal fixation with a single cortical 
screw: i t  has gone on to union . )  

1 30. Treatment (f): I t  may b e  possible to 
elevate the bony depression ( I )  with its 
cartilaginous covering by making an opening 
(2) on the lateral tibial flare through which a 
narrow punch (3 )  may be inserted. Elevation 
inevitably leaves a defect (4) which 
should be tightly packed with bone grafts 
(5) .  I t  111ay be necessary to stabi l ise 
the fragments with a cross-screw 
(6) .  Visualisation may be enhanced by 
temporary elevation of the anterior horn of 
the meniscus. Then the ligaments should be 
tested and dealt with as required. 

1 28. Treatment (d): Frac1ures displaced 

by more 1ha11. JO 111111 (iii). In some case. 
more stable fixation can be obtained using a 
cortical screw to lock the inferior margin of a 
l ateral frag111ent ( I ). with one or 111ore 
cancel lous screws to obtain compression (2) .  

I f  i t  i s  thought that the defor111ing forces are 
un l ikely to be sufficiently countered by these 
measures, then a T- (3 )  or L-plate wi th the 
appropriate cortical and cancellous bone 
screws may be used. The AP and lateral 
al ignment of the knee must be careful ly 
assessed. 
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1 3 1 .  Treatment (g): Where there is  
depression of both the t ib ia l  margin ( I )  Jnd 
the upper articu Jar surface (2), reconstrLction 
is  techrr ical ly more difficult. The steps i'l 
reconstruction that have been recommended 
are ( i )  Reduction of the fracture and 
temporary fixation wi th K-wires (3 ) ;  ( i i: 
Packing the remaining defect (4) with b Jne 
grafts (.5); ( i i i )  Supporting the fracture with a 
T- (6) or L-plate and the appropriate 
cance l lous and cortical screws. 



1 32. Treatment (h) - Bicondylar (Type 
C) fractures (a): I f  the displacement i s  
min imal  it is often possible to treat injuries 
of this pattern conservatively. This may be 
carried out with 6-8 weeks' traction. in i t ia l ly 
in  a Thomas spl int ,  and later, when pain has 
settled, by Hamil ton-Russell or other 
traction methods which w i l l  permit early 
mobi l isation of the knee. 

TIBIAL TABLE FRACTURES - BICONDYLAR 
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1 33. Treatment (i) - Bicondylar (Type 
C) fractures (b): Where there are two main 
fragments ( 1 )  i t  may be possible to hold 
these in alignment with one or more 
cancellous screws ( 2 ) .  Additional support i s  
required: a single buttress plate i s  usual ly 
inadequate. and bi lateral plates are best 
avoided, carrying as they do a great risk of 
contributing to avascularity 01· the proximal 
tibia. An external f ixator (3) may be used to 
maintain length. Later, a hi nged l ink inserted 
between the pin holders may be employed to 
al low early knee movements. 

1 34. Treatment (j) - Bicondylar (Type 
C) fractures (c): A lternatively, and 
especial ly where there are more than two 
main proximal t ibial fragments, fixation may 
be achieved using fine wire methods. In 
many situations a hybrid system can g ive 
good results. ( ote in the i l lustration a 
combination of a t ibial shaft and a t ibial 
plateau fntcture. treated by a combination of 
f ine wires and t ibial  pins.)  



AO CLASSIFICATION - TIB IA/ FIBULA, PROXIMAL SEGMENT 

TIBINFIBULA, Proximal Segment :  41 -

A 

B 

c 

1 35. AO classification of fractures of 
the tibia/fibula, proximal segmenrt 
(4 1 -): 

Type A fractures are al l  extra-art icular. 
A I = A\'ulsion fractures: _ I  of the head of the 
f ibula (lateral ligament); .2  of the t ibial 
tuberosity (patel lar l igament); .3 of the tibial 
spines (cruciate l igaments ) .  
A2 = S imple metaphyseal fractures: 
_ J oblique from side to side; .2  oblique from 
posteri r to anterior, often wi th vascular 
damage: .3 transverse. 
A3 = M ult i  fragmentary metaphyseal :  
_ J wed0e intact; .2  fragmented wedge; 
_3 complex. 

Type B fractures are partial articu lar. 
8 I = Spl i t  fractures only:  _ J lateral; 
.2  medial; -3 including the area of  the ti ial 
spines and one tibial table_ 
82 = Depressed fractures only: _ J all of the 
lateral tibial table; .2 part only of the lateral 
t ibial table; .3 part or all of the medial t ibial 
table. 
83 = Combined split and depression: 
. I lateral; .2 medial; .3 oblique, involving the 
t ibial spines and one tibial table. 

Type C fractures are complete articular. 
CI = Articular simple, metaphyseal s imple: 
. I minimal displacement; .2 one condyle 
displaced; .3 both condyles displaced. 
C2 = Articular simple, metaphyseal 
mult ifragmentary: . I intact wedge; 
.2 fragmented wedge; .3 complex. 
C3 = M ult i  fragmentary articular: . I lateral; 
.2 medial ;  _3 both lateral and medial .  



SELF-TEST 

SELF-TEST 

1 36. What is the level of fracture shown on these radiographs? How is 1 37. Describe the fracture and the 111ethod of treatment. Is the position 
it being treated? Is the position acceptable'7 acceptable? 

1 38. (Above) Describe this fracture. What i s  the unusual feature about the clefor111 ity? 
How might i t  be treated conservatively? 

1 39. (Right) What fractures are present? What treat111ent i s  obvious·7 



SELF-TEST 

1 40. What does this radiograph show? I-low 
might this be dealt with? 

1 43. What fracture is shown on the 
radiograph? What complication has occurred, 
and what is its most l ikely cause? What 
would you advise? 

1 4 1 .  What fracture is present? What 
treatment should be carried out? 

1 44. What fracture is present? How has it 
been fixed? 

1 42. What fracture is  present? What 
treatment might be advised? 

1 45. What fracture is shown on the 
radiograph? How m ight this be treated? 



1 46. Describe this fracture: how is it being 
treated? Assuming conservative treatment 
was being continued, would you make any 
correction? 

ANSWERS TO SELF-TEST 

1 36. Proxi mal third fracture of the femur 
being treated in  a Thomas spl int. The 
proximal fragment is flexed so that there is 
no bony apposi tion, and probably soft tissue 
between the bone ends. The position is 
unacceptable (r isk of non-union or malunion) 
and internal fixation would be advocated. 
(AO = 32-A3. I )  

1 37. Oblique fracture o f  the midshaft o f  the 
femur (with shortening and angulation) in  a 
chi ld. I t  is being treated in a plaster h ip spica. 
The position is  acceptable: union is  l ikely to 
be rapid; the shortening wi l l  almost certainly 
resolve spontaneously; any residual 
angulalion is  also l i kely lo d isappear wi th 
remodel l ing. (AO = 32-A2.2) 

1 38. Supracondylar fraclllre of the femur. 
Angulation is sl ight, and is in the reverse 
direction from nor111al .  Traction in a straight 
Tho111as splint might be used and 
111obi l isation commenced at an early dale. 
Alternatively, this fracture might be dealt 
with by Hamilton-Russell traction and cast 
bracing or in ternal fixation w i th a blade 
plate, a dynamic condylar screw or an 
inlramedul lary nai l  with interlocking screws. 
(AO = 33-A 1 .2) 

1 39. There i s  a fracwre of the midshafl of 
the femur and a supracondylar fracwre, both 
held in  alignment with an i ntramedullary 
nai l .  I n  addition, there is a fracture of the 
proximal third of the t ibia. Such injuries are 
typical of high velocity road traffic accidents. 
(AO = 32-8 1 .2 + ( 33-A2.3 or 32-82.3) + 
4 1 -A3) 

1 47. What does the radiograph show? What 
structure is at serious risk? 

1 40. Fracture of the femoral shaft at the 
level of the tip of a replacement arthroplasty 
prosthesis (Type 8 I fracture). Treat by open 
reduction and in ternal fixation, e.g. using a 
plate and cerclage wiring (such as the 
Dall-Mi les system). 

1 4 1 .  Displaced, intra-articu lar fracture of 
the medial femoral condyle. Treat by open 
reduction and internal f ixation with 
countersunk cancellous bone screws; 
otherwise non-union is l ikely even i f  
reduction is achieved. Avascular necrosis o f  
the fragment i s  probable. Were the fragment 
larger, a bullress plate would be considered. 
(AO = 33-82.2) 

1 42. Highly comminuted fracture of the 
d istal third of the fe111ur, with a fracture 
extending between the femoral condyles. 
Surgical reconstruction is l ikely to prove 
d ifficult  due to the degree of comminution, 
but might be attempted using for example a 
screw-plate and cancellous screws. 
Al ternatively conservation management with 
traction and early mobi l isation should be 
considered. (AO = 33-C3 .3) 

1 43. Fracture of the 111idshaft of the fe111ur, 
treated by intramedul lary nai l ing. Union is  
incomplete and the na i l  has bent, with 
angulation of the femur because of premature 
weight bearing. The nail should be removed 
without delay, and a new nai I substituted 
after reaming. Removal of the nail wi l l  
obviously be difficult .  I t  may be possible lo 
straighten the bend by forcible 111anipulation, 
but i f  this fails i t  may be necessary to expose 
the fracture, saw through the nail and extract 
the two fragments separately. (AO = 
32-A3.2) 

ANSWERS TO SELF-TEST 

1 48. Whal is  this fracture? How has i t  been 
treated? Whal alternative treatment 111ight 
have been carried out? 

1 44. Supracondylar fracture of the femur 
supported with a one-piece blade plate and 
screws. (AO = 32-A3.3)  

1 45. H ighly com minuted fracture of the 
distal portion of the patella, with retraction of 
the main fragment. The proportion of the 
patellar surface involved and the degree of 
comminution mi l itates against preservation, 
and excision, with repair of the ruptured 
lateral expansions, wou ld  probably be the 
best procedure here. 

1 46. Fracture of the femoral shaft al the 
junction between the middle and distal 
thirds, wi th posterior angulation (anterior 
t i l ting of the distal fragment). I t  i s  being 
treated in a Thomas splint (note the side 
iron). Traction should be increased, and 
further padding placed under the fracture to 
correct the angulation. (AO = 32-A2.2) 

1 47. Dislocation of the knee (posterior 
dis location with 90° rotational deformity 
superimposed). The popliteal artery is i n  
grave danger. 

1 48. A transverse fracture has been 
anatomically reduced and held with a s ingle 
cortical screw. This method of fixation is  
prone lo fai lure due to the magnitude of the 
distracting forces. A tension band wiring 
system is to be preferred. 
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CHAPTER 

1 3  
Fractures of the tibia 



FRACTURES OF THE TIBIA - GENERAL PRINCIPLES 

1 .  General principles (a) - Mechanisms 
of injury: The tibia is vulnerable to 
torsional stresses ( I )  (e.g. sporting injuries), 
to violence transmitted through the feet (2)  
(e .g .  falls from a height, road traffic 
accidents), and from direct blows (3) (e.g. 
road traffic accidents, blows from falling 
rock, masonry, etc.) .  

4. General principles (d): Partly because 
of its triangular shape, and partly because of 
the frequency of injury caused by torsional 
forces, oblique and spiral fractures of the 
tibia are common. Muscle tone in the soleus 
( I ), gastrocnernius (2) and tibialis anterior 
(3) tends to produce shortening and 
displacement in fractures of this type (4). 

2. General principles (b): Isolated 
fractures of either the tibia or fibula may 
occur from direct violence ( I ), although this 
is comparatively uncommon. As in the case 
of the forearm bones, ind irect violence leads 
to fracture of both tibia and fibula (2) .  
Always obtain radiographs of the whole 
length of the limb to exclude a distal injury 
accompanying a proximal fracture (3) .  
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S. General principles (e): The popliteal 
artery (5) is anchored as i t  passes under the 
origin of the soleus at the soleal l ine (6). I t  is 
susceptible to damage in upper tibial 
fractures (7) and may cause Volkmann 's 
ischaemia of the calf with permanent flex ion 
contracture of the ankle. Fractures of the 
t ibia may be fol lowed by ischaemia of the 
distal fragment (8) caused by interruption 
of the blood supply through the nutrient 
artery (9). 

3. General principles (c): Note that a third 
of the t ibia is subcutaneous. There is  l i ttle to 
resist the spiky end of a fractured tibia fr m 
penetrating the skin; again, any direct 
violence to the shin i s  uncushioned, and the 
skin is readi ly spl i t; these factors account for 
the fact that tibial fractures are often ope 
(either from within out or from without i ). 

6. General principles (f): It i s  particularly 
important to correct angulation in  fractures of 
this weight bearing bone. Unl ike angulaLon 
in femoral shaft fractures ( I ), which can oe 
compensated at the h ip (2),  residual 
angulation in  tibial fractures (3) wi l l  throw 
inevitable stress at the ankle (4) and/or tre 
knee, perhaps leading to pain and secondary 
osteoarthritis. 



7. Undisplaced fractures (a): In chi ldren, 
owing to the thickness of the subcutaneous 
fat and periosteum, and the e last icity of the 
bones, fractures are often of greenstick 
pattern and closed. I n  many cases, too, the 
fractures are minimal ly displaced. ( I l lus. :  
Greenstick fracture distal t ibia and f ibula, 
betrayed by fibular kinking and t ibial cortical 
buckling.) 

s-1 2/s2 

1 0. Undisplaced fractures (d): A 
walking heel can certa in ly be applied when 
there is  evidence of early cal lus on the 
radiographs (e.g. after 3-4 weeks in a chi ld 
of 9 years) .  Before that a heel  may be applied 
if  in your assessment there is  no risk of 
displacement or problems from swe l l i ng .  
Any hesitation may sometimes be dispel led 
by the appearance of the sole of the plaster 
which often indicates premature successful 
weighl bearing! 

UNDISPLACED TIBIAL FRACTURES IN CHILDREN 

8. Undisplaced fractures (b): When 
deformity is  min imal, apply a long leg 
plaster immediately over a generous layer of 
wool ( I )  (mi ld  sedation only may be 
required). A sandbag under the buttocks (2)  
may be helpful, while an assistant holds the 
toes (3) and supports the calf (4). The knee is 
s l ightly nexed (5) and the plaster may be 
applied in one stage with or without a slab 
(6). 

1 1 . Undisplaced fractures (e): The 
fracture may be assessed for union after say 
4-5 weeks in a chi ld of 4 years, 8 weeks in a 
chi ld of 8, and 8- 1 2  weeks in a chi ld of 1 2 . 
On removal of the plaster no support for the 
l imb is usually requ i red, but confidence may 
be raised by a crepe bandage. Crutches for 
the first few days are advocated as the chi ld 
often shows t imidity in commencing weight 
bearing and the parents may require 
reassurance. 

9. Undisplaced fractures (c): Elevation 
of the leg and a regular, careful check of the 
c ircu lation is  essential, and admission for this 
is desirable. I n  a ch i ld, non-weight bearing 
with crutches can usually be al lowed as soon 
as there is no c irculatory risk (say 2-3 days 
post injury). Thereafter the chi ld should be 
seen every 2-3 weeks (the casualty rate in  
chi ldren's p lasters i s  high) .  

1 2. Undisplaced fractures (f): The chi ld 
should be reviewed 2 weeks after removal of 
the plaster. I n  most cases he wi l l  be walking 
unsupported, the movements in  the knee and 
ankle w i l l  have returned, and the l imb 
lengths w i l l  be  equal. The ch i ld  may then be 
d ischarged. The parents should be reassured 
that any residual l imp wi l l  resolve, and that 
athletic activ i ties may be resumed say in  a 
further 2 months. 



ANGLED/DISPLACED TIBIAL FRACTURES IN CHILDREN 

1 3. Angled fractures in children (a): 
These are reduced under general anaesthesia. 
One hand is  placed over the fracture site ( I )  
whi le the other, at the ankle (2) ,  i s  used to 
correct the angulation. Although the AP 
plane only is i l lustrated, obviously any 
deformity in  the lateral plane should be 
similarly corrected. 

1 6. Angled fractures ( d): If there is a 
tendency to re-angulation, the p laster must 
be 111oulded whi le i t  sets. Except in the 
s111allest of chi ldren i t  i s  d ifficult to apply a 
full length plaster and mould the fracture 
within the setting t ime. A two-stage 
technique may be used: either apply a below 
knee plaster ( I ), mou Id and complete the 
thigh (2) ;  or apply the thigh cuff first (3) ,  
complete the plaster (4) and then mould. 

1 4. Angled fractures (b ): The pressure 01· 

the hand at the ankle should be released, and 
any tendency for the deformity to recur noted 
( i ndicating springy intact periosteum). If this 
i s  found, particular care must be taken during 
the application of the plaster to maintain full 
correction; alternatively, complete tearing of 
the periosteum may be obtained by over 
correction of the deformity. 

1 7. Displaced fractures of the tibia (a): 
An assistant applies strong traction in  the l ine 
ol' the l imb i ( I )  whi le strong pressure is 
applied with the heels of the hands above (2)  
and below (3 )  the fracture to correct the 
displacement. The traction is  then slackened 
off to a l  low the bone ends to engage. 
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1 5. Angled fractures (c): I f  there is l it t le 
tendency to recurrence of angulation, the 
plaster may be applied as fol lows: wool r I I  
is wound round the l imb from toes to groin 
( I ); one assistant supports the fracture and 
the toes (2 ) whi le the second takes the weight 
of the thigh (3). The knee is flexed to 1 5° (4) 
and the ankle maintained at right angles (5) .  
The supporting hands are moved during tbe 
applicali n of the plaster (6) .  Use a sandbag 
under the buttocks. 

1 8. Displaced fractures of the tibia b): 
Checking the reduction c l i n ically can be 

, d i fficult. Try palpating the fracture l ine along 
the subcutaneous border ( I )  or in  the case of 
a transverse fracture confirm that a h i tch i s  
present by noting resistance L o  attempted 
telescoping (2) .  



1 9. Displaced fractures of the tibia (c): 
If the reduction obtained by rnanipulation is 
sornewhat precarious and it i s  feared that the 
fracture rnight s l ip  during the application of 
pfasler, place the lirnb on a firrn p i l low (4), 
steady the leg by holding the toes (5) and 
apply a !hick, anterior. plaster slab (6)  
tucking the edges well  round the l i rnb. When 
it has set, the leg can then be careful ly 
bandaged into the slab. 

22. Wedging (c): Cut through 7/8 of the 
circurnference of the plaster al the rnarked 
level, sparing the h inge; use a plaster saw or 
a hacksaw with a fine blade. Now spring the 
plaster 1 -2 crn open; rnaintain the position 
temporari ly by placing a suitably sized piece 
of previously prepared cork into the rnouth 
of the wedge. 

20. Wedging (a): Ult irnately, i f  
necessitated b y  circurnstance, displacerncnl 
and even off-ending rnay be accepted in 
chi ldren. I f, however, the radiographs 
ind icate residual angulation, this should be 
corrected. and this rnay usua l ly be done by 
wedging. Begin by rnarking the plaster 
c i rcurnferent ial ly at the level of the fracture 
( I )  using the radiographs as a guide. 

PLASTER WEDGING 

2 1 .  Wedging (b): Now careful ly work out 
where the plaster rnust hinge to correct the 
deforrnity. For exarnple, where there is 
rnedial angula1ion (2) and the lateral 
projection is norrnal (3) ,  the hinge should l ie 
rnedial ly (4) .  Where there is  lateral 
angulation (5) along with posterior 
angulation (6 )  the hinge should be positioned 
posterolateral ly (7) .  

23. Wedging (d):  Check radiographs should be taken, and any adjustment rnade on the result .  
If a satisfactory correction has been obtained, wool should be packed l ightly into the gap on 
either side of the cork, and the plaster reconstituted locally with a 1 5  crn (6") plaster bandage. 

( I l lus . :  A badly angled fracture in the distal third of the t ibia has been corrected by wedging. 
Although the level of the wedge is rnore distal than it should be, an al rnost anatornical position 
has been achieved.) General anaesthesia i s  not required for wedging, but rni ld sedation is 
desirable. Aftercare should fol low the l ines described for undisplaced fractures. 



ADULT TIBIAL FRACTURES - CAST BRACING TECHNIQUES 

24. Tibial fractures in the adult (a): Jn  
the adu l t  many t ib ial  fractures may be treated 
conservatively, and where good resu l ts with 
few complications are the rule i t  i s  unwise to 
advocate surgery with i ts additional risks. 
Conservative treatment may with good 
reason always be advised for stress, isolated 
( I l l us.)  and undisplaced fractures, and for 
sl ightly displaced stable fractures. 

27. Sarmiento plaster (b): The plaster is 
then trimmed From the upper pole of the 
patel la (5) round to the upper part of the calf 
(6); check that knee movement is Free before 
turning down the stockinet and finishing i n  
the usual way. A rocker sole may then be 
applied (7) and weight bearing and knee 
flex ion commenced. The plaster i s  retained 
unti l  union is sound. 

25. Minimally displaced fractures in 
the adult (b): A long leg plaster i s  applied, 
check radiographs are taken, and the l imb 
elevated ( I )  for 3-7 days unt i l  swel l ing 
subsides. The plaster i s  checked for slackness 
and changed if required. As soon as the 
patient has mastered crutches they may be 
al lowed home (2). A walking heel is applied 
(3) usually after 3-6 weeks (depending on 
your assessment of stability) and the plaster 
retained t i l l  union. 

28. Functional bracing with a gaiter: 
In the later stages of fixation, or even as early 
as 4 weeks when instab i li ty is not a problem, 
a supporting gaiter may be used instead of 
p laster. The type i l lustrated may be fashioned 
from perforated OrthoplasfrM (Johnson & 
Johnson) thermoplastic sheet ( I ) . For 
additional support a plastic heel seat (2) may 
be secured to the brace with polyethylene 
h inges (3) and a garter strap (4). 

26. Sarmiento plaster (a): A l terna1ively, 
at 4-6 weeks post injury, the long leg plaster 
i s  removed and a Sarmiento cast applied. The 
patient s i  on the edge of the plaster table 
( I ), the foot being steadied by the lap of the 
operator. Stockinet (2) and wool roll are 
applied. and the plaster extended over th 
knee (3) .  l t  i s  firmly moulded (before set1ing) 
round the pa1ellar l igament (4) .  

29. Aftercare: I .  Intervals between hospital 
attendances should not exceed 4 weeks, a d 
the fixation - plaster or brace - changed ii i t  
becomes unduly slack. 
2.  Tibial fractures take an average 1 6  weeks 
to uni te. but union may be sought in  8- 1 2  
weeks in the case of a hairline crack, and 
after 1 2  eeks in  a transverse fracture. 
Radiographs should be taken ( T i lus . :  
advanced un ion in  t ib ia l  fracture) preferably 
out of plaster. 



ADULT TIBIAL FRACTURES - AFTERCARE/DISPLAYED STABLE FRACTURES 

30. Aftercare cntd: 
3. Apparent radiological union should be 
confi rmed by c l inical examination. 
4. If  union is  judged sound a crepe bandage 
support is prescribed for the leg and knee, 
and full unsupported weight bearing 
commenced. Sticks or crutches may be 
required to g ive confidence over the first few 
weeks, but the patient shou Id be encouraged 
to discard these as soon as possible (although 
the elderly patient may have d i fficul ty in  this 
respect). 
5.  The patient should be reviewed 2 weeks 
after plaster has been discarded. 

The fol lowing problems may be encountered: 

I .  The knee. Pain or discomfort in the knee at 
the beginning of mobi l isation is normal. A 
small to moderate effusion is common. If the 
period of immobil isation is  under 1 6  weeks, 
return of flex ion is usually rapid. 
Physiotherapy is nevertheless advisable in 
the majority of cases to encourage knee 
flex ion, to develop the quadriceps and to help 
restore the gait to normal .  

3 1 .  Displaced, but potentially stable 
fracture in the adult: Transverse fractures 
of the t ib ia, in particular, are potential l y  
stable i f  good bony apposition can be 
obtained. While it is usual to treat injuries of 
this pattern by closed intramedul lary nai l ing. 
conservative treatment i s  also possible. 
Whi le in  the latter mobi l isation of the patient 
general ly takes longer and loss of some of 
the range of knee movements is not 
uncommon, there i s  no risk of i nfection or 
other problems related to surgery or the 
implant. 

2 .  The ankle. S l ight swel l ing and oedema of 
the foot and ank.le are usual for several 
months after tibial fractures. A crepe bandage 
or c i rcular woven support is advised unti l  
this swel l ing subsides. Gross swel l i ng with 
marked sti ffness and pain i n  the foot and 
ankle should suggest Sudeck's atrophy. 
Swell ing which is maximal over the fracture 
cal ls ror re-assessment of union. Sl ight 
restriction of ankle movements i s  common 
after t ibial fractures, but i s  seldom 
incapacitating. 

3 .  Athletic activities. Swimming may be 
permitted almost as soon as the plaster has 
been discarded, and should be encouraged. 
Cycling can be a l lowed as soon as knee 
Rex ion wi l l  allow (c. 1 1 0°). Golf may be 
a l lowed as soon as l imb swel l ing is no longer 
a problem. Rugby, football and gymnastics 
should not be permitted unt i l  endosteal cal lus 
is sound, t i l l  knee flexion is nearly normal 
(say 1 30°) and muscle power is restored. 

32. Reduction techniques: The fracture 
111ay be 111anipulated as already described for 
the chi ld. I t  is often helpfu l ,  especial ly if 
assistance is l i 111ited, to let gravity work to 
your advantage. The patient's knee is flexed 
over the end of the table ( I ), with the thigh 
supported with a sandbag. Use your own 
knees to steady or to apply traction to the 
foot (2). Both hands are then free to 
111anipulate the fracture ( 3 ) .  

4. Re/um to ivork. The patient should be 
encouraged to return to work as soon as 
possible, and in sedentary work the patient 
111ay do so whi le in  p laster. Factors which 
111ay delay return are: (a) Severe persistent 
oedema in  jobs involving prolonged 
standing ; (b) Lack of knee flex ion in  work 
involving knee l ing ;  (c) Muscle and 
functional weakness in jobs involving work 
at heights. 
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33. Reduction techniques cntd: 
Alternatively, it is someti111es possible to 
apply temporary traction using skin traction 
tapes ( I ) . The traction may be controlled by 
the operator's foot on the spreader bar (2)  
and by elevating the table ( 3 ) .  After 
manipulat ion a padded plaster i s  applied over 
the tapes from the heel to the knee ( 4 ). The 
tapes are cut. and the foot of the plaster 
completed. 



UNSTABLE TIBIAL FRACTURES 

34. Reduction techniques cntd: Once the 
leg and foot have been encased in  plaster, the 
knee is gent ly extended to 1 5°, wool applied 
to the thigh, and the thigh cuff completed 
with 20 cm (8") plaster bandages. Check 
radiographs are desirable on completion of 
the below-knee portion of the p laster, and 
after the thigh cuff has been added. 

35. Reduction techniques cntd: I f  
manipulation succeeds in bringing the bone 
ends into apposition, any residual angulation 
may be corrected within the first few weeks 
by wedging. ( I l lus . :  Postmanipulation 
radiograph of the previous fracture ( Frame 
3 1  ). Angulation is marked, and exceeds what 
is taken as the upper l imit of acceptabi l ity -
this is 1 5° for fractures in the middle third, 
and I 0° for those in the proximal third. This 
deformity was easi ly corrected by wedging 
and union proceeded uneventfully.) 

37. Displaced unstable fractures - Closed intramedullary nailing (a): Fractures 
which are unstable because of their pattern may be manipulated to the best position that can be 
obtained, and any residual angulation treated by wedging. Nevertheless this method of 
treatment requires much experienced supervision: shortening is inevitable, union may be 
delayed, and stiffness in the k.nee and ankle may become a problem. For the majority of 
Ji"actures under norm.al circumstances closed intramedullary 11aili11g (with interlocking nails) is 
the treatm.em of choice. 

Method: The operation is performed as soon as the patient's condition wi l l  al low, and 
prophylactic antibiotic cover is frequently advocated. The fracture must be amenable to 
reduction by traction, but in practice this is seldom a problem. ( I f  reduction cannot be achieved, 
the fracture must be exposed and openly reduced.) Traction may be effected manually or by a 
Steinmann pin through the heel. (A boot may also be used, but its size wi l l  interfere with the 
insertion of any distal locking screws.) 

36. Unstable fractures with minimal 
displacement: Obl ique and spiral fractures 
are potential ly unstable. Al though they may 
be managed conservatively along the l ines 
indicated. meticulous supervision is 
necessary during the first 6 weeks. S l ackness 
in the plaster must be promptly dealt wi th. 
S l ight s l ipping of the fracture may be 
accepted. but i f  evidence of substantial 
displacement is found, i nternal fixation 
shou Id be considered. 

38. Closed intramedullary nailing ( b): 
The leg must be positioned so that tracti n 
can be appl ied while at the same t ime there is  
good surgical and image intens ifier acce�s. 
The knee should be flexed, and care mus� be 
taken to avoid undue pressure on the 
popl iteal structures. This may be achieved in  
a number of ways on an orthopaedic tab le .  
I l lustrated is  the use of a Watson-Jones 
frame after removal of the table end-piece; 
the good leg is supported c lear of the fie ld  
(e .g .  by l ithotomy straps). 



39. Closed nailing (c): Al ternatively, a 
radiolucent table 111ay be used, with a wel l  
padded bar to support the thigh; after 
scrubbing up and skin preparation the l i 111b is 
draped free. Manual traction is  applied when 
required by an assistant. This gi ves good 
access for the surgeon, the assistant and the 
i111age intensi fier. A pneu111atic tourniquet 
should be avai lable, but i t  need not be used 
routinely. 

42. Closed nailing (f): The nai l  should be 
driven well ho111e to lessen the risks of knee 
pain. The position for the insertion of 
proxi111al locking screws ( I )  may be 
cleter111inecl by use of the insertion handle ( 2 )  
which doubles a s  a j ig.  D u e  t o  the 
cu111ulative errors caused by nail flexibi l ity 
and lost motion distal locating j igs are not 
very successfu l ,  and the holes in the nai l  for 
distal locking screws (3 )  are generally best 
located free-hand using the i mage in tensi fier. 

CLOSED NAILING OF TIBIAL FRACTURES 
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40. Closed nailing (d): The patellar 
l iga111ent i s  retracted after making a medial 
(a)  or lateral incision: or alternatively, and 
often preferred, a patel lar tendon splitt ing 
incision may be used. The knee joint is not 
entered. The safe area for insertion of the nai l  
l ies anterior to the 111enisci and proxi111al to 
the t ibial  tuberosity, and l ies on a l ine 2 111m 
lateral to the most prominent part of the 
tubercle. The shallower the (Herzog) angle of 
the nail - (b) 20°, (c) I 0°, or (cl) 0° - and the 
longer the tibia - the more proxi mal 111ust be 
the entry point. 

43. Closed nailing (g): Afiercare: 
Mobi l isation of the knee and ankle 111ay be 
commenced immediately, and as a result 
complete recovery of movements in  these 
joints is the rule. As regards weight bearing, 
advice on when this should be permitted is 
dependent on the nature of the fracture and 
the qual i ty of fixation. Absence of pain at the 
fracture site on weight bearing has been said 
to be a valuable guide as to when ful l  
unsupported weight may be taken through 
the l imb. The fracture should be fol lowed up 
unti l  soundly united, when a decision, based 
on the usual criteria, shou ld be 111acle 
regarding removal of the f ixation device. 
Return to work and ath letic activities fol lows 
along the l ines already discussed. 

Co111plications: Knee pain occurs in  about 
40% of cases, and general ly settles on 
removal of the nai l .  Delayed union 111ay be 
treated by converting f'rom static to dynamic 
fixation by removal of the appropriate 
locking screws, so111etimes with an 
osteoto111y of the fibula i f  it has united. 
Hypertraphic nan-union may be dealt with 
by exchange nai l ing (re111oval of the existing 
nai l ,  re-reaming to a greater diameter, and 
using a larger nai l ) .  lnfeClian is uncom111on, 
and should be dealt with along the usual 
l i nes, preferably retaining the nail unt i l  union 
has occurred. Co111par1111e/I/ syndromes may 
occur, usually within the first S clays; they 
111ust not be overlooked, and should be dealt 
with promptly (see Fra111e 52) .  

4 1 .  Closed nailing (e): The cortex is  
opened wi th an awl held parallel to the 
anterior cortex (a). Check its position; neither 
it nor the nail  should broach the posterior 
cortex. I f  the canal i s  being reamed, then a 
reaming rod is passed across the fracture (b), 
and sequential reaming carried out (c) .  
( Exposure may someti111es be needed in  
proximal t ib ia l  fractures to avoid their 
displacement . )  If reaming is not being 
undertaken, then after measuring and 
selecting the appropriate length of nail, this 
is gripped on a holder and inserted. 

44. Alternative methods of treatment 
(a): M any fractures may be plated: this can 
provide rapid, rigid fixation which can be of 
value in cases requiring arterial repair or 
bone grafting. ( Infection and mechanical 
fai lure are possible complications.) A wel l 
contoured dynamic co111pression plate, with 
screws engaging 8 cortices above and 8 
below the fracture 111ay be used; butterfly and 
other separate fragments may be secured 
wi th in terfragmentary screws. I mage 
intensification and an orthopaedic table are 
not required. 



TIBIAL FRACTURES - SPECIAL SITUATIONS 

45. Alternative methods of treatment 
(b): External fixators are of particular value 
in  open fractures. Good support i s  provided 
with preferably three threaded canti lever pins 
on each side of the fracture, with a connector 
which can give axial compression. The most 
rigid systems use a total of 1 2  pins, i nserted 
in pairs at right angles to one another, wi th 
two l inking bars. At the other end of the 
scale, t ibial length may be preserved in  
conservatively treated fractures with two 
Steinmann pins i ncorporated in the p laster. 

48. Special situations (c) - Fractures of 
the distal shaft: Many of these fractures 
can be treated conservatively by reduction 
and plaster fixation, with or without a 
Steinman pin through the heel to help 
maintain al ignment. Some permanent 
restriction of ankle joint movements is 
common. Al ternatively, some can be 
internally fixed a llowing early movements 
(e.g. by using a buttress plate with proximal 
cortical and distal cancellous screws) or by a 
fine-wire/Schanz pin h .ybrid fixator system. 
( See also pi lon fractures p. 380). 

46. Special situations (a) - Double 
(segmental) fractures: Casts give poor 
support, and non-union at one level is high. 
( If this occurs i t  may be dealt  with by 
internal fixation and grafting.) The most 
useful primary treatment is closed 
intramedul lary nai l ing (taking_ care to avoid 
rotation of intermediate fragments with any 
reaming), with the insertion of proximal and 
distal locking screws. Open reduction and 
plating carries the risk of further 
devitalisation of the intermediate segment. 

49. Special situations (d) - Isolated 
fractures of the fibula: The fibula may be 
fractured by direct violence; symptomatic 
treatment only is  required (e.g. a below-knee 
walking plaster for 6 weeks). Always ensure, 
however, that the tibia is not fractured at 
another level ,  or that the fibular fracture 
represents part of a more complex injury to 
the ankle joint. 

47. Special situations (b) - Gross 
fragmentation: Where the bone is highly 
fragmented (as may occur in  high energv 
dissipation situations) the mult ipl ici ty of 
smal l ,  detached avascular bone fragmen:s 
may prevent any meaningfu l  reduction. 
A l ignment may be restored by manipulation, 
and length and position held by S teinmann 
pins incorporated in a plaster cast. 
A lternatively a fi ne-wire hybrid fixation 
system (see p. 78) may be employed. 

50. Special situations (e) - Displaced 
fractures in children: These can general ly 
be managed conservatively along the l ines 
already described, but other methods are 
available. These include the use of an 
external fixator (with 2 p ins on each side of 
the fracrure), plating (with early removal of 
the. plates), and the use of Nancy 
intramedullary nail s  which do notcross the 
growth plates. 



SPECIAL SITUATIONS - OPEN FRACTURES II 
SPECIAL SITUATIONS (F) - OPEN FRACTURES 

The frequency with which fractures of the t ibia are found to be open, and the 
reasons for this, have been given at the beginning of thi s  section. The AO 
and Gusti l o  classi fications of open fractures are deal t  with separately in  
Chapter 1 ;  some general guide l ines in  the management of open fractures 
( including skin replacement methods) are commented upon in Chapter 3. I n  
this common fracture si tuation some additional detai ls  may require 
consideration . 

INITIAL TREATMENT 

1 .  The l imb should be re-aligned if there is gross deformity. 
2. The state of the peripheral pulses should be documented. I f  absent and not 

restored by re-al ignment, there may be need for arteriography. 
3. Note if  there is absence of sensation in the foot; such a finding may be 

important if  amputation needs to be considered. 
4.  Document the location and d imensions of the wounds. Remove any gross 

contamjnants ( such as grass or leaves). Take a Polaroid photograph of the 
wounds to avoid any further disturbance before the case is taken to 
theatre. 

S. Take a bacteriological swab and commence antibiotics (for Gram +ve 
organisms in all cases ; in addi tion, commence antibiotics for Gram -ve 
organisms where there is gross contamination and for anaerobes if there i s  
contamination with soi 1 ,  river or lake water. I f  the  patient has  rece ived 
tetanus protection within the previous S years, no further preventative 
measures need be taken. I f  the protection was given over S years 
previously, then booster prophylax is  should be administered. If there has 
never been any tetanus protection or thi s  is doubtfu l ,  then give toxoid 
along wi th tetanus immune globul in .  

6 .  Seal the wounds with a ste1i le  dressing. 
7 .  If there i s  l i kely to be any problem with skjn cover, then consultation with 

an experienced plastic surgeon i s  advised at th is  stage. 

TREATMENT IN THEATRE 

1 .  The wound(s) should be extended to allow a thorough i nspection of al l  
possible soiled t issue, including the fractured bone ends. Any wound 
extension should fol low the so-cal led 'safe' i ncis ions (see Frame 52) .  

2.  Non-viable sk in  should be excised unt i l  good dermal bleeding i s  found. I f  
in  doubt, especially over the  anterior border of the  t ibia,  leave any 
doubtful skin unti l the second inspection. 

3 .  Excise any dead muscle. If  there is doubt (and this i s  often the case), this 
should also be left unti l the second inspection. 

4. In  the case of bone, ideal ly  al l  devi tal ised separate fragments should be 
removed, but any major articular segments (e.g. of the tibial table) should 
be retained; otherwise retention of completely free segments should be 
only rarely considered because of the much h i gher rate of infection. 

S. Perform a prophylactic fasciotomy on any muscle compartment d irectly 
involved, and consider fasciotomies of the remain i ng compartments if the 
injury has been a high energy one. 

6.  Carry out a thorough lavage, preferably  using a pulsatile system, w ith up 
to I O  l i tres of sal ine followed by 2 l i tres of bacitracin/polymyxin solution. 



SPECIAL SITUATIONS - OPEN FRACTURES 

7. I f  contamination has been great, the use of antibiotic beads should be 
considered. 

8. The original wounds should always be left open (although good resul ts 
following primary closure have been c lai med in  chi ldren where 
contamination has been minimal) .  Closure of any wound extension is 
often permissible at this stage. 

FIXATION OF THE FRACTURE 

There has been much controversy over the use of in ternal fi xation in the 
treatment of open fractures, but in many cases the fears expressed of 
increasing the risks of infection have been shown to be unjusti fied. In  open 
fractures of Types 1 & 2 (Gustilo) the i nfection rate following 
in tramedullary nai l ing using the c losed technique has been shown to be low, 
and no greater than in closed inj uries of a s imilar pattern. 

In Grade 3 open fracture it has been suggested that reaming of the 
medul lai-y cavity is undesi rable, and for this reason a sol i d  i ntramedullary 
nail has been advocated. The pattern of nail chosen must be of su fficiently 
small diameter to allow it to negotiate the tibial canal wi thout sticking, and i f  
made o f  titanium this should prove o f  adequate strength. Others have shown 
that in  the majority of Grade 3 open fractures the results of nai l ing (with the 
use of locking screws) after reaming are comparable in terms of i nfection 
with those obtained when external fi xators have been employed; and that 
nai l i ng is better in terms of joint stiffness, malunion, access for plastic 
reconstructions, and patient preference. Never eless, where there has been 
gross tissue contamination, many would  st i l l  prefer to use an external fi xator 
or, where appl icable, a simple plaster cast support unti l the s i tuation 
regarding wound infection has been resolved. 

SECOND INSPECTION 

This should be performed about 48 hours after the primai·y procedure. Any 
necrotic tissue should be excised and i rrigation repeated. Further inspections 
are dictated by the findings at this stage. Once the soft tissue bed i s  stable, 
secondary wound closure may be carried out. I f  any plastic surgical 
procedure (such as a fasciocutaneous fl ap, see p .  7 1  et seq) is going to be 
needed, the aim should be to get the t issue bed i n  a state suitable  for this by 
the fifth day, as this greatly i ncreases the chances of success. Spl i t  skin 
grafting is not sui table for bone which has no periosteal cover, or tendon 
without paratenon. The fol lowing techniques have been recommended for 
consideration in open fractures with substantial skin defects. 

Proximal third 

l .  Proximally based medial or l ateral fasciocutaneous flap. 
2 .  Gastrocnemius muscle flap. 
3 .  Free flap. 

Middle third 

l .  Proximally or distally based, medial or lateral fasciocutaneous fl ap.  
2.  Anterior compartment muscle fl ap.  
3 .  Soleus muscle flap. 
4. Free flap .  



COMPARTMENT SYNDROMES 

Distal third 

I )  Distally based fasciocutaneous A ap.  
2) Free A ap.  

Ankle 

Free A ap.  

Note also the following: 

II 

I .  If at inspection there is no indication of infection, an external fixator may 
be replaced with an intramedul lary nai l ;  provided th is  is clone within the 
first week, the risks of infection are sl ight .  If however there is at any time 
a pin track infection fol lowing the use of an external fixator, reaming  of 
the meclullary canal is contraindicated as it carries the al most certain ri sk 
of disseminating i n fection throughout the bone. 

2 .  If  there is a bone defect involv ing more than 50% of the c i rcumference of 
the bone, and more than 2 cm long, then bone grafting will ult imately be 
required in  all  cases; where the bone defect i s  smaller, heal ing may occur 
wi thout grafting. 

5 1 .  DIAGNOSIS AND TREATMENT OF COMPARTMENT 
SYNDROMES 

This compl ication is  seen most frequently associated with severe soft t issue 
damage, especial ly  where there has been a high velocity, high energy i nj ury. 
It is said to occur more frequently after i ntrameclul l ary nai l ing, especial ly 
where reaming has been carried out,  or after prolonged excessive traction 
over a thigh bar. I t  is  not confined to closed fractures. Close observation i s  
required i n  a l l  these circumstances, and if treatment i s  delayed for more than 
6 hours there wi l l  usual ly be some permanent damage. 

DIAGNOSIS 

The first symptoms are of severe or increasing pain or tightness in the leg. 
The pain i s  greater than might be expected, even when the l i mb is 
immobi l i sed. It  i s  relentless in  character, and often not greatly rel ieved by 
opiates. The l i mb i s  tense and swollen, and there may be induration (a  l ate 
sign) over the affected compartment. Tenderness is diffuse, and can be 
el ic i ted some di stance from the fracture i tself. There is pain on passive 
stretching of the muscles ari sing in  the affected compartment (e .g .  by 
passive movement of the foot or toes) ,  and there may be muscle paralysis .  
There may be complaint of sensory disturbance in the leg or foot and thjs 
may be confirmed cl in ical ly ;  l oss of v ibration sense i s  an early finding. The 
di stal pul ses may be reduced or absent. 

The intercompartmental pressures may be monitored; this should be done 
as close to the fracture as possible. A differential tissue pressure below 
30 mmHg i s  an indication for surgery. 

TREATMENT 

Prophylaxis Where there is an open fracture w ith extens ive muscle 
damage, the compartment i nvolved should be widely decompressed at the 
time of the i nit ial exploration. 

Established cases Prompt decompression of all four compartments is 
adv ised. Thi s  i s  generally best performed through two 'safe' incisi ons  (see 



COMPARTMENT SYNDROMES 

52. The safe incisions: These are 
designed to avoid the perforating arteries, 
and should be used for compartment 
decompressions or to extend existing 
wounds, especially i f  fasciocutaneo . . s flaps 
are going to be required. The anterc 1ateral (a) 
should be placed 2 cm lateral to the anterior 
border of the tibia. The medial (m) is  made 
1 -2 cm posterior to the medial border of the 
tibia. In both cases the incisions are made 
straight through skin and fascia. 

fol lowing frames for detai ls) .  (A s ingle lateral incision can g i ve access, b 
the dissection can be difficult; it is best reserved for cases where there is  
concurrent damage to the anterior t ibial artery, when the v iab i l i ty of the 
intervening skin bridge might be in doubt. ) 

Aftercare Often, one of the two wounds may be closed directly, and the 
other by controlled tension or spl i t  skin graft ing.  I f  the swel l i ng i s  marked, 
both should be left open ; then, in most cases, both may be closed after 
3-5 days when the swel l ing has decreased; skin grafting is rarel y  req uired. 

53. Anterior and peroneal 
compartment decompression: Use a 1 5  
c m  'safe' anterolateral incision. Grasp the 
investing fascia forming the roof of the 
anterolateral compartment with Kocher 
forceps to keep it under tension, and split it 
longitudinally with blunt scissors - aiming 
proximally for the patella and distally for the 
mid-point of the ankle. Then retract the 
lateral skin flap and divide the anterior 
peroneal septum to decompress the lateral 
(peroneal) compartment (ac = anterior 
compartment; le = lateral compartment; 
fasc ia shown in dark grey). 

54. Decompression of posterior 
compartments: U e a  1 5  cm 'safe' medial 
incision i n  the distal part of the leg to open 
the sup rficial posterior compartment. T en, 
to open the deep compartment, separate the 
soleus from its tibial attachments: begin 
distally where its tendinous part blends with 
gastrocnemius, and working proximally 
detach tbe soleal bridge from the tibia. 
Finally tbe fascia I coverings of the three 
deep bi-pennate muscles may be divide 
(s = soleus; g = gastrocnemius; tp = tibi' is 
posterior). 
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AO CLASSIFICATION - TIBIA/F I BULA, DIAPHYSIS 

Diaphyseal Segment : 42- SS. AO classification of fractures of 
the tibia/fibula, diaphyseal segment 
(42-): 

Type A fractures are s imple fractures. 
A l  = Spiral: . I fibul a  i ntact; .2 fibula 
fractured at another level ;  .3 f ibula fractured 
at the same level .  
A2 = Oblique fracture (30° or more): . I 
f ibula intact; .2 fibula fractured at another 
level;  .3 fibula fractured at the same level .  
A3 = Transverse fracture ( less than 30° of 
obliquity): . I f ibula intact; .2 fibula fractured 
at another level ;  .3 fibula fractured at the 
same level .  

Type B fractures are wedge fractures. 
B I  = Spiral : . I fibula intact; .2 fibu la  
fractured at another leve l ;  . 3  f ibu la  fractured 
at the same level. 
82 = Bending wedge fracture: . 1  fibul a  
intact; .2 fibula fractured a t  another level ;  
.3  f ibula fractured at the same leve l .  
83 = Fragmented wedge: . 1  fibula i ntact; 
.2 fibula fractured at another leve l ;  .3 fibula 
fractured at the same level .  

Type C fractures are complex fractures. 
C 1 = Spira l :  . 1  with two intermediate 
fragments; .2 with three intermediate 
fragments; .3 wi th more than three 
in termediate fragments. 
C2 = Segmental: . 1  with one i ntermediate 
segment; .2 with an intermediate segment 
and additional wedge; .3 with two 
intermediate segments. 
C3 = I rregular: . 1  with two or three 
intermediate fragments; .2 with shattering 
over a length of less than 4 cm; .3 with 
shattering over a length of 4 cm or more. 



SELF-TEST 

SELF-TEST 

56. Whal complication has occurred in this 
uniting fracture of the tibia in the distal 
third? 

59. What is  being treated here at present, 
and what earlier treatment was employed? 

57. What pattern of fracture is  present? How 
is it being treated? 

60. What complication is  shown in this 
radiograph of a tibial fracture? 

58. What complication is  present in thi s  
united tibial fracture? What effect wi l l  Uiis  
have? 

6 1 .  These radiographs were taken through 
plaster 10 weeks after injury. Describe the 
fracture. What further treatment would you 
advocate? What is  the prognosis? 



ANSWERS TO SELF-TEST 

56. The radiograph shows the disturbance of bone lrabeculation 
typical of Sudeck's atrophy. 

57. This shows a spiral fracture of the t ibia at the junction of the mid 
and distal thirds being treated in  p laster. The position in this single 
view appears excel lent. (AO = 42-A 1 . 1 . ) 

58. Mal union of the fracture is present wi th lateral angulation. The 
plane or the ankle joint is affected, and secondary, degenerat ive 
arthrit is in  it i s  possible. 

59. There is a fracture of the mid-shaft of the tibia, with an associated 
rnalleolar injury. The former is being treated with a locked medullary 
nail, and the latter wi th cross-screws. The fracture was an open one, 
and treated original ly with an external fixator, the bone scars of the 
threaded screws being st i l l  v i sible. 

ANSWERS TO SELF-TEST 

60. l -lypertrophic non-union is  present. (AO = 42-A3. I . ) 

6 1 .  The radiographs are or an oblique fracture of the t ibia in the 
middle third, with an associated f ibular fracture al the junction of the 
middle and lower thirds. Both fractures are uniting, and bridging callus 
i s  wel l  formed. The general a l ignment is good. No correction at this 
late stage is required: the patient wil l  require to continue with fixation 
for about another 4 weeks be fore plaster can be d iscarded (or a cast 
brace may be substituted). There wi l l  be approximately I cm of 
shortening, but the functional prognosis i s  excel lent. (AO = 42-A2.2.) 
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ANKLE FRACTURES - ANATOMY AND MECHANICS OF INJURY 

1 .  Anatomical considerations (a): The 
ankle joint i s  often fairly compared wi th the 
mortise and tenon joint of the woodworker. 
The talus ( I )  resembles the tenon (T), and is  
supported by the two malleoli and the 
articular surface of the tibia (the ankle 
mortise). The lateral malleolus i s  firmly 
attached to the t ibia by the strong anterior 
and posterior tibiofibular l igaments (2). The 
ankle is  not qu i te a true h inge joint; i t  can 
permit as much as 1 8° of rotation through a 
vertical axis. 

4. Mechanics of injury (a): Thef11nctio11 
of the ankle mortise is threatened if the 
malleoli are fractured or the tibiofibular 
l igaments are torn. The stability of the talus 
may also be reduced by rupture of the medial 
or lateral l igaments. The commonest i njury is 
when the talus i s  rotated in  the mortise, 
fracturing one or both malleol i .  

2. Anatomical considerations (b):  The 
talus is held in the mortise on the medial side 
by the very strong deltoid ligament ( 1 ), and 
on the lateral side by the lateral (external) 
l igament (2). The anterior part of the upper 
articular surface of the talus i s  wider than the 
posterior part (3). When the foot is 
dorsif1exed, the talus pushes the fibula 
lateral ly (4) and is more f irmly gripped in  the 
ankle mortise. 

S. Mechanics of injury (b): External 
rotation of the talus may be produced in  two 
different ways: I .  The foot may act as a long 
lever; any rotational force applied to the 
inside of the foot i s  transferred to the talus 
wi th a mechanical advantage as in any 
system of levers. Even greater leverage may 
occur i f, for example, the foot is attached to a 
ski .  

3. Anatomical considerations (c): A in 
the case of the pel vis. the main anatomic 1 
structure may be l i kened to a ring. I f  th is  i s  
broken in one place the injury is  usua l ly  :i 
stable one, and conservative treatment 
genera l !) indicated. (The dotted l i nes 
indicate common s i tes of fai lure - the lateral, 
medial and posterior malleol i :  the medial ,  
lateral and anterior tibiofibular l igaments.) 
Additional breaks in  the ring lead to 
instabil ity, with often the need for surgical 
stab i l i sation. 

1 

2 

6. Mechanics of injury (c): 2. The axis of 
movement of the subtalar joint is known to 
run obliquely in the direction of the crea>e on 
this paper model ( I ) . Inversion of the he<>l, 
represented by folding the paper, results in 
external rotation of the talus (2) ( Rose's 
torque-converter principle). A common 
h istory is  of the ank.le 'coggling over' on 
uneven ground. 



7. Mechanics of injury (d): The talus may 
be forced into relatively pure adduction as, 
for example, when the side of the inverted 
foot strikes the ground heavily. (The external 
rotation of the talus, produced by inversion 
of the calcaneus, being countered by the 
internal rotation of the strike, resul t ing in  net 
adduction . )  

1 0. Mechanics of injury (g): 
Compression injuries may be caused by: ( I )  
fal l s  from a height, forces being Lransmilled 
vertical ly from heel i mpact, or (2) fol lowing 
rapid deceleration in car accidents -
sometimes aggravated by the pedals being 
driven into the front compartment and the 
ankle being forcib ly dorsiflexed. 
Comminution is  a feature of this type of 
injury. 

ANKLE FRACTURES - MECHANICS OF INJURY 

8. Mechanics of injury (e): Simi larly, i f  
force is  applied to the medial side of the heel 
and fool, the talus wi l l  tend to abduct in  the 
ankle mortise. 

1 1 . Classification of ankle fractures: 
There are several classifications of ankle 
fractures; for completeness (which none 
achieves) many are complex Lo a degree that 
makes commillal Lo memory nigh 
impossible. Fractures involving the ankle 
joint are often loosely referred to as Pott's 
fractures; although the term is  now somewhat 
archaic, there is  some merit in its simplicity: 
in firs1 degree Poll's fractures, one malleolus 
is fractured ( I ) : in  second degree Pott's 
fractures, two malleoli are fractured 
(bi malleolar fracture) (2). 

9. Mechanics of injury (f): Many injuries 
occur during the course of walking or 
running. Under these c ircumstances there are 
additional forces transmitted to the posterior 
part of the inferior articular surface of the 
t ibia (posterior mal leolus). 

1 2. Pott's classification of ankle 
fractures cntd: I n  1hird degree Pott's 
fracture ( 3 )  there is a bimal leolar fracture, 
with in addition a fracture of the posterior 
part of the inferior articular surface of the 
t ibia - often referred to as the third 
mal leolus. These fractures may also be 
referred to as trimal leolar fractures. 



CLASSIFICATION OF ANKLE FRACTURES 

B 

1 3. Pott's classification of ankle 
fractures cntd: These fractures may be 
quali fied by noting the presence of diastasis 
of the ankle or vertical compression. (A)  
First degree Pott's fracture with diastasis. (B)  
Second degree Pott's fracture with vertical 
compression. 

1 4. Weber classification of ankle 
fractures: This i s  based on the level of the 
fibular fracture, once thought to be the key to 
all ankle fractures. Type A fractures occur 
distal to the syndesmosis. Type B fractures 
start at the level of the tibial plafond; they 
often spiral in a proximal direction, and 
usually involve the syndesmosis. 

Type C fractures start proximal to the 
syndesmosis which may be subject to a 
variable amount of damage. Wh i le this 
classification is s imple, i t  does not take into 
account injuries to related structures (e.g. an 
isolated fracture of the fibula is  not 
dist ingui hed from one accompanied by ,1 
fracture of the medial malleolus).  

1 S. The AO classification of ankle 
fractures: This follows the l i nes of the 
Weber classification. ( I t  was developed i 
association with the Weber c lassification and 
is  sometimes referred ro as the AO-Weber 
classi fication.) It takes in to account damage 
to other tructures. ( Interest ingly the Gr ups 
within each Type tend to fol low the Pott's 
classification . )  For ful l  deta i ls  of th is  
classification, see p. 3 86 .  

1 6. The Lauge-Hansen classification of ankle fractures: A fuller and widely accepted classification of ankle fractures is  that  of 
Lauge-Hansen, which groups these fractures under double-barrelled headings. The f irst word in  each group t it le refers to the position of the foot 
at the time of injury; the second refers to the direction in which the talus moves within the ankle mortise in  response to the causal forces .  There 
are five main groups; they have been arranged here in order of frequency and a common terminology of usage has been included. 

Order of Lauge-Hansen Position of Direction of talar Common 
frequency classification foot movement terminology 

(and contraction) 

Supination/lateral Inversion Lateral (external) rotation External rotation injury 
rotation (SL)  without diastasis 

2 Pronation/abduction (PA) Evers ion Abduction Abduction injury 

3 Pronation/lateral rotation (PL) Evers ion Lateral (external) rotation External rotation injury with 
diastasi 

4 Supination/adduction (SA) Inversion Adduction Adduction injury 

5 Pronation/dorsi flex ion ( PD) Evers ion Dorsi flex ion Vertical compression injury 



1 7. Supination/lateral rotation injuries 
(external rotation injury without 
diastasis} (a): The foot inverts ( I )_ Due to 
the torque-converter principle, the talus 
rotates latera l ly in the ankle mortise (2). The 
ankle joint structures are thrown under stress 
and fai l  in a regular sequence. As each 
structure fai ls. the next i s  stressed_ The 
number of structures involved is dependent 
on the magnilllde of the forces applied to the 
joinL 

20. Supination/lateral rotation injuries 
(d): If rotation continues, the fourth structure 
to fail is the medial l igament or i ts 
attachment (the medial mal leolus) (4) .  Such 
injuries are potentia l ly  very unstable and 
should be careful ly dist inguished from Stage 
I and 2 lesions. 

SUPINATION/LATERAL ROTATION INJURIES 

1 8. Supination/lateral rotation injuries 
(b): The rotating talus carries the fibula with 
i t ,  leading first to rupture of the anterior 
( inferior) t ibiofibular ligament ( I ) _ 
Alternatively. the l igament under stress may 
avulse its t ibial attachment (T) (Ti l laux 
fracture). 

2 1 .  Radiographs (a): A spiral fracture of 
the fi bula at the level shown is typical or an 
SIL injury: in the lateral radiograph the 
fracture runs downwards and forwards, and 
there was no evidence of a posterior 
mal leolar fracture. Although there is very 
s l ight incongruity between the upper surfaces 
of the talus and the ankle mortise, absence of 
tenderness on the medial s ide of the ankle 
suggested this was a Stage 2 or 3 i njury. 

1 9. Supination/lateral rotation injuries 
(c): As external rotation continues, the fibula 
fractures in  an oblique or spiral fashion (2 ) .  
Note the  direction of the  spira l _  I f  
d isplacement continues, the  fi bular fragment 
drags off the posterior mal leolar fragment (3 )  
to  wh ich  i t  i s  attached by the  posterior 
t ibiof ibular ligament (or the l igament tears). 

22. Radiographs (b): The avulsion 
fracture of the medial mal leolus indicates 
that this is a stage 4 S/L injury. There i s  
lateral shift of the  talus in t he  ankle mortise 
but the main mass of the f ibula maintains its 
rel ationship with the t ib ia, so there is  no true 
diastas is .  1evertheless, this is a very unstable 
injury_ 



PRONATION/ ABDUCTION INJURIES 

23. Pronation/abduction injuries 
(abduction injuries) (a): The foot everts 
and the Laius swings into abduction. The f i rst 
structures to be affected are on the medial 
side. Either (A) the delloid l igament ruptures 
(rare) or there is  an avulsion fracture of the 
medial malleolus. The fragment may be 
small ( B )  or large (C). In either case the 
fracture l ine runs horizontally. 

26. Radiographs (a): In this example of a 
Stage I abduction fracture, note the smal I 
medial mal leolar fragment, the intact fibula, 
and the undisplaced talus. 

24. Pronation/abduction injuries (b): 
I n  second stage injuries of this type, both the 
anterior and posterior tibiofibular l igaments 
rupture. In  the case of the posterior 
tibiofibular l igament, its t ibial atlachmenl 
may be avulsed instead. 

27. Radiographs (b): In this Stage 3 
abduction fracture, note the direction of talar 
t i l l ing, the avulsion fraclllre of the medial 
malleolus with a large fragment and the 
distally situated fibular fracture. The latter is 
not strictly horizontal, and its sl ighliy spiral 
appearance suggests that there has been a 
rotational element 

25. Pronation/abduction injuries (c): I n  
the third stage the fibula fractures, often close 
to the level of the joint. Comm inution may 
occur, s metimes with the formation of 
triangular fragmenl of bone with i ts base 
d irected lateral ly. The distal fibular fragment 
i s  t i l ted lateral ly (medial angulation). Th 
fracture li ne is  often horizontal. 

28. Pronation/lateral rotation 
(external rotation with diastasis) (a): 
The talus is  laterally rotated with the fool in 
the evened or neutral position ( i .e. the f ol 
does not invert). The rotating talus in th first 
stage produces an obl ique fracture of the
medial mal leolus, or ruptures the deltoid 
l igament. 



29. Pronation/lateral rotation (b): As 
the talus continues to twist, it i mpinges on 
the fibula. The anterior tibiofibul ar l igament 
i s  put under tension: in the second stage of 
P/L injuries, its tibial attachment i s  avulsed 
(Ti l laux fracture) (2) or i t  ruptures. 
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32. Pronation/lateral rotation (e): I f  
the talus continues t o  thrust latera l ly against 
the lateral mal leolus, the posterior 
t ibiofibular l igament now ruptures (A) or 
pulls off its bony attachment (B ) .  The 
interosseous membrane rips and gross 
diastasis results ( Dupuytren fracture -
dislocation of the ankle: Stage 4). 

PRONATION/LATERAL ROTATION INJURIES 

30. Pronation/lateral rotation (c): I n  
the third stage, t he  talus continues to  rotate, 
producing a fracture of the fibula ( 3 )  that is 
spiral or oblique in pattern. 

33. Radiograph: Note in the lateral projection: 

3 1 .  Pronation/lateral rotation (d): Note 
that in the lateral projection (A) the obliquity 
or the fibular fracture is in the opposite 
d irection to that found in  S/L injuries. The 
fibula may fracture proximal ly at the neck 
( B )  - the Maisonneuve fracture. By Stage 3, 
the injury is  unstable although stress fi lms 
may be requ ired to demonstrate diastasis (C). 

I .  The l ine of the fibular fracture runs in  the opposite d irection to the fractures of the fibula 
found in  supination/lateral rotation injuries. 
2 .  The posterior subluxation of the talus. 

Note in  the anteroposterior projection: 

I .  The gross lateral displacement of the talus. 
2. The obvious disruption which must have occurred in the interosseous membrane. 
3. The avulsion of the attachment of the posterior t ibiofibular l igament. 



SUPINATION/ ADDUCTION INJURIES 

34. Supination/adduction injuries 
(adduction injuries) (a): The foot inverts, 
but the tendency to external rotation of the 
talus as a result of the torque-converter effect 
is countered by the direction of forces applied 
to the forefoot by the impact. The overall 
effect i s  adduction of the talus in  the mortise. 
If the forces are s l ight, a partial tear of the 
lateral l igarnent results (sprain of ankle). 

37. Radiographs (a): This radiograph 
shows quite clearly an avulsion fracture of 
the t ip of the lateral malleolus, typical of a 
Stage I supination/adduction injury. 
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35. Supination/adduction injuries (b): 
With rnore severe violence there will be a 
cornplete tear of all three bundles going to 
forrn the lateral l igament (A)  or there wi l l  be 
an avulsion fracture of the lateral rnalleolus 
(with a horizontally running fracture) (B ) .  

38.  Radiographs (b): Note in a typical 
Stage 2 injury the fracture l ine tends to run 
alrnost vertically frorn the medial corner of 
the ankle mortise. There is sorne rotation in 
the radiographic projection so that the fibular 
shadow overlaps the tibia. The l inear opacity 
near the rnedial rnalleolus dates frorn a 
previous Achi l les tendon repair. 
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36. Supination/adduction injuries (c): 
In the second stage, the adducting talus 
strikes the rnedial rnalleolus causing a 
vertical or high oblique fi-acture (A) .  No1e: I .  
l nstead of the rnedial malleolus being pushed 
off, there rnay be a cornpression fracture of 
the angle (B ) .  2.  Occasionally the medial 
malleolus rnay be broken off wi thout da rnge 
first occurring to the lateral l igament. 

39. Radiographs (c): ln  this chi ld's a"lkle 
there is  a greenstick-type fracture of the 
medial malleolus with sorne compression of 
the angle between the medial rnalleolus and 
the inferior articular surface of the t ibia .  



PRONATION/DORSIFLEXION INJURIES 

B 

40. Pronation/ dorsiflexion 
(compression injuries) (a): Commonly 
the foot is dorsiflexed at the ankle in 
association with an upward compression 
force - usual ly  from a fal l  from a height or 
from a road traffic accident (A) .  As the talus 
dorsiflexes, i ts wide anterior part is forced 
between the mal leo l i .  shearing off the medial 
malleolus ( 8 ). 
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4 1 .  Pronation/ dorsiflexion injuries (b ): 
As violence continues, the anterior t ibial 
margin (2) i s  fractured. to be rol lowed by the 
lateral malleolus (3) .  

43. Pronation/dorsiflexion injuries (d): With sti l l  greater violence the tibia fractures in  an 
irregular fashion. often with great comminution. There may be great i rregularity of the inferior 
articular surface of the tibia. Note in  the lateral radiograph the large anterior marginal fracture. 
In the anteroposterior view note the typical medial malleolar fracture. the gross comminution. 
and the disruption of the inferior articular surface or the t ibia. I n  this case the f ibula has 
remained intact. 

42. Pronotion/dorsiflexion injuries (c): 
Fractures of the anterior tibial margin show 
quite clearly in lateral projections or the joint 
and help to ident ify qui te clearly this class or 
rracture. The talus may subluxate anteriorly. 
carrying the marginal fracture with it. 

44. Other compression injuries: If a fal l 
occurs on to the plantar-flexed foot. the 
posterior articular surface of the tibia may be 
fractured. In addition. fractures of both 
mal leol i  (as in typical pronation/dors i flexion 
injuries) may occur when the broad anterior 
portion or the talus is driven between them. 



DIAGNOSIS OF ANKLE INJURIES 

45. Diagnosis of ankle fractures - (a) 
Swelling: Note the s i te and distribution of 
swe l ling and bruising, e .g .  ( I )  D iffuse 
swel l ing in front of the lateral malleolus in  
many ankle injuries. (2)  Egg-shaped swel l ing 
over the lateral malleolus shortly after 
complete lateral l igament tears or lateral 
malleolar fractures (McKenzie's s ign) .  
( 3 )  Gross swel l ing and bruising in many 
trimalleolar and compression fractures. 
Swelling and bruising which involves both 
sides of the ankle is highly suggestive of an 
unstable injury. 

48. Radiographs (a): I n  grouping , 
staging and making a dec ision regarding the 
treatment of these injuries, note: ( I )  The s i te 
and slope of any fracture. (lf in doubt, note 
the soft tissue shadows, or examine an 
oblique (Cobb) project. ion.) (2) Small  
fragments suggesting avulsion injuries. (If  
there is  some uncertainty about l igament 
integrity, stress fi lms may be helpfu l . )  
( 3 )  Talar t i lt ing. 

46. (b) Deformity: Note the presence of 
any deformity. Look for: ( I )  External 
rotation of the foot relative to the leg. If the 
medial malleolus is fracLUred and lateral ly 
displaced, the distal end of the t ib ia may 
become qui te prominent under the skin.  
(2) Posterior displacement or the foot, a 
common feature of posterior malleolar 
fractures. Deformity is associated with 
unstable injuries of the ankle. 

49. Radiographs (b): Note also any shift 
or· the talus relative to the tibia, e .g . :  
(4) Posterior subluxation, associated with a 
posterior malleolar fracture. (5 )  Lateral 
subluxation; note that the 'gap' above the 
talus should be the same as between the 
medial surface and the medial malleolus. 
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47. (c) Tenderness: Try to localise 
tenderness if at all possible. In particular, 
check: ( I )  Medial malleolar area; 
(2) Anterior t ib iofibular l igament area; 
(3 )  The whole length of the fibula; (4) T e 
base of the f ifth metatarsal. (Avulsion 
fractures fol lowing inversion injuries are 
often c n fused wi th ankle fractures. )  

Localised (as opposed to  diffuse) 
tenderness 011 both sides of the joint is also 
suggestii·e of an unstable injury. 

50. Radiographs (c): Note the fol lowmg 
possible appearances in  the latera l :  ( I )  Tibia 
and talu congruent: true lateral projection. 
(2)  Tibia and talus congruent: s l ight rotation 
in lateral projection - two pairs of para l le l  
articular shadows. (3)  Tibia and talus nm 
congruent. 



5 1 .  Radiographs (d): An oblique 
projection of the ankle. taken with the foot in  
20° of internal rotation (Cobb projection, 
mortise view) is  often helpfu l  in diagnosing 
hairline fractures of the medial malleolus and 
Tillaux fractures. It i s  often advocated that its 
use should be routine. I n  the example shown 
above, contrast the standard AP projection 
(upper radiograph) with the mortise view of 
the same case. 

TREATMENT OF ANKLE INJURIES 

52. Radiographs (e): Do not forget that 
injuries involving the ankle joint may be 
associated with fractures of the fibula 
proximal lo the area covered by the normal 
radiographic projections. Transverse and 
spiral fractures or the fibular shaft are not 
uncommon. and in  the Maisonneuve fracture 
the fibular neck is  involved. If there is  any 
suspicion of a fracture proximal to the ankle 
joint (e.g. by proximal tenderness, which 
should always be sought), then the entire 
f ibu lar shaft shou ld be visual ised. 

53. PRINCIPLES OF TREATMENT OF ANKLE INJURIES 

The first considerations in  treatment are: 
I .  If the fracture is d isplaced, the normal a l ignment of the talus  with the 

t ibia must be restored. 
2. Measures must be taken to see that the fracture does not re-di splace, and 

that the optimum conditions for union of the fracture and damaged soft 
tissues are establ i shed. 

3. I f  the articulating surfaces have been damaged, then these should be 
treated appropriately to lessen the chances of secondary osteoarthrit is  
developing in the joint .  

In  assessing each case the main factors to consider are whether the fracture 
is stable or unstab le, and the patient's age. 

STABLE INJURIES 

Stable inj uries have been defi ned as those which cannot be di splaced by 
physiological forces. Fractures which broach the ring structure of the ankle 
at one s i te fall into this category. In the AO classification, A I ,  B I  and some 
C I  fractures are stable inj uries. Cl in ically, absence of deformi ty, minor 
rather than gross swel l ing,  and bru isi ng, swel l ing and tenderness confi ned to 
one side of the joint are highly suggesti ve of the inj ury being stable.  On X
ray the pattern of the fracture may confi rm the l i kel ihood of it being stable. 
However, if there is remai ning doubt, the joint should be exam i ned under 
anaesthesia. 



TREATMENT OF ANKLE INJURIES 

Stable injur ies have an excellent prognosis  almost i rrespective of 
treatment, and should be managed conservatively. 

UNSTABLE INJURIES 

The more structures which have been damaged, the greater the chances of 
the fracture being unstable. Cl inically, marked swell ing, bru i sing and 
tenderness on both sides of the joint are suggestive of instab i l i ty, and the 
presence of deformity is v i rtually d iagnostic. The pattern of fracture revealed 
by the radiographs may give a clear indication f the l i kel i hood of instab i l i ty. 
In doubtful cases, the joint should be examined under anaesthesia. 

While the majority of unstable inj uries may be reduced by c losed 
methods, there is often di fficulty in holding the pos ition. Any slacken ing f 
the plaster must be dealt with promptly;  weekly radiographs are essential to 
monitor the position of the fracture, and any s lipping that is detected may 
require remanipulation. The high level of urve i l lance that th is  entails may 
not be readi ly avai lable. Again, delayed or non-union of medial mal leolar 
fractures may occur, and the prolonged plaster f ixation required may cau e 
problems with the subsequent mobi l i  at ion of the ankle. For these reason. 
the internal fixation of unstable fractures is usually the preferred treatme t. 

In some situations it is not necessary to fix a l l  of the structures which have 
been damaged in order to restore stabi l ity to the joint .  However, as the 
rigidity achieved with the fi xation of what are often quite small bone 
fragments may sometimes be far from ideal, there is a tendency to fix mo t, 
if not all of the elements involved to i mprove the qual i ty of the overall  
support. 

UNSTABLE FRACTURES IN THE ELDERLY 

One of the main problems is that the bone fragments may be small and 
osteoporotic, so that many of the usual fixation techniques may fai l :  smal l  
malleolar fragments may crumble, and screws cut out ,  leading to re
di splacement. A number of publ ications have i ndicated that in this group the 
results from internal fixation are inferior or at best not better than 
conservatively managed fractures. Be fore i nternal fixation is considered, 
attention must be paid to the vascular state of the l imb and the risks of ski n 
fl ap necrosis assessed. Careful consideration must also be taken over the 
methods to be employed; screws should not be used, but tension band wiring 
may be considered in some cases. In  others, K-wires or Rush pins inserted 
into the fibula percutaneously may be preferable, so long as the tenuous 
fi xation they give is re in forced by a cast. 

A guide to some of the methods which may be employed in deal ing wirh 
the commoner problems in this h ighly divergent group of ankle fractures is 
given in the fol lowing frames. 
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54. Fractures of the fibula distal to the 
syndesmosis (a): These fractures are 
class i fied as Type A in the AO-Weber 
classification. Type A I fractures ( I l lus.)  are 
horizontal and of avulsion pattern. They are 
caused by adduction or inversion forces. The 
distal fragment may be sma l l  or large. No 
other major structure is  involved, and the 
injury is an inherently stable one. 

b 
S7. Fractures of the fibula distal to the 
syndesmosis (d): Where the fibular 
fragment i s  small, and particularly when the 
bone is osteoporotic, two K-wires with 
tension band wiring usually g ive the best 
results (a). A l ternatively, a Zuelzer (b) or 
other pattern hook plate can g ive excel lent 
f ixation. Where the fragment i s  larger. a lag 
screw may be used (c). 

FRACTURES OF FIBULA DISTAL TO THE SYNDESMOSIS 

SS. Fracture of the fibula distal to the 
syndesmosis {b): I r  there is no tenderness 
elsewhere, i f  the fracture is  undisplaced, and 
if the talar al ignment is normal, then the 
injury may be considered to be stable. Treat 
conservati vely with a below knee cast, 
elevation of the l imb, and crutches ( I )  for 
2-3 days unti l  the swel l ing subsides, when a 
walking heel may be applied (2). Retain the 
cast for about six weeks, with a c ircular 
woven bandage (3) until any swel l ing has 
resolved. 
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SB. Fractures of the fibula distal to the 
syndesmosis (e): With further adduction 
the medial malleolus may fracture (Types A2 
and A3).  Loss of its support leads to marked 
ankle instabi l i ty, and internal fixation is the 
easiest form of management. An extensile 
anteromedial incision is  preferred rather than 
a posteromedial one, unless a narrow skin 
bridge wil l  be created if  the f ibula has also to 
be exposed or if  access to a posterior fracture 
extension is needed. 
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S6. Fracture of the fibula distal to the 
syndesmosis (c): I f  there is appreciable 
separation of the fragments the injury is  
potential ly unstable, and there may be 
confirmatory evidence of talar ti l t ing. Closed 
reduction is unl i kely to be maintained and 
there is  risk of non-union so i nternal fixation 
is  advised. An anterolateral incision is  to be 
preferred (but see Frame 58) as the posterior 
nap has a better blood supply. Avoid damage 
to the superficial peroneal nerve in the 
proximal pan of the incision. 

b 

S9. Fractures of the fibula distal to the 
syndesmosis (f): I f  the medial malleolar 
fragment is smal l  and/or osteoporotic i t  may 
be held with K-wires and a tension band (a) 
or by a hook plate; i f  the bone qual i ty i s  good 
and the fragment substantial, then 2 
mal leolar screws (b), 2 cancc;llous screws, or 
a single screw and K-wire (c) may be used. I f  
the proximal part i s  comminuted, then some 
form of plate i s  desirable (eg DC, T- or 
clover leaf) (cl).  



FRACTURES OF THE FIBULA AT THE SYNDESMOSIS 
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60. Fractures of the fibula at the 
syndesmosis (a): In Type B I  injuries there 
may or may not be associated tearing or 
avulsion of the inferior t ibiofibular l igament. 
These are the co111111onest ankle fractures and 
are general ly stable. However, it is i111portant 
to exclude da111age to the 111edial co111plex. 
Look for 111edial tenderness, and if in doubt 
examine the joint under anaesthesia. I f  
stabi l i ty i s  confir111ed, then conservative 
treatment (see Frame 55) gives excellent 
results. 
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63. Fractures of the fibula at the 
syndesmosis (d): If the medial malleolus 
is fractured, internal fi xation of both the 
111edial and lateral 111alleoli i s  advised. I n  the 
case of the medial 111al leolus the methods 
described in  Fra111e 59 may be used. In the 
case of the fibula, 111ethods appropriate to the 
qual i ty of the bone may be used: these 
include the methods described in  Fra111es 57 
and 62. ln addition, interfragmental screws 
( I ); or an SST Small  Bone Locking Nai l® (2 )  
(wi th  a proximal screw to  preserve length) 
may be used. 

6 1 .  Fractures of the fibula at the 
syndesmosis (b): If there is  associated 
tearing of the 111edial l igament ( 82. 1 )  the 
injury is  potential ly unstable. (The anterior 
tibiofibular l igament i s  always torn or its 
bony attachments avulsed.) An intact 111edial 
111alleolus however tends to minimise any 
instabi l ity, so that these injuries may be 
treated conservatively by manipulative 
reduction ( i f  required), and cast fixation ( see 
Fra111e 55). Take check radiographs weekly to 
detect any late sl ip. 

64. Fractures of the fibula above the 
syndesmosis (a): All  involve disruption of 
the anterior tibiofibular ligament. In addition. 
when the posterior tibiofibular l igament (or 
its anachments) or the medial complex is 
involved, the injury is  unstable. This i s  true 
in  the majority of cases. Swble injuries 
however do not require surgery. They may be 
treated by a cast which can be extended 
above the knee for extra support. It is 
important not to miss this small group, and if 
there is  doubt, the joint should be examined 
under anaesthesia. 

62. Fractures of the fibula at the 
syndesmosis (c): Some, however, prefer to 
treat fractures of the fibula which occur at the 
level of the syndesmosis and which have an 
associated 111edial l igament tear, by internal 
fixation. (So long as the ends of the torn 
111edial l i gament are in  apposition, suture 
repair i unnecessary if the ankle is stabi l i sed 
by either a cast or in ternal fixation of the 
fibula.) Here a contoured dynamic 
co111pression plate and interfragmental screw 
have been used. 
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65. Fractures of the fibula above the 
syndesmosis (b): In  those cases where 
there is instabi l ity. the pattern and s i te of the 
fibular injury vary. Rarely, there is 
dislocation of the proxi111al tibiofibular joint 
rather than fracture. There is  associated 
damage to the 111edial complex, either in the 
form of rupture of the deltoid l igament or 
fracture of the medial malleolus. I n  unstable 
i njurie the usual treatment i s  to internaJy fi x  
any fibular and medial malleolar fracture. 



FRACTURES OF FIBULA PROXIMAL TO THE SYNDESMOSIS 

66. Fractures of the fibula above the 
syndesmosis (c): Most may be held with a 
Low Contact Dynamic Compression Plate (a): 
some spiral and comminuted fractures with 
interfragmentary screws and a neutralising 
plate (b); and distal fractures by a one-third 
tubular plate (c). I t  is vital to ensure thal fibular 
length and rotation are corrected. To avoid the 
common peroneal nerve, proximal fractures 
should be treated with a transverse 
syndesmotic screw above the ankle (with all 
the holes tapped to avoid compression) (d). 

69. Other considerations (b) -
Posterior lip (posterior malleolar) 
fractures (a): These are certain indica1ors 
of instab i l i ty. The presence and position of 
any posterior mal leolar fracture should be 
determined (e.g. by CAT scan) before any 
operative procedure is undertaken. as this 
may govern the best surgical approach .  The 
posterior lip may be formed by a posterior 
extension of the medial malleolus (Type A3 
fractures). If so i t  may be dea l t  with by the 
common medial malleolar fixation 
techniques. 

67. Fractures of the fibula above the 
syndesmosis (d): If the fibula has been 
perfectly reduced the syndesmosis should 
close and any displaced avulsion fragment 
should fall into place. Confirm with check 
films. Persisting deformity may sometimes be 
due to problems on the 111edial side of the joint 
(e.g. soft tissue, or the 1endon of tibial is 
posterior between the bone ends) which may 
have to be dealt with f irs!. (See also Frames 68 
and 69.) 01herwise reduce and hold with a 
syndesmotic screw ( I l lus ) :  this should be 
removed before mobilisation. 

70. Posterior lip (posterior malleolar) 
fractures (b): If the lip is laterally placed i t  
is l ikely t o  have been pulled off b y  the 
posterior tibiofibular l igament. 1 1· small it 
need not be fixed; if large, it may be held by 
a retrograde screw (a). 1 1· it is more shel l - l ike 
it should be secured from behind (b).  A 
posterior approach with the patient in the 
prone position is  recommended (c). The 
. fibular fracture may be fixed through the 
same incision wi1h a posteriorly placed plate 
(d) .  

68. Other considerations (a) - Anterior 
tibiofibular ligament: If possible, any 
accessible large bone fragment ( from the 
t ibial or fibular attachment) should be 
replaced and held wi th a small lag screw (a). 
If the fragment i s  small a wire loop may be 
employed (b) .  If the central portion of the 
l igament i s  involved i t  should be sutured (c). 
The repair may be splinted with a 
syndesmosis screw which should be removed 
at 8 weeks. prior to weight bearing. 

7 1 .  Other considerations (c) - 'Corner' 
fractures: In certain adduction and 
abduction injuries the inferomedial or 
inferolateral surface of the t ibia or the 
corresponding part of the talus may be 
damaged. As a general rule, small loose 
fragments of bone and cart i lage should be 
removed, but larger fragments wi th articular 
cartilage should be retained; i t  may be 
necessary to pack any defect with a bone 
grafl. 



CLOSED REDUCTION OF ANKLE FRACTURES 

72. Other considerations (d) - Isolated 
medial malleolar fracture: I n  an 
appreciable number of cases a periosteal flap 
comes to l ie between the bone ends. This 
causes minor but persistent displacement of 
the malleolar fragment which is not 
amenable to closed reduction methods; it 
may lead to non-union, and chronic ankle 
instabi l i ty. Open reduction and internal 
fixation is  recommended for all fractures of 
this pattern (see Frame 59).  

74. Closed treatment of displaced 
ankle fractures - manipulation (a): 
Conservat ive treatment may be proposed i f  
the patient i s  frai l ,  a poor anaesthetic risk, or 
the skin and circulation poor. The patient i s  
anaesthetised and the leg abducted over the 
edge of the table with a sandbag behind the 
thigh ( I ). The surgeon's stool (2) or the table 
should be adjusted until the toes can be 
steadied with the knee (3). A footstool may 
be helpful (4). 

73. Other considerations (e): 
Timing of surgery: At the earliest 
opportunity any gross deformity should be 
corrected by real igning the foot with the leg 
Lo lessen the risks of circulatory impairment 
and of skin necrosis (which is  espec ially 
great over the medial tibial margin) .  The 
complication rate for surgery rises eight fold 
for the first few days after a delay of over 24 
hours. Sometimes, however, especial ly 
where the case is  seen late, it i s  may be 
profitable to delay surgery for I 0- 1 2  days 
(but after a manipulative realignment) to 
al low swel l ing and any pressure blistering to 
subside, thereby improving the chances of 
uncomplicated wound healing. 

Care after surgery: The limb should be wel l  
padded and elevated. I t  is important that the 
foot i s  not al lowed to become plantarflexed 
and a removable plastic spl int or stout plaster 
backshell i s  advised. After a few clays this 
may be removed for short periods to permit 
mobi l i sation, provided that this does not 
jeopardise the fixation. Non-weight bearing, 
with crutches and a splint or cast, may be 
permitted when the postoperative swel l ing 
has subsided. I n  most cases i t  i s  inadvisable 
to al low unprotected weight bearing unti l  
union is  moderately far advanced (usually at 
about six weeks). 

Failure of fixation: If the reduction is  lost 
this i s  generally the result of the fixation 
devices cutting out before union has 

75. Manipulation (b): Carry out a 
reduction rehearsal. The malleoli general ly 
preserve their relationship with the talus and 
the foot, so that in essence ii is a case of re
aligning !he foot wi1h !he Tibia. In most 
cases, three elements require correction: I .  
Begin by correcting 1iny posterior 
subluxation by grasping the heel and l i fting it 
anteriorly. 

occurred. The deformity must be correcte . 
Whi le it i· sometimes possible to do this by 
closed methods it may be necessary to 
remove any fixation device to achieve th i> .  In 
most cases the bone in  the area of the 
fracture will have become sort and unabl to 
retain screws. The deformity should be 
reduced manually, and, if necessary, K-wires 
used to stabi l ise the fracture. Thereafter close 
monitoring wi l l  be required, with the pati nt 
remaining in  a cast until union has occurred. 

Fractures in the elderly: The results of 
internal fixation in the elderly are often 
disappointing, and a number of series in the 
past have shown these to be usually inferior 
or certain ly no better than conservatively 
treated fractures. The result are poorer i 
women than men. The reasons include the 
qual i ty of the bone fragments, which are 
often fragi le  and osteoporot ic:  poor 
peripheral c i rculation leading to problems 
wi th wound and fracture heal ing; excessive 
stresses through fixation devices due to 
overweight; and poor anaesthetic risks. 
Better results are now expected with new r 
methods which include the use of cannulated 
screws inserted percutaneously through s mall 
stab wounds, and mult iple K-wires to help 
maintain the position of the fracture while 
the patient remains in  plaster unt i l  union 
occurs. 'evertheless i t  i s  important to have a 
sound knowledge of c losed methods of 
treatment for these fractures. 

76. Manipulation (c): 2 .  Sti l l  grasping the 
hind fooL correct any external rotation. I t  
should b e  noted that l itt le force i s  required 
for these corrections, and in many cases re
al ignment is  completed by sensations s imi lar 
to those experienced when reducing a 
dislocati n . 



77. Manipulation (d): 3 .  Final ly correct 
any abduction deformity. Note: ( i )  The 
appearance of the ankle should be restored 10 
normal. ( i i )  Overcorrection is  difficult  or 
impossible. Repeat the procedure unt i l  you 
can remember the direction of movements 
and force required for reduction. 

80. Manipulation (g): Now repeal the 
reduction manoeuvre and hold the l imb in 
the reduced position until the plaster has set 
(4). Steady the forefoot with the knee (lo 
keep the ankle at right angles) and ease the 
hands sl ightly upwards and downwards 10 
prevent local indentation of the plaster. 
Extend the plas1er above the knee il the 
ji-ac//.lre is ve1y w1swble. 

CLOSED REDUCTION OF ANKLE FRACTURES 
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78. Manipulation (e): Now apply wool 
roll to the l imb making sure that the 
malleolar prominences are wel l  covered ( I ) . 
Without hurry fol low this with two 10 three 
1 5  cm (6") plaster bandages rrom the level Of 
the t ibial tubercle 10 just above the ankle ( 2 ). 
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8 1 .  Manipulation (h): Check the position 
of the fracture with radiographs before the 
anaesthetic i s  discontinued, and if  necessary, 
repeat the procedure (5) .  Precautions should 
be taken over swel l ing, e.g. elevation, 
spl i! l ing of the plaster (6 ) .  

79. Manipulation (f): Smooth the plaster 
well down and then quickly apply two 1 5  cm 
(6") plaster bandages 10 the foot and ankle. 
The toes may be steadied wi th your knee (3 ) .  
On  completion, you should be  left with a 
plaster which is selling at the calf, but is 
qui te soft and mouldable at the foot and 
ankle. 

82. Aftercare (a): The plaster should be 
examined for slackness as swel l ing subsides. 
Ir i t  becomes slack, it must be changed with 
care 10 prevent s l ipping of the fracture, and 
general anaesthesia may be necessary. 
Radiographs should be taken weekly; 
remanipulation under anaesthesia or imernal 
fixation may have to be considered if  there is 
any s l ip .  



MULTIFRAGMENTED COMPRESSION FRACTURES 
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83. Aftercare (b): A walking heel should 
not be applied before 6 weeks: prior to that 
the patient may be mobilised, non-weight 
bearing, wi th crutches. Plaster fixation 
should be maintained until union (usual ly 
9- 1 0  weeks in  the older patient). Confirm 
this both c l inicall y  and radiologically. 
Thereafter bandage supports should be worn 
unt i l  swe l l ing subsides. Physiotherapy is 
often required. 

86. Multifragmented compression 
fractures (c): Sti l l  more information 111ay be 
gained with a 3D reconstruction; the example 
is again of the previous case. This clarifies 
the extent of involvement of the distal t ibia l  
shaft and the bone immediately proximal to 
the tibial articular surface. 

84. Multifragmented compression (or 
pilon) fractures (a): These potentiall y  
most d ifficult injuries are classi fied under the 
AO syste111 as Type B and C fractures of the 
Distal Tibial Segment. Jn  Type B fractures 
part of the inferior tibial articular surface is  
involved; Type C fractures are co111plete 
articular fractures (see p. 385). The 
co111plexity of the lesion is  seldo111 apparent 
in  plain f i l 111s, as i s  the case in this exa111ple 
of a Type C fracture. 

87. Multifragmented compression 
fractures (d): Where there is gross 
com111inution surgery is un l ikely to be 
profitable, and the ai111s should be to 
111aintain length and start ankle 111ove111ents 
early. This may be achieved with a heel pin 
and weights (about 2 kg ( 1 ))  or a hinged 
external fixator (2). Weight bearing is 
deferred unti l  union. 

85. Multifragmented compression 
fractures (b): Analysis by CAT scan is 
highly de irable where operative intervention 
is going to be considered. The two views 
above in  the coronal and transverse plane; of 
the previous case g ive additional informarion 
regarding the com111inut ion of the i nferior 
articular surface of the tibia. 

88. Multifragmented compression 
fractures (e): Surgery 111ay be attempted if  
there is at least one large articular fragme-nt 
which can be fixed to the tibial shaft. In the 
case shown i n  Fra111e 86, the medial 
malleolus and tibial fractures were held with 
a long medial plate, and the s111al ler articular 
fragments secured with additional screw� . 



89. Multifragmented compression 
fractures (f): In some cases i t  may be 
thought desirable to delay surgery for I 0- 1 2  
days unti l  swe l l ing and any pressure 
blistering have subsided. To maintain length 
in the interim, an external fixator may be 
used. Some cases may then be suitable for a 
l imi ted reconsm1ction, with screw fixation of 
the major fragments and, i f  necessary. f ine 
wire fixation or smaller ones: a hybrid or 
plain l l izarov fixator (as in p. 78 and p. 339) 
may then be employed to hold these and 
provide overal l support. 

92. Diagnosis (b): If the findings suggest a 
more substantial injury, grasp the foot and 
gently abduct the talus in  the ankle mortise, 
feel ing for any gap opening up at the outer 
corner of the joint .  Compare wi th the other 
side. Excess movement of the talus on the 
injured side suggests a complete lateral 
l igament tear. ( Note that the test i s  also 
positive in tears of the anterior tibiofibular 
l igament i f  the foot i s  not i nverted in  the 
dorsiflexed posit ion.) 

LATERAL LIGAMENT INJURIES 

90. Multifragmented compression 
fractures (g): Other techniques can include 
the following: ( I )  Reduction and fixation of 
any fibular fracture to obtain length and 
al ignment; (2) Reconstruction or the articular 
surface by placing the fragments over the 
talar dome and temporarily holding them 
with K-wires; (3) Packing defects with bone 
grafts; (4) Fixing the main fragments with a 
buttress plate (and, if required, cannulated 
screws). 

93. Diagnosis (c): If the manoeuvre cannot 
be performed adequately because of pain, 
in fi ltrate the fascicu l i  or the lateral l igament 
with local anaesthetic (e.g. 20 mL of 0.5% 
l ignocaine) or admin ister a general 
anaesthetic. Repeat the manoeuvre, and for 
further confirmation, take AP radiographs 
under stress. The anterior drawer test, with or 
without stress fi lms, may also be performed. 

9 1 . Lateral ligament injuries -
Diagnosis (a): A soft tissue injury is  
diagnosed where there is  a h istory of trauma 
and the radiographs are normal. A h istory of 
an inversion injury is  obtainable in  most 
lateral l igament injuries. Jn sprains, swel l ing 
and tenderness follow the fascicu l i  of the 
lateral l igament ( I ) . In complete tears of the 
lateral l igament, swe l l ing at first l ies over the 
lateral malleolus (2) .  
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94. Treatment (a): Simple sprains resolve 
in  a few days wi th local supportive measures 
(adhesive strapping, crepe bandaging, etc . )  
rest and elevation ( I ) . Complete lateral 
l igament tears should be treated either by 
surgical repair (of both anterior tibiofibular 
and calcaneofibular l igaments) or by plaster 
fixation for 6 weeks (2), followed by a l ighter 
support t i l l  free from discomfort. 
A l ternatively, a hinged ankle brace may be 
used for the same length of t ime and wi l l  
permit early movements. 



EPIPHYSEAL AND MISCELLANEOUS INJURIES 

95. Treatment (b):  I f  there is no obvious 
abnormal i ty, investigate with plain and stress 
fi lms, M R I  scans and arthroscopy. 
Sometimes tissue thickening in the 
anterolateral aspect of the ankle may be 
found and removed with profit. Treat the so
called functional instabi l i ties (thought due to 
disorders of muscle coordination or 
proprioception) with physiotherapy to 
develop the evertors ( I )  (eg by exercises or a 
wobble board) and the use of lateral heel and 
sole wedges (2) .  

98. Epiphyseal injuries (b):  Salter-Harris 
Type 3 and Type 4 injuries may sometimes 
be reduced by applying firm local pressure 
under GA but as re-displacement is common, 
cross-screwing is  general ly advised. This  
may be carried out  with a cannulated screw 
inserted percutaneously with care to avoid 
transgressing the growth plate. Type 5 
injuries should be treated expectantly by 
manipulative reduction. 

96. Treatment (c): Surgical reconstruction 
may be required if  simple measures fai l ,  and 
instabi l i ty has been demonstrated. In the 
Watson-Jones reconstruction. the peroneus 
brevis tendon is threaded through holes 
dril led in the fibula and talus and sewn to 
itse lf. The upper stump is sewn to peroneus 
longus. The tendon replaces the torn 
l igament, and the success rate of the 
operation is high. Failure may indicate 
subtalar laxity. 

99. Epiphyseal injuries (c): Epiphyseal 
injures (espec ial ly those of Type 3 and 4) 
may be followed by disturbance of bone 
growth, leading to shortening and deformity. 
A bony bar may form and bridge the 
epiphysis and the metaphysis .  Its location 
and extent may be investigated by CAT scan, 
when consideration should be given to its 
excision and the fil l ing of the resul ting 
defect. Where a deformity has become well 
established ( I l lus.) a corrective osteotomy 
wi l l  be required. (See also p. 90.) 

97. Epiphyseal injuries (a): Salter-HJrris 
Type I injuries are rare. In the case of the 
fibula. a �prain may be mistakenly diagnosed, 
with trau atic epiphyseal growth arrest 
sometimes fo l lowing. The commonest in3ury 
is one of Type 2. In either Type I or 2, where 
displacement is minimal (a) a below-knee 
plaster may be used for 4-6 weeks. Where 
displacement i s  appreciable (b) the defor:nity 
should be reduced by manipulation prior to 
the application of a cast. 

1 00. Sprain of inferior tibiofibular 
ligament: I nversion injuries of the ankle 
may lead to a first stage sup./lateral rotational 
tearing of the inferior tibiofibular l igament. 
Pain ma� be quite severe, and tenderness 
well local ised over the l igament. A 6 week 
period of plaster fixation is advised. ln cases 
of chronic disabi l i ty hydrocortisone 
injection may be tried, or operative 
reconsu·uction considered. 



1 0 1 .  Ankle dislocation without 
fracture: Rarely. the ankle may dis locate 
without fracture. Although rupture of both 
medial and lateral l igaments must take place. 
conservative management by closed 
manipulative reduction and plaster fixation 
may achieve a good resu l t .  Avascular 
necrosis of the talus is a minor risk i n  this 
situation. 

/ 

1 04. Complications of ankle injuries -
Swelling: Swel l ing pers isting for weeks or 
even months after f ixation has been 
discarded is so common as to be an almost 
normal occurrence. Assuming that the 
fracture has uni ted in a good pos ition, local 
supportive measures should be continued 
unti l  reso lution. The patient should be 
reassured and advised regarding e levation 
and act iv i ty. 

OTHER INJURIES ABOUT THE ANKLE 

1 02. Recurrent dislocation of peroneal 
tendons: This is a rare condition in which 
eversion causes painful cl icking sensations as 
the peroneal tendons repeated ly snap over 
the lateral mal leolus ( I ) . The condition is 
associated with a defect in the superior 
peroneal retinacu lum. A Aap of bone and 
periosteum can be used to reconstruct the 
defective l igament ( 2 ). 

1 05. Complex regional pain 
syndrome/Sudeck's atrophy: Where 
swel l ing is gross, and espec ial ly if the toes 
are involved. suspect Sudeck's atrophy. 
There may be glazing of the skin and pain. 
Radiographs may show typical porotic 
changes, and confirm union of the fracture. 
I n tensive physiotherapy, continued use of 
supports and other measures may be required 
(see Chapters 5. 8). Convalescence may be 
expected to be slow with occasional ly some 
permanent functional impairment. 

1 03. Footballer's ankle and 
osteochondritis tali: Tibial and/or talar 
osteophytes ( I )  may arise in footballers from 
repeated anterior capsular tears, and l imi t  
dorsinexion. Excision for  this is seldom 
ind icated. but if symptoms are commanding 
arthroscopic debridemenL may be tried. Pain 
may fol low a fresh tear ( treat 
symptomatical ly by POP fixation) or from 
early ankle joint osteoarthritis. 
( Osteochondritis ta l i  (2) - see p. 393. )  

p 50° 

1 06. Stiffness, 'weakness' and 
disturbance of gait: Again, assuming 
sound union. these symptoms generally 
respond rapidly to appropriate physiotherapy 
and occupational therapy. Progress may be 
assessed by charting the range of ankle joint 
movements. (The normal range is  indicated, 
but compare the sides.) Note also the range 
in the subtalar joint .  



COMPLICATIONS OF ANKLE INJURIES 

107. Instability: Instab i l ity clue to lateral 
l igament damage has been described ( see 
Frame 96 et seq ) .  Instab i l ity may also follow 
damage to the medial structures. Non-union 
of a large medial mal leolar fragment should 
be treated by internal fixation: additional 
grafting may be necessary ( I ) . When the tip 
only is involved. i t  may be excised and the 
lateral l igament sutured to the stump (2).  

1 08. Osteoarthritis (a): Considering the 
incidence of ankle fractures, osteoarthritis is 
an uncommon complication. I t  is most l ikely 
to fol low compression fractures, and 
fractures with residual diastasis or talotibial 
incongruity. Note in  this example or an old 
compression fracture the central split in  the 
tibial surface, the broadening of the mortise 
and the narrowed joi nl space. 

1 09. Osteoarthritis (b ): If symptoms f 

pain, swel l i ng, sti ffness and disturbance of 
gait are troublesome. then fusion may be 
advised. In the Crawford-Adams fusion, the 
articular surfaces are cleared, the fi bula i' 
in laid in  the talus and t ibia and held in 
position with cross-screws. Late function is 
general !)  good due to persistent midtarsal 
movement. 
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AO CLASSIFICATION - TIBIA/FIBULA, DISTAL SEGMENT 

Distal Segment : 43- 1 1  O. AO classification of fractures of 
the tibia/fibula, distal segment (43-): 

Type A fractures are extra-art icular. 
A I = Metaphyseal simple, with or without an 
associated fibular fracture: I spira l ;  
.2 oblique: .3  transverse. 
A2 = Metaphyseal wedge fracture, with or 
without a fracture of the fibu la:  . I with 
posterolateral impaction: .2 with an 
antero111edial  wedge; .3  with the fracture 
extending proximal ly into the diaphysis. 
A3 = Metaphyseal co111plex, wi th or without 
a 1·racture of the fibula: . I with three 
i nter111ediate frag111ents; .2  with 111ore than 
three inter111ediate frag111ents; .3  with 
extension imo the diaphysis. 

Type B fractures are partial articular. 
8 I = Pure spl i t  fracture with or without a 
fracture of the fibula: . I fronta l :  .2 sagil la l ;  
. 3 111etaphyseal 111u lt i frag111entary. 
82 = Spl i t  fracLUre with depression, with or 
wi thout a fracture of the fibula: . 1  frontal: 
.2 sagillal ;  .3  cemral. 
83  = Mul l i frag111entary depressed fracLUre, 
with or without a fracture of' the fibula: 
. I frontal ;  .2 sagittal ; .3  metaphyseal .  

Type C fractures are complete articular. 
C I  = Articular s imple. metaphyseal simple, 
with or without a fracture of the fibula: . I 
uni mpacled; .2 with some depression of the 
articular surface; .3 with the fracture 
extending into the d iaphysis. 
C2 = Articular simple, metaphyseal 
mult i  fragmentary. with or wi thout a fracwre 
of the fibula: . I wi th uneven impaction; 
.2 without uneven impaction; .3  with the 
fracture extending into the diaphysis. 
C3 = Mul t i  fragmentary, with or without a 
fracture of the fi bula :  . I confined to the 
epiphysis; .2 confined to the epiphysis and 
metaphysis; .3  extending into the diaphysis. 



AO CLASSIFICATION - TIBIA/F IBULA, MALLEOLAR SEGMENT 

TIBIA/FIBULA, Malleolar Segment : 44-

A 

B 

c 

1 1 1 . AO classification of fractures of the 
tibia/fibula, malleolar segment (44-): Note 
the rollm' ing: 
I .  A t  thi location the three Types (A,  B,  C) are 
selected by where the lateral lesion is placed in  
relation t the inferior tibiofibular l igaments ( 'the 
syndesmotic ligaments ' ). 
2 .  I n  this exceptional situation, l igament lesions 
without any acco111panyi11g .fi-acture have been 
included. 

Type A lesions are infrasyndesmotic. 
A I = Isolated lesions o f  l igament or bone: 
. I complete tear of the lateral l igament of the 
ankle: .2  avulsion fracture of the 1ip of th lateral 
malleolus: .3 transverse fracture of the lateral 
malleolus. 
A2 = Bifocal lesions, with a fracture or the 
medial malleolus (which may be transver,,e. 
oblique or vertical) with:  . I a complete tear of the 
lateral l igament; .2 arnlsion or the l ip of the 
lateral malleolus: .3 transverse fracture of the 
lateral malleolus. 
A3 = B i focal lesions. with a medial malleolar 
fracture which extends posteriorly ( ' round the 
back" )  w i th:  . I a complete tear of the lateral 
l igament: .2 avulsion of the lip of the late·al 
malleolu. : .3 transverse fracture or the lateral 
malleolus. 
Type B fractures or  the fibula are 
transyndesmotic . 
B I  = Where the lateral side of the joint o ly i s  
involved: . I s imple: .2 wi th  disruption of the 
anterior yndesmosis (anterior inferior 
t ibiofibu lar l igament tear or avulsion from the 
t ibia (Ti l laux fracture. I l lus . )  or from the ·bula (le 
Fort fracture) ; .3 mult ifragmentary. 
B2 = Fracture of the fibula with a medial lesion: 
. I simple. with rupture of the medial (deltoid) 
l igament and disruption of the anterior 
syndesmosis: .2 simple. with fracture of th medial 
malleolus and disruption of the anterior 
syndesmosis ( I l lus. : le Fort): .3 multi fragmentary 
lateral malleolar frac1ure with rupture of th medial 
l igament or a fracture of the medial 111alleo us. 
B3 = Fracture or the fibula with both a medial 
lesion and a fracture of the posterolateral ri111 
( posterolateral l ip; fracture of the postericr 
malleo lus ) :  . I simple fibula, ruptured me ial 
l igament: .2 fibula simple, fracture or the medial 
malleolus: .3 111u l 1 ifragmentary fibula with 
fracture of the medial malleolus. 
Type C ar bifocal lesions with rupture o·· the 
anterior or both anterior and posterior inferior 
t ibiofibular l iga111ents. The fracture of the fibula is 
suprasyndesmotic ( i .e .  above the inferior 
tibiofibular liga111ents). and the medial lesion 
involves either the medial l igament or the medial 
111alleolus. 
C I  = Simple diaphyseal fracture of the fibula; 
. I rupture of the medial l igament; .2 fract re of 
the medial mal leolu : .3 with fracture of e 
111edial 111al leolus and the posterior ri111. 
C2 = Mult i  fragmentary diaphyseal fracture of the 
fibula: . l with rupture of the 111edial ligarr ent; 
.2  fracture of the medial 111alleolus; .3 fracture of 
the medial malleolus and the posterior rim. 
C3 = Proximal fibular fracture (Maisonneuve 
fracture) :  . I without shorten ing; .2  with 
shorten ing; .3 with a posterior rim fractur�. 



SELF-TEST 

1 1 2. This AP radiograph shows the position 
achieved by closed reduction of a Dupuytren 
fracture-dislocation of the ankle ( P/L 
(external rotation with diastasis) Stage 4 
injury (AO = 44--C I .  I )) .  I s  reduction 
complete? 

1 1  S. What pattern of injury is  shown in  this 
lateral radiograph? 

1 1 3. Classify this injury. Is the reduction 
satisfactory? 

1 1 6. Whal is this injury? Whal atypical 
element is present? 

SELF-TEST 

1 1 4. This  radiograph was taken of a patient 
complaining or pain in  the ankle after an 
inversion injury. Do you detect any 
abnormali ty? 

1 1 7. What does this radiograph 
demonstrate? 



ANSWERS TO SELF· TEST 

ANSWERS TO SELF· TEST 

1 1 2. No: there is  persistent lateral talar shift (note the gap between the 
talus and the medial mal leolus) due to s l ight persistent diastasis. This 
position would be accepted by a number of surgeons, whi le others 
would prefer to reduce and in ternal ly fix the fi bular fracture and repair 
the anterior t ib iofibular l igament. Any pers isting deformity might be 
dealt with by a cross-screw (syndesmosis screw), removed before ful l  
mobi l i sation is  embarked upon . (AO = 44-C I .  I . ) 

1 1 3. The vertical fracture of the medial malleolus is typical of a 
supinat ion/adduction Stage 2 injury (adduction fracture), AO = 44-
A3. I .  Reduction is incomplete, and there is disturbance of the inferior 
articu lar surface of the tibia. Open reduction is  ind icated. 

1 1 4. A small opacity i s  present distal to the tip of the lateral 
malleolus, and probably represents avulsion of the fibular attachment 
of the lateral l igament. The fragment i s  small, and cl inical confirmation 
would be desirable. (AO = 44-A I .2 . )  

1 1  S. This i s  an epiphyseal injur), in  which there is  s l ight backward 
displacement of the distal t ibial epiphysis ,  along with a smal l  fragment 
of metaphysis Uuxta-epiphyseal fragment), i.e. a Salter-Harris T) pe 2 
injury. There is some evidence oo this  lateral view of talotibial 
incongrui ty, and manipulation w uld be indicated. 

1 1 6. This is a pronation/abduction injury with horizontal fractures of 
the medial and lateral malleoli and lateral displacement of the ta!  s .  
There are atypically two fracture'> of the fibula, one through the 
syndesmosis and one above i t .  Atypical fracture of the fibula at a 
higher level, with some of the features of AO = 44-B.2 and 44-C. I 
fractures. 

1 1 7. Although comparison films of the other ankle should be taken, it 
i s  almost certain that a complete tear of the external l igament has been 
demonstrated in  this inversion fi lm.  (Note the shadows of the lead 
gloves and the angle of talar t i l t ing which has been marked on the 
radiograph. )  
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CHAPTER 

1 5  
Foot iniuries 



TALUS AND TALAR NECK FRACTURES - CLASSIFICATION 

1 .  Anatomical considerations (a): The 
talus plays a key role in no less than 3 joints: 
( I )  The ankle joint - articulating wi th the 
t ibia and fibula; (2)  The subtalar joint -
articulating with the calcaneus; (3)  The 
talonavicular joint :  along wi th the 
calcaneocuboid joint, this forms the 
mid1arsal joi111. Secondary osteoarthritic 
changes may occur following fractures 
which cause articular irregularity. 

4. Classification of talar neck fractures 
(a): Talar neck fractures have been classified 
into four types of increasing severity. In Type 
I the talar neck is fractured without 
displacement. Incomplete hairl ine cracks are 
not uncommon. Only the blood supply 
through the neck is  affected, and the 
incidence of avascular necrosis i s  under 
1 0%.  
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2. Anatomical considerations (b): 
Secondary osteoarthritis may also follow 
a vascular necrosis which occurs in  half of a l l  
talar neck fractures. The blood supply of the 
talus enters at three sites: ( I )  The neck; (2) 
The sinus tarsi area; (3)  The medial side of 
the body. The more sources are disturbed. the 
greater i s  the risk to the blood supply. 

5. Classification (b): In Type 2 fractures 
there is an accompanying subtalar 
subluxation. The proximal portion of the 
talus adopts a position of plantar flex ion ( I ) . 
The head of the talus maintains i ts 
relationship with the navicular and calcaneus 
(and the rest of the foot) which subluxate 
forwards (2) .  

3. Mechanisms of injury: The 
commonest fracture is of the neck. This my 
occur in car accidents, when pedal impact 
( I )  forces the talar neck against the t ibial 
margin 1 2). (There is a long association 
between this injury and l ight ai rcraft crashes 
where the feet are violently dorsiflexed 
against the rudder pedals - 'aviator's 
astragalus' . )  The injury may also follow falls 
from a height in a crouching position. 

6. Classification (c): Note in the 
radiographic example a more severe degree 
of plantar flex ion of the proximal fragment, 
and greater subluxation. The blood suppl ies 
through the neck and sinus tarsi are both 
i nterrupted, and the inc idence of avascu· ar 
necrosis rises to 50 o in fractures of this 
type. 
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1: Classification (d): Type 3 injuries. With 
further dorsiflexion and upward force ( I )  the 
tibia i s  driven between the two talar 
fragments. The posterior fragment is 
extruded backwards, whi le at the same t ime 
the convex posterior articular surface of the 
calcaneus (2) guides i t  medially. It comes to 
rest with its medial surface (3) caught on the 
sustentaculum tali (4). 

1 0. Diagnosis: The diagnosis may be 
suspected from the history, but is made 
radiologically. Care must be taken to 
di fferentiate between Type I and Type 2 
injuries. I f  doubt exists, two laterals, one in 
dorsiflexion ( I )  and one in plantar flex ion (2)  
should be taken and compared. These wi l l  
reveal any subluxation (Type 2 i l lustrated). 

TALAR NECK FRACTURES - DIAGNOSIS & TREATMENT 

8. Classification (e): In its f inal position 
the main portion of the talus I ies on the 
medial side of the ankle. with its fraclllrcd 
surface (5 )  poiming laterally. Al l  three 
sources of blood supply arc disturbed. The 
risks of avascular necrosis are high. rising 10 
85%. 

1 1 . Treatment of Type 1 injuries: ( I )  
Padded plaster with toe platform and 
elevation for about a week. ( 2 )  Non-weight 
bearing with crutches for 3 months. ( 3 )  The 
fracl llre is then assessed out or plaster for 
union and absence of avascular necrosis. (4)  
I f  there are no complications, weight bearing 
may commence with a l ight support. 
Physiotherapy wi l l  be required for ankle. 
subtalar joint and calf. 

9. Classification (f): In the rare Type 4 
injury, the head of the talus dis locates from 
the navicular ( I )  in association with a Type 3 
(2 )  or a Type 2 injury. The incidence of 
avascular necrosis here is  also high. 

1 2. Treatment of Type 2 injuries (a): 
While some prefer open reduction for a l l  
these fractures, closed methods may be 
attempted: ( I )  The foot is plantar flexed and 
evened. (2) A padded plaster is then applied 
in  this position and check radiographs taken. 
If a satisfactory reduction has been obtained, 
then conservative treatment may be 
continued. 



TALAR NECK FRACTURES - TREATMENT 

1 3. Treatment of Type 2 injuries (b): (3 )  
The l imb is  elevated for a week before (4)  
non-weight bearing is  permitted. After 3-4 
weeks the plaster is changed under intensifier 
control and the foot brought up to a right 
angle (5). Non-weight bearing is  continued 
for a further 6 weeks. Thereafter, if the 
fracture is  uni ted and there is  no evidence of 
avascular necrosis, weight bearing may be 
al lowed with support (6). Physiotherapy wi l l  
almost certain ly be required. 

1 6. Treatment of Type 3 injuries (b): 
Maintaining traction ( I ), use the knee (2) to 
dorsiflex the foot. Pul l  the heel s l ightly 
forward and evert i t  (3) to open up the space 
for the talus. Apply strong pressure over the 
displaced body of the talus (4), pressing 
lateral ly, but also s l ightly anteriorly and 
downwards. Now plantar flex the foot .  I f  
purchase o n  t h e  heel i s  poor, a Steinmann pin 
through the heel and a cal l iper may be used. 

1 4. Treatment of Type 2 injuries (c): If 
closed methods fai l  in  obtaining a reduction, 
open reduction wi l l  be required. The fracture 
may be secured with a K-wire passed 
backwards from the head of the talus into the 
body, wi th the aftercare being s imi lar to that 
described in the previous frame. The K-wire 
may be removed al the change of plaster. For 
more rigid fixation, a cannulated screw may 
be preferred. 

1 7. Treatment of Type 3 injuries ( c ): 
After reduction, proceed with elevation and 
gradual mobil isation as described in Frame 
1 3  above. If closed reduction fails (as it often 
does), open reduction wi l l  be necessary. The 
condition of the skin and any planned 
in ternal fixation wi l l  dictate the incision(s). 
These fractures may be fixed (best through a 
posterolateral incision) wi th one or two 
cancellous screws passed from behind 

1 5. Treatment of Type 3 injuries (a): 
The displaced portion of the talus is s i t  ated 
subcutaneously, and there should be no delay 
in  reducing i t  as the overlying skin i s  tightly 
stretched over the bone and l i kely to sl ugh. 
Fac i l ities for open reduction should be 
avai lable, but closed methods may be 
attempted first. Begin by gripping the h el 
and applying traction to it. 

through the body of the talus and into t e 
head (5) .  Cannulated screws may also be 
used; these can be threaded over K-wir s 
which have been inserted temporari ly  t hold 
the reduction (6) .  The AO group, with an eye 
to rapid mobi l isation, in  fact recommend 
in ternal fixation along these l i nes for au talar 
neck fractures. 

Treatment of Type 4 injuries: These 
uncommon injuries are l ikely to require open 
reduction. A l l  fragments should be retained, 
even if completely detached and obviously 
avascular. On no account should the talus be 
excised. 

Complications of talar neck 
fractures (a): - Skin necrosis :  The skin 
may become tightly stretched over a 
displaced talus and undergo necrosis with 
late sl ughing. Early redu.c1io11 is impera1ive 
to avoid !his complication. 

(b): Open i njuries : Thorough debridement of 
the wound is essential, but again every effort 
must be made to retain the main fragments. 
Treatment shou ld fol low the usual l ines 
establi hed for the management of ope:i 
fractu s. If sepsis occurs in conjuncticn with 
avascular necrosis, heal ing may be obtained 
only after excision of the avascular 
fragments. 



TALAR NECK FRACTURES - COMPLICATIONS & OTHER TALAR FRACTURES 

1 8. Complications cntd - (c) Ankle fracture: Rarely, malleolar 
fracture may be found complicating talar neck fractures. Closed 
reduction is here unreliable, and open reduction with inlernal fixation 
of the malleolar fracture is  desirable. ( I l lus. :  Type 3 fracture with 
fracture of the lateral mal leolus.) 

1 9. Complications cntd - (d) Avascular necrosis: The diagnosis 
i s  made frorn the radiographs. Increased densiry i s  often apparent by 6 
and usual ly  by 1 2  weeks, but do not be confused by the dense shadows 
cast by the overlying rnal leoli in the lateral. Revascularisation always 
occurs in closed injuries and is usually advanced by 8 months. (Check 
progress by rnonthly radiographs.) Weight bearing before 
revascularisation is complete is likely ro cause marked jlarrening of the 
talus (Illus. ). Local supports and physiotherapy wi l l  be required. 
Secondary osteoarthritis i s  cornmon and should be kept in mind. 
Because of its key position, avascular necrosis of the talus may lead to 
osteoarthritis of the ankle, subtalar or midtarsal joints (or any 
cornbination of these). 

20. Complications cntd - (e) 
Osteoarthritis: This may occur secondary 
to avascular necrosis or malunion. 
Determination of the joints involved is 
important, and this may be fac i l i tated by the 
s i te of the pain and the c l in ical and 
radiological appearances. Local anaesthetic 
in fi l t ration of suspected joints i s  occasionally 
helpfu l .  Thereafter the appropriate fusion 
may be advised. (Where all three joints are 
involved, as here, all w i l l  require fusion.) 

2 1 .  Other talar lesions - (a) Dome 
fractures: A fraclllre may involve a portion 
of the upper articular surface of the talus ( I )  
as a result of a shearing injury. I f  
undisplaced, th i s  may be  treated by  a period 
of 6 weeks in  a cast before reassessrnent by 
arthroscopy and an MR I scan. If the 
fragment is substantial and inverted or badly 
displaced, i t  should be secured with Smi l l ie  
p ins  (2) ,  a Herbert screw, or biodegradable 
pegs. If the fragment is small, i t  may be 
excised and the bone dril led. Thereafter, 
plaster fixation for 6 weeks is advisable. 

22. (b) Osteochondritis tali: This rnay 
occur as a sequel to a non-displaced shearing 
fracture, although frequently there is  no 
h istory of injury. (Note the lesion on the 
rnedial side of the upper articu lar surface.) 
Where the fragrnent is substantial, with 
appreciable associated pain and swel ling, i t  
may be secured with a Herbert screw or a 
biodegradable dowel. I ts base may be dri l led 
in  an allernpt to encourage revascularisation. 



FRACTURES OF THE BODY OF THE TALUS 

23. (c) Avulsion fractures: M i nor 
avulsion fractures of the talus may result 
from inversion, eversion, plantar flex ion and 
rarely dorsiflexion strains of the ankle -
when flakes of bone are pul led off by 
l igamentous or capsular attachments. These 
injuries require symptomatic treatment only 
(e.g. 2-4 weeks in  a below-knee walking 
plaster). 

26. Body fractures cntd: Often there is a 
high degree of comminution. The convexity 
of the body may be flattened and the talus 
compressed as i t  i s  squeezed between the 
tibia and calcaneus. Such fractures may also 
involve the subtalar joint, and there is 
invariably extensive damage to the 
cartilaginous surfaces of the ankle joint .  
Surgical reconstruction is  seldom possible. 

24. (d) Fracture of the lateral process 
of the talus: These injuries are uncommon 
(demonstrated here on a CAT scan), but are 
seen with increasing frequency as a result of 
snowboarding accidents. The subtalar joint is 
involved, and they are probably best dealt 
wi th by open reduction and internal fixation 
using a cance l lous screw. 
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27. Treatment: A typical conservative l ine 
of treatment might be: ( I )  Init ial  pressure 
bandaging and elevation. (2) Intensive active 
exercises as soon as pain and swel l ing wi l l  
permit. (3 )  Avoidance of weight bearing unti l  
union is wel l  advanced (about 8- 1 0  weeks). 
Persistent pain and functional restriction 
would be indications for ankle fusion. 

25. (e) Fractures of the body of the 
talus: The upper art icular surface of the 
talus ma;. be fractured by the same 
mechanisms which produce compression 
fractures of the ankle. Vertical splits wit out 
significant disturbance of the ankle or 
subtalar joints ( I l lus .)  may be treated as Type 
I talar neck fractures. I f  displacement has 
occurred. accurate reduction and cross
screwing should be carried out. CAT scans 
are useful in assessing dome fractures. 

28. (f) Compression fractures of the 
head of the talus: These fractures are 
uncommon, but usual l y  highly comminuted 
and unsuitable for attempts at reconstruction. 
Early mobi l i sation of the foot should be the 
aim, and a regi me s imi lar to that describ ed in 
the pre vious frame may be fol lowed. 



29. Calcaneal fractures - Mechanisms 
of injury (a): The commonest cause of 
calcaneal fracture is a fall from a height on to 
Lhe heels. Important factors include Lhe 
height fal len, the nature of the ground, and 
the weight of the patient. The injury is  
common in  slaters, window cleaners and 
construction workers. Rarely the injury may 
be produced by impact from below (e.g. a 
below-deck explosion on a ship). 

A0° 
' 

' 
I " 
' "-._ ' 7 ' 

32. Radiographs (a): The most important 
view is  a well-centred and wel l -exposed 
lateral projection ( I ). An axial projection (2) 
is helpful in visualising the p i l lar of' Lhe heel 
(3), the sustentaculum tali (4), the anterior 
talocalcaneal joint ( 5 )  and the posterior 
talocalcaneal joint (6) .  This film is  taken with 
the tube t i l ted at 40° from the vertical ( 7) ,  
preferably with the foot dorsiflexed, but pain 
may force this projection to be abandoned. 
An AP foot al lows visual isation of the 
calcaneocuboid joint .  

CALCANEAL FRACTURES - DIAGNOSIS 

30. Mechanisms of injury (b): Taking 
into account the commonest cause of' injury, 
it is essential when examining a case of 
suspected calcaneal fracture that you do not 
overlook: ( I )  A simi lar fracture on the other 
side; (2) A wedge frac1ure of Lhe spine 
(dorsolumbar junction fractures are present 
in 5% of' calcaneal fractures); (3)  Upper l imb 
injuries. 

33. Radiographs (b): Oblique projections 
may be helpful if there is remaining doubt. or 
to obtain better visualisation of the posterior 
calcaneal facet. The four projections 
described by Broden are particularly 
valuable for Lhe latter. (The foot is internal ly  
rotated 30-40°, wi th  the ankle in the  neutral 
position. Four films, with tube L i lts of I 0°, 
20°, 30° and 40° are taken, with the beam 
centred on the lateral malleolus.)  
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3 1 .  Clinical appearance: In major 
fractures, the heel when viewed from behind 
appears: ( I ) wider, (2) shorter and flatter, and 
(3) ti lted laterally i nto valgus. There is  often 
tense swel l ing of the heel, marked local 
tenderness, and later bru ising (4), which may 
spread into the medial side of the sole and 
proximally to the cal f. Weight bearing is  
usual ly. but  not always, impossible. 

34. Radiographs (c): This oblique 
projection shows the posterior talocalcaneal 
joint qu i te clearly. with a spl i t  in  the 
posterior articular surface of the calcaneus. 



CALCANEAL FRACTURES - RADIOGRAPHS 

35. Radiographs (d): CAT scans can be of· 
value in assessing the nature and degree of 
comminution of a calcaneal fracture, and any 
subtalar and calcaneocuboid joint 
involvement. Coronal, transverse and sagittal 
projections have al l  been used. The coronal 
projection chosen as a standard to al low 
useful comparison of cases is  made through 
the widest part of the talus. In the scan above 
the comminution of the calcaneus and 
invol vement of the subtalar joint is obvious. 

38. Radiographs (g): ( i i )  The crucial 
angle of Gissane: This is the angle between 
two bone struts, both of which are obvious in 
the lateral projection; one l ies along the 
lateral border of posterior articular process of 
the calcaneus, whi le the second extends 
anteriorly to the beak of the calcaneus at the 
upper margin of the calcaneocuboid joint. A 
decrease in this angle is indicative of 
signi ficant disruption of subtalar joint, and 
this is often also associated with proximal 
displacement of the prominence of the heel .  

36. Radiographs (e): I n  th is  sagittal cut  of 
the previous case the downward projecting 
axe-like lateral process of the talus can be 
clearly seen, with the extensive calcaneal 
comminution i t  has caused. It also gives 
evidence or alteration to the angles of Bohler 
and Gissane. 
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39. Types of calcaneal fracture: The key 
factor in assessing calcaneal fractures is 
whether or not there is involvement of the 
subtalar joint. Here the common fracture 
patterns have been arranged roughly in order 
of complexity, with the most d i fficult, the 
intra-articular fractures, at the end. 
A: Vertical fracture of the tuberosity: 
The subtalar joint is not involved and the 

, pr9gnosis is excellent ( I ) . Nevertheless, 
swel l ing may be severe, and should be 
control led by firm bandaging over wool and 
elevation of the l imb (2). 

37. Radiographs (f): I n  the interpretation 
of calcaneal fractures two common 
constructions are used: ( i )  Bohler 's salient 
angle: This  is formed by the in tersection of 
two l ines, both starting from the posterior 
articular surface of calcaneus (2), with one 
touching the anterior articular process of the 
calcaneu, ( I )  and the other the superior angle 
of the tuberosity (3 ) .  The angle normally l ies 
in the 20-40° range. and is decreased (4) in  
any fracture which flattens the heel, whe1her 
this is extra- or intra-articular. 
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40. Vertical fracture cntd: Weight 
bearing. whi lst  not harmful, w i l l  be pai 1r·u1 
or impo ible, and crutches will be required 
for some weeks; they may be discarded when 
pain settles (3) .  A crepe bandage or s imi lar 
support may be worn unti l  swel l ing subsides. 
Any long-term term heel pain may be 
controlled with a sorbo rubber heel cush on 
(4). 



4 1 .  B: Horizontal fractures: These are of 
two types which must be distinguished. ( I )  
The commoner injury involves the posterior 
superior angle of the calcaneus without 
disturbance of the Achi l les tendon insertion: 
it is usually caused by local trauma (e.g. a 
kick). (2) The second is an avulsion fracture. 
produced by sudden muscle contraction. 

44. Treatment (b): When the fracture is 
not of the avulsion type, i t  should be 
manipu lated if  severely d isplaced. Moderate 
residual displacement can usua l ly  be qu i te 
safely accepted. Thereafter, a below-knee 
padded plaster may be applied, and crutches 
used for the first week or so. A further 5 
weeks in a below-knee walking plaster i s  
then a l l  that  wi l l  be required. 

CALCANEUS - EXTRA-ARTICULAR FRACTURES 

42. Horizontal fractures cntd -
Diagnosis: Di fferentiate between the two 
main types of horizontal fracture by: I .  
Noting the level of the fracture on the 
radiographs (Type I I l lus .) ;  2 .  Studying the 
soft-tissue shadows on the radiograph, 
looking for upward (proximal) retraction of 
the Achil les tendon; 3. Feel ing for a gap 
between the tendon insertion and the point of 
the heel. 

45. C: Avulsion fractures of the 
sustentaculum tali: These are generally 
secondary to forcible eversion of the foot 
which results in the strong deltoid l igament 
avu lsing the sustentaculum tali to which it is 
auached ( I ) . They are seen most clearly in 
axial projections, and indeed may be missed 
unless this view is taken and examined with 
care (2) .  They must be distinguished from 
major subtalar joint disruptions involving the 
sustentaculum. Displacement is generally 
s l ight, and persisting disabi l i ty i s  rare. 

43. Treatment (a): ( I )  If the fracture is of 
the avulsion type (or if there is continued 
doubt) i t  should be openly reduced and fixed 
with a screw. (2) To remove stress from the 
screw. a long leg plaster shou Id be applied 
with the knee and ankle in flexion. (3) After 
4 weeks a below-knee walking plaster may 
be substi tuted t i l l  the fracture has united 
( usually about 8 weeks). 
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46. Sustentaculum tali cntd: Trea1111e111: 
Heal ing of the fracture is general ly wel l  
advanced b y  6 weeks. Prior t o  this the 
fol lowing treatments may be used: I .  A crepe 
bandage over wool pressure bandage and 
non-weight bearing with crutches for 6 
weeks; or 2. A below-knee padded plaster 
with crutches in i tia l ly and then a walking 
hee l ;  after 6 weeks a circular woven support 
for a further 2 weeks or so. 



CALCANEUS - EXTRA-ARTICULAR FRACTURES 

47. D: Anterior calcaneal fractures: 
This fracture affects the anterior part of the 
calcaneus which articulates with the cuboid. 
I t  may result from ( I )  Forced abduction of 
the forefoot in  which the cuboid strikes the 
calcaneus. (2)  Forced inversion injuries 
which have the same effect. (3) As part of a 
midtarsal dislocation. (4) As part of a major 
subtalar joint disruption. 

SO. E: Fracture of the body of the 
calcaneus without involvement of the 
subtalar joint: The fracture l ine passes just 
posterior to the posterior talocalcaneal joint. 
The crucial angle of Gissane is unaffected, 
but frequently there is  a decrease in Bohler's 
salient angle. I f  this i s  the case ( I l lus .)  then 
f1�lllen ing of the heel profile may lead to 
troublesome localised and persistent heel 
pain .  

48. Anterior calcaneal fractures cntd: 
Treat111e111: If there is no significant 
compression or shortening of the calcaneus 
(as in the vertical split i l lustrated) the injury 
may be treated conservatively along the l i nes 
already indicated for fractures of the 
sustenlaculum tali. If there is  evidence of 
midtarsal instability, treat as for a midtarsal 
dis location. 

5 1 .  Body fractures cntd: Due to proximal 
displacement of the portion of the calcaneus 
carrying the Achi lles tendon insertion, there 
is slackening of the cal f muscles, so that 
there is weakness of plantar f1exion at the 
ankle, and loss of spring in the step. This 
slackness is  eventually taken up, but 
recovery is faci l i tated by pro/011ged, 
i11te11sive physiotherapy in the form of calf 
resisting exercises. 

49. Anterior calcaneal fractures cntd: 
If there is calcaneal hortening, the 
mechanisms of the midtarsal joint may be 
seriously disturbed. leading possibly to pain, 
restricti n of movements in  the foot and 
osteoarthrit is . I f  the patient is elderly or 1as 
sustained multiple injuries, i t  may be wi>est 
to accept these risks. and also treat this i jury 
conservatively. In some other cases it may be 
possible by open operation and bone grafting 
to pack up the depressed articular fragments, 
wi th the aim of improving function in the 
midtarsal joint and reducing the risks of 
secondary osteoarthrit is .  To control the 
tendency to recurrence of the col lapse i t  may 
be advisable to use a small external fixat r 
stretching between the body of the calcaneus 
and the cuboid. 

52. Body fractures cntd - Treatment 
(a): If cli placement is s light, good results 
may be obtained by conservative treatment 
along tbe fol lowing l ines: (a) Pressure 
bandaging, bed rest. elevation and analgesics 
for 2 weeks. (b) Crutches unt i l  graduated 
weight bearing can be commenced at about 6 
weeks. (c) Calf resisting exercises as soon as 
pain wi l l  permit, and continued 
physiotherapy until maximal recovery. A 
boot locked in neutral flexion may be used to 
prevent the development of an equinus 
deformity. 



S3. Body fractures cntd: Treatment (b): 
Severely displaced fractures may be reduced 
with a Steinmann pin ( I )  inserted into the 
heel and used as a lever (2) .  If required the 
pin may be driven across the subtalar joint 
( 3 )  into the head of the talus, following the 
axis of the joint (4). The pin may then be 
incorporated in a plaster sabot, thereby 
permitt ing early ankle and (some) subtalar 
joim movements. 
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S6. Fractures involving the subtalar 
joint cntd: Propagation of the fracture 
usually resu l ts in the formation of two 
primary fracture l i nes. Line (a)  spl i ts the 
calcaneus into medial and lateral fragments: 
anteriorly this may involve the 
calcaneocuboid joint or the anterior facer: 
posteriorly it usually divides the posterior 
facet: the position and number of spl i ts vary. 
Line (b) rends to d ivide the calcaneus into 
anterior and posterior portions, often 
extending anteriorly to spl i t  the medial facet. 

CALCANEUS - INTRA-ARTICULAR FRACTURES 
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S4. Body fractures cntd - Treatment 
(c): The sabot and spike may be removed 
after 6 weeks and non-weight bearing 
exercises continued for a further 2 weeks 
before fu l l  weight bearing. Pin-track 
infection is  not uncommon, and at the first 
sign the pin should be removed and 
antibiotic treatment commenced. Because of 
this risk, 11w11y prefer lo treat these injuries 
irith ca111111/ared screws inserted 
perc11ra11eo11sly, and certainly pin and sabot 
treatment is contraind icated if there is any 
doubt about the peripheral circulation. 

S7. Classification: The position or the 
common fracture l ines. the ir  associated bony 
fragments. and the degree Of comminution 
result in enormous variations in these 
injuries. In  spite of this there have been 
many attempts at classification; more have 
appeared since the introduction of CAT 
scanning which use coronal and transverse 
images: the preferred cut of the former is at 
the level of the widest part or the talus. and 
provides information on shape of the heel, 
the posterior facet, and the sustentaculum 
tal i ;  the latter show the calcaneocuboid joint, 
the sustentaculum tali and the posterior facet. 
The Zwipp Classificatio11 starts (in the 
fashion of Neer in  the shoulder) by 
describing 2. 3. 4 and 5 part fractures: these 
are subsequently modified by the number or 
joints involved. In  the Sanders Classificatio11 
four Types are described. Type I includes all 
non-displaced articular fractures. Type 1 1  
comprises two part fractures affect ing the 
posterior facet; there are subdiv isions 
dependent on the site of the fracture. Type 
I l l ,  again with subdivis ions, includes three 
part fractures. Type IV fractures arc highly 
comminuted with four or more parts. I n  the 
Crosby a11d Fit:gibbo11s Classificario11, 
which is useful but no doubt unaltractive to 
some because of its simpl icity, three Types 
are recogn ised: Type I: non-displaced; Type 
I I :  displaced; Type I l l :  comminutecl. 

SS. F: Fractures of the body of the 
calcaneus with involvement of the 
subtalar joint: This is the most serious and 
potential ly disabl ing group of calcaneal 
fractures. Parho111echa11ics: The majority of 
these injuries result from the transmission of 
forces up through the heel, bringing the 
calcaneus into violent contact with the 
downward projecting lateral process of the 
talus: this axe- l ike area of bone ini tiates a 
fracture on the lateral aspect of the sinus 
tars i ;  the process is  aggravated i f  the foot i s  
evened at  the t ime of impact. 

SS. Associated extra-articular 
problems: If uncorrected, proximal 
displacement of the mass of the heel may 
result in slackening of the calf muscles 
( I )  with weakness of plantar nexion. Lateral 
displacement may cause broadening of the 
heel ( 2 )  and heel pad pain. The deformity may 
be unsightly, and call for special footwear. 
There may be i mpingement symptoms from 
the lateral malleolus or the peroneal tendons 
(3 ) .  On the medial side, entrapmelll of the 
tibial nerve may occur. Swelling may also 
give rise to compartmelll syndromes. 



HINDFOOT - PERITALAR DISLOCATION 

59. Intra-articular problems: 
Uncorrected severely displaced fractures lead 
inevitably to loss of movements in the 
subtalar joint (and often the midtarsal joint), 
with pain, impaired foot function and gait 
disturbances. Secondary osteoarthritic 
changes often lead to further pain and 
stiffness. These problems may cause an 
acquired fear of heights, difficulty in 
returning to any former employmelll which 
involved working al heights or walking on 
uneven surfaces, and alcoholism. 

I n  cases where there is  gross comminution 
(Sanders type IV), primary arthrodesis may 
be considered. lf crushing has been severe 
then the poss ibi l i ty of a compartment 
syndrome must be kept in  mind. Careful 
c l inical supervision and pressure monitoring 
are important in  these cases, and 
decompression may be required (see later). 

Treatment after union: I .  Physiotherapy 
and occupational therapy should be 
continued unti l  nothing more can be gained. 
2 .  Treat pain under the heel with a sorbo pad. 
3 .  Broadening of the heel may require 
surgical footwear. 4. Impingement symptoms 
with sharply local ised pain and tenderness 
beneath the lateral mal leolus may respond lo 
local surgery (excision of any exostosis and 
freeing the peroneal tendons) .  5. Persistent 
pain and l imp, due possibly to secondary 
subtalar osteoarthritis, require careful 
assessment. Symptoms should be 
unremitting, persistent for 6-9 months al 
leas!, and unresponsive to physiotherapy, 
before surgery is contemplated. Fresh 
radiographs should be compared wi th the 
original fi lms to confirm subtalar join! 
involvement, and assess the calcaneocuboid 
joint. If the subtalar joint only is  involved, a 
subtalar fusion is advised. I f  there is any 
involvement of the calcaneocuboid joint, a 
full triple fusion wi l l  be necessary (fusion of 
the subtalar, calcaneocuboid and 
talonavicular joi nts). 

60. Treatment of intra-articular 
fractures: 
U11disp/aced fi·ac111res: Where there is 
mini mal displacement these should be 
treated conservatively (e.g. see Frame 46). 

Disp/acedJi-ac1ures : Conservative lrea1ment 
i s  also usual ly advised in displaced fractures 
in the elderly; in the presence of marked 
osteoporosis and gross comminution; in 
severe open fractures and cases where there 
is major soft tissue involvement such as 
bl istering; where the circulation is impaired; 
and in the poorly controlled diabetic. 

I n  other cases reduction and internal 
f ixation should be considered. lt should be 
noted that the technical difficulties may be 
formidable and the resu lts surgeon
dependenl. The procedure is carried out 
under X-ray control. The calcaneus may be 
approached through a lateral L-shaped 
incision, protecting the peroneal tendons and 
sural nerve within the anterior flap. Sanders 
recommends that the depressed superolateral 
part of the posterior facet is elevated first; if 
i t  is in several pieces i t  may be possible to 
reconstruct it with biodegradable pins. The 
main mass of the calcaneus is then levered 
downwards and medially to correct its lateral 
displacement; then correct the angle of 
Gissane. Once a satisfactory reduction has 
been confirmed by X-ray this is held by 

6 1 .  Peritalar dislocation - Pathology 
(a): Forcible inversion of the plantar Aexed 
foot throws stress on the lateral ligament of 
the ankle and the talocalcaneal l igament. I f  
the strong talocalcaneal ligament ruptures, 
the talus remains in the ankle mortise and a 
subtalar dislocation resu lts. 

cancellous screws passed from the lateral 
cortex towards the sustentaculum. The 
posterior tuberosity is reduced, and then a 
low profile lateral plate used Lo stab i l i se Lhe 
tuberosity, the posterior facet and the anterior 
process. {The radiograph shows the calcaneal 
fracture i l lustrated in  Frames 35 and 36 held 
with a Timax""'' Pe.R . JTM plate and sere" s.) 
A cast is worn for three weeks, and a pla;t ic 
boot locked at 90° (lo prevent an equinus 
deformity) for a further s ix weeks. Exercises 
out of the boot are commenced immediately. 

62. Pathology (b): The forefoot remains 
with Lhe calcaneus and the talonavicular joint 
dislocates: as the talus remains i n  position 
this inj ury is  often described as a peritalar 
dislocation. It may be accompanied by 
fractures of the mal leol i .  The talus, freed 
from its attachment , goes into plantar 
f1exion (and this i s  the position in whic the 
foot must be placed during the in i t ia l  stage of 
reduction). 



63. Diagnosis: The diagnos is  may be 
suspected c l in ical ly. but is always confi rmed 
by radiographs. Note in the example how the 
talus has maintained its normal relat ionship 
with the t ibia and fibula (somewhat 
concealed by the sl ight obliquity or  the 
radiographic projection). Note that a vascular 
necrosis of the talus does not occur in this 
condition, but late subtalar osteoarthrit is is 
common. 

66. Total dislocation of talus -
Pathology: With greater violence than 
shown in Frame 6 1  there is  complete rupture 
of a l l  the other l igamentous attachments of 
the talus.  The talus dislocates out or the ankle 
mortise and comes to l ie subcutaneously in  
front of the ankle and on the lateral s ide of 
the foot. The head of the talus points 
medial ly and its calcaneal surface is  d irected 
posteriorly. ( Rarely. eversion injuries lead to 
medial dis location of the talus.) 

HINDFOOT - TOTAL DISLOCATION OF THE TALUS 
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64. Treatment (a): Reduction is genera l ly 
easy: Under general anaesthesia ( I )  Plantar 
flex the Foot. (2) Grasp the heel and the 
forefoot. apply a l i ttle traction. and swing the 
foot into eversion. In  d ifficult cases use a 
Schanz pin ( held in a T-bar) temporari ly 
inserted in the calcaneus to obtain better 
leverage. 

67. Treatment (a): Manipulat ive reduction 
shou Id be attempted under general 
anaesthesia. I t  is imperative that delay is 
avoided, as there is always risk or skin 
sloughing where it is t ightly stretched over 
the talus. The fol lowing technique may be 
employed: ( I ) .Plantar nex the foot. ( 2 )  Invert 
the Foor strongly. ( 3 )  The posterior part of the 
talus, lying laterally. should be pushed in a 
posteromedial direction. 
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65. Treatment (b): Thereafter ( 3 )  apply a 
padded below-knee plaster with the ankle at 
right angles and the foot in s l ight eversion. 
(4) A walking plaster may be applied after a 
week and retained For a further 5 weeks. 
Open reduction is necessary if  manipulation 
fai l s, and the talonavicular joint should be 
exposed first ( 5 )  as d ifficulty is usually due 
to button-holing of that joint .  Instab i l ity may 
be controlled with K-wire. 

68. Treatment (b): (4)  When the talus 
starts to move into place, even the foot. If 
these measures fail, use a Steinmann pin 
through the calcaneus to apply prel imi nary 
traction and control inversion. Occasionally 
open reduction may be required. (5 )  
Thereafter apply a padded plaster. Avascular 
necrosis i s  a lmost inevitable. ( Further care is 
as detailed in  Frame 1 9. )  



TENDOCALCANEUS RUPTURE 

69. Acute rupture of tendocolconeus: 
Rupture may fol low sudden muscle act iv i ty 
(e.g. jumping or sprinting). I t  is espec ial ly 
common in the middle aged when 
degenerative changes are appearing in  the 
tendon. It may be precipitated by local 
steroid injections. Usually the s i te i s  4-8 cm 
above the insertion; rupture is complete ( I )  
and the plantaris i s  spared (2) .  There is 
sudden pain with d i fficulty in  walking and 
standing on the toes. 

SURGICAL TREATMENT 

This  g ives the most satisfactory resu lts where 
there is a delay of a week or more in making 
the diagnosis or init iating treatment. I t  is 
often also advocated for the young athletic 
patient. The tendon is approached through a 
vertical incision, 2 cm medial to the midline. 
taking great care in  the handl ing of the soft 
tissues. A general anaesthetic, a tourniquet, 
and the prone position are preferred. The 
ends of the ruptured tendon wi l l  be found to 
come together when the foot i s  plantar 
flexed. I t  i s  held in  that position during 
suturing. Absorbable, non-absorbable or 
Bunnell  pul l-out sutures may be inserted: a l l  
have their  advocates and al l  are effective, but 
the frequency of wound breakdown is  an 
added incentive for the use of absorbable 
sutures. Fascia lata may be used if  there is 
much fraying of the tendon. After wound 
closure a long leg plaster cast i s  applied with 
the knee and ankle in flexion. At 3 weeks the 
skin sutures may be removed and a below
knee plaster applied for a further 3 weeks 
with the ankle in  a more neutral position. 
Discharging wounds are managed with 
patience along established l ines, and only 
rarely require grafting. 

Good results have also been claimed for 
less invasive percutaneous techniques: it is 
sutured through several small stab wounds, 
using a hollow needle to guide the suture 
material . Apart from not being able to view 
the repair, there is  the disadvantage with this 
technique of not being able to ' freshen up' or 
carefu l ly  align the ruptured tendon ends. 

70. Diognosis: The history and age of the 
patient may be suggestive. Cl in ically there 
may be: ( I )  a visible gap in  the tendon; (2) 
weakness of plantar f lex ion against 
resistance; (3) lack of 'firmness' on side-10-
side pressure al the site of the rupture, again 
when the foot is being plantar flexed against 
resistance. Soft tissue radiographs, 
ul trasound examination or an MRI  scan may 
show a defect in the continuity of the tendon. 

72. Midtarsal dislocations (a): 
Dislocation of the talonavicular portion of 
the midtarsal joint may accompany subtalar 
dislocations. The inversion mechanism has 
been described (see Frame 61 ) .  The subtalar 
joint may reduce ( incompletely) 
spontaneously, so that the talonavicular 
dislocation is the main feature ( I l lus.) .  

7 1 .  TREATMENT OF RUPTURE OF 
TENDOCALCANEUS 

Both conservative and surgical measure. 
have their advocates. but neither guarantees 
freedom from complications such as re
rupture, weak plantar flexion, ankle st iff"less, 
poor wound hea l ing (often taking months) 
and deep vein thrombosis. 

CONSERVATIVE TREATMENT 

This i s  often advised for all cases seen " i thin 
48 hour_. but i s  also particularly su i tabl for 
the elderly, frai l  or poor anaesthetic r isk 
patient. The aim i s  to hold the foot in  pl Har 
flexion i n  order to approximate the tend n 
ends and keep them there unt i l  heal ing i .  
advanced. A long leg plaster i s  applied wi th 
the knee i n  about 45° of f lex ion and the ankle 
in  a l ittle plantar flex ion. After 4 weeks a 
below-knee plaster is substi tuted, wi th the 
ankle s t i l l  in  a l i tt le plantar flex ion. After a 
further 4 weeks the plaster can be discar.:led, 
weight bearing permitted, and physiotherapy 
to i mprove the gait and calf strength 
commenced. An inside shoe l i ft may be used 
to reduce dorsiflex ion stresses on the he· J ing 
tendon. The incidence of re-rupture is  
commonest in  conservatively treated cases. 
Alternative conservative measures include 
the use of  a functional brace with the fo l in 
45° plantar flex ion. with a prolonged, 
complex regime of physiotherapy. 

73. Midtarsal dislocations (b): The 
midtarsal joint l ies between the talus and 
calcane posteriorly, and the navicular · nd 
cuboid anteriorly. Both elements of the joint 
may be disrupted a a resul t  of ( I )  adduction 
or (2) abduction forces applied to the 
forefoot. 



74. Midtarsal dislocations (c): As in any 
other dis location. abduction or adduction 
midtarsal dislocations are associated with 
ligament rupture or small avulsion fractures, 
but the talus, calcaneus, navicular and cuboid 
lllay escape significant fracture. ( l l lus . :  
Adduction midtarsal dislocation wi th small 
avulsion fracture of cuboid.) M idtarsal 
dislocations are not infrequently lllissed in  
the context of other injuries, and a CAT scan 
or screening may be helpful in further 
defining the pathology. 

77. Treatment cntd: If lllanipulation fai ls, 
open reduction may be required. ( I l l us:  A 
navicular fracture has been screwed, and a 
small external fixator appl ied llledial ly LO 
help stabi l i se the reduction and the bone 
repair.) Complications: Pain and st iffness of 
the foot and osteoarthrit is are comlllon. I f  the 
latter involves the calcaneocuboid joint only, 
a local fusion lllay be perforllled - otherwise 
a ful l  triple fusion may be necessary. Rarely 
a medial plantar nerve palsy with in trinsic 
muscle wasting may be seen. 

MIDTARSAL DISLOCATIONS 

75. Midtarsal dislocations (d): On the 
other hand, a lll idtarsal dislocation lllay be 
associated with fracture or any of the 
colllponents of the joint .  The navicular is 
lllOSL frequently involved. ( I l l us . :  An 
abduction type lllidtarsal dis location with 
fractures of the navicular and cuboid . )  When 
this is the case, reduction is more l i kely to be 
unstable, and secondary arthritic changes 
COllllllOner. 

78. Isolated fractures of the navicular: 
(Do not mistake the collllllon accessory 
centre of oss i f ication for a fracture . )  I .  The 
tuberosity lllay be fractured ( I l l us.) by 
avulsion of the tibial is posterior; this and 
other undisplaced fractures lllay be treated 
conservati vely (e.g. by 6 weeks in plaster). 
2 .  Body fractures may be accolllpanied by 
dorsal extrusion of a large fraglllent which 
should be accurately reduced and fixed 
surgically. 

76. Treatment: I .  Under general 
anaesthesia, traction is  applied to the 
forefoot. 2. Mainta in ing traction, the forefoot 
is al igned with the hindfoot (abduction injury 
i l l us . ) .  3. If there is  instabi l i ty, stabi l ise the 
forefoot with percutaneous K-wires. 4 .  Apply 
and split a padded p laster, and elevate the 
l i lllb. 5. Start non-weight bearing wi th 
crutches after 1 -2 weeks, and remove any 
wires at 3-4 weeks. Take weekly radiographs 
to detect late subluxation. 6. Discard plaster 
and mobi l ise after 6-8 weeks. 

79. Tarsometatarsal dislocations (a): 
I n j uries to the tarsollletatarsal region are 
infrequent and the lllechanislll of injury is  
not always c lear. Dis location of one or more 
metatarsals may result from the fol lowing: 
(A) A fal l  on the plantar Aexed foot or a blow 
to the forefoot as in  road traffic accidents. 
( B )  A blow on the heel when in  the knee l ing 
position, e.g. when a horse fal l s  on top of a 
thrown rider. (C)  Run-over kerb-side 
accidents. 



TARSOMETATARSAL DISLOCATION 

80. Tarsometatarsal dislocations (b): 
(D)  Forced inversion, eversion or abduction 
of the forefoot as, for example, in a fall with 
the foot trapped. Nole: ( 1 )  The dorsal is 
pedis/medial plantar anastomosis may be in  
jeopardy; (2)  The metatarsal bases are keyed 
into the cuneiforms; the bony co111ponents 
are bound together by l iga111ents which, for 
111echanical reasons, are thick and strong on 
the plantar aspect; where there is  111uch 
crushing of the soft tissues there is danger of 
co111part111ent syndro111es. 

83. Treatment (a): Reduction should be 
allempted pro111ptly (by applying traction in 
the l ine of the 111etatarsals and pressure over 
their  bases) because of the risks of oede111a 
and circulatory i111pair111ent. Even if several 
colu111ns are involved but there is no fracture, 
the reduction may be stable. If so, use a 
padded cast for 8 weeks before weight 
bearing and 111obi l i sation. There is  however a 
tendency to late subluxation as the swel l ing 
subsides, and many prefer to internal ly  f ix 
most. 

8 1 .  Classification: In  the Myerson 
classification the foot i s  divided into three 
colu111ns, one or more of which may be 
affected. The 111edial involves the joint 
between the I st 111etatarsal and the 111edial 
cuneifor111 ; the 111iddle includes the joints 
between the 2nd and 3rd metatarsals and the 
in termediate and lateral cuneiforms; and the 
lateral involves the joints between the 4th 
and 5th 111etatarsals and the cuboid. The 
middle colu111n is relatively fixed; there is 
s l ight 111obil i ty in the 111edial but most in the 
lateral. 

84. Treatment (b): U11s1able medial 
column iniuries: these 111ay be stab i l i sed by a 
K-wire with its end s l ipped beneath the skin 
to lessen the risks of infection. It is helpful to 
expose the affected joint through a short 
dorsal incision and carry out the reduction 
under v is ion. The entry point for the wire 
(medial cuneiform or navicular) is dependent 
on whether the dislocation is  at the level of 
metatarsal/cunei form joint or whether the 
whole of the first ray is involved. 

82. Common patterns of injury: ( I  J 1 st 
metatarsal or first ray ( medial colu111n) .  (2) 
Dorsal d is location of al 1 tarsometatarsal 
joints without fracture and with lateral drift 
(a l l  three columns). (3)  Dislocation of aJ 
tarsometatarsal joints with fracture of the 
base of the second 111etatarsal (three 
columns). (4) Dis location and lateral drift of 
the lateral metatarsals ( lateral column). 

85. Treatment (c): Unswble middle 
column. injuries: These are often associated 
with a fracture through the base of the 
second metatarsal , and there may be lat ral 
drift of I I  three columns ( I l lus . ) .  The fi rst 
a im of treatment should .be to re-al ign tre 
second metatarsal with the intermediate 
cuneiform. It i s  preferable if th is can be 
achieved by 111anipulation, but if not it w i l l  
be  necessary to proceed to  an open redu;:tion. 



86. Treatment (c) cntd: To do so, use a 
longitudinal incision over the base of the 
second metatarsal, and apply a clamp 
between the second metatarsal and the 
medial cunei form. I f  this fails, i t  i s  usually 
clue to the presence of small bone fragments 
which may be picked out or pushed clown 
into the sole. Once a reduction has been 
achieved it should be held wi th an obliquely 
placed cannulated screw ( inserted 
percutaneously) and passed between the 
medial cuneiform and the second or third 
metatarsals. 

89. Diagnosis (a): Tenderness is marked 
and well localised over the fracture. so that 
diagnosis should be easy. As the fracture 
resul ts from an inversion injury, the patient 
often complains of having sprained the 
ankle. If an adequate c l in ical examination is 
not carried out and radiographs taken of the 
ankle only, thefrauure line will nor be 
visualised. The diagnosis is confirmed by the 
correct radiographic projections. 

FRACTURES OF THE FIFTH METATARSAL 

87. Treatment (d): U11srable lareral 
column i11juries: The affected metatarsals 
should be aligned with the cuboid and 
stabi l i sed with K-wires. 

Treatment (e): !11juries associared with 
crushing of rhe cuboid: Reduce the deformity 
wi th a clistractor and make good the defect 
wi th a strut or cancellous bone graft. 
Occasionally a low profile plate may be 
required, or an external fixator, to maintain 
length. 

90. Diagnosis (b): Note in the radiographs 
that the fracture l i ne runs at right angles to 
the axis of the metatarsal shaft. The fracture 
involves the joint ( I )  with the cuboid, if the 
fragment is small, and (2) that with the 
fourth metatarsal, if the fragment is large. I n  
t he  former case (3 )  separation of the 
fragments may occur. ( Note that the classical 
(unrelated) Jones fracture (J) is situated distal 
to the in termetatarsal joint .)  

88. Fractures of the fifth metatarsal 
base: The commonest fracture of the lower 
l imb is an avulsion fracture of the fifth 
metatarsal base: and it is often overlooked. I t  
follows a sudden inversion strain (as ,  for 
example, from walking over uneven ground). 
In an effort to correct the progressive 
inversion of the foot, the peronei contract 
v iolently and the peroneus brevis avulses its 
bony attachment. 

9 1 .  Diagnosis (c): Do not misinterpret the 
rounded shadows of accessory bones (e.g. 
the os peroneum in peroneus longus, the os 
vesalianum in peroneus brevis) (4). In 
chi ldren the epiphysis ly ing parallel to the 
shaft may also be wrongly taken for fracture 
(5 ) .  Nevertheless separation (6)  or fracture of 
the epiphysis (7) may occur. 



METATARSAL SHAFT AND NECK FRACTURES 

92. Treatment: Most fractures are 
undisplaced ( I l lus.) but even marked 
d isplacement does not merit reduction. I f  
symptoms are slight, g ive a crepe or s imi lar 
support for 2-3 weeks, and if marked a 
walking plaster for 5-7 weeks. Pain from the 
occasional non-union may be expected to 
resolve spontaneously, but Sudeck's atrophy 
is co111mon and 111ay require prolonged 
treatment. 

93. Jones fracture: This fracwre is not 
associated with inversion injuries, but tends 
to occur in athletes during training: it has 
some of the features of stress fractures. Non
union is  com111on, and is  most often 
associated with early weight bearing: 
because of this, treat with 7 weeks' fixation 
in  a below-knee non-weight bearing cast. In 
the professional athlete, internal fixation with 
an intra111edu l lary AO cancellous bone screw 
111ay be considered. Treat delayed or non
union with 111edul lary curellage and bone 
grafting. 

95. (b) First metatarsal: I . AP and obl ique projections i l lustrate a s l ightly 
displaced first 111etatarsal fracture. In  this type of injury, da111age to the peripheral 
circulation and post traumatic oedema may present proble111s. Ad111ission for a 
short period of elevation and observation, with the l i 111b supported in a well
padded split plaster is indicated. (Thereafter a below-knee walking plaster for 5-6 
weeks.) 2. If there is marked displace111ent wi th off-ending, reduction should be 
carried out to avoid disturbance of the mechanics of the forefoot. Traction to the 
toe, with local pressure over the displaced 111etatarsal, 111ay suffice, and 
stabilisation 111ay be obtained with percutaneous K-wires transfixing the second 
and third metatarsals. Open reduction 111ay be so111et imes be necessary (aftercare as 
above). 3. Hairl i ne fractures wi thout soft tissue crushing 111ay be treated without 
pre l iminary elevation, whi le, 4. Compound injuries wi l l  require the appropriate 
wound treat111ent .  

94. (a) Metatarsal shaft and neck 
fractures: These frequent ly result from 
crushing accidents, and any associated s ft 
tissue i njury wi l l  requ i re careful surve i l l  nee 
(see Frame I 04). Spiral fractures generally 
resul t  from forced inversion or eversion of 
the forefoot. If the fraclllre i s  undisplaced 
( I l lus . :  2nd metatarsal fracture) without s ft 
tissue damage, treat sy111pto111atical ly - a 
crepe bandage support, or a walking plaster 
if pain is  severe. 

96. (c) March fracture: Fatigue fractu es, 
usually f the second metatarsal neck or 
shaft, are not often seen until callus 
formation has occurred; reassurance, wit1 at 
most a l ight support for 2-3 weeks, is all that 
i s  indicated. If seen at an early stage, severe 
pain wi l l  occasionally 111erit treatment in a 
below-knee walking plas1er unti l  union has 
taken place. 



97. (d) Multiple undisplaced fractures: 
The radiograph shows fractures of the necks 
of the 2nd, 3rd and 4th metatarsals ( the c lue 
to the second meratarsal fracture is the 
kinking of the cortical shadow)_ Mu lt iple 
fractures of this type without much 
displacement may be treated conservatively 
by plaster support. 

1 00. Freiberg's disease: Osteochondritis 
of a metatarsal head (usual l y  the second) 
may cause confusion in diagnosis_ A l though 
this condition may result from local trauma, 
symptoms are usually of gradual onset. An 
osteochondritic segment may be present, or 
more commonly there is  narrowing of the 
MP joint and widening and flatten ing of the 
head. Persistent symptoms may require 
excision of the metatarsal head_ 

PHALANGEAL FRACTURES 

98. (e) Multiple displaced fractures: 
Fractures of the four lesser metatarsals are 
frequently accompanied by lateral drift, an 
unstable situation ( I ) _ Open reduction and 
internal f ixation are advisable; frequently 
reduction and stabilisation of the second 
metatarsal wi l l  suffice as the intermelatarsal 
alignment i s  preserved. An approach (2)  
between the second and third metatarsals 
g ives access to both and avoids the arterial 
anastomosis. 

1 0 1 .  Phalangeal fractures: Fractures of 
the terminal phalanx of the great toe are 
common in men and usual ly  result from a 
heavy weight fal l ing on the foot unprotected 
by industrial footwear. The fracture may 
involve the distal tuft only, but often runs 
i nto the IP joint. The fracture is often open. 

99. Multiple displaced fractures cntd: 
Stabi l i ty may be preserved wi th an 
intramedullary wire and plaster fixation_ 
Displaced 11eckfracrures may be 
mani pulated, but open reduction and K-wire 
fixation are often required_ A second incision 
may be needed to gain access to the 4th and 
5th metatarsals_ Mal union may be treated by 
local trimming of any metatarsal head 
prominences in the sole_ 

1 02. Treatment: I _  All wounds should be 
cleaned and the edges loosely approximated_ 
2. The nail shou ld be retained unless 
virtually separated. Some advocate 
evacuation of any subungual haematoma_ 
3. Thereafter the fracture may be supported 
by: 

(a) Adhesive strapping to the adjacent toe; 
(b) A l ight dressing and the wearing of a 

stout shoe with, if necessary, a cut-out 
for the toe; or 

(c) A walk ing plaster wi th toe platform -
al l  for 2-4 weeks. 

Fracrures ofrhe renni11al phalanges ofrhe 
lesser foes may be treated in a s imi lar 
manner. 

Fracrures ofrhe llliddle and proximal 
pltala11ges shou ld be treated by strapping to 
the adjacent toe for 3-4 weeks; but if there is 
marked displacement wi th obvious deformity 
of lhe toes, they shou ld first be reduced by 
traction_ 

In rhe case of rhe grear roe, a walking 
plaster with toe platform for 4 weeks may 
g ive greater rel ief of symptoms_ 
Nore: In all cases the c irculation must be 
carefu l ly  assessed and additional precautions 
taken where necessary (e.g. admission for 
elevat ion, etc_ ) _  



TOE DISLOCATIONS/CRUSHING INJURIES OF THE FOOT 

1 03. Toe dislocations: These should be 
reduced by tract ion. ( I l lus . :  Dis locations of 
the four lateral MP joints, wi th fractures of 
all proximal phalanges except the third . )  I f  
there is  instability K-wire fixation may be 
needed. Single dislocations may be reduced 
under local anaesthesia and supported by 
strapping to the adjacent toe; multiple 
dislocations will requ i re general anaesthesia 
and a walking plaster with a toe platform for 
4 weeks. 

1 04. Crushing injuries of the foot 
without fracture: The foot is a resi I ient 
structure; it may be run over by a heavy 
vehicle or be severely crushed without 
sustaining any obvious fracture. If a history 
of this type of injury is obtained, admission 
is nevertheless advisable for: 
( I )  l ight pressure bandaging by crepe 
bandage over several layers of wool. 
(2) elevation. 
(3) observation of circulation and early 
detection of an impending compartment 
syndrome. 

S loughing of the skin over a heart-shaped 
area on the dorsum is not uncommon, but the 
area requ i ring desloughing and skin graft ing 
wi l l  be minimised by prompt early care. 

Degloving injuries of the foot: These are 
potentially serious, especially when sole skin 
is involved, and require prompt attention. 
Advice and possible treatment from an 
experienced plastic surgeon is highly 
desirable. 

1 05. Compartment syndromes: These 
are most l i kely to develop after severe 
crushing injuries. Suspect if there is massive 
swe l l ing of the foot and increased pain on 
passive dorsiflexion of the MP joints. 
Absence of the pulses is  an unreliable sign. 
The diagnosis may be confirmed through 
pressure monitoring. 

Decompression: There are 9 compartr"lents 
in the foot, arranged in four groups. 
//l/erosseous: four groups of in terossei Jving 
between the metatarsal shafts. Medial: 
contains abductor hal lucis and flexor hallucis 
brevi . . Cell/ral: flexor digitorum brevis,  
quadratus plantae, adductor hal lucis .  Lateral: 
flexor digit i  min i  m i .  abductor digit i  min imi .  

Method: Two approaches are described. I .  
Two longitudinal dorsal incis ions are m;:ide 
s l ightly medial to the shafts of the 2nd and 
4th metatarsals. The interossei are elevated 
from b ne and blunt dissection carried into 
the sole to decompress the central and lateral 
groups of muscles. separate medial 
incision may be needed to decompress the 
medial group. 2 .  A lternatively all 
compartments may be decompressed through 
a Henry medial longitudinal approach (with 
relea e of the so-called 'master knot ' ) .  



SELF-TEST 

1 06. What is  this injury? What complication is l i ke ly to develop'7 

I 08. What is  this injury? What treatment wou ld  be advised? 

SELF-TEST • 

1 07. What abnormal ities are shown on this 
racliograph? 

I 09. Describe this radiograph of a crushed 
foot. What would be the main principles of 
treatment? 



ANSWERS TO SELF-TEST 

ANSWERS TO SELF-TEST 

1 06. Type 3 fracture of the neck of the talus. The incidence of 
avascular necrosis in this type of injury approximates to 85%. 

1 07. There i s  an undisplaced fracture of the anterior process of the 
calcaneus as a result of recent trauma. In addition there is  a small 
avulsion fracture of the dorsal aspect of the navicular, probably of long 
standing. 

1 08. Tarsometatarsal dis location: if a recent injury, open reduction 
would be advised; i f  an old injury, surgical wedge correction with a 
tarsometatarsal fusion might be indicated. 

1 09. Comminuted fracture of the first metatarsal. Fractures of the 
shafts of the second and third metatarsals. Double fracture of the fourth 
metatarsal. Fracture of the neck of the fifth metatarsal .  Lateral 
displacement. The injury is  open (horizontal treaks of ingrained d irt 
can be seen). Treatment: if the foot is viable: 1 .  Debridement. 
2. Reduction and K-wire fixation f the first and then the second 
metatarsals. 3. Plaster back she l l  r spl i t  padded plaster, elevation, 
observation, compartment pressure monitoring, infection prophylaxis 
( including antitetanus), etc. 
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CHAPTER 

1 6 
The fracture clinic 



THE FRACTURE CONSULTATION 

The organ isation and runn ing of fracture cl in ics varies from hospital to 
hospital . These differences are often d ictated by the layout of the 
departments involved - records, appointments, secretarial ,  c l inical, 
treatment, plaster, theatre and X-ray - and also by an establi shed line of 
practice. A system which has worked for a number of years i s  difficul t  to 
change, as an apparently obvious improvement in  one area may upset the 
smooth running of others - to the overal l detriment; and change of any ki d 
i n  an established system is unusual if it attracts universal acceptance. Those 
who work in fracture cl in ics have usually to do o within a framework 
i mposed upon them, and i t  would be invidious to suggest a 'best way' of 
doing things. Nevertheless i t  might be helpful for the begi nner who is 
confronted for the f irst t ime with a fracture c l in ic  to offer a few guidel ines on 
the handl ing of the actual consultation. 

The newcomer to a fracture c l in ic  i s  usual l y  i mpressed by the number of 
cases dealt with in a short space of t ime.  This speed often conceals the 
number of rather important decisions that are made about the patients ' care. 
These decisions are, of course, determined by the bas ic  pri nciples of fracture 
treatment, but to ensure the smooth running of the c l in ic ,  the most 
professional and kindl iest contact with the patient, and the avoidance of any 
error in management, the use of a simple system (at least at the beginning)  
may be of some help. 

Assuming that the usual courtesies of greeting have been made, each 
consultation should start wi th asking the two questions - 'what?' and 
'when?' - and end with asking 'when?' and 'what?' . In  the middle, there are 
a number of things to go through which can be conveniently dealt with under 
three headi ngs, each starting with the letter A - · the three As ' .  

THE FRACTURE CONSULTATION 

'WHAT?' 

Every decision that is made, and everything that is done, is d i rectly 
dependent on the d iagnosis. This must be clearly stated at the beginning of 

the notes on the first fracture clinic attendance, where i t  w i l l  serve as a guide 
to everyone who sees the patient subsequently. It i s  a never-ending source of 
aston ishment as to how difficult  it may be to find this information, the t ime 
taken often varying directly in proportion to the size of the records. If there 
is a problem, a glance at the init ial radiographs (they alone are helpful to 
label) may give the answer. Time spent establ i sh ing the d iagnosi s  is 
essential. Recording it wi l l  prevent the effort having to be repeated at the 
patient's next attendance. 

'WHEN?' 

The poi nt here i s  to establish the t i me that has assed s ince the patient's 
injury. While this can obviously be calculated n every occasion from th 
entries made on the day of injury and on the er ic  vis i t ,  i t  i s  of greater 
practical value to give the elapsed t ime. 

I t  is  more professional to establish these primary facts before confront ing 
the patient, rather than searching through the notes in their  presence. When 
making the appropriate notes, where brevi ty should not compromise 
accuracy, the addi tion of a qual ifier in the case of the diagnosis may be 
helpfu l ,  e.g. 

Undisplaced L Colles 2/52 ago. 
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or 

7/52: mid-shaft R femur, IM locked nailing. 

On the sol id  basis of the knowledge of what you are deal ing with, you can 
proceed to Assessment, Action, and Advice. 

ASSESSMENT 

1 .  The first step is to establ i sh i f  the fracture to date has been treated 
appropriately and adequately, e.g.  if a fracture has been manipulated, 
then it is necessary to consider whether this was the best method of 
treatment in the c ircumstances ; the desirab i l i ty of i nternal fi xation or 
other methods of deal ing with the condition should be reviewed. Then the 
check radiographs should be studied to assess the qual i ty of the reduction, 
and an overall assessment made. 

2. If a plaster cast has been applied, it should be seen to be appropriate to 
the inj ury. It should be checked for t ightness, s lackness or other 
inadequacy, and if it is  only a backslab, a decision should be made as to 
whether it  needs completion. The presence of swel l ing,  the quali ty of the 
c irculation, and any impairment of nerve supply in the l i mb should be 
noted. 

3. If the fracture has been treated surg ical l y, the need for inspection of the 
wound or removal of sutures should be assessed . If the fracture has been 
internally  fixed, the qual i ty of the fi xation should be rev i ewed so that a 
decision may be made regarding the degree of mobi l i sation that may be 
permitted wi thout the fracture coming adrift. 

4. If some time has elapsed since the injury, an assessment should be made 
as to whether a greater degree of freedom may be permitted, e.g. whether 
a supporting s l ing may be cl iscarclecl or whether a cast may be removed to 
al low joint mobi l isation, or whether a walk i ng heel may be appli ed to a 
leg plaster. 

5 .  A decision when to remove all external spl intage is not usually required 
until an appropriate length of time has elapsed since the i njury, and i n  
making the decision, racliographs may b e  required to check the state of 
union,  and/or the cast may be removed so that a c l i nical assessment of the 
fracture may be made. 

ACTION 

Having assessed the fracture, the appropriate action should be taken. What 
should be clone generally fol lows in a clear cut fashion from the assessment, 
e .g .  if a plaster is too tight i t  should be split ,  or if there is complaint of local 
pressure the plaster should be windowed or trimmed. 

The only difficul ties that are l i kely to arise are those associated with the 
assessment of the treatment that has been carried out.  This tends to present 
less of a problem as experience grows, although with the variety and 
vagaries of chance and changing opin ion the need for the critical analysis of 
every case is one of the continu ing delights of fracture c l in ics and one which 
prevents them ever becoming dul l .  The poinl which is imperative to note is 

that if' there is any doubt regarding the treatment or progress of a fracture, a 

more senior opinion should be sought without delay. 

Procrastination narrows the avai lable  treatment options, and wi l l  attract 
the critic ism of why an earl ier opin ion was not sought. It is generally easy 
and a pleasure for a senior colleague to g i ve t imely advice on the treatment 
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of a case, and gives him confidence in the rel iabi l i ty and common sense of 
his junior. Delay or fai lure i n  seek ing advice may lead to an undesirable or 
even tragi c  outcome. 

ADVICE 

The patient should be given clear and appropriate advice.  Some of the areas 
which might be considered i nclude the following:  
1 .  They should be told, or  preferably shown, what exercises to do to 

encourage or preserve movements i n  the joints related to their  fracture . 
2 .  If they have been given an arm sl ing they should be advi sed when and if  

they may discard i t, and how the l i mb may be exerci sed with and without 
it. If they have a leg in plaster they should be given c lear adv ice on h w 
much weight, if any, they should be allowed to transmit  through the l i mb .  

3 .  I f  appropriate, they should b e  given adv ice on thei r fi tness t o  drive or 
return to work. 

4. If they are being referred for physiotherapy they should be advised on 
what to do between v isi ts to reinforce the treatment that they wi l l  rece ive. 

I t  is important to explain to the patient, with repetition i f  necessary, the 
nature of the ir  injury. I t  i s  equal ly important to keep them i nformed of th ir  
progress and to give, wherever possible, assurance regardi ng the posi tion of 
a fracture, and what stage of heal ing it  is at. They should be g iven some i dea 
of when they can reasonably expect to reach the landmarks in their planned 
l ine of treatment, e.g. when they can hope to c me out of a cast, when they 
might be able to weight bear, when they might be able to return to work. 

I f  a compl ication arises, this should not be concealed. The proposed l i  e 
of treatment should be clearly explai ned, and what result might be hoped for. 

Frankness at all stages lessens the chances of m isunderstanding, and may 
avert l it igation which, i n  many cases . is embarked upon when a patient's 
anger at a less than perfect result is vented on an i magi ned lapse in 
management rather than the seriousness of an injury which has not been 
clearly explained. 

'WHEN?' 

The date and time of the next appointment is given, unless the patient is 
being discharged. I n  that event i t  is  usually necessary to give a prognosis and 
advice regarding, for example, return to work r the procedure to follow 
should any complication arise. I t  may be neces ary to give a 
recommendation about removal of an implant. It is usual to reinforce these 
points with the appropriate discharge letter to e patient's own doctor. Do 
not deci de when to see a patient agai n by gues work: instead, choose a date 
when you expect to have to make a further decis ion about the management 
of the case, e .g.  whether a plaster w i l l  have to be changed or when union i n  a 
fracture might have to be assessed. 

'WHAT?' 

The purpose of the patient's next visit should e clearly stated so that the 
time and trouble that you have spent on assessing and treating the case can 
be pursued on the next attendance without any waste of precious time - of 
the patient or the cl in ic staff. For example, i t  may be helpful  to indicate that 
on the next vis i t  the patient should have their p laster removed, and an X-ray 
taken to assess union, as soon as they arrive at the c l inic .  Depending, of 



PATIENT'S NOTES 

course, on how the cl in ic  is organi sed this may save valuable t ime by 
avoid ing the patient having to wait  and be seen twice. 

PATIENT'S NOTES 

• 

The smooth running of a c l in ic  is dependent on the c l in ical notes, but these 
lose much of their value if they can only be read by the originator; and they 
become largely pointless i f, as is  not infrequent, even the writer has 
di fficulty in  i nterpreting them. If there is no faci l i ty for having all the notes 
typewritten, it is  nevertheless strongly advi sed the notes should be typed on 
the fi rst fracture c l in ic  attendance and if there is any signi ficant change in the 
l i ne of treatment. Otherwise contractions in  common usage, printed in upper 
case letters, may provide oases of understanding appreciated by every 
reader. 

The fol lowing examples of two of the commonest condit ions seen at 
fracture cl inics are given to i l lustrate these points.  

EXAMPLE 1 - A WRIST FRACTURE 

A patient has had a Col les fracture which was only s l ightly di splaced. The 
wrist was put in a plaster back shell wi thout manipu lation and the arm 
supported in a sl ing. Her plaster and the swel l ing and c irculat ion were 
checked at a review cl in ic the fol l owing day. She is now attending her fi rst 
fracture cl in ic 4 days later. 

The post-fracture swel l ing has subsided and it woul d  seem that the plaster 
backshel l can be safely completed. Review of the in i t ial radiographs indicate 
that the fracture was only s l ight ly di splaced, and the original decision not to 
manipulate the fracture seems qui te correct. No radiographs have been taken 
to check the fracture, and whi le  the chances of it having sl ipped are thought 
to be comparatively sl ight, it i s  desirable to have the position confirmed; for 
i f  the fracture has s l ipped and the posi t ion is not acceptable,  it could be 
readi ly  manipulated at this stage. 

If  check films are taken before the plaster is completed, there is the 
possibi l i ty that the posi t ion may alter during the course of that procedure. 
The action taken is therefore to complete the plaster and have check 
radiographs taken afterwards. These, in fact ,  show that the original position 
has been maintained, and i t  is  thought that the risks of late s l ipping may now 
be judged to be sl ight. 

The patient i s  assured that her fractured wrist i s  in  good posi t ion,  and that 
i t  is  planned to see i f  i t  has joined in 5 weeks' t ime. She is warned that when 
she comes out of plaster her wrist wi l l  be rather stiff, but that i t  is  anticipated 
that eventually she wil l  regain a good range of movements and have l i ttle 
handicap. Her s l ing is removed, and she is advised (for what is hoped to be 
the second t ime) how she may exercise her shoulder and her fingers. She is 
asked to return in 2 weeks' t ime. The main purpose of that visit i s  to check 
her plaster. 

Notes to cover this might be made along the fo llowing l ines :  

R Colles 4/7 ago. Circn OK, POP completed. Check X-ray satis. 
Discard sling. See 2/52 for POP check. 

When this next appointment is kept, no search has to be made (because of 
the content of the note above) for what is wrong or what would normally  be 
expected at this  v is i t .  The plaster is checked and not found to be slack. It i s  



decided on the basis of the original radiographs of this i mpacted fracture that 
if  any sl ipping of the fracture has occurred this is l i kely to be min imal an 
not requ iring correction; so there is no call for further radiographs. There has 
been some discomfort because of pressure in the region of the metacarpal of 
the l i ttle finger and the plaster is trimmed in this region. The fi ngers and 
shoulders are found to have a ful l  range of movements, and the patient is 
encouraged to continue with the exercises she has been shown. She is told 
that her plaster will be removed on her next v isi t to see whether her fractu re 
has joined; she is warned that if  i t  transpires that union i s  not sufficiently far 
advanced she may have to go back into plaster for perhaps a further 2 weeks, 
although this is  not particularly l ikely. 

The note might read: 

2/52+. POP trimmed. See 3/52, POP off on arrival. 

On removal of her plaster 3 weeks later, no tenderness i s  found at the 
fracture site, and her fracture involving cancel lous bone can be safely j ud _,ed 
to have united. (Check radiographs are superfluous, and would not be 
indicated unless any compl ication were suspected.) There i s  no swel l ing, and 
the use of a Tubigrip or crepe bandage support i not considered necessary. 
She i s  advised to continue with her fi nger exercises, and shown what to do to 
mobi l ise her wrist. Her good progress is re-affi rmed, and she i s  advised t 
return for review in 2 weeks' t ime when a decision wi l l  be made as to 
whether she needs to have any physiotherapy. 

Note : 

5/52+. POP off. No tenderness. Mobilise. See 2/52? physio. 

Her next v is i t  is  her last as she had no complaints of pain, and has 
regained an excellent if  not complete range of movements. She is told that as 
she has recovered such a good range of movements at th i s  early stage 
physiotherapy is not necessary. She is advised that i t  is expected that she i l l  
regain al most ful l  movements in  the wrist, and that she wi l l  recover excel lent 
i f  not quite complete strength, perhaps over the course of the next year. 
Should  she develop any problems with pain, swel l ing or tingl ing sensatio s 
i n  the thumb or fi ngers (anticipating Sucleck's  atrophy or carpal tunnel 
syndrome - now rather unl ikely) she should make a review appointment. 
She should be tol d  how this can be done. 

A di scharge letter would normal ly be written to her own doctor 
incorporating the diagnosis,  her present state, and expected progress. The 
c l in ical note may be simply 'See d ischarge letter' or along the following 
l ines:  

7 /52+. Lacks 20° dorsiflexion and 15° supination. 
Full finger movements, good grip. Discharge. 

EXAMPLE 2 - AN ANKLE FRACTURE 

A 25-year-old man has sustained an undisplace fracture of the l ateral 
mall eolus and this has been treated by the appl ication of a below-knee 
non-weight bearing plaster cast. The notes record that, at the t ime of his  
in i tial attendance on the clay of the inj ury 4 clays ago, he had tenderness o ver 
both mal leol i .  The inj ury has been j udged as being potential l y  unstable, a d 
the decision to treat it conservatively by use of a cast would appear to be 



PATIENT'S NOTES 

correct. A check radiograph taken after appl ication of the plaster shows the 
fracture in  anatomical posit ion, and there is no talar shift .  

The notes record that he was seen the day fol lowing the  injury and  the 
c i rculation was thought to be sati sfactory. On his presen t  attendance the toes 
are noted to be a l i tt le swol len,  and he is compla in ing of pain in the l i tt le  toe 

which is concealed by the cast which extends over i t .  This area must be 
i nspected, and the excess plaster is tr immed back exposing the toe. A lthough 
the toe i s  red, i t  is j udged that the rel i e f  of local pressure w i l l  al low a rapid 

return to normal . The degree of swel l i ng  of the toes suggests that it might be 
unwise to permit  weight bearing at this stage. 

The patient is  told that, although h i s  fracture is in  excel lent posit ion, as i s  

commonly the case h e  has too much swe l l i ng to a l low h i m  t o  take weight as 

yet through h i s  p laster. He is advised to cont inue us ing h i s  crutches, and to 
elevate the l i mb whenever poss ible .  He is encouraged to exercise the toes .  

H is  job i s  found to be that of a representative, and i nvol ves a m ixture of 
drivi ng, walk ing and s i tt i ng .  He i s  advised that he wi l l  have to remain  i n  a 
plaster cast for 6-8 weeks, and that wh i le  in h i s  plaster he should not attempt 
to drive. Consideri ng the nature of his job which cannot be adj usted to sui t  
h is  ci rcumstances, he must expect to be absent for at  least 2 months .  H i s  
actual t ime off w i l l  depend o n  h i s  progress after coming out o f  p laster, but 

there i s  a good chance of h is  being able to get back to his part icular job 
within 3 months of the injury. 

H i s  notes might read: 

4/7 since R # lat. mall. POP trimmed. See 2/52? heel. 

At h is  second fracture c l in ic  appointment the toe swe l l ing has subsided. 
The plaster i s  checked for s lackness, and considered to be sti l l  offering 
adequate support. I t  i s  noted that the sole of the p laster i s  a l i tt le soft as a 
result of some weight having been put on i t .  The upper end of the cast at the 
back is a l i ttle high and i s  restrict ing knee flex ion .  The sole i s  rei nforced, the 

calf of the p laster trimmed, and a walking heel or boot applied. 
The patient i s  told that he may now start taking ful l  weight through the 

l i mb; but that to begin with he should use his crutches unti l  he has gained 
confidence, when he may or may not feel  the need to use a s ingle walki ng 
st ick. He i s  asked to return i n  4 weeks when i t  w i l l  be decided whether he  

can  come out of  plaster, or whether a short further period of  p laster fi xation 
w i l l  be needed. He i s  also advi sed to return in  the i nteri m if he  has any 
problem wi th his plaster. 

The note may read : 

2/52. Sole reinforced. Heel. See 4/52 POP off and X-ray ankle on arrival. 

On his third attendance the l imb is  inspected out of plaster. There i s  no 
swe l l i ng, and no tenderness in  the region of the fracture. A check radiograph 
(which some would regard as being optiona l )  shows some early cal l us 
formation i n  the region of the fracture whose posit ion has been maintained. 
Movements of the ankle are restricted to 5°  dors iflexion and I 0° p lantar 

flex ion.  
Union of the fracture i s  assessed as being sufficient for the pat ient to 

remain out of plaster. I t  i s  antic ipated that as he mobi l i ses the ankle there 
wi l l  be some swe l l i ng, and he i s  g iven a Tubigrip or crepe bandage support. 
It i s  thought that he wi l l  rapidly regain most of h i s  ankle and foot 
movements, and that al though the need for physiotherapy wi l l  have to be 



kept i n  mind,  this wi l l  probably not be requ i red. He is shown how to exercise 
the foot and ankle on his own. 

The patient i s  told that his fracture is  progressing very wel l ,  but that h is  

l i kely to develop some rather pers istent swel l i ng of h is  ankle .  The support he 
has been given to counteract this should  be removed when in bed at night . 
He is advised to return i n  2 weeks' t ime when e wi l l  be assessed regard ing 
the need for further treatment or when he can return to work. 

The note may read: 

6/52. POP off. # uniting. Tubigrip. See 2/52? physio. ?discharge. 

On h is  fourth vis i t  a trace of swel l ing  is noted, but he has recovered all but 
the last 5°  of plantar flex ion in  the ankle, and f ot movements are ful l .  He 

has no complaint of pain and says he is  anxious to return to work which he 
now th inks he will be able to manage. He wonders when he m ight return to 
playing golf and squash. 

As he has no pain in the ankle and has recovered a good range of 
movements, no physiotherapy is  necessary and i t  shou ld be safe for him to 
dri ve and try going back to work . He is advised to continue wearing h is  
support unt i l  any tendency to swel l ing has  d i sappeared . 

The presence of some swel l ing suggests that i t  would be wise not to 

overdo h is  weight bearing act iv i ties. A reasonable approach m ight  be to 
recommend that after a further 2 weeks he might try a half round of golf, and 
be guided by any subsequent d iscomfort and s ·el l i ng. As far as squash ic 
concerned, where stress on the ankles is part icularly h igh,  it would be 
advisable to defer this  until a ful l  3 months from the t ime of the original 
i njury, and unti l  a l l  swe l l i ng of the ankle has subsided. 

He should be told that at this stage, in view f his progress and the 

anticipation of a ful l  recovery, there i s  no immediate need for h i m  to 

reattend. Should however he become unhappy about h is  progress then he 

should make a review appointment. It shou ld be mentioned that h is  doct r 

w i l l  be written to with a summary of the h i story. present find ings and 
recommendations. 

The fi nal note then need only be: 'See discharge letter' . The di scharg 
letter i tself need not be long, but should cover the mai n points i n  the h istory, 
the d iagnosis, the treatment, and the prognosis .  Such a letter m ight  read: 

Mr --- attended the Casualty Department on --

with an undisplacedfracfure of the right lateral 

malleolus sustained in a .fall down some steps. Ir was 

treated by 6 weeks 'fixation in POP and if has united in 

good position. He has regained a good range of 

movements in the ankle, but he has still a little swelling. 

He can now return to work, but should avoid contact 

sports for a further month at least. He has been 

discharged today, but I have advised him to relurn 

should he have any problem. 

Enjoy your c l i n ics ! 



Index 
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Abbreviated Injury Scale (AlS) ,  42 
ABCDE(F) mnelllonic, 32 
Abdolll inal trauma, 4 1  
Abuna spl int, 220 
Acetabu lar fracture 

AO classification, 272 
anterior approaches, 273-4 
central h ip  dislocation 

diagnosis/radiography, 270-2 
internal fixation, 270, 273 
Jllechanislll of injury, 270 

colllbined approach, 275 
open reduction, 273 
posterior approaches, 274-5 
posterior h ip  d islocation 

diagnosis, 280 
radiography, 280, 28 1 
reduction, 28 1 ,  282 
sciatic nerve involvelllent, 28 1 

Acid/base d isturbances, 3 8  
Acrolllioclavicular figure-of-eight w iring, 1 1 9 
Acrolllioclavicular joint injuries, 1 1 8-20 
Advanced traullla l i fe support (ATLS), 32  
Airway management, 32 
AIS see Abbreviated fnjury Scale 
Al lergy screeni ng, 35 
Alulll in iulll al loy illlplant colllpl ications, I 04 
Aminoglysides, 50 
Alllputation, 50, 5 I 
Angulation 

description method, 1 1  
joint st iffness, 9 1  
malunion, 89 
reduction, 46 
reJllodel l ing/fracture heali ng, 20 
shorten ing of l i lllb, 90 

Ankle injuries, 364-88 
anatolllical aspects, 364 
classification of fractures, 365-6, 383, 384 
cl inical notes, 4 1 6- 1 8  
colllplex regional pain syndrollle, 383 
complications, 383 
colllpression injuries, 37 1 
diagnosis, 30, 372 
dis location without fracture, 383 
displaced fractures 

aftercare, 379-80 
lllanipulation, 378-9 

epiphyseal injuries, 382 
footbal ler's ankle, 383 
ga i t  disturbance after ankle fracture, 3 83 
inferior tibiofibular l igalllent sprain, 382 
instabi l ity fol lowing lateral l igalllent 

injuries, 384 
internal fixation, 374, 375, 376, 377, 382, 384 
joint stiffness, 383 
lateral l igament injuries (ankle sprain) ,  

38 1 -2 
d iagnosis, 3 8 1  
swe l l ing, 372 
treatment, 3 8 1 -2 
Watson-Jones reconstruction, 382 

lllalunion, 89 
lllechanisllls of i njury, 364-5 
Jlledial l i gament rupture, 367 
Jllu l t ifragmented compression (pi lon) 

fracture, 380- 1 
conservative treatlllent, 380 
external fixation, 3 8 1  
internal fi xation, 38 1 

osteoarthri t is ,  384 
osteochondritis tal i ,  383, 393 
peroneal tendon recurrent d islocation, 383 
plaster fixation, 52, 58, 60 
pronation/abduction injuries, 368 
pronation/dors i flexion (colllpression) 

injuries, 37 1 
pronation/lateral rotation (external rotation 

with diastasis) injuries, 368-9 
radiography, 30, 367, 368, 369, 370, 372-3 
self-test, 387-8 
stable injuries, Lreatlllent, 373-4 
Sudeck's atrophy, 93, 383 
supination/adduction injuries, 370 
supination/Iateral rotation injuries, 367 
treatment principles, 373-4 
unstable injuries, treatlllent, 374, 3 82 

Ankle joint st i ffness/d iscomfort 
ankle injuries, 383 
tibial fracture aftercare, 350- 1 ,  358 

Ankylosing spondyl it is, 24 1 
Anterior column syndrome, 23 1 
Anterior cruciate l igament tears, 335 
Antibiotic therapy 

femoral neck fracture, 293 
femoral shaft fracture, 324 
i mpregnated cement, 1 8 1  
open fracture lllanagement, 70 

regimens, 50 
osteitis, 97 

i mpregnated acryl ic beads/irrigation tube 
illlplantation, 98 

Anti-shock pelvic C-clamp, 267-8 
AO (Arbeitgellleinschaft flir 

Osteosynthesefragen), 73 
AO class ifications 

acetabular fractures, 272 
ankle fractures, 366 
articu Jar fractures, 9 
avulsion fractures, 8 
complex fractures, 8 
femoral shaft fracture 

diaphyseal seglllent, 327 
distal segment, 328 
proximal segment, 30 I 

humerus fracture 
distal segment, 1 67 
proxilllal seglllent, 1 29, 1 39 

long bone anatomical d ivisions, I 0 
long bone fractures, 2 1 -2 

principles, 22 
mult ifragmentary (comlll inuted fractures), 

8 
open fractures, 23 
pelv ic fractures, 262 
radius/ulna fracture 

diaphyseal seglllent, 1 84 
distal segment, 222 
proximal seglllent, 1 68 

s i lllple spiral/obl ique/transverse fractures, 7 
t ibia/fibula fracture 

d iaphyseal segment, 359 
distal seglllent, 385 
Jllalleolar seglllent, 386 
prox i lllal seglllent, 340 

AO dynalll ic compression plates 
· forearm fracture, both bones, 1 78 

humeral shaft fracture, 1 3 8  
AO dynamic h i p  screw 

femoral neck fracture, 294, 295 

blind (closed) nail ing procedure, 294. 295 
ins rt ion procedure, 294 

AO intramedul lary nai ls ,  3 1 6  
AO plates, 75 

thoraci c/lumbar unstable spinal fracture, 
254 

AO screws 
cancellous, 1 98 
cortical, 74 

Aortic rupture, 4 1  
A P  and lateral tolllography, 29 
Arm p lasters, 57-69 

looseness assessment, 65 
restriction of movement, 65 

Arterial blood gases. 33 
Arterial obstruction 

acute arrest, 98-9 
elbow dislocation, I 59 
foot ischaemia, acute with femoral shaft 

fracture, 3 1 9 
h ip  d islocation, 283 
humerus fracture, proxilllal, 1 36 
patients in plaster. 64 
supracondylar fracture, 1 47, 1 49, 1 50. 1 5 1 

Arrhroscopy 
knee ·oft t issue injuries, 333-6 
shoulder cuff tears, 1 29 
shoulder dislocation, recurrent, 1 28 

Articular fracture, 9 
Assessment of fractures, 46-53 
Association for the Study of I nternal Fixation 

(ASIF) see AO 
Atlanto-axial fusion, 244 
Atlanto- ccipital subluxation/dislocation, 242 
Atlas 

fracture, 243 
mechanism of injury, 243 

transverse l igament lesions, 243-4 
radiography, 244 
treatment, 244 

ATLS see Advanced trauma l ife  support 
Avascular necrosis. 86, 95-6 

epiphyseal injuries, 1 6, 1 7, 289 
femoral head following hip dislocatim, 

�84, 285 
femoral neck fracture 

ch· dren, 300 
intracapsular, 284, 290 

humerus fracture, proximal, 1 33-5 
lunate dislocation. 207 
radiological evidence, 95 
scaphoid fracture. 202, 203, 205 
secondary osteoarthri t is, 9 1  
talar neck fracture, 390, 39 1 ,  393 
talus d is location ,  3 83 ,  40 1 
treat ent, 95 

Aviator's astragalus, 390 
Avu lsion fractures. 8-9 
Axial  rotation, 1 2  

forearm bone injuries, 1 2, 1 74-5 
malunion, 89 
radiography, 1 2  
reduct ion, 46 
remodel l i ng/fracture heal ing, 20 

Ax i llar nerve palsy, shoulder dis locat icn ,  
1 00, 1 26, 1 29 

Axis pedicle fracture 
mechanism of injury, 246 
radiography, 246 
treatment, 246 



Bacitracin-polymixin,  70 
Bacteriological swabs, open fracture 

management, 70 
Bandages, 4 7 
Barre-Lieou syndrome, 249 
Barton's fracture, 200 
Below knee plaster, 6 1  

aftercare, 65 
Bending wedge fracture, 8 
Bennett's fracture, 2 1 4- 1 5  
B ier block, 1 90, 2 1 4, 2 1 7  
B igelow's method o f  hip reduction, 282, 283 
Blackburn sku l l  traction cal l ipers, 237 
Bladder care in  spinal paralysis, 257-8 
B ladder injury, 276, 277 
Blade plates, 77 
Blood loss estimation, 34, 38 
B lood replacement, 35-7 
BMP see Bone 111orphogenic proteins 
Body bandage 

humerus, proxi mal fracture, 1 32, 1 33 
shoulder dislocation. 1 25 
supracondylar fracture, 1 49 

Bohler scissors, 65 
Bo111b blast manage111ent, 8 1  
Bone cyst, simple, 5 

pathological fracture, si mple, I 08 
hu111erus, 1 36 

Bone morphogenic proteins ( B M P), 20 
Bone scans, technetium, 29 
Bone segmental defects, 20 
Bone tu111ours, malignant with pathological 

fractures, I 07 
Bowel care in  spinal paralysis, 258 
Brachia! artery assess111ent, I 5 1 -2, I 59 
Brachia! plexus lesions, shoulder dis location, 

1 29 
Breathing management, 33 
Bridging external cal lus, 1 9-20 
Brown Sequard syndro111e, 232 
Buddy (garter) strapping, 2 1 1 , 2 1 8 , 2 1 9, 2 2 1  
Burst fractures of t h e  spine, 24 1 -2 
ButterAy fragment, 8 

Calcaneal fracture, 395-9 
anterior, 398 
avulsion fracture 

epiphyseal injury, 1 6  
horizontal, 397 
with midtarsal dis location, 403 
sustentaculum tal i ,  397 

class i f ication, 399 
c l in ical appearance, 395 
extra-articular proble111s, 399 
horizontal fractures, 397 
intra-art icular proble111s, 400 
mechanis111s of injury, 395 
radiography, 28,  395-6 
with spinal wedge fracture, 395 
sustentaculum tal i ,  397 
vertical fracture of tuberosity, 396 
with subtalar joint involve111ent, 399 
without subtalar joint involve111ent, 398-9 

Calf resist ing exercise, 398 
Callus 

endosteal, 20 
external bridging, 1 9-20 
primary response, 1 9  

Cancellous bone heal ing, 84 

Cancellous bone screw fixation, 76 
Canvas s l ing management, pelvic fractures, 

265, 267 
Capitel lum fracture, I 57 

with radial head fracture, 1 64 
treatment. 1 57 

Carbon fibre i111plants, 72, 75 
Cardiac tamponade manage111ent, 4 1  
Carpal bone fracture, 209 

minor avulsion fracture, 20 I 
small chip fractures, 209 
ulnar nerve palsy, 209 

Carpal instabil ities, 209 
Carpal tunnel ( 111edian nerve compression ) 

syndrome. 1 97 
Carpus dislocation 

anatomy, 206 
hamate, 209 
lunate, 206-7 

with half scaphoid dislocation. 208 
with scaphoid dis location, 209 

perilunar. 209 
periscaphol unar, 209 
scaphoid, 208, 209 
trans-scapho perilunar, 208 
trapezium, 209 
trapezoid, 209 

Cast bracing, 49 
fe111oral shaft fracture, 3 1 4- 1 5  

Cast syndro111e, I 02-3 
CAT (CT) scan, 29, 72 
Cauda equina syndro111e, 232 
Causes of fractures, 5 
Central cord syndrome, 23 1 -2 
Central dis location of the hip see Acetabular 

fracture 
Cephalosporin, 50 
Cerebral oedema, di ffuse, 39 
Cervical collar, 233 
Cervical spine injury, 233-49 

atlan to-occ i pi ta I su bl u xation/d is I ocati on, 
242 

atlas fracture, 243 
atlas transverse l iga111ent lesions. 243-5 
C2 pedicle fracture, 246 
cervical fusion. 235, 24 1 
classification, 234 
compression fractures, 242 
continuous traction, 46, 238 
diagnosis, 30. 233, 24 1 
endotracheal intubation, 32 
extension injuries, 24 1 
facetectomy, 240 
Aexion injuries, 234-6 
flexion/rotation injuries, 234-6 
in i tial management, 233 
mechanisms of injury, 234, 24 1 ,  243 
neurological assessment, 230- 1 ,  242 
odontoid fractures, 245-6 
plaster fixation. 239 
posterior l igament complex damage, 236, 

240 
radiography, 24 1 ,  242, 243, 248, 250 
skull traction, 236, 237, 238 
soft tissue injuries of the neck (whi plash 

injuries). 247-9 
spinous process fracture (clay shoveller's 

fracture ) ,  246 
stable anterior wedge (compression) 

fracture, 234 

INDEX II 
torticol l is ,  1 1 8 
uni lateral dislocation with locked facet 

joint. 234-5 
Cervical spine locking plates, 242 
Cervical spinous process fracture (clay 

shoveller's fracture). 246 
Chance fracture see Seat belt injuries 
Chest injury 

internal haemorrhage, 38 
open, emergency management, 33 

Chi ld abuse, 53 ,  54  
Chrome-cobalt al loy implants, 72 ,  I 04 
Circulatory impairment, 27 

acute arterial obstruction, 64, 99 
discoloration in  fingers/toes, 63 
e lbow dislocation, 1 59 
evaluation wi th l imb injury, 52  
femoral shaft fracture, acute foot 

ischaem ia, 3 1 9  
fracture c l inic assessment, 4 1 3  
h ip dislocation, 283 
humerus fracture. proximal, 1 36 
instructions for patients, 63 
knee dislocation, 333 
management, 33 ,  34 
reducing risks 

elevation, 62-3 
plaster precautions, 62 
removal of rings. 62 

supracondylar fracture, 1 47, 1 50, 1 5 1  
t ibial fracture, 346 
treatment, 64 

Classification, fracture, 2 1 -3 
Clavicle ring, 1 1 7,  1 1 8 
Clavicular bracing, methods, I 1 7- 1 8  
Clavicular fracture, 86, 1 1 6- 1 7  

aftercare. 1 1 8 
complications, 1 20 
diagnosis, 1 1 6  
internal fixation, 1 20 
outer th ird, 1 20 
patterns of fracture, 1 1 6 
with tortico l l is, 1 1 8 
treatment, 1 1 7, 1 1 8 ,  1 20 

Clavicular subluxation/dislocation, 1 1 6 
Clay shovel ler's fracture, 246 
Cl in ic, fracture, 4 1 1 - 1 8  
Cl in ical examination 

angulation/crepitus from mobile fracture, 
27 

inspection. 26-7 
palpation. 27 
tenderness, 27 

Closed fracture. definition, 4 
Closed reduction, basic techniques, 56 
Clostridial infection, 50 
Closure of open fracture, 1 3 ,  70 
Clotting defects, 3 8  
Cloverleaf intramedul lary nai ls, 7 7 ,  3 1 6  
Cloverleaf plates, 75 
Coccygeal injuries, 269 
Col lar and cuff s l ing, 1 3 1  
Colles fracture, 1 88-99 

aftercare, 1 93 
assessment of union,  1 94 
positional errors, 1 93 

carpal instabi l i ty fol lowing, 209 
carpal tunnel syndrome, 1 97 
c l in ical notes, 4 1 5- 1 6  
complex regional pain syndrome, 93, 1 97 
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Colles fracture - conti1111ed 
Cotton-Loder position, 1 9 3  
defin i tion, I 0, 1 88 
diagnosis, 1 89, 1 90 
displacements, 1 88-9 
elderly patients, 1 88, 1 92 ,  1 94 
external fi xator, 1 95 
internal fixation, 1 95 
malunion, 89, 1 96 
manipulation, 1 90 
median nerve palsy, delayed, I 0 I 
mobi l isation of unspl inted joints, 92 
persistent deformity, 1 96 
plaster splint, 58,  65, 1 9 1 -4  
radial fragment comminution, 1 95-6 
radiography, 1 89-90, 1 93 
reduction technique, 1 90-2 
rehabi l i tation, 1 94-5 
related fractures, 1 98-9 
reversed see Smith's fracture 
with scaphoid fracture, 1 98 
stiffness, persisting, 9 1 ,  1 97 
Sudeck's atrophy, 93, 1 97 
tendon rupture, delayed, I 0 I 

extensor pol l icis longus, 1 97 
treatment, 1 90, 1 93 

Colles plaster, 58,  1 9 1 -3 
Coma scale, 40 
Comminuted fracture see M ulti fragmentary 

fractures 
Common peroneal nerve palsy, I 00 

femoral shaft fracture, 3 1 9  
knee joint dislocation, 333 
knee lateral ligament injuries, 334 
medial t ib ial  table fracture, 337 
Thomas spl int fixed tract ion, 3 1 4  

Communication guidel ines, 1 09- 1 1 
Comparison fi lms, 28 
Compartment syndromes, 99 

foot, 408 
forearm, l 83 
hand, 22 1 
t ibia, 357-8 

Compass PIP joint h inge, 2 1 3  
Co111plex irregular fracture, 8 
Co111plex regional pain syndrome, 93-4 

confir111atory tests, 93 
diagnosis, 94 
treatment, 94 

physiotherapy, 93, 94 
see also Sudeck's atrophy 

Complex segmental fracture, 8 
Complex spiral fracture, 8 
Complicated fractures, 9 
Co111pl ications of fractures, 86-7 

arterial arrest, acute, 98-9 
avascular necrosis, 95-6 
compartment syndromes, 99 
complex regional pain syndrome, 

93-4 
delayed tendon rupture, I 0 I 
delayed union, 87-8 
fat embolism, 1 03-4 
implant-associated, I 04-5 
joint st iffness, 9 l -2 
malunion, 89-90 
myositis ossificans, 96 
neurological 

delayed, ! O J  
immediate, 1 00- 1 

non-union, 88 
osteitis/osteomyeli t is, 97-8 
shortening, 90 
slow union, 87 
traumatic epiphyseal arrest, 90-1 
visceral, I 02-3 

Compound fracture, 4 
see also Open fracture 

Compression (crush) fracture, 8 
Compression fracture of spine, 229, 234 
Compression plating, 74, 75-6 
Compression screw fixation, 74 
Condylar blade-plate, 77 
Cone's skull  traction cal l ipers, 236-7 
Conoid l igament rupture, 1 1 9 
Contaminated wounds, 49, 50 
Continuous traction, 47 
Contoured plates, 75, 1 64 
Coronoid fracture with elbow dislocation, 1 6 1  
Coronoid l igament rupture, 1 1 9 
Cortical bone screw fixation, 75 
Cortical (compact) bone healing, 84 
Croll olecranon screw, 1 64 
Crosby and Fitzgibbons classification 

(calcaneal fractures), 399 
Cruciate ligament tears, 335, 337 
Crush fracture see Co111pression fracture 
Crutchfield traction tongs, 237 
Cuboid 

avulsion fracture, 403 
crushing injury, 405 

Cylinder (pipestem) plaster, 328 

Dall-Mi les system, femur shaft fracture after 
hip replacements, 320 

Dashboard i mpact injury, 30 
c l in ical examination, 26 
cruciate l igament tears, 335 
patellar fracture, 329 

Definitions, 4 
Deformity, 1 0- 1 2  
Degloving injury 

c l in ical examination, 26 
foot injuries, 408 
management, 7 1  

Delayed union, 8 ,  85-8 
Deltoid l igament rupture. 368 
Denis classification of spinal injuries, 229 
Depressed fracture, 9 
OHS see Dynamic hip screw 
Diagnosis of fractures 

cl in ical examination, 26-7 
history, 25 
pitfalls, 30 
radiographic examination, 27-8 

Diaphragm rupture, 4 1  
with pelvic fracture, 277 

Diaphyseal segment, I 0 
Diaphysis, J O  
D ifferential compartment pressure, 50, 99 
Direct violence, 5, 7, 1 3  
Discharge letter, 4 1 8  
Disease transmission with transfusion, 3 8  
Dislocation 

definition, 4 
indirect violence, 5 
momentary with avulsion fracture, 9 

Displacement 
degree, I O  

description method, I 0- 1 l 
direction, I 0 
remodel l ing/fracture healing, 20 

Distal segment, I 0 
· 

Doppler pressure measurement, acute arterial 
arrest. 98 

Double fracture see Complex segmental 
fracture 

Drug screening, 35 
Dunlop traction for supracondylar fracture, 

1 52 
Dupuytren fracture-dislocation of ankle, 369 
Dynamic compression plate fixation, 75 
Dynamic condylar screw, 77, 298, 322 
Dynamic h ip screw (OHS),  femoral neck 

fracture, 295, 297, 298 
wi th femoral shaft fracture, 3 1 9  

Dynamic knee brace, 335 
Dynamic screw fixation, 77 

Eggar plate, 76 
Elbow dislocation, 1 58-6 1 

anteri r, 1 6 1  
redu tion, 1 6 1  
side swipe injury, 1 6 1  

associated injuries. 1 60- 1 
cor aoid fracture, 1 6 1  
lateral condylar injury, l 60 
medial epicondylar epiphysis 

detachment. 1 60 
radial head fracture, 1 6 1  

brachia! artery assessment, 1 59 
late diagnosed, 1 60 
median nerve involvement, 1 59 
radiography, 1 59 
recurrent, 1 6 1  
reduction, 1 59 
ulnar nerve involvement, I oo: 1 59 

Elbow fractures, 1 62-6 
capiteUum, 1 57 
in tercondylar Y- or T-fracture, 1 58 
lateral epicondylar injuries, 1 55-6, 1 57 
medial epicondylar injuries, 1 54-5, 1 57 
olecranon, 1 62-4 
radial head, 1 64-6 
sel f-te ·t , 1 69-7 I 
single condyle fracture, 1 57-8 
supracondylar fracture, 1 46-53, 1 54, 1 57 

Elbow i njury complications 
median nerve involvement, 1 00 
myositis ossificans. 96 

Elbow ( soft tissue) injuries, pulled elbow 1 62 
El l is  buttress plate, 200 
Elmslie-Tri llat patellar re-alignment, 332 
Enchondromata, pathological fractures, I 8 
Endosteal new bone formation, 20 
Epiphyseal arrest, traumatic, 90- 1 
Epiphyseal injuries, 1 6- 1 8  

femoral epiphysis 
d isplacement, 322 
s l ipped upper femoral epiphysis, 287-9 

growth disturbance, 1 6, 1 7, 1 8  
humerus, proximal. 1 30 
lateral epiconclylar injuries, 1 55 
medial epicondylar injuries, 1 54 

deta hment with elbow dislocation, 1 60 
radial epiphysis, s l ipped, 1 99 
Salter-Harris classification, l 6  
traction epiphyses. 1 6  



Epiphyseolysis, 9 1  
Epiphyses, I 0 

pressure, 1 6  
traction, 1 6  

Erb's palsy, 1 26 
Essex-Lopresti fracture-dislocation, 1 64, 

1 65 
Expanding net support for shoulder, 1 25 ,  

1 32 
Explosion injuries, 8 1  
Extensor pol l icis longus delayed ruplllre, 

1 97 
External fixator, 48-9, 78 

high velocity gunshot wounds, 8 1  
pel vic fracture, emergency procedure, 

275 
pin track in fection, 78, 79 

External skeletal fixation see External fixator 
Extradural haemato111a, 39 

Fasciocutaneous Rap, 7 1  
Fat e111bolis111, I 03-4 
Fatigue fracture, 5 
Felt, protective, 57 
Fe111oral epiphyseal injury, 1 7 , 322 
Femoral epiphysis, s l ipped upper, 287-9 

co111plications, 289 
diagnosis, 287-8 

Fe111oral head, h ip dislocation 
avascular necrosis, 285 
fracture, 284 

Fe111oral neck fracture, 289-300 
aetiology, 290 
aftercare, 296, 298, 299 
AO classification, 30 1  
avascular necrosis, 95 ,  290, 296, 297 
cervicotrochanteric in  chi ldren, 299, 300 
c l in ical exa111ination, 26 
co111pl ications, 29 1 ,  297 
diagnosis, 30, 290 
extracapsular, 289, 297-9 

with hip dis location, 284 
with fe111oral shaft fracture, 3 1 9  
Garden classi fication, 29 1 
hairl ine, 6 
he111iarthroplasty, 292, 296 
hip spica application, 300 
i 111pacted neck fracture diagnosis, 30 
i111plant co111plications, I 04 
incidence, 289 
internal fixation, 294-6 

AO dyna111ic hip screw insertion, 294, 
295 

children, 300 
devices, 294, 295, 296 

intertrochanteric/basal, 289, 297 
aftercare, 298 

intracapsular, 289, 290, 29 1 
co111plications, 290-1 
wi th hip dislocation, 284 
internal fixation, 294, 295, 296, 297 
non-operative manage111ent, 296 

investigations, 293 
level of fracture, 289 
111echanis111 of injury, 290 
Moore prosthesis, 296 
non-union, 29 1 ,  297 
nursing care, 293 
osteoporotic, I 06 

Paget's d isease, I 06 
pertrochanteric, 289, 298, 300 

aftercare, 299 
co111plications/fai lure of f ixation, 299 
conservative treat111ent, 299 
fracture patterns, 298 

postoperative care, 293, 294 
pre l i 111inary skin traction, 293 
prevention. 290 
radiography, 28 
risk factors, 290 
self-test, 34 1 -3 
subtrochanteric, 299 
Thompson prosthesis,  296 
total hip replacement, 292, 296 
transcervical, 300 
treat111ent, 292-9 

general, 294 
i111111ediate 111anage111ent, 292 
surgical 111anagement. 292-4 

rrochanteric, 299 
Fe111oral shaft fracture, 308- 1 9  

acceptable functional range i n  knee, 
325-6 

with acute foot ischae111ia, 3 1 9  
AO classification, 308 

diaphyseal seg111ent, 327 
distal seg111ent, 328 
proxi111al segment, 30 I 

blood loss estimation, 34 
bone growth in injured l imb, 90 
cast bracing. 49 
causes, 308 
ch i ld abuse, 53 
chi ldren, 3 1 6, 320 
class i fication. 308 
co111plications. 323-5 
conservative treat111ent, 308 
continuous traction. 46, 47 
diagnosis, 30, 308 
excessive traction, 85 
external fixators, 79. 3 1 8  
fat e111bolis111, I 03 
wi th femoral neck fracture, 3 1 9  
flu id loss, 308 
gallows traction, 3 1 6  
Ha111i l ton-Russell traction, 3 1 5  
with hip dislocation. 280, 285 
after hip replacements, 320 
hip spica, 3 1 6  
infection, 324-5 
internal f ixation, 75, 77, 78 

aftercare, 3 1 9  
see also lntramedul lary nai l ing 

intra111edul lary nai l ing, 77, 78, 3 1 6- 1 8  
aftercare1 3 1 9  
chi ldren, 3 1 8  
positioning, 3 1 6- 1 7  
retrograde. 3 1 8  

ipsilateral fracture of fe111ur and tibia, 3 1 9  
knee stiffness, 324 
malunion, 89, 323 
metastatic fracture, I 07, 3 1 9  
111uscle tethering/entrapment, 92 
with nerve palsy, 3 1 9  
non-union, 323 

treatment, 88 
open fracture, 79, 3 1 9  
Paget's disease, I 06 
with patellar fracture, 3 1 9, 329 

physiotherapy, 325 
plating, 3 1 9  

INDEX 

quadriceps exercises, 325 
segmental. 322 
separation at bone ends, 85 
shortening of l i 111b, 90, 324 
skeletal traction, 308, 309 
skin traction, 308- 1 2  
slow/delayed union, 323 
supracondylar, 320- 1 
T-/Y-condylar, 322 
Tho111as splint fixed traction, 79, 3 1 0- 1 4  

early mobi l i sation techniques, 3 1 4  
Pearson knee flexion piece, 3 1 4  

unicondylar, 3 2 1 -2 
Fibula fracture 

ankle fracture 
internal fixation, 375, 376, 377 
mult i  fragmented co111pression fracture, 

3 8 1  
syndesmosis fracture, 375-7 

with ankle pronation/abduction, 368 
with ankle pronation/lateral rotation 

(external rotation with diastasis) 
injuries. 369 

with ankle supination/lateral rotation 
injuries, 367 

AO classification, 3 86 
diaphyseal segment, 359 
distal seg111ent. 3 85 
malleolar segment, 386 
proximal segment, 340 

avulsion fracture of head, 334 
isolated, 354 
with t ibial fracture, 346 

Fifth metacarpal base dis location, 2 1 9  
Fifth metacarpal shaft fracture, 2 1 7- 1 9  

plaster fixation, 2 1 8  
K i rschner wiring, 2 1 8  

Fifth metatarsal base fracture, 8 ,  1 6, 405 
Figure-of'-eight clavicu lar bandage, I 0 I 
Finger sti ffness fol lowing phalangeal fracture, 

2 1 9  
Flail chest, 32, 33 
Floating shou Ider, 1 20 
Fluid intake information, 35 
Fluid loss, femoral shaft fractures, 308 
Fluid replacement, 35-6 

response assessment, 36-7 
Foot injuries, 390-4 1 0  

compartment syndromes, 1 83 
crush injury wi thout fracture, 408 
degloving injury. 408 
footbal ler's ankle, 383 
Freiberg's disease, 407 
self-test, 409- 1 0  
see also individual bones and joints 

Foot ischaemia, acute with fe111oral shaft 
fracture, 3 1 9  

Footbal ler's ankle, 383 
Forearm bone i njuries, 1 74-86 

anatomical features, 1 74 
axial rotation, 1 2 , 1 74-5 
direct v iolence, 1 74 
fracture-dislocations, 1 74 
general principles, 1 56-7 
indirect violence, 1 74 

Forearm fracture 
angulation, 1 1  
axial rotation, 1 2, 1 74-5 
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both bones, 1 76, 1 78  
Forearm fracture - co111in.ued 

adult, 1 78-9 
children, 1 76-8 
internal fixation, 1 78-9 
late angulation management, 1 7 8  
plaster fixation, 57-8, 5 9 ,  1 77-8, 1 79 

fracture sl ipping, 1 75-6 
sel f-test, 1 85-6 

Fracture, defini tion, 4 
Fracture-dislocation, 9 
Fracture heal ing, 1 9-20, 84-6 

bridging external callus, 1 9-20 
endosteal new bone formation, 20 
fracture haematoma, 1 9  
infection-associated delay, 85 
mobility at fracture site, 85 
pathological fractures, 86, 1 05-8 
primary cal lus response, 1 9  
remodel l i ng, 20, 84 
separation of bone ends, 85 
speed of union, 86 
subperiosteal bone formation, 1 9  

Fragmented (comminuted) wedge fracture, 8 
Frankel scale (of spinal neurological 

involvement), 23 1 
Free microvascular flap, 7 1  
Freiberg's disease, 407 
Frohlich's syndrome, 287 

Gag reflex, absent, 32 
Gaiter bracing, tibial fractures, 350 
Galeazzi fracture-dislocation, 1 82 

diagnosis, 30 
late, 1 82 

with overlapping radial fracture, 1 98 
treatment, 1 82 

Galeazzi patellar re-alignment, 332 
Gallows traction, 3 1 6  
Gamekeeper's thumb (ulnar collateral 

ligament rupture), 9, 2 1 6  
treatment, 2 1 7  

Gamma nai l ,  298 
Garden classification of femoral neck 

fractures, 29 1 
Garter strapping see Buddy strapping 
Gas gangrene prevention, 7 1  
Gastrocnemius myocutaneous flap, 7 1  
Gentamycin, 98 
Glasgow Coma Scale, 40 
Glenohumeral joint subluxation, 1 24 
Great toe terminal phalanx fracture, 407 
Greenstick fracture, 6-7 

see also individual bones 
Grosse-Kempf i ntramedullary nails, 3 1 6  
Growth arrest, epiphyseal injuries, 1 6, 1 7, 1 8  
Guanethidine sulphate, 94 
Gunshot wounds, 80, 8 1  
Gusti l o  open fracture classification, 23 

Haematoma, fracture, 1 9, 26 
Haemolytic reactions, 38 
Haemorrhage, external, 33, 86 
Haemorrhage, in ternal, 86 

femoral shaft fracture, 308 
i ntra-abdominal, 35, 39 
pelvic fracture, 262, 275 

Haemorrhage management, 33-4, 38-9 

blood replacement, 35 
assessment of effectiveness, 36-7 
classi fication, 34 

Haemorrhagic shock, 86 
emergency management, 33-4, 45 
femoral shaft fracture, 308, 323 
pelvic fracture, 275 

Haemothorax, 33 
blood loss estimation, 34, 38 

Hairl ine fractures, 4, 6, 27 
Halo skul l  traction, 236 
Halo vest, application procedure, 239 
Hamate dislocation, 209 
Hamate fractures, 209 
Hamilton-Russell traction, 272 
Hand injuries, 1 88-222 

compartment syndromes, 22 1 
Hanging cast, humerus shaft fracture, 1 37 
Hauser patel lar re-alignment, 332 
Head injury 

blood loss estimation, 34 
with cervical spine i njury, 233 
chi ld abuse, 53 
Glasgow coma scale, 40 
hospital admission, 52 
management, 39-40 
myosit is ossi ficans following, 96 

Heel cushion, 396 
Hemiarthroplasty 

avascular necrosis of femoral head, 292, 
296 

femoral neck fracture, 292 
humerus fracture, proxi mal with 

dislocation, 1 35 
Herbert screw 

capitellum fracture, 1 57 
scaphoid fracture, 205 

Heterotopic ossification see Myositis 
ossificans 

H indfoot dislocations, 400-1 
Hip dislocation, 30, 280-6 

anterior 
femoral artery/vein compression, 283 
femoral nerve paralysis, 283 
reduction, 283 

avascular necrosis of femoral head, 95, 285 
B igelow's reduction method 

anterior dislocation, 283 
posterior dislocation, 282 

central see Acetabular fracture 
complications, 284-6 
with femoral head and neck fractures, 284 
with femoral shaft fracture, 285, 329 
irreducible, 284 
late diagnosed, 286 
myositis ossificans, 96, 286 
osteoarthritis, secondary, 272, 279, 280, 

28 1 ,  286 
with patel lar fracture/knee i njury, 285, 329 
posterior, 280-2 

with acetabular rim fracture, 28 1 ,  282 
aftercare, 282 
diagnosis, 280 
radiography, 280, 28 1 -2 
reduction, 282 
sciatic nerve involvement, 28 1 

recurrent, 286 
sciatic nerve palsy, I 00, 280, 282, 285 
Stimson's reduction method, 282 
surgical approaches see Acetabular fracture 

traumatic, 280 
Hip fracture see Acetabular fracture, Fe oral 

neck fracture 
H ip  replacement procedures after femoral 

neck fracture, 294 
Hip spic- application, 300 
H ippocratic shoulder reduction method, 125 
H istory taking, 25 
Hook plates, 75 
Hospital admission criteria, 52-3 
Hospital u·auma index (HTI) ,  42, 43-4 
Hume fracture, 1 80 
Humeru fracture, distal 

AO classi fication, 1 67 
Humeru fracture, proximal,  1 30-5 

anatomical neck, 1 30, 1 33 
a vascular necrosis, 1 33 

chi ldren 
epiphyseal i njury, 30, 1 30 
greenstick fracture, 1 30 
pathological fracture, 1 35 
radiography, 1 3 1  

classification 
AO. 1 39 
Neer. 1 30 

greater tuberosity, 1 34 
with shoulder dislocation, 1 24 

group l ,  1 30, 1 3 1-2 
group I I ,  1 30, 1 33 
group I l l , 1 30 

man ipulative reduction, 1 33 
open reduction/internal fixation, 133-4 

group TV, 1 30, 1 34 
group V, 1 30, 1 34 
group V I ,  1 30, 1 35 
lesser ruberosity, 1 30, 1 34 
mechanism of injury, 1 30 
pathological fracture, 1 3 6  
radiography, 1 3 1  
treatment, 1 3 1 -5 

Humerus fracture, shaft, 1 36-9 
AO class i fication , diaphyseal segment, 1 40 
arterial obstruction, 1 36 
chi Id abuse, 53 
diagnosis, 1 36 
with elbow dislocation, anterior, 1 6 1  
metastatic rumour, I 07 
non-union, 1 3 8  
radial nerve palsy, I 00, 1 36, 1 38 
treatment 

hanging cast, 1 37 
internal fixation, 1 38 
Sarmiento splint, 1 38 
U-slab, 1 37 

unicameral bone cyst, I 08 
Humeru , supracondylar fracture see 

Supracondylar fracture of elbow 
Hyperkalaemia, 37 
Hypocalcaemia, 37 

I l izarov fixation, 48. 78 
fM nai l ing see lntramedul lary nai l ing 
fmpacted fracture, 8 
I mplant complications, 72, 1 04 

corrosion, I 04 
Implant removal, l 05 
[ mpotence fol lowing pel vie fracture, 278 
I ndex metacarpal fracture, 2 1 9  
I nd irect violence, 5 



Infection, 86 
delayed healing/non-union, 85 
femoral shaft fracture, 79, 324 
internal fixation, 73, 85 
open fracture, 7 1 ,  85 
pin track with external skeletal fixation, 78 
tibial fracture, 353, 355, 357 
see also Osteitis/osteomyel i t i s  

In ferior t ibiofibular l igament sprain, 382 
I njury severity score, 42 
Inspection, c l inical examination, 26-7 
ln tercondylar Y- or T-fracture, 1 58 

reduction, 1 58 
Interlocking in tramedul lary nai l ing 

femoral shaft fracture, 3 1 6  
supracondylar, 3 2 1  

Internal fixation, 47-8, 72-80 
see also individual fractures 

l nterphalangeal joint dis location 
fingers, 220 
toes, 406 

In tra-abdominal haemorrhage, 39 
blood loss estimation, 34 

I ntra-abdominal injuries, 4 1  
investigations, 4 1  

lntracompartmental pressure elevation, 99 
ln tracranial pressure, raised, 39 
ln tramedullary ( I M )  nai l ing 

devices, 77-8 
mechanical effects, I 04 
non-union management, 88, 89, 323 
open fracture management, 79 
removal of nai Is, I 05 

lntraosseous wiring, metacarpal/phalangeal 
fractures, 2 1  I ,  2 1 2  

Ischaemia, 1 5 1  
severity scoring, 5 1  

lschial tuberosity avulsion fracture, 263 

Joint st iffness, 8 ,  9 
see also individual joints 

Joints, fracture in close proximity, 9 
Jones fracture, 406 
Jones pressure bandage, 333, 334 

K-wires see Kirschner wiring 
Kaneda Anterior Spinal system, 255 
Kienbock's disease, 207 
Kirschner wiring ( K-wires) see individual 

bones and joints 
see also fntraosseous wiri ng 

Kl ippel-Fei l  syndrome, 24 l 
Knee dislocation, 332-3 

common peroneal nerve palsy, I 00, 333 
knee I igament damage, 332 
meniscal displacement, 333 
popliteal artery damage, 333 
t ib ia l  spine fracture, 333 
treatment, 333 

Knee flexion exercises, 325 
Knee joint 

acceptable functional range, 325-6 
complex regional pain syndrome treatment, 

94 
extension lag, 326 
extensor mechanism i njuries, 329 
fracture of patella, 329-3 1 
function fol lowing patellectomy, 330 

lack of extension, 325-6 
lack of flex ion, 326 
myositis ossificans, 96 

Knee replacement, 3 2 1  
Knee soft tissue injuries, 333-7 
Knee sti ffness/discomfort, 324, 35 1 ,  353 
Knowles pins 

femoral neck fracture, 296, 300 
chi ldren, 300 

Kocher's reduction method in shoulder 
dislocation, 1 24 

KUntscher intramedullary nails, 3 1 6  

L-plate, 75 
humerus fracture, proximal of surgical 

neck, 1 34 
t ibia table fracture, 338 

Lag screw fixation 
acromioclavicular joilll injury, 1 1 9 
olecranon fracture, 1 64 
radial styloid fracture, 1 99 

Late subluxation, 9 
Lateral condylar injury of elbow, 1 57-8 

with elbow dislocation, 1 60 
Lateral epicondylar injury of elbow 

adult, 1 57 
chi ldren, 1 55 

Lateral projections, 28 
Lateral tibial condyle (hockey stick) plates, 

75 
Lateral tomography see AP and lateral 

tomography 
Lauge-1-lansen ankle fracture classification, 

366 
Leg casts, 58, 60 
Lesser trochanter avulsion fracture, 8 
Level of fracture, description method, 1 0  
Limited motion knee brace, 334 
Liss plates, 76 
Localised radiographic views, 29 
Locked knee, 336 
Locking hook spinal rod system, 254 
Long arm plaster slabs, 59 
Long bone anatomical divisions, I 0 
Long leg plaster slabs, 60 
Low-contact dynamic compression plate ( LC

DCP), 75 
Lumbar spinal fractures see Thoracic and 

lumbar spinal fractures 
Lunate dislocation, 206-7, 208 

a vascular necrosis, 95, 207 
diagnosis, 206 

late, 207 
wi th half scaphoid dislocation, 208 
median nerve palsy, 207 
plaster fixation, 207 
radiography, 206, 207 
with scaphoid dislocation, 208 
Sudeck's atrophy, 207 
treatment, 207 

Lunate instabil ity, 208 

MacMurray osteotomy, 297 
Maisonneuve fracture, 369 
Mal leollar fracture 

AO classification, 386 
avulsion fracture 

ankle pronation/abduction injuries, 368 

INDEX 

ankle supination/adduction injury, 370 
ankle supination/lateral rotation injuries, 

367 
lateral 

ankle pronation/dorsi flexion 
(compression) injuries, 37 1 

ankle supination/adduction injury, 370 
c l in ical notes, 4 1 6- 1 8  

medial 
ankle pronation/abduction injuries, 368 
ankle pronation/dorsiflexion 

(compression) injuries, 37 1 
ankle supination/adduction injury, 370 
internal fixation, 378, 384 
isolated, 378 
non-union, 384 
separation at bone ends, 85 

wi th peritalar dis location, 400 
posterior, 377 
swel l ing/deformity, 372 
with talar neck fracture, 393 

Mal leolar screws, 76 
Mallet finger, 220 
Malunion, 89-90 

Calles fracture, 89, 1 96 
femoral shaft fracture, 323 
proxi mal/middle phalangeal fractures, 

2 1 9  
secondary osteoarthrit is,  89, 9 1  
treatment. 89-90 

Mangled Extremity Severity Score, 5 1  
March fracture, 5, 406 
McKenzie's sign in ankle injuries, 372 
Medial condylar fracture of elbow in chi ldren, 

1 56 
Medial epicondylar injuries 

adul t ,  1 57 
chi ldren, 1 54--5 ,  1 60 

trapped medial epicondyle treatment, 
1 55 

u lnar nerve palsy, 1 55 
Medial plantar nerve palsy, 403 
Median nerve assessment with elbow 

dislocation. 1 59 
Median nerve palsy, I 00 

delayed, I 0 I 
lunate dislocation, 207 
treatment, I 0 I 

Meniscus cyst, 336 
Meniscus injuries, 336, 337 
Mennen plate fixation, metacarpal/phalangeal 

'
fractures, 2 1 3  

Metabolic response to trauma, 86 
Metacarpal fracture, 2 1 0- 1 4  

enchondromata-associated, I 08 
external fixators, rigid/motion permitting, 

2 1 3  
fi fth metacarpal 2 1 8- 1 9  
general principles, 2 l 0 
index/ring/middle metacarpal, 2 1 9  
i nternal fixation, 2 1 1 - 1 3  

compression screws, 2 1 3  
90-90 intraosseous wiring, 2 1 2  
percutaneous Kirschner wires, 2 1 2  
plate fixation, 2 1 3  
tension band wiring, 2 1 2  

soft tissue management, 2 1 3- 1 4  
spl intage, 2 1 1 
stab i l i ty assessment, 2 1 0  
thumb metacarpal, 2 1 4- 1 5  
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Metacarpophalangeal ( M P) jo int  dislocation, 
2 1 6  

Metaphysis, I 0 
Metatarsal fracture, 405-7 

enchondromara-associated, l 08 
fifth metatarsal base, 405-6 
first metatarsal, 406 
march fracture, 5, 406 
mechanisms of injury, 405 
multiple displaced fractures, 407 

internal fixation, 407 
mult iple undisplaced fractures, 407 

Metatarsal head osteochondritis (Freiberg's 
d isease), 407 

Midtarsal dislocations, 402-3 
medial plantar nerve palsy, 403 

Mi lch's method of shoulder dis location 
reduction, 1 25 

Minerva plaster, 239, 245 
Molybdenum alloy implants, 72 
Momentary dislocation, 9 
Monteggia fracture-dislocation, 30, 1 62, 1 74, 

1 80-1 
with comminution of radial head, 1 8 1  
greenstick fraclllre, 1 8 1  
late diagnosed, 1 8 1  
mechanisms, 1 80 
pallerns, 1 80 
tardy u lnar nerve palsy, I 0 I ,  1 8 1  
treatment, 1 80- 1 

aftercare, I 8 I 
in chi ldren, 1 8 1  
internal fixation, 1 80 

Moore pins, 296 
Motor index score, 230 
M RC grading, 230 
MRI scan, 29, 72 
Multi fragmentary (comminuted) fractures, 8 

butterfly fragment, 8 
complex fractures, 8 
definition, 4 
open from wi thout in,  1 3  

M ultiple injury 
cardiac tamponade, 4 1  
chi ld abuse, 53 
evaluation of patient, 42-5 

trauma scoring, 42 
eye and faciomax i l lary injuries, 4 1  
fluid replacement, 35-6 
haemorrhage/shock management, 33-4, 

38-9 
head injury, 39-40 
hospital admission, 52 
intra-abdominal injuries, 39 
lower l imb fracture stabil i sation, 79-80 
pelvic fracture, 262 
respiratory obstn1ction management, 

32-3 
screening fi lms, 35 
spinal fractures, 4 1  
transfusion complications, 37-8 
treatment priorities, 39-4 1 
vascular injuries, 4 1  
visceral complications, 4 1  

Muscle activity, M RC grading, 230 
Muscle flaps, 7 1  
Muscle i schaemia, 92 
Muscle tethering/entrapment, 92 
Myerson classif ication of tarso-metatarsal 

dislocations, 404 

Myositis ossi ficans (heterotopic ossification), 
96 

hip dislocation, 286 
joint st iffness, 92 
pel vie fracture, 279 
prophylaxis, 96 
treatment, 96 

Nancy nai l ,  77 
Navicular fracture 

isolated, 403 
wi th midtarsal dislocation, 403 
treatment, 403 

Neer's classification of proximal humeral 
fractures, 1 29, 1 30 

Nerve palsies, l 00, I 0 I 
Neurological complications 

delayed, I O J  
immediate, I 00- 1 

treatment, I 00- 1 
pel vie fracture, 278 

Neurological examination and grading of 
spinal injuries, 230-1 

Non-union, 88-9 
atrophic, 88 

treatment, 20, 89 
bone morphogenic proteins, 20 
complex segmental fractures, 8 
hypertrophic, 88 

treatment, 88-9 
infection, 85 
mobi l ity at fracture site, 85 
scaphoid fracture, 203, 205 
separation at bone ends, 85 
see also individual fractures 

Ny Ion implants, 72 

Oblique fracture, shortening, 90 
Obi ique projections, 28 
Obstetrical palsies with posterior shoulder 

dislocation, 1 26 
Obstetrical d i fficulties, pelvic fracture, 

278 
Occupational therapy in spinal paralysis, 

258 
Odontoid congenital abnormalities, 245 
Odontoid fractures, 245-6 

classification, 245 
diagnosis, 245 
extension injuries, 246 
flexion injuries, 245 

Oedema, c l inical examination, 27 
Off-ended (completely displaced) fracture, 1 1  

shortening, 90 
Olecranon fracture, 1 62-4 

with anterior elbow dislocation, 1 6 1  
diagnosis, 1 63 
internal fixation, 1 64 
mechanism of injury, 1 62 
tension band wiring, 78, 1 64 
treatment, 1 63-4 

Ol igaemic shock, 45, 86 
Open fracture, 1 2- 1 3  

antibiotic therapy, 70 
regimens, 50 

AO class i fication, 23 
bacteriological swabs, 70 
bone grafting, 7 1  

definition, 4 
external skeletal fixation, 48-9 
Gusti lo class i fication, 23 
hospital admission, 52  
immediate care, 70  
in fection, 85 ,  97  

prevention, 70 
internal fixation, 47-8, 79-80 

contraindications, 79 
management, 49-52 
neurological damage, 50 
open fr m wi th in  out, 1 2, 70 
open fr m wi thout in, 1 3  
primary amputation, 5 1  

Mangled Extremjry Severity Score, 5 1  
prophylactic fasciotomy, 7 1  
skin treatment, 70-1 
soft tissue damage, 50 
technically open, 1 2, 70 
temporary spl intage, 70 
treatment, 49-50 
vascular damage, 7 1  
wound closure, 49-50 

Osgood S hlaller's d isease, 1 6, 332 
Osteitis/osteomyelit is, 97-8 

pathological fractures, I 07 
treatment, 97-8 

Osteoarthri tis, secondary, 9 1  
see als specific injuries 

Osteochondritis tali ,  383,  393 
Osteogenesis i mperfecta, I 08 
Osteomalacia 

femoral neck fracture, 289 
fracture healing, 86 
pathol gical fractures, 5 ,  I 06 
radiography, I 06 
treatment, I 06 

Osteomyel i ti s  see Osteitis/osteornyelit is 
Osteopor sis 

fracture healing, 86 
pathological fractures, 5, I 06, 1 88, 289 
radiography, I 06 

Oswestry pedicle screw system, 255 

Paget's d i  ease 
fracture heal ing, 86 
pathological features, I 06-7 
radiography, I 06 

Pain treatment in spinal paralysis, 258 
Palpation. 27 
Paradoxical respiration, 33 
Paralytic i leus, I 02 
Passive stretching, myositis ossi ficans 

following, 96 
Patella, congeni tal  b ipartite/tripartite, 329 
Patellar dislocation 

acute lateral, 332 
recuJTent, 332 

Patellar fracture, 329-3 1 
avulsi n fracture, 8, 3 3 1  
cyl inder plaster (pipestem plaster) fixat on, 

330 
diagnosis, 30, 329 
with femoral shaft fracture, 3 1 9, 329 
wi th hip dislocation, 280, 285, 329 
mechanisms of i njury, 329 
radiography, 329 
tension band wiring, 78 
treatment, 330- 1 



Patellectomy 
knee function following, 330 
partial, 3 3 1  

Pathological fractures, 5 ,  I 05, I 06-7 
bone tumours 

malignant/metastatic, I 07, 3 1 9  
simple/bone cysts, I 08 

femoral shaft, 3 1 9  
humerus fracture, prox imal, 1 36 
investigation, I 08 
osteitis, I 07 
osteogenesis i mperfecta, I 08 
osteomalacia, I 06 
osteoporosis, I 06 
Paget's disease, 1 06-7 
subtrochanteric femoral neck fracture, 299 

Patterns, fracture, 6-9 
Pauwel's osteotomy, 297 
Pearson knee flexion piece, 3 1 4, 3 2 1  
Pedicle screw fixation, 254, 255 
Pellegrini-Stieda disease, 334 
Pelvic f ixalor, 264, 267-8 
Pelvic fracture, 262-79 

anatomical considerations, 262 
anteroposterior compression fractures 

(open book fractures), 264 
avulsion fracture, 263 
blood loss estimation, 34 
canvas sling management, 265, 267 
classi f ication, 262 
complications, 275-9 

bladder/urethra damage, 264, 276-7 
bowel injury, 277 
diaphragm rupture, 277 
fat embolism, 1 03 
haemorrhage, 262, 275 
impotence, 278 
I i  mb shortening, 278 
myositis ossificans, 279 
neurological damage, 278 
obstetrical d i fficulties, 278 
osteoarthrit is of hip, 279 
paralytic i leus, I 02, 278 
persistent symphyseal instabi l i ty, 279 
sacroi l iac joint pain, 278 

contralateral compression i njuries (bucket 
handle fractures), 266 

external fixation, 264-5, 267-8 
general principles, 262 
haemorrhage, 39 
hospital admission/nursing care, 52 
ipsi lateral compression injuries, 266 
mechanisms of injury, 263 
open book fractures, 264 
pelvic ring stable fracture, 263--4 
physiotherapy, 265 
sacrum, 269 
self-test, 302-5 
stable, 262, 263--4 
treatment summary, 263 
unstable, 262 

rotational ly unstable, vertically stable, 
264-6 

rotationally/vertically unstable, 266-7 
Penic i l l i n-resistant staphylococci, 50 
Peritalar dislocation, 400- 1 
Peroneal tendon recurrent d islocation, 383 
Phalangeal dis location, foot, 408 
Phalangeal fractures, 2 1 0- 1 4, 2 1 9-20, 407 

aftercare, 2 1 9  

amputation. 2 1 9  
buddy strapping. 2 1 1 ,  2 1 9, 22 1  
cnchondromata-associated, I 08 
external fixators. rigid/motion permitt ing, 

2 1 3  
f inger st i ffness following fracture, 2 1 9  
foot, 407 
garter strapping see Buddy strapping 
general principles, 2 1 0  
internal fixation, 2 1 1 - 1 3  

compression screws, 2 1 3  
malunion, 2 1 9  
90-90 intraosseous wiring, 2 1 2  
percutaneous Kirschner wires. 2 1 2  
plate fixation. 2 1 3  
tension band wiring, 2 1 2  

plaster fixation, 2 1 9  
soft t issue management, 2 1 3- 1 4  
spl intage. 2 1 1 ,  220 
stabi l ity assessment, 2 1 0  
tendon tethering, 92 
terminal phalanges, 220 
treatment, 2 1 0- 1 1 ,  407 

Phalangeal fracture-dislocation, 22 1 
Phalangeal sprains/subluxations, 22 1 
Physiotherapy see relevant injuries 
Pin f ixation 

femoral neck fracture, 296 
with hip dislocation, 284 

femoral shaft fracture, 320 
humerus fracture, proximal with 

dislocation, 1 35 
s l ipped upper femoral epiphysis, 288 

Pin track in fection. 78, 79, 357 
Pipestem plaster see Cylinder plaster 
Pisi form fracture. 209 
Plaster casts 

advice to patient, 63 
af'tercare, 63-5 
application, 6 1  
arterial obstruction, 64 
bandage sizes, 60 
circulatory impairment prevention, 

62-3 
completion of plaster, 64 
cracking/softening of plaster, 64 
discoloration of fi ngers/toes, 63 
extension of too short plasters, 65 
fracture cl in ic assessment, 4 1 3  
indications, 47 
localised pain, 65 
loose plaster, 65 
restriction of movement, 65 
securing plaster slabs, 60 
slabs, 49-60 
spl i t t ing plaster, 62 
swel l ing in fi ngers/toes, 63 
wetting bandage, 6 1  

Plaster saw. 66 
Plaster shears, 66 
Plaster cast removal 

complete plasters, 66 
using plaster saw, 66 
plaster slabs, 65 
using shears. 66 

Plastic bullet wounds, 80 
Plastic dowels, 72 
Plastic spl ints, 49 
Plate fixation, 74-6, I 04 

see also indiv idual fractures 

Polymer resin casts. 67 
Popliteal artery damage 
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knee joint d islocation, 333 
t ibial fracture, 346 

Posterior cord syndrome, 232 
Post-traumatic osteodystrophy see Complex 

regional pain syndrome 
Pott's ankle fracture class i fication, 365-6 
Pressure bandaging 

calcaneal fracture, 397, 398 
meniscus injuries, 336 
talus body fracture. 394 

Pressure sores 
spinal paralysis. 256-7 
Thomas splint f i xed traction, 3 1 2, 3 1 3  

Primary cal l us response. 1 9  
Primary stage o f  fracture treatment, 3 1  
Prophylactic fasciotomies, 99 
Pseudodystrophy see Complex regional pain 

syndrome 
Pseudomonas aeruginosa, 50 
Pubis 

fracture in  elderly patients, 30 
persistent instabi l ity following pelvic 

fracture. 279 
stable fracture 

double fracture ofl·ami, 264 
superior ramus. 263 
symphysis, 262 

Pulse, absent, I 5 I 
Pulsed magnetic field treatment, 205 
Pyrford wiring, 33 1 

Quadriceps exercises, 325, 33 1 ,  335, 336, 337 
Quadriceps tendon rupture, 329 

treatment, 33 I 
Quadriceps tethering, 324 

Radial epiphysis. 1 6  
s l ipped, 1 99 

Radial nerve.palsy. I 00 
humerus shaft fracture, 1 36, 1 38 

Radiographic examination 
comparison fi I ms, 28 
localised views, 29 
oblique projections, 28 
records, I 09 
request form. 27-8 
screen ing fi l ms with mult iple injury, 35 
standard projections. 28 
stress fi lms, 29 
union assessment, 68 

Radionecrosis, humerus, 1 36 
Radius dis location, isolated, 1 62 
Radius fracture 

AO classification 
diaphyseal segment, 1 84 
distal segment. 222 
proxi mal segment, 1 68 

axial rotation, 1 74-5 
Col les fracture see Col les fracture 
diagnosis, 30 
with e lbow dislocation, anterior, 1 6 1  
Galeazzi injury see Galeazzi fracture-

dis location 
greenstick fracture 

angulated. 1 98 
diagnosis. 30 
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Radius fracture - continued 
plaster slabs, 58 
undisplaced, 1 98 

head, 1 64-6 
c lassification of fractures, 1 65 
diagnosis, I 64-5 
with elbow dislocation, 1 6 1  
mechanism o f  injury, I 64 
myositis ossificans, 96 
radiography, 1 64 
treatment, 1 65-6 

isolated, 1 82 
marginal chip, 20 I 
neck, 1 66 

treatment, 1 66 
overlapping, 1 98 

reduction, I 98-9 
self-test, 1 85-6 
shortening of l imb, 90 
styloid, 1 99 

diagnosis, 30 
with u lna dislocation, 1 6  I 
see also Forearm bone injuries 

Reconstruction plates, 75 
Records, I 09 

fracture cl in ic, 4 1 2, 4 I 5 
c l inical notes, 4 1 5- 1 8  

radio graphs, I 09 
Rectum, trauma with pel vic  fracture, 262, 

277 
Recumbency, prolonged, 87 
Reflex algodystrophy see Complex regional 

pain syndrome 
Reflex sympathetic dystrophy see Complex 

regional pain syndrome 
Regional anaesthesia, 46 
Remodel l ing, 20 

age effects, 84 
Respiratory impairment management, 32-3 
Resuscitation, 32 
Retrospondylol isthesis, 255 
Rheumatoid arthritis 

atlas transverse l igament lesions, 243 
cervical spine extension injuries, 24 I 
osteitis complicating, 97 
osteoporotic fracture, I 06 

Rib fracture in chi ld abuse, 53 
Richards hip screw, 298 
Ring metacarpal fracture, 2 1 9  
Ring/quoit method, clavicular fracture, 

1 1 7 
R ings, removal, 62 
Rocker sole, 350 
Rolando fracture, 2 I 4 

treatment, 2 I 5 
Run-over injury 

c l in ical examination, 26 
pe lv is  fracture, 264 
visceral complications, I 02 

Rush pins, 77 
elbow dislocation, anterior, 1 6 1  
humerus fracture, proximal, 1 33 
olecranon fracture, 1 64 

Russel l-Taylor reconstruction ( locking) 
nail 

femoral neck fracture 
with femoral shaft fracture, 3 I 9 
pertrochanteric, 298 
subtrochanteric, 299 

femoral shaft fracture, 3 I 6, 3 I 9 

Sacral bars, 268 
Sacral fracture, 269 

with anterior coccygeal displacement, 269 
treatment, 268 

Sacroi l iac joint 
persistent pain fol lowing pelvic fracture, 

278 
stable fracture, 264 

Sal ter-Harris classification of epiphyseal 
injuries, 1 6- 1 7  

at ankle, I 6, 1 7  
Sanders classi fication o f  calcaneal fractures, 

399 
Sarmiento brace, 1 38 
Sarmiento plaster, 350 
Scaphoid dislocation/subluxation, 208 

with lunate dislocation, 208, 209 
radiography, 208 
treatment, 208 

Scaphoid fracture, 20 1 -5 
aftercare, 204-5 
anatomical features, 202-3 
avascular necrosis, 86, 95, 202, 203, 205 
with Colles fracture, 1 98 
complications, 205 
diagnosis, 30, 20 I 
displaced, 205 
hairline, 6 
internal fixation, I 98, 205 
mechanisms of injury, 20 I 
non-union, 203, 205 
osteoarthritis, 202, 203, 205 

treatment, 205 
prognostic features, 203 
radiography, 28, 20 1 -2, 204-5 
scaphoid plaster fixation, 203-4 
Sudeck's atrophy, 93, 205 
suspected fracture management, 203 
tuberosity of scaphoid, 203 

Scaphoid instabi l i ty, 209 
Scaphoid plaster, 203-4 

common faults, 204 
plaster slabs, 58, 203 
removal, 66, 204 

Scapholunate instabil ity, 209 
Scapular fracture, I 2 1  
Schanz screws, 78, 254, 299 
Sciatic nerve palsy, I 00, 280, 282, 285 
Screening films, 35 
Screws, 76, 77 
Seat belt injuries (Chance fracture), 229, 253 
Second metatarsal fatigue fracture ( march 

fracture), 5, 404 
Secondary stage of fracture treatment, 3 I 
Self-tests 

ankle injuries, 387-8 
elbow injuries, 1 69-7 I 
femur fractures/knee injuries, 34 1 -3 
foot injuries, 409- 1 0  
forearm bone injuries, I 85-6 
general principles, 1 3- 1 5 , 24 
pelv is, hip, femoral neck fractures, 302-5 
shoulder girdle/humerus injuries, 1 4 1 -3 
spinal injuries, 259-60 
tibial fracture, 360- 1 
wrist and hand injuries, 223-6 

Self-tapping screws, 77 
Sever's disease, I 6 
Shearing fractures of spine, 229 
Sheffield hybrid fixator, 49, 78 

Shenton's l ines, 290 
Sherman s rew, 77 
Shock, severity scoring, 5 1  
Shortening o f  l imb, 90 

femoral shaft fracture, 324 
management, 90 
pel vie fracture, 278 
trauma ·c  epiphyseal arrest, 90 

Shoulder cuff tears, I 29 
Shoulder dislocation, 9, I 2 1 -9 

anterior 
aftercare, 1 25-6 
diagnosis, I 22-3 
with fracture of greater tuberosity, 1 22, 

1 26 
gravitational traction, 1 25 
H ippocratic reduction method, 1 25 
Kocher's reduction method, 1 24 
late diagnosed, I 27 
mechanism of injury, 1 22 
Mi l ch's method. I 25 
path logy, 1 22 
radi graphy, I 23-4 
recurrence, 1 25 
St im>on's method, 1 25 

ax i l l ary nerve palsy. J OO 
Bankan lesion, 1 22. 1 28 
habitual. I 28 
H i l l -Sachs lesion, I 28 
luxatio erect a, 12 I .  1 27 
myosi t is  ossificans. 96 
neurological complications, 1 29 
posterior 

diagnosis, 30 
late diagnosed, 1 27 
mechanism of injury, 1 26 
radiography, 1 26 
reduction, I 26-7 

recurrent 
Bankan repair, 1 28-9 
bone-block repair, I 29 
diagnosis, 1 28 
posterior dislocation, I 29 
Putti-Platt repair, I 29 
radi graphy, I 28 
treatment, 1 28-9 

Shoulder j oint replacement, I 35, I 36 
Shoulder spica, I 20, I 27, 1 35 
S imple fracture, 4 

defin i tion ,  7 
S inclair foot support, 3 1 4  
Skeletal injury, severity scoring, 5 1  
Skeletal traction, 4 7. 308-9 
Skin care. spinal paralysis, 256-7 
Skin pattern bruising. 26 
Skin traction, 47 

application, 309 
Thomas splint fixed traction, 3 I 0- 1 4  

Skul l  fracture 
chi ld abuse, 53 
depres,ed fracture, 9 

Skul l  t raction, 236-8 
halo a p l icaLion, 236 

S low union, 87-8 
Smal l  bowel injury, 277 
Small fragment set screw fixation, 22 I 
Smi l l ie pins, 1 57, 393 
Smi l l ie  plaster, 220 
Smith's fracture, 1 9 1 -2 
Smoking. effect on fracture union, 86 



Soft tissue damage, 86 
chi ld abuse, 53 
open fractures 

management, 50 
from without in, 1 3  

Soleus myocutaneous flap, 7 1  
Sorbo pads, 396, 400 
Spasticity, with spinal paralysis, 258 
Spike reduction, calcaneal body fracture, pin 

track infection, 399 
Spinal concussion, 232 
Spinal cord syndromes, 23 1 -2 
Spinal cord transection, 232 
Spinal injuries, 228-60 

anatomical features, 228 
anterior column, 229 
assessment, 228-9 
burst fractures, 229, 24 1 -2 
wi th calcaneai fracture, 395 
cervical spine, 233-49 
compression fractures, 229 
Denis c lassification, 229 
flexion-distraction, 229 
flexion-rotation, 229 
fracture-dislocation, 229 
hospital admission/nursing care, 52 
middle column, 228 
neurological lesions, 230-1 

assessment, 230- 1 
basic principles, 230 
cervical cord, 230 
common lesions, 232 
complete paraplegia, 228 
control of bladder, 257 
dermato111es, 23 1 
incomplete paraplegia, 228 
myotomes, 230 
paralysis treat111ent, 255-8 

pathological fractures, I 06, I 07 
posterior column, 229 
seat bel t  type injuries, 229 
sei f-test, 259-60 
shear types, 229 
stable/unstable, 228 
thoracic/lumbar spine, 250-5 

Spinal paralysis 
bladder care, 257-8 
spinal cord injury uni t  care, 255 
physiotherapy/occupational therilpy, 258 
skin care 

duration of pressure, 256 
local, 256 
pressure sore treatment, 256 
skin hygiene, 256 

treatment, 255-8 
Spiral fracture, 7 

shorten ing, 90 
wedge fracture, 8 

Sprain, definition, 4 
Stack splint, 220 
Stainless steel i 111piants, 72, I 04 
Standard radiographic projections, 28  
Stein111ann p in ,  4 7 
Sternal fracture, 227 
Sternociavicular dis location, 1 20- 1 
Sti ffness, joint, 9 1 -2 

avascular necrosis, 9 1 ,  95 
avoidance, 92 
causes remote from joint, 92 
delayed union, 88 

femoral shaft fracture, 324 
fracture close to joint, 9 
intra-art icular causes, 9 1  
peri-anicu lar causes, 9 1 -2 
trau111atic epiphyseal arrest, 9 1  

St i 111son 's 111ethod 
of hip reduction, 282 
of shoulder dislocation reduction, 1 25 

Stocki net protection of skin, 57 
Strapping, 47 
Stress fi l 111s, 29 
Stress fracture 

hairl i ne, 6 
wi th osteomalacia, I 06 
with Paget's disease, I 06 
palpation, 27 

Stryker frame, 254 
Subdural hae111ato111a, 39 
Subluxation 

definit ion, 4 
late with avulsion fracture, 9 

Subperiosteal bone formation, 1 9  
Subtaiar joint, da111age with calcaneal 

fracture, 399 
Subtrochanteric osteoto111y 

fe111oral neck fracture in chi ldren, 300 
sl ipped upper fe111oral epiphysis, 288 

Su deck's atrophy, 93 
ankle, 383 

following tibial fracture, 35 1 
Colles fracture, 1 97 
fifth 111etatarsal base fracture, 406 
joint sti ffness, 9 1  
lunate dislocation, 207 
radial styloid fracture, 1 99 
scaphoid fracture, 205 
see also Complex regional pain syndro111e 

Supracondylar fracture of elbow 
adult, 1 57 
aftercare, 1 54 
anterior (reversed), 1 53 

plaster slab fixation, 1 53 
traction. 1 53 

AO class i f ication, hu111erus distal segment, 
1 67 

c ircu latory i 111pair111ent, 1 47, 1 50, 1 5 1  
brachia) artery exploration, 1 5 1 -2 
investigations, 52, 1 5 1  

class i f ication of fraclUres, 1 48 
AO classification, hu 111erus distal 

segment, 1 67 
co111pl icated, 9 
definition, 1 46 
diagnosis in chi ldren, 1 46 
fixation, 1 49, 1 52-3 
indications for reduction, 1 48 
manipulation 

absent pulse following, 1 50 
techniques, 1 48 

111echanis111 of injury, 1 46 
111yosit is ossificans, 96 
plaster fixation, 1 49 

late ischaemia development, 1 50 
radiography, 1 46-7, 1 50- 1 

checking, 1 49 
greenstick fracture, 1 46 
interpretation, 1 47-8 

reduction fai lure, 1 52 
remanipulation, 1 5 1  
tardy ulnar nerve palsy, I O I ,  1 47 
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traumatic epiphyseal arrest/cubitus varus 
deformity, 90 

Suprascapular nerve palsy, 1 29 

T-plate fixation, 75 
Barton's fracture, 200 
Colles fracture wi th radial fragment 

spl i t t ing, 1 96 
humerus fracture, proximal of surgical 

neck, 1 34 
metacarpal/phalangeal fractures, 2 1 3  
t ibial table fracture, 338 

Talocalcaneal l igament rupture, 402 
Talonavicular dislocation, 402 
Talus dislocation 

a vascular necrosis, 95, 40 I 
treatment, 40 I 

Talus fracture 
anatomical considerations, 390 
ankle fracture, 393 
avascular necrosis, 95, 390, 39 1 ,  393 
avuision fractures, 394 

wi th 111 idtarsal dislocation, 403 
body fracture, 394 
classification, 390- 1 
comp I ications, 392 
compression of head, 394 
diagnosis, 39 1 
dome fracture, 393 
internal fixation, 392, 393 
lateral process fracture, 394 
wi th malleolar fracture, 393 
mechanisms of injury, 390 
open injuries, 392 
osteoarthritis, secondary, 393 
plaster fixation, 39 1 ,  392 
skin necrosis, 392 
treat111ent, 39 1 -2 
type I ,  39 1 
type 2, 39 1 -2 
type 3, 392 
type 4, 392 

Talus osteophytes, 383 
Tarsometatarsal dislocations, 403-4 
Technetium bone scans, 29 
Telephone communication, I 09- 1 1 
Tenderness, c l inical examination, 27 
Tendocalcaneus rupture, 402 
Tendon rupture, delayed, I 0 I 
Tendon tethering, 92 
Tension band wiring, 78 

see also individual fractures 
Tension pneumothorax, 33 
Tertiary stage of fracture treatment, 3 1  
Tetanus prophylaxis, 50, 7 1  
Thomas spl int application, 3 1 0- 1 4  
Thomas spl int balanced traction, 3 1 5  
Thomas spl int fixed traction 

aftercare, 3 I 3-1 4  
bandaging, 3 1 1  
cast bracing, 3 1 4- 1 5  
common peroneal nerve palsy, 3 1 4  
corrections, 3 1 2- 1 3  
early mobi l isation techniques, 3 1 4- 1 5  
manipulation, 3 1 1  
open fracture management, 79 
Pearson knee-flexion piece, 3 1 4  
pressure sores, 3 1 2, 3 1 3  
principles, 3 1 1  
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Thomas spl int f ixed traction - co111inued 
ring pressure relief, 3 1 2, 3 1 4  
sl ings, 3 1 0  
splint application, 3 1 0  
support o f  splint, 3 1 2  
supracondylar, 3 2 1  
traction weight application, 3 1 2  
tying cords, 3 1 1  
unicondylar, 3 2 1  

Thompson prosthesis, 284, 296 
Thoracic and lumbar spinal fractures, 250-5 

causes, 250 
diagnosis, 250 
mechanism of injury, 250 
paralytic i leus, I 02 
radiography, 250 
retrospondylol isthesis, 255 
stable fractures, 25 1 -2, 253 

radiography, 25 1 -2 
treatment, 253 
wedge fracture, 25 I ,  252 

transverse process fracture, 255 
unstable fractures, 252-3 

cl in ical examination, 252-3 
with complete cord lesion, 255 
facet joints/pedicles, 252 
internal fixation, 253, 254-5 
neural arch fracture, 253 
plaster fixation, 254 
posterior l igament complex rupture, 252, 

253, 255 
radiography, 253 
reduction, 254 
spinous process avulsion fracture, 252 
Stryker frame, 254 
treatment, 253-4, 255 
vertebral body, 252 

Thumb dislocation 
carpometacarpal, 2 1 4, 2 1 6  
I P  joint, 2 1 7  
M P  joint, 2 1 6  

Thumb fracture 
greenstick, 2 1 5  
metacarpal base, 2 1 4  
proximal phalanx, 2 1 7  
terminal phalanx, 220 

Thumb, gamekeeper's (ulnar collateral 
l igament tear), 30, 2 1 6  

Tibial fracture, 346-58 
adu l t, 350-4 
angled, 346, 349, 380- 1 
AO classification 

diaphyseal segment, 359 
distal segment, 385 
malleolar segment, 386 
proximal segment, 340 

avulsion fractures, 8, 329, 33 1 ,  334, 335 
cast bracing, 49 
chi ld abuse, 53 
compartment syndromes, 357-8 
corner fracture, 377 
delayed union, 353 
depressed, 9 
displaced, 349, 35 1 -4 
distal shaft, 354 
double (segmental), 354 
epiphyseal injury, 1 6, 1 7  
external fixator, 354 
with f ibula fracture, 346 
general principles, 346 

gross fragme11lation1 354 
hairline fracture, 6 
internal f ixation, 47, 35 I 

intramedul lary nail ing, 77, 79, 352-3. 
354 

plate fixation, 353, 354 
ipsilateral fracture of tibia and femur, 3 1 9  
l imb circulation evaluation, 52 
mechanisms of injury, 346 
minimally displaced, 350- 1 
non-union, 88, 353 
open, 354 

management, 70, 79, 355-7 
osteoarthritis, secondary, 346 
Pager's disease, I 06 
pin track infection, 357 
plaster fixation, 347-54 
popliteal artery damage, 346 
se l f-test, 360-1 
shortening of l imb, 90 
simple transverse fracture, 7 
speed of union, 86 
spine, 28, 333 
undisp laced, 347 

Tibial in tra-compartmental pressure, 50 
Tibial osteophytes, 383 
Tibial pressure epiphysis, I 6 
Tibial table fracture, 337-9 

bicondylar, 339 
common peroneal nerve palsy, I 00, 337 
diagnosis, 337 
internal fixation, 338 
lateral tibial table, 337 
medial tibial table, 337 
radiography, 28 
treatment, 337-9 

Tibiofibular l igament rupture, anterior, 367, 
368, 369, 3 8 1  

Tibiofibular l igament rupture, posterior, 367, 
368, 369 

Tile classi fication of pelvic fraclllres, 262, 
263 

Til laux fracture, 367, 369 
Titanium implants, 72 
Titanium plates, 76 
Tobruk spl int, 3 1 9 
Toe dislocations, 408 
Toe fractures, 407 
Toe platform, 408 
Torticol l i s  

cervical spine injury, 233 
with clavicle fracture, 1 1 8 

Total h ip replacement 
femoral shaft fracture, 320 
indications, 284, 286, 292, 296, 297 

Tourniquet, 33, 2 1 3  
Traction 

closed reduction, 56 
continuous, 46, 47, 238 
gravitational, 1 25 
separation at bone ends with non-union, 85 

Translation see Displacement 
Transverse process fracture, 255 
Trapezium dislocation, 209 
Trapezoid dislocation, 209 
Trapezoid ligament rupture, 1 1 9 
Trauma scoring, 42 
Traumatic epiphyseal arrest, 90- 1 
Tubercu losis, pathological fractures, I 07 
Tul loch-Brown loop, 3 1 1  

Type A and B intraosseous wiring, 
metacarpal/phalangeal fractures, 2 1 1 - 1 2  

Ulna d islocation, 1 6 1 -2 
isolate . 1 62 
ulnar nerve assessment, I 59 

U l na fracture 
AO classification 

diaphyseal segment, 1 84 
distal segment, 222 
prox i mal segment, 1 68 

axial r tation, 1 75 
diagnosis, 30 
wi th elbow dislocation, anterior, 1 6 1  
isolated, 1 79 
wi th radial fracture see Forearm fracture, 

b th bones 
with radial head dislocation see Monte,,gia 

fracture-dislocation 
shortening of l imb. 90 

U lnar nerve assessment, I 59 
U lnar nerve palsy, I 00 

hamate/pisiform fracture, 209 
medial epicondylar injuries, 1 54, 1 55 
tardy, I 0 I 

medjal epicondylar injuries, 1 54 
Moateggia fracture-di slocation, 1 8 1  
supracondylar fracture, 1 47 
trearmen t, I 0 I 

U ltrasound, 29 
Unconscious patient 

cervical spinal injury, 30, 233 
endotracheal intubation, 32 
head injury management, 39 
pel v i e  fracture, 262 
screening fi lms wi th mul t ip le injury, 

35 
Union as essment, 68 
Urethral trauma 

membranous urethra rupture, 276, 277 
treatment, 277 

pelvic fracture, 262, 264, 276-7 
d ia,,nosis, 276-7 
incidence, 276 
treatment, 277 
types of injury, 276 

peni le  urethra rupture, 276, 277 
treatment, 277 

Urinary tract, haemorrhage, 39 

Vancouver class i fi cation of fractures 
of the femur after hip replacement, 
320 

Vertebral body 
compression (crush) fracture, 8 
wedge fracture healing, 84 
see also Spinal injuries 

Visceral compl ications, I 02-3 
Vitamin C deficiency. 1 06 
Vitamin D malabsorption, 1 06 
Vol kmann's ischaemic contracture, 92, 1 47, 

346 

Walking aids, discarding, 325 
Walking heel, 347, 350, 375, 380 
Watson-Jones ankle reconstruction, 382 
Wave plates, 76 



Whiplash injuries. 24 7-9 
Wiring of finger fractures. 2 1 1 - 1 2  
Wool  ro l l  application. 57 
Wound closure, open fracture management. 

1 2- 1 3 ,  70 

Wound debridement. open fracture 
management. 70 

Wrist drop. I 00. 1 36 
Wrist fracture. c l in ical notes, 4 1 5- 1 6  

se lf-test, 223-6 
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Zuelzer plate. 75 
fibular syndesmosis fracture. 375 
olecranon fracture. 1 64 

Zwipp classif ication of calcaneal fractures, 
399 
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