


























































































































































































Examination 

meniscal tear . The site of pain on reaching the block to 
extension may localise the site of the tear. In a poster­
ior horn tear of the lateral meniscus, there may be 
limited flexion and an audible or palpable 'clunk' on 
flexion. Macmurray' s test for meniscal injury (rotatio­
nal stress while extending the knee from almost full 
flexion) is not recommended as it may be very painful 
(including patellofemoral stress) and risks locking the 
meniscal fragment. 

A locked knee represents a surgical emergency, 
because of the risk of further damage including anter­
ior cruciate rupture. Urgent arthroscopy is indicated. 

Examination for stabi l ity 

Test the integrity of the collateral ligaments with the 
knee flexed to about 20° . The examiner controls the 
patient's foot and ankle between the arms and chest 
wall and then applies a valgus or varus stress on the 
tibia . Separation of the tibia from the femur at the 
joint-line should be checked for. 

Medial collateral ligament 
Valgus stretch is applied with the knee in flexion (Fig. 
13) (if positive with the knee in extension, it denotes a 
posterior cruciate tear) . Minor symmetrical stretch is 
normal, with up to 5 mm separation. In medial liga­
ment injury or lesions, the following patterns are 
found. 

Fig. 13  The test of medial stabil ity (arrow denotes direction of 
lateral stress). 

• Mild (1st degree): there is a minimal tear with local 
tenderness and less than 5 mm separation (stable) .  

• Moderate (2nd degree): there is a moderate tear with 
marked local tenderness and between 5 and 10 mm 
separation. 

• Severe (3rd degree):  there is more than 10 mm separ­
ation (unstable joint) . 

Lateral collateral ligament 
Varus stretch is applied with knee in flexion (as 
medial) .  Injury to the lateral collateral ligament is 
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much less common than injury to the medial as adduc­
tion stress in flexion is much less frequent in sport. If it 
occurs, the former is usually a complex injury, with 
lateral capsular ligament, biceps tendon, popliteus 
and occasionally iliotibial tract injury. 

Anterior stability 
Anterior cruciate tear is best defined by the Lachman' s 
and pivot shift tests . 

Lachman's test for anterior cruciate laxity (Fig. 14): 
with the knee flexed to 20-30°, the femur is grasped 
with the left hand and the tibia with the right. Then an 
attempt to pull the tibia forwards (on the femur) is 
made. 

Fig. 1 4  Lachman's test, shown i n  1 0-20° flexion (arrow denotes 
direction of stress) . 

Pivot shift test (Fig . 15) :  the lower leg, with the foot 
internally rotated, is supported by the examiner while 
applying a valgus force, as the knee is flexed from full 
extension. A tear of the anterior cruciate, because it 
produces anterior subluxation of the tibia on the 
femur, causes a jump at about 30° when the tibia 
reduces as the knee is flexed, sliding backwards into 
its correct position on the femur. 

�\ 

Fig. 1 5  The pivot shift test. Note: the test begins in extension, the 
shift occurring as the knee is flexed. ( I l lustrates position when tibia 
reduces as the knee is flexed from fu l l  extension.) 
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Fig. 16 The anterior drawer test (arrow denotes direction of pull). 

Anterior drawer test (Fig. 16) :  the anterior drawer test 
is a less satisfactory test for anterior cruciate laxity but 
may have to be used by those finding the Lachman' s 
test difficult to perform. With the knee in 90° of flexion, 
the examiner pulls forward with both hands ' on the 
upper posterior calf. Interpretation of the test is 
dependent on the position of the femur. In the neutral 
position it tests the capsule and anterior cruciate . With 
the tibia in internal rotation it tests the posterior 
cruciate (Fig. 16) .  A pure anterior drawer movement in 
neutral with the knee at 90° and relaxed hamstrings is 
termed the anterior drawer sign . When the tibia is 
internally rotated, the posterior cruciate is tight, so the 
anterior drawer movement cannot be achieved. 
Therefore a positive anterior drawer in internal 
rotation points to a torn posterior cruciate ligament. 
The interpretation of the anterior drawer test is there-
fore positive: 

· 

• in internal rotation-torn posterior cruciate; 
• in neutral with equal tibial condyle movement­

torn anterior cruciate with anteromedial/ 
anterolateral laxity; 

• in neutral with lateral tibial condyle movement­
anterolateral (accentuated by the anterior 
cruciate); 

• in neutral with medial movement: anteromedial 
(accentuated by anterior cruciate) . 

Posterior stability 
The posterior drawer test is used when posterior 
cruciate tear is suspected. With the knee in 90° flexion, 
the alignment of the knee in relation to the femur is 
observed and compared with the opposite knee to see 
if there is posterior subluxation of the tibia .  If there is 
subluxation, performing an anterior drawer test will 
correct this position to the normal (hence posterior 
drawer sign), thus distinguishing the signs from those 
of anterior cruciate rupture . 

The knee 

The Tibiofibular Joint 

The tibia and fibula are connected at their upper and 
lower ends by joints-the superior and inferior tibiofi­
bular joints-and their shafts are joined by the crural 
interosseus membrane. 

The superior tibiofibular joint 

This is a plane joint with flat oval articular surfaces 
(facets) between the lateral condyle of the tibia and the 
fibular head . 

The capsular ligament attaches to the margins of the 
facets and is much thicker anteriorly. The synovial 
membrane of the joint may in some cases commu­
nicate with the knee j oint through the popliteal bursa. 
The anterior ligament is two or three flat bands passing 
from the front of the fibular head obliquely upwards to 
the front of the lateral tibial condyle . The posterior 
ligament is a thick band from the back of the fibular 
head passing upwards obliquely to posterior aspect of 
lateral tibial condyle . 

The anterior tibial vessels pass between the tibia and 
fibula, through a gap in the upper interosseous mem­
brane just below the fibular head. 

The lateral popliteal nerve follows a line drawn from 
the apex of the popliteal fossa downwards and later­
ally along the medial side of the biceps tendon to the 
posterior head of the fibula-it can be rolled against the 
bone at this site. It lies between the biceps femoris 
tendon and lateral head of gastrocnemius, winding 
around the fibular neck deep to the peroneus longus. 
and then divides into musculocutaneous and anterior 
tibial nerves. 

Examination 

Look for swelling by observing any difference 
between the two sides in the contour of the lateral 
aspects below the joint. This is best observed from 
above with the knees flexed. 

Palpate the joint-line for tenderness and then assess 
laxity by flexing the knee to about 85° and then pulling 
forward with three fingers pressing forward on the 
head and neck of the fibula . Note any sensory symp­
toms produced by these manceuvres or by tapping the 
back of the fibular head (Tinel's test), indicating irrita­
tion of the lateral popliteal nerve . 

Local Aspiration and Injection 

Arthrocentesis of the knee joint 

There are four major entry sites suitable for knee aspir­
ation, medial retropatellar, lateral retropatellar, supra-



Local aspiration and injection 

patellar and anterior. Whatever the approach used, 
corticosteroids should only be injected into the joint if 
a clear diagnosis which justifies injection has been 
made. A strict aseptic technique is essential for any 
aspiration. 

The knee is the easiest joint to enter and, since it is 
commonly affected by inflammatory joint disease and 
noninflammatory effusions, it is the joint most fre­
quently aspirated as a means of both diagnosis and 
treatment. The large capacity of the joint and the very 
large synovial surface area may result in huge effu­
sions, but also a significant absorption of corticoster­
oid when injected into the joint, which may result in 
sufficient blood levels to produce a systemic 'steroid 
boost' effect. Aspiration to dryness may in itself give 
considerable pain relief and, where a large popliteal 
cyst has formed, removal of the fluid, allowing decom­
pression of the cyst, may allow the knee to regain full 
extension. 

Medial retropatellar approach 
The medial approach is the easiest when there is a 
moderate or large effusion. This is performed with the 
patient lying supine on a firm couch with the lower 
limbs extended. It is essential to encourage the patient 
to relax, so that the quadriceps muscle is not tensed as 
this will clamp the patella down into the patellar 
groove, blocking needle introduction. 

The site of entry medially (Fig. 17) is just below the 
midpoint of the patella.  The needle is introduced in a 
line towards the supra patellar pouch. It is important to 
aspirate back as the needle is progressed, as fluid may 
be found after/above only 1 . 5  cm of penetration. In this 
way, too deep introduction of the needle, with pos­
sible damage to the articular cartilage, will be avoided . 

As the fluid is aspirated it can be 'milked down' by 
controlled pressure with one hand over the supra­
patellar pouch. 

Fig. 1 7  Arthrocentesis of the left knee. Medial approach. 

Lateral retropatellar approach 
The patient should lie flat and supine with the knee 
extended. The line of injection is at the point of the 
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Fig. 1 8  Arthrocentesis of the left knee. Lateral approach. 

junction of the middle and upper thirds of the patella 
(Fig. 18) .  One hand can be placed on the inner aspect 
of the patella and used to slightly displace the patella 
laterally, which increases the gap between patella and 
femur laterally. The needle (21 gauge is usually suffi­
cient) should be introduced at the junction point 
described above, upwards towards the suprapatellar 
pouch. As the needle is introduced, aspiration back 
should be performed and this will prevent pushing the 
needle too far (which usually means introduction into 
fatty tissue behind the suprapatellar pouch) .  

Suprapatellar approach 
If there is a very large effusion, expanding the supra­
pa tellar bursa, the needle can be introduced into the 
suprapatellar pouch above and just lateral to the 
patella . 

Anterior approach 
An anterior approach, with the knee flexed to 90°, was 
favoured by some clinicians as it avoided the risk of 
needling articular cartilage, but it is rarely used now. 

The needle is inserted just below the patella pole 
and to the side of the patellar tendon.  It is introduced 
parallel to the line of the tibial plateau, entering the 
intercondylar fossa between the medial and lateral 
condyles after 4-5 cm. 

Corticosteroid injection 

Where a clear diagnosis meriting corticosteroid injec­
tion has been made, a long-acting preparation, such as 
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triamcinolone hexacetonide or methylprednisolone 
acetate, should be introduced .  The patient should be 
advised to reduce walking and knee exercising for the 
immediate 24--48 h period after injection, to reduce 
systemic absorption of the drug. 

Soft-tissue injection around the knee 

Many painful soft-tissue conditions around the knee 
respond to local corticosteroid injection. However, a 
clear indication for injection must be confirmed and 
accurate anatomical localisation of the injection 
defined .  

The most common conditions requiring injection 
and their localisation are described below. They are all 
best injected using a short-acting preparation (hydro­
cortisone acetate 25 . 0-37 .5  mg) mixed with a small 
volume of lignocaine, provided there is no history of 
previous allergic reaction. 

Bursitis 
It is essential that, if an infected bursa is suspected 
(usually prepatellar), the needle is not introduced into 
the knee joint itself, as this carries the risk of spreading 
infection into the joint. Even in a septic bursitis, fluid 
may not be obtained, but a small volume of local 
anaesthetic or sterile saline can be injected and then 
aspirated back to provide a specimen for culture. 

The prepatellar bursa (Fig. 19) should be injected 

Patella 

Quadriceps muscle 

The knee 

towards the centre of the maximum point of fluc­
tuance, usually over or just below the lower portion of 
the patella, with the needle at an angle of about 30° to 
the skin. 

The deep infrapatellar bursa should be approached 
from either the medial or lateral aspect and the needle 
directed deep to the patellar ligament, proximal to its 
insertion to the tibial tubercle.  This may be enlarged 
due to Osgood-Schlatter's disease previously with 
calcific debris behind the ligament irritating this and 
the bursa. Frequent recurrence despite injection 
should be treated surgically. 

Attachment lesions in osteoarthritis of the knee 
In osteoarthritis of the knee, pain is commonly 
localised to one of the collateral ligament attachments 
(usually the medial), and may be elicited by stress 
testing or by finding tenderness by pressing with one 
finger over the attachment (Fig. 20) . Infiltration of the 
tender area with hydrocortisone is often very helpful, 
provided there is no major instability. 

In patellofemoral osteoarthritis, persistent and 
localised tender sites in the patellar retinaculum 
attachment to the patellar borders may respond to 
local injection, but the needle should not enter the 
joint. These tender sites must be localised accurately 
by displacing the patella with one hand and then 
palpating the patellar edge on the opposite side with 
one finger (Fig. 21 ) .  A tender medial plica, which can be 

Superficial infrapatellar bursa 

Fig. 1 9  Soft-tissue injection of the anterior structures of the knee. I ,  Prepatellar bursa; 2 ,  deep infrapatellar bursa; 3 ,  patellar pole tendonitis. 



Local Aspiration and Injection 

POSTERIOR 

ll.L-h+H�--Femoral attachment 
of the medial 
collateral ligament 

ANTERIOR 

Medial collateral ligament 

Patellar ligament 

Sartorius 

Gracilis 

\i--N--hlff---- Semitendinosus 

Medial collateral ligament 

Fig. 20 Localisation of tender sites: schematic representation of the 
important attachment points on the medial aspect of the left knee. 

Fig. 2 1  Method of palpation for localised medial patellar tenderness 
before local injection. Arrow indicates site of medial patel la plica. 

rolled under the finger at about the midpoint of the 
medial aspect of the patella, should be excluded in the 
athlete . 

Tendinitis 
Chronic inflammation at the attachment of the patellar 
tendon (ligament) to the inferior patellar pole, and less 
commonly the superior patellar pole, usually 
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responds well to local injection, provided there is no 
deep-seated necrotic tendon lesion, with extension of 
tenderness down the patellar tendon . These more 
serious tendon lesions can be confirmed by ultra­
sound, computerised tomography or nuclear magne­
tic resonance scanning and may require surgical 
intervention. 

The inferior patellar attachment should be injected 
(Fig. 19) by accurately localising the maximal point of 
tenderness and then by directing the needle, after 
insertion just to the side of the tendon, at an angle of 
about 45°, with the knee extended so that the posterior 
attachment is infiltrated together with the para tendon 
as the needle is withdrawn. About 7 days after injec­
tion a graduated restrengthening programme of quad­
riceps exercises must be followed as full recovery of 
tendon strength takes many months. 

lliotibia/ band syndrome 
Injection should be directed towards the most tender 
site, which is most commonly where the iliotibial band 
slips backwards and forwards over the lateral femoral 
condyle as the knee flexes and extends, particularly in 
distance road runners (especially camber running) . 
There may be swelling due to a burstis under the 
iliotibial band which should be injected (Fig. 22) . 

lliotibial band 

LATERAL 

Injection of bursa 
under the iliotibial 
band at the lateral 
femoral condyle 

Fig. 22 Injection of the i l iotibial band syndrome. 

MEDIAL 
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THE FOOT AND ANKLE 

The foot and ankle are specially designed to transmit 
body weight. The joints are capable of adjusting to 
cope with various terrains and the thick heel and toe 
pads are designed as 'shock absorbers' .  In addition to 
being targets for systemic arthropathies, because of 
concentrated stresses, the foot and ankle often 
develop static deformities .  

Anatomy 

The joints (Figs 1 and 2) 

The distal tibiofibular joint 
This is a fibrous joint which allows slight separation 
during ankle dorsiflexion. It is strengthened by anter­
ior and posterior ligaments and a deep transverse 
tibiofibular ligament. 

The ankle joint (talocrural) 
This is a hinge joint between the distal tibia and fibula 
and the trochlear of the talus. The medial and lateral 
malleoli project distally to form a mortise that holds 
the talus preventing rotation or lateral flexion. The 
tibia in fact forms the weight-bearing portion of the 
ankle joint and the axis of movement passes through 

Lateral 
malleolus 

Peroneal _-1---+�---<' 
tuberosity 

Cuboid 

Styloid process 

5th MTP joint 

T rochlea of talus 

Fig. I The bony anatomy of the foot and ankle---lateral aspect. 
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Calcaneus 

Fig. 2 The bony anatomy of the foot and ankle---medial aspect. 

the malleoli. The trochlea of the talus is wider anter­
iorly than posteriorly. Therefore the ankle is more 
stable in dorsiflexion, as in ascending inclines, than in 
plantar flexion, as in descending. The joint capsule is 
attached around the articular margins of the tibia, 
fibula and talus. It is lax and weak on the anterior and 
posterior aspects of the ankle and anteriorly it is parti­
cularly extensive extending from the tibia to a point 
approximately 1 cm distal to the neck of the talus. The 
capsule is lined by synovium, and the articular cavity 
does not communicate with other joints or bursae. At 
the sides, the joint is strengthened by collateral liga­
ments (Fig. 3) . The lateral collateral ligament is in three 
distinct bands each of which can be separately 
damaged in a sprain injury. The medial (deltoid) liga­
ment is triangular shaped j oining the medial malleolus 
to the talus, navicular and calcaneus. It is stronger 
than the lateral ligament, and during eversion injury, 
rather than ligament rupture, the medial malleolus is 
fractured. 

The intertarsal joints 
The foot has three functional units, the hindfoot 
comprising the calcaneus and talus, the midfoot 



Anatomy 

Medial collateral 
ligament 

', I 
(1 , , ,'! 

Hrl---"i\t-' __ lnterosseus ligament 

;;;,.11J11-----Lateral collateral 
ligament 

Fig. 3 Major ligaments of the ankle (talocrural) joint. 

comprising five small tarsal bones, and the forefoot 
consisting of the metatarsals and phalanges. The 
subtalar (talocalcaneal) joint is between the concave facet 
on the upper surface of the talus and the posterior 
convex facet on the upper surface of the calcaneus. It is 
sometimes known as the posterior subtalar joint. It 
permits inversion and eversion of the foot allowing 
one to stand upright on a sloping surface . The mid­
tarsal joint is a composite formed by the talocalcaneo­
navicular joint and the calcaneocuboid joint. It allows the 
forefoot to invert (supinate) and evert (pronate) on the 
midfoot and other intertarsal j oints and the tarsometa­
tarsal joints add to the movement. The talocalcaneo­
navicular joint is a ball-and-socket joint between the 
head of the talus and a socket formed by the concave 
posterior surface of the navicular and anterior facet in 
the upper surface of the calcaneus (sometimes known 
as the anterior subtalar joint) . 

The metatarsopha/angeal joints and 
interpha/angeal joints 
These are ellipsoid j oints similar to the metacarpopha­
langeal joints of the hand. Each joint has a thick plan­
tar (volar) plate, the plates being connected by the 
deep transverse metatarsal ligament. Two sesamoid 
bones are embedded into the volar plate beneath the 
hallux. The joints are flexed by the intrinsic muscles of 
the foot, while the extensor hallucis longus and exten­
sor digitorum longus and brevis are dorsiflexors. 
The interphalangeal joints are hinge j oints which flex 
during the push-off phase of gait. In addition to help­
ing to provide leverage for propelling the body for­
wards, the toes also provide stability and balance in 
both standing and movement by their gripping action 
on the ground. 

Spring ligament 

Plantar fascia ligament 

Fig. 4 Ligaments supporting the longitudinal arch. 

The arch of the foot 

9 1  

This enables the weight of the body to be equally 
distributed between the posterior part of the 
calcaneus, which forms the prominence of the heel, 
and the heads of the four metatarsals and the two 
sesamoids of the first metatarsal anteriorly. The basic 
structure of the arch, which has a longitudinal and 
transverse component, is provided by the shape of the 
small bones of the foot united by many articular joints 
and supported by ligaments and muscles to provide 
flexibility and spring to facilitate walking and running. 

The longitudinal arch is high and flexible on the 
medial side where it is formed by the medial three 
metatarsals, cuneiforms, navicular, talus and 
calcaneus.  It is supported by several layers of liga­
ments (Fig. 4) .  Deepest is the strong spring ligament 
(plantar calcaneonavicular ligament), a broad thick 
band which connects the medial projection of the 
calcaneus (sustentaculum tali) to the navicular. Then 
the long and short plantar ligaments join the calcaneus 
to the metatarsal bones and the cuboid. The most 
superficial layer is the plantar fascia which extends 
from the posterior inferior surface of the calcaneus to 
the transverse metatarsal ligament and the flexor 
tendon sheath of the toes, and acts as a strong tie 
between the weight-bearing points of the foot. The 
lateral side of the longitudinal arch is low and rigid. 
The transverse arch is highest proximally across the 
cuboid and cuneiforms, and low distally across the 
metatarsal necks . 

Tendons and bursae 

Anterior to the ankle are three tendon sheaths held in 
place by the extensor retinaculum (Fig. 5) . This con­
sists of a superior part (transverse crural ligament) in 
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Peroneus brevis 
muscle 

Tendo 
calcaneus 

Superior _ __.,..... 
peroneal 

retinaculum 

Calcaneal 
fibular 

ligament 

Tibialis anterior 
muscle 

Anterior tibiofibular ligament 
Anterior talofibular ligament 

Inferior extensor retinaculum 

Lateral 
talocalcaneal 

ligament 
Inferior Peroneus Peroneus tertius tendon 
peroneal longus Peroneus brevis tendon 
retinaculum tendon 

Fig. S Major tendons and tendon sheaths on lateral aspect of the 
ankle and foot. 

the anterior and inferior portion of the leg and an 
inferior part (cruciate ligament) in the proximal 
portion of the dorsum of the foot. The medial tendon 
sheath contains the tibialis anterior, the central sheath 
contains the extensor hallucis longus, extensor digito­
rum and peroneus tertius. Behind and below the lat­
eral malleolus are the peroneus longus and brevis held 
down by the peroneal retinaculum, which consists of a 
superior and an inferior part. 

Behind and below the medial malleolus are the 
tendons of the tibialis posterior, flexor digitorum 
longus and flexor hallucis longus, each in a tendon 
sheath (Fig. 6) . These are held in place by the flexor 

Flexer digitorum 
longus 

Flexer hallucis 
longus 

Tibialis posterior 

Flexer -+-li!l!t---1'.-'-'7"-c:-: 
retinaculum 

Fig. 6 Tendons and tendon sheaths of the medial side of the ankle. 

Retroachilleal 
bursa 

The foot and ankle 

Medial- Lateral last bursa 

Plantar aponeurosis 
Retrocalcaneal bursa 

Subcalcaneal bursa 

Fig. 7 Bursae around the ankle. 

retinaculum. Posteriorly the Achilles tendon (tendo 
calcaneus), the common tendon of the gastrocnemius 
and soleus, is inserted into the posterior aspect of the 
calcaneus. There are bursae between the skin and the 
Achilles tendon, and between the tendon and the 
calcaneus (Fig. 7) . There is also a small bursa anterior 
to the medial and lateral malleolus.  

The tarsal tunnel lies between the medial malleolus 
and the calcaneus, roofed by the flexor retinaculum. In 
addition to tendons, the posterior tibial nerve passes 
through the tunnel. 

Development 

Lower limb buds first appear at about the fourth week 
of embryonic life . By 6-8 weeks proximal and distal 
segments are apparent and toes begin differentiation. 
Cartilaginous precursors of future bones develop. 
Bones of the foot are still largely cartilaginous at birth 
and are still deformable. Ossification occurs through­
out the first 3 years and fusion of the phalangeal and 
metatarsal epiphyses is complete by late adolescence. 
The arch of the foot does not appear until approxi­
mately the third year and can be delayed until ado­
lescence . 

Developmental abnormalities 

Clubfoot (talipes) is a deformity of the ankle and foot 
(Fig. 8). There may be plantar flexion of the ankle 
(talipes equinus) or dorsiflexion (talipes calcaneus) . 
Often there is an associated midfoot deformity, for 
example, talipes equinovarus or talipes calcaneo­
valgus. 



Symptoms 

Fig. 8 Talipes equinus (left) and calcaneus (right). 

Fig. 9 An abnormally high arch (pes cavus). 

Flat foot (pes planus) is where there is absence of a 
longitudinal arch . This may be associated with a 
valgus deformity of the midfoot. Pes cavus is the oppo­
site (Fig. 9) and is often associated with a varus 
deformity . Abnormal fibrous, bony or cartilaginous 
connections between the bones of the hind- and mid­
foot result in tarsal coalition. It often results in a pain­
ful, pronated gait because of lack of movement 
between the involved bones, with spasm of adjacent 
muscles. 

The metatarsals may be adducted . Involvement of 
the first metatarsal (metatarsus primus varus) is most 
common and may precede hallux valgus deformity. 
Toes may be shortened (brachydactyly), fused (syndac­
tyly), decreased in number (hypodactyly), absent (adac­
tyly) or there may be extra toes (polydactyly) . 

Symptoms 

Pain is the principal symptom. In synovitis, pain is 
often diffuse and accompanied by prolonged stiffness, 
typically in the mornings. When due to static deformi­
ties, osteoarthritis and metatarsalgia, pain is more 
obviously associated with weight-bearing. Pain from 
the talocrural and the subtalar j oints arises from the 
ankle and is aggravated by standing or walking, parti­
cularly on uneven terrain in the case of the subtalar 
joints. With the midtarsal joints pain is felt midway 
down the foot, while in the case of the MTP joints 
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Fig. I 0 Innervation of the foot and ankle. 
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there i s  a characteristic sensation o f  'walking on 
marbles', with pain localised to the metatarsal heads. 
Burning pain in the soles and toes may be caused by 
plantar neuralgia, Morton's neuroma (which often 
causes burning pain between the 3rd and 4th digits) 
and a tarsal tunnel syndrome. 

The innervation of the foot is shown in Figure 10. 
The spine and all the other lower extremity joints 
should be examined, since pathology of these sites can 
be the cause of pain referred to the foot and ankle. 

Referred pain from irritation of the first sacral nerve 
root affects the heel and the lateral side of the foot, is 
exacerbated by straight-leg raising, and may be 
accompanied by other neurological signs. 

Tarsal tunnel syndrome 

This is caused by entrapment of the posterior tibial 
nerve beneath the flexor retinaculum behind and 
under the medial malleolus .  Symptoms of burning, 
tingling and numbness can be felt throughout the 
distribution of the posterior tibial nerve but is often 
most pronounced in the toes and the distal part of the 
sole. Often there is tenderness along the nerve at the 
margin of the medial malleolus, and there may be the 
equivalent of a Tinel's sign. Sometimes there is 
reduced pin-prick sensation but motor weakness and 
atrophy of the toe flexors and abductor hallucis is not 
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common. Neurophysiological tests may demonstrate 
prolonged nerve conduction distal to the com­
pression. 

Examination 

Inspection 

Examination of the foot and ankle must include 
inspection of the whole lower limb and therefore the 
patient should remove clothing from the waist down. 
The ankle and foot are inspected both resting and 
standing, together with the footwear which can pro­
vide important clues. Both sides are compared from all 
angles for swelling, deformities, the location of 
calluses and bursal reactions, the presence of other 
cutaneous manifestations and the appearance of the 
nails. 

Inflammation producing capsular distension of the 
ankle joint produces diffuse swelling anteriorly, 
which obliterates the small depressions normally 
present in front of the malleoli. Sometimes there is 
swelling in the area of the tarsal tunnel just posterior to 
the joint between the malleoli and the Achilles tendon. 
Swelling of the ankle may be accentuated by dor­
siflexion and inversion of the foot, which produces 
bulging beneath the extensor tendons in front of the 
lateral and medial malleolar ligaments. 

Capsular distension of the midtarsal joint is less 
common but can produce diffuse swelling over the 
dorsum of the hindfoot. The MTP joints, however, 
frequently become swollen, being apparent in the 
dorsum of the forefoot and obscuring the visibility of 
the extensor tendons. Associated inflammation of 
ligaments bracing the forefoot results in spreading the 
metatarsals and toes. 

Tenosynovitis of ankle extensors produces linear 
swelling across the ankle joint. Digital flexor teno­
synovitis produces 'sausage' toes, which are char­
acteristic of psoriatic arthritis . 

In oedematous states, fluid collects below and 
behind the malleoli where tissues are most lax, pro­
ducing swelling that pits . 

In pes planus or flat foot there is loss of the longitud­
inal arch. In extreme cases the translocated talus and 
navicula produce a prominence in front of and slightly 
below the medial malleolus. The converse is pes 
cavus, which is mostly the result of neurological 
disease such as spina bifida and cerebellar ataxia . 
Fixed plantar flexion of the foot (talipes equinus) is 
usually the result of spastic paralysis but can occur in 
rheumatoid arthritis as a result of shortening of the 
Achilles . Deformities of the subtalar joint, calcaneo­
valgus (eversion) or calcaneovarus (inversion) are best 
observed from the back. 

The foot and ankle 

Fig. 1 1  Hallux valgus with spread of the forefoot. 

The commonest deformity of the big toe is hallux 
valgus (Fig. 1 1 ) .  There is lateral deviation of the big toe 
as a result of abnormal angulation and rotation of the 
first MTP joint. The first metatarsal deviates medially, 
resulting in increased width of the forefoot. Fre­
quently there is a bursal reaction resulting in a bunion 
over the medial aspect of the joint. A hammer toe 
deformity (Fig. 12) results from hyperextension of the 
MTP joint, flexion of the proximal interphalangeal 
joint (PIP) and hyperextension of the distal interpha­
langeal joint (DIP) . A callus often develops over the 
prominent PIP joint. The second toe is most often 
affected and this is frequently associated with hallux 
valgus of the big toe . This may occur with or without 
arthritis as an underlying cause . Sometimes the DIP is 

Fig. 1 2  Hammer toe deformity. 
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Fig. 1 3  Claw toe deformity. 
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in a neutral position so that the tip of the toe touches 
the floor. This is a 'mallet toe' . 

Cock-up (or claw) toe deformities (Fig. 13) are the 
result of flexion of the interphalangeal joints second­
ary to plantar subluxation of the MTP joints . There is 
often callus formation on the sole over the metatarsal 
heads and metatarsal spread due to weakening of the 
transverse metatarsal ligament. This is associated with 
a polyarthritis such as rheumatoid arthritis. Severe 
articular damage of the interphalangeal joints results 
in hyperextension deformities of the toes .  Also there 
can be lateral displacement of the proximal phalanges 
on the metatarsal head of all the toes, equivalent to 
'ulnar deviation' of the fingers, leading to overlapping 
of the toes (Figs 14 and 15) .  

Fig. 1 4  Hallux valgus and cock-up toe deformities due t o  subluxation 
MTPs in rheumatoid arthritis. 
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Fig. 15 Severe hyperextension deformities associated with sublux­
ation of the interphalangeal joints due to rheumatoid arthritis, resulting 
in flailing toes. 

Abnormalities of gait may be observed. These 
include the toe-out gait, with outward displacement of 
the forefoot and an attempt to walk by rolling the foot 
from the lateral to the medial side.  This happens in 
patients with painful ankles and often results in an 
eversion deformity and loss of the longitudinal arch so 
that the patient walks on the medial aspect of the foot. 
A toe-in gait (pigeon-toe) is due to inward 
displacement of the forefoot which is often congenital 
and associated with inversion of the foot. Those with a 
painful heel will not allow the heel to strike the 
ground, and a foot drop results in a typical 'slap' of the 
foot on the ground. 

When examining the shoes, a broken medial 
counter is typical of flat feet, excessive wear of the 
lateral border of the shoe is typical of hallux rigidus 
and scuffed toes occur in those with a dropped foot. 

In addition to defining calluses, examination of the 
skin and nails may demonstrate psoriasis or other 
characteristic lesions such as keratoderma blenorr­
hagica . Dependent rubor indicates vascular disease. 

Palpation 

The examiner is best facing the patient who sits on the 
edge of the couch with the legs dangling free. With 
one hand cupping the heel to support the foot, the 
examiner palpates the anterior aspect of the ankle and 
forefoot with the fingers (Fig . 16) or thumb (Fig. 17) of 
the other hand.  An alternative method is to support 
the foot with the fingers of both hands and use both 
thumbs to palpate the tissue anteriorly (Fig. 18). Since 
synovial reflection is most extensive over the anterior 
aspect of the joint, synovial thickening or effusion is 
likely to be palpable anteriorly. Sometimes it is best 
palpated medially and laterally between the extensor 
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Fig. 1 6  Palpation of the ankle. The patient's foot is supported by the 
examiner's hand which compresses the posterior aspect of the articular 
capsule. This distends the articular capsule and synovial membrane 
anteriorly, where they can be palpated by the fingers of the examiner's 
hand. 

Fig. 1 7  Palpation of the ankle using the thumb. 

retinaculum and malleoli. By compressing the area 
beneath and behind the medial and lateral malleoli 
with the supporting hand, thus compressing the pos­
terior aspect of the articular capsule, the anterior 
capsule can be distended with synovial fluid. The 
anterior capsule is best palpated for tenderness over 

The foot and ankle 

Fig. 1 8  Alternative method of palpating the ankle. 

the joint-line medial to the tendon of tibialis anterior 
(the most medial of the three extensor tendons). Teno­
synovitis overlying the anterior aspect of the ankle 
joint can be distinguished from underlying synovitis 
by more superficial linear swelling and tenderness, 
which extends beyond the joint margin, over the dis­
tribution of the tendon sheaths. Pain produced by 
resisted movement of the affected tendon is also char­
acteristic. 

The subtalar joint is not accessible to palpation but 
the intertarsal joints can be palpated for swelling and 
tenderness, which is mainly detected in the dorsum of 
the foot. The head of the talus becomes prominent on 
the medial side of the foot in pes planus (Fig. 19), and 

Fig. 19 Pes planus-the talar head displaces medially and 
plantarward. 
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there may be overlying tenderness and callus from 
pressing against the shoe (Fig. 20) . In children there 
may be tenderness over the navicular tubercle as a 
result of osteonecrosis (Fig. 21 ) .  

The MTP joints are palpated between the exam­
iner's thumbs on the dorsum of the foot, and the 
forefinger on the plantar aspect over the metatarsal 
head. Each joint is examined individually for soft­
tissue thickening, deformity and tenderness (Fig. 22) .  
The medial aspect of  the first MTP is a common site for 
a tender and inflamed bursa (Fig. 23) . It is also a 
common site for tophi. In the presence of chronic 
synovitis, there is frequently subluxation of the MTP 
joints with dorsal displacement of the proximal pha-

Fig. 20 Left: medial prominence of the head of the talus in pes planus. 
Right: callosity development over the head of the talus in association 
with shoe-wearing. 

Fig. 2 1  The navicular tubercle (arrow). 
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lanx and loss of the normal fat pad under the metatar­
sal bones so that the metatarsal heads are easily 
palpated. Synovial proliferation and j oint effusion can 
be palpated as soft-tissue thickening partially 
obliterating the grooves between adjacent metatarsal 
heads . Sometimes tenderness over specific joints 

Fig. 22 Palpation of metatarsophalangeal joints of the foot. Left: 
plantar view. Right: lateral view. The forefinger is palpating deeply 
between the second and third metatarsal head. 

Fig. 23 The medial aspect of the first MTP is a common site for an 
inflamed bursa. 
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Fig. 24 Metatarsal compression test. 

cannot be elicited but this important sign of synovitis 
may be obtained by grasping the forefoot and squeez­
ing the metatarsal heads together between the thumb 
on one side of the foot and the fingers on the other (the 
metatarsal compression test-Fig 24) . 

Sharply localised tenderness between the 3rd and 
4th (less commonly between the 2nd and 3rd) metatar­
sal heads is characteristic of Morton's interdigital neu­
roma. Tenderness may be accompanied by altered 
sensation on the lateral and medial aspects of the 3rd 
and 4th toes, respectively and, very occasionally, a 
large interdigital neuroma may be palpated. Localised 

Fig. 25 Palpation of the Achilles tendon (left) and calcaneal bursa (right). 

The foot and ankle 

tenderness over the dorsum of the 2nd or 3rd metatar­
sal (although any metatarsal can be involved) may 
indicate a 'march' fracture. 

The thumb and forefinger are used to palpate the 
interphalangeal joints of the toes .  Swelling and 
tenderness due to synovitis are most prominent on the 
medial and lateral aspects of the joint. The Achilles 
tendon is palpated between thumb and forefinger for 
swelling, tenderness and the presence of nodules such 
as rheumatoid nodules, xanthomata or tophi. There 
are both local and systemic causes of tenosynovitis of 
the Achilles tendon, and these may also cause 
inflammation of related structures. The calcaneal 
bursa, for example, lying between the skin and the 
insertion of the Achilles tendon, is particularly subject 
to local trauma (Fig. 25) . On the other hand, inflam­
mation of the deeper retrocalcaneal bursa between the 
calcaneus and the Achilles tendon may signify 
inflammation due to a systemic cause . After rupture of 
the Achilles tendon, a defect may be palpable . To test 
the continuity of the tendon, the patient lies prone on 
the couch. On squeezing the calf, the normal plantar 
flexion of the foot is greatly reduced or absent after 
rupture of the tendon (Fig. 26) . 

The plantar surface of the foot should be smooth 
and non-tender. Tenderness on the sole near the heel 
may indicate plantar fasciitis, which may be the result 
of local trauma of part of a systemic disorder. Some­
times the tenderness arises from soft tissues overlying 
a bony spur on the plantar surface of the calcaneum, 
near the site of attachment of the plantar fascia 
(Fig. 27) . 
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Fig. 26 Testing for continuity of the gastrocnemius and soleus 
muscles' common tendon. Absence of plantar flexion of the foot 
indicates a ruptured Achilles tendon. 

Range of movements 

Figure 28 illustrates techniques to screen for gross 
restriction of ankle and foot movement. These should 
be followed by more detailed examination of the pass­
ive range of movements. 

Ankles 
Movements should be tested with the knees flexed 
and the legs dangling to relax the gastrocnemius. Sta­
bilise the subtalar joint by grasping the calcaneum, 
and avoid forefoot movement by inverting the forefoot 
and pushing the foot as one unit with the examiner's 
other hand into dorsiflexion and plantar flexion (Fig. 
29). In the damaged j oint the movement is restricted, 
painful and often accompanied by crepitus. In syno­
vitis, the range is restricted and the extremes of dor­
siflexion and plantar flexion are painful . Restricted 
movement may also be due to periarticular oedema 

Fig. 28 Quick tests for foot and ankle range of motion. 
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Fig. 27 Testing for tenderness over the site of attachment of the 
planta fascia. 

from various causes and contraction of the joint 
capsule and periarticular tissues. 

To examine movements of the subtalar joint, sta­
bilise the distal leg with one hand and grasp the heel 
with the other to move the foot into inversion and 
eversion (Fig. 30) .  Movement of the midtarsal joint is 
tested by holding the calcaneum in one hand and 
rotating the foot with the other in the plane of the sole 
of the foot (Fig. 31 ,  showing 30° inversion and 40° 
eversion) . Figure 32 shows the range of flexion and 
extension in the 1st MTP. The other MTP joints have 
approximately 40° of flexion and extension. The PIP 
joints flex to approximately 50°, and the DIPs to 
approximately 40° with a varying degree of extension 
up to 30°. 

Tests of stability 
The anterior drawer signs tests the integrity of the 
anterior talofibular ligament (Fig. 33) . Placing one 
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Fig. 29 Testing ankle dorsiflexion (left) and plantar flexion (right). 

Fig. 30 Testing inversion (left) and eversion (right) of the subtalar joint. 

hand on the anterior aspect of the lower tibia, the 
examiner grasps the calcaneus with the other hand 
and draws the calcaneus and talus anteriorly while 
pushing the tibia posteriorly. Movement, which is 
normally not present, indicates tear of the ligament 
usually as a result of a severe sprain. To test for lateral 
instability, which results from damage to both the 
anterior talofibular ligament and the calcaneofibular 
ligament, invert the calcaneus .  On the lateral side a 
'gap' appears between the talus and the calcaneus 
(Fig. 34) . For deltoid ligament insufficiency the 
calcaneus is everted and a gap develops between the 
talus and calcaneum. 

Muscle testing (Table 1) 
Plantar flexion. Unless there is major foot deformity, 

The foot and ankle 

inability of the patient to walk on toes indicates signifi­
cant muscle weakness. Gross muscle weakness can 
also be assessed when the patient lies supine with legs 
extended and a pad under the knees to prevent hyper­
extension. Stabilising the lower leg with one hand, the 
examiner's other hand provides graded resistance to 
plantar flexion (Fig. 35) .  

Dorsiflexion and inversion. If the patient can walk on 
his or her heels, muscle strength is considered normal. 
Alternatively, test the tibialis anterior with the patient 
sitting, using one hand to stabilise the lower leg and 
the other to provide resistance to flexion and inversion 
(Fig. 36) . 

Eversion of the foot. If the patient is able to walk on 
the medial borders of the feet, muscle strength is 
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Fig. 3 1  Rotation of the midtarsal joint. 
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Fig. 32 The range of flex Ion and extension in the I st MTP. 

normal. It can be tested manually by stabilising the 
foot and resisting plantar flexion and eversion by 
pushing against the lateral border of the foot (Fig. 37) . 

Inversion of the foot. The tibialis posterior is tested by 
stabilising the lower leg with one hand and having the 

� f 
' /  

· -----� 

I O I  

Fig. 33 The anterior drawer sign tests the anterior talofibular 
ligament. Movement indicates a tear of the ligament. 

Fig. 34 Evaluating stability of the anterior talofibular and calcaneo­
fibular l igaments: if they are torn, the ankle is unstable. 

patient plantar flex and invert the foot while the exam­
iner resists this movement with the other hand. 

Flexion and extension of the toes. To test flexion and 
extension of the big toe, the foot is stabilised with one 
hand in the midtarsal region and flexion at the MTP 
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Table I .  Nerve roots, peripheral nerves and muscles involved in 

movement of the ankle and foot 

Nerve Peripheral 
Movement root nerve Muscles 

Plantar flexion S I  S2 Tibial Gastrocnemius, 

soleus (accessory 

muscles: tibialis 

posterior, 

peroneus longus 

and brevis, flexor 

hallucis longus, 

flexor digitorum 

longus, plantaris) 

Dorsiflexion L4 LS Deep peroneal Tibialis anterior 

and inversion 

Inversion (in LS S I  Tibial Tibialis posterior 
plantar 

flexion) 

Eversion S I  Superficial Peroneus longus 

peroneal and brevis 

Flexion of big 

toe 

MTP joint L4 LS S I  Medial plantar Flexer hallucis 

brevis 
IP joint LS S I  S2 Tibial nerve Flexer hallucis 

long us 

Extension of 

big toe 

MTP joint LS S I  Deep peroneal Extensor 

digitorum brevis 
IP joint L4 LS S I  Deep peroneal Extensor hallucis 

longus 

Flexion of toes 

2-S 

MTP joint L4 LS Medial ( 1 st Lumbricals 

lumbrical) 
S I  S2 Lateral (2nd to 4th 

lumbricals) plantar 

PIP joint L4 LS Medial plantar Flexer digitorum 

brevis 

DIP joint LS S I  Tibial Flexer digitorum 

longus 

Extension of L4 LS S I  Deep peroneal Extensor 

toes 2-S digitorum longus 

LS S I  Deep peroneal Extensor 

digitorum brevis 

and the IP joints are assessed against resistance pro­
vided by the examiner's other hand placed beneath 
the proximal phalanx. Extension is tested against 
resistance of the examiner's thumb on the nailbed with 
fingers on the ball of the foot to stabilise the metatar­
sal. To test the extensor hallucis longus, resistance 
must be applied distal to the IP joint. 

To test the flexors of the other toes, the patient flexes 

The foot and ankle 

� 
Fig. 35 Test for plantar flexors. 

Fig. 36 Test for dorsiflexion and inversion. 

Fig. 37 Testing the peroneus muscle. 
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Fig. 38 Testing the flexors of the 2nd to 5th toes. 

these joints against resistance provided by the exam­
iner's fingers, which are beneath the proximal row of 
phalanges (Fig. 38) . The MT and IP j oints should be 
unyielding. 

To test extension of the toes, the calcaneus is held to 
stabilise the foot and resistance to movement is pro­
vided by the thumb of the examiner's other hand on 
the dorsum of the toes .  These should be unyielding. 

Local Aspiration and Injection 

The ankle joint 

There are several approaches to aspirating and injec­
ting the ankle j oint. The anterior approach is described 
here . Injection of the ankle joint is more liable to be 
complicated by infection than other sites, perhaps 
because of the tendency to oedema . Therefore a 
careful aseptic technique is particularly important. 

With the foot in moderate plantar flexion, insert the 
needle in the space between the tibia and talus 
bounded medially by the tibialis anterior tendon and 
laterally by extensor hallucis longus tendon (Fig. 39) . It 
is important to direct the needle tangentially to the 
curve of the talus; the most common mistake is to 
direct the needle too much towards the heel. 

Posterior subtalar joint 

This often communicates with the ankle joint particu­
larly in rheumatoid arthritis .  Therefore injection speci-
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Extensor hallucis longus 

Medial malleolus 

Fig. 39 Anteromedial approach to injecting the ankle joint. 

fically into this joint, which can be difficult, is not often 
needed. The joint can be injected using a lateral 
approach with the patient lying prone . The landmarks 
(Fig. 40) are a horizontal line drawn 2 .5  cm above the 
distal end of the lateral malleolus, and a vertical line 
1 . 0  cm from the posterior border of the shaft of the 
fibula .  The point where these lines cross marks the site 
of entry. 

Fig. 40 Injection of the posterior subtalar joint. 

Midtarsal joint 

Injection is difficult. Sometimes a small-gauge needle 
can be inserted into an intertarsal joint space on the 
dorsum of the foot. 

Achi l les bursitis 

Approach from the lateral side of the heel, just above 
the top of the calcaneum. Direct the needle medially 



1 04 

and downwards into the bursa, which lies just 
beneath the skin. Avoid injecting the tendon per se. 

Plantar fasciitis 

Locate the site of maximum tenderness on the plantar 
surface of the heel. The needle can be inserted through 
the plantar surface or alternatively using a medial 
approach. Here, the needle is inserted through the 
thinner skin on the medial side of the heel so that the 
point lies beneath the tender spot, and the injection is 
made as close as possible to the bony surface into the 
tendinous insertion. 

Morton's neuroma 

Palpate for the point of maximum tenderness and 
inject. 

The foot and ankle 

Tenosynovitis of posterior tibial tendon 

Often the tendon sheath is swollen .  A tangential 
approach is used, directing the needle proximally. A 
correctly placed injection distends the tendon sheath 
further. 

A similar procedure is used for the peroneal tendon 
sheaths posterior to the lateral malleolus. 

Tarsal tunnel syndrome 

Inject under the flexor retinaculum between the 
calcaneus and the medial malleolus. 
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THE TEM POROMAN DIBULAR J OINT 

The articulation between mandible and cranium con­
sists of components that are concerned with masti­
cation, swallowing, speech and respiration, as well as 
mandibular posture and facial appearance. Disorders 
affecting the temporomandibular j oints may be conge­
nital, or arise from disease, degenerative processes, 
trauma or as a concomitant of occlusal stress . 

Anatomy 

The temporomandibular j oints are unique; the mandi­
ble connects the two joints so that they move in 
unison-one j oint cannot move alone . They are also 
the only joints whose movement is linked and guided 
by the dental occlusion, therefore tooth loss or dental 
restoration may affect the j oints. 

The primary components of the temporomandibu­
lar joint are the mandibular condyle, the articular 
surfaces of the temporal bone, the articular disc and 
the joint capsule (Fig. 1 ) .  The superior portion of the 
lateral pterygoid muscle is considered by some to be 
part of the joint because the disc is a direct extension of 
it; the inferior portion of the muscle attaches to the 
condyle . The temporomandibular joint contrasts with 

Posterior 
temporal 

attachment 

Head of 
condyle 

Posterior 
mandibular 
attachment 

Upper joint 
compartment 

Posterior band 
articular disc 

-Z-,�"2:'---Anterior band 
of articular disc 
Anterior 
temporal 
attachment 

Anterior 
mandibular 
attachment 

Fig. I Anatomy of the temporomandibular joint. The meniscus 
divides the joint into an upper and lower portion. 
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other j oints in that its articular surfaces are primarily 
composed of collagen instead of hyaline cartilage. 

The disc is a dense fibrous plate that separates the 
joints into superior and inferior compartments. It is 
characterised by a thin, a vascular central portion and a 
thicker, vascular posterior portion . The disc is 
normally tightly bound to the medial and lateral poles 
of the condyle and its main functions are stabilisation 
during condylar movement and shock absorption dur­
ing mastication. The j oint capsule attaches to the 
articular eminence of the temporal bone and to the 
condyle . The capsule is reinforced on the lateral aspect 
by the temporomandibular ligament, which provides 
some limitation to mandibular movement, and medi­
ally by the sphenomandibular ligament. The articular 
eminence, not the glenoid fossa, is the primary func­
tional area of the temporal bone during mandibular 
movements. This is indicated by the thin bone and 
fibrous covering of the fossa area. 

The two condylar movements during mandibular 
function are rotation and translation. In normal active 
opening of the mouth there is a combination of hinge 
and gliding movement. The superior j oint space is 
associated with the anterior gliding movements of 
translation, whereas the inferior j oint surface is associ­
ated with condylar rotation (Fig. 2) . Because both 
temporomandibular joints are joined by a single bone, 
movement in one joint cannot occur without either 
similar co-ordinating or dissimilar reactive 
movements in the other joints. Opening, closing, pro­
trusion and restriction are bilateral symmetrical 
movements . Lateral excursions are bilateral asymmet­
rical movements. 

Mandibular opening is produced by contraction of 
the lateral pterygoid muscles with assistance from the 
digastric, geniohyoid, and myohyoid muscles. The 
masseter, medial pterygoid and anterior fibres of the 
temporalis muscles are involved in mandibular 
closing. Protrusion of the mandible is accompanied by 
the lateral pterygoid muscles, whereas the retruded 
position is produced by contraction of the posterior 
fibres of the temporalis muscles . Sideward movement 
of the mandible occurs when the contralateral lateral 
pterygoid muscle contracts. 

The temporalis muscle plays- a major role in the 
limitation of joint loading, and the lateral pterygoid 
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Fig. 2 The hinge and glide motions of the temporomandibular joint in 
an open position. 

muscle helps to stabilise the joint by controlling both 
the meniscus (upper head of lateral pterygoid) and the 
condylar position (lower head of lateral pterygoid 
muscle) . 

The major sensory innervation of the temporoman­
dibular joint is derived from branches of the auricu­
lotemporal nerve, with branches of the masseteric and 
posterior deep temporal nerves making a smaller con­
tribution. The capsule, lateral ligament and posterior 
fat pads are innervated.  However, the central part of 
the meniscus and the synovium do not appear to be 
innervated . 

The superficial temporal artery is the primary blood 
supply to the joint. 

Functional Anatomy 

The hinge movement of  the lower joint allows some 
26 mm of opening between the incisors and is seldom 
affected by joint dysfunction. Functional problems are 
usually related to the gliding or translatory movement 
of the upper joint space as the condyle moves for­
wards and down the articular eminence when the 
mouth opens. Restriction of opening may be a result of 
muscle spasm or displacement of the meniscus, which 
may or may not be reversible (Fig. 3) .  

The joint is non-load-bearing but appears to be load­
bearing in some instances. This may be of importance 

The temporomandibular joint 

Fig. 3 Limited opening of the temporomandibular joint showing 
anterior displacement of the meniscus. 

as a cause of pain . The temporalis muscle has horizon­
tal fibres that limit joint-loading. The aim of the con­
servative management of the joint (occlusal bite 
guards) is to reduce joint-loading and to keep the 
meniscus in the correct relationship to the condyle, 
thus restoring the dental occlusion and correcting the 
closing pathway determined by the interdigitation of 
the teeth. 

Phylogenetic Development 

The mammalian jaw joint is formed from membranous 
bones derived from the first branchial arch and cran­
ium. In contrast, the jaw joint of most non-mammals 
ossifies from cartilaginous elements of the first 
branchial arch and its maxillary process . These pri­
mordial elements remain in the mammalian skull, but 
are in ossified form as the middle ear structures, mal­
leus and incus. The articular disc, which characterises 
the mammalian joint, is a recent phylogenetic 
development. 

Developmental Abnormalities 

The condylar cartilage is the major mandibular growth 
centre, and therefore disease of the temporomandibu­
lar joint in childhood can affect mandibular 
development. 

Familial traits of bilateral retrognathism or prog-



Symptoms 

nathism are not uncommon; bilateral temporoman­
dibular maldevelopment (Treacher Collins syndrome) 
is very rare. Agenesis, hypoplasia or hyperplasia of 
the mandibular condyles, in the absence of other local 
or systemic anomalies, are uncommon. Severe otitis 
media, trauma and arthritis are the main acquired 
causes of impaired condylar development. 

Impaired condylar growth is primarily characterised 
by a gradual deviation of the chin towards the affected 
side of the j aw, and over-eruption of teeth on the 
non-affected side.  Bilateral involvement can cause a 
retrognathic 'bird-like' facial profile . 

In condylar hyperplasia, there is notable bony enlar­
gement of the affected condyle and mandibular direc­
tion towards the contralateral side . 

Past Medical H istory 

This should always be reviewed . The patient should 
be questioned about previous illnesses, particularly 
rheumatoid arthritis and degenerative joint disease. It 
is important to note any trauma to the head and neck. 
Injuries to the side of the face and chin are often 
responsible for temporomandibular joint problems. 

The patient's dental history should also be 
reviewed, particularly if it coincides with the onset of 
symptoms. 

There are numerous associated problems seen in the 
temporomandibular pain syndrome, and patients 
rarely associate these with the facial pain . Habits such 
as bruxism and nail biting exacerbate the pain and 
muscle spasm . Stress-related problems are invariably 
present. Tension headache with a pressure sensation 
over the top of the head and down the neck may be a 
daily occurrence . The headache may respond to 
simple analgesia but the dull ache in the jaw conti­
nues. Pain in the neck, back, abdomen and an irritable 
colon may also be present.  The sleep pattern may be 
disturbed, and this may be marked if there is also 
depression. 

Symptoms 

Pain 

Pain from the temporomandibular joint is the second 
most common facial pain after toothache . The main 
features are pain associated with mandibular 
movement, and often accompanied by limitation of 
movement. Pain can be either localised to the joint or 
referred to the head, neck and shoulders. The 
patient's description of the location, duration and 
characteristics of the pain greatly helps in distin-
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guishing between disorders with similar symptoms 
and physical findings . 

The location of the pain should be confirmed by 
asking the patient to indicate where it hurts. This often 
helps differentiate between a true joint problem, in 
which the patient usually localises the discomfort in 
the pretragos region, and a muscular discomfort. It is 
also important to note whether the pain is unilateral or 
bilateral. 

Pain associated with myofascial pain dysfunction is 
most often described as being a dull, unilateral ache 
that is often worse on waking. Joint pain may be a 
constant, dull or sharp, but there is usually increasing 
discomfort with increasing function, and it is pro­
nounced after chewing hard foods .  The pain is worse 
on waking in many patients, but some find the pain 
worse at the end of the day. 

Clicking 

This symptom is not uncommon and may be described 
as 'popping' or 'snapping'; its character is quite 
different from crepitus, which is described as 
'grating' . Clicking is usually bilateral to auscultation, 
but patients often think only one joint is affected. 
Clicking occurs at a specific point of jaw movement 
whereas crepitus is present throughout. Clicking may 
vary from day to day and be absent at times. A loss of 
clicking and limitation of movement indicates 
displacement of the meniscus .  Clicking may also be 
eliminated by placing a spatula between the teeth 
simulating a bite guard . 

Limitation of mandibu lar movement 

The range of opening may be limited, this may be 
either constant or intermittent occurring only at the 
end or beginning of the day. The limitation takes the 
form of the jaw 'sticking' or 'locking' . Locking can vary 
in frequency and severity. It may occur at regular 
times of the day, the most common being on waking. 
It is sudden in onset and distressing. Patients use both 
terms when they have developed a way of 'freeing the 
joint' . This often takes the form of a lateral excursion or 
even pressing the mandible sideways with the hand. It 
may spontaneously resolve. 

Locking may be a confusing term to the patient. 
They may describe this as jamming or dislocation of 
the joint . It usually occurs with the teeth slightly apart, 
during opening or closing of the mouth . Further 
movement is then prevented . Locking is the result of 
disc displacement. The range of movements is limited 
to rotational movements in the joint allowing opening 
to only 26 mm interincisorly, the translatory 
movement of the condyle and wide opening being 
prevented. 
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Examination 

Inspection 

Swelling of the joint must be moderate or marked 
before it is apparent. If swelling is detectable it appears 
as a rounded bulge in the area underlying the joint just 
anterior to the external auditory meatus. 

The symmetry of the face should be assessed, 
although mild to moderate asymmetry is common, 
gross asymmetry may reflect a growth disturbance ?f 
the joint which may have resulted from trauma in 
childhood. Hypertrophy of the masseter muscles may 
indicate clenching or other oral habits. 

Note the rhythm of the opening and closing of the 
jaw. The mandible should open and close in a strai�ht 
line, with the teeth coming together and separating 
easily. Pathology in one or both joints or an abnormal 
dentition will result in abnormality. 

The meniscus divides the joint cavity in two 
portions, an upper part used for hinge mo.tion an� a 
lower portion used for gliding motion. On in�pection 
of the temporomandibular joint the two motions can 
be observed, the joint hinges within the glenoid fossa 
and glides forward to the eminentia . 

Palpation 

The joint can be located by placing the �op of the 
forefinger just anterior to the external au�itory mea­
tus. On opening the mouth the top of the finger drops 
into an area overlying the joint. Both pretragus 
depressions should be palpated �imul�aneously. The 
joint can also be palpated anteriorly in the e�t.ernal 
auditory canal (Fig. 4) .  In the presence of synovihs the 
joint may be swollen and tender. 

Fig. 4 To palpate the temporomandibular joint, place index finger in 
the auditory canal. 

The temporomandibu lar joint 

It is important to assess during pretragus and intra­
auricular palpation whether the condyles move sym­
metrically. When unilateral problems exist, t�e man­
dible will always be seen to deviate to the side with 
limited condylar movement. In addition to lim�tation 
of joint movement, palpation of these are�s is also 
used to detect clicking and crepitus .  Subluxat10n of the 
joints should be noted, although it has been demon­
strated to be a normal variation. 

The regional muscles should be examined for 
tenderness and spasm. The temporalis, medial an� 
lateral pterygoids, masseter, trapezius and sternoclei­
domastoid are the primary muscles included in the 
evaluation. The masseter muscles can be palpated 
bilaterally, with the fingers over the angle of the man­
dible. Tenderness may be detected at rest or when the 
jaw is clenched .  The masseter muscles a�e most 
effectively examined by simultaneously pressing from 
inside and outside the mouth in a process of bimanual 
palpation. . The medial pterygoids are difficult to examine. They 
are checked by running a finger in an anteropo�terior 
direction along the medial aspect of the mandible in 
the floor of the mouth. This can produce a gag reflex. 
The posterior border can be palpated extraorally by 
placing the fingers around the posterior border of the 
ramus of the mandible (Fig. 5) .  

The lateral pterygoid muscle is  tested by placing a 
finger between the buccal mucosa and the supenor 
gum and pointing the finger past the last upper molar 
to the neck of the mandible (Fig. 6) . As the mouth 
opens, the neck of the mandible swings forward and 
the lateral pterygoid tightens. If the muscle has 

_
been 

damaged or is in spasm, the patient feels 
_
ram or 

tenderness. This muscle can also be examined by 
standing behind the patient, placing the palm of the 
hand over the chin and asking the patient to open 

Fig. 5 Palpation of the medial pterygoids. 
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Fig. 6 Palpation of the lateral pterygoid muscles. 

gently against resistance and then to move the jaw 
laterally. This muscle has clinical importance, for if it is 
traumatised secondary to a stretch injury, it may go 
into spasm and cause temporomandibular joint pain, 
as well as asymmetrical sideways motion of the jaw.  

To examine temporalis, palpate over the temporal 
area with the jaw relaxed and clenched . Remember 
that the muscle covers a wide area over the temple. 
The patient may well locate the area of tenderness . 

The muscles of the neck and shoulder may also 
require examination . The ear should be examined 
auroscopically if indicated .  

Range of motion 

Normally one can open the mouth wide enough to 
insert three fingers between the incisor teeth (c. 35-
50 mm, normally greater than 40 mm (Fig. 7) . Care 
should be taken to keep the lower jaw protruded dur­
ing this measurement, because maximal opening of 
the mandible depends on adequate forward posi­
tioning of the lower jaw as well as on the degree of 
vertical motion . Note any deviation on opening or 
premature contacts . 

The temporomandibular joint also allows the jaw to 
glide forward or protrude. Normally it can protrude 
far enough for the bottom teeth to be in front of the 
upper teeth (usually more than 10 mm) . 

Lateral motion of the jaw is measured by partially 
opening the mouth, protruding the lower jaw, and 
then moving the lower jaw from side to side . 
Movement should be equal and in the region of 
10 mm. It is best to evaluate lateral motion (normally 
1-2 cm) with the jaw protruded as far as possible, as 
the position of the mandible in the anteroposterior 
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Fig. 7 The normal mouth span is greater than 40 mm. 

direction can cause considerable variation in the 
degree of lateral motion of the jaw. Lateral movement 
is lost earlier and to a greater degree than vertical 
movement. 

Limited opening or deviated mandibular 
movements are frequently seen on examination but 
patients are themselves often only aware of the limita­
tion of opening. The temporomandibular pain 
syndrome is more often seen unilaterally, and the 
associated unilateral muscle spasm results in 
deviation of the mandible to the affected side . 
Deviation is clearly seen when the mouth is opened 
and viewed from the front. 

Muscle and neurological examination 

The muscles that close the mandible are the temporalis 
(deep temporal branches of the mandibular division of 
the facial nerve, C7), the masseter (masseteric nerve 
from the mandibular division of trigeminal nerve, CS) 
and the medial pterygoid (medial pterygoid nerve of 
the mandibular division of the trigeminal nerve). 
These muscles may be tested by forcing the closed 
mouth into an open position, and the size, firmness 
and strength of the temporalis and masseter muscles 
can be determined by palpation. 

The muscles that open the mouth are the lateral 
pterygoid and the suprahyoid muscles. These consist 
of the digastric (mandibular division of the trigeminal 
nerve to the posterior belly and the facial nerve to the 
anterior belly), the mylohyoid (mandibular division of 
the trigeminal nerve), and the geniohyoid (hypo­
glossal nerve, Cl ) .  To test the muscles that open the 
mouth ask the patient to open against a resisting hand 
under the jaw .  Normally he can open his mouth 



1 1 0 

Fig. 8 Reflex test-the jaw reflex. 

against maximum resistance. To test the pterygoids on 
the left side ask the patient to move the mandible 
forward and laterally to the right side against graded 
resistance, the examiner's hands being placed near the 
front of the mandible on the right side. Similarly the 
right side muscles can be tested with the hand on the 
left side of the mandible.  

The jaw reflex is a stretch reflex involving the 
masseter and temporalis muscles . The 5th cranial 
(trigeminal) nerve innervates these muscles and medi­
ates the reflex arc. Place a finger over the chin with the 
mouth slightly open; tapping the finger with a tendon 
hammer will elicit a reflex and close the mouth (Fig. 8). 

Teeth and mouth 

Note any carious teeth, restorations or dentures 
present. The attrition of teeth may indicate a grinding 
habit and a full occlusal analysis may be indicated . 

Temporomandibu lar pain syndrome 

This is also known by several other names, such as 
myofascial pain dysfunction. It can be defined as a 
chronic or acute musculoskeletal pain or dysfunction 
of the masticatory system, aggravated by jaw 

The temporomandibular joint 

movement but independent of local oral or dental 
disease . 

It is most commonly seen in young people, being 
twice as common in women . It is usually a self-limiting 
condition with a time course of 3-9 months. The 
majority of patients respond to reassurance, but in 5% 
the pain is persistent and requires treatment. 

Additional Tests 

Radiography 

Conventional radiographs of the temporomandibular 
joint may not accurately reflect the joint components 
and their spatial relationships.  These limitations may 
lead to an under-diagnosis of joint defects . 

Tomography is superior as this can reproduce small 
changes in the central portion of the joint but this does 
expose the patient to more radiation. Computed 
tomography scanning and magnetic resonance imag­
ing are increasingly being used . 

Arthrography has assumed an important role in the 
diagnosis of the temporomandibular joint. Defects in 
the position or structure of the joint, disc and its 
attachments can be determined, and displacement or 
perforation of the disc, irregularities in the posterior 
attachment of the disc, and adhesions can be detected . 
The most common soft-tissue derangement of the 
joint has been shown in several studies using arth­
rography to be anterior disc placement.  

Arthroscopy 

Arthroscopic examination of the temporomandibular 
joint is increasingly being carried out. It is best per­
formed under general anaesthesia, but may be per­
formed under local anaesthesia with sedation . Only 
the upper joint space can be visualised.  

Electromyography 

One of the major criteria in diagnosing temporoman­
dibular joint dysfunction is to find tenderness to pal­
pation in one or more of the muscles of mastication 
and increased muscle activity . Electromyography pro­
vides an objective means of monitoring changes in 
muscle activity and is an important component of 
biofeedback treatment. Auditory or visual elec­
tromyographic feedback supplies information to the 
patient concerning muscle activity. 

Injection Treatment 

Painful temporomandibular joints often respond to 
local injection treatment. Symptoms responding 



Injection treatment 

include pain on chewing, inability fully to open the 
mouth, swelling and local tenderness . 

The injection is made with the patient relaxed in the 
sitting or reclining position, with the head supported. 
The joint-line can be felt by placing the finger in front 
of the tragus, and the condyle of the mandible can be 
felt to move on opening and closing the mouth. The 
injection is made with a 23-gauge needle using 1 % 
lignocaine to anaesthetise the track. The direction of 
entry is slightly upwards, and the ease of injection is 
the best guide to ensuring that the needle point is in 
the joint cavity. Ten milligrams of hydrocortisone or 
2 .5 mg of triamcinolone hexacetonide is then injected 
into the joint (Fig. 9) . 

Superficial 
temporal 
artery 

Zygomatic arch 

,.,{/._·�---lr---Mandibular 
condyle 

-Jj.__:i;=lt:::::::::::_ Needle 

Fig. 9 Injection into temporomandibular joint. 
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POSTURE AN D GAI T  

Posture is the position of the body adopted when 
standing or sitting. Locomotion is the translation of 

standing posture into walking. Gait is the description 
of the manner of walking (or running) . 

POSTU RE 

The Evolution of Standing Posture 

The length and strength of the lower limbs, the instru­
ments of support and locomotion are very striking and 
peculiar to humans. They are equal in length to the 
trunk and head together in normal subjects, but limb 
length is greater in Marfan's syndrome. Gluteus maxi­
mus, rudimentary in many animals, is the largest 
muscle of the human body, because of its importance 
in upright stance . 

The feet are the only surface of support and are the 
primary agents of locomotion; they are characterised 
by 

• longitudinal and transverse arches to allow effi­
cient transfer of weight and stress; 

• rigidity in a closed kinetic chain with strong liga­
mentous support to provide mechanical advan­
tage and a rigid lever. 

Mechanisms of Control of Posture 

Structural Locking 

The locking mechanism permits standing posture of 
the lower limbs with little muscular activity once a 
static position is achieved. 

The capsule of the hip joint is progressively twisted 
and shortened as the thigh extends. When full exten­
sion is reached, the surfaces are fully congruent and 
no further extension is possible. The knee joint locks in 
extension, blocking further extension, and can hold a 
position without muscular action, so long as the 
weight line for the body above the knee falls in front of 
the centre of rotation of the joint. The joints of the 
hindfoot (subtalar and midtarsal) lock and unlock sim­
ultaneously at heel-strike and forefoot loading, thus 
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providing an efficient rigid lever and shock absorp­
tion, respectively. 

Muscular activity in posture control 

During normal standing, activity is usually found in 
soleus and gastrocnemius, but consistent activity is 
usually absent in ankle dorsiflexors, quadriceps and 
hamstrings. 

Under loads of 50-100 kg the passive structures 
(ligaments, etc . )  appear sufficient to control joint posi­
tion, but over 200 kg the muscles come progressively 
into play. The first line of defence, therefore, of the 
arches of the feet is ligamentous, while the muscles 
form a dynamic reserve called upon reflexly by 
excessive loads, including the take-off phase in 
walking. 

Stretch reflexes 

These can be regarded as a control system that can 
keep constant the length of a muscle, or rather nearly 
constant. For a system to become self-balancing, the 
muscle must be sensitive to the extent of the load and 
become quiescent when the load falls. 

Sensory Function in Posture and Gait 

Optimum control of balance, with the effects of 
gravity, requires continuous monitoring of body posi­
tion. Control of posture and gait in man involves the 
activation of preprogrammed patterns of muscle 
activity which are initiated and modulated by complex 
control pathways. These carry information from the 
eyes, the labyrinths and somatosensory sources, pro­
viding details of the postural effects of muscle activity. 
In a healthy individual these sensory inputs provide 
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more information than is normally necessary, so that it 
is not critical if information from one sensory source is 
lost, for example by eye closure . 

Physiological Sensory Imbalance 

This can be demonstrated in the normal subject by 
removing one sensory input (eye closure) and then 
reducing the reliability of information from other sour­
ces (attempt to balance on one foot with the head fully 
extended, a position in which the vestibular apparatus 
no longer functions optimally) . This head extension 
vertigo (Brandt, 1981 )  is an example of physiological 
imbalance . The experience of vertigo is linked to 
impaired perception of a stationary environment. 
Although lack of one sensory channel rarely manifests 
as clinically significant instability in everyday life, the 
demands of balancing tasks in some sports do mean 
that such a deficit may declare itself by instability 
during competition. If the history suggests this, it is 
important to recreate the conditions in which it is 
encountered .  

Examination 

A careful check should be made of the posture 
adopted in the normal standing position and in sitting. 
Examine from in front and then, standing behind the 
subject, note: 

• the position of the head and neck (Fig. 1) ,  
• any difference in the height at which the shoulders 

are held (Fig. 1 ) ,  
• the line of the thoracolumbar spine, 
• the alignment of the iliac crests (Fig. 1) ,  
• the position of the patellae and alignment of the 

knee (Fig. 2), 
• the position of the feet (pronated or supinated) 

(Fig. 3) . 

Assess whether abnormal posture is spinal (see 
Chapter 4) or related to lower limb change. 

Examination for lower l imb causes of 
abnormal posture 

Leg Length Inequality 
This can be assessed with the patient standing, by 
noting a tilt in a line drawn across from the posterior 
superior iliac spines (compare Fig. 1 and Fig. 7) . For­
mal measurement is made by tape measure from the 
anterior superior iliac spine to the medial malleolus of 
the ankle and comparison made with the opposite side 
(Fig. 4). Discrepancy confirms true leg length inequality. 

--�..L'------+---=.....,_-- Shoulders at the 
same height 

-+-+-'-----l.=--=.----+---1�--'---"<---f-- lliac crests at the 
same height 

Fig. I Normal posture. 
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The site of the shortening should be determined if 
possible by direct comparison with the opposite side 
(Fig. 5) . Measurement inequality from umbilicus to 
medial malleoli indicates apparent  shortening. 

An inequality of about 2 cm or more tends to over­
load lower limb joints, because of changes in load line. 
In runners the effects are often amplified and smaller 
inequalities may become important. 

Miserable ma/alignment syndrome 
In this syndrome there is internal rotation of the tibia, 
the calcaneum everts and the forefoot abducts on the 
rearfoot as the talus adducts. The medial longitudinal 
arch is lowered and the foot relatively dorsiflexes, so 
that the centre of gravity (load line) is medial to the 
foot: this results in functional valgus at the knee with 
functional increased Q angle (Fig. 6) .  Quadriceps con­
traction pulls the patella laterally. 

This syndrome can produce, particularly in runners: 

• patellofemoral pain; 
• medial tibial pain (shin splints) due to overstress­

ing of the tibialis posterior, as it attempts to 
counteract excessive prona ti on; 

• stretching of the deltoid ligament and the lateral 
ligament of the ankle; 

• medial plantar fascia! stretch; 
• abductovalgus deformity of the hallux . 
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Anterior superior 
iliac spine 

Tibial tubercle 
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Fig. 2 Normal standing posture of the lower right limb. When the 
foot is neutral the middle of the patella should align approximately with 
the second toe. 

Fig. 3 Normal hindfoot posture (neutral subtalar joint in the prone 
position). 

Anterior superior 
iliac spine 

Medial malleolus 

Fig. 4 Measurement of true leg length. 

Posture and gait 

Excessive unilateral foot pronation 
Here, calcaneal valgus and functional valgus at the 
knee are seen (Fig . 7) . These result in a fu nctionally 
short leg and a postural scoliosis, correcting on sitting 
or lying. The right scapula is lower than the left and 
there is compensation at the cervical region . 

The load line 
The load line in standing is vertical from the position of 
the centre of mass . Standing on one foot-if possible­
will indicate the position of the load line in relation to 
lower limb joints . A load line passing to one side of a 
joint indicates a turning moment being applied to that 
joint through the body-weight, resulting in potential 
joint wear and soft-tissue strain. Running, and parti­
cularly road-running, will frequently bring out rela­
tively minor loading abnormalities and produce sports 
injuries of the overuse type. It is vital, therefore, that 
management involves both short-term treatment of 
the injury and correction of any imbalance. 
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Left shortened tibia 

Right shortened femur 

Fig. 5 Assessing the site of leg length discrepancy. 

Quadriceps 
imbalance 

Knee valgus 

Forefoot abduction 

Vastus medialis 

Internal rotation 
of the tibia 

Fig. 6 Functional valgus resulting from miserable malalignment 
syndrome. 

Shoulders held at different 
levels due to functionally 
short leg 

Functional valgus knee with 
a functionally short leg 

Excessive pronation of the left 
foot with valgus calcaneum 

Fig. 7 Functionally short left leg with compensatory scoliosis. 
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GAIT 

Normal gait is a complete co-ordinated sum of the 
body's movement which results in forward progress­
ion of the body in the desired direction. It involves all 
segments of the body, in weight-bearing, in 
counterbalancing motion, or in maintaining correct 
alignment and orientation of the body parts . The inte­
gration of all these activities must be co-ordinated and 
simultaneous, since interference with a single part will 
result in altered function of the remaining 
components .  

Walking is  a process of  extraordinary complexity, in 
which multiple individual motions occur at many sites 
simultaneously in the three planes of space . In the 
biomechanics of locomotion there is a long chain of 
interlinked mechanisms from spine to distal toe . The 
six major determinants of gait are: 

• pelvic rotation, 
• pelvic tilt, 
• lateral pelvic displacement, 
• knee extension and flexion, 
• ankle joint dorsiflexion, 
• subtalar and midtarsal joint function. 

Should there be a fault in the system, since there is a 

large amount of 'engineering redundancy', compen­
sation usually occurs elsewhere so that the indi­
vidual's mobility is retained. However, this 
compensation may later cause mechanical stress, 
because forces are being transmitted through the 
wrong anatomical site or may become greater than the 
design limits: bone and soft tissues increase in 
strength in response to extra loading, but joint 
surfaces may be damaged by unusual loading forces. 

The human race is more suited to natural surfaces 
with varying terrain, allowing a variety of foot plant, 
joint positions and muscle function, hence the use of 
various functional motor units . We have not evolved 
adaptions to hard unyielding artificial surfaces, as evi­
denced by the high injury rate in road runners . This is 
reflected in the rapid impact spike seen in running on 
hard surfaces, but not on natural surfaces, which 
decreases the rate of impact motion. 

A brief review of the biomechanics of normal 
walking is essential to the understanding of abnormal 
walking patterns. 

Gait cycle 

The phases of the normal gait cycle are illustrated in 
Fig. 8 and comprise: 

• heel contact, 

• forefoot contact, 
• heel-off, 
• toe-off. 

The components of these phases illustrated in Fig. 9 
can be summarised as follows: 

Heel contact phase/forefoot contact phase: the tibia/is 
anterior dorsiflexes the ankle and inverts the foot and 
so prevents the sudden slap of excess plantar flexion: it 
also supinates the forefoot with initial lateral heel con­
tact. The forefoot loads from lateral to medial as the 
tibialis anterior relaxes and the forefoot everts. There 
is deceleration of rearfoot pronation by tibia/is posterior 
which also reduces internal rotation of the leg when 
the forefoot touches the ground. Flexor digitorum 
longus and gastrocnemii (which also maintain knee 
flexion) complete subtalar deceleration. 

Midstance: There is deceleration of anterior 
momentum of the leg and knee extension (gastrocnemii 
simultaneously tenses preventing knee hyperex­
tension). There is acceleration of subtalar, supination 
and tibial external rotation . Linear acceleration of the 
trunk carries the femur and tibia forward over the foot, 
so the ankle dorsiflexes and heel lifts . 

There is stabilisation of the lesser tarsus, metatarsus 
and rays 2, 3 and 4 and stabilisation of 1 st ray metatar­
sus and cuneiform) and 5th metatarsus .  

Propulsive phase: With heel-lift, the ankle joint plan­
tar flexes . There is transverse stabilisation of the 
metatarsal heads and medial transfer of body weight. 
Propulsion occurs through the lesser digits acting as a 
rigid beam and the hallux with sesamoid sliding 
function. 

Swing phase: Following toe-off (forefront clearance) 
the ankle and 1st ray dorsiflex, the forefoot supinates 
at metatarsus and there is rearfoot pronation at the 
subtalar joint. Heel contact occurs at the end of the 
swing phase and the next cycle starts. 

Examination 

It is best to assess gait with the legs and feet fully 
exposed. Ask the patient to walk away from you, to 
turn at an agreed point and then to walk back towards 
you . 

If the gait is abnormal, it must be analysed more 
fully to define whether due to a lower limb problem or 
neurological disorder. Intoxication, hysteria or malin­
gering may occasionally cause difficulty in diagnosis. 
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Contact 
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Heel contact Forefoot contact 

Fig. 8 Normal gait cycle. 
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Fig. 9 Phases of the gait cycle (see text for details of components of each phase). 
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Simple causes, such as a painful corn or osteoarth­
ritis will be confirmed by full examination of the lower 
limbs. 

Since an altered gait due to pain will often lead to 
unusual stresses being placed on soft tissues, the 
patient will often present with this secondary pain . It 
is vital therefore that the clinician uncovers the origi­
nal mechanical problem. Adequate evaluation of an 
athlete presenting with pain should therefore ideally 
include a treadmill assessment of running pattern. 
Equally, a patient with rheumatoid arthritis needs 
careful assessment of walking pattern to evaluate the 
contribution of mechanical factors complicating either 
established joint deformity or altered gait due to pain . 
Suitable orthotics may considerably improve loco­
motion, but inappropriate prescription may worsen 
symptoms. It is the clinician's role to evaluate which 
patients merit referral . 

Neurological patterns of gait disturbance 

Neurological causes should be diagnosed on the basis 
of the following well-recognised abnormal patterns, 
and confirmed by a full neurological examination. 

A narrow-based, dragging gait is typical of spasticity. 
The patient has difficulty bending the knees, dragging 
the feet along as if glued to the floor. On a hard surface 
this can be heard as well as seen. The foot is raised 
from the ground by the patient tilting the pelvis and 
swinging the lower limb forward in an arc of circum­
duction, with the toes scraping along the floor. This is 
unilateral in the hemiplegic gait, the asymmetry 
making the pelvic tilt and circumduction swing of the 
affected leg more striking. 

A 'scissor-like' gait is seen when there is adduction 
and internal rotation of the hips with an equinus of the 
feet and flexion at the knee. 

A wide-based stamping gait is typical of sensory ataxia 
and best seen in tabes dorsalis .  The patient raises the 
foot suddenly and usually high, then jerks the foot 
forward before bringing it to the ground again with a 
stamp. The eyes are usually fixed to the ground to help 
compensate for the loss of position sense . With the 
eyes closed the patient will stumble or fall and often 
notices the problem for the first time in the dark or on 
stairs . 

A wide-based staggering or 'reeling' gait is seen in 
cerebellar ataxia . The feet are wide apart and are planted 
irregularly, with the arms often flung out to improve 
balance . There may also be associated titubation, a 
rhythmical shaking movement of body and head. The 
ataxia is the same with the eyes opened or closed . 

A stooping, festinant gait is characteristic of Parkin­
son 's disease. The posture is stooped due to a flexion 
dystonia, and the arms do not swing, often being 
flexed against the body. There is a slowness in start-

Posture and gait 

ing, but after small, shuffling steps there is a tendency 
to break into a tottering (festinant) run .  In some 
patients, if suddenly pulled from behind, they begin 
to walk backwards and find it difficult to stop 
(retropulsion) . 

A rapid, short-stepped gait (marche a petits pas) with a 
tapping quality is seen in deep cerebral corticospinal 
lesions. 

The combination of an ataxic gait and weakness, for 
example in sub-acute combined degeneration of the cord, 
may result in an increasingly irregular gait with a 
tendency for the knees to give way suddenly . 

The involuntary movements of chorea or dystonia 
are usually increased on walking and unusual 
responses may occur when the feet are planted, for 
example an avoiding response, when the toes extend 
away from the floor or the grasping response when the 
feet appear stuck to the floor. 

A waddling gait, like a duck, is due to the problem of 
maintaining truncal and pelvic posture, caused by 
proximal muscle weakness, in proximal myopathies, 
including polymyositis and osteomalacia, and mus­
cular dystrophies . The body tends to be tilted back­
wards with increased lumbar lordosis and the body 
sways from side to side, due to the gluteal muscle 
weakness, as each step is taken. A similar gait can be 
seen in bilateral hip joint disease with secondary 
muscle weakness (Trendelenburg gait) . 

A high-stepping gait, with a slap of the foot in the 
contact phase, because ankle plantar flexion is 
unrestrained, is seen in weakness of tibialis anterior 
(foot drop) .  

Typical Gaits of  Mechanical  Disorders 

Congenital d islocation 

1 .  Unilateral: the child lurches to the affected side, 
because of poor gluteal muscles, shortening of the 
femoral neck and displacement of the femoral 
head, as well as lumbar lordosis and abnormal 
lateral mobility. 

2. Bilateral: waddling gait ( 'duck-like' or 'sailor's' 
gait), inclining to each side on weight-bearing. 

Coxa vara 

• Waddling gait. 
• Stands with leg externally rotated and slightly 

abducted, pelvis tilted down on the affected side. 
• There is usually a slight lumbar scoliosis towards 

the affected side . 
• Buttock atrophied, gluteal fold lower. 
• Greater trochanter lower on the affected side . 



Examination of children 

Infective, inflammatory or degenerative hip 
disease 

Gait is lurching over the involved hip in order to 
reduce impact on the hip (antalgic gait) . The child with 
infective or inflammatory disease tends to adopt a 
position of hip flexion, abduction or adduction with 
external rotation. This produces some degree of 
increased lumbar lordosis. 

Club foot: congenital tal ipes equinovarus 

The gait is stumbling, due to lack of elasticity. If uni­
lateral the deformity is usually less severe, but the leg 
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is obviously smaller and less well-developed. 
Essential signs are: 

• plantar flexion of the talus, 
• inversion of calcaneum (and other tarsals), 
• adduction of the forefoot, 
• muscles poorly developed and tendons 

attenuated, 
• plantar muscles contracted, but anterior leg 

muscles elongated. 

Note: the inverted foot position is frequently adopted 
by normal young infants. 

EXAM INATION OF C H I LDREN 

When assessing the posture o f  a child, examination 
must be performed with the child lying, sitting and 
standing. Note any abnormal movements or response 
to movement. Examine for hyperlaxity of joints and 
for muscle tone . Note, with the child standing, abnor­
malities in cervical, thoracic and lumbar spine . 

When examining very young children, it is impor­
tant to screen for developmental delay by comparing 
the child's achievements with the average for children 
of the same age . It is therefore important to know the 
normal average milestones of development. Table 1 
gives a brief guide in terms of posture and walking. 

Table I. Postural and walking development 

Baby bringing head in  l ine with the trunk when 
pul led from supine to sitting 

The head can be held steady and erect 
Bounce 
Sit alone, leaning forward on hands 
Stand steadily, with support for short periods 
Sit steadi ly without any spinal kyphosis 
Walk without support 
Run, stiffly 
Run without fal l i ng 

I 6 weeks 
20 weeks 
28 weeks 
28 weeks 
36 weeks 
40 weeks 

I 2 months 
1 8  months 
24 months 

Shortening 

On finding true shortening in the child, determine the 
cause by examining for: 

• Shortness of femur or tibia, by direct comparison and 
measurement (see Fig. 6): this can be due to fracture 
or premature epiphyseal closure (consider skeletal 
dysplasia if bilateral) . 

• Soft tissue contractures, with flexion deformity of 
hip, knee or ankle . 

• Joint disease of the hip: congenital dislocation, slip­
ped femoral epiphysis. 

• Knee disorders: congenital genu valgum or varum. 
• Foot conditions: congenital metatarsus varus, per­

oneal spastic foot, club foot deformity (congenital 
talipes equinovarus) . 





Fig. I Macroscopic variation in synovial fluid (SF) colour, turbidity 
and viscosity: ( I )  normal, (2) ' inflammatory SF', (3) haemarthrosis, (4) 
milky SF (cholesterol). 
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Fig. 3 Diagrammatic representation of a monosodium urate mono­
hydrate crystal viewed down a polarising microscope. 

Fig. 5 T ophus aspirate ( X 400) showing sheets of monosodium urate 
monohydrate crystals. 

Fig. 2 Cartilage fragments in synovial fluid. 
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Fig. 6 Diagrammatic representation of a calcium pyrophosphate 
dihydrate crystal viewed down a polarising microscope. 



Fig. 9 Triamcinolone hexacetonide crystals (synovial fluid 
apparent I week after injection. 

Fig. 1 1  Apatite aggregates stained with alizarin red S. 



SECTION TH REE 

ASPIRATION AND INJECTION TECHNIQUES 
I 

PRINCIPLES OF J OINT ASPIRATION AND 
STEROID INJ ECTION 

Injection techniques are easily learnt and some 
knowledge of the easiest routes for each j oint is of 
value to all doctors . Both diagnostic and therapeutic 
joint aspiration are often necessary in emergencies. 
Confidence is gained by studying diagrams, watching 
clinicians and finally by using the techniques. 

Aspiration of synovial fluid is essential to confirm 
diagnosis whenever the cause of the inflamed joint 
could be due to septic arthritis, crystal synovitis or an 
haemarthrosis (Table 1 ) .  It is also helpful in the differ­
ential diagnosis of both inflammatory and non­
inflammatory joint disease . Therapeutic aspiration is 
sometimes necessary to remove blood, pus or large 
effusions. Pus and blood should always be aspirated; 
pus inactivates antibodies and leads to joint 
breakdown, and blood is an irritant and leads to syno­
vitis . Infection usually involves a single joint and 
usually there is marked inflammation with severe 
pain, tenderness, erythema and swelling. There may 
be minimal signs of inflammation in patients receiving 
corticosteroids or with a debilitating illness . In an 
infant, there may also be little systemic illness and the 
child may present with sudden refusal to move a limb. 

Injection of substances into synovial joints is most 
commonly a therapeutic procedure, and a variety of 
corticosteroid preparations are used . Its local effect in 
preventing recurrent effusion and pain may be drama­
tic. Although most peripheral j oints can be treated in 

Table I .  Ind ication for aspi ration 
of a joint 

Septic arthritis 
Haemarthrosis 
Crystal synovitis 
Acute large effusion 
Effusion i nterfering with function 
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this way, this therapy should only be considered 
when one or possibly two joints are actively inflamed 
whilst others are controlled by drug treatment. Corti­
costeroid injections are often helpful in treating 
inflammatory synovitis, bursitis, nodules and lesions 
of tendons or at muscle insertions. Occasionally 
radioisotopes are injected for therapeutic or diagnostic 
purposes and radioopaque media for diagnosis. 

Rheumatoid arthritis is the most common disease 
for which aspiration and injection is helpful, but it can 
be given in any condition in which the pain is believed 
to be the result of inflammation. These include psoria­
tic arthropathy, ankylosing spondylitis with peri­
pheral arthritis, Reiter' s disease and pyrophosphate 
arthropathy. Injections may also be useful in 
osteoarthrosis in the acute inflammatory episodes that 
punctuate the course of the disease, but the use in this 
condition is more controversial. 

The patients who are likely to benefit are those with 
warm swollen joints, with effusions and stiffness in 
the mornings. Those less likely to benefit are those 
with crepitus, instability and severe X-ray changes . 
The benefit of intra-articular injection is variable, but if 
it is effective will produce its maximum benefit within 
a few days. In successful cases, the benefits may last 
for months, but often it is only for a few days. The first 
injection is usually the most successful. There is strong 
anecdotal evidence that the response in small joints is 
longer lasting than in larger j oints . 

The major contraindication to intrasynovial steroid 
administration is the presence of infection, and this 
procedure should, therefore, never be performed 
without a definite diagnosis and, if indicated, synovial 
fluid examination. Stringent aseptic precautions are 
required to minimise the risk of septic arthritis. 
Repeated injections may result in j oint destruction 
resembling a neuropathic joint, and for this reason it is 
often recommended that weight-bearing should be 
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Table 2. Complications of steroid i njections 

I .  Infection 
2. Pain may be increased in the fi rst day fol lowing injection. 

M icrocrystal l ine steroid deposits may create a crystal 
synovitis 

3. Skin atrophy at site of i njection 
4. Temporary loss of d iabetic control in 'brittle' diabetics 
5. Tendon rupture if an i ntratendinous injection is given 
6. Short-term facial flushing 

Table 3. Indications for injection 

INTRA-ARTICU LAR 
I .  Relief of pain resulting from inflammatory arthritis localised 

to one or a few joints 
2. Joint synovitis unresponsive to drugs 
3. To aid the correction of deformity 

LOCAL 
I .  The enthesopathies, e.g. tennis elbow 
2. Compression neuropathies, e.g. carpal tunnel syndrome 
3. T enosynovitis 
4. Epidural i njection of steroid useful in  acute lumbar d isc 

prolapse with root compression 

reduced immediately after an injection. Complications 
are listed in Table 2 .  

Hollander (1951)  introduced this therapy over 30 
years ago and since then a number of potent steroids 
have been developed . The purpose is to find a suitable 
potent preparation with a prolonged effect after injec­
tion into joints . It is also important that there are a 
minimum of local side-effects (e .g .  flare-ups, cystic 
degeneration of bone or bone resorption) and, as the 
synovial cavity has good absorbitive capacity, a mini­
mum of systemic side effects (Oka and Lahdesmaki, 
1980; Armstrong et al . ,  1981 ) .  

Some corticosteroid preparations are crystalline and 
may induce an acute crystal synovitis if injected into a 
joint . Long-acting preparations such as methylpred­
nisolone acetate and triamcinolone hexacetonide may 
prolong the effect of intra-articular injection and a�e 
particularly useful in chronic diseases like rheumatoid 
arthritis .  

The indications for intra-articular and local steroids 
are therefore as summarised in Table 3. The treatment 
of choice for enthesopathies; i . e .  conditions such as 
tennis elbow in which the inflammatory process is 
localised to the junction of tendon or ligament and 
bone . Recurrences are not uncommon but the injec­
tion can be repeated.  

Procedure 

The risk of iatrogenic infection is minimal when a 
careful aseptic or no-touch technique and disposable 

Principles of joint aspiration and steroid injection 

syringes and needles are used. Also, single-dose 
ampoules should be used whenever possible . Sterile 
towels and gloves and masks are unnecessary. One 
needs: 

• 1 % chlorhexidine in spirit or a weak solution of 
iodine, for skin preparation. 

• A selection of needles and syringes.  
• Specimen bottles for the aspirates .  
• Local anaesthetic (without adrenalin) .  
• Steroid for injection: hydrocortisone acetate 

suspension (20 mg/ml), methylprednisolone 
acetate (Depo-Medrone) (40 mg/ml), triamcino­
lone hexacetonide (Lederspan) . 

• Forceps for freeing needles jammed into syringes .  
• Gauze and swabs and dressings. 
• A crepe bandage (if the effusion is large, this is 

helpful afterwards) . 
• Saline can be useful to distend the joint and mimic 

an effusion if no fluid is obtained. 

General points 

Careful palpation of bony margins and surfaces before 
skin preparation increases the likelihood of first-time 
success, and the site for skin puncture is easily indi­
cated with a thumb-nail mark. In most cases the joint 
should be approached from its extensor aspect, as 
vulnerable neurovascular structures usually lie on the 
flexor aspect. Chlorhexidine in spirit or a weak iodine 
solution should be applied generously for skin prepar­
ation. Towels can be used for prolonged procedures 
such as arthrography. 

To minimise discomfort during or after a corticoster­
oid injection it often helps to give a 1 or 2% solution of 
lignocaine without adrenalin first, �nfiltrating skin a�d 
underlying tissues down to and mcludmg the pam­
sensitive joint capsule . A refrigerant spray can also be 
used to numb the skin. With skill and practice, rapid 
insertion of the needle into the joint is possible, in 
which case local anaesthetic can be mixed with the 
corticosteroid or may not be required. In some instan­
ces local anaesthetic can provide diagnostic informa­
tion and may also reduce post-injection pain. 

The patient 

The patient should be relaxed. Tense muscles can 
make injection impossible, and in most instances it is 
best if the patient is lying supine with the head 
comfortably supported on pillows. This also will make 
it easy to h·eat a vasovagal attack. Having a nurse 
present also helps to reassure the patient and is help­
ful in positioning the limb correctly. 



Procedure 

How often to inject 

A good general guide is not to inject the same joint 
more frequently than every 4 months without con­
sidering a change in other therapy (e .g .  second-line 
drugs in rheumatoid arthritis .  The possible damage 
caused by frequent injection is thought to b� slight, 
and unsuppressed inflammation is probably more 
damaging than the possible adverse effects of a local 
corticosteroid. 

Choosing a needle 

A 21-gauge (green) needle is sufficient for most aspir­
ations, but a 19-gauge (white) needle may be needed 
for very large effusions or for fibrinous synovial fluid . 
A 23-gauge (blue) needle is used for aspiration of the 
interphalangeal joints and for most injections without 
aspiration. 

Synovial fluid analysis 

If there is the possibility of infection, the synovial fluid 
should be sent for Gram stain, total and differential 
white blood cell count, bacterial culture and polarised 
light microscopy for crystals (discussed in Chapter 2, 
this section).  

Precautions 

Corticosteroid should not be injected if septic arthritis 
is a possibility, or if there is sepsis elsewhere. Always 
attempt aspiration of fluid, and if in doubt of infection 
do not inject but wait for the result of microscopy and 
culture. Aspiration of a joint containing a prosthesis 
should only be done with the knowledge and advice of 
an orthopaedic surgeon . 

When injecting soft-tissue lesions the needle should 
be jammed well onto the syringe before injecting, as 
considerable force may be needed . 

The patient should be advised that post injection 
pain may occur and may require analgesia . 

The patient should be advised against unreasonable 
use of the joint for 24 hours after injection. This will 
depend both on the nature of the lesion and the kind of 
work the patient does . To minimise time off work, 
injections can be done just prior to the weekend . Exer­
cise should be avoided during this period. 
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Dosage 

For large joints (e .g .  the knee) the usual dose of corti­
costeroid is 50 mg of hydrocortisone acetate, or 40 mg 
of methylprednisolone or 20 mg of triamcinolone 
hexacetonide . For small joints half of these doses will 
be needed. It is usual to use longer acting steroids for 
joint injections and hydrocortisone for soft-tissue 
injections . Longer acting steroids may lead to fat atro­
phy if used for soft-tissue lesions. 

In a large joint, be sure to use an adequate amount of 
fluid because, particularly in the knee, an injection of 
corticosteroid alone tends to remain in one place 
unless diluted . 

Fol low-up and advice 

All patients given an injection should be seen again to 
make sure that symptoms have improved and no 
complications have occurred . Advice should include 
the following: 

• The joint may be painful for up to 24 hours after the 
injection . 

• It may take several days for benefit to occur follow­
ing the injection. 

• The injected joint should be rested if possible for 
24--48 hours . 

• No sport should be contemplated for at least 5 
days. 

• Supportive splints, such as a forearm band for 
tennis elbow, may prevent a recurrence of the 
lllJury. 

Fai lure to respond 

1 .  The injection may not have penetrated the joint. 
When training, one can put a small amount of 
contrast medium in the syringe and X-ray after­
wards to check. 

2. The main cause of the joint pain was not inflam­
matory arthritis, but secondary osteoarthritis. 

Individual joints 

Procedures for individual joints are discussed at the 
end of each chapter in the previous section. 
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EXAM INATION OF SYNOVIAL FLU ID 

(Colour plate section for this chapter appears between p .  120 and p .  121) 

Examination of synovial or bursal fluid is particularly 
important in the diagnosis of two treatable conditions, 
acute sepsis and crystal-associated disease. Synovial 
fluid (SF) findings may also be of diagnostic signifi­
cance in a few rare diseases (e .g .  amyloid), but for 
most other conditions SF abnormalities, while often 
supporting the presumed diagnosis, are non-specific. 

For clinical purposes, SF examinations to consider 
include: 

• 

• 
• 
• 
• 
• 

macroscopic appearance (colour, clarity, 
viscosity), 
cell count and differential, 
light microscopy, 
polarised microscopy (for crystal identification), 
gram stain and culture, 
special tests in limited situations . 

General Aspects of SF Col lection and Storage 

Although the options for SF analysis are to some 
extent determined by the volume aspirated, even very 
small amounts may suffice to make a diagnosis. Even 
if an apparently 'dry tap' is obtained at aspiration: 

• the contents of the needle should still be expelled 
onto a slide and examined for crystals (unsuspec­
ted minute SF drops are often present), or 

• if sepsis is strongly suspected, consider injecting 
the joint with sterile saline and sending the aspi­
rated washings for culture. 

For small amounts of SF the usual priorities are a 
couple of drops onto an alcohol-cleaned, dry micro­
scope slide, the rest being retained for culture . If a 
larger amount is obtained, it is usual to divide the 
sample into two sterile plain containers, one for cul­
ture and one for crystal identification (added anticoa­
gu.lants are crystalline and confound crystal analysis) .  
With larger volumes, additional aliquots to consider 
may include: 

• 4 ml into an EDTA tube (e .g .  for total and differen­
tial leucocyte counts by Coulter counter, or for 
estimation of complement breakdown products), 
and 
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• direct inoculation into blood-culture bottles (for 
both aerobic and anaerobic organisms) . 

The volume of aspirated SF can itself be a measure of 
arthritis severity. Low volumes, however, do not 
necessarily negate an important intra-articular pro­
cess: SF may be loculated, and fibrin, rice bodies and 
other debris may hinder 'aspiration to dryness' .  

It is always preferable to examine SF as fresh as 
possible. Problems that arise if analysis is delayed 
include: 

• a decrease in cell count (due to disruption), 
• partial dissolution and decrease in number of 

readily detectable crystals (calcium pyrophosphate 
> urate), and 

• appearance of post-aspiration artefactual crystals . 

Storage at 4°C will retard but not prevent such 
changes, and ideally SF should be examined within 4 h 
of aspiration. 

Macroscopic Appearance: Colour, Clarity 
and Viscosity 

Normal SF is colourless or pale yellow: it contains few 
cells (< 50/µl: mainly mononuclear) and little debris, 
and therefore appears clear . Its hyaluronic acid con­
tent and degree of polymerisation impart high visco­
sity which can be crudely assessed by allowing SF to 
drop from the needle tip (normal and 'non­
inflammatory' SF both form a 'string' up to 2-5 cm long 
before separating) . Due to the absence of fibrinogen 
and clotting factors (particularly prothrombin and 
factors V and VII), normal SF does not clot. 

In general, 'non-inflammatory' SF appears similar to 
normal SF, whilst 'inflammatory' SF shows a tendency 
to: 

• 

• 

• 
• 

decreased viscosity (forming a short string and 
dropping more like water), 
increased turbidity (due to increased cells, fibrin 
strands, debris, Fig. 1 (Reproduced courtesy of 
Dieppe et al 1986) ) ,  
deepening colour (yellow/orange/green), 
spontaneous clot formation . 



Polarised microscopy 

Table I .  Principal causes of haemarthrosis 

COMMON 
Trauma 
Severe inflammatory or destructive arthropathy 
(e.g. pyrophosphate arthropathy, rheumatoid arthritis, sepsis) 

UNCOMMON 
Bleeding disorder 
(e.g. haemophi l ia, anticoagulant therapy, scurvy) 
Pigmented vi l lonodular synovitis 
Abnormal vessels 
(e.g. haemangioma) 

Greatly increased viscosity suggests hypothyroidism 
(or recent steroid injection into that joint) . 

Blood staining is very common and usually caused by 
the trauma of the aspiration . If it is uniform, however, 
causes of true haemarthrosis need to be considered 
(Table 1) .  A lipid layer overlying a haemarthrosis sug­
gests intra-articular fracture . Uniformly milky white SF 
may result from plentiful cholesterol or urate crystals .  

Rice bodies are small, glistening, white objects 
(mainly fibrin and collagen) which represent sloughed 
microinfarcted synovial villi. They are a non-specific 
finding in severe synovitis (e .g .  rheumatoid and 
tuberculous arthritis) .  Much smaller, black particles 
are a rare finding in SF from ochronotic joints (ground­
pepper sign). 

Cell  Count and Differential 

Cells can be counted using a Coulter counter or cell 
counting chamber and microsocpe (Wright's stain, or 
haematoxylin and eosin are suitable for differential 
counts) .  Transport in an EDTA tube often facilitates 
cell counting. 

In general, the total count and proportion of poly­
morphs increase with severity of inflammation, the 
cell count being one of the features used to classify SF 
as 'non-inflammatory' (200-2000 cells/µ!) or 
'inflammatory' (> 2000 cells/µ!) . The differential is 
more useful than the total cell count, though both lack 
specificity and show considerable overlap between 
conditions. Nevertheless, in general : 

• a differential count of > 90 % polymorphs is likely to 
reflect acute crystal synovitis, acute sepsis, or 
active rheumatoid; 

• a differential count of < 50 % polymorphs is likely to 
reflect osteoarthritis or mechanical derangement; 

• a marked monocytosis suggests viral infection (parti­
cularly hepatitis B and rubella) or serum sickness . 
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Conventional Light M icroscopy 

Occasionally, abnormal cells may be identified, 
including: 
• polymorphs ( 'ragocytes') with multiple cytoplasmic 

inclusions, most commonly seen in but not specific 
to rheumatoid arthritis, and 

• macrophages (Reiter's cells) containing ingested 
polymorphs, a non-specific finding first noted in 
acute Reiter's syndrome . 

Apart from cells, frequent findings include cartilage 
fragments (Fig . 2), fibrin clots, and unidentifiable debris . 
Lipid droplets (which stain red using oil red 0) are 
occasionally seen in severe synovitis (e .g .  rheu­
matoid), and may be particularly abundant in synovial 
or bursa! fluid of patients with pancreatic arthropathy. 

Polarised Microscopy 

This is the usual method for routine identification of 
crystalline particles, though more definitive methods 
are required if confident identification is required 
(particularly for non-urate crystals) .  A good quality, 
dedicated microscope with a rotating stage will greatly 
facilitate crystal identification, particularly of smaller, 
less brightly birefringent particles . 

A few drops of fresh unspun SF are usually exam­
ined, though centrifugation and examination of the 
deposit increases positive identification (electron 
microscopy of apparently negative deposits increases 
positive identification even further) . If examination of 
the slide is going to be delayed, the edges of the cover 
slip should be sealed (using clear nail-varnish or a 
commercial sealant) to prevent dehydration and arte­
factual change. It is very important to use a clean slide 
and cover slip, and to maintain the microscope as 
dust-free as possible . There is a marked variation in 
the 'cleanliness' of slides from different manufac­
turers, but clean untampered slides are probably ideal . 
If slides require cleaning, birefringent lens tissue fibres 
may be introduced; a reasonable compromise is to use 
alcohol- or acetone-cleaned slides dried in non­
turbulent air. 

To search for birefringent material it is easiest to 
scan using a low-power lens with the polarising lenses 
crossed (i . e .  a black background) . Once birefringent 
material is identified, the compensator and a higher 
powered lens ( x 400) are used for detailed observation: 
oil immersion lenses are helpful for small particles. 
Crystals often associate with fibrin strands and cellular 
debris, and such areas are worthy of special scrutiny. 
Crystals tend to have clearly defined edges with 
straight sides, in contrast to the less well-defined, 
indistinct forms of many artefacts. Extracellular 
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crystals are often more easily seen, but intracellular 
crystals should also be sought. 

Crystal identification is principally on the basis of: 

• size, 
• morphology, 
• sign of birefringence (positive or negative, accord­

ing to the convention of the optics of the 
microscope), 

• extinction angle (the angle by which the stage 
must be rotated for the crystal to alter from maxi­
mum to no birefringence) .  

Monosodium urate monohydrate (MSUM) 
crystals 

These, the most important crystals to identify, are 
usually needle-shaped (acicular), ranging from 2 to 
25 µm in length, and exhibiting strong (negative) bire­
fringence and an extinction angle of 45°. Typical 
MSUM crystals are easy to identify with confidence 
(Figs 3 and 4) : if any doubt exists uricase digestion of 
crystals is confirmatory . In synovial and bursal fluids, 
MSUM crystals are usually numerous and separate 
(either intra- or extracellular), but aggregated clumps 
and sheets of crystals are more typical of slides made 
from tophus aspirates/discharge (Fig. 5) . 

Calcium pyrophosphate dihydrate (CPPD) 
crystals 

These crystals are variable short, thick, usually 
rhomboid rods (Figs 6 and 7), 2-10 µm long, showing 
weak (positive) birefringence and a low extinction 
angle (c. 15°) .  With small or cuboid crystals it may be 
difficult to identify the long axis, and the sign of bire­
fringence may thus appear variable or difficult to 
determine. Usually, CPPD crystals are present in 
small numbers, mainly extra- rather than intracellular, 
and are easily missed. They may demonstrate 
'twinning' (appearing as two conjoined crystals) and 
'notches' (a chip out of one corner), and they fre­
quently occur enmeshed in fibrin clumps and strands . 

Cholesterol crystals 

These are large, flat rhombic plates, 5-50 µm diameter, 
often with a 'folded over' corner, showing strong 
(mixed positive/negative) birefringence (Fig. 8) . 

Other crystals and artefacts 

Several depot corticosteroids are crystalline and may 
remain detectable in SF for several weeks following 
injection (Fig. 9) .  They are variable in shape and size 
(usually small rods of c. 1-8 µm), show no regular 

Examination of synovial fluid 

geometric form, and display weak (positive or 
negative) birefringence. They may occur within or 
outside cells .  

'Maltese crosses ' (Fig. 10) are distinctive, brightly 
birefringent particles that are produced by a variety of 
compounds (e . g .  talc powder from rubber gloves, 
lipid, calcium oxalate, lithium heparin, dust) . Oxalate 
and lithium heparin may also appear more rod-like and 
show positive birefringence . Brushite may rarely be 
seen as large, positively birefringent crystals growing 
as stars from a central nidus; they most commonly 
represent post-aspiration artefact. Fibrin strands, 
intracytoplasmic inclusions, and hairs may all produce 
birefringence but lack the geometric form of arthropa­
thy associated crystals . 

Gram Stain and Culture 

Dried smears prepared from a few drops of SF are 
readily stainable by Gram stain and may quickly con­
firm the presence of organisms (N .B .  a negative result 
does not exclude sepsis) . The Ziehl-Neelsen stain can 
also be used, though identification of mycobacteria in 
SF is uncommon and culture and ':iynovial biopsy are 
usually required for identification . 

For culture of most common organisms a fresh SF 
sample in a sterile plain tube, speedily delivered to the 
microbiology department, is usually adequate . Inocu­
lation of part of the sample into blood-culture bottles at 
the time of aspiration may increase the likelihood of 
ready identification. For suspected fastidious 
organisms, such as gonococcus, it may be necessary to 
consider transport in appropriate culture medium, or, 
preferably, the fluid can be plated immediately on 
chocolate agar or Thayer-Martin medium and the cul­
ture then continued in the laboratory under C02. For 
suspected fungal infections the fluid should be trans­
ported in a plain tube and processed for culture on 
Sabouraud's dextrose agar. Lowenstein's medium is 
used for mycobacteria . Wherever possible, particu­
larly for potentially unusual organisms, early dis­
cussion with the microbiologist (before aspiration) is 
advised. 

Special Tests in Limited Situations 

Amyloid deposits in a spun SF deposit can be stained 
with Congo red, showing up as fibrillar or amorphous 
material with apple-green birefringence . More defini­
tive confirmation requires examination using electron 
microscopy. 

Apatite particles are too small to be seen by light 
microscopy, but aggregates can be visualised by 



Special tests 

staining with the non-specific calcium stain alizarin 
red S (Fig. 1 1 ) .  At acidic pH (4 . 5) this stain shows 
better specificity for apatite than other calcium con­
taining crystals .  Such stained aggregates are a 
common non-specific SF finding, but in apatite­
associated destructive arthropathy they are present in 
large amounts. 

Glucose estimation for SF placed immediately into a 
fluoride tube can be compared with a simultaneous 
serum sample (preferably fasting since equilibration 
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between blood and SF is slow) . In the presence of 
inflammation (e .g .  rheumatoid arthritis) SF glucose 
falls, but very low levels ( < 25% )  are highly suggestive 
of infection. Such simple estimation may be of help in 
some cases of chronic monoarthritis. 

Most other SF investigations (e .g .  complement 
breakdown products, autoantibodies, lactic acid, pH, 
cartilage matrix components) are primarily for 
research use, and have little diagnostic significance or 
benefit in routine analysis. 
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A 

Achilles tendon 
bursitis, 92, 103-104 
examination and palpation, 98-99 
tenosynovitis, 98 

Achondroplasia, 76 
Acromioclavicular j oint 

anatomy, 21-24 
functional anatomy, 25-26 
injection, 37 
testing, 34 
see also Shoulder girdle 

Adactyly, 93 
Adductor tendinitis, 69 
Adson's manoeuvre, 61 
Affect, 5 
Amyloid deposits, synovial fluid, 

126 
Ankle j oint see Foot and ankle 
Anterior drawer test, 86, 99-100, 101 
Anterior interosseus nerve 

syndrome, 46 
Anvil test, 72 
Apatite, synovial fluid, 126-127 
Arthrocentesis see specific joints, 

injection and aspiration 
Arthroscopy, shoulder girdle, 36 
Aspiration see Synovial fluid, 

aspiration techniques 
Atlanta-axial j oint, 59 

subluxation, 61 
Atlanta-occipital j oint, 59 
Attitude of region/limb, 5-6 
Axillary nerve entrapment, site, 24, 
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B 

Balloon sign, 7 
Barber's chair sign, 61 
Beighton score, generalised 

hypermobility, 10  
Bicipital tendinitis, injection, 37-38 
Bicipital tendon, anatomy, 23 
Blocked knee, 80, 84-85 
Blood, in synovial fluid, 125 
Bouchard's nodes, 51 
Bowstring test, 64 
Brachydactyly, 93 

INDEX 

Bragard test, 64 
Brown-Sequard syndrome, 61 
Brushite crystals, appearance in 

synovial fluid, 126 
Bulge sign and test, 7, 81 
Bunnell's contracture, 55 
Bunnell' s test, 53 
Bursae 

classification, 3 
shoulder girdle, anatomy, 23 

c 

Calcium pyrophosphate dihydrate 
crystals (CPPD), 126 

Carpal tunnel syndrome, 42 
injection, 56 

Carpus joint, anatomy, 51 
Cauda equina syndrome, 64 
Cervical spine 

anatomy, 59 
examination, 59-61 
pathology, shoulder testing, 35-36 

Children, examination, posture and 
height, 1 19 

Cholesterol crystals, 126 
Claw toe deformity, 95 
Club foot (talipes), 92-93, 94 

gait, 119 
Congenital skeletal anomalies, and 

development, 1 
Conjunctivitis, 1 1  
Connective tissue diseases, hand 

features, 51 
Corticosteroid crystals, in synovial 

fluid, 126 
Corticosteroid injections see Steroids 
Coxa vara, gait disturbances, 118 
Crepitus, signs at examination, 9 
Crystals, in synovial fluid, 

identification, 125-126 
Cubital tunnel syndrome, 46 
Cubitus valgus/varus, 39 

D 

De Quervain's tenosynovitis 
examination, 52 
pain radiation, 4 

1 3 1  

pain referral, 42 
stress tests, 9 

'Dead-arm syndrome', 35 
Deformity, correctability, 6 
Dermatomes, sites of pain, 4 
Dermatomyositis, hand features, 50 
Diarthroses, 1 ,  2 
Disability, and handicap, 5 
Dupuytren's contracture, features, 

49, 51 ,  55 

E 

Elbow j oint 
aspiration and injection, 47-48 
carrying angle, 39 
collateral ligament stability, 45 
deformities, 43 
dermatomes, 42 
examination 

inspection, 42-44 
palpation, 44 
tests, 45-47 

flexion test, 46 
functional anatomy, 39-42 
muscle power, 45 
nerve entrapment, 45-46 
symptoms, 42 

Embryology, 1 
Entheses, 2-3 
Epicondylitis, 41 

lateral (tennis elbow), 4, 42, 45, 
47-48 

medial (golfer's elbow), 42, 45, 48 
pain radiation, 42 

Episcleritis, 1 1 ,  12 
Erb's palsy, 25 

hand features, 55 
Erythematous changes, causes, 6 
Examination 

principles of, 3-5 
lying on couch, 18-19 
standing, 13-18, 1 13-1 15 
walking, 14,  1 16-1 19 
see also Gait; Posture 

screening history, 13 
signs 

attitude, 5-6 
crepitus, 9 
deformity, 6 
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Examination-( cont . )  
signs-( cont . )  

movement, 8-9, 1 16-1 19 
muscle wasting, 9-10 
skin changes, 6 
stability and function, 10 
swelling and tenderness, 6-8 

special aspects, 1 1 -12 
summary, 12 
symptoms, 3-4 

Eye changes, 1 1 ,  12 

F 

Femoral root irritation, 64 
Femur 

shortened, 1 13, 1 15 
see also Hip joint; Knee joint 

Fibromyalgia syndrome 
skinfold rolling, 15 
'tender sites', 10 

Fingers see Hand 
Finkelstein' s test, 9, 52 
Flat foot (pes planus), 93 
Foot and ankle, 90-104 

anatomy, 90-92 
tendons and bursae, 91-92 

development, 92 
developmental abnormalities, 

92-93 
examination and palpation, 94-99 
injection and aspiration, 103-104 
muscle testing, 100-103 
nerve roots, peripheral nerves 

and muscles, 102 
posture, 1 14-115  
range o f  movements, 99-100 
symptoms, 93 
see also Gait; Posture 

Frohse, arcade of, 40 

G 

Gait 
disturbances, 14, 69-70, 1 18 

congenital dislocation, 1 18  
coxa vara, 1 18 
hysterical, 14 
neurological patterns, 1 18 
Trendelenberg gait, 14, 70 

examination, 14, 1 16-1 18 
children, 1 19 

gait cycle, 1 16, 1 17  
major determinants, 1 16  

normal, 14, 1 16  
sensory control, 1 12-1 13 

Genu recurvatum, valgum, varum, 
80-81 

in children, 76 
Glenohumeral joint 

anatomy, 21-24 
effusion, 7 
functional anatomy, 25-26 
injection, 37 
instability, 35 
muscle testing and range of 

movement, 29-34 
pain radiation, 4 
testing, 35 
see also Shoulder girdle 

Glucose estimation, synovial fluid, 
127 

Golfer's elbow (medial 
epicondylitis) 

pain radiation, 42 
tests, 45 
treatment, 48 

Gout, hand features, 51 
Ground-pepper sign, 125 
Guyon, canal of, 51 

H 

Haemarthrosis, causes, 125 
Hallux valgus, 94, 95 
Hamate, hook of, 51 
Hammer toe deformity, 94 
Handicap, and disability, 5 
Hands 

anatomy 
bones and joints, 49-52 
muscles, 52-53 
nerves, 53-55 
tendons, 52 

circulation, 55 
deformity, 55-56 
examination, 7, 17-18, 49, 49-56, 

56 
finger clubbing, 49 
finger tests, 52-53 
thumb tests, 54 

injection, 56-57 
Heberden's nodes, 51, 55 
Hip joint 

anatomy, 67-68 
muscle groups, 68 

congenital dislocation, gait 
disturbances, 1 18 

development, 66 

Index 

developmental abnormalities, 66 
examination, 18-19, 69-74 

muscle testing, 73-74 
symptoms, 68-69 

injection and aspiration, 74-75 
pain radiation, 4 

Homunculus, recording of 
locomotor signs, 1 1  

Humerus supracondylar process 
syndrome, 47 

Hypermobility, generalised, 
Beighton score, 10 

Hypodactyly, 93 
Hypopyon, 1 1  

Iliotibial band syndrome, 89 
Impingement test, 35, 36 
Inflammation, assessment, 6 
Infraspinatus 

anatomy, 22-24 
testing, 32 

Injections see specific joints; Steroids 
Iritis, 1 1 ,  12 
Ischiogluteal bursitis, injection, 74 

Jaw see Temporomandibular joint 
Joints 

classification, 2 
damage, signs, 9 
development, 1 
joint-line tenderness, 8 
movement range, 3 
normal, inspection and 

examination, 13-14 
structure, 1-3 

synovial joint, 1, 2-3 
Juvenile chronic arthritis, hand 

features, 51 

K 

Klumpje's deformity, 62 
Klumpje's palsy, hand features, 55 
Knee joint 

anatomy, 76-79 
bursae, 82-83 
cruciate ligaments, 77 



Index 

fibrous capsule, 77 
innervation, 79 
medial aspect, 78 
menisci, 76-77, 80 
patellar mechanism, 83 
tibiofibular j oint, 86 

developmental abnormalities, 76 
effusions, signs, 6-7, 81 
examination, 18-19 

patellar mechanism, 83-84 
principal deformities, 6, 7 
range of movement and flexion 

deformity, 84-86 
for stability, 85-86 
tibiofibular joint, 86 

function 
extension, 77-78 
flexion, 78 
rotation and stability, 78-79 

genu varum, valgum, 
recurvatum, 80-81 

children, 76 
history of injury, 79-80 
injection and aspiration, 86-89 

corticosteroids, 87-88 
pain patterns, 79-80 
patellar apprehension test, 80 
patellar mechanism, 83, 83-84 
patellar subluxation, 80 
patellar tap, 81-82 
patellar tendinitis, 89 
valgus deformity resulting from 

shortened limb, 1 13-1 15 

L 

Lachman' s test, 85 
Lasegue test, 63 
Lhermitte's sign, 61 
Limbs 

embryology, 1 
length inequality, 1 13 

Lister's tubercle, 51 
Lithium crystals, appearance in 

synovial fluid, 126 
Locked knee, 80, 84-85 
Locomotor disease 

nodules, 1 1  
signs a t  examination, 8-9 

recording, 1 1  
symptoms, summary, 3-4 

Lumbar spine 
examination, 63-64 
pain radiation, 4 

M 

Macmurray's test, 85 
'Maltese crosses', in synovial fluid, 

126 
Mandible see Temporomandibular 

joint 
March fracture, 98 
Marfan's syndrome, 76 
Median nerve lesions, 54 
Menisci, 1 
Meralgia paraesthetica, 69, 75 
Metacarpophalangeal j oints 

(MCPJs) 
examination, 50, 52-53, 55-56 
injection, 56 
inspection and examination, 17-18 
RA features in hands, 50 

Metatarsal compression test, 98 
Metatarsophalangeal joints (MTPJs) 

anatomy, 91 
claw toe deformity, 95 
examination and palpation, 

94-103 
hammer toe deformity, 94 
inspection and examination, 18-19 
subluxation, 95 

Microscopy, of synovial fluid 
conventional, 125 
polarised, 125-126 

Miserable malalignment syndrome, 
1 13, 1 15 

Monosodium urate monohydrate 
crystals (MSUM), 126 

Morquio's syndrome, 76 
Morton's neuroma, 93 

injection, 104 
Mucous membrane changes, 

causes, 12 
Muscle power grading (MRC scale), 

10 
Muscle wasting, synovitis, 9-10 

N 

Nails 
changes, causes, 11 
examination, 49-51 

Neck see Cervical spine 
Nerve root entrapment tests, 63-64 
Nerve stretch tests, 64 
Nodules 

causes, 11  
locomotor disease, 1 1  

0 

Ober test, 73 
Olecranon bursitis, 43 
Osgood-Schlatter' s disease, 88 
Osteoarthritis 

hand features, 51 
knee, 79, 80 

attachment lesions, 88 
Oxalate, appearance in synovial 

fluid, 126 

p 

Pain 
at night (rest pain), 4, 28 
description, 4 
pain amplification syndrome, 

10-11 
patterns, specific j oints, 69, 79 
referral, 4, 27, 63 
screening questions, 13 
stress, 8 
usage, 4 

Pancoast's tumour, 26 
Patella see Knee j oint 
Periarticular point tenderness, 8 
Perthes' disease, 66 
Pes planus (flat foot), 93, 94, 95 
Phalan' s sign, 53 
Pigeon toe, 95 
Pinch grip test, 46-47 
Pivot shift test, 85 
Plantar fasciitis, injection, 104 
Polydactyly, 93 
Posterior drawer test, 86 
Posture 

control mechanisms, 112-113 
evolution of standing, 1 12 
examination, 13-18, 1 13-1 15 

children, 1 19 
sensory control, 1 12-1 13 

Pronator teres syndrome, 46 
Pseudoachondroplasia, 76 
Psoas abscess, 63 
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Psoriasis, hand features, 51 
Psoriatic arthritis, 'sausage toes', 94 

Q 
Quadriceps lag, 84 
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R 

Radial tunnel syndrome, 40 
Red eye, causes, 1 1  
Rice bodies, i n  synovial fluid, 125 
Rotator cuff 

anatomy, 22-24 
tears, impingement test, 35, 36 

s 

Sacroiliac joints, 65 
pain radiation, 4 

Saddle anaesthesia, 64 
Scapula 

winging, 28-29 
see also Shoulder girdle 

Schirmer test, sicca syndrome, 12 
Sciatic foot stretch, 64 
Scleritis, 1 1 ,  12 
Scolioses see Cervical spine; Thoracic 

spine 
Sepsis 

aspiration procedure, 124 
culture of synovial fluid, 126 

Septic arthritis, aspiration, 
contraindications, 121-122 

Shoulder girdle 
anatomy, 21-24 

functional anatomy, 25-26 
aspiration and injection, 36-38 
blood supply, 24 
and cervical spine pathology, 

35-36 
developmental abnormalities, 

25-26 
dislocation (subluxation), 26, 28 
evolution, 24-25 
history 

age, 26 
general and occupational, 26-27 

inspection and examination, 28-36 
arthroscopy, 36 
muscle testing and range of 

movement, 29-34 
muscle wasting, 28 
palpation, 29 
stability assessment, 35 
weakness, 35 

investigations, 36 
nerve supply, 24 
pain location 

assessment, 27-28 
other symptoms, 28 

Sicca syndrome, Schirmer test, 12 

Skin changes, 6 
Skinfold rolling, fibromyalgia, 15 
Sleep disorders, 5 

fibromyalgia syndrome, 10 
Speed's test, 32, 34 
Spine 

development, 58 
movement, 16-17 
spinal stenosis, 64 
see also Cervical spine; Lumbar 

spine; Thoracic spine 
Sprengel's shoulder, 25 
Spurling's manoeuvre, 61 
Standing see Posture 
Sternoclavicular joint, functional 

anatomy, 25-26 
Sternocleidomastoids, assessment, 

61 
Steroid injections 

choice of needle, 123 
complications, 122 
dosage, 123 
failure to respond, 123 
follow-up and advice, 123 
frequency, 123 
indications, 121-122 
precautions, 123 
procedure, 122 
see also specific joints 

Stiffness, 5 
Stress tests, 9 
Sulcus sign, 35 
Suprascapular nerve entrapment, 

site, 24, 27-28 
Supraspinatus 

anatomy, 22-24 
injection, 36-37 
testing, 31, 33 

Swan neck deformity, 6 
Swelling/deformity, causes, 5, 6-8 
Symphyses, 1, 2 
Synarthroses, 1, 2 
Synchondrosis, 1 
Syndesmosis, 1 ,  2 
Synovial fluid 

aspiration 
culture of SF, 124 
general aspects, 124 
principles and indications, 121-

122 
techniques, 121-127 

cell count and differential, 125 
culture, Gram stain and culture, 

126 
examination, 124-127 

amyloid deposits, 126-127 

Index 

apatite, 126 
conventional microscopy, 125 
crystals, types, 126 
glucose estimation, 127 
macroscopic appearance, 124-

125 
polarised microscopy, 125-126 

storage, 124 
Synovial joint, 1 ,  2 
Synovial membrane, 2 
Synovitis 

muscle wasting, 9-10 
signs, 9 

Systemic illness, symptoms, 5 
Systemic lupus erythematosus, 

hand features, 50 
Systemic sclerosis, hand features, 50 

T 

Talipes (clubfoot), 92-93, 94, 119 
Talocrural joint see Foot and ankle, 

anatomy 
Tarsal tunnel syndrome, 93-94 

injection and aspiration, 104 
symptoms, 93-94 

Temporomandibular joint, 105-111  
anatomy, 105-106 
arthroscopy, 1 10 
developmental abnormalities, 

106-107 
electromyography, 1 10 
examination, 108-110 
injection, 110-1 1 1  
movement, 16-17 
pain syndrome, 1 10 
radiography, 110  
symptoms, 107 

Tenderness, assessment, 8 
Tennis elbow (lateral epicondylitis), 

42, 47-48 
injection sites, 47 
pain radiation, 4 
tests, 45 

Tenosynovitis 
injection, 104 
signs, 9 

Teres minor 
anatomy, 22-24 
testing, 32 

Terminology, 3 
Thomas' test, 72 
Thoracic outlet compression, 27, 34 
Thoracic spine, examination, 61-63 
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Thumb see Hand 
Thyroid, examination, 59-60 
Tibia, shortened, 1 13, 1 15 
Tibiofibular j oint (distal), 90 
Tibiofibular j oint (proximal), 86 
Tinel's sign, 45-46, 53 

tarsal tunnel syndrome, 93 
Tine!' s test, 86 
Torticollis, 59-60 
Trapezius, assessment, 61 
Trendelenberg gait, 14 
Trendelenberg test, 70, 71 
Triangle sign, 44 
Trochanteric bursitis, 69 

injection, 74 
pain radiation, 4 

u 

Ulnar nerve lesions, 54 

v 

Valgus/varus, 6 
Valsava manoeuvre, 61 
Vertebrae 

movement range, 58 
see also Spine 

Vertigo, sensory control of posture, 
113 

Volkmann' s contracture of hand, 55 

w 

Walking see Gait 
Warmth, assessment of 

inflammation, 6 
Wright's manoeuvre, 34 
Wrist 

carpus j oint, 51 
injection, 57 
innervation, 53-55 
stress pain, 8 

y 

Yergason' s test, 32, 33 
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This superb new book offers you comprehensive coverage of the 
examination of patients with joint or periarticuJar disease. It 
includes full details of joint aspiration, injection techniques and 
examination of synovial fluid. 

The text provides concise yet detailed information on this 
important practical aspect of rheumatology, often neglected in 
major textbooks. 

It is divided into three major sections covering: 

• development, structure and appearance of normal joints 

• symptoms and signs of disease at specific regions 

• examination of joint fluids 

Rheumatologlj Examination and Injection Techniques will become 
the essential resource you turn to time and time again. 




