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ix PREFACE 
You may ask why we are creating a third edition . Does anatomy change 

between editions? With respect to what is taught to students of anatomy, for­

mal ly or informal ly, there is not much change. Occasionally, a new variation 

is noted, but substantively and as a practical matter, anatomy doesn't 

change. On a grander scale, the anatomic arrangement of ou r bodies IS 

subject to infinitesimal change in an evolutionary sense, but that's not why 

we composed a new edition . We did it because it was time to freshen the 

i l lustrations and text, to go over material and find new and better ways 

to i l lustrate and express the anatomy and its function . We also cleaned up 

errors and made the presentation more clear. 

We worked to improve the visual appeal of the p lates, struggling to resist 

putting 10 lbs.  of information in a 5- lb.  plate. We found our earlier coverage 

of joints to be inadequate. We produced nine new plates , five of which make 

up that deficit: the temporomandibular, shou lder, el bow, sacroiliac, hip , and 

knee joint plates . We rearranged the order of presentation of material to 

make it easier for anatomy teachers to integrate our material with commonly 

employed anatomy texts. 

Our visually-based quizzes on bones , arteries, and veins have been 

expanded to include joints . We reorganized the lists of vessels in those 

quizzes to make them more digestible.  We revised and gave new life to a 

ful l  third of the existing plates , including expansion of the integument to two 

plates, u pdating the plate on H I V- induced immunosuppression, and vastly 

improving the plates on distribution of spinal nerves, the meninges, the 

visual system , and the renal tubu les. The l iterature on innervation of skeletal 

muscle has been reviewed and updated, as has Appendix B.  

To borrow from the Preface of the second edition , we are gratefu l to 

the thousands of colorers who have advised and encouraged us,  including 

coaches, trainers, teachers, paramedics, body workers, court reporters, 

attorneys, insurance claims adjusters, judges, and students and practi­

tioners of dentistry and dental hygiene, nursing ,  medicine/surgery, chiro­

practic, podiatry, massage therapy, myotherapy, physical therapy, 

occu pational therapy, and exercise therapy. More informal seekers of 

self-realization and those with impairments have been drawn to The 

Anatomy Coloring Book because of its lighter, more visual approach.  

Tru ly, a picture is worth a thousand words! 

ACKN OWLE DGME N TS 
We had the support of many and thank them for their partici pation in the 

development of this work. Our reviewers gave us excellent advice and 

pointed out errors that otherwise would not have been caught. Arlene Kle­

patsky, R . N . ,  J . D . ,  carried out key research work for us, and we are g rateful .  

Michael Loftus, M . D . ,  cardiologist, and fel low racquetball player, kindly 

reviewed the electrocardiogram materia l .  Maureen Larsen and Carolyn Scott 

typed much of the backmatter under rush conditions and late-night hours, 

and we are very g rateful for their work. Dolores Espinoza was terrific in over­

seeing the preparation of materials for the typesetter. Thank you , Stephanie 

Luros, for coloring the plates and g iving us insight into potential problems . 

Jason Luros's computer and software skills and advice were grateful ly  

received, as was the assistance from software engineer C l ifford C lark on 

Maci ntosh™ conversion. Our editor, Susan Teahan , helped us in many expert 

ways and perhaps was at her best as she drove us to meet the deadl ine­
which we did. To G erry Ich ikawa and Jill Breedon , copy editor, at the Type­

Studio in Santa Barbara, we can only repeat what was said after the second 

edition-that their superb and accurate work was most welcomed and 

appreciated. To all who helped us and remain unnamed in this acknowledg­

ment, we are most g rateful for your participation . 

WYN N  KAPIT LARRY ELSON 
Santa Barbara, California Napa Valley, California 
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I NTRODUCTI ON TO COLORI NG 

(Important tips on how to get the most out of this book) 

HOW THE BOOK IS A RR A NGED 

The book is  d ivided by subject matter into sections. 
The sections contain groups of p lates ,  each deal ing 
with a separate topic with in  that subject head ing .  

A plate consists of  an i l l ustration with various 
parts to be colored, related titles (also to be 
colored) ,  an explanatory paragraph of text, and 
coloring notes ( CN). 

You can beg i n  with any section,  but it is best to 
color that section i n  the order i n  which the plates 
are presented .  Fee l  free to skip the plates that 
might be too complex or i rrelevant to your area 
of interest. 

HOW M A NY COL ORS N EEDED 

I t  i s  best to have at least 1 0  pens or penci ls (no 
c rayons) .  Pencils are more versatile because one 
can l ighten or darken each color. Felt-ti pped pens ,  
on the other hand ,  produce brighter colors. 

The more colors you have available,  tl1e g reater 
the pleasure .  If you are able to purchase your col­
ors i ndividually (as opposed to a set ) ,  you should 
choose mostly light colors , but be sure to inc lude 
gray and black.  

HOW THE COL ORING SYSTEM WORKS 

The parts of an i l l ustration that are meant to be 
colored are drawn with , or separated from each 
other by, dark outl i nes .  They are also identified by 
smal l letter labels (A, B ,  etc . ) .  The "titles" (names 
or terms referring to those parts) are printed with 
outl ined letters , followed by the same letter labels .  
Color a part and its respective title with the same 
color. Do not use that color agai n on a d i fferent part 
and tit le on that p late , un less you run out of colors , 
and have to repeat some colors . 

When d ifferent parts of an i l l ustration are related 
to each other in some fundamental way, they wi l l  
receive the same letter labe ls ,  but with d ifferent 
superscripts (A 1, A2) for identif ication purposes. 
Al l  those parts wi l l  receive the same color. 

Occasional ly, you wi l l  come across a tit le or 
general heading that is meant to be colored but 
does not refer to any specif ic part of the i l l ustration . 
I n  such cases ,  the smal l letter label wi l l  be fol lowed 
by a dash (A- , 8-), and only the tit le or heading wi l l  
be colored . 

Areas or words meant to be col :red gray are 
identified by an aster isk ( * ) ; if colored black, by 
a black c i rc le  ( • ); and when not to be colored at 
a l l ,  by the "don 't color" s ign (-;-) .  



HOW TO A PPRO A CH EA CH PL ATE 

Whether you read the explanatory material before 
coloring or vice versa, you should always read the 
coloring notes ( CN) before start ing to color. The 

notes ( located at the top of the plate) contain rec­
ommendations about which colors to use and what 
to take notice of when coloring that part icu lar plate . 

Begin by coloring the fi rst tit le i n  the l i st of titles 
to be colored. The title wi l l  be fol lowed by a smal l  
letter label (A) .  Locate and color the part of  the 
i l l ustration to which the title refers. It is important 
that you color the titles in the order that they are 

presented; they are usual ly l i sted that way for 
specif ic reasons. 

The titles are usual ly p laced away from the i l lus­
trations to fac i l itate you r review. Try covering them 
when testi ng your recal l  of the materia l .  

I t  i s  recommended that you reserve your l ightest 
colors for the largest areas to be colored. A dark 
color on an especial ly large part of the i l l ustration 
wou ld dominate the plate . Certain colors are tradi­
t ionally associated with certa in  structures of the 
body: red for arter ies,  b lue for ve ins ,  purple for 
cap i l laries ,  yel low for nerves ,  and green for lym­
phat ics .  Where you are asked to identify a diverse 
group of such structures ( i .e . ,  many different arter­
ies or many ve ins ) ,  you wi l l  natural ly have to use 
more than just the one representative color. 

SYMBOLS U SEDTHROU GHOUTTHE BOOK 

Don't color -11- Color gray* 

Color black • Not shown N.5. 
A broken outl i ne represents one form lyi ng 
underneath or be h ind another0000°,;:;��� 
The subject matter is microscopic i n  size � 
A BBRE VI ATIONS 

I n  the text and titles , the fol lowing abbreviations 
may precede or fol low the names of the structures 
identified, e . g . ,  Post . auricu lar m . ,  Brac hia! a . ,  
Scalenus med . m .: 

A. =Artery 
Ant. = Anterior 
Br. = Branch 
I nf .  = I nferior 
Lat. = Lateral 
L ig .  = L igament 
M . ,  M s .  = Muscle(s)  
Med. (preceding term ) = Medial 
Med. (after term) = Medius 
N.  =Nerve 
Post. = Posterior 
Sup .  = Superior, superfic ia l  
Sys . =System 
Tr. =Tract 
V. =Vein 

xi 





ORIENTATION TO THE BODY 
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The median plane is the midl ine long itud inal p lane dividing the head and torso into right and 
left halves. The presence of the sectioned midl ine of the vertebral column and spinal cord is 
characteristic of this plane. The median plane is the middle sagittal (mid-sagittal) plane. 

The sagittal plane is a long itudinal p lane d ividing the head and torso into left 
and right parts (not halves) .  I t  is parallel to the median ( not med ial )  plane. 

The coronal or frontal plane is a longitudinal p lane dividing the body 
(head , torso, l imbs) or its parts into front and back halves or parts. 

vro�@@W@00�@9@00@@@o 
The transverse plane divides the body into upper  and lower halves or parts (cross sectons) .  
I t  is perpendicular to  the longitudinal planes. Transverse planes may be horizontal planes o f  the 
upright body. Transverse planes are cal led "axial" or "transaxial" sections/slices by radiologists. 

a: . 
Q I a: - " W I >-z <( 

I . 
. 

. 
. 

Median 
section 
through the 
thorax 

Sagittal 
section 
through the 
thorax 

1 

CN: ( 1 )  Use your lightest colors on A-0. (2 )  Color a body 
plane in the center diagram; then color its tit le, related 
sectional view, and the sectioned body example. (3) Color 
everything within the dark outlines of the sectional views. 

Study of the human body requires visualization 
of internal regions and parts. Dissection (d is, apart; 
sect- , cut) is the term given to preparing the body for 
internal inspection . One method of d issection permits 
consistent visual orientation by cutting the body into 
parts, called "sections," along the lines of reference, 
called "p lanes. "  The viewing and study of internal 
human structure in  these p lanes is possible through 
medical imaging,  such as computerized tomography 
(CT) and magnetic resonance imaging (MR I ) .  

Coronal 
section 

through the 
head 

C ross 
section 

through the 
abdomen 
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ORI ENTATION TO THE BODY 

1J'@ro{Xi)§ @� CP@§O'U'O@Ul!J & ®O�@@'iJO®mJ 
CN: Color the arrows and titles, but not the i l lustrations. 

Terms of position and direction descr ibe the relationship of one 
organ to another, usually along one of the three body planes 
i l lustrated in  the previous p late. To avoid confusion , these 
terms are related to the standard anatomical position: body 
standing erect, l imbs extended, palms of the hands forward. 

@CK360Cil!JQ(Aj[b 9 @®@@®0@009 
@@@'fl(JJ�Q,A 

These terms refer to a structure being closer 
to the head or higher than another structure of 
the body. These terms are not used with respect 
to the l imbs.  

&J(]!J'fl(g[Xj 0@(2 9 W@Gl{) 'i)(M�Q, B 
These terms refer to a structure being more in  
front than another structure in  the body. The term 
"anterior" is preferred . 

[fJ@@l?@CX?0®009 @@m@�Cbc 
These terms refer to a structure being more in  
back than another structure in the body. The term 
"posterior" is preferred. 

This term refers to a structure that is closer to the 
median plane than another structure in the body. 
"Medial" is not synonymous with "median . "  

This term refers t o  a structure that i s  further away 
from the med ian plane than another structure in 
the body. 

fPOO@ZZ:SO(CiJ&>[b F 
Employed only with reference to the l imbs ,  this 
term refers to a structure being closer to the 
median plane or root of the l imb than another 
structure in the l imb.  

®O@L?�Q, G 
Employed only with reference to the l imbs ,  this 
term refers to a structure being further away from 
the median plane or the root of the l imb than 
another structure in the l imb.  

@t%Q!J[§)OJ(bQ Q(jy)@'§OOO®CKf H 
These terms refer to a structure being closer 
to the feet or the lower part of the body than 
another structure in the body. These terms are 
not used with respect to the l imbs.  

The term "superficial" is synonymous with exter­
nal , the term "deep" with internal . Re lated to the 
reference point on the chest wal l ,  a structure 
closer to the surface of the body is superf icial ;  a 
structure further away from the surface is deep . 

The term " ipsilateral" means "on the same side" 
( in this case , as the reference point ) ;  "contra­
lateral" means "on the opposite side" (of the 
reference point). 

2 

The quadruped presents four points of direction: 
head end (cranial). tai l  end (caudal). belly side 
(ventra l ) .  back side {dorsal). In the b iped (e.g. , 
human). the ventral side is also anterior, the 
dorsal side is also posterior, the cranial end is 
also superior, and the caudal end is inferior. 





ORIENTATION TO THE BODY 

CN: Use light colors. Color the skeleton (A) .  Color t h e  mus­

culature (B)  brown. Color the major arteries and heart red 

(with darker outlines), veins blue (C). Color all lymphatic 

vessels (D) green. Color nerves, brain and spinal cord (E), 

yellow. Color the insets representing the endocrine system 

(F). Pick a skin color for the integumentary system (G). Note 

that the latter two are independent systems, but are graphi­

cally combined here in one body. 

Collections of similar cells constitute tissues. The four 
basic tissues are integ rated into body wall and visceral 
structures/organs. A system is a collection of organs 
and structures sharing a common function. Organs and 
structures of a single system occupy diverse regions 
in  the body and are not necessarily g rouped together. 

@(X?§[1§'[]'�(1A £%00u0@QD�WA' 
The skeletal system consists of the skeleton of bones 
and their per iosteum, and the l igaments that secure 
the bones at joints. By extension, this system could 
include the varied fasciae that ensheath the body 
wall/skeletal muscles and contribute to the body's 
structural stabil ity. The articular system comprises the 
joints, both movable and fixed , and the related struc­
tures, including joint capsules, synovial membranes, 
and discs/menisci .  

ooGD�©®l1�w B 
The muscular system includes the skeletal muscles that 
move the skeleton, the face ,  and other structures and 
give form to the body ; the cardiac muscle of the heart 
wal ls ;  and the smooth muscle of the walls of viscera and 
vessels and in  the skin. 

@��®O@W000@QDQ,0Jcz;> c 
The cardiovascular system consists of the four-cham­
bered heart, arteries conducting blood to the tissues, 
capil laries through which nutrients, gases, and molecular 
material pass to and from the t issues, and veins returning 
blood from the tissues to the heart. Broadly interpreted, 
the cardiovascular system includes the lymphatic system. 

1:1l?�CPOOiAJuD@o 
The lymphatic system is a system of vessels assisting 
the veins in  recovering the body's t issue fluids and 
returning them to the heart. The body i s  about 60% 
water, and the veins alone are generally incapable of 
meeting the demands of tissue d rainage. Lymph nodes,  
which f i l ter  lymph,  are located throughout the body 

G!J@IJJW@IJO@E 
The nervous system consists of impulse-generating / 
conducting tissue organized into a central nervous 
system ( brain and spinal cord ) and a peripheral 
nervous system (nerves) ,  which includes the visceral 
(autonomic) nervous system involved in  involuntary 
"fight or f l ight" and vegetative responses. 

&GYJ®@@roo@@F 
The endocrine system consists of glands that secrete 
chemical agents (hormones) into the tissue f luids and 
blood , affecting the function of mult iple areas of the body. 
Many of these g lands are under some control by the 
brain (hypothalamus) .  Hormones help maintain balanced 
metabolic functions in many of the body's systems. 

The integumentary system is the skin, replete with 
glands, sensory receptors, vessels,  immune cel ls 
and ant ibodies, and layers of cel ls and keratin that 
resist environmental factors harmful to the body. 

���i - . ;)/ . ·-f / - � 1 
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Smooth 6 
muscle 

of intestine 
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ORIENTATION TO TH E BODY 

CN: Use di fferent light colors from those used 
on the preceding p late . 

m@0�oww'il©OO'l? H 
The respiratory system consists of the upper 
(nose through larynx) and lower resp i ratory 
tract (trachea through the air spaces of the 
lungs). Most of the tract is airway; only the 
air spaces (alveol i )  and very small  bronchi­
oles exchange gases between alveoli and 
the lung capi l laries. 

®0@§0/J'OQ?§ I 
The digestive system is concerned with the 
breakdown, digestion, and assimi lation of 
food as well as excretion of the residua.  Its 
tract begins with the mouth and continues 
down to the abdomen, wherein i t  takes a 
convoluted course to open again at the 
anus.  Associated glands include the liver, 
the pancreas, and the b i l iary system ( gal l  
bladder and related ducts) .  

®mo Cfl!OaJ w'l? J 
The u rinary system is concerned with the con­
servation of water and maintenance of a neutral 
acid-base balance in the body f lu ids.  The k id­
neys are the main functionaries of this system ;  
residual f lu id (urine) is excreted throug h  ureters 
to the urinary bladder for retention and d is­
charged to the outside through the u rethra. 

o��QDUl'.D§ I Cbt?Ll!:VCPDO®O® K 
The lymphoid system consists of organs con­
cerned with body defense: thymus, bone marrow, 
spleen, lymph nodes, tonsi ls ,  and smaller aggre­
gates of lymphoid tissue.  This system , including 
a diffuse arrangement of immune-related cel ls 
throughout the body, is concerned with resistance 
to invasive microorganisms and the removal of 
damaged or  otherwise abnormal cel ls .  

US'§�{AJ[1@: 
oo�r:Poo®00D©uow@ L 

The female reproductive system is concerned 
with the secretion of sex hormones, p roduc­
tion and transportation of germ cells (ova) .  
receipt and transport o f  male germ cel ls to 
the fert i l ization site, maintenance of the 
developing embryo/fetus , and init ial 
sustenance of the newborn. 

�[b§ 
(XS@(?GU@®ClD@'U'OW@ M 

The male reproductive system is concerned 
with the secretion of male sex hormones, 
formation and maintenance of germ cel ls 
(sperm),  and transport of germ cel ls to the 
female genital tract. 
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ORIENTATION TO THE BODY 

C{)@(ftj@) A-
{j?{XJ@ii!JV!J:ibA1 (forehead) 
fl{]{j§)(f>@XJJ&J(bAz. (temple) 

@ill®OutU1A'3 (eye, cavity/walls) 
Ul!JtiJ0Wfl, A 4 (nose, cavity/walls) 
@C!XS@&J[b A5 (cheek) 
@){XJ(J)[b A6 (mouth cavity) 
G!i)(JJ(Jf)@Of!3®G:if:.JGJA7 (lower jaw) 

G!J@@fXS.B-

CN: The text for this and the next plate is located on the next plate. ( 1) The anterior I 
lateral regions have been grouped according to larger areas: e .g . ,  head , neck. The 
regions of each area (A1 , A2, etc . ) all receive a single color. Color a title and the arrow 
pointing to its region. ( 2) Although the title "pudendal" (0-) is to be colored , that region, 
consisting of the female external genitals, is not shown (N .S . ) .  The same is true for the 
perineum ( 0-) ,  that region between the pubis and the coccyx, below the pelvic floor. 

&:RfiJ@fX?D@fX3 @@fX3WD@&J[b 8' (front of neck) 
�f]@(j]{f)[b @@rxJ\!JD@IJJ(bB"- (side of neck) 
rf3[!)[p[JJjfJ@[b(fJ DJD@(![)[]JfJma3 (above clavicle) 

'fl{]{)®(JJ{f;Jf:!, c­
[p@@fl@ill®Cbc.1 (anterior chest) 

tA)®[§)@ri!jJQ[jJ)@[f)@[b\(}0@ D­
{R)@[§)@G!i)Q (jJJ{i)(b o1 (abdomen) 
DG\!J@(J[JO CJ!W [b r:i'· (groin) 
(J:>@(b\!l[)@p0 (pelvis) 
(J)(JJ®O@o4 (genital region) 
�(if)D�1>> (reproductive organs) 

CfeJQ!J@@[if)[§XXJ[b o- N.S (female genitals) 
rP@illO Ci!J@16[)[b D-N s (between pubis and coccyx) 

GJ� [bQCliJ{!)1E-
[0@Q, 1J@0®E1 (shoulder/upper arm) 
Wf30{b[};;ffi)lff3<J'E2- (armpit) 
�@[X)OtJ::)[bE3 (arm) 

CfJG!Jft@(5G!Jfff30(]'&£b E4 (front of elbow) 
w@'fJ'@�@{XJO{fYbr:.5 (forearm) @ffYiJ(J>{f2lb E'° (wrist) 

[){)&j{j[J@)g [J>{f)[b (i!i]W{f)E7 (palm) 
GiJ�Ci:!)@g ®0@0'[f'{fY1E8(fingers) 

(1@W@OO Cb0{}5)® F­
@®�Wi1 F1 (hip) 

@@(j{j)@(X)!JYbF"-(thigh) 
[p{flj'f]@(b{lgJ[f]F3 (knee cap) 
@(K5CJD(J3{i)[bF4- (leg) 

@O@O!J[yJJOO F5 (lateral leg) 
v�@@{JJ[bpro (ankle) 

fP@@)'[j'g 0@®0C!!JCi1) p7 (top) 

(?°@)@lf'g @O®IJYJ'{l)lb pB (toes) 

5 
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ORI ENTATION TO THE BODY 

CN: (1 )  Use the same colors for d ivisions marked A ,  B ,  E, and 
F that were used for those letters on the preceding plate. 

Regional anatom11 is the organization of human structure by regions. 
Here are shown the major regions within the principal areas of the body 
(e.g., head, neck). There are many regions within regions, each of which 
includes structures from different systems, such as bone, muscles, 
blood vessels, and nerves. Study of the body by dissection is generally 
accomplished region by region. An in-depth regional awareness of 
human structure is fundamental for most health care providers. 

GD@�@A-
fJJ&JrfJO@u&:i1 A1 (top and sides of head) 

@)@@D@Q[l8;JbAz. (back of head) 

(j/)(3@{]J B-

CJJ®EJlf o <5&f1f f!JO@J;ib I CA!X!!J@[]{)(f;JCbs' 
(back of neck) 

@3(£)@[}3 G-
gj@� (J>Q!J[b{i){f]G1 (shoulder blade) 

Q!&tX3u@�[bG� (spinal column) 

�(}.J0@0[i!)(jJ(bG' (along side spinal 

'ff'OO@ffitfJ(50BG+ (posterior chest) 
column) 

CbQDrJ!Ji)(S{fl){XjGs- (lower back) 
0/fiJ@[XX§)O{bQ{feJ<5 G'° (vertebro-pelvic joint) 

0&J@rolA)(b G7 (posterior pelvis) 

@@XS@l'.?@�(1 r:,8 ("tail bone") 

[!!){f)(JJ@® CbDG:!JJ® E -
(J.)@[X3@Ci'!iJO{�){bE1 (top of shoulder) 
@@{b 'f?@O[§)Ez (shoulder/upper arm) 

fl3ffi®CS0006J(1E3 (arm) 

@f!!J@DU'tf:i1E4 (elbow) 

awfJ@@a){f)@{X)OtXJ[be5 (forearm) 

@{f){iJ(j)(J;){l,E" (wrist) 

tJO�Ci!)@g @)(§)[JJgj/J;J[J:,E1 (back of hand) 

OO&JGirJ@)g -®_Q@OlfaJ/.1E8 (fingers) 

�@[!if)@(XJ CbOfi!iJ® F­
@C1C!O'[J'@f1)[!�F1 (buttock) 
@@JJ!i)@�F2 (thigh) 
rP:§JffJ[10'fl@a:fb F3 (back of knee) 
@(XJQ[)(JJ{f;fb p4- (leg) 
f](JJ(X]@JX11 P s (ankle) 

@@@'[fg Cf>QfiY]!)fl&YJ]p6 (sole) 

Cft'@@'f?& 00@[J�f7 (toes) 

6 
Sees 

. · .  
� f€> 

�s .� 
� ·:-.··· · : � � 7t 

u 





ORI ENTATION TO THE BODY 

@i%WOU'O@@ � CbO(WQG\!J@@ 
CN: Except for H, use l ight colors. (1) Note that the linings for closed body cavities 
(A1.-D,.) are to be colored g ray. ( 2) In  the open visceral cavities shown below, the 
l inings receive the color (H ) .  

@(b@@@® ID@®� @£%\Y?OV'D@@-:­

@00&>@0�[1 A ©OD®i% /JVULJ:)'[]'@@ A''k 
W@'OOu�®OO�CbB ®lJDCKStAJ C5i!liJ&u�oo B* 
uOO@OO�@O@ 0 �Cb@ODOOI% c' * 
®®®®GVDDCiill®��o,,wo@ o rP§�ou@@J@/JDGtiAJ d" 

Closed body cavit ies (The cranial, vertebral, thoracic, and abdomino­
pelvic cavit ies)  are not open to the outside of the body. Though organs 
may pass through them or exist in them, the organs' cavities do not 
open into these closed cavit ies. Closed body cavities are l ined with a 
membrane: the thick dura mater in the skul l  and vertebral cavity, the 
thin,  watery (serous) membranes ( serosa) in the thoracic and abdomi­
nopelvic cavities. 

The cranial cavity is occupied by the brain and its coverings, cranial 
nerves, and blood vessels .  The bony walls of the cranial cavity are l ined 
by the dura mater, a tough ,  f ib rous membrane that turns inward to form 
a meningeal layer that envelops the brain (P late 8 1 ) .  The vertebral cav­
ity houses the spinal cord , its cover ings,  related vessels, and nerve 
roots ( Plate 77) .  Its dura mater is  continuous with the cranial dura at 
the foramen magnum, and it forms a sac whose bottom is at the level 
of the 2nd sacral vertebra.  

The thoracic cavity contains the lungs,  hear t ,  and other structures 
(tubular airways, blood vessels, lymphatics , nerves) in the chest. Its 
skeletal walls are the thoracic vertebrae and ribs posteriorly, the r ibs 
anterolateral ly, and the sternum and costal carti lages anteriorly (Plate 
30). The roof of the cavity is membranous; the floor is the muscular 
thoracic d iaphragm ( Plate 50). The middle of the thoracic cavity has a 
partition f i l led with structure (e .g . ,  heart ) .  cal led the mediastinum (P late 
1 04) .  It separates the thoracic cavity into d iscrete left and right parts 
(not shown) .The internal surface of each half of the thoracic cavity is 
completely l ined with a serous membrane called pleura (P late 1 33 ) .  
The pleura, l ike a l l  serous membranes, consists o f  a single layer of 
ells supported by a th in ,  vascular, connective tissue layer. These 
cells secrete a serous f lu id that permits the p leura-lined lungs to 
move against the pleura-l ined thoracic wal ls without friction. 

The abdominal cavity, containing the gastrointestinal tract and related 
glands, the urinary tract , and great numbers of vessels and nerves, has 
muscular walls anterolaterally, the lower ribs and muscle laterally, and 
the lumbar vertebrae posteriorly. The roof of the abdominal cavity is the 
thoracic d iaphrag m.  The abdominal and pelvic cavities are continuous 
with one another and share the muscular pelvic floor. The pelvic cavity, 
containing the urinary b ladder, rectum, and reproductive organs, has 
muscular walls anteriorly, bony wal ls laterally, and the sacrum posteri­
orly. The internal surface of the abdominal wal l  is  l ined by a serous 
memb rane, the peritoneum (Plate 140) .The serous secretions enable 
the mobile abdominal viscera to sl ip and sl ide frictionlessly during 
movement. The per itoneum drapes over the pelvic viscera, does not 
envelop them, and does not reach the pelvic f loor. 

©CP§Cii'!J W0@@@00£%!1 @{A)Q?O'lfO@® -: -

00§@�0fK51%'IT'®OO'i1 vml%csu E 

®woGYD�ww uCKS&lsu F 

®O®§@f.fow& uoo�csu G 

G'.Jt)QDCS@@� H 
Open cavities ( respiratory, digestive, urinary tracts ) are largely tubular 
passageways l ined with a mucus-secreting layer cal led a mucosa. The 
mucosa is  the working tissue ( secretion , absorption , protection) of open 
cavit ies; i t  is l ined with epithel ial ce l ls ,  is supported by vascular con­
nective t issue, and often incorporates a smooth muscle layer. Open 
cavities within the thoracic and abdominopelvic cavities are open to 
the outside of the body. Their mucosa! l in ing is continuous with the skin 
at the ends of the tubular cavit ies ( nose, mouth , perineum).  

Visceral 
layer 

Urinary 
bladder 

Men ingeal 
layer 
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CELLS A N D  TISSUES 

fj'(}{)® �{IDQ,{]� @@(b[b � 
CN: Color g ray the variety of cell shapes at upper left. Use l ightest colors for A, 
C, D, F and G. ( 1) Small circles representing r ibosomes (H )  are found throughout 
the cytoplasm (F) and on the rough endoplasmic reticulum (G 1); color those larger 
areas, including the ribosomes, first, and then color over the ribosomes again with a 
darker color. Each organelle shown is just one of many found in the living cell . 

@&[b(b @(]{)&5�* 

�h� � �·,�:!!'!� 
Fibroblast 

White blood 
Epithelial 

@OO@&JU!J&CY1130-:­
@131111 @V@lili)[])(K?m:i�@ A 

2 carti lage cells 

� 
� * 

Fat 

&@®@&iJff@&fJD@B/ @,'if3@CSWV'@&!J{J@e' 
@JClOC511®'};)00 �@ut:u®OOcm�&c 
Ci\!) (ll)@[l,@@{JJ(100@G:AJ D 
{jl!JQD@l1§@[1QD� <: 

C:SS1V"@CP(1w®Gi!Ji.l F 

@CAD@@CPC1&J@GUJO<S w&'fJ'O@MC1C!IJRAJ 
@ot()@@'fJ'OD'i)G OO@M@GOG' 

WO®®@@{f{iJ§H 
@@[b@Q @@�@)0:,@ru'I 
�O'U'@@(}O@@J ®OOO@G\D J 

W�CS®@l1@K 
(1'\?0@g)@@LJ&L 
cs�CADumo®CbJ� M 

�G@OO@'U'QD®Ql][b@r< 
ooocs®@C?oa,L�Ki!A:J@WJuN, 
@@1111 0@@(1,(!!J00@GiYJ 0 

The cell is the basic structural and functional unit of al l  l iving things. 
Living things are characterized by the abi l ity to reproduce and grow, 
metabolize (transform or produce/consume of energy) .  and adapt to l im­
ited changes in their internal and external environment. Body structure 
lacking these characteristics, such as connective tissue f ibers, is not 
considered to be "al ive . "  Body structure more comp lex than a cell con­
sists of a collection of cel ls and their  p roducts. 

The activities of cells constitute the l i fe p rocess; they include ingestion, 
assimilation, and d igestion of nutrients and excretion of the residue; 
respiration; synthesis and degradation of m aterials; movement; and 
excitability or response to st imul i .  The impairment or cessation of these 
activities in normal cel ls ,  whether caused by trauma, infection , tumors, 
degeneration , or congenital defects , is  the basis of a d isordered or 
disease p rocess. 

By volume, the generalized cel l  is 80% water ;  by weight, i t  is composed 
of proteins (about 15%),  l ip ids (3%) .  carbohydrates ( 1 %) ,  and nucleic 
acids and minerals ( 1 %) .  These materials may be integrated into struc­
tural working units (org anel les) .  form a more mobi le functional unit (e . g . ,  
messenger RNA, globular protein-based enzymes) .  o r  form products of 
the cel l .  The basic function of a cell is to prod uce p rote in ,  which is 
essential to the acquisition and use of cel l  energy, formation and repair 
of structure, and cell activit ies (e .g . ,  synthesis,  secretion, absorption, 
contraction) .  

Cel l  membrane: the l imi t ing l ipoprotein membrane of the cel l ;  retains 
internal structure; permits exportation and importation of materials. 
lnfold ing/outfolding of the cell membrane permits the introduction of 
material into the cel l  (endocytosis) or its expulsion (exocytosis) from 
the cel l .  

Nuclear membrane: porous, l imit ing,  l ipoprotein membrane; regulates 
passage of molecules. 

Nucleoplasm: the nuclear substance containing chromatin (chromo­
somes during cell d ivision) and RNA.  

Nucleolus : a mass of largely RNA,  i t  forms ribosobal RNA ( R NAr) that 
passes into cytoplasm and becomes the site of protein synthesis. 

Cytoplasm: the ground substance of the cell less the nucleus. Contains 
organelles and inclusions l isted below. 

Smooth / rough endoplasmic reticulum (ER) :  membrane-lined tubules to 
which ribosomes may be attached ( rough E R ;  flattened tubules) or not 
(smooth ER ;  rounded tubules) .  Rough ER is concerned with transport of 
protein synthesized at the ribosomes. Smooth ER synthesizes complex 
molecules called steroids in some cel ls ;  stores calcium ions in  muscle; 
breaks down toxins in  l iver. 

R ibosome: the site of protein synthesis where amino acids are strung 
in sequence as d i rected by messenger RNA from the nucleus. 

Golgi complex: flattened membrane-l ined sacs that bud off small 
vesicles from the edges; collect secretory p roducts and package them 
for export or cell use, e . g . ,  lysomes. 

Mitochondrion: membranous, oblong structure in  which the inner 
membrane is convoluted l ike a maze. Energy for cell operations is  gen­
erated here through a complex series of reactions between oxygen and 
products of digestion (oxidative react ions ) .  

Vacuoles: membrane-lined containers that  can merge wi th one another 
or other membrane-lined structure, such as the cel l  memb rane. They 
function as transport vehicles. 

Lysosome: membrane-l ined container of enzymes with g reat capacity 
to break down structure, e . g . ,  microorganisms, damaged cell parts, and 
ingested nutrients. 

Centriole: bundle of m icrotub ules in the shape of a short barre l ;  usually 
seen paired ,  perpendicular to one another. They g ive rise to spindles 
used by migrating chromatids d uring cel l  division . 

M icrotubules: formed of protein ;  prov ide structural support for the cell 
and /or its parts. 

Microfilaments: are sup port structures formed of p rotein different from 
that of microtubules. In skeletal muscle, the proteins actin and myosin 
are examples of thin and thick microfi laments. 

Cell inclusion: aggregation of material within the cel l  that is not a 
functional part (organelle) of the cell-e . g . ,  glycogen, l ip id.  

8 





CELLS AND T ISSUES 

@&G:Jl, IDOWO�@m I @JO'if@§D@ � 
CN: Use the colors you used on Plate 8 for cell 
membrane, nuclear membrane, nucleolus, and cen­
triole for those titles on this plate, even though the 
previous letter labels may be different. Use contrast­
ing colors for E-E2 and F-F

� 

and gray for 0-01 to 
distinguish the latter from those with the contrasting 
colors. ( 1 )  Begin with the cell in interphase, reading 
the related text and completing each cell before 

going on to the next. (2) Color the name of each 
stage and its appropriate arrow of progression . Note 
that in interphase, the chromatin material within the 
nuclear membrane is in a thread-like state; color 
over the entire area with the appropriate color. Note 
that the starting chromatin ( O ·  in interphase) is 
colored differently in the daughter cells (E2, F2); 
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it is the same chromatin. 
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The abi l i ty to reproduce their kind is a characteristic of l iving things. Cells 
reproduce in  a process of dupl ication and div ision cal led mitosis. Ep ithelial and 
connective cel ls reproduce frequently, mature muscle cel ls not so frequently, and 
mature nerve cel ls rarely i f  at al l .  Overactive m itosis may result in the formation of 
an encapsulated tumor; uncontrolled mitos is ,  associated with invasiveness and 
metastases, is called cancer. 

As the main cel lu lar changes du ring mitosis occur in the nucleus and surrounding 
area, only these parts of the cel l  are i l lustrated here. We show here how the 
nuclear chromatin (d i ffuse network of DNA and related protein ) .  once dupl icated , 
transforms into 46 chromosomes, which d ivide into paired subunits (92 chroma­
t ids) ;  those chromatids separate and move into opposite ends of the divid ing cell , 
forming the 46 chromosomes of each of the newly formed daughter cells. For clar­
ity, we show only four pairs of chromatids and chromosomes. The phases of the 
observed nuclear changes dur ing mi tosis are as follows. 

lnterphase: the longest per iod of the reproductive cycle; the phase between suc­
cessive divisions. Dupl ication of DNA (in chromatin) occurs during this phase. The 
dispersed chromatin (D• )  here is a network of fine f ibr i ls ,  not v is ible as discrete 
entities in the nucleoplasm. The cell membrane, nucleus, and nucleolus are intact. 
The centrioles are paired and adjacent to one another at one pole of the cel l .  

Prophase: the d ispersed chromatin (D') thickens , shortens, and coi ls to form 
condensed chromatin or chromosomes ( D1 · ) .  Each chromosome consists of two 
chromatids ( E  and F) connected by a centromere (G) .  Each chromatid has the 
equivalent amount of DNA of a chromosome .  In  the latter part of this phase, the 
nuclear membrane breaks up and d issolves, as does the nucleolus. The centri­
oles , having dup l icated during interphase, separate, going to opposite poles of 
the cell . They project microtubules called asters. 

Metaphase: strands of spindle f ibers p roject across the cell center from paired 
centrioles. The chromatids attach to the spindle fibers at the centromere and l ine 
up in the center, half ( 46) on one side, half on the other. 

Anaphase: the centromeres d iv ide,  each daughter centromere attached to one 
chromatid .  Each centromere is d rawn to the i psilateral pole of the ce l l ,  along the 
track of the spindle f iber, taking its chromatid with it. The separated chromatids 
now constitute chromosomes. Anaphase ends when the daughter chromosomes 
arrive at their respective poles (46 on each side) .  

Telophase: the cel l  p inches off in the center, forming two daughter cel ls ,  each 
identical to the mother cel l  ( assuming no mutations ) .  The cytoplasm and 
organelles had duplicated earl ier and are segregated into their respective 
newly-forming cel ls .  As the nucleus is  reconstituted, and the nuclear membrane 
and nucleolus reappear in each new cel l ,  the chromosomes fade into dispersed 
chromatin,  and the centromere disappears. Complete cleavage of the parent cel l  
into daughter cel ls terminates the mitot ic process. Each daughter cell enters 
interphase to start the process anew. The process of cell division increases 
cell numbers , and does not change cel lu lar content. 

I 
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CELLS AND TISSUES 
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CN: Use very l ight colors throughout. ( 1 )  Color the arrows pointing to the location 
of the epithelial tissues in the body organs. 

Epithelial t issues, one of four basic t issue types, form the working surface of skin 
and al l  body cavit ies, including g lands, ducts, and vessels. They protect, secrete, 
absorb , or sense (e .g . ,  neuroep ithel ia ) .  Some even contract (myoepithel ia) .  Epitl1elial 
tissues general ly exist as one layer (s imple)  or more (stratified ) .  The lowest layer of 
epithelia is bound to the underlying connective tissue by a basement membrane 
(secreted basal and reticular laminae) .  Epithel ial cells are connected together by one 
or more of: adhesive glycoprote ins ,  desmosomes, gap junctions, and circumferential 
bands (not shown) .  

This surface tissue functions i n  f i ltration . diffusion, secretion, and absorption. 

§@Q[)�Q)J@fJD@A 
S imple squamous epithelia are thin,  plate-like cells. They function in diffusion. They l ine 
the heart and al l  blood vessels (endothelia) , air  cel ls. body cavities ( mesothel ia) ,  etc . 
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Simple cuboidal epithelia are generally secretory cells and make up g lands through- -',· 
out the body, tubules of the k idney, terminal bronchioles of the lungs,  and ducts of 
the reproductive tracts. 

&@cs0:0�GD&iw c 
Simple columnar epithelia l ine the gastrointestinal tract and are concerned with 
secretion and absorption. Their free (apical)  surface may be covered with finger­
l ike p rojections of cel l  membrane called microv i l l i ,  increasing the cel l 's surface 
area for secret ion/absorption. 
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Columnar cells bunched together form a single layer, appearing as if stratified . Each 
cell is attached to the basement membrane. These cells line reproductive and respi­
ratory tracts. Ci l ia on the free surface collectively move surface material by means 
of undulating power strokes alternating with resting strokes. 
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Stratified epithelia are general ly resistant to damage by wear and tear because 
of ready replacement of cel ls .  

@7J'008SiJ0[?0§® §©QOcJ;')(il!Ji)@O!J@E 
This tissue may be keratinized (sk in)  or not (oral cavity, pharynx. vocal folds, 
esophagus, vagina, anus) .  Basal cel ls are general ly columnar and germinating. 

vw&Bfl ®D vo®Cil!DtA> Cb F 
M ultiple layers of cells l ine the u rinary tract. In the empty bladder, the f ibromuscular 
layer is contracted because of muscle tone: the epithelia are closely concentrated. 
With bladder d istension, cells are stretched out: the tissue is thinner than in the 
contracted state. The tissue is responsive to volume changes. 

G landular cells produce and secrete/excrete materials of varying composition­
e . g . ,  sweat, mi lk ,  sebum, cerumen, hormones, enzymes. Myoepithelial cells induce 
discharge of the secreted material in most cases. 

@ZJ3@@{XJQ{ji[)@ G 
Exocrine glands (e .g . ,  sweat, sebaceous,  pancreatic, mammary) arise as outpocket­
ings of epithel ial l in ing t issue, retain a duct to the free surface of the cavity or skin,  
and excrete/secrete some substance. Secretory portions may have one of several 
shapes (tubular, coi led , alveolar I acinar) connected to one or more ducts. 

@Gl!J®®@IXJO@@ H 
Endocrine glands arise as epithel ial outgrowths but lose their connections to the 
surface during d evelopment. They are i nt imately associated with a dense capi l lary 
network and secrete their p roducts into it. 
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CELLS AND T ISS U ES 

CN: Use yellow for C and C 1 , and red for J. ( 1 )  Begin with the i l lustration at middle 
left and the related tit les (A through K) .  The tit les and borders of the microscopic 
sections of dense regular/irregular c. t .  ( F 1, F2 ) receive the color of collagen (F) ,  
as that is the dominant structure in both tissues. (2 )  Do not color the matrix. 
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The connective t issues (c. t . )  connect, bind, and support body structure. They consist 
of variable numbers of cel ls , f ibers,  and g round substance (f luid , viscous sol /ge l ,  or 
mineralized) .  At the microscopic level { here i l lustrated at about 600x magnification ) .  
connective tissues range from blood (cel ls/ f lu id ) ,  through the fib rous tissues (cel ls / 
fibers /variable matr ix)  to the more stiff supporting tissues (cel ls/fibers/ dense matrix) 
of carti lage and mineralized bone. Connective tissue can be seen at visible levels of 
body organization as wel l ,  in  fascia! layers of the body wal l ,  tendons, l igaments, 
bone , and so on. This plate introduces the f ibrous connective tissues (c.t. p roper) .  
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Loose, areolar connective tissue is characterized 
by many cel ls ,  a loose, irregular arrangement of 
f ibers,  and a moderately viscous fluid matrix. 
Fibroblasts secrete the f ibers and g round sub­
stance of this t issue. Mobile macrophages engulf 
cel l  debris, foreign matter, and microorganisms. 
Fat cells, storing l ip ids,  may be seen in small 
numbers or large ( ad ipose tissue). Plasma cells 
secrete antibodies in response to infection. Mast 
cells contain heparin and other secretory products, 
some of which init iate al lergic reactions when 
released. Numerous other cells may transit the loose 

f ibrous tissues , including white blood cel ls ( leukocytes). Collagen { l inkages of protein 
exhibit ing g reat tensile strength) and elastic fibers (made of the protein elast in) are 
the fibrous support elements in th is t issue. Reticular tissue is a smaller form of col­
lagen , forming supporting networks around cell g roups of the blood-forming tissues, 
the lymphoid t issues, and adipose t issue. The matrix (consisting largely of water with 
glycoproteins and glycosaminog lycans in solution) is the intercel lular g round sub­
stance in  which al l  of the above function; it is f luid-l ike in the f ibrous tissue. Numerous 
capillaries roam throughout this t issue. Loose connective tissue found deep to the 
skin is called superficial fascia, subcutaneous tissue, or  hypodermis. It is found deep 
to the epithelial t issues of mucous and serous membranes of hollow organs. 

1 1  
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Adipose tissue is an aggregation of fat cells, supported 
by reticular and collagenous fibers and closely associ­
ated with both b lood and lymph capi l laries. The storagei 
release of fat in /from adipose tissue is regulated by hor­
mones ( including nutritional factors) and nervous stimuli . 
I t  serves as a source of fuel , an insulator, and mechani­
cal padding and stores fat-soluble vitamins. Adipose tis­
sue is located primarily in  the superf icial fasciae ( largely 
b reast, buttock, anterior abdominal wal l ,  arm, and thigh), 
yel low marrow, and the surface of serous membranes. 

Dense, para l le l -arranged, masses of collagenous/elastic fibers form l igaments 
and tendons that are powerfully resistant to axially loaded tension forces, yet 
permit  some stretch. Tendons/ l igaments contain few cel ls,  largely f ibroblasts. 
Elast ic ,  dense regular l igaments are found in the posterior neck and between 
vertebrae; the tendocalcaneus is the largest elastic structure (tendon or l iga­
ment) in the body, storing energy used in gait .  

J F' A F 1-:- J 1-:-

Dense, i rregularly arranged masses of interwoven collagenous (and some 
elastic) fibers in a viscous matrix form capsules of joints, envelop muscle tissue 
( deep fasciae ) .  encapsulate certain visceral organs ( l iver, spleen, and others) .  

and largely make up the dermis o f  t h e  skin. The tissue is impact resistant (bearing L_X==:"::::::Y:��=.z�=:=::� 
stress omnid irectional ly) .  contains few cells , and is minimally vascularized. 





CELLS AND TISS U ES 
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CN: Use the same colors as used on the previous plate for collagen 
(0) and elastic (E) fibers. Use a l ight  tan or yellow for F and red for L. 

Use light colors for A, B, G, I, and M. Complete the upper material 
before coloring the bone section. 
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M icroscopic sections of cartilage tissue reveal cells (chondrocytes) in small 
cavities ( lacunae) surrounded by a hard but f lexible matrix of water bound to 
p roteoglycans and collagen fibers. Avascu lar carti lage receives its nutrit ion by 
diffusion from vessels in the perichondr ium. For that reason, cart i lage does not 
repair wel l  after injury, yet it is often a part of a temporary framework (cal lus) 
in  the heal ing process of fractured bone. There are three types of cart i lage. 

Bone is unique for its mineralized matr ix (65% mineral ,  35% organic by weight ) .  
T h e  skeleton i s  bone. Bone i s  a reservoir o f  calc ium; i t  is a n  anchor for muscles, 
tendons, and l igaments; i t  harbors many viscera; it assists in  the mechanism of 
respi ration ;  its cavity in certain bones is a center of blood-forming activity 
(hematopoiesis) ;  in other bones, its cavity is a storage site for l ip id . 

F ibrocart i lage offers strength with f lexibi l ity, resisting both impact and tensi le 
forces. The best example of this tissue is the intervertebral d isc.  I t  consists of 
dense f ibrous tissue interspersed with cartilage cells and a relatively small Pinna 
amount of interce l lu lar matrix. of ear 

This tissue is essentially hyal ine cartilage with elastic f ibers and some collagen .  
I t  sup ports t h e  external e a r  and t h e  epigl .Jttis o f  t h e  larynx. Feel its unique f lexi­
b i l ity in  your own external ear. 

Well known as the covering at bone ends (articular carti lag e ) ,  hyal ine carti lage  
is avascular, insensitive, and compressi b le .  I t  is porous, enhancing absorption 
of nutr ients and oxygen.  I t  supports the external nose (feel and compare with 
the e last ic cart i lage of the ear) .  I t  is the main structural support of the larynx 
and much of the lower respi ratory tract. I t  forms the model for most early 
developing bone ( Plate 1 68 ) .  

A s  you read, check Plate 2 0 .  Bone has compact a n d  cancellous forms. 
Compact bone is the impact-resistant, weight-bearing shel l  of bone l ined by 
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a sheath of l ife-supporting f ibrous periosteum. Compact bone consists of col­
umns called haversian systems or osteons: concentric layers ( l amellae) of min ­
eralized , collagenous matrix around a central ( haversian) canal containing 
blood vessels .  Volkmann's canals interconnect the haversian canals .  Note 
the i nterstitial lamellae between columns and the c i rcumferential lamellae 
enclosing the columns . Between lamellae are small  cavities ( lacunae) inter­
connected by little canals (canal icul i ) .  Bone cel ls (osteocytes) and their  
mult iple extensions f i l l  these spaces, which connect with the haversian canal. 
I n  areas of resorbing bone matr ix , large ,  mult inucleated , avidly phagocytic 
osteoclasts can be seen with mult iple cytoplasmic projections facing the matrix 
they are destroying . Bone-forming cells (osteoblasts) can be seen in Plate 1 68 .  
Cancellous bone is internal to compact bone and is especial ly wel l  seen at  
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the ends of long bones. It consists of i rregularly-shaped,  interwoven beams 
(trabeculae) of bone, lacking haversian systems. 

Interstitial 

Vertebral 
body 
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CELLS AND T ISSU ES 

Muscle tissue ,  one of the four basic tissue types of the body, consists of mus­
cle cells ( "f ibers")  and the i r  f ib rous connective tissue coverings. There are 
three kinds of muscle tissues: skeleta l ,  cardiac, and smooth. Muscle tissue 
shortens (contracts) in response to nerve, nerve- l ike,  or hormonal stimulation. 
Depending on their attachments, skeletal muscles move bones at joints, con­
strict cavities , and move the skin; cardiac muscle compresses a heart cavity 
or orchestrates the sequence of cardiac muscle contraction; and smooth 
muscle moves the contents of cavities by rhythmic contractions, constricts 
vessels i t  surrounds, and moves hairs/closes pores of the skin. The sur­
rounding connective tissue transfers the force of contraction from cell to cell 
and supports the muscle fi bers and the many b lood capillaries and nerves 
that supply them. 
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Skeletal muscle cells are long , striate d ,  and multinuc/eated, formed of 
myofibr i ls ,  mitochondria, and other organel les within the cytoplasm 
(sarcoplasm) .  Each cell is enveloped in a cell membrane called sarco/emma. 

Collections of muscle cells make up the bel ly of a muscle. The highly vas­
cularized skeletal muscles contr ibute g reatly to the size and shape of the 
body. Skeletal muscles attach to bones or other muscles at their tendinous 
ends. Between bony attachments, muscles cross one or more joints, moving 
them. Muscles always pu l l ;  they never push.  Skeletal muscle contractions 
consist of rapi d ,  brief shortenings, often generating considerable force. Each 
contracting cell shortens maximal ly. Three k inds of skeletal muscle fibers are 
recognized: red (small , dark, long-act ing ,  slow-contracting,  postural muscle 
fibers with oxygen-rich myog lobin and many mitochondria) ,  white ( relatively 
large, pale, anaerobic ,  short-acting , fast-contracting muscle f ibers with few 
mitochond r ia) ,  and intermediate f ibers .  With exercise, fast f ibers can convert 
to slow; slow f ibers can convert to fast. Contraction of skeletal muscle 
requires nerves ( innervation) .  Without a nerve supply (denervation) ,  skeletal 
muscle cells cease to shorten; without reinnervation, the cells will d ie .  A 
denervated portion of muscle loses its tone and becomes flaccid.  In t ime, the 
entire muscle wil l  become smaller ( atrophy).  M uscle contraction is generally 
under voluntary control, but the brain involuntari ly maintains a degree of 
contraction among the body's skeletal muscles ( muscle tone) .  After injury, 
skeletal muscle cells can regenerate from myoblasts with moderate functional 
significance ; such regeneration may also occur in  association with muscle 
cell hypertrophy in response to train ing/exercise. 
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Cardiac muscle cells make u p  the heart m uscle. They are branched , striated 
cells with one or  two centrally located nuclei  and a sarcolemma surrounding 
the sarcoplasm. They are connected to one another by junctional complexes 
called intercalated discs. Their structure is s imi lar to skeletal muscle ,  but less 
organized . Cardiac muscle is h ighly vascularized ; its contractions are rhyth­
mic, strong ,  and well regulated by a special set of impulse-conducting mus­
cle cells, not nerves. Rates of contraction of cardiac muscle are med iated 
by the autonomic (visceral )  nervous system,  the nerves of which increase/ 
decrease heart rate. Cardiac muscle is  probably not capable of regeneration. 
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Smooth muscle cells are long , tapered cells with centrally p laced nuclei .  
Each cell is surrounded by a plasmalemma (cel l  membrane) .  These cells are 
smooth (nonstriated) .  Myof ibr i ls are not seen; the myofilaments intersect with 
one another in a pattern less organized than that seen in  skeletal muscle. 
Smooth muscle cells occupy the walls of organs with cavities (viscera) and 
serve to propel the contents along the length of those cavities by slow, sus­
tained , often powerful rhythmic contractions (consider menstrual or intestinal 
cramps). Smooth muscle cel ls ,  oriented perpendicular to the flow of tubular 
contents ,  act as gates (sph incters) in  specif ic sites, reg ulating the flow, as in 
delaying the flow of urine. Well-vascularize d ,  smooth muscle f ibers contract 
in response to both autonomic nerves and hormones. They are also capable 
of spontaneous contraction. Regeneration of smooth muscle, to some extent, 
is possible after injury. 

CN: Use red for C and your l ightest colors for B ,  E .  G, and I . (1) The 
sarcolemma (F), which covers each skeletal and cardiac muscle cell , 
is colored only at the cut ends. The plasmalemma (F

1

) ,  which covers 
each smooth muscle cel l ,  is colored only at the cut ends. ( 2) The 
nuclei of cardiac and smooth muscle cells, located deep within the 
cells, are to be colored only at the cut ends (A) .  (3 )  One of the inter­
calated discs (H) of the cardiac cells has been separated to reveal its 
structure (schematically). (4) The cellular views are m icroscopic. 
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CN: Use the same colors used on Plate 13 for sarcolemma (A) 
and mitochondrion (D).  Use the same color used on the skeletal 
muscle cell for the myofilbril (E) here. Use light colors for G and 
J, a dark color for H,  and very dark colors for F and K. The cell 
nucleus is not shown here. ( 1 )  Begin with the drawing of the 
arm. (2) Color the parts of the muscle cell in the central illus­
tration; note the presence of mitochondria (D) between the 
myofibrils. (3) Color the parts of the exposed ( lowest) myofibril 
and the color-related letters, bands , lines, zone. Note that the 
cut end of this myofibril receives the color E, for identification 
purposes, and is part of the A band of the sarcomere adjacent 
to the one to be colored. (4) Color the relaxed and contracted 
sarcomere, the filaments, and the mechanism for contraction, 
noting the color relationship with the myofibril and its parts. 

A part of a skeletal muscle cell is  shown with the sarco­
lemma opened to reveal some cellular contents. The 
most visible of the contents are the myofibrils, the con­
tractile units of the cel l .  They are enveloped by a flat 
tubular sarcoplasmic reticulum (SR) that, in  part, regu­
lates the distribution of calcium ions (Ca++)  into the 
myofibri ls.  I nward tubular extensions of the sarcolemma, 
cal led the transverse tubule system (TTS ) .  run trans­
versely across the SR,  at the level of the Z l ines of the 
myofibri ls.  The TTS, containing stores of sodium ions 
(Na+) and calcium ions (Ca+ + ) ,  conducts electrochemi­
cal excitation to the myofibr i ls from the sarcolemma. 
Mitochondria provide energy for the cel l  work. 

The myofibri ls consist of myofilaments: thick filaments 

( largely myosin) with heads that project outward as cross 
bridges, and thin filaments ( largely actin) composed of 
two interwoven strands. These two f i lament types are 
arranged into contractile units, each of which is called 
a sarcomere. Each myof ibr i l  consists of several rad ially 
arranged sarcomeres. At  the end of each sarcomere, 
the thin f i laments are permanently attached to the Z line, 
which separates one sarcomere from the next. The rela­
tive arrangement of the thick and thin f i laments in the 
sarcomere creates light ( I, H) and dark (A)  bands/zone 

and the M line, all of which contribute to the appearance 
of cross-striations in skeletal (and cardiac) muscles. 

Shortening of a myofibri l  occurs when the th in fi laments 
slide toward the center ( H  zone) ,  b ringing the Z l ines 
closer together in  each sarcomere. The f i laments d o  not 
shorten; the myosin f i laments do not move. The close 
relationship of the TTS to the Z l ines suggests that this 
site is  the "tr igger area" for induction of the sl iding mech­
anism. This sl iding motion is induced by cross bridges 
(heads of the immovable thick f i laments) that are con­
nected to the thin filaments. Activated by h ig h-energy 
bonds from ATP, the paddle-like cross br idges swing 
in concert toward the H zone,  d rawing the thin fi laments 
with them. The sarcomere shortens as the opposing thin 
f i laments meet or even overlap at the M l ine.  

Occurring simultaneously in al l  or most of the myofibr i ls 
of a muscle cel l ,  shortening of sarcomeres translates to a 
variable shortening of the resting length of the muscle 
cell . Repeated in hundreds of thousands of condit ioned 
muscle cells of a professional athlete, the resultant con­
tractile force can pull a baseball bat ti1rough an arc 
sufficient to send a hardba l l  a hundred meters or more 
through the air. 
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CELLS AND TISSUES 
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CN: Use a light color for A. Note the small arrows 
that indicate direction of impulse conduction. The 
neurons of the peripheral nervous system shown at 
lower left are il lustrated in the orientation of the left 
upper l imb, although highly magnified. 
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Nervous tissue consists of neurons ( nerve cel ls) and neuroglia. Neurons 
generate and conduct electrochemical impulses by way of neuronal (cel­
lular) processes. Neurogl ia are the supporting , non-impulse-generating I 
conducting cells of the nervous system. The main, nucleus-bearing part 
of the neuron is the cell body. Its cytoplasm contains the usual cell organ­
elles. Uniquely, the endoplasmic reticulum occurs in clusters called Nissl 
substance. Neurons do not undergo mitosis after birth,  compromising their 
ability to regenerate after injury. Neuronal g rowth consists of migration and 
arborization of p rocesses. Neurons are the impulse-conducting cells of the 
brain and spinal cord (central nervous system,  or CNS) and the spinal and 
cranial nerves (periphera l  nervous syste m ,  or PNS) .  

PERIPHERAL NERVOUS SYSTEM (PNS) 
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See 71 
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Neurons fall into three structural categories based on numbers of pro­
cesses ( " poles" ) .  Processes that are highly branched (arborized) and 
uncovered are cal led dendrites. Slender, long, minimally branched pro­
cesses are called axons. Within each category, there is a great variety 
of shape and size of neurons. Unipolar neurons have or appear to have 
( pseudounipolar) one process that sp l its near its cell body into a central 
and peripheral process. Both processes conduct impulses in the same 
d i rection, and each is termed an axon (see the sensory neuron at lower 
left). Bipolar neurons have two (central and peripheral) processes, called 
axons, conducting impulses in the same d i rection (see Plate 7 1 ) . Multi­
polar neurons have three or more processes, one of which is an axon 
(see PNS motor neuron at lower left and CNS neuron at lower right). 

CENTRAL NERVOUS SYSTEM (CNS) 
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Most axons a re  enveloped in one  or more (up to  200) layers o f  an  insulating 
phosphol ip id (myelin) that enhances impulse conduction rates. Myelin is 
produced by oligodendrocytes in  the CNS ( lower r ight) and by Schwann 
cel ls in the PNS ( lower left ) .  A l l  axons of the PNS are ensheathed by the 
cell membranes of Schwann cel ls (neuri lemma) but not necessarily myel in.  
The gaps between Schwann cel ls are nodes of Ranvier. making possible 
rapid node-to-node impulse conduction . Schwann cells make possible 
axonal regeneration in  the PNS. Signif icant axonal regeneration in the CNS 
has not been observed .  
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Neuroglia exist i n  both the CNS and PNS (Schwann cel ls) .  Protoplasmic 
astrocytes occur p rimari ly in g ray matter (dendrites, cell bodies) of the 
CNS, fibrous astrocytes in the white matter (myel inated axons). Their pro­
cesses attach to both neurons and blood vessels and may offer metabol ic,  
nutr i t ional ,  and physical support. They may play a role in the blood / brain 
barrier. O l igodendrocytes are smaller than astrocytes, have fewer pro­
cesses,  and are seen near neurons. Microglia are the small scavenger 
cells of the brain and spinal cord . 
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CN: Use very l ight colors for A and E, and a dark color for F. 
( 1 )  Begin with the skeletal muscle l ifting the heel of the foot and 
complete the motor unit and the enlarged view of the neuro­
muscular junction. (2) Color carefully the motor units and related 
titles at the bottom of the plate: only the discharging motor units 
(in dark outline) are to be colored. Note that the word "partial" is 
not colored under the example of partial contraction. 
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An axon of a single motor neuron,  its axon b ranches, and the skeletal 
muscle fibers with which they form neuromuscular junctions constitute 
a motor unit. Within any given skeletal muscle, the number of muscle 
fibers innervated by a single motor neuron largely determines the 
specificity of contraction of that muscle ;  the fewer the number of mus­
cle fibers in  each motor unit ,  the more selective and refined the degree 
of contraction of that skeletal m uscle. 
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Skeletal muscle consists of innumerable muscle f ibers (cel ls) .  Skeletal 
muscle requires an intact nerve ( innervation) to shorten (contract). 
Such a nerve, cal led a motor nerve, consists of numerous axons of 
motor neurons. A motor neuron ( see Plate 1 5) is dedicated solely to 
stimulating muscle f ibers to contract. Each single muscle fiber in a 
skeletal muscle is innervated by a branch of an axon. The microscopic 
site at which the axon branch attaches to the skeletal muscle fiber is 
called the neuromuscular junction Each neuromuscular junction 
consists of an axon terminal closely applied to an area of convoluted 
muscle fiber sarcolemma cal led the motor end plate. There is a gap 
between the two surfaces. When a skeletal muscle fiber is about to 
be stimulated , a chemical neurotransmitter, called acetylcholine, is 
released by the axon terminal into the gap. The neurotransmitter 
induces a change in the permeabil i ty of the sarcolemma to sodium 
(Na+ ) ,  which in itiates muscle f i ber  contraction. A muscle fiber can 
only contract maximally ( " al l  or none" law). 
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Given the fact of "all or none" contraction by ind ividual skeletal muscle 
f ibers, g rades of contraction of a skeletal muscle are made possible by 
activating a number of motor units and not activating others. A resting 
muscle activates no motor units. I n  a partial contraction, only some of 
the motor units are activated. I n  maximal contraction of a skeletal mus­
cle, all motor units are activated .  G luteus maximus consists of skeletal 
muscle f ibers having a nerve-to-muscle ratio of 1 :  1 000 or more. There 
is no possibi l ity of control led , refined contractions from this muscle. 
The facial muscles, on the other hand , have a much lower nerve-to­
muscle ratio ,  closer to 1 :  1 0 . Here small numbers of muscle fibers can 
be contracted by implementing one or a few motor units, generating 
very f ine control on the muscular effect (facial expression) desired. 
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CELLS AND TISSUES 
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This plate has one goal : to aid you in  visually integrat ing the four basic 
tissues into somatic ( body wall) and visceral (cavity-containing organs) 
structure. Concentrate on how the four tissues are arranged in each 
example of body structure. Consider  the general function of each 
tissue in the overall function of the part/ organ . There are an infinite 
number of functionally related variations in the way these four tissues 
form a d iscrete construction of the soma and viscera of the body. 
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CN: Use yellow for 0 and l ight , contrasting colors for A and B ,  
and a medium brown for C .  The various vessels that are shown 
in these tissues-arteries and veins above, and arterioles, ven­
u les, capillaries, and lymph vessels below-are not to be col­
ored, as they are made up of more than one basic tissue. Note 
that within deep fascia, arteries are generally paired with veins 
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Somatic structure, making up the skin-covered musculoskeletal frame 
of the body, is concerned with stabi l i ty, movement, and protection. Its con­
struction reflects these functions. The outermost covering of the body wall 
everywhere is a p rotective keratin ized stratified squamous epithelial tissue, 
constituting the outer layer of skin ( epidermis) .  Other epithelial tissues in 
somatic structure are the inner layers of blood vessels,  and the glands ( not 
shown).  Connective tissue layers of the body wall include the deep layer of 
skin (dermis) .  consisting of dense, irregular f ib rous connective tissue; 
andthe sub-adjacent, variously mobi le ,  subcutaneous superficial fascia 
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Visceral structure is general ly concerned with absorbing,  secreting, 
trapping , and /or  moving food , air, secretions, and/or waste in its cavities. 
Epithelial tissue i s  the innermost layer ( mucosa/ linin<j) of the th in and 
pliable visceral wal l .  I t  faces the lumen (cavity of the viscus) ;  i t  is often a 
single layer of cells (esophagus,  ur inary tract ,  and reproductive tract 
excepted) and deals with the contents of the visceral cavity. Glands , 
unicel lular or larger in the mucosa or submucosa, are epithel ial , as are 
the inner layers of blood and lymph vessels.  The mucosa includes a sub­
epithelial layer of loose f ib rous tissue ( lamina propria) .  supporting mobi le 

( loose connective and adipose tissues) ,  containing cutaneous nerves, 
small vessels, and occasional large veins. Deep fascia, a more vascular, 
sensitive , dense, i r regular f ibrous t issue, ensheathes skeletal muscle 
(myofascial t issue) as well as the supporting nerves and vessels. Liga­
ments (dense regular connective tissue) bind bone to bone by way of peri­
osteum (vascular, cel lu lar, dense, i r regular, f i brous tissue) .  Skeletal muscles 
and their nerves are packaged in g roups, separated by slippery septa of 
deep fascia securing neurovascular structure. The f ibrous investments of 
skeletal muscle converge to form tendons of the muscle. 

cells, glands, vessels, and nerves. The deepest layer of the mucosa (when 
present) is a th in  smooth muscle layer moving f inger-l ike p rojections (vi l l i )  
of the mucosal surface. Deep to the mucosa is a dense fibrous tissue (sub­
mucosa) .  replete with large vessels and small nerves/nerve cells ( intra­
mural gangl ia) supplying the mucosa. Deeper yet, two or three layers of 
smooth muscle (tunica muscularis ) .  innervated by local nerve cells, move 
the visceral wall in peristalt ic contractions. The outermost layer of the 
gastrointestinal tract is the s l ippery serosa: an outer secretory simple squa­
mous epithel ial layer and an inner supporting layer of l ight f ibrous tissue. 
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pore 
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CN: Use very l ight colors except for E,  G ,  and  H .  ( 1 )  To the 
right of these notes, color the entire epidermis gray. (2 )  Color 
the strata of the epidermis in  the larger skin section. The 
thicker part of stratum corneum (A) reflects the nature of 
g labrous (hair-deficient) ski n .  The stratum lucidum (C) exists 
on ly in glabrous skin; it is too thin a layer to be shown in 
these views . (3) Color the strata and their constituent cells 
in the lower illustration, beginning with the bottom layer 
(F) and working upward in the direction of cell m igration. 
(4) Color the section of the nai l  and its supporting elements. 
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1 Lunule 

F' I 

Not present in 
glabrous skin 

NAIL PLATE & RELATIONS 

"There is no magic ian's mantle to compare with the skin in its diverse 
roles of waterproof, overcoat, sunshade ,  suit of armor and refrigerator, 
sensitive to the touch of a feather, to temperature, and to pain,  with­
standing the wear and tear of three score years and ten, and executing 
its own running repairs . " 1 

The skin is composed of an avascular, stratified squamous epithel ial 
layer ( epidermis) and a vascular f ibrous layer (dermis) .  Within each 
layer, there is considerable variat ion. The epithel ial layer consists of 4-5 
levels of keratin-producing epithel ial cel ls { keratinocytes). Absent capil­
laries , the layers of ep ithel ia receive their nutrit ion by diffusion. The 
outer layers of the epidermis reflect the effects of dehydration. 

Mitotic keratinocytes are columnar or cuboidal epithelia forming a single 
layer ( stratum basale) separated from the dermis by a basement mem­
brane (epidermal-dermal junction ) .  These are the g erminating cel ls;  
their progeny are pushed upward by succeeding generations. Melano­
cytes produce melanin g ranules that d isperse along their cytoplasmic 
extensions (dendrites) .  These dendrites are woven among the cells of 
the strata basale and sp inosum, and they d isseminate melanin among 
the keratinocytes. Melanin p rotects the skin from ult raviolet (UV) radia­
tion. Merkel cells are very sensitive to mectianical deformation ( touch) 
of the surface of the skin. The connection with the sensory axon ( nerve 
fiber) is probably simi lar to a synapse ( see Plates 72, 91 ). 

The stratum spinosum consists of several levels of cuboidal and squa­
mous keratinocytes. The cells here have many intracellular filaments 
that converge on the cell membrane at desmosomes ( recall Plate 1 0 ) .  
lntercellular tonof ibri ls , radiating out from t h e  cel l  surface, can be seen 
in tissue preparations where their appearance is enhanced by cellular 
dehydration during processing.  This g ives a "prickly" appearance to the 
cells of this stratum. Another kind of dend ritic cell , the Langerhans cell, 
is seen in both strata basale and spinosum as well as the dermis. These 
dendritic cells are essentially phagocytic and present antigen to 
T lymphocytes ( see Plate 1 24 ) .  

Melanin granules 

The stratum granulosum consists of flattened keratinocytes character­
ized by d isinteg rated nuclei and cytoplasmic keratohyalin and lamellar 
granules. The l ip id-rich content of the lamellar granules 

f i

l ls the intercel­
lu lar spaces, g reatly contr i buting to the impermeabil ity of the skin. 

The thin stratum lucidum is seen only in glabrous (hair-deficient) thick 
skin. I ts squamous kerat inocytes are f i l led with filaments ; the nuclei of 
these cel ls have largely d isappeared. 

The outermost stratum corneum is composed of multiple layers of squa­
mous, l i feless , keratin-fi l led cells ( corneocytes) .  Keratin is a scleropro­
tein ,  the polypeptides of which are intertwined with f i laments within the 
cytoplasm. Loosening and detaching of the dead, outer layers of the 
stratum corneum is  ongoing and involves breaking the intercellular 
junctional devices (desmosomes , f i laments, amorphous lipid sub­
stance) .  The stratum corneum may be as thin as 5 layers (skin of 
the eyel id)  and as thick as 50 layers ( p lantar surface of the foot). 

Nails are plates of compacted , highly keratinized cells of the stratum 
corneum. Located on the dorsal aspect of each d ig it ,  they are translu­
cent, revealing the vascular nail bed below. The nail bed consists of the 
strata basale and spinosum only. The proximal part of the nail plate ( nail 
root )  f its into a groove under the proximal nail fold .  The epithelia around 
the root are the matr ix or the source t issue for the nail p late,  and they 
extend from the region of the nai l  root to the lunule ( l ighter, opaque area 
at the proximal part of the nail p lates, seen best on the thumb). The nail 
plate is formed as the epithel ia of the matrix grow d istally. The nai l plate 
is  continually pushed distally by the kerat in izing epi thel ia migrating 
from the matr ix .  
1

Q

uote taken. with permission. lrom Lockhart. R . D  . .  Hamilton. G.F.. and Fyle, F.W. ANATOMY 
THE HUMAN BODY. 2nd ed .. Faber and Faber. Publishers. Ltd., London. 1 965. 
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INTEGUMENTARY SYSTEM 
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CN: Use red for I ,  blue for J ,  green for K ,  ye l low for L ,  and l ight colors for 
the rest. ( 1 )  In the skin section, color the hair shafts (C) and sweat pores 

1 9  
See 78, 9 7  

(G)  i n  the otherwise uncolored epidermis. (2 )  Follow the text carefully as a_ you color the enlarged views of the sebaceous (E )  and sweat ( G )  glands. 2::5 
H 
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EPIDERMIS 
Stratum 

Stratum 

@@IX3W@ L I OO§@§IJ>'iJ@XXJ L' Elastic fiber 
(magnified) 

The dermis consists of a f ib rous connective tissue supporting arteries 

and veins, lymphatic capillaries, nerves and sensory receptors (see 
Plates 1 8 ,  9 1 ) , and a number of accessory structures.The dermis is sep­
arated from the epidermis by a basement membrane (epidermal-dermal 
junction) .  On the deep s ide ,  the dermis is bordered by superficial fascia 
(hypodermis,  subcutaneous tissue) ,  a loose connective tissue layer with 
variable amounts of adipose tissue. The upper or most superficial layer 
of dermis is  the papillary layer, characterized by a vascular, loose con­
nective tissue. Pegs of this layer (dermal papil lae) poke up into the epi­
dermis. These pegs have strong attachment to the basement membrane 
and contain vessels, nerve endings, and axons among the collagen and 
elastic f ibers. The subjacent reticular layer has a more dense f ibrous 
character. 

Hair  shafts rise from epidermal follicles pushed down into the dermis 
(and hypodermis in  the scalp) during development. They are not found 
in thick skin. The fol l icle begins at the site where the hair leaves the 
epidermis; it terminates in the form of a bu lb .  Hair shafts are composed 
of layers of keratin surrounded by layers of fol l icular cel ls ( root sheaths, 
glassy membranes) .  The base of the foll icle (hair bu lb)  is turned inward 
(invaginated) to accommodate a vascular dermal papil la. An obl iquely 
placed bundle of smooth muscle attaches the outer membrane of the 
follicle to a papil lary peg under the epidermis. This is  the arrector pili 
muscle. When it is contracted ,  the hair to which it is attached erects to 
become perpendicular with the skin surface. I n  many mammals,  
hai r  standing on end is  a sign of increased vig ilance. 

Sebaceous glands are g rape-shaped collections of cells with a common 
duct (acini ; holocrine g land) that surround hair fol l icles. The base of 
each gland is mitotically active : the daughter cells move into the g land 
center and become f i l led with l ip id .  Continued l ip id engorgement results 
in burst cells. The secretory product and the cell debris constitute 
sebum. The g land duct transports the sebum to the epidermal surface 
or into the upper hair fol l icle. Sebum coats the skin and hairs, providing 
a degree of waterproofing .  Sebum may play a social role ,  in terms of 
olfactory identification. 

Sweat glands are coiled tubular g lands in the deep dermis. The ducts 
of these glands traverse the epidermis by spiral ing around the keratino­
cytes and open onto the epidermal surface. The glandular cells at the 
base of the sweat gland are in  intimate proximity to capil laries, just as 
the glomerulus is in relation to the visceral layer of the renal capsule in 
the kidney. The cells produce sweat, a f i ltrate of plasma, somewhat l ike 
the fi ltrate of the renal corpuscle (P late 1 49 ) .  Sweat is largely salt water, 
with a dash of urea and other molecules. Sweating is a means by which 
the hypothalamus can induce a degree of cooling by evaporation. 

(Section) (Scematic section) 
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CN: Use l ight blue for C, a tan color for D, very light colors for E and F, yel low for I ,  and red for J .  
( 1 )  The title "red marrow" is  not to be colored as the red marrow in th is bone is not shown , having 
been replaced by yel low marrow dur ing matur ity. Only part of the yel low marrow in  the medullary 
cavity is shown. Leave the cavity ( G )  itself uncolored. (2)  Color the vertical bar to the right which 
represents the epiphysis (A) and the diaphysis (B )  of the long bone. 

Bone is a l iving , vascular structure, composed of organic tissue (cel ls ,  f ibers, extracel­
lular matrix , vessels,  nerves-about 35% of a bone's weight) and mineral (calcium 
hydroxyapatite-about 65% of a bone's weight). Bone functions as a support structure, 
a site of attachment for skeletal muscle ,  l igaments, tendons, and joint capsules, a 
source of calcium, and a signif icant site of blood cel l  development (hematopoiesis) for 
the entire body. Here we show a long bone, specifically the femur, the bone of the thigh. 

The epiphysis is the end of a long bone or  any part of a bone separated from the main 
body of an immature bone by cart i lage. I t  is formed from a secondary site of ossifica­
tion. I t  is  largely cancellous bone, and its articulating surface is  l ined with 3-5 mm of 
hyaline (art icular) carti lage. The epiphysis is supplied by vessels from the joint capsule. 

®0 tA)[fi)QO l1@0@B 
The diaphysis is the shaft or central part of a long bone. It has a marrow-fi l led cavity 
(medullary cavity) surrounded by compact bone which is  lined externally by periosteum 
and internally by endosteum ( not shown). The diaphysis is formed from one or more 
primary sites of ossification and is suppl ied by one or more nutrient arteries . 

�OO'fJ'O@[]f) 0:,�00 <S&JOO'fJ'OC1tftJ@@ c 
Articular cartilage is smooth, s l ippery, porous, malleable, insensitive , and bloodless; it 
is the only remaining evidence of an adult bone's cart i laginous past. It is massaged by 
movement, permitting absorption of synovial f lu id , oxygen, and nutrients. Articular 
(hyaline) cart i lage is also nourished by vessels from the subchondral bone. Bones 
of a synovial joint make physical contact at their carti laginous ends. The degenerative 
process of arthrit is involves the breakdown and f ibr i l lation of articular carti lage. 

fP@OOO@@ '[J[gQD(l;U D 
Periosteum is a f ibrous, cel lu lar, vascular, and highly sensitive life support sheath for 
bone , providing nutrient blood for bone cells and a source of osteoprogenitor cells 
throughout l i fe. I t  does not cover articular carti lage. 

@{}J[j\'£)@@(1,(1@(1:!)@1 (�(p@�@lJ) {J)@Gi1{)§ E 
Cancellous (spongy) bone consists of interwoven beams (trabeculae) of bone in the 
epiphyses of long bones, the bodies of the vertebrae, and other bones without cavities. 
The spaces among the trabeculae are f i l led with red or yel low marrow and blood ves­
sels. Cancellous bone forms a dynamic latticed truss capable of mechanical alteration 
(reorientation, construction, destruction) in response to the stresses of weight , postural 
change, and muscle tension. 

@@�[p�@U ffi@0YJ� F 
Compact bone is dense bone characterized in long bones by microscopic hollow cyl in­
ders of bone (haversian systems) interwoven with non-cylindrical lamellae of bone. I t  
forms the stout wal ls of the d iaphysis of long bones and the thinner outer surface of 
other bones where there is no art icular cartilage-e . g . ,  the f lat bones of the skul l .  Blood 
vessels reach the bone cells by a system of integrated canals. 

Gi!JiJ.@®QD[bfJ.,IRJ 00)57 @®W01l'i:?G-:-
The medullary cavity is  the cavity of the d iaphysis. I t  contains marrow: red in the young, 
turning to yellow in many long bones in maturity. I t  is l ined by endosteal tissue (th in 
connective t issue with many osteoprogenitor cel ls) .  

113@® Ui!AJOJOOOO@OOJ -:-
Red marrow is a red , gelatinous substance composed of red and white blood cells 
in a variety of d evelopmental forms (hematopoietic t issue) and special ized capil laries 
(sinusoids) enmeshed in ret icular tissue. In  adults, red marrow is generally l imited to 
the sternum , vertebrae, ribs, h ip bones, clavicles, and cranial bones. 

�@(b[b@f!i!] Gi!AJ!AJOOW®W H 
Yellow marrow is fatty connective tissue that is not productive of blood cells. It replaces 
red marrow in the epiphyses and medullary cavities of long bones, and cancellous 
bone of other bones. 

{][)(][)'f?CfJO{�{j\!)'fJ cAJOOu@®'lJ .L l®OOt�::iCR!J@{X]@@ r1 
The nutrient artery is the pr incipal artery and major supplier of oxygen and nutrients to 
the shaft or body of a bone; its b ranches snake through the labyrinthine canals of the 
haversian systems and other tubular cavities of bones. 
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ANTE R I O R  VIEW 
(Left femur) 

Coronal section through proximal epiphysis 
and dissection of medu l lary cavity 

Greater 
trochanter 
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A 
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CN:  Use light but contrasting colors for A and B. 
( 1) Color the axial skeleton (A) in al l three views. 
Do not color the spaces between the ribs (intercostal) . 
( 2) Color the darker, outl ined appendicular skeleton (B) .  
(3) Color the arrows identifying bone shape/classification. 
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The axial skeleton, the pr incipal supportive 
structure of the body, is oriented along its 
median longitudinal axis. It includes the skul l ,  
vertebrae, sternum, r ibs, and hyoid bone . Much 
of the mobil ity of the torso is due to the mult iple 
articulations throughout the vertebral column.  

ifJCP@§Ui'!J®O@G!Jf1�@ 
�03@Cb@V@G!J B 
The appendicu lar  skeleton includes t11e pectoral 
and pelvic g i rdles and the bones of the arms, 
forearms, wrists, hands, th ighs,  legs, and feet . 
The joints of the appendicular skeleton make 
poss ible a considerable degree of freedom for 
the upper and lower l imbs.  Fractures and 
dislocations are more common in  this part of the 
skeleton, but more serious in the axial skeleton. 

Bones have a variety of shapes and defy classification by shape; yet such a classifica­
tion historically exists. Long bones are clearly longer in one axis than in another; they 
are characterized by a medullary cavity, a hol low d iaphysis of compact bone, and at 
least two epiphyses-e.g . ,  femur, phalanx. Short bones are roughly cube-shaped ; they 
are predominantly cancellous bone with a thin cortex of compact bone and have no 
cavity-e . g . ,  carpal and tarsal bones. Flat bones (cranial bones, scapulae, r ibs) are 
generally more flat than round , and irregular bones (vertebrae) have two or more differ­
ent shapes. Bones not specif ical ly long or short fit this latter category.Sesamoid bones 

are developed in tendons (e .g . ,  patel lar tendon) ;  they are mostly bone , often mixed 
with f ib rous tissue and cart i lage. They have a carti lag inous articular surface facing an 
articular surface of an adjacent bone ; they may be part of a synovial joint ensheathed 
within the f ibrous joint capsule. The structures are generally pea-sized and are most 
commonly found in certain tendons/joint capsules in hands and feet, and occasionally 
in other art icular sites of the upper and lower l imbs. The largest is the patel la,  inte­
g rated in the tendon of quadriceps femoris. Sesamoid bones resist friction and com­
pression , enhance joint movement, and may assist local circulation. 



\ 
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Bones are connected at joints ( art iculations) .  Al l  bones move at joints. Joints are func­
tionally classified as immovable (synarthroses) ,  partly movable (amphiarthroses ) ,  or 
freely movable (d iarthroses) .  The structural classification of joints is g iven below. 

�OCB©@QO§ c:!J@DCi!J'ff-:-
D@V�@W�®[b@A /tplA:lOOul1 'V' (iY,(J@Ww®Q,§"' 

Fibrous joints ( synarthroses) are those in which the articulating bones are connected 
by f ibrous tissue. Sutures of the skul l  are essentially immovable fibrous joints, espe­
cially after having ossified with age. Teeth in their sockets are fixed f ibrous joints 
(gomphoses) .  Syndesmoses are partly movable fibrous joints, such as the 
interosseous ligaments between bones of the forearm or the bones of the leg. 

@tMJ'flDfb�@OCA!J@Q!)@ c!J@O@'fl-:-
Offill�@Q?�® Cb§a / [f){A)CXJ'fl{lS1 Gi!;U@l!'.il'.AJ®Q,§ B '  

Carti laginous joints ( synchondroses) are essentially immovable joints seen during 
g rowth-e.g . ,  g rowth (epiphyseal ) p lates (see Plate 1 68 ) . Fibrocartilaginous joints 
(amphiarthroses) are partly movable-e . g . ,  the intervertebral disc. Sympilyses also 
are partly movable f ibrocarti lag ious joints , as between the pubic bones ( sympilysis 
pubis) and the manubrium and body of the sternum (sternal ang le) .  
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C N :  Use a l ight blue for D, black for F, and gray for H. 
( 1) Do not color the bones in the upper half of the plate. 
(2) Below, color the arrows pointing to the location of 
the joints as well as the joint representations. 
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plate 
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Synovial joints (d iarthroses) are freely movable within l igamentous l imits and the 
bony architecture. They are characterized by articulating bones whose ends are 
capped with articular cartilage and are enclosed in a l igament-reinforced, sensitive, 
fibrous (joint) capsule l ined internally with a vascular synovial membrane that 
secretes a lubricating fluid within the cavity The synovial membrane does not cover 
articular cartilage. A f ibrous tissue-lined synovial sac of fluid ( bursa) often exists 
between moving structures outside the joint, as between tendon and bone. Bursae 
facilitate friction-free movement; fr iction may induce painful inflammation ( bursit is) .  
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Ball-and-socket joints are best seen at the hip and 
shoulder. Movements in al l  direction are permitted 
-i.e. ,  flexion, extension, adduction , abduction, 
internal and external rotation ,  and circumduction. 

The ellipsoid (condyloid, condylar) joint is a reduced 
ball-and-socket configuration in which s ign ificant 
rotation is largely excluded-e.g . ,  the bicondylar knee, 
temporomandibular, and radiocarpal (wrist) joints. 

A hinge joint permits movement in only one plane: 
flexion/extension. The ankle, interphalangeal, and 
elbow (humeroulnar) joints are hinge joints. 

A pivot joint has a ring of bone around a peg ; e.g . ,  
the C 1  vertebra rotates about the dens o f  C2, a 
rounded humeral capitulum on which the radial 
head pivots (rotates). 

Bursa 

lntervertebral 
disc 

Muscle/tendon 

IDEALIZED SYNOVIAL 
JOINT AND BURSA 

A saddle (sellar) joint-e.g . ,  carpometacarpal joint 
at the base of the thumb-has two concave articula­
ting surfaces, permitting all motions but rotation. 

Gliding joints (e .g . ,  the facet joints of the vertebrae, 
the acromio-clavicular, intercarpal, and intertarsal 
joints) has generally flat articulating surfaces. 
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CN: Co lor the arrows pointing to the joints demonstrating the 
various movements of the body. I nversion (K )  and eversion (l )  
movements occur among bones of the foot, not  at  the ankle. 
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Movements of bones occur at joints. Terms of movement are 
therefore appl icable to joints, not bones (f lexion of the humerus 
would break i t ! ) .  Ranges of motion are l im ited by the bony 
architecture of a joint,  related l igaments, and the muscles 
crossing that joint. It is from the anatomical position that spe­
cific d i rections of movement can be  clearly del ineated and 
ranges of motion measured . 

Extension of a joint is to general ly straighten it .  In the anatomi­
cal position, most joints are in relaxed extension (neutral ) .  In 
relation to the anatomical position, movements of extension are 
di rected in the sagi tta l  p lane. Extreme, even abnormal exten­
sion is  called hyperextension. At the ankle and wrist joints, 
extension is termed dorsiflexion. 

Flexion of a joint is  to bend it  or  decrease the angle between 
the bones of the joint. Movements of flexion are in the sagittal 
plane. At the ankle joint, f lexion is also called plantar flexion. 

Adduction of a joint moves a bone toward the midline of the 
body (or in the case of the f ingers or toes,  toward the midl ine of 
the hand or foot ) .  In  relation to the anatomical posit ion, move­
ments of adduct ion are d i rected in the coronal plane. 

Abduction of a joint moves a bone away from the midl ine of the 
body (or hand or foot). Movements of abduction are d i rected in 
the coronal plane. 

Circumduction i s  a circular movement, permitted at bal l  and 
socket, condylar, and saddle  joints, characterized by f lexion, 
abduction , extension , and adduction done in  sequence. 

Rotation of a joint is to turn the moving bone about its axis. 
Rotation toward the body is  internal or  medial rotation; rotation 
away from the body is external or lateral rotation. 

Supination is external rotation of the radiohumeral joint .  I n  the 
foot, supination i nvolves l ift ing the medial aspect of the foot. 

Pronation is internal rotation of the radiohumeral joint. In the 
foot, p ronation involves raising the lateral aspect of the foot. 

Inversion turns the sole of the foot inward so that the medial 
border of the foot is  elevated. 

Eversion turns the sole of the foot outward so that its lateral 
border is elevated. 
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CN: Save the brightest colors for the smallest bones and the lightest colors 
for the largest. ( 1 )  Color one bone in as many views as it appears before 
going on to the next. (2 )  There are some very small bones to color in the 

orbits and in the lower part of the posterior view of the skull Study these 
areas carefully before coloring to determine the color boundaries. (3) Do not 
color the darkened areas in the orbits and nasal cavity in the anterior view. 

Fossa for 

spine 

The skull is composed of cranial bones (forming a vault for the brain) and facial 
bones (giving origin to the muscles of facial expression and providing buttresses 
protecting the brain) .  Except for the temporomandibular joint (a synovial joint) . al l  
bones are connected by general ly immovable f ibrous sutures. 

The orbit is composed of seven bones, has three significant fissures/canals, and 
is home to the eye and related muscles, nerves, and vessels. The most delicate of 
the skull bones is at the medial orbital wal l .  The external nose is largely carti lagi­
nous and is therefore not part of the bony skull .  

SUPER I O R  VIEW 
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suture 
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Perpendicu la r plate 
of the ethmoid 

Impression of branches of 
middle meningeal artery C N :  Use the same colors for 

these bones as were used on the 
previous plate. ( 1 )  Color the 
three views simultaneously. (2)  In 
the lower views, pay close atten­
tion to the many foramina that 
are left uncolored. (3) Notice but 
don't color the small drawing 
below that summarizes the large 
fossae of the sku l l  interior to its 
left. Try to visualize those fossae 
in the larger view. 

!i!!!?-1f-'-:T-�,,-c-7i,......._r Petrous ridge 

Internal auditory meatus 
7.,--�..,_- (cranial nerves VII ,  V I I I )  

Petrous portion 

(Interior view) 

You are looking into the interior of the right side of the skul l .  The vomer and perpen­
d icular p late of the ethmoid contribute sign ificantly to the nasal septum (P late 1 3 1 ) .  
I n  th is  view, they h ide  the  conchae on  the  right lateral wall o f  the  nasal cavity. 

( Exterior view) 

Foramen spinosum 
(middle meningeal 

arrery) 

I nternal auditory 
meat us 

BASE OF 
SKULL 

Jugular foramen 
(Int. jugular vein; 

cranial nerves IX, X. XI) 

Hypog lossa l canal 
(cranial nerve XII) 

You are looking onto the floor of the cranial cavity ( base of the sku l l ) .  The 
anterior cranial fossae support the frontal lobes of the cerebrum ( Plate 73) ;  
the olfactory tracts l ie  over the cr ibriform plates,  receiving the olfactory nerves 
(Plate 1 00) .  The middle cranial fossae embrace the temporal lobes; note the 
numerous foramina/canals for cranial nerves and vessels. The posterior 
cranial Iossa retains the cerebel lum and the brain stem (Plate 76) as well 
as related cranial nerves and vessels that enter or exit the cavity ( Plate 83). 

l ine 

Posterior nasal 
, aperture (choana) 1\ 
I\ Lateral pterygoid 

plate 

_r:.-Hr...,-�nrr Medial pterygoid 
plate 

Carotid canal 
( Internal carolid 

artery) 

Styloid 
process 

Mastoid 
process 

The large external surface of the occipital bone is a site 
of attachment of layers of posterior cervical musculature 
( P late 49) .  The foramen magnum transmits the lower 
brain stem / spinal cord ( Plate 76) .  The occipital condyles 
art iculate with the facets of the atlas or first cervical verte­
bra (P late 28) .  The muscular pharyngeal wall attaches 
around the posterior nasal apertures ( Plate 1 39) .  
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CN: Read the text before coloring. Use l ight colors for A and B, l ight blue for 
C, and black or a dark color for E. ( 1 )  Begin with bones of the TM joint and the 
corresponding ligaments. ( 2) I n  the central i l lustration of the upward, lateral 
view of the skull ,  the articular fossa receives the color of its articular cartilage 
(C). Also color the cartilage and condyle of the mandible, which is placed 
here for diagrammatic purposes. (3) Finish with the sagittal views below, 
which describe the movement of the mandibular condyle within the TM joint 
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Two temporomandibu lar  joints form the craniomandibular 
joint ,  which consists of the heads of the left and right 
condylar processes of the mandible art iculating with paired 
articular fossae of the temporal bones. Movement or 
trauma to one of these two temporomandibu lar joints (TMJ ) 
always involves the contralateral joint.  The TMJ is a com­
plex synovial joint, g l id ing ,  ang l ing ,  and rotating during 
what appears to be simple hinge movements of the lower 
jaw. Movements of the TMJ can be seen in  Plate 47 .  

The TMJ is encapsulated within a f ib rous (joint) capsu l e ,  the 
only true l igament of the joint .  The articular disc (meniscus) 
is a f ibrocarti laginous, oval p late between the carti lage­
lined articular fossa and the articular cart i lage of the 
condylar process. It divides the synovial cavity into supe­
rior and inferior joint spaces. The disc incorporates two 
avascular bands whose long axes lie in the coronal plane. 
Here we see them in cross section. These bands are con­
nected by an intermediate zone of f ibrous t issue. The d isc 
is wel l  connected .  anteriorly to the lateral pterygoid muscle, 
posteriorly to the vascular, elast ic retrodiscal pad in the 
b i laminar region from which it gets its nutr it ion, and 
medial ly / laterally to the condylar process. When the mouth 
is closed , the head of the condylar process abuts the 
larger, posterior band. As the mouth opens, the condylar 
head rotates forward and downward to abut the anterior 
band at ful l  opening (35-50 mm between u pper and lower 
incisors) .  During mouth opening , the meniscus itself is 
stretched as it is  pulled forward with the condylar head . 

The art icular disc of the TMJ may fray or become dislo­
cated or detached with aging , abuse (trauma) ,  or  misuse 
( clenching , gr inding of teeth) .  This condition may be asso­
ciated with bitemporal headaches (temporalis muscle over­
use ) .  cl icking during jaw movement, and reduced range of 
motion. The disc may also be structurally incomplete (even 
perforated) from birth .  
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VERTEBRAL DISORDERS 

C, T. L ,  S, and Co. L4 and LS represent the lumbar vertebrae most involved 
in motion. ( 1 )  Begin with regions of the column and the three examples of 
vertebral disorders at lower left. (2) Color the motion segment and its role in 
flexion and extension. (3)  Color the vertebral foramina and canal. (4) Color 
the example of a protruding intervertebral disc pressing on a spinal nerve. 

See 84 

The vertebral co lumn has 24 individual vertebrae 
arranged in cervical, thoracic, and lumbar regions; 
the sacral and coccygeal vertebrae are fused (sacrum/ 
coccyx) .  Numbers of vertebrae in each region are 
remarkably constant; rarely S 1 may be free or LS may 
be fused to the sacrum (transitional vertebrae) .  The 
seven mobi le cervical vertebrae support the neck and 
the 3-4 kg (6-8 lb) head. The cervical spine is normally 
curved ( cervical lordosis) secondary to the develop­
ment of postural reflexes about three months after birth. 
The 1 2  thoracic vertebrae support the thorax, head , and 
neck. They articulate with 1 2  ribs bi laterally. The tho­
racic spine is  congenitally curved (kyphosis) as shown. 

torso, and low back. The column of these vertebrae 
becomes curved ( lumbar lordosis) at the onset of 
walking at 1 -2 years of age.  The sacrum is the key­
stone of a weightbearing arch involving the hip bones. 
The sacral/coccygeal curve is congenital. The vari­
ably numbered 1 -5 coccygeal vertebrae are usually 
fused , although the first vertebra may be movable. 

The five lumbar  vertebrae suppo rt the upper body, 

Vertebra/ curvatures may be affected (usually exagger­
ated) by posture, activity, obesity, pregnancy, trauma, 
and /or disease; these conditions are g iven the same 
names as the normal curves. A sl ight lateral curvature 
to the spine often reflects dominant handedness; a 
signif icant, possibly disabl ing, lateral curve ( scoliosis) 
may occur for many reasons. 
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Each pai r  of individual ,  unfused vertebrae constitutes a motion seg­
ment, the basic movable unit of the back. Combined movements of 
motion segments underlie movement of the neck and the middle 
and low back . Each pair of vertebrae in a motion segment, except 
C 1 -C2 ,  is attached by three joints: a partly movabfe, intervertebral 
disc anter iorly and a pair of gl iding synovial facet (zygapophyseal) 
joints posteriorly. Ligaments secure the bones together and encap­
su late the facet joints (joint capsules). The vertebral or neural 
canal, a series of vertebral foramina, transmits the spinal cord and 
related coverings, vessels, and nerve roots. Located bi laterally 
between each pair of vertebral pedicles are passageways, each 
called an intervertebral foramen, transmitting sp inal nerves, their 
coverings /vessels, and some vessels to the spinal cord. 
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The intervertebral disc consists of the annulus fibrosus (concentric, 
interwoven collagenous f ibers integrated with carti lage cel ls)  
attached to the vertebral bodies above and below, and the more 
central nucleus pulposus (a mass of degenerated collagen, pro­
teoglycans, and water) .  The discs make possib le movement 
between vertebral bodies. With aging , the d iscs dehydrate and 
th in ,  result ing in a loss of height. The cervical and lumbar d iscs, 
part icu larly, are subject to early degeneration f rom one or more of 
a number of causes. Weakening and/or tearing of the annulus can 
result in a broad-based bulge or a localized ( foca l )  protrusion of 
the nucleus and adjacent annulus; such an event can compress 
a spinal nerve root as shown. 

LATERAL 
VIEW 

SUPERIOR 
VIEW 

Posterior 
view 





SKELETAL AND ART ICULAR SYSTEMS 28 
) Cranium 

See 21 @&fmWO@®[b � 'lfGD@OOlJJ©O@ W@OOlf@� 
CN: Use red for M and use the same colors as were used on Plate 21 
for C and T. Use dark colors for N ,  0 ,  and R. ( 1)  Begin with the parts of 
a cervical vertebra. Color the atlas and axis and note they have been 
given separate colors to distinguish them from other cervical vertebrae. 
(2) Color the parts of a thoracic vertebra and then the thoracic portion 
of the vertebral column. Note the three different facetldemifacet colors. 

C 3  
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TYPICAL CERVICAL (C4) VERTEBRA LATERAL FLEXION ROTATION FLEXIONIEXTENSION 

The small seven cervical vertebrae support and move the head and neck, supported by l iga­
ments and strap-l ike paracervical ( paraspinal) muscles. The ring-shaped atias (C 1 )  has no 
body; thus there are no weight-bearing discs between the occiput and C 1 ,  and between C 1  
and C2 (the axis). Head weight i s  transferred t o  C 3  b y  the large articular processes and facets 
of C 1  and C2.  The atlantooccipital joints , in conjunction with the C3-C7 facet joints , permit a 
remarkable degree of flexion/extension ( "yes" movements ) .  The dens of C2 projects into the 
anterior part of the C1 ring ,  forming a pivot joint, enabl ing the head and C1 to rotate up to 80° 
( "no" movements ) .  Such rotational capacity is permitted by the relatively horizontal orientation 
of the cervical facets. The C3-C6 vertebrae are simi lar ;  C? is remarkable for its prominent 
spinous process, easily pal pated. The anteriorly d i rected cervical curve and the extensive 
paracervical musculature preclude palpation of the other cervical spinous processes. The 
vertebral arteries, enroute to the b rain stem,  pass through foramina of the transverse processes 
of the upper  six cervical vertebrae. These vessels are subject to stretching injuries with extreme 
cervical rotation of the hyperextended neck . The cervical vertebral canal conducts the cervical 
sp inal cord and its coverings (not shown). The C4-C5 and C5-C6 motion segments are the 
most mobi le of the cervical region and are particularly prone to disc/facet degeneration. 

The twelve thoracic vertebrae-characterized by long ,  slender spinous processes, heart­
shaped bodies, and nearly vertically oriented facets-articu late with ribsb ilateral ly. In general , 
each r ib forms a synovial joint with two demifacets on the bodies of adjacent vertebrae and a 
single facet on the transverse process of the lower vertebra. Variations of these costovertebral 
joints are seen with T1 , T 1 1 ,  and T 1 2 . 

TYPICAL THORACIC (TS) VERTEBRA 

prominens 
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CN: Use the same colors as were used on the previous two plates for 
C, T, L, E, F, A, S, and Co. ( 1 )  Begin with the three large views of lumbar 
vertebrae. (2)  Color the different planes of articular facets. (3)  Color the 
four views of the sacrum and coccyx. Note that the central portion of 
the median section receives the vertebral canal color ( E 1 ) . 
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SUPERIOR VIEW 

POSTERIOR VIEW 

L 1 
Superior 
articular 
process 

Auricular 
surface 

for i l iac bone 

L 1 
I nferior 

articular 

The sacrum consists of five fused vertebrae; the intervertebral discs are 
largely replaced by bone. The sacral (vertebral)  canal contains the ter­
minal sac of the dura mater (dural sac , thecal sac) to S2 and the sacral 
nerve roots, which transit the sacral foramina. The sacrum joins with the 
i l ium of the hip bone at the auricular surface,  forming the sacroiliac joint. 

The five lumbar vertebrae are the most massive of a l l  the individual 
vertebrae, their thick processes securing the attachments of numerous 
l igaments and muscles/tendons. S ign ificant flexion and extension of tl1e 
lum bar and lumbosacral motion segments, particularly at L4·-L5 and L5-
S 1 , are poss ib le .  At about L 1 ,  the sp inal cord terminates and the cauda 
equina ( bundle of lumbar, sacral ,  and coccygeal nerve roots; see Plate 
70) beg ins. The lumbar intervertebral foramina are large. Transiting nerve 
roots/sheaths take up only about 50% of the volume of these foramina. 
Disc and facet degeneration is common in  the L4-L5 and LS-S 1 seg­
ments; reduction of space for the nerve roots increases the risk of nerve 
root i rritat ion/comp ression. Occasionally, the LS vertebra is partially or 
com pletely fused to the sacrum (sacralized L5 ) .  The S1 vertebra may be 
partially or wholly non-fused ( lumbarized S 1 ) , resulting in essentially six 
lum bar vertebrae and a sacrum of four fused vertebrae. 

FLANES OF ARTICULAR FACETS 

The planes (orientation) of the articular facets determine the direction and 
influence the deg ree of motion segment movement. The plane of the cer­
vical facets is angled coronally off the horizontal p lane about 30°. Consid­
erable freedom of movement of the cervical spine is permitted in all 
planes ( sagitta l ,  coronal , horizontal ) .  The thoracic facets l ie more verti­
cally in the coronal plane and are virtually non-weightbearing .  The range 
of motion here is signif icantly l imited in all p lanes, less so in rotation. The 
plane of the lumbar facets is largely sagittal ,  resisting rotation of the lum­
bar spine, transit ioning to a more coronal orientation at L5-S 1 .  The L4-L5 
facet joints permit the greatest deg ree of lumbar motion in all planes. 

L 

The sacrum and the i l ia of the h ip bones form an arch for the transmis­
sion and distribution of weightbearing forces to the heads of the femora. 
I t  is a strong arch ,  and the sacrum is  its keystone. The coccyx consists 
of 2-4 tiny individual or partly fused , rudimentary vertebrae. The first 
coccygeal vertebra is the most completely developed.  
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See 50, 104, 129, 135 

CN: Use the same colors as were used on Plate 22 for true ribs, tho­
racic vertebrae, demifacets, and transverse process facets. Use bright 
colors for A-C. ( 1) Color the anterior view of the bony thorax. Color 
each rib completely before going on to the next. (2) Color the posterior 

view in the same manner. (3) Color the lateral view of the bony thorax. 
(4) When color ing the drawings of a rib and the sites of articulation, 
note that the rib facets (drawn with dotted lines) are to be colored even 
though they are on the underside of the r ib . 
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POSTERIOR 
VIEW 

The bony thorax is the skeleton of the chest, harboring the heart ,  
lungs ,  a n d  other signif icant organs. The superior thoracic aper­
ture or thoracic i nlet (often called thoracic outlet by surgeons) 
transmits the esophagus, trachea, nerves,  and important ducts 
and vessels ( Plate 1 04) .  The inferior thoracic aperture is v irtually 
sealed by the thoracic d iaphragm (muscle ) .  through which pass 
the aorta, inferior vena cava, and esophagus ( Plate 50).  The 
region between each pair of r ibs is the intercostal space, contain­
ing muscle, fasciae , vessels ,  and nerves ( Plate 50) .  Collective r ib  
movement is  responsible for about 25% of  the respi ratory effort 
( inhalation, exhalation) ;  the diaphragm does the rest (P late 1 35 ) .  

t��'�'''� D,��::::_�·�'-''" -

The f ibrocarti laginous joint between the manubrium and the body 
of the sternum (sternal angle,  sternomanubrial joint) makes subtle 
hinge- l ike movements during respiration. The x iphoid makes a 
fibrocarti laginous (x iphisternal) joint with the body of the sternum. 
The sternum is largely cancellous bone containing red marrow. 
The costal cartilages, representing unossified carti lage models 
of the anterior r ibs,  articulate with the sternum by g lid ing-type 
synovial joints (sternocostal joints, except for the first joint, which 
is not synovial ) .  Al l  ribs form synovial joints with the thoracic ver­
tebrae (costovertebral joints ) .  Within each of these joints , the rib 
(2 through 9)  forms a synovial joint with a demifacet of the upper 
vertebral body and with a demifacet of the lower body (costocor­
poreal joints). In addit ion, the tubercle of the rib articu lates with 
a cartilaginous facet at the tip of the transverse process of the 
lower vertebra (costotransverse joint ) .  Ribs 1 ,  10, 1 1 ,  and 1 2  
each join with one vertebra instead of two; r ibs 1 1  and 1 2  have no 
costotransverse joints . True ribs ( 1-7)  articu late d i rectly with the 
sternum. Ribs 8- 1 2  are called false ribs; ribs 8- 1 0  articulate 
indirectly with the sternum (via cartilages connecting to the 7th 
costar carti lage) and ribs 1 1  and 12 ( floating ribs) end in the mus­
cular abdominal wall .  

...... 
Costal groove 
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CN: Use very light colors in order to 
see surface detai l .  ( 1 )  Color each view 
completely before going on to the next. 

Sternal 
end 

Subscapular 
Iossa 

Deltoid 
tuberosity 

Capitulum 

ANTERIOR VIEW 
(Right arm) 

Medial 
margin 

The mobil ity of the upper limb is largely dependent 
upon the pectoral girdle, composed of two scapulae 
and two clavicles. This girdle is best appreciated 
in the view from above. The only bony connection 
of the g irdle to the axial skeleton is by way of the 
sternoclavicular joint (saddle type,  synovial ; with 
articular disc ) .  This d isc sustains s ignificant loads 
with falls on the shoulder. Ligament-bound , the d isc 
is rarely disp laced; more l ikely with such falls, the 
clavicle will break. The d istal extremity of each clav­
icle articulates with the acromion of the scapula in a 
gl iding type synovial acromioclavicular or AC joint . 
This joint is commonly d isjointed (separated shoul­
der) with certain act ivit ies, an event not to be con­
fused with shoulder joint dislocation. 

The scapulae have no d i rect bony connection to the 

Acromion 

LATERAL 
VIEW 

POSTERIOR 
VIEW 

axial skeleton. Rather, they are secured by a number 
of muscles that reach out f rom these bones to different 
parts of the axial skeleton. These mooring muscles 
give each scapula remarkable mobil ity over the pos­
terior thoracic wal l .  The thin, f lat part ( " b lade")  of the 
scapula is  rarely fractured, packaged in muscle as it is. 

The arm bone or  humerus is joined to the scapula at 
the glenohumeral joint , a ball and socket joint (next 
plate ) .  At this joint , the humerus enjoys a broad range 
of motion, enhanced by scapular mobi l ity (scapulo­
thoracic motion ) .  Fractures of the humerus general ly 
occur at the surgical neck, mid-shaft, or the distal 
extremity. The sharp sensation generated by str iking 
the u lnar nerve under the medial epicondyle gives 
rise to the name "crazy bone. "  I t  is humorous that the 
humerus also is known as the "funny bone . "  

Medial 
epicondyle 

Trochlea 

31 
See 32, 34,54, 55 





SKELETAL AN D ART ICULAR SYSTEMS I U PPER L IMB 32 
@Cb§W®GDGDWU@� (@IXJ@@a,@)@00) <:D®OWU' See 37 

CN: Use the same color that the scapula (A) and humerus (8) received on the 
preceding plate.  Use l ight blue for (C) .  ( 1 )  The scapula (A) and humerus (8 )  are 
only to be colored in the upper right corner. ( 2 )  Color all ligaments gray. Because 
the g lenohumeral ligaments are thickenings of the joint capsule (E ) ,  they are col­
ored both gray and the color assigned to E. (3 )  The subdeltoid bursa and the 
subacromial bursa (F) are one continuous structure. (4) In the coronal section, 
part of the synovial membrane (G) has been removed to reveal the biceps 
brachii tendon where it attaches to the supraglenoid tubercle of the scapula. 

Cut edge of 
joint capsule 

lntertubercular 
groove 
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The glenohumeral (shoulder) joint is a synovial ,  ball-and -socket­
type ,  mult iaxial art icu lation between the g lenoid Iossa of the 
scapula and the head of the humerus. The shal low fossa is 
deepened by the labrum around its rim. The fossa and the 
humeral head are covered with a thin layer of articular (hyaline) 
carti lage.  The connecting ends of the bones are encapsulated 
with a f ibrous joint capsule l ined internally with a synovial 
membrane and containing a small amount of synovial f lu id .  
Usually isolated from the joint capsule and its cavity are numer­
ous f ibrous sacs of synovial f luid (bursae) intervening between 
muscle tendons crossing bones , tendons, and muscles. One of 
these, the subacromial b u rsa, has great cl in ical significance 
(see Plate 55) .  
The tendon of the long head of biceps brachi i  arises from the 
scapula's supraglenoid tubercle just  above the 1 2  o'clock point 
of the glenoid labrum. Ensheathed by synovium, the tendon 
passes over the head of the humerus within the f ibrous capsule 
and emerges below the capsule in the intertubercular g roove to 
join the long head (muscle) of b iceps brachi i .  
The f ibrous joint capsule is lax (note the pouch of the axi l lary 
recess) .  yet incorporates thickened bands of g lenohumeral 
l igaments. The capsule/ l igament complex is  reinforced by a 
musculotendinous cuff that offers g reat flexi b i l ity to shoulder 
motion. Movements of the g l enohumeral joint can be  see in 
Plates 55 and 56. 
The joint suffers from overuse. Capsules become abnormally 
lax , the labrum becomes torn from its attachments, the tendon 
of biceps becomes frayed and torn ,  and the cavity of the joint 
may communicate with various bursae. R epetitive dislocations 
of the humeral head may induce articular cartilage damage. 

ANTERIOR 
VIEW 

(Right shoulder joint) 

Deltoid m. 

Tendon of 
infraspinatus m. 

Tendon of 
teres minor m. 
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LATERAL VIEW 
(Opened joint with humerus removed) 
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CN: Use very l ight colors for A and B ,  
and the same color for the humerus (C)  
that was used on the preceding plate. 
Note that the distal humerus and carpal 
bones are left uncolored in  the large 
i l lustrations. ( 1 )  Color the forearm 
bones in the three views, taking careful 
note of the callouts referring to surf ace 
details. (2) In  the supination/pronation 
diagrams, the thumb and little finger of 
the hand receive the same colors as 
the forearm bones to which they relate, 
regardless of hand position. 

2 

THREE 
JOINTS 

(Diagrammatic) 
Radial 

tuberos1ty 

Shaft 

Olecranon 

Trochlear 
notch 

33 
See 34 

Articular 
I cartilage 
I (dotted areas) 
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membrane 

ANTERIOR 
VIEW 

(Right forearm) 

SU Pl NATION 
(Anatomical position) 

.• I 

NEUTRAL PRONATION 

The two bones of the forearm are quite different from one another. The 
posterior aspect of the p roximal extremity of the ulna is characterized by 
a rather massive bone mass called the o/ecranon. You can feel it easily 
at the back of your elbow. On the anterior side of the olecranon is the 
trochlear notch, which articulates with the trochlea of the humerus at the 
humeroulnar joint ( synovial ;  h inge) .  A part of this surface turns to face 
the radius (the radial head ) ;  this is the radia l  notch , which contributes to 
the proximal radioulnar joint (synovial ;  p ivot ) .  The ulnar shaft narrows 
distally to terminate as the head of the ulna. The head forms a pivot­
type, synovial joint with the radius (distal radioulnar joint). This joint 
shares an articular d isc that fits between the u l nar head and the lunate 
and trequetral bones of the wrist. This disc contributes to the radiocar­
pal (wrist) joint, but the u lnar head does not . The shaft of the ulna forms 
a movable,  f ibrous joint (syndesmosis) with the shaft of the radius by 
means of the interosseous membrane. 

The radius has a small rounded head proximally, articulating with both 

"Waist" 

Styloid 
process 
of radius 

ANTERIOR VIEW 

(Right forearm) 

Distal 
radioulnar 

joint 

POSTERIOR VIEW 

(R ight forearm) 

the capitulum of the humerus ( radiohumeral joint; synovial ; p ivot) and 
the radial notch of the u lna ( p roximal radioulnar joint) . The shaft of the 
radius flares distally to form a broad wrist joint with the scaphoid and 
lunate bones of the carpus. Falls on the hands load the wrist joint and 
can cause a fracture of the radius at the relatively weak "waist" between 
the shaft and the flared d istal extremity ( Calles fracture, Smith fracture). 

After coloring and studying the supination/pronation movements, put 
the palm of your right hand out in front of you, palm down ( prone) .  In  this 
position, the radius and ulna are in paral le l .  Place the fingers of the left 
hand on your right olecranon. Now supinate your right hand (to palm 
up) .  Notice the ,olecranon did not move. Thus, the u lna does not move 
during supination/ pronation of the hand . Now find and observe the 
styloid process of the radius at the r ight wrist (on the thumb side) as 
you supinate /pronate the right hand. Note that the styloid process 
moves with the thumb. You have now demonstrated how the radius 
moves around the ulna during pronation and supination of the hand. 
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CN: Use the same colors for the three bones as were used on 32 and 
33. Use light blue for H. ( 1 )  Begin with the three joints of the elbow 
region. Note that each articulating surface (dotted) receives the color 
of its bone-in the lower, boxed-in illustration and in the sagittal view, 
those surfaces (H )  are colored light blue. Color K yellow. (2) Color 
the remaining views of the joint capsule and ligaments. 
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The elbow joint consists of two separate articulations 
with the humerus: the humeroulnar and radiohumeral 
joints (synovial; hinge type) .  Movements of this joint 
are l imited to flexion and extension. Note that the 
C-shaped ,  articular carti lage-lined trochlear notch 
of the ulna rotates around the pul ley-shaped trochlea 
of the humerus during these movements. In extension , 
the upper part of the trochlear notch fits into the ole­
cranon Iossa of the humerus. In  f lexion, the coronoid 
process of the ulna fits into the coronoid Iossa 
of the humerus ( see Plate 33) .  The l igaments of the 
elbow joint-essential ly, the radial and ulnar collateral 
l igaments-reinforce the f ibrous joint capsule. 

The joint between the radius and the ulna (proximal 
radioulnar joint) permits the radial head to pivot within 
the rad ial notch of the ulna. The ulna cannot pivot 
around anything because of the shape of the humer­
oulnar joint . Though the p roximal radioulnar joint is not 
considered part of the e lbow joint ,  its synovial cavity 
and f ibrous joint capsule is continuous with that of the 
elbow joint ,  and i t  is secured by both radial and u lnar 
collateral l igaments. The annular l igament is attached 
at both ends to the sides of the radial notch of the 
ulna. It is  more narrow below than above ( i .e . , i t  is 
beveled) .  I t  surrounds and secures the head ( above) 
and the neck (below) of the radius and resists its 
displacement when the hand is pu l led away from 
the shoulder. The lower part of the annular l igament 
is lined with synovial membrane; the upper part is 
fibrocartilaginous and is associated with the rotation 
of the rad ius at the proximal radioulnar joint. The joint 
capsule and the radial col lateral l igament reinforce 
the retaining function of the annular l igament. 

ANTERIOR VIEW 

MEDIAL VIEW 

1' 
i �  A . 

34 
See 33 

3 JOINTS AT RIGHT ELBOW REGION 

(Lateral view) 

Triceps 
brachii m .  

Olecranon 
Iossa , 

Olecranon 

RIGHT 
ELBOW 

Coronoid 
Iossa 

RadialLH'.j�����'t-
head 

ANNULAR LIGAMENT 
(Diagrammatic) 

(Posterior view) 

Medial 
epicondyle 

// 

(Anterior view) 

SAGITTAL SECTION 

(Elbow joint, lateral view) 

Coronoid process 

Radial notch of ulna 
( Proximal radioulnar joint) 

LATERAL VIEW 
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CN: Use l ight colors other than those used for the three arm bones on ligaments of the wrist joints gray. Numerous carpal and phalangeal liga­
the previous plates for I and J, light blue for K. ( 1 )  Color the three views ments are not shown. (3) In the sectional view, color the bones and their 
of the hand and wrist: note the callouts identifying the joints that contrib- articular cartilage ( L) .  Color the synovial cavities (L with dark outlines) of 
ute to the movements shown in the satellite sketches (2) Color the major the wrist black, but not the intercarpal joint cavities. 
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POSTERIOR (DORSAL) VIEW 
(Right hand) 

MAJOR LIGAMENTS 

� � ..._ 1 Transverse ';>carpal ligament 

Hook of -�E;;.��� 
lnterphalangeal 

( I P) joint 

CARPAL TUNNEL 

�· 
) I 
FINGER 

ADDUCTION 

�\ ? -�\ \ · � I 

Distal radioulnar 
joint cavity 

JOINTS OF WRIST & CARPAL BONES 
(Dorsal view of frontal section) 
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WAIST 
ADDUCTION 

ANTERiOR (PALMAR) VIEW 
(Right hand) 

MAJOR LIGAMENTS 

35 
See 33 

~ 
FINGER 

ABDUCTION 

� 
WRIST I ("  

ABDUCT!ON 

T h e  wrist joint (synovial ; b iaxial )  is formed 
by the distal articular surface of the radius 
with the articular surfaces of the scaphoid 
and lunate bones primari ly, and between the 
articular d isc and the triquetrum second­
arily. Movements here are f lexion, extension, 
adduction, and abduction. The wrist joint 
and carpal joints are secured by palmar and 
dorsal radiocarpal and ulnocarpal l igaments 
and by radial and ulnar collateral l igaments. 
The intercarpal joints, between the prox imal 
and d istal rows of carpal bones, contribute 
to wrist movement. The trough between the 
hamate and trapezium bones anteriorly pro­
vides a carpal tunnel for the passage of the 
long flexor tendons to the thumb and f ingers 

as well as the median nerve. Compression 
by the transverse carpal ligament can i rr i ­
tate or depress the function of the median 
nerve (num bness to three radial f ingers; 
thumb weakness ) .  Guyon's canal transmits 
the ulnar artery and nerve. 

��'" 
MEDIAL VIEW 

�T>NSION 

Hand movement involves movements of the 
metacarpophalangeal (MP)  and interpha­
langeal ( I P ) joints primari ly, and among the 
carpometacarpal and intermetacarpal joints 
secondarily-with one exception: the unique 
f i rst carpometacarpal (CM) joint (synovial ; 
saddle) .  Notice the mobil ity it g ives the 
thumb, as in opposing thumb and litt le 
f inger, and circumduction of the thumb. FINGER 

FLEXION 

(Pronated right hand/wrist) 
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A 
B 
c 
D 
E 
F 
G 
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2 
3 
4 
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I I I 

I 

J 
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(<iee appendix A in the back of the book for answers) 

The upper l imb is remarkable for its mobil i ty. 
The mechanism for this begins with the 
scapula, which is dynamically tethered by 
muscle to the posterior thoracic wall .  On 
yourse l f ,  reach over your shoulder to palpate 
the scapular spine and acromion ( recall 
Plate 31 ) .  Looking into a mirror over your 
shoulder, move your shoulders up and down , 
wrap your arms around yourself and stretch 
them out, and reach upward , then down­
ward , to see the scapula move. 

The humerus can be palpated easily from 
just distal to the shoulder down to the elbow. 
There the medial  and lateral ep icondyles, 
as well as the olecranon , can be  felt. Can 
you feel the ulnar nerve under the med ial 
ep icondyle? Feel hard enough and it mig l1t 
"speak" to you, al l  the way down to your l i tt le 
f inger ! Start ing with that l ittle f inger and 
working to the thumb and up,  move each 
joint of the upper l imb that you can, identify 
i t ,  and test its range of motion. 

JOINTS OF THE UPPER L I M B  

6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  

( I 

\ 
I I 
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See 31,  35 

BONE 
SURFACE 

MARKINGS 

POSTERIOR 
VIEW 

(Right upper l imb) 
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CN:  Use very l ight colors for bones A-0. The sacrum (0) combines 
with A-C (below) to form the pelvis. ( 1 )  Color the diagrammatic 
representations of the basins of the false and true pelves. 
They are shown together in the lower r ight diagram. 
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LATERAL VIEW 
(Diagrammatic) 
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ANTER IOR 
VIEW 

I l iac 
crest 

Anterior inferior 
iliac spine 

Sacroiliac 
joint 

Superior 
pubic ramus 

I liac 
crest 

Arcuate 
line 

Symphysis pubis 
(interpubic disc) 

Pe lvic 
in let 

tubercle 

F 

Arcuate l ine 
(Pe lvic brim) 

The hip bone ( pelvic bone, os coxae) consists of three bones con­
nected by carti l age until the second decade of life, and t11en bone 
thereafter :  the ilium, ischium, and pubis. The hip bone has been l ikened 
to a p ropel ler :  the acetabulum, the socket for the hip joint where a l l  
three bones are fused together, is  the hub.  The flattened wing ( ala) of 
the i l ium would be one b lade of the propeller, and the ischiopubic bone 
would be the other b lade. The weight of the torso and upper l imbs is 
transmitted from the sacroi l iac joint to the acetabulum through the body 
of the i l ium. The posterior and inferior ischium and the anterior and infe­
rior pubis form a ring of bone with the obturator foramen in the center. 
The ischium is signif icant for its ischial tuberosity, upon which one sits. 
The pubis is easily palpable centrally at the level of the groin .  

The  two h ip  bones are connected anteriorly by the  symphysis pubis 
( interpubic joint;  carti lage/f ibrocart i lage, with carti l aginous disc) .  
These two bones constitute the pe lvic g i rd le .  With respect to the con­
cept of "g i rd le , "  the ischiopubic bones are somewhat simi lar in shape 
and function to the clavicle, and the i l iac bones to the two scapulae. 
Because of its weight-bearing function, the pelvic g i rdle is considerably 
less mobile than its pectoral counterpart ,  which had a mobil ity function. 

LATERAL VIEW 
(Right bone) 

Ala 

TRUE 
(LESSER) 

PELVIS 
(Diagrammatic) 

MEDIAL VIEW 
(Right bone) 

MEDIAL/SAGITTAL 
VIEW 

The two hip bones and the sacrum constitute the pelvis. The cavity of 
the pelvis ( basin) consists of a false (greater) and a true ( lesser) pelvis. 
The or ientation of the pelvis can be appreciated by placing a bony 
pelvis in the laboratory/classroom against a vertical wall such that the 
anterior superior i l iac spine and the pubic tubercle are in contact with 
the wall simultaneously. That part of the pelvis below an obl ique l ine 
from the sacral promontory, forward and downward along the arcuate 
lines of the i l i um,  to the pubic crest ( f loor of the pubic tubercle) is 
the true pelvis .  The l ine just described demarcates the pelvic inlet 
(superior pelvic aperture) .  The pe lvic inlet is continuous above with the 
abdominal cavity, which includes the g reater pelvis .  The anterior wall of 
the g reater pelvis is entirely muscular;  confirm this on yourself. The true 
pelvic cavity has both bony and muscular walls and contains numerous 
structures ( Plates 1 57 ,  1 60) .  The p lane of the inferior pelvic aperture 
(pelvic outlet) , along a l ine from the inferior aspect of the pubis to the 
tip of the coccyx, is  much more horizontal than that of the inlet ;  the floor 
of the outlet is muscular ( Plate 52) .  The pelvic cavity is continuous 
below with the perineum ( Plate 53) .  

p 
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CN: Use very l ight colors for A and B. 
Use the same colors on structures C-F 
as were used on the preceding page 
where they were labeled E-H. ( 1 )  Care­
fully color the diagrammatic basins 
representing the false and true pelves. 
(2) Color the female pelvis (dotted) 
superimposed on the dark outl ine of 
the male pelvis ( not colored) .  Color the 
two examples of subpubic angles (G) .  
(3 )  In  the lateral view, note the slightly 
forward t i l t  of the female pelvis, which 
accentuates the curve of sacrum/ 
coccyx and lifts it away from the 
pelvic outlet (shown from below). 
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ANTERIOR VIEW 
(Diagrammatic) 
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Thumb 
FEMALE ANGLE 

Index 
f inger 

Middle M A L E  ANGLE I ndex 
finger finger 

Female and male bony pelves often differ. These differ­
ences have been invest igated and analyzed for many 
reasons, including forensic identification of bod ies, gyne­
cologic evaluations,  and anthropologic research. A pr i­
mary interest of pelvic dimensions and physical char­
acteristics is in  the c l inical prenatal examination . I t  is obvi­
ously important that the b i rth canal be unimpeded for the 
fetus at b i rth.  O bstetric-related measurements of pelvic 
diameters are accomplished radiological ly ( pelvimetry) .  

I n  general , female pelves are wider than male pelves in all 
dimensions. Females have a wider subpubic angle than 
males. This angle can be measured easily on a laboratory 
skeleton by p lacing the hand against the pubis such that 
the thumb covers one inferior pubic ramus and the index 
finger covers the other. I f  the angle created by these two 
digits is superimposed rather p recisely over the subpubic 
angle of the pelvis being measured , i t  i s  probably a 
female pelvis. If the subpubic angle fits between index 
and middle f ingers,  i t  is probably a male pelvis. 

When two different pelves are compared side by side,  
female pelves tend to have broader true and false pelves 
than male pelves. The pe lvic inlet and outlet is generally 
larger in women. The space between the ischial tuberosi­
ties is greater in females, as is the s pace between ischial 
spines and the ischial spine and the sacrum . There tends 
to be a larger sacral curvature in  females, as well as a 
larger sciatic notch. 

Posture, bone conditions such as osteomalacia, and a 
number of other  factors can inf luence pelvic shape and 
pelvic capacities. 

LATERAL VIEW 

(Posterior; 

INFERIOR FIEW 

MALE/ FEMALE PELVES 

ANTERIOR VIEW 
(Diagrammatic) 

LATERAL VIEW 

(Posterior) 

INFERIOR VIEW 

38 
See 37 
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CN: Use l ight colors for A, C, and L and l ight blue for B. The hip bone (C) is a 
fusion of the i l l ium, isch ium,  and pubic bones (studied separately on Plate 37). All 
contribute to the hip joint. ( 1 )  The upper left inset shows only one of the two auric­
ular surfaces of the sacrum; the partial arrow (B 1) points to the unseen surface. 
The synovial membrane ( H )  of the hip joint is shown only in the large view (where 
the femur is displaced). (2) In the lower two views, use color for the relevant l iga­
ments that appear among the titles, while coloring the remaining l igaments gray. 
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The sacroiliac joint is a sign ificant load-bearing articulation. The 
auricular surfaces of the i l l ium and sacrum are roughened and 
cartilage-l ined: the sacral surface is hyaline; the i l iac surface is  f ibro­
cartilaginous and thinner. Only the lower half of the joint is synovial 
with a cavity; the upper half is l igamentous. A fibrous capsule sur­
rounds the ent ire joint. The cavity becomes smaller i n  later l ife, and 
the joint surfaces may fuse with advanced age. Movement of the joint 
is controversial ; some anterior and posterior movement, with rotation , 
has been described. This motion may be increased dur ing preg­
nancy. Movement is sharply l imited by the i r regularity of the articular 
surfaces and by the dense, thick posterior sacroil iac and the thinner 
anterior sacroil iac l igaments. The joint ,  its l igaments, and crossing 
muscles are impl icated in the painful "sacroil iac syndrome" .  I n flam­
mation of the synovial part of the joint (sacroi l i it is) is well recognized 
in many auto-immune-related diseases (e .g . ,  ankylosing spondyl it is, 
rheumatoid arthrit is, and inflammatory bowel disease). 

The hip joint is a bal l  and socket, synovial joint between the acetabu­
lum of the hip bone and the head of the femur. The joint permits flex­
ion, extension, adduction, abduction, medial and lateral rotation, and 
circumduction. Each joint surface is lined with articular cartilage; that 
of the acetabulum is C-shaped. The incomplete bony socket of the 
acetabulum is completed by the transverse acetabular l igament and 
is enhanced by a 360° f ibrocart i laginous labrum. The joint is encap­
sulated; the three strong i l iofemoral, ischiofemoral, and pubofemoral 
ligaments reinforce this fibrous capsule. Arising within the acetabu­
lum between the arms of the acetabular cartilage is the l igament of 
the head of the femur  ( l ig .  teres).  I t  offers l ittle resistance to forced 
distraction, but it does transmit vessels to the femoral head. An 
adequate blood supply to the joint requires both femoral circumflex 
vessels in addit ion to the vessels in  the l igamentum teres. 

LATERAL/ANTERIOR VIEW 

L 

Auricular 
surface 

("ear-l ike") 

39 
MEDIAL VIEW See 37 

LATERAL/ ANTERIOR VIEW O F  JOINT LOCATIONS 

LATERAL 
VIEW 

4th lumbar 

FRONTAL SECTION OF SACROILIAC JOINT 

FRONTAL SECTION OF HIP JOINT 

Obturator 
PELVIC LIGAMENTS membrane 

Transverse 
acetabular lig. 
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@Gill OD (1tJ:k C N :  Use l ight colors on the four bones in order to study surface detail . ( 1 )  After coloring 

the two main views, color gray many of the more superficial l igaments, tendons, and muscle 
attachments that stablize the region of the knee. Although not dist inguishable in the illustrations, the 
ligaments tend to be less thick and well defined compared to the tendons and muscles-important 
underlying structures that are introduced in the knee joint plate that follows. 
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ANTERIOR VIEW 
(Right l imb) 

, - Medial 
epicondyle I 

-Medial 
epicondyle 
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border 
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T h e  bone of the thigh i s  t h e  femur;  the bones of t h e  leg are the tibia and 
fibula. The greater and lesser trochanters are the site of insertion of mus­
c les of the hip. The shaft , gently curved anteriorly along its length, is 
rounded c i rcumferentially, except posteriorly where a ridge ( l inea aspera) 
along the long axis of the bone forms the origin and insertions of a num­
ber of muscles. Distally, the shaft widens to form the massive candy/es, 
which contribute to the knee joint. The patella articulates with the carti lage 
of the femur between the two condyles. I t  is a sesamoid bone that is 
located within the tendon of quadriceps femoris (see next plate ) .  

The  major weight-bearing bone o f  the l e g  i s  t h e  tibia. I t  i s  t h e  only bone 
of the leg that contributes to the knee joint. This stout bone has large 
condyles p roximally that articulate with the femoral condyles. The palpa­
ble t ibial tubercle just distal to the condyles receives the patellar l igament. 
The t ib ial shaft is tr iangular in cross section; the apex is the sharp anterior 
border (sh in ) .  easily palpated. The anteromedial surface is barren of mus­
cle; the anterolateral surface is muscle-covered. The expanded , distal 
extent of the t ib ia forms an inverted L ( . ) ; the horizontal surface articu­
lates with the talus of the ankle, and the vertical portion is the quite palpa­
ble medial mal leolus, which also articulates with the talus (see Plate 42).  

Not d i rectly weight bearing, the f ibula is a site of muscular attachment 
along the upper two-thirds of its shaft. Its head joins with the underside of 
the lateral t ib ial condyle (p roximal t ibiofibular joint; synovial ,  plane type) .  
The shaft o f  the f ibula forms a n  intermediate tibiofibular joint ( interosseous 
membrane;  syndesmosis) with the shaft of the t ibia. Distally, the f ibula 
joins with the t ibia (distal t ib iofibular joint ;  syndesmosis) .  The lateral 
aspect of the f ibula is the palpable lateral malleolus, which articu lates 
with the talus. The distal extremities of the f ibula and t ibia form a joint 
with the talus (ankle or talocrural joint ) ;  see Plate 42. 

LIGAMENTS/TENDONS/MUSCLES AROUND RIGHT KNEE 

Fibular 
collateral lig. 

Tibial 
tuberosily _ __,�.....,_ 

ANTERIOR 
VIEW 

POSTERIOR 
VIEW 

The bony parts of the knee joint provide l ittle  security during knee move­
ment (see next plate) .  Tendons and muscles crossing and moving the 
joint also have the function of reinforcing the l igamentous stabil izers of 
the knee. Fibrous expansions from the medial and lateral members of the 
q uadriceps muscle merge with the f ibrous capsule on each side of the 
patella to form the medial and lateral retinacula. Muscles/tendons rein­
forcing knee stabi l ity can be seen on this plate and Plates 62-66. 

POSTERIOR VIEW 

(Right l imb) 

Hip joint 

( 
J 
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CN: The femur, t ibia, f ibula, and patella bones are not to be colored. ( 1 )  I n  
the sagittal section, color (A )  b lue  and (8 )  black. The synovial membrane 
that l ines the cavity is not shown. (3) In  the anterior view, color the facets 
on the posterior surface of the patella. ( 4) Color relationship between 
attachments and function of cruciate l igaments (E ,  E

1

). 
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The knee joint consists of two condylar synovial joints between the 
femoral and t ib ial condyles, and a gliding synovial joint between 
the patella and the femur. Note that the f ibula and the t ib iofibular 
joint are not part of the knee joint. The movements of the knee 
joint , involving essentially f lexion and extension with varying 
degrees of rotation and g l id ing ,  can be seen in Plates 62 and 64. 

In the sagittal view of the joint, note the articular cartilage-lined 
patellofemoral articulation. The patella is a sesamoid bone that 
developed in the tendon of the quadriceps femoris muscle. It 
resists wear-and-tear stresses on the tendon during knee flexion 
and extension. Note the two facets of the patel la  in the anterior 
view and the corresponding patellar art icular surface on the femur. 
The various bursae shown are variable in  size. The 
suprapatellar bursa is an extension of the synovial joint cavity. 

The fibrous (joint) capsule is incomplete around the joint, rein­
forced by l igaments where absent or deficient and replaced by the 
patella anteriorly. The synovial membrane (not shown) lines the 
internal surface of the f ibrous capsule; i t  does not cover the 
menisci and the joint surfaces or  the posterior f ibrous capsule. 

RIGHT KNEE JOINT 
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The menisci can be seen from the side in the sagittal view and 
from above in  the superior view of the joint. They are semilunar­
shaped f ibrocarti laginous discs attached to the tibial condyles by 
l igaments; they enhance the depth of f it of the femoral condyles. 
The ends of the menisci (horns) are attached in the t ib ial inter­
condylar region. These horns are r ichly innervated, a fact rein ­
forced to  one experiencing a painful tear  of the  posterior horn of 
the medial meniscus. The medial meniscus is more fixed on the 
t ib ia than is the lateral. Thus,  it is less flexible and more easily torn 
in the face of excessive rotation and forced abduction of the knee 
joint whi le bearing weight. 

SUPERIOR VIEW OF KNEE JOINT 

The knee joint is without bony security. I t  is secured by l igaments 
and the tendons of the muscles that cross it, including the tendon 
of quadriceps femoris anteriorly and the i l iot ibial tract and the ten­
don of biceps femoris laterally (P late 62) ,  the muscles popliteus 
and semimembranosus posteriorly ( Plate 66),  and the tendons of 
sartorius , graci l is ,  and semitendinosus (pes anser inus) medially 
(P late 66). See also Plate 40. 

The ligaments are particularly important in l imit ing ranges of 
motion of the knee and securing the menisci. The collateral liga­
ments resist unwanted sideward movements at the knee. The 
anterior cruciate i s  named for its anterior t ib ial attachment, the 
posterior cruciate for its posterior t ib ial  attachment. I n  their ascent 
proximally, they cross (crux,  cross) .  The anterior cruciate passes 
posteriorly and laterally to end on the posteromedial aspect of the 
lateral femoral condyle;  the posterior cruciate passes anteriorly 
and medially to end on the medial aspect of the medial femoral 
condyle. The cruciates essential ly resist forward / backward dis­
placement of the t ibia/femur;  indeed ,  a torn cruciate l igament 
generally results in  excessive anteroposterior movements of the 
tibia on the femur. 

Posterior cru. l ig .  Anterior cru .  l ig.  
resists posterior E7 �' E resists anterior '"ii ;: �::�I .� libio 

' TIB IA 

CRUCIATE "CROSSED" LIGAMENTS 

LATERAL VIEW 

Tibial 
tuberosity 

FEMUR Patellar 

, Lateral facet 
-.-

Quadriceps 
tendon 

ANTERIOR VIEW OF EXPOSED JOINT 





SKELETAL AND ART ICULAR SYSTEMS I LOWER L IMB 
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(See appendix A in the back of the book for answers) 

CN: Use light colors throughout. ( 1 )  Begin 
with the bones of the lower l imb. Write the 
name, on the appropriate l ine, with the 
same color that you use to color the bone . 
Also color and name the correspond ing 
bone of the upper l imb. ( 2  Color the arrows 
pointing to the surface markings of the 
bones of the lower l imb. (3) In black penc i l ,  
write-in the names of the joints of the lower 
limb. (4) Use the same colors on the fore­
and hind limbs of a quadruped . Keep in 
mind that these bones have the same 
names as their human counterparts. 

H' 

A 
B 
c 
D 
E 
F 
G 
H 

I I 
J 
I j 

I 

) / 

F 

The structure of a part reflects an adaptation for function. 
This statement is  borne out by comparing the bones of the 
upper 2.nd lower l imbs in  a biped ( human) with those of a 
quadruped . The pectoral g i rd le  provides a basis for mobil ity; 
the more sturdy pelvic g irdle provides stabil ity in  both loco­
motion and weight bearing. The limb bones of the lower l imb 
are large and sol id ,  consistent with weight-bearing function; 
the related joints are structurally secure , except the knee, 
which gives up stabi l ity for f lex ib i l ity. I n  the upper l imb,  the 
bones are l ighter and the joints are more flexible and capa­
ble of greater ranges of motion (compare shoulder with h ip ,  
elbow with knee, wrist wi th ank le) .  Although the forearm and 
leg have two bones each , there is l itt le functional correlation 
between those pairs of bones. The foot is clearly adapted for 
locomotion and weight bearing , the hand (especially the 
thumb) for mobil ity and dexterity. 
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JOINTS O F  T H E  LOWER LIMB 
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Most mammals walk 
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CN: Use light colors for A-E. ( 1 )  Begin with the muscle belly and tendons in the 
upper i l lustration. (2) When coloring the narrow borders of the endomysium (C)  
in  the enlarged section, it is recommended that you also color over the muscle 
fiber ends (D) with the very l ight endomysium color, and then go back over the 
fiber ends with a darker color (D ) .  Do not color the neurovascular bundle, or 
the cut ends of blood vessels and capil laries. (3) Co lor the lower illustration. 
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A named skeletal muscle ( e . g . ,  biceps brachii ) ,  surrounded by a layer 
of deep fascia (epimysium), consists of fascicles or bundles of mus­
cle fibers enveloped in  thin f ibrous tissue (perimysium). Each muscle 
f iber is surrounded by a thin sheath of f ibrous tissue (endomysium). 
Each of these f ibrous l ayers is  important to muscle structure and 
function, providing support for nerves and vessels (neurovascular 
bundles ) ,  ensuring uniform distribution of muscle tension during con­
traction, and maintaining the elasticity of muscle,  permitting it to recoil 
to its resting length following stretching . I t  is the merging of these 
f ibrous layers at the ends of the muscle f ibers that forms the tendons, 
which integrate the muscle to its attachment site(s) ,  such as perios­
teum or another tendon. Broad , flat tendons are called aponeuroses. 
The mass of the fasciae-enveloped contractile f ibers is called the 'V 
belly of the muscle. It is the muscle belly that shortens during muscle 
contraction. The belly may be shaped one of a number of ways 
depending on its tendinous arrangement and attachments. Skeletal 
muscles are named in relation to their attachments (e .g . ,  hyoglossus), 
shape (e .g . ,  trapezius) ,  number of heads (e .g . ,  quad riceps) ,  function 
(e .g . , adductor magnus ) ,  or position (e .g . ,  b rachial is) .  
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I n  a 1 st class lever, the joint l ies between the muscle and the load. This 
is the most efficient class of lever. By flexing the neck and posturing the 
head forward and downward, the load (G 1 )  is appreciably increased 
(due to g ravity ) ,  and the muscular effort (A) to hold that posture may 
induce muscle pain and stiffness /t ightness (overuse) .  

I n  a 2nd class lever, t h e  load l ies between the joint and the pul l ing 
muscle. This lever system operates in l ift ing a wheelbarrow ( the wheel is 
the fulcrum) as well as l ift ing a 75 kg ( 1 65 lb )  body onto the metatarsal 
heads at the metatarsophalangeal joints. This is a relatively easy task 
for the strong calf ( triceps surae) muscles ; but try standing on the 
heads of your middle phalanges ( increasing the distance F1-G1 ) !  

In a 3rd class lever, the muscle l ies between the joint and the load 
and has a poor mechanical advantage here. Consider the difference in 
muscular effort requi red to carry a 45 kg ( 1 00 lb) bag of cement in your 
hands with f lexed elbows (elbow joint: 3rd class lever) and carrying 
your 75 kg ( 1 65 lb) body on the heads of your metatarsals ( 2nd class 
lever at the metatarsophalangeal joints). I t  is al l  a matter of leverage. 

FASCICLE 
(bundle of fibers) 

NEUROVASCULAR BUNDLE 
(nerve, artery, vein) 

Skeletal muscles employ simple machines, such as levers , to increase the 
efficiency of their contractile work about a joint. Mechanical ly, the degree 
of muscular effort required to overcome resistance to movement at a joint 
( fulcrum) depends upon the force of that resistance (weight) ; the relative 
distances from the anatomical fulcrum to the anatomical sites of muscular 
effort; and the anatomical sites of resistance (joints). The position of the 
joint relative to the site of muscle pul l  and the site of imposed load deter­
mines the class of the lever system in use. 
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SKELETAL MUSCULAR SYSTEM 
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CN: Use a bright color for A and a l ight one for E. ( 1 )  Color the 
small arrows and the large letters of origin (0) and insertion ( I )  

adjacent t o  the examples o f  contracted and stretched muscles. 
(2) I n the lower illustration, color the portions of pronator teres 
and pronator quadratus that are outlined by dotted lines. These 
parts of the muscles are normally concealed by the rad ius in 
this lateral view. 

S keletal muscle general ly connects two bones and crosses 
the joint between those two bones. When the muscle 
shortens (contracts ) ,  the two bones come closer together, 
isometric contraction excepted. Muscles never push; they 
always pul l .  In any g iven movement between two bones, 
one bone is generally f ixed , and the other moves. The 
muscle attachment at the fixed bone is the origin; the 
attachment at the moving bone is the insertion. In complex 
movements where it is diff icult to identify a "f ixed" bone, 
the origin of the muscle is the more proximal attachment. 

When a muscle contracts across a joint, other muscles 
crossing that joint are affected.  No one muscle acts alone 
in  joint movement. I n  flexion of the elbow joint , for exam­
ple, biceps brachii (and brachial is, not shown) contracts . 
whi le triceps brachii is stretched. Conversely, in e lbow 
extension, tr iceps is contracted, and the biceps/ brachial is 
muscles are stretched . I n  neutral ,  a l l  three are relaxed(at 
rest). Tense (contracted) muscles can often be relaxed by 
gentle stretching . 
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No muscle acts alone in the movement of a joint. In the movements shown at r ight,  various 
muscles are functionally integ rated in the s imple act of l i ft ing an object, with the forearm 
supinated in  the f i rst case and pronated in the second case. 

The pr imary muscle effecting a desired joint movement is called the prime mover 
(agonist). There may be more than one; in el bow flexion with the forearm supinated , 
brachial is and biceps brachii are both pr ime movers; biceps adds significantly to the l ift­
ing power because of the added work in supinating the radius during elbow flexion. With 
the forearm pronated and supination res isted ,  the biceps loses that supinating power. 
and brachial is, unaffected by a pronated forearm, becomes the prime mover. 

Muscles that potentially or actually oppose or resist a certain movement are called antag­
onists. In the i l lustrations at r ight ,  tr iceps is the antagonist in the act of elbow flexion , even 
though it  is being stretched and is not contracted in the case i l lustrated. 

Fixator muscles stabilize the more proximal joints during weightbearing functions of 
the more d istal joints. Here the trapezius muscle contracts to stabilize ( immobil ize) the 
scapula, creating a rigid p latform ( the scapula) for operation of the weightbearing ,  
ipsi lateral l imb.  

I n  undertaking a desired and specific movement, undesired movements are resisted by 
neutralizers (synergists). Dur ing flexion of the elbow wi th a p ronated forearm, pronators of  
the forearm ( pronator q uadratus, p ronator teres) contract to resist or neutralize supination 
of the forearm. In th is action , the p ronators are synergistic with the desired movement. 

Globally integrated and harmonious muscle functioning makes possible painless, 
rhythmic ,  and dynamic movements, best revealed in such activit ies as dance, sports, and 
exercise. Joints affected by tense or  weak interacting muscles, induced by mechanically 
disadvantaged posture/gait ,  can be subject to painful and l imited movements. 
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SKELETAL MUSCULAR SYSTEM I HEAD 
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CN: Use your lightest colors for 0 and 0. Use warm and 
cheerful colors for the muscles producing a smile (A-H). 
Color the muscles reflecting sadness ( 1-0) with greens, 
blues, and grays. ( 1 )  Begin with the smiling side, and color 
only the muscles identified by titles A-H. Color those muscles 

in the profile view below. (2) Repeat the process with the sad 
side. Note that a portion of frontalis ( I )  has been cut away to 
reveal corrugator supercili i (J). (3) Color the titles at the bottom 
and the related muscles on the lower view. Include the por­
t ions of the auricular muscles that d isappear beneath the ear. 
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The muscles of facial expression are generally th in ,  f lat bands arising from 
a facial bone or cart i lage and inserting into the dermis of the skin or the 
f ibrous tissue enveloping the sphincter muscles of the orbit or mouth. 
These muscles are general ly arranged into the following regional groups: 
( 1 )  the epicranial g roup (occipitofrontalis moving the scal p ) ;  (2)  the orbital 
group (orbicularis oculi, corrugator supercili1) ; (3)  the nasal group ( nasa­

lis, procerus) ; (4) the oral g roup (orbicularis oris, zygomaticus major and 
minor, the levators and the depressors of the l ips and angles of the mouth , 
risorius, buccinator, and part of platysma) ;  and (5 )  the g roup moving the 
ears (auricular muscles) . The general function of each of these muscles is 
to move the skin wherever they insert. As you color each muscle,  try con­
tracting i t  on yourself whi le look ing into a m irror, and see what develops . 

Orbicularis ocu l i  and oris are sphincter muscles, tending to close the skin 
over the eyelids and t ighten the l ips ,  respectively. Contractions of the 
cheek muscle buccinator makes possible rapid changes in volume of the 
oral cavity, as in p lay ing a trumpet or squirting water. The nasal is m uscle 
has both comp ressor and d ilator parts, which inf luence the size of the 
anterior nasal openings. 
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SKELETAL MUSCULAR SYSTEM I H EAD 
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CN: Use a yellowish "bone" color for the mandible (E ) . ( 1 )  Begin with the 
upper illustration and proceed to the two cut-away views exposing the 
muscles of mastication . On the smaller sku l l ,  two colors (A + E) are 
needed to indicate the insertion of the temporalis on the inner side of the 
mandible. Three colors (A + B + E) are needed to color the part of the 
external surface where the broad insertion of the masseter also covers 
part of the representation of the temporalis on the underside. (2) Color 
the directional arrows and muscles involved in moving the mandible. 
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The act of chewing is called mastication. The muscles 
of mastication move the temporomandibular joint and 
are largely responsib le for e levation, depression , pro­
trusion, retraction, and lateral motion of the mandible.  
These muscles function b ilaterally to effect movements 
of the single bone (mandible) at two joints. Chewing 
motions are a product of the action of the elevator 
muscles on one side combined with the contraction 
of the lateral pterygoid muscle on the opposite s ide. 

The temporalis and masseter muscles are often 
contracted unconsciously (clenching teeth) during 
stress, giving rise to potentially severe bitem poral and 
preauricular headaches. The muscles can easily be 
palpated when contracted . Masseter, on the external 
surface of the ramus of the mand ib le ,  is  easily pal­
pated there. Place your fingers there and then contract 
the muscle (clench the teeth) .  Tem poral is ,  on the other 
hand , inserts on the internal surface of the coronoid 
process and can be best palpated at the side of 
the head. I ts dense fascia prevents the bulg ing you 
experienced with masseter. 

The medial and lateral pterygoids are in the infra­
temporal Iossa and cannot be palpated . 

The muscles of mastication are al l  innervated by 
branches of the 5th cranial nerve (tr igemina l ) ,  mandib­
ular division. The muscles of facial expression ( recall 
previous plate ) .  on the other hand, are all suppl ied by 
the 7th cranial nerve (facial ) .  
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CN: Except for Band E, use your l ightest colors throughout the plate. ( 1 )  Begin 
with the diagrams of the triangles of the neck and the sternocleidomastoid (A, 
B, C). Color over all the muscles within the triangles. (2) Then work top and 
bottom i l lustrations simu ltaneously, coloring each muscle in as many views as 
you can find it. Note the relationship between muscle name and attachment. 

The neck is a complex tubular region of muscles, viscera, vessels, and 
nerves surrounding the cervical vertebrae. The muscles of the neck 
are arranged in  superf icial and deep g roups. Here we concentrate on 
superficial muscles. The most superficial posterior and posterolateral 
muscle of the neck is trapezius ( Plate 54). The d eep posterior muscles 
are covered in Plate 49. The most superficial anterior muscle of the 
neck is p latysma ( P late 46). The anterior and l ateral muscle groups are 
d ivided into tr iangular areas by the sternocleidomastoid muscle .  
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T h e  sternocleidomastoid muscle, acting uni laterally, ti lts the head 
laterally on the same side while simultaneously rotating the head and 
pul l ing the back of the head downward, l i ft ing the chin ,  and rotating 
the front of the head to the opposite s ide.  Both muscle bell ies acting 
together move the head forward (anteriorly) while extending the 
upper cervical vertebrae, l ift ing the chin upward. Offiflf?'®tmOOl?@O® GWQD®@O:J�� F­
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The anterior region of the neck is d ivided in the mid l ine;  each half 
forms an anterior triangle. The borders of the anterior tr iangle of super­
ficial neck muscles are c learly i l lustrated . The hyoid bone, suspended 
from the styloid processes of the skul l  by the stylohyoid l igaments , 
d ivides each anterior tr iangle into upper suprahyoid and lower 
infrahyoid reg ions. 

The suprahyoid muscles arise from the tongue (g lossus ) .  mand ible 
(mylo-,  genio-, anterior d igastr ic ) .  and skull (stylo- ,  posterior digastr ic )  
and insert on the hyoid bone. They elevate the hyoid bone , influencing 
the movements of the floor of the mouth and the tongue, especially 
during swallowing.  With a fixed hyoid,  the suprahyoid muscles, 
especially the d igastrics ,  depress the mandible .  

The i nfrahyoid muscles generally ar ise f rom the sternum, thyroid carti­
lage of the larynx, or the scapula (omo-) and insert on the hyoid bone. 
These muscles partially resist elevation of the hyoid bone during swal­
lowing. Thyrohyoid elevates the larynx during production of high­
pitched sounds ;  sternohyoid depresses the larynx to assist in 
p roduction of low-pitched sounds. 
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The posterior tr iangle consists of an array of muscles covered by a 
layer of deep ( investing) cervical fascia just under the skin between 
sternocleidomastoid and trapezius. The borders of the triangle are 
clearly i l lustrated. M uscles of this region arise f rom the skul l  and 
cervical vertebrae; they descend to and insert u pon the upper two 
ribs ( sca/enes). the upper scapula (omohyoid, levator scapulae). and 
the cervical/thorac ic  vertebral spines ( splenius capitis, semispinalis 

capitis) .  These muscles' function becomes c lear when you visualize 
their attachments. 
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CN: Use your l ightest colors on the B and C groups. Note that splenius (A) and semispinalis 
(C

1

) represent more than one muscle; the muscle subsets are identified. ( 1 )  After coloring 
the muscles of the back and posterior neck, color the lower right diagram, which describes 
the location and function of the deep movers of the spine. 

The deep muscles of the back and posterior neck extend , rotate, or lateral ly flex one 
or more of the 24 paired facet joints and the 22 intervertebral disc joints of the verte­
bral column. The long muscles move several motion segments ( recal l  Plate 27) with 
one contraction, while the short muscles can move one or two motion segments at a 
time (see intr insic movers) .  

@@W(gOOOG\¥)@ OOQD@@Cb@;-;- � c,,� 
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The splenius muscles extend and rotate the neck and head in concert with the oppo­
site sternocleidomastoid muscle. Sp lenius capitis covers the deeper muscles of the 
upper spine. 

\!l@OO'fl0&i%C1 Gl!CJ<YJ�&Cb&€1 -:· 
&OO@@'fJ'@OO &fifJ>O[j[)<JJ@ a  

�CPOG\!J&!CbOf:B B' � �@(ftr)@OfB�OGirJUG:!J@e" (�� 
OCbO®@@�V"cAJCbO®a" i I 

The erector spinae g roup comprises the p rincipal extensors of the vertebral motion 
segments. Oriented vert ica l ly along the longitudinal axis of the back,  they are thick, 
quadri lateral muscles in the lumbar reg ion , splitt ing into smaller, thinner separate 
bundles attaching to the ribs ( i l iocostal is) .  and upper vertebrae and head { long­
issimus, spinal is ) .  Erector spinae arises from the lower thoracic and lumbar spines, 
the sacrum, i l ium, and intervening l igaments. 
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The transversospinalis group extends the motion segments of the back,  and rotates 
the thoracic and cervical vertebral joints. These muscles generally run from the 
transverse processes of one vertebra to the spine of the vertebra above, spanning 
three or more vertebrae. The semispinales are the largest muscles of this group, 
reaching from mid-thorax to the posterior skul l ;  the multitidi consist of deep fascicul i  
spanning 1 -3 motion segments from sacrum to C2;  the rotatores are well defined 
only in the thoracic region. 

These small, deep-lying muscles cross the joints of only one motion segment. They 
are collectively major postural muscles. E lectromyographic evidence has shown that 
these short muscles remain in sustained contraction tor long periods of time during 
movement and standing /sitt ing postures.  They are most prominent in the cervical 
and lumbar regions. The small muscles set deep in the posterior, suboccipital region 
(deep to semispinal is and erector spinae) rotate and extend the joints between the 
sku l l  and C 1  and C2 vertebrae. 
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CN: Use blue for E and red for G. ( 1 )  You may wish to darken the underside of 
the diaphragm (A) in the anterior view. Do not confuse the arcuate l igaments with 
the 1 2th rib. (2) In the cross-sectional view at upper right, color the broken lines 
that represent transparent, membranous portions of the intercostal muscles. 

CROSS SECTION 
AT LEVEL TS 

(Ribs removed) 

Cut rib 
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The thoracic diaphragm is a broad , thin muscle spanning 
the thoracoabdominal cavity; the i l lustration shows much of 
its or igin (a l l  except the lower six r ibs ) .  

The left and right halves of  the d iaphragm insert into each 
other (central tendon ) .  The diaphragm is responsible for 
75% of the respiratory air flow. O penings (h iatuses) in  the 
diaphragm provide passage for major transiting structures. 

The intercostal muscles alter the d imensions of the thoracic 
cavity by collectively moving the ribs, result ing in  25% of the 
total resp iratory effort .  The specif ic function of each of these 
muscles, with respect to f iber or ientation, is not understood. 
The innermost intercostals are an inconstant layer, and here 
include the transversus thoracis and subcostal muscles. 
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INTERCOSTAL MUSCLE 
FIBER ORIENTATION 

LATERAL VIEW POSTERIOR VIEW 

The tendons of il iacus and psoas major converge to a single insertion ( iliopsoas). 
l l iopsoas, a strong flexor of the hip joint, is a powerful flexor of the lumbar verte­
brae; a weak psoas may contr i bute to low back pain. Quadratus lumborum is an 
extensor of the lumbar vertebrae ( bi laterally) and a lateral flexor uni laterally. It 
functions in  respiration by securing the 1 2th r ib .  I mmediately anterior to these 
muscles is the retroperitoneum (see Plate 1 47 ) .  
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See 157 

CN: Use a dark color for J and bright ones for B and I. ( 1 )  Color the 
3 layers of the abdominal wall. (2) Color the sheath of the rectus 
abdominis in the lower left i l lustration gray. Color the two locator 
arrows gray in this and the upper illustration. (3) Beginning with J 
and K, and followed by H, color the coverings of the spermatic cord. 
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Arcuate line 

Tendinous 
segment 

Horizontal 
muscle 
fibers 

Aponeurosis 

superior 
iliac spine 

Each segmented rectus abdominis muscle arises from the 
pubic crest and tubercles and inserts on the lower costal 
cartilages and xiphoid p rocess (sternum).  They are flexors 
of the vertebral column. The sheath of the rectus varies in its 
extent, running from deep to superficial from below upward, 
as i l lustrated. Below the arcuate line, no muscle contributes 
to its posterior layer ( E2· ) ;  in  the middle,  a l l  three flat apo­
neuroses contribute equally to the sheath ( E 1' ) ;  above , the 
anterior sheath is formed from external obl ique; posteriorly, 
the rectus contacts the costal carti lages. 

The anterior abdominal wall consists of three layers of flat muscles , the tendons 
(aponeuroses) of which interlace in the m id l ine,  and a vertically oriented pair of 
segmented muscles that are ensheathed incompletely by the aponeuroses of the 
three flat muscles ( sheath of the rectus abdominis) .  The flat muscles arise from 
the lateral aspect of the torso ( inguinal l igament, i l iac crest, thoracolumbar fascia, 
lower cosial carti lages, r ibs) .  The lowest f ibers of external oblique roll inwardly to 
form the inguinal ligament. These three muscles act to compress the abdominal 
contents during expiration ,  ur ination, and defecation. They assist in maintaining 
pressur8 on the curve of the low back, resisting "sway back" 
(excess lumbar lordosis) and extension of the low back. 

Pectoralis J!JJ.��;;:;;;��;"1]���� Latissimus 
dorsi 

muscle 

Obl ique 
muscle 
fibers 

major 
muscle 

Aponeurosis 

The inguinal region is the lower medial part of the abdominal wall, characterized 
by a canal with inner (deep) and outer (superficial) openings or r ings. This canal 
carries the spermatic cord ( duct us deferens and its vessels,  testicular vessels, 
lymphatics) in the male and the round l igament of the uterus in  the female. The 
testes and spermatic cords "descend" ( by d ifferential g rowth) into outpocketings 
of the anterior abdominal wall , collectively called the scrotum. In their descent, 
they push in  front of them layers of f ibers from the three flat muscles of the 
abdominal wall and their aponeuroses, much as a f inger might push against four 
layers of latex to form a four-layered finger glove. These are the coverings of the 
cord : internal , cremasteric,  and external spermatic fasciae. The lower fibers of 
internal ob l ique are unique in that they cont inue in loops around the spermatic 
cord as the cremaster m uscle; the two are connected by cremasteric fascia. The 
canal area is  a weak point ,  subject to protrusions of fat or intestine (hernias) from 
within the abdominal cavity, either d irectly through the wall (d i rect inguinal hernia) 
or ind i rectly through the canal ( ind i rect inguinal hernia) .  

Cord vessels, 
nerves, and 

ductus deferens 

COVERINGS 
-t.�'I Internal OF THE � i spermat1c CORD 
':·� fascia 

Cremastenc 
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The muscles of the pelvis form the pelvic floor in the pelvic outlet 
(coccygeus and the levator ani) and the pelvic wall ( obturator 
internus and piriformis) . The fascia-covered pelvic floor muscles 
constitute the pelvic d iaphragm, separating pelvic viscera from 
the perinea! structures interiorly. The pelvic wall includes the 
sacrotuberous and sacrospinous ligaments. 

The levator ani on each side arises from the pubic bone and 
ischial spine and the intervening tendinous arch, d roops 
downward as i t  passes toward the m id l ine, and inserts on the 
anococcygeal l igament and the coccyx with the contralateral 
levator ani. The muscle essentially has four parts ( A ,  B, C, and D) .  
Coccygeus is the posterior muscle of the pelv ic floor, on the same 
plane as iliococcygeus and immediately posterior to it. The pelvic 
diaphragm counters abdominal pressure, and with the thoracic 
diaphragm ,  assists in micturition , defecation, and chi ldbirth .  I t  is 
an important support mechanism for the uterus, resisting prolapse. 

i 

\ 

52 
See 53 

C N :  Use bright colors for A and J, and gray for H and I .  
( 1 )  Begin with the illustration o f  the pelvic floor muscles, labeled 
"pelvic diaphragm , "  just below the large illustration at mid-right. 
Then go to that large i l lustration and color the same muscles. 
Continue with all drawings showing pelvic floor muscles. (2) 
Color the pelvic wal l muscles and the ligaments in the "pelvic 
wall" diagram. Then color these muscles/ ligaments in the large 
i l lustration at r ight, followed by the rest of the drawings showing 
pelvic wall muscles/ ligaments. 

The obturator internus, a lateral rotator of the hip joint, arises, in 
part, from the margins of the obturator foramen on the pelvic side. 
I t  passes downward and posterolaterally past the obturator fora­
men to and through the lesser sciatic foramen, inserting on the 
medial surface of the g reater trochanter of the femur. I ts covering 
fascia forms the tendinous arch from which levator ani arises in 
part. P i r iformis ,  a lateral rotator of the hip joint,  takes a course 
similar to obturator internus to arrive at the greater trochanter. 

Greater " 
trochanter "' . . , Femur 

ANTERIOR VIEW 

PELVIC DIAPHRAGM PELVIC WALL 

( Interior view/female) 
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CN: ( 1 )  Color gray the title "perineum" and the two related diamond-shaped areas at the top of the plate. Color 
the elements forming the boundaries of the per ineum, as seen from below, (2) Color gray the titles "urogenital 

triangle" and "anal triangle, "  and their respective triangles. (3) Color the lower views simu ltaneously. r·\ I . , 
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The 3-dimensional perineum is the region below the pelvic cavity situated 
within the pelvic outlet . It is bordered by structures A-E. I ts floor ( inferior border) is 
skin and fascia ;  its root is the pelvic d iaphragm.  The diamond-shaped perineum 
is bisected at the ischial tuberosities into the urogenital and anal triangles. 
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The urogrenital triangle contains the penis,  scrotum, and related structures in the 
male, and the cl itoris, urethra and orif ice, vagina and orifice, and related struc­
tures in the female. It includes : ( 1 )  the anterior recess of the ischiorectal Iossa, 
(2) the urogenital diaphragm composed of the deep transverse perinea! muscle 
and sphincter urethrae, and (3) the superf icial  perinea! space, containing the 
ischiocavernosus and bulbospongiosus muscles These muscles ensheathe 
the roots of the erecti le bodies of the penis /c l itoris, aid ing in their erection. 
Bulbospongiosus also contracts rhythmically during the ejaculation of semen.  
The superficial transverse perinea/ muscles stabi l ize the fibrous perinea! body, 
which helps anchor the perinea! structures. 
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The anal triangle includes the fat-f 1 l led left and right 1sch 1orectal tossae, the anus 
and its orifice, and the external sphincter ani muscle. This muscle is secured ante­
riorly by the perinea! body and posteriorly by the anococcygeal l igament. 
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The scapula l ies on the posterior thorax, roughly from T2 to TS. It has 
no di rect bony attachment with the axial skeleton. Enveloped by muscle ,  
it g l ides over the fascia-covered thorax d u ring upper l imb movement 
(scapulothoracic motion). B ursae have been reported between the 
thorax and the scapula; so has bursit is. The scapula is dynamically 
moored to the axial skeleton by muscles attaching the scapula to the 
axial skeleton. These muscles of scapular stabilization make possible 
considerable scapular mobi l i ty and , therefore , shoulder/arm mobil ity. 

C N :  ( 1 )  Color the six muscles of scapular stabilization. Note that the two 
rhomboids receive the same color ( B). I n  the two main views, color gray 
the nuchal l igament and its t it le. (2) Color the attachment site diagrams at 
upper right. (3 )  In the i l lustrations below describing scapular movement, 
note that the three regions of trapezius (A) play different roles. Color gray 
the scapulae, the arrows, and the movement titles. 

Anterior 
view 

Coracoid 
process E . D 

Scapula is shown pulled away 
from the thorax to reveal 

attachment of serratus anterior 
to the medial border of the scapula. 

Note the roles of these six muscles in scapular movement, and note how the 
shoulder and arm are affected. Pectoralis minor assists serratus anterior in 
protraction of the scapula such as in pushing against a wal l ;  i t  also helps in 
depression of the shoulder and downward rotation of the scapula. Consider 
the power resident in  serratus anterior and trapezius in pushing or swinging 
a bat. Note the especially broad sites of attachment of the trapezius mus­
cle. Trapezius commonly manifests signif icant tension with hard ·.rrk­
mental or physical. A brief m assage of th is muscle often b rings qu ick relief. 
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Military posture 
("squaring the shoulders") 

0 l 
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Push ing forward with 
outstretched arms and hands. 

Shrugging the shoulders 
or protecting the head. 

Straight arms on parallel 
bars, holding weight. 

Lifting or reaching 
over head. 
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CN: ( 1 )  I n  addition to the four muscles , color the arrows and titles describing their 
actions. (2) Color the muscular attachment sites and the diagram or the function or 
the cull muscles at mid-right. (3) Do not color the problem spot numerals in the 
lower il lustration. They are there to identify locations discussed in the text. 

Greater 
tubercle 

0QDlP00®0�0@J�LJQD@A 
o(A£)@1XJ!fiJ®IPDGifl&iuClD0 B 

l?@OO� rJ!JJOCRD@OO c 

®®®0@(�;�)[J)QD[1{A')CX300)) 
l ntertubercular 

groove 

major 

POSTERIOR VIEW 
(Scapula) 

Clavicle 

The socket at the glenolhumeral joint (g lenoid Iossa) is too shallow to offer any 
bony security for the head of the humerus.  As l igaments would severely l imit joint 
movement, muscle tension must be employed to pull the humeral head in to the 
shal low scapular socket during shoulder movements. Four muscles fulf i l l  this 
function: supraspinatus, infraspinatus, teres minor, and subscapularis ( "S ITS 
muscles " ) .  These muscles form a musculotendinous ( " rotator") cuff around the 
head of the humerus, enforcing joint security. Especial ly effective during robust 
shoulder movements, they permit the major movers of the joint to work without 
r isking joint d islocation. 

The S ITS muscles have come to be known as the "rotator cuff" muscles, even 
though one of them, supraspinatus, is an abductor of the shoulder joint and not a 
rotator. I ndeed , among some health care providers, supraspinatus is known as 
the " rotator cuff" in  the context of a " rotator cuff tear. " 

The shoulder joint and the supraspinatus muscle/tendon are subject to early 
degeneration from overuse. The problem is general ly one of impingement 
(chronic physical contact and f rict ion) between the acromion ( 1 ) ,  the coraco­
acromial l igament (2 ) ,  and the d istal clavicle (3 )  above,  and the tendon of 
supraspinatus (4 )  and the subacromial bursa (5) below. Those with a down­
turned acromion or a previously d islocated , offset acromioclavicular joint are 
especial ly vulnerable to imp ingement (supraspinatus tendinit is and subsequent 
tearing, subacromial bursitis, l im itation of shoulder motion, and pain ) .  Al l  over­
head activities ( such as those of p rofessional drapery hangers, cei l ing plaster­
ers, basebal l  pitchers) and acromial loading (hose-carrying f i remen, those 
carrying heavy purses by straps over the shoulder, mai l  del ivery persons) 
pursued over a long period can induce changes ( bony spurr ing,  bursal 
destruction) with impingement signs and symptoms. 

Shoulder 
joint Head 

Shoulder 

ATTACHMENT SITES MUSCULOTENDINOUS CUFF 

(Posterior/lateral view) (Diagrammatic/functional) 

PROBLEM SPOTS IN 
THE SHOULDER REGION 

(Anterior view) 
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POSTERIOR 
VIEW 

Deltoid 
luberosity 

Lateral 
head of 

triceps brachii 

LATERAL 
VIEW 

C N :  ( 1 ) Beg in with both posterior 
views; note that the biceps and triceps 
are not shown on the lateral view. 
(2 )  When coloring the muscles below, 
note the actions of d ifferent parts of the 
deltoid (A) and pectoralis major (B ) .  

ANTERIOR 
VIEW 

56 
See 55 

The p rincipal movers of the freely movable shoulder Teres maior, a muscle of the posterior shoulder, 

ADDUCTION 

(g lenohumeral)  joint ,  shown here, work in conjunction 
with the rotator cuff muscles to powerfully move the 
humerus in l if t ing , pushing , pul l ing , and twisting 
loads. Deltoid, characterized by a mult ipennate 
form of construction, a broad or igin,  and a remark­
ably short lever arm, is a powerful mover of the 
humerus in f lexion, extension, and abduction. The 
clavicular (upper)  f ibers of pectoralis major are 
effective in f lexing the shoulder joint ;  the sternal/ 
abdominal ( lower )  f ibers extend the flexed joint .  
Both are effective medial rotators as wel l .  

ABDUCTION FLEX ION 
MEDIAL 

ROTATION 
LATERAL 

ROTATION 
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CN: Use the same colors for 
biceps brachii (A) and triceps 
brachii ( E )  as you did for those 
muscles on Plate 56. ( 1 )  Color 
the four flexors and their 
attachment sites on the draw­
ings to their left. Do the same 
for the extensors on the right. 
(2) Color the supinators and 
pronators below. the arrows 
demonstrating their actions, 
and their attachment sites at 
upper left. 

in rapid extension where it counters the centrifugal 
force produced by that movement. Pronator teres 

assists in elbow f lexion as well as pronation. 

Lateral 
epicondyle. 

\ . 1  
' I 
I 

EXTENSION I I \•. I 

POSTERIOR VIEW 
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The principal extensor of the elbow jo int  is the 
three-headed triceps brachii with its massive 
tendon of insertion. The smal ler anconeus 

assists in this function. Triceps is a powerful 
antagonist to the elbow flexors. 

D w PRONATION 
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Biceps brachii is the more powerful supinator of the e lbow, but 
supinator is important in  maintain ing supination. Supinator arises 
from the lateral aspect of the e l bow, passing obl iquely downward and 
forward to a rather b road insertion on the upper lateral and anterior 
surface of the rad ius .  A bundle of f i bers from the upper lateral ulna 
passes behind the radius to join the lateral f ibers of supinator. 

Pronator quadratus is the pr incipal pronator of the elbow joint, 
superior in  its mechanical advantage to pronator teres. Pronat­
ing the forearm ( pa lm down ) involves medial rotation of the 
rad ius. Since only the radius can rotate in the forearm, the 
p ronators c lear ly cross the radius on the anterior side of the 
forearm, and their or igin is ulnar. 

ANTERIOR VIEW 
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DEEP LAYER 
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INTERMEDIATE LAYER 

SUPERFICIAL LAYER 
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DEEP LAYER 
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SUPERFICIAL LAYER 

ANTERIOR 
VIEW 

C N :  A more detailed view of the tendons of 
these muscles (with the same subscripts) 
can be seen among the intrinsic muscles 
of the hand on the next plate. ( 1 )  Begin 
with the flexors; note the deeper muscles 
have been omitted from the superficial 
view. Color gray the entire flexor mass in 
the smaller i l lustration (2) Continue with 
the extensors, coloring gray the entire 
extensor mass in the smaller i l lustration. 

The flexors of the wrist (carpus) and fingers (d ig its) take up 
most of the anterior compartment of the forearm, arising as a 
g roup from the medial epicondyle, the upper radius and ulna, 
and the intervening interosseous membrane. The deep layer of 
muscles in  the anterior forearm ( flexor pollicis longusor FPL in 
the radial half, flexor digitorum profundus or FOP in the u lnar 
half )  l ie in contact with the rad ius and ulna. The superficial layer 
of muscles (wrist f lexors: the "carpi" muscles and palmaris 

/ongus) is seen just under the skin and thin superficial fascia. 
The intermediate layer ( f!exor digitorum superficialis, FOP) lies 
between the superf icial and deep groups. In the anterior (pal­
mar) f ingers , note how the tendons of FOS, which insert on the 
sides of the middle phalanges, spl i t  at the level of the proximal 
phalanges,  perm itt ing the deeper ( posterior) tendons of FOP to 
pass on through to the b ases of the distal phalanges. 

POSTERIOR 
The extensors of  the wrist and f ingers arise from the lateral epicondyle and VIEW 

upper parts of the bones and interosseous membrane of the forearm, forming 
an extensor compartment on the posterior side of the forearm. The wrist 
extensors insert on the d istal carpal bones or metacarpals, while the f inger 
extensors form an expansion of tendon over the middle and distal phalanges 
to which the small intrinsic muscles of the hand insert. The wrist extensor 
muscles are c ritical to hand funct ion:  g rasp a f inger of one hand with your 
fingers and an extended wrist of the other ;  now try i t  with wrist ful ly f lexed . 
Note that the power of the hand exists only with an extended wrist. DEEP 
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See SB 

C N :  The extrinsic muscles that move 
the wrist and finger joints were covered on 
Plate 58, and their tendons are shown in 
dark l ine and labeled here for identification 
and study, but not for coloring. I f possible, 
use different colors on this plate. ( 1 )  Color 
the muscles of the two anterior views. 
as well as the flexor retinaculum (gray). 
(2) Color the posterior view. (3) In the 
i l lustration of f inger abduction (at the bot­
tom) note that the little finger is not moved 
by the dorsal interosseous (U ) .  

Proximal 
phalanx 

DEEP PALMAR VIEW 

POSTERIOR {DORSAL) VIEW ANTERIOR (PALMAR) VIEW 

7J'()f}@filJ&iOO @li!VOfilJ&lii9@@>' �,,, 
@(p(J)@)(j{)@(A[}@ (JJ@[b(1Q@Q@p '( , I[ 
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Note the palpable bu lge of muscle (thenar eminence) just proximal to the thumb 
on your own hand .  I ntegrated with the action of the other thumb movers, these 
three muscles make possi ble complex movements of the thumb.  The thenar 
muscles arise/ insert in the same general area as one another; however, their 
different orientation orders different functions. 

OO't?CP@'ffOO@fi!JtA)OO @CliJO@@Ui9@@# 
©rPfJJ®Cil!J@ClJ@ ®0@01.fO �O�O�Op· 
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(J?Cb@&;f@)[_Kf ®O@OuO ll!JUOGYJO(ji!JUQ ®w@WO®R' 

These muscles move the 5th digit; they are complementary to the thenar muscles 
in attachment and function. The function of op position is basic to some of the 
complex g rasping functions of the hand. 
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Adductor polt icis, in concert with the first dorsal i nterosseous muscle, provides 
g reat strength in grasping an object between thumb and index finger . . .  try it. 
The interossei and lumbrica/ muscles insert into expanded finger extensor 
tendons ( extensor expansion; see posterior view) forming a complex mechanism 
for f lexing the metacarpophalangeal joints and extending the interphalangeal 
joints. By their phalangeal insertions ,  the interossei abduct/adduct certain digits. 

r \ \\ w�t).·�.-\ 
p' 
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OPPOSITION CIRCUMDUCTION 

ADDUCTION 
'
ABDUCTION 
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C N :  Begin with the three muscles labeled with an "A" color. Color each 
wherever it appears before going on to the next. Write the name of the 
muscle in color on the appropriate l ine. I f  your point isn't sharp enough, 
write the name in black pencil and circle the identifying letter next to it in 
color. Try to visualize the function of these superficial muscles; some of them 
have more than the one function assigned to them by these categories. 

(See appendix A in the back of the book for answers) 

MUSCLES ACTING PRIMARILY ON THE SCAPULA 

A 

MUSCLES MOVING THE SHOULDER JOINT 

B 

Bl 

B2 

B3 

B4 

BS 

B6 

MUSCLES MOVING ELBOW & RADIOULNAR JOINTS 

c 

c1 

c2 

c3 

c4 

cs 

LATERAL 

VIEW 

Forearm 
neutral 

MUSCLES MOVING WRIST & HAND JOINTS 

D 

FOREARM MUSCLES MOVING THE THUMB 

E 

THENAR MUSCLES MOVING THE THUMB 

F 

HYPOTHENAR MUSCLES MOVING THE 5TH DIGIT 

G 

OTHER MUSCLES ACTING ON THE THUMB & FINGERS 

H 

Radius 

ANTERIOR 

VIEW 

Forearm 
neutral 

60 

(See appendix for answers) 
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CN: In the posterior and lateral views (superficial dissec­
tions). the upper fibers of the i l l iotibial tract C><1) have been 
cut away, exposing gluteus medius. ( 1 )  Color each muscle 
in all views, including the directional arrows, before going 
on to the next. The origin of piriformis ( E) cannot be seen in 
these views, but see Plate 52. A better view of the origin of 
obturator internus ( F) also can be seen on Plate 52. 

� @(b(][)'iJ'@&l1 @i)(Jf)[S@[b@@ ·:· 
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The gluteal muscles are arranged in three layers: the 
most superficial is gluteus maximus. The large sciatic 
nerve runs deep to i t ,  as every student nurse has 
learned wel l .  Its th ickness varies . G luteus maximus 
extends the hip joint during running and walking up­
hill , but does not act in relaxed walking. The inter­
mediately placed ,  more lateral gluteus medius is 
a major abductor of the hip joint and an important 
stabilizer ( leveler) of the pelvis wl1en the opposite 
lower limb is lifted off the g round.  
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- Preferred 
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Sile 
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POSTERIOR 
VIEW 

( 
·� ) 

I l iac crest 

61 
See 52, 62, 63 

(Deep) 

The deepest layer of gluteal muscles is the gluteus 
minimus and the lateral rotators of the hip joint. They 
cover up/f i l l  the greater and lesser sciatic notches. 
These muscles generally insert at the posterior 
aspect of the g reater trochanter of the femur. The 
g luteal muscles ( less g luteus maximus) correspond 
to some degree with the rotator cuff of the shoulder 
joint : lateral rotators posteriorly, abd uctor (g luteus 
medius) super iorly, medial rotators (g luteus medius 
and minimus. tensor fasciae latae) anterior ly. 

Posterior POSTERIOR/LATERAL 
VIEW 

The i l iotibial tract, a thickening of the deep fascia 
(fascia lata) of the thigh,  runs from i l ium to tibia and 
helps stabil ize the knee joint lateral ly. The muscle 
tensor fasciae latae, a frequently visible and palpable 
f lexor and medial rotator of the h ip joint,  inserts into 
this f ibrous band , tensing it .  Despite its major f lexor 
function, this anterolaterally-placed muscle is consid­
ered a part of the more posterior g luteal grou p ;  it 
shares its insertion into the i l iot ibial tract with gluteus 
maximus, and it  is supp lied by the superior g luteal 
nerve and artery. 

LATERAL 
VIEW 

(Superficial) 

Medial view of 
greater trochanter 

Anterior 

Crest 

Shaft 





SKELETAL MUSCULAR SYSTEM I LOWER L IMB 62 
Ci!fi)(!!J�@f1&@ ©rfi' 1100& CP@�'lf@OOO©OO 'ffODO@(J{) See 61, 63 

(}()&J(jfj)@'[f[JJQ(ifl@@t 
0§GiYA)QR;U@G0U ®OOfk/J!J®IBQD@A 
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IBOC5@CP0 �§�@GUO®c Tight hamstrings limit flexion o f  hip 

when knee joint is extended. 

C N :  ( 1 )  Color each 
hamstring muscle in 
the deep view before 
going on to the 
superficial. Then 
color the d iagrams of 
flexion and extension. 
(2) Color gray the 
outline of the muscles 
in the drawings at 
upper r ight. 

DEEP 

POSTERIOR 
VIEW 

Sartorius 

SUPERFICIAL 

. ' j' _r _ : ' I , , ' /  

l l iot ibial 
tract 

/ 

The hamstring muscles are equal ly effective at both extension of the hip joint and flexion of the knee 
joint. Unl ike the h ip extensor g luteus maximus, the hamstrings are active during normal walk ing.  In 
relaxed standing,  both g luteus maximus and the hamstrings are inactive. I n  knee f lexion,  the ham­
str ings act in concert with sartorius , grac i l is ,  and gastrocnemius ( Plates 63 and 66). Long tendons 
of the hamstrings can be pal pated just above the partially flexed knee on either side of the m id l ine.  

Reduced hamstring stretch ( " t ight hamstr ings") l imits h ip flexion with the knee extended ;  f lex ion of 
the knee permits increased hip flexion . Try this on yourself. T ight hamstr ings,  by their  isch ial or ig in ,  
pu l l  the posterior pelvis down , lengthening the erector spinae muscles and f lattening the lumbar lor­
dosis ,  potentially contri buting to l imitation of l umbar movement and back pain. Tight hamstrings often 
cause posterior thigh pain on straight leg raise testing (subject is supine,  lower l imbs horizonta l ;  one 
heel is lifted, progressively flexing the hip joint with knee extended ) .  This pain from muscle stretch 
may be confused with sciatic nerve/ nerve root pain, which normally shoots into the leg and foot. 

Tight hamstrings (at right) 
t i l t  pelvis backwards. 

flattening lordotic curve 
of tower back . 

� 
Gluleus \ (. \ 0 

maximus ·� � 11� ?6 
Powerful extensors 

ot the hip joints. 
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CN: Color one muscle at a time in the five main views before 
going to the next one. Note that the attachment sites on the 
posterior surface of the femur are represented by dotted lines. 
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ATTACHMENT SITES DEEP 

The medial thigh muscles consist of the hip joint 
adductors (A through E) and obturator extemus, a 
lateral rotator of that joint .  The latter was colored on 
Plate 6 1  as one of the deep g luteal muscles, as its 
tendon passes into that region. However, it is com­
partmentalized by fasciae in the med ial thigh ,  covers 
the external surface of the obturator foramen in  the 
deep upper medial thigh, and receives the same 
innervation as the adductors. The graci/is is the long­
est of the adductor grou p ,  crosses the medial knee 

ANTERIOR 
VIEW 

POSTERIOR 
VIEW 

?lj Mass of adductors  ) � occup ies the ,� 
J inner thighs 'I'�) ) 

) ,  � \) 't \ v r 1 (\l�·i·} , \ 
4 ' 1 ii tjtJ; 

INTERMEDIATE 

� DJ · ;- '�i:� 
�(t l1 <� V\ I 

\ . ' 
\ ·, ,\ I I 

\ / _\ \ 1  \ ,,,' \ J -

Tensor 
fasciae 

latae 

Vastus 
lateralis 

Rectus 
femoris 

Vast us 
medialis 

( f lexing i t ) ,  and inserts only on the medial tibia; its 
tendon joins the tendons of sartorius and semiten­
d inosus to form an insertion shaped like a goose's 
foot ( hence cal led the pes anser inus) .  The adductor 
magnus is the most massive of the group ( see pos­
terior v iew) .  In its lower half ,  adductor magnus fibers 
g ive way to the passage of the femoral vessels 
(adductor h iatus) .  All the adductors, except graci l is, 
insert on the vertical rough l ine ( l inea aspera) on the 
posterior surface of the femur. 

63 
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Femur 

Patel la 

Head 
\!. '1 1·; 

01 , , .} ' : Tibia l 
libula ' (/ j tuberosity '.f. l l VJ 1 ·· . 1 cv 
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LATERAL VIEW 

Anterior 
superior 

i l iac 
spine 

DEEP 

/ · 

The sartorius nailor's" muscle; so-called because of the role 
of this muscle in enabling a crossed-legs sitt ing posture) is  a 
flexor and lateral rotator of the h ip joint and a flexor of the 
knee joint , as you can infer from its i l lustrated attachments. 
The quadriceps femoris muscle arises from four heads. The 
vastus media/is and latera/is arise from the l inea aspera on 
the posterior aspect of the femur; the vastus intermedius 
arises from the anterior femoral shaft. A l l  four converge onto 
the superior aspect ( base) of the patel la to form the patellar 
tendon. Some tendon f i bers cont inue over the pate l lar surface 
to join the l igament below. At the infer ior aspect ( apex) of the 
patel la,  the tendinous f i bers continue to the t ib ial tuberosity. 

C N :  The patellar l igament (G" )  is colored 
gray but the patella is left uncolored. 
( 1 )  Begin with the deep view of the thigh 
and then complete the superficial view. (2 )  
On the far left , color the visualized portions 
of the quadr iceps that are antagonists to 
the hamstring group. (3 )  Complete the 
action diagrams along the r ight margin. 

ANTE R I O R  
V I E W  

Tensor 
fasciae 

latae 

SUPERFICIAL 

The tendon between the pate l la and the t ib ial tuberosity is  
called the patellar ligament. Rectus femoris, a strong hip joint 
flexor, is the only member of quadriceps to cross that joint. 
Quadriceps femoris is the only knee extensor. The signif i­
cance of its role becomes crystal c lear to those having 
experienced a knee injury; the muscles tend to atrophy and 
weaken rapidly with d isuse , and "quad " exercises are essen­
t ial to maintain structural stabi l i ty of the joint.  The iliopsoas 
is the most powerful f lexor of the h ip ,  having a broad thick 
muscle bel ly and attaching at the lesser trochanter at tl1e 
proximal end of the femoral shaft. Recall Plate 50 for its 
posterior abdominal orig in .  

64 
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CN: Take care with the narrow attachment sites or the anterior leg. Although the muscles 
A, B, and C arise from the interosseous ligament as well as the tibia and the fibula ,  the 
ligament has been left out of the attachments i l lustration for purposes of simplification. 
Attachment sites on the plantar surface or the foot are shown at upper right. 

The muscles of the leg are arranged into anterior-lateral , lateral, and pos­
terior compartments. The bony r idge (anterior margin) of the tibia creates 
two obl ique surfaces, the anterolateral of which relates to the anterior leg 
muscles; the anteromedial surface is bony (ouch ! )  and devoid of muscle. 
The lateral compartment fibular m uscles largely arise from the f ibula and 
the interosseous l igament between the t ib ia and f ibu la. 
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D 
Middle 

phalanx 

Distal 
phalanx 

B 
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Tibial 

luberos11y 

\ 
\ 
I 
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ANTERIOR 
VIEW 

(Right leg) 

All  of  the anterior leg muscles are dorsiflexors (extensors) of the ankle ;  extensors 

hallucis and digitorum !ongus are toe extensors; tibia/is anterior is an inverter of 
the subtalar joints as wel l ,  and fibularis tertius (the 5th tendon of extensor digi­
torum) is an evertor. Due to rotation of the lower l imb during embryonic develop­
ment, these extensors are anterior to the bones in the anatomical position (unl ike 
the upper l imb wrist extensors). Tibial is anterior is particularly helpful in l i ft ing the 
foot up during the swing phase of walking to avoid striking the toes. 

Pes 
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Gastrocnem1us 

Soleus 

PLANTAR 
VIEW 

(bollom) 

The f ibu lar  (peroneal) muscles are p rincipally 
evertors of the foot, and are especially active 
dur ing p lantar f lexion, as in walking on the toes 
or pushing off with the great toe. F ibularis tertius 
arises in  the f ibular compartment but is actually 
part of extensor dig itorum. 

I NVERSION 

\ 
' \ 

��= �<i�oY � -::.� 
EVERVSION DORSI FLEXION 
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CN: The muscles to be colored on this plate are labeled G-M; any 
other letter label found here (A-F from Pl .  65; N-Y from Pl. 67)  is for 
identification on ly, and those muscles should be left uncolored. You 
may repeat colors used for muscles on Plate 57 on this and/or the next 
plate. ( 1 )  Color one muscle at a time in each of the posterior views. 
Note that the plantaris (K ) .  the soleus (L ) .  and the gastrocnemius ( M )  
a l l  insert into the  same tendon (tendocalcaneus). which receives the 
color M. (2) Color the upper and lower medial views. 
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ATTACHMENT SITES DEEP VIEW 

POSTERIOR 
V I EW 

( right  leg) 

Semitendinosus 
Semi ­

membranosus 
Graci l is 

INTERMEDIATE SUPERFICIAL 

The muscles of the poster ior leg are arranged into two compartments separated by a fascial 
septum (deep transverse fascia ,  not shown ) .  The superficial group (gastrocnemius, soleus . 
and plantaris) inserts by way of a common tendon, tendocalcaneus (Achi l les tendon ; see 
glossary). These fascial compartments are fair ly inelast ic .  M uscle swel l ing secondary to 
vascular insufficiency can result in  serious muscle compression/death (compartment 
syndrome) in  the absence of fascial (surgical)  decompress ion. 

The major calf muscle is gastrocnemius , which f lexes the knee and , with its two fel lows, p lan­
tarflexes the ankle joint. In knee flexion it is aided by popliteus, which also rotates the t ibia 
medially. The other deep flexors plantarflex the ankle joint ( both toe and great toe flexors 
and tibia/is posterior) . flex the toes ( the flexors) ,  and invert the foot ( t ib ial is posterior ) .  

'Popliteal 
Iossa 

MEDIAL 
VIEW 

PLANTARFLEXION 

Anterior 
margin 
of tibia 

Superior 
extensor 

retinaculum 

I 
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Semi­
membranosus 

Calcaneus 
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CN: Feel free to use the colors used for the letter labels on plates 65 and 66. 
Those letters are presented here for identif ication, and the muscles they refer 
to are not meant to be colored. Also note that plantar surface attachment sites 
for those extrinsic foot muscles have been omitted in the i l lustration of the 
fourth layer but can be found on the two preceding plates. ( 1 )  Begin with the 
fourth layer and complete each illustration before going on to the next. 

The dorsal intr insic muscles of the foot ( those that arise and insert 
within the dorsum of the foot) are l imited to two small extensors of the 
toes, shown at r ight ,  most of the extensor function being derived from 
extrinsic extensors. 

The intrinsic muscles of the plantar region of the foot are shown here 
in four layers. The plantar interossei, wedged between the metatarsal 
bones, constitute the deepest (4th ) layer. They adduct toes 3-5, flex 
the metatarsophalangeal ( M P) joints of these toes, and contribute to 
extension of the interphalangeal ( I P) joints of these toes through the 
mechanism of the extensor expansion. The dorsal interosseiabduct 
toes 3-5 and facilitate the other actions of the plantar interossei. 

The th i rd layer of muscles acts on the g reat toe (hal lux) and 5th d igit 
(digit i  min imi ) .  The second layer includes the quadratus plantae, 
inserting into the lateral border of the common tendon (H )  of flexor 
digitorum longus ( FOL) .  It assists that muscle in flexion of the toes. 
The lumbricals arise from the individual tendons of FOL and insert into the 
medial aspect of the extensor expansion (dorsal aspect ) .  They flex the 
MP joints and extend the IP joints of toes 2-5 via the extensor expansion. 

The superficial (f i rst) layer consists of the abductors of the 1 st and 5th 
digits and the flexor digitorum brevis. The p lantar muscles are covered by 
the thickened deep fascia of the sole, the plantar aponeurosis, extending 
from calcaneus to the f ib rous sheath of the flexor tendons. 

� CJ)[b{ft;) Gi'D '[) 00 00 
0Ci1!Ju@oo@00&op 
i'.f? ®@®@�Cb 
OliDlf'§aJ@fS 0§0 Q 

R 
* 

Sesamoid 
bones 

Q 

C§'[b@f;:3o (XJ�{},11,(1[)@0@ 
l!5m�o@R 
fJ:J®®OD@'U'@OO 
DO®CbCb®@O@s 
C?Cbr383o @O@O'fJO 
G\ViJO@JOCi!'.UO mm@Wor 

DORSAL 
SURFACE 
( R ight foot) 

§�u§QJJ�@OO 
®O@O'D°@OO®GVU 
®OO@WO@N 
(388'[]'@0\!J@®[;] 
[}O�[bl1Q£JC50@ 
®w@WO®o 

@O!JaJ 0mtJ:J uO!J� 
CPC1w(Jil!J 'flw@u 
ct? CbC!!J@U®fXSO@�O:,@v 

s 

PLANTAR 
SURFACE 
(R ight  foot) 

FOURTH LAYER THIRD LAYER SECOND LAYER 

5 

B 

'-

w00QOCS'fl@OO 
DOwC1C1®@0@w 
w®00D&u®Cf3 
®O@OuO 
CP!DOCiiJ o�o x 

67 

@[1@f3o ®O@OU'@ffio 
IBw@WO@y 

FIRST LAYER (superficial) 

s 
R 





SKELETAL MUSCULAR SYSTEM I LOWER L I M B  

C N :  Follow the same procedure as you did with Plate 60. Be sure to look for 
the muscle in each of the 4 drawings before committing its name to writing. Try 
to visualize each muscle's function as you color and name it. Several muscles 
(B, B3-B7) cross both hip and knee joints and are effective at both joints. 

MUSCLES ACTING PR I MARILY ON THE H I P  JOINT 

A 

MUSCLES ACTING PR IMARILY ON THE KNEE JOINT 

B 

LATERAL VIEW 

{See appendix A in the back of the book for answers) 

MUSCLES ACTING PR IMARILY ON THE ANKLE JOINTS 

c 
c1 
c2 
c3 
c4 
cs 
cs 
c1 
cs 

MUSCLES ACTING PRIMAR ILY ON BELOW THE ANKLE JOI NTS 

D 

MUSCLES ACTING ON D IG ITS OF THE FOOT 

E 

Tendo­
calcaneus 

POSTERIOR VIEW 

lliolibial 
tract 
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surface 
al pubic 

bone ......._ 

Pes 

Shalt 
of tibia 

Tendon of ,�-11 
tibialis posterior 
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MEDIAL VIEW 
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CN: Use l ight colors throughout 
(especially for A and 8). Deeper 
muscles are not included in the large 
illustrations. ( 1 )  Color all of the muscle 
groups in the anterior view before 
going on to the posterior view at r ight. 
Only the muscles on one side of the 
figure have been labeled. As you 
color the muscle, also color its 
opposite. (2) Color the small 
diagram below. 

c 
Gluteus 
medius 

B 

Gastrocnemius 
and soleus 

Upon coloring these functional g roups , note the spatial relationship of 
adductors to abductors and evertors to invertors. Take particular note of 
the extensors and flexors. Recal l  that extension of weightbearing joints 
is an anti-g ravity function, and extensor muscles of these joints tend to 
keep the standing body vertically straig ht .  Note the l ine of gravity and 
its relationship to the vertebral ,  h ip , knee, and ankle joints. The center of 
gravity of an average human being stand ing with perfect posture is just 
anterior to the motion segment of S 1 -S2.  Flexion of the neck and torso 
moves the center of g ravity forward , load ing the posterior cervical, 
thoracic, and lumbar paraspinal (extensor) muscles. The actors moving 
the vertebral ,  h ip ,  knee, and ankle joints make possible erect standing 
and walk ing / running posture. 
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NERVOUS SYSTEM 
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CN: Use very l ight colors for A and C. The numbers in 
parentheses following the titles under Spinal Nerves refer 
to the number of nerves in each of the regions listed. ( 1 )  In 
the central il lustration , the spinal cord has been brought 
out of the vertebral column to show its regions in relation 
to the vertebrae. Spinal nerves, depicting regional l imits, 
are shown with arrowheads pointing to the same spinal 
nerves emerging from the vertebral co lumn. Avoid color­
ing the filum terminale-it is not a spinal nerve. (2) At 
upper right, color the cranial nerves. (3) At lower r ight, 
color over the lines representing the spinal nerves and 
their branches on the left side of the f igure. Color the auto-
nomic ganglia on the right s ide of the spinal cord. 
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The nervous system consists of neurons arranged into a highly inte­
g rated central part (central nervous system,  or  CNS) and bundles of 
neuronal processes (nerves) and islands of neurons ( gang l ia) largely 
outside the CNS making up the per ipheral part (peripheral nervous 
system ,  or  PNS).  These neurons are supported by neurogl ial cells and 
a rich b lood sup ply. Neurons of the CNS are interconnected to form 
centers (nucle i ;  gray matter )  and axon bundles ( tracts; white matter ) .  
The bra in is  the center of sensory awareness and movement, emo­
tions, rational thought and behavior, foresight and p lanning ,  memory, 
speech ,  and language and interp retation of language. 

The spinal cord, an extension of the brain and part of the CNS, begins 
at the foramen magnum of the skull , traffics in  ascend ing/descending 
impulses, and is  a center for sp inal reflexes, source of motor com­
mands for muscles below the head , and receiver of sensory input 
below the head. 
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The PNS consists largely of bundles of sensory and motor axons 
(nerves) radiating from the b rain ( cranial nerves) and spinal cord ( spi­
nal nerves) segmentally and b i laterally and reaching to all parts of the 
body (visceral and somatic) through a classic pattern of d istribution. 
Branches of spinal nerves are often called peripheral nerves. Nerves 
conduct all sensations from the body to the brain and spinal cord ; they 
conduct motor commands to al l  the skeletal muscles of the body. The 
autonomic nervous system (ANS) is a subset of gang l ia and nerves in 
the PNS dedicated to visceral movement and g landular secretion and 
to the conduction of visceral sensations to the spinal cord and brain. 
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See 15 
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CN: Use l ight colors throughout the plate. 
Do not color the summary diagram at the top oi 
the page unti l completing the rest of the plate. 

@{jJJ@-:-
CENTRAL 
NERVOUS 
SYSTEM 

PERIPHERAL NERVOUS SYSTEM 

Neurons generally function in one of th ree modes: They conduct impulses 
from receptors in the body to the central nervous system or CNS (sensory 

AFFERENT (SENSORY) NEURONS <'' 
v
_ .E;

t
\:;::�t 

1 c Somatic or visceral /� ........ ,... ' � • <:--- i"S Receptor 

or afferent neurons) ;  they conduct motor command impulses from the B A 
CNS to muscles of the body ( motor or efferent neurons) ;  or they form a 
network of interconnecting neurons in the CNS between motor and sensory 
neurons ( interneurons). I f  the sensory or motor neurons relate to musculo­
skeletal structures or the skin and fascia, the prefix "somatic" may be appl ied 
(somatic afferent/somatic efferent ) .  I f  these neurons are related to organs with 
hollow cavities (viscera),  the prefix "visceral" may be applied (visceral 
afferent/visceral efferent) .  

Spinal cord 
(or brain) 

Ganglion G__. �: � 1 ... ; � 
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Sensory neurons conduct i mpulses from sensory receptors to synapses 
in the CNS. The receptors may be sensitive to touch, p ressure, pain ,  joint 
posit ion, muscle tension , chemical concentration, l ight ,  or other mechanical 
st imulus, basically providing information on the external or internal environ­
ment and related chang es. Sensory neurons are un ipolar neurons, with certain 
exceptions (b ipolar neurons) ,  and are characterized by peripheral processes 
( " axons" ) ,  cell bodies, and central processes ( "axons" ) .  

Motor neu rons conduct impulses from cell bodies located in the C N S  through 
axons that leave the CNS and subsequently divide into branches, each of 
which becomes incorporated into the cel l  membrane of a muscle cell (motor 
end plate). Here the neuron releases its neurotransmitter, which induces the 
muscle cell to shorten . 

&> 
G 

Autonomic motor neurons function as paired units connected at a ganglion 
by a synapse. The first or preganglionic neuron arises in the CNS, and its axon 
embarks for a gangl ion located some distance from the CNS. There it syn­
apses with the cel l  body or dendrite of a postganglionic neuron whose axon 
proceeds to the effector organ: smooth muscle, cardiac muscle, or glands. 

-,'-� 

lnterneurons are found mostly in the CNS. They make up the bulk of the neu­
rons of the brain and sp inal cord . They come in a variety of shapes and sizes. 
Many of them are d i rectly related to incoming (sensory) impulses and others to 
outgoing motor commands . Others serve to integrate sensory or ascending 
input with higher centers to effect an appropriate motor output. 
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CN: Use light colors for A, 8, and C. ( 1 )  In the upper drawing, each of the 
synapses shown has two parts. Color only the ones labeled with subscripts 
(A, 8 .  C). Color the nerve impulse title ( D, at the top) and the related directional 
arrows. (2) Color the numbered steps in the lower drawing. Note the change of 
color in the presynaptic membrane between exocytosis (H)  and endocytos is ( K) .  
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Connections between and among neurons are called synapses. 
The great majority are non-contact connections in which chemical 
neurotransmitters carry the impulse from one neuron to another. Elec­
trical synapses (where electrically charged atoms or ions pass from 
one neuron to another by way of protein channels;  not shown) also 
exist in the brain and embryonic nervous tissue but are far less com­
mon. Most synapses are axodendritic; that is, the axon of one neuron 
synapses with the dendrite or dend ritic spine of another neuron. The 
neuron in  front of the synapse is said to be presynaptic. The second 
neuron is said to be postsynaptic.  Another common synapse is 
axosomatic, where the axon of one neuron and the cell body (soma) 
of another neuron communicate by way of neurotransmitters. Other, 
more infrequently seen synapses are i l lustrated here as wel l .  For 
example,  note the complex of synapses (a glomerulus) between three 
axons and a dendrit ic spine, al l  surrounded by a neuroglial sheath. 

Synapses permit the conduction of electrochemical impulses among 
myriad neurons almost i nstantly. Synapses vary from simple reflex 
arcs (see Plate 85) to polysynaptic pathways in the brain and spinal 
cord that involve mi l l ions of synapses. A single motor neuron of the 
spinal cord may have as many as 1 0 ,000 synapses on its body and 
dendrites! Mult ip le synapses g reatly increase the available options 
of nervous activity. The abi l i ty to integrate, coordinate, associate, and 
modify sensory input and memory to achieve a desired motor com­
mand is di rectly related to the number of synapses in  the pathway. 
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Here we show a typical axodendritic synapse. ( 1 )  The presynaptic 
axon transmits the electrochemical impulse toward tile synapse. As 
the impulse reaches the axon terminal ,  calcium ion (Ca+ + ) channels/ 
gates are opened in the cell memb rane, and extracel lular ca+ +  pours 
into the axon terminal .  (2) Synaptic vesicles, loaded with neurotrans­
mitter (e .g . , acetylchol ine, norepi nephrine ) .  inf luenced by the incom­
ing ca+ + . migrate toward the presynaptic membrane and fuse with it 
(3 ) .  Following fusion, neurotransmitter is spi l led from the vesicles into 
the tiny synaptic cleft ( exocytosis ) .  Neurotransmitter molecules bind 
to receptor proteins on the postsynaptic membrane of the dendrite; 
ion channels are opened, and the altered membrane potential 
( impulse} is propagated along the dend rite (4 ) .  I nactivated neuro­
transmitter fragments are taken up by the presynaptic membrane (5 ;  
endocytosis) ,  enclosed in a synaptic vesicle, and resynthesized (6 ) .  

The  electrical activity of the  postsynaptic membrane may be facili­
tated or inhibited by the neurotransm itter. I f  sufficiently excited by 
mult iple facilitory synapses, the postsynaptic neuron will depolarize 
and transmit an impulse to the next neuron or effector ( muscle cel l ,  
gland cel l ) .  Sufficiently depressed by mult ip le inhib itory synapses, 
the neuron will not depolarize and will not transmit an impulse. 
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CENTRAL N ERVOUS SYSTEM 73 Longitudinal 
fissure See 70 

CN: Use l ight colors for B ,  E ,  I ,  and J .  ( 1 )  Color the coronal section; 
most of the frontal lobe and part of the temporal lobe have been 
removed. Color the cerebral cortex (A) gray. In the two large hemi­
spheres the stippled areas of specialized function are parts of lobes, 
but receive their own colors. Color the arrows identifying the major 
fissures and sulcus. (3) Color gray the diagram i l lustrating how the 
convolutions provide increased surface area in  a smaller space. 
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CORTICAL CONVOLUTIONS: INCREASED SURFACE AREA 

The paired cerebral hemispheres (cerebrum).  derivatives of the embry­
onic telencephalon (see Plate 1 69 ) .  consist of four major elements: ( 1 )  
an outer cerebral cortex of g ray matter, the topography of which reveals 
fissures (deep grooves ) ,  gyri (h i l l s ) ,  and sulci  ( furrows) ;  (2) underlying 
white matter consisting of numerous tracts destined for or leaving the 
cortex and oriented along three general d i rections ( Plate 74) ;  (3)  d is­
crete masses of g ray matter at the base of the cerebrum ( basal nuclei) 
that subserve motor areas of the cortex ( Plate 74 ) ;  (4) paired cavities 
called lateral ventr icles ( Plate 80) .  Tl1e cerebral cortex is  the most 
highly evolved area of the b rain.  About 2-4 mm ( roughly 1 /6 inch) thick, 
the cortex is divided into lobes d istinctly bordered by sulci ; the lobes 
are generally related to the cranial bones that cover them: frontal, pari­
eta l ,  temporal, occipital .  The exception is the l imbic lobe ( part of which 
is shown ) ;  i t  incorporates parts of other ( frontal, temporal, parietal) 
lobes. 

Cortical mapping experiments ( based on electrical stimulation and 
cl inical/ pathologic data) have been the princ ipal methods by which 
functions of the cortex have been d iscovered. Al l  parts of the cortex 
are concerned with storage of experience ( memory) .  exchange of 
impulses with other cortical areas ( association) ,  and the two-way 
transmission of impulses with subcortical areas ( afferent/efferent 
projections ) .  

The frontal lobe is concerned with intel lectual functions such as  rea­
soning and abstract thinking , aggression,  sexual behavior, olfaction 
(smel l ) .  articulation of meaningful sound ( speech). and voluntary move-

Broca's area 
of speech 

(left hemisphere only) 

ment (precentral gyrus) .  The central sulcus separates the frontal lobe 
from the parietal lobe. The parietal lobe is concerned with body sen­
sory awareness. including taste (postcentral gyrus) .  the use of sym­
bols for communication ( languag e ) ,  abstract reasoning (e . g . ,  
mathematics) .  and body imag ing.  The temporal lobe i s  partly l imbic 
and here is concerned with the formation of emotions (love . anger, 
aggression, compulsion. sexual behavior ) ;  the non-l imbic portion 
of the temporal lobe is concerned with interpretation of language and 
awareness and discrimination of sound ( hearing ;  auditory area); i t 
constitutes a major memory processing area. The occipital lobe is 
concerned with receiving , interpreting, and d iscriminating visual stim­
uli from the optic tract and associating those visual impulses with 
other cortical areas ( e . g  . .  memory) .  

The limbic lobe o r  system is t h e  oldest part o f  the cortex. in evolution­
ary terms. I t  is  the center of emotional behavior. The l imbic neurons 
occupy parts of the inferior and medial cortices of each hemisphere, 
and some subcortical areas as well .  Certain l imbic areas are closely 
related topographically to the olfactory tracts. 

The cerebral hemispheres appear structurally as mirror images of one 
another; functionally they are not. The speech area develops fully only 
on one side, usually the left. I n  genera l ,  the left hemisphere tends to 
deal with certain higher functions (mathematical . analytical , verbal )  
whi le the r ight concentrates on visual .  spat ia l ,  and musical orienta­
tions. The matter of cerebral "dominance" ( left hemisphere, left 
speech center, r ighthandedness, or vice versa) is q uite controversial .  
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CN: Use very l ight colors for F and G.  ( 1 )  Color gray the various 
sections of cerebral cortex without coloring the cortical surfaces. 
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Below the cerebral cortex, the cerebral hemispheres embody 
centrally placed cavit ies, masses of g ray matter at the base of 
the cerebrum , and bundles of white matter. These structures can 
be colored in the coronal section at upper r ight cerebrum ( 1 ) .  

T h e  basal nuclei are discrete, b i lateral islands of g ray matter 
on either side of and above the d iencephalon (P late75) .  They 
consist primarily of the tai l -shaped caudate nucleus and the 
lens-shaped lenticular nucleus (2 ) .  These structures can be 
colored in i l lustrations 1 ,  2, 3, and 4. The lenticular nucleus is 
further divided into the medial g lobus pal l idus and the more 
lateral putamen ( 1 ). Each of these nuclei  is part of the extra­
pyramidal system (Plate 79). They have extensive connections 
among themselves, with the cerebral cortex, and with nuclei of 
the diencephalon. They are concerned with the maintenance of 
muscle tone and the programming of subconscious, sequential 
postural adjustments. They monitor and mediate descending 
motor commands from the cerebral cortex. 

The subcortical white matter of the hemispheres is arranged into 
bundles or bands (tracts) of largely myelinated axons essentially 
arranged in  three axes (5 ) .  They conduct i mpulses among vari­
ous areas of the cortex. The largest commissure is  the corpus­
callosum, forming a roof over the subcortical nuclei ( 1 ). It is bent 
caudally at both anterior and posterior ends ( genu and splenium) 
(4 ,  6) .  Association tracts connect anterior and posterior cerebral 
cortices (5). They exist as both short and long tracts (6) .  

The most spectacular tract is the fan-shaped array of f ibers 
called the corona radiata (5, 7). This projection system radiates 
caudally from all areas of the cortex .  I t  narrows into a curved 
band ( internal capsule; 1 ,  2, 3, 4 )  as i t  d escends between the 
caudate nucleus and the thalamus medially, and the putamen 
laterally. The term " internal capsule" refers to the inner wall of the 
figurative encapsulation of the basal nuclei ( 1 ,  note external 
capsule) .  The axons of the projection tract continue through the 
diencephalon into the brain stem and spinal cord ; many make 
connections en route (P lates 78, 79) .  
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C N :  Use l ight colors for A and B, and a very bright color for C. ( 1 )  
Color each structure wherever it appears before going on to the next 
title. (2) Although not colored, the neighboring relations of the dien­
cephalic structures are important and have been identified by name. 
These should be given special attention. 
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The diencephalon, the smal ler of two derivatives of the early 
forebrain ,  fits between but is not part of the surround ing cere­
bral hemispheres ( see drawings 2 and 3). It consists largely 
of paired masses of nuclei and related tracts of white matter 
arranged around the th in ,  purse-l ike third ( I l l )  ventricle (2  and 
3). The nature of t11is cavity can be seen in Plate 80. 

On each side of the third ventricle, note the thalamus, subthala­
mus, and hypothalamus (2 and 3) .  The epithalamus or pineal 
gland is a mid l ine structure seeming to hang off the posterior 
thalamus. The relationsh ip of these nuclei to the basal nuclei 
and internal capsule should be  carefully studied while coloring 
to ensure orientation ( recall Plate 74) .  

The thalamus ( 1 -4 )  consists of  several g roups of cel l  bodies 
and processes that , in  part ,  process all incoming impulses from 
sensory pathways (except olfactory). It has broad connections 
with the motor, general sensory, visual ,  auditory, and associa­
tion cortices. Not surprisingly, the corticothalamic ( cortex to 
thalamus) fibers contribute significantly to the corona radiata. 
Stil l other thalamic nuclei connect to the hypothalamus and 
other brainstem nuclei .  Thalamic activity ( 1 )  integ rates sensory 
experiences resulting in appropriate motor responses , (2 )  inte­
grates specific sensory input with emotional ( motor) responses 
(e .g . ,  a baby crying in response to hunger ) ,  and (3) regulates 
and maintains the conscious state ( awareness) , subject to 
faci l i tating / inhib i t ing influences from the cortex . Subthalamic 
nuclei (3 )  are concerned with motor activity and have connec­
tions with the basal ganglia. 

The hypothalamus ( 1 ,  3 ,  and 4)  consists of nuclear masses and 
associated tracts on either side of the lower th ird ventr icle. The 
hypothalamus maintains neuronal connections with the frontal 
and temporal cortices, thalamus ,  neurohypophysi s ,  and brain­
stem. Its neurosecretions (hormones) are also di rected to the 
adenohypophysis via the hypophyseal portal system. In  addi­
tion , the hypothalamus is concerned with emotional behavior, 
regulation of the autonomic (visceral) nervous system and 
related integration of visceral (autonomic) reflexes with emo­
tional reactions, and activation of the dr ive to eat ( hunger) and 
the subsequent feeling of satisfaction ( satiety) following fulf i l l ­
ment of that d rive. Finally, i t  mediates descending impulses 
related to both reflexive and ski l led movement-all of this in 
an area the size of four peas 1 

The epithalamus (pineal gland) ( 1 )  consists pr imari ly of the 
pineal body and related nuclei  and tracts that have connections 
with the thalamus, hypothalamus ,  basal nucle i ,  and the med ial 
temporal cortex. I t  produces melatonin ( a  pigment-enhancing 
hormone) ,  the synthesis of which is related to diurnal cycles or 
rhythms ( body activity in  day or sunl ight as opposed to dark 
or nocturnal periods). I t  may influence the onset of puberty 
through inhi bition of test icular/ovarian function. Remarkably, 
the pineal is the only unpaired structure in the brain.  
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CN: Use darker colors for C ,  E, and M and the l ightest for K. ( 1 )  As you color 
each structure in as many views .as it is shown, take particular note or the 
orientation or the view. (2) Note that the fourth ventricle is located in bolh parts or 
the h indbrain and receives the same color in both parts. The diencephalon has 
been presented on the previous plate and is shown here only for orientation. Thalamus � ' . 
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The brain stem includes the diencephalon , m id b ra in ,  pons, and medulla oblon­
gata. Throughout the brain stem ,  the brain cavity ( Plates 80, 82) takes on di fferent 
shapes, a reflection of the kind of d i fferential g rowth the brain underwent during 
development (P late 1 69 ) .  The cerebellum is attached to the brain stem (by pedun­
cles) but is not considered a part of the brain stem. See Plate 75 for information on 
the diencephalon. 

I n  the midbrain ,  the cerebral peduncles are composed of long descending tracts 
that originate in the cerebral cortex , descend through the internal capsule ( recall 
Plate 74) , and continue caudally to the pons and medul la (for cranial nerves) and 
the spinal cord ( for sp inal nerves) Immediately posterior to these tracts in the mid­
brain is  the legmentum . an area of neurons associated with the reticular formation 
and cranial nerves I l l  and IV, and mult ip le tracts .  The superior cerebellar pedun­
cles transmit fibers to the cerebellum from the spinal cord , and fibers to the thala­
mus and medulla from the cerebel lum. The superior col l icu l i  are centers for visual 
reflexes; the inferior col l icul i  make possib le auditory reflexes (e .g . ,  rap id ,  involun­
tary movements in response to visual and auditory st imu l i ) .  

The pons is characterized by i ts  massive anterior bu lge consisting of  stalks of 
white matter that br idge the 4th ventricle ( pons = br idge) to reach the cerebellum 
as the middle cerebellar peduncles. These f ibers largely arise from neurons in the 
pons-neurons that convey impulses from both motor and sensory areas of the 
cerebral cortex. Cranial nerve nuclei V, V I ,  V I I ,  and Vi i i  are located here . Both 
ascending and descending tracts pass through here, including the neurons of 
the reticular formation . 

The medulla contains l ife-sustaining control centers of respiration, heart rate, and 
vasomotor function . Nuclei for cranial nerves V I I I ,  I X ,  X, X I ,  and X I I  exist here. The 
inferior cerebel lar peduncles carry f ibers to the cerebel lum from the spinal cord 
and brain stem vest ibular and reticular systems, as well as f ibers from the cerebel­
lum to the vest ibular system. 
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The cerebel lum consists of two hemispheres, with a cortex of gray matter on 
its surface (cerebellar cortex) . central masses of motor-related (deep cerebellar) 
nuclei, and bands of white matter forming a treelike appearance (arbor vitae = 
tree of l i fe) when the cerebel lum is cut in section. The cerebellum is attached to 
the brain stem by the three cerebellar peduncles. The cerebellum is concerned 
with equi l ibr ium and position sense, fine movement , control of muscle tone, and 
overall coordination of muscular activity in response to proprioceptive input and 
descending traffic from higher centers. 
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CN: Use bright colors for A-C (except where indicated by asterisk (11) or 
no-color symbol (·

:

-). Use gray for o· ,  medium dark colors for E-1 ,  and 
light colors for K-M. ( 1 )  I n the upper drawing,  color s· gray over the nerve 
roots within the dura mater and outside the spinal cord. (2) Color the cord 
sections taken at various levels. (3) Color the meninges of the spinal cord . 
What is not shown (due to space limitations) is the presence of the arach­
noid and subarachnoid space ( and cerebrospinal f lu id) around the nerve 
roots. (4) Do not color the structures within the subarachnoid space or 
the central canal in the drawing at the bottom of the plate. 
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The spinal cord is the lower extension of the central nervous sys­
tem. I t  takes off from the med ul la oblongata at the foramen magnum 
of the skul l  and ends as the conus medullaris at the vertebral level 
of L 1 or L2. I t  bulges sl ightly in the lower cervical and lumbar seg­
ments where i t  gives off the roots of spinal nerves destined for the 
upper and lower l imbs,  respectively. The cord is ensl1eathed by 
three coverings (meninges) : the th i n ,  vascular pia mater closely 
applied to the spinal cord , the translucent arachnoid separated 
from the pia by the subarachnoid space , and the tough ,  f ibrous 
dura mater that is a prolongation of the dura surrounding the brain. 

The pia forms tr iangular sheets that project away from the cord 
between the pairs of nerve roots. These sheets extend to the dura 
and are called denticulate ligaments. The pia extends below the 
conus medullaris as the thin cord- l ike filum terminate internum, end­
ing at the dural sac at the vertebral level of S2. The subarachnoid 
space is  f i l led with cerebrospinal fluid (CSF); the space ends inferi­
orly as the dural sac; its CSF-containing cavity is  the lumbar cistern. 
Outside the dura is the epidural space, containing fat and veins. 
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The spinal cord consists of a central mass of g ray matter arranged 
into the form of an H and a peri pheral array of wh i te matter (funiculi) 
consisting of descending and ascending tracts. The amount of 
white matter decreases as the cord progresses distal ly, seen 
especially well in the sacro-coccygeal region. The g ray posterior 
horns (actually columns when seen in th ree d imensions) receive the 
central processes of sensory neurons ( recall P late 7 1 ) and d i rect 
incoming impulses to the adjacent white matter for conduction to 
other cord levels or h igher centers. The anterior horns include lower 
motor neurons that represent the "f inal common pathway" for motor 
commands to muscle. Lateral horns exist only in the thoracic and 
upper lumbar cord and include autonomic motor neurons supplying 
smooth muscle (in vessels and viscera) and g lands. I t  is  in the gray 
matter that spinal reflexes occur in conjunction with fac i l itory and 
inhibitory influences from higher centers. 
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CENTRAL N ERVOU S  SYSTEM 

CN: Use bright colors for A-C and a l ight color for F. ( 1 )  Color the pain/ temperature path­
way, which is shown on one side only for visual simplicity. Note that the sensory cortex and 
the thalamus are to be colored gray. (2 )  In the muscle stretch/position sense pathways, 
note there are two d ifferent cerebellar peduncles. each receiving a different color. 

Ascending pathways consist of l inearly arranged neurons, the axons of which travel in a common 
bundle ( t ract) conducting impulses toward the thalamus, cerebral cortex, or cerebel lum. In the 
examples shown here, each of the pathways begins with a sensory neuron. These sensory path­
ways permit body surface sensations and muscle /tendon stretch information (below the head ) to 
reach brain stem and cerebellar centers for response and cortical centers for awareness. 
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Pain and temperature receptors on the body surface and elsewhere below the head 
generate impulses that travel to the spinal cord by axons of sensory neurons ( 1 st-order 
neuron) .  The central process ( "axon " )  of each sensory neuron enters the posterior horn 
and synapses with the 2nd-order neuron whose axon crosses (decussates) to the con­
tralateral side, enters the lateral funiculus,  and ascends as part of t11e lateral spinothalamic 
tract. This neuron ascends to the thalamus, where it synapses with relay (3rd-order) neu­
rons, the axons of which traverse the internal capsule and corona radiata ( thalamocortical 
tract) to reach the postcentral gyrus of t11e cerebral cortex ( "sensory cortex " ) .  
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Touch and pressure receptors below the head generate electrochemical impulses that 
travel to the spinal cord through sensory neurons that enter the posterior horn and join/  
ascend the posterior funiculus ( posterior columns) to the medulla. Here they synapse 
with 2nd-order neurons in the nuclei cuneatus and gracilis . The axons of these neurons 
sweep to the opposite side (as internal arcuate fibers) to form an ascending bundle 
(medial lemniscus) in the b rain stem that terminates in the thalamus. There these axons 
synapse with 3rd-order relay neurons whose axons reach the postcentral gyrus of the 
cerebral cortex via the thalamocortical tract. 
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I mpulses from muscle spindles and other proprioceptors ( receptors responsive to 
muscle stretch/ loads)  are conducted by sensory neurons to the spinal cord . Single 
receptor input is conducted by 2nd-order neurons that ascend the ipsi lateral lateral 
funiculus (posterior spinocerebellar tract) and enter the cerebellum via the inferior 
cerebellar peduncle. More global proprioceptive input ascends the contralateral 
anterior spinocerebellar tract and enters the cerebel lum via the superior cerebellar 
peduncle. By these and simi lar pathways that function in the absence of awareness. 
the cerebellum maintains an ongoing assessment of body position. muscle tension. 
muscle overuse, and movement. I n  turn , it mediates descending impulses from cortical 
and subcortical centers destined for motor neurons. 
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CN: Use l igh t colors for H, I ,  and K. ( 1 )  Color the pyramidal tract in the 
sagittal view. (2)  Color the pyramidal tract in the schematic coronal 
section at upper right, inc lud ing the percentage figures. (3) Color the 
extra-pyramidal system. 
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The principal neural pathway for voluntary movement is the 
corticospinal tract. Its neuronal cel l  bodies are in the p re­
central gyrus of each frontal lobe (motor cortex) .  The axons 
of these neurons descend-without synapse-through the 
corona radiata, internal capsule,  cerebral peduncles, pons, 
and medulla into the spinal cord . Pathways are often named 
according to their origin and their termination,  and in  that 
order; hence , cortico- ( referring to cortex ) sp inal ( referring 
to the spinal cord ) .  The corticospinal tracts form bulges,  
called pyramids,  on the anter ior surface of the medul la ,  
hence the name "pyramidal tract. " E ighty percent of these 
tracts cross (decussate) to the contralateral side in the 
medulla ( decussation of the pyramids ) ;  20% do not. In the 
spinal cord, many corticospinal f ibers terminate on inter­
neurons (recal l Plate 7 1 )  at the base of the posterior horn 
(not shown) ;  the majority end by synapsing with anterior 
horn motor neurons. Corticospinal input to the lower motor 
(anterior horn) neurons, however, is only one input for 
desired skeletal muscle function. 
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Each lower motor neuron receives axons from mult ip le 
descending tracts, many of which conduct impulses related 
to body pos ition , memory, and a host of other commands 
necessary for any given movement at any g iven time. These 
collective inputs from the cerebral cortex, basal nuclei , 
cerebel lum, and elsewhere arrive at the appropr iate lower 
motor neurons by a number of descending pathways , none 
of which pass through the medul lary pyramids ( hence, 
extrapyramidal system or tracts) .  Two major extrapyramidal 
tracts are shown here: the reticulospinal tract from the brain 
stem reticular nuclei and the vestibulospinal tract from the 
vestibular nuclei in the brain stem. Other tracts include the 
rubrospinal and tectospinal tracts ( not shown, but see glos­
sary) .  The synaptic connections of these axons with each 
lower motor neuron (often by way of interneurons ) are in the 
thousands. Depending on the neurotransmitter produced 
by the presynaptic neuron , the synapse may facilitate or 
inhibit production of an excitatory impulse from the lower 
motor neuron. Discharge of the lower motor neuron , or lack 
of i t ,  is dependent on the sum of the fac i l itory and inhib itory 
impulses impinging on it at any moment. Once generated , 
the electrochemical impulse moving down the axon of the 
lower motor neuron reaches the effector without further 
mediation. Thus ,  the anterior horn motor neuron is truly 
the final common pathway for the ult imate exp ression of 
all nervous activity: muscular contraction. 
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CN: Use a light color for A. ( 1 )  Color the drawings of ventricular development; note that the neu­
ral cavity in the "8 weeks" d rawing corresponds to the color pattern in the lower i l lustrations. (2)  
Color the lateral and superior views of the fu l ly  developed ventricles. ( 3) Color the coronal and 
modified sagittal sections revealing the relationship of the ventricles to surrounding structure. 
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See 74, 75, 76, 169 

VENTRICLE 
DEVELOPMENT 

(Schematic longitudinal section) 

The central nervous system develops from a hollow 
neural tube near the dorsal surface of the embryo 
(Plate 1 69) .  The neural cavity undergoes extraordi­
nary revision in association with development of the 
brain regions. The shape of the cavity in  each brain 
region reflects the local changes and mechanical 
pressures imposed by the developing brain. The 
ventricles may be identified by name , roman numer­
als, or arabic numerals. 
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The cavity of the developing forebrain expands into 
the lateral (f i rst and second) ventricles with the out­
pocketings of the g rowing cerebral hemispheres. 
Each projection of the lateral ventricles reflects the 
direction of g rowth of that part of the cerebrum. The 
lateral ventricles retain connections to the neural 
cavity of the d iencephalon by means of the b i lateral 
tubular interventricular foramina. 

The neural tube of the diencephalon is compressed 
by the developing bi lateral thalami into a thin third 
ventricle. The front of the th i rd ventricle is d rawn out 
anteriorly and caudally into an infund ibular recess in 
the region of the hypothalamus. The tubular infund i ­
bu lum projects into the hypophysis ( Plate 1 52) .  Poste­
riorly, the third ventricle projects a small  recess into 
the pineal g land. 

The neural cavity of the mesencephalon or midbrain 
undergoes relatively l itt le d istortion during develop­
ment, retaining its tubular shape as the cerebral 
aqueduct. 

The neural cavity of the metencephalon or h indbrain 
undergoes lateral and posterior expansion as a con­
sequence of the developing cerebel lum,  forming the 
diamond-shaped 4th ventric le.  The thin roof of these 
two lateral recesses develops breaks (called aper­
tures) that permit the passage of cerebrospinal f lu id 
( CSF) from the 4th ventricle into the subarachnoid 
space. Another. more medi an ,  aperture, near the 
beginning of the spinal canal, permits passage of 
CSF into the subarachnoid space. 

The 4th ventricle narrows caudally to become the 
central canal of the spinal cord . This canal is narrow 
and is often occluded. 

In  the medial wal ls of the lateral ventr icles and the roof 
of the 3rd and 4th ventricles, the pia mater comes in 
contact with the single layer of neurog l ia-derived cells 
that line the ventricles ( ependymal cells) to form a 
delicate, h igh ly vascular tissue cal led the choroid 
plexus, which secretes CSF into the ventricles. 
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CN: Use very l ight colors for A-D. ( 1 )  Begin with 
the dura mater of the brain (A) and spinal cord (A2 ) .  
(2) Color the  meninges of t he  brain i n  the  enlargement 
of the coronal section (menin iges are not present in the 
smaller drawing) .  In the same enlargement, color the 
superior sagittal sinus gray (3) Color the infoldings of 
the dura mater (B-D) .  These coverings have been 
thickened and separated from each other for coloring 
purposes. Color over the darkened sinuses located 
within the falx cerebri (C) .  Much of the left half of the 
overlying inner dura layer (B )  has been cut away to 
reveal inner structures. Visualize how the r ight and left 
cerebral hemispheres would fit within these coverings. �··· . · . .  . 
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The brain and spinal cord are enveloped in f ibrous coverings 
called meninges. The meninges of the spinal cord, which were 
presented in Plate 77, are the inferior extent of the cranial mem­
branes presented here. 

The outermost coverin g  o f  the brain and sp inal cord is the dura 
mater. I t  has two layers : the outer periosteal layer l in ing the inter­
nal surface of the cranium and vertebral canal (endosteum ) ,  and 
the inner or meningeal layer, split off from the endosteum, enclos­
ing the entire brain (cranial dura mater )  and spinal cord (sp inal 
dura mater). Three partitions form from the cranial dura. The falx 
cerebri ( 1 )  is formed from the joining of two layers of dura. Superi­
orly, the two layers arise from the cranial root and enclose the 
superior sagittal s inus. Inferiorly, the falx is  formed from the dura 
on the floor of the anterior cranial fossae and posteriorly from the 
two sides of the "tent- l ike" tentor ium cerebe l l i .  The falx descends 
between the two cerebral hemispheres in the longitudinal cere­
bral fissure, its free edge ending just above the corpus callosum. 

The tentorium cerebell i (2 )  supports the occipital lobes and sepa­
rates them from the cerebel lum set deeply in the posterior cranial 
fossae. The free edges of the tentorium create a notch ( incisura) 
for the midbrain, and run anteriorly to the dorsum sellae (posterior 
wall of the sella turcica). Notice the dural roof of the sel la (d ia­
phragma sel lae } ,  perforated to transmit the infundibulum; see 
Plate 1 52. Extending vertically downward from the m id l ine of the 
tentorium is  the falx cerebel l i  (3; not shown) ,  separating the cere­
bellar hemispheres. It is continuous with the dura lining the poste­
rior cranial Iossa. 

The fi lmy, vulnerable arachnoid l ies deep to and f lush with the 
inner dura. The arachnoid is separated from the deeper pia mater 
by the subarachnoid space, f i l led with cerebrospinal f luid (CSF) .  
This space becomes voluminous at various locations (c isterns; 
Plate 82) . The pia is a vascular layer of loose fibrous connective 
tissue, supporting the vessels reaching the brain (and spinal 
cord ) .  I t  is inseparable from the surface of the brain and cord . 
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CN: Use the same colors as were used on the previous plate for the three meninges. 
Use blue for L and light colors for E through H, J, and K. ( 1 )  Color the large i l lustration 
and the coronal section s imu l taneously, paying close attention to the arrows of direc­
tional flow. Note that both layers of dura (A) are given one color. (2 )  The four cisterns, 
part of the subarachnoid space, all receive one color (J 1 ) .  including the lumbar 
cistern at lower right. (3) Color the median and lateral apertures or the IV ventricle. 
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Cerebrospinal f lu id (CSF) is a clear, largely acel lular 
fluid secreted by the choroid plexus ( 70%) and vessels 
near the ventricular walls (30%) into the lateral, third, 
and fourth ventricles. About 1 50 ml of CSF circulates 
through the ventricles and around the subarachnoid 
spaces ( including cisterns) . CSF flow through the 
central canal is minimal to nonexistent. Al though the 
f luid is an exudate of plasma from the capil laries ( in 
the pia mater enfolded with ependymal cel ls l ining the 
ventricles ) .  i t  has sign ificantly less density and protein 
than plasma. CSF drains into the subarachnoid space 
via median and lateral apertures located in the roof of 
the fourth ventricle. Cisterns are d ilated subarachnoid 
spaces formed at flexures of the brain. The most notable 
of the cisterns is the lumbar cistern,  in  which float the 
lumbar and lower nerve roots (cauda equina).  This 

cistern is a frequent site of puncture (at a level of about 
the 4th lumbar vertebra) for withdrawal and d iagnostic 
testing of CSF. Anesthetic agents and radiopaque dyes 
also can be introduced at this site. Cerebrospinal f lu id is 
resorbed by caul i flower-shaped outpocketings of arach­
noid called villi. These vil l i project into the superior sagit­
tal sinus, one of the large veins drain ing the brain .  

CSF suspends the brain and  spinal cord within the  dura 
mater in virtually a no-load condition , preserving their 
structural integrity. That is. the brain and spinal cord do 
not  experience a g ravitational force from the base of the 
skul l  or the sacrum. In forceful movements of the head 
and torso. up to a point. the CNS is protected from str ik­
ing the skul l  or vertebral column by its f lu id-f i l led con­
tainer functioning as a cushion. 
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See BO, 81 
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PER IPH ERAL N ERVOUS SYSTEM 

C N :  Use l ight colors throughout. ( 1 )  Beginning with the 
first cranial nerve, color the title on the left; the large Roman 
numeral, the cranial nerve (cut) ,  and the related function 
arrow at lower left; and the Roman numeral and accompany­
ing il lustration at upper r ight . The illustrations generally 
depict target organs/areas. (2) Note carefully the direction 
of the function arrows at lower left (sensory/afferent is 
incoming; motor/efferent is outgoing) .  (3)  The accessory 
nerve (X I )  has two roots: a spinal root and a cranial root 
that travels with the vagus nerve (X ). 
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C ranial nerves I and II are derived from the forebrain ;  all others arise from the brain 
stem. V = visceral, referring to smooth muscle,  glands, and organs with hol low cavities; 
S = somatic, referring to the skin,  eye , skeletal , facial ,  and skeletal muscles; A = affer­
ent or sensory; E = efferent or motor Al l  motor nerves depicted include proprioceptive 
f ibers (sensory for muscle, tendon, and joint movement ) .  

VA: smell-sensitive (olfactory) receptors in roof/walls o f  nasal cavity. 

I I  SA :  l ight-sensitive (visua l )  receptors in  t h e  retina o f  the eye . 

I l l  S E :  to extrinsic eye muscles (exc. lat .  rectus and sup.  obl ique ) ;  V E :  para­
sympathetic to ci l iary and pupi l lary sphincter (eye) muscles via ci l iary 
gangl ion in the orbit .  

IV SE: to superior obl ique muscle of the eye. 

V SA:  from face via three d ivisions indicated; V E :  to muscles of mastication, 
tensor tympani ,  tensor veli pa lat in i ,  mylohyo id ,  and d igastric muscles. 

VI S E :  to lateral rectus muscle of the eye. 

V I I  VA: from taste receptors ant. tongue;  SA : from ext. ear;  VE parasympathetic 
to g lands of nasal/oral cavity, lacrimal g land (via pterygopalatine ganglion in 
fossa of same name) ,  submandibular /subl ingual salivary glands (via subman­
dibular gangl ion in  region of same name ) ;  V E :  to facial muscles , stapedius 
(m id .  ear ) .  stylohyoid , post. d igastric muscles. 

V I I I  SA:  cochlear part is sound-sensit ive; vestibular part is  sensitive to head 
balance and movement ( equi l ibrium ) .  

IX  VA :  from taste receptors post. one-third tongue; SA: from ext. ear  and ext. 
auditory canal ;  VA: from mucous memb ranes of posterior mouth,  pharynx, 
auditory tube, and middle ear; from pressure and chemical receptors in 
carotid body and common carotid artery; VE: to sup. constrictor m. of the 
pharynx, stylopharyngeus; V E: parasymp. to parotid gland (via otic gangl ion 
in infratemporal fossa) .  

X VA: from taste receptors at b ase of tongue and epiglottis; SA: from ext. 
ear and ext. aud . canal; VA: from pharynx, larynx, thoracic and abdominal vis­
cera; VE: to muscles of palate, pharynx, and larynx;  VE: parasymp. to mus­
cles of thoracic and abdominal viscera (via intramural ganglia ) .  

X I  C ranial root: joins vagus {VA to  laryngeal muscles ) ;  sp inal root ( C  1 -C5) :  inner­
vates trapezius and sternocleidomastoid muscles. 

X I I  S E :  t o  extrinsic and intrinsic muscles o f  tongue. 





PERIPH ERAL N ERVOU S  SYSTEM 

CN: Use very l ight colors for D through G .  ( 1 )  Begin with the upper illustration. 
Color all three pairs of spinal nerves as they emerge from the intervertebral 
foramina (M) .  (2 )  Color the cross-sectional view in the center. (3) Color the 
spinal nerve axons and the arrows representing direction of impulse flow. 
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Spinal nerves are collections of axons of sensory and motor neurons 
located in or adjacent to the spinal cord. They are the spinal equivalent · 
of cranial nerves. Spinal nerves arise from nerve roots that come 
di rectly off the spinal cord . The sp inal nerves and their roots are 
arranged segmentally ( from cervical to coccygeal) and bilaterally 
along the length of the spinal cord. The central relations of these spinal 
nerves/ roots can be recalled in Plates 78 and 79. The spinal nerves 
branch soon after they are formed into anterior and posterior rami. 

Axons of sensory neurons that form the major part of the posterior root 
are called central processes (see drawing of sp inal nerve axons). 
The cell bodies of these neurons form the posterior root ganglia and 
are located in or near the intervertebral foramina,  except for the sacral 
and coccygeal nerves, whose gangl ia are in the vertebral canal.  The 
peripheral processes of the sensory neurons join with the axons of 
motor neurons to form the sp inal nerves. 

The cell bodies of the motor neurons are multipolar and exist in the 
anterior horns of the spinal cord. Their axons emerge from the cord 
to form the anterior roots of the spinal nerves. 

The nerve roots join to form the spinal nerves in the region of the inter­

vertebral foramina. The nerve roots are progressively longer from cervical 
to coccygeal regions because the spinal cord does not fill the vertebral 
canal; it ends at the level of the 1 st lumbar vertebra. Thus , some spinal 
nerve roots are quite long,  remaining within the vertebral canal before 
reaching the lumbar, sacral, and coccygeal intervertebral foramina. 
The collection of these long nerve roots forms the "cauda equina" 
(recall Plate 77). 
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Spinal nerves and their  roots have fairly tight quarters. The relations of 
these nerves and roots can best be appreciated in the cross-sectional 
view. Nerve roots are vulnerable to irritation ( radicul it is) from encroach­
ing , hypertrophic bone in  the lateral recesses (degenerative joint d is­
ease) .  from bulging intervertebral discs ( degenerative disc disease) ,  or 
from cysts, meningeal tumors, and so on. With compression of axons or 
blood vessels supplying the axons, functional deficits can result ( radic­
ulopathy: sensory loss , motor loss ,  and /or  tendon reflex change). 
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PERIPHERAL N ERVOUS SYSTEM 
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CN: Use l ight colors for A and C ,  and use the same colors you used on Pl. 84 for structures 
0-F. ( 1) Color the upper two il lustrations simultaneously, in numerical sequence 1 -6 ,  
including the arrows. The small arrows at the end of the muscle segments indicate con­
traction or stretch. (2) Color the lower two i l lustrations simi larly. Note that the motor neuron 
synapsing with the inhibitory interneuron, and the related effector, are not colored. 
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A reflex is an involuntary muscle response to a stimulus. I t  is a fundamental activity of 
the nervous system; most body movements and movement of viscera are reflexive­
e.g . ,  heart rate , respi ratory rate, peristalsis of gastrointestinal motion. Spinal reflexes 
involve sensory receptors, sensory neurons. interneurons of the spinal cord, motor 
neurons, and effectors. 

The simplest spinal reflex is  a monosynaptic reflex involving two neurons and one syn­
apse (myotatic [stretch] or deep tendon reflex ) .  The reflex is activated by stretching 
the tendon of a specific muscle ,  such as the tendon of quadriceps femoris at the knee. 
This can be done with the sharp tap of a small mallet used for such purposes (or with 
the 5th-d igi t  side of a hand ) .  The receptors responsive to such a stretch are the neuro­
tendinous organs in the patellar l igament and the muscle spind les in  the belly of the 
quadriceps muscle. M uscle spindles are encapsulated, specialized muscle fibers 
within muscle bell ies that have nerve endings sensitive to muscle stretch. Impulses 
generated in these receptors ( 1 )  are conducted by sensory neurons (2) to the spinal 
cord (3) ;  these synapse in the g ray matter with the anterior horn motor neurons (4) .  
The motor neuron conducts impulses to the end plates of the effector muscle (5) .  The 
muscle contracts sufficiently, in the case of the knee reflex ("jerk" ) .  to extend the knee 
joint momentarily (6 ) .  
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Polysynaptic reflexes range from simple withdrawal reflexes to complex reflexes 
involving several segments of the spinal cord and brain. The complexity of a poly­
synaptic reflex relies on the number of interneurons in the reflex and the number of 
synaptic contacts. In this case , temperature and pain receptors respond to a sharp 
increase in heat; sensory neurons conduct the impulse to the spinal cord . An interneu­
ron receives the impulse. Branches of the interneuron excite two interneurons, 
one faci l itatory and one inhib itory. The excitatory interneuron facil itates the fir ing of 
the motor neuron that induces the extensor muscle to contract . l ift ing the fingers 
from the f lame. Simultaneously, the inhibitory neuron depresses the f ir ing of the 2nd 
motor neuron (C3) , and the antagonist flexor muscle is stretched without contracting , 
permitting the f ingers to be withdrawn from the f lame. 

KNEE JERK 
REFLEX 

muscle 

85 
See 15, 71, 72 

', ®-:-

Neurotend inous 

Extensor of hand 
(Contracting muscle) 





PER I PHERAL N ERVOUS SYSTEM 

®O�'iJ'WfJIDQ!J7J'O@{iJJ @ffr @rPOGillefJCb Gl!'.J@WW� 
S VW@®�{]@ @(ft)0Ui!J&>/1. l'.i1J@OOW§ 

8 cervical 
spinal nerves 

�5�ir:d-£e-.,_.L T1 spinal n. 

86 
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CN: ( 1 )  Begin with the upper il lustration, which is an introduction to the 
major nerve plexuses (detailed on the following three plates) formed by 
spinal nerves. Note that each nerve (shown emerging from the left half of 
the spinal cord) receives the color of the plexus to which it contributes; 
exceptions are nerves T1 and L4, which make two contributions but receive 
the color of their main grouping. Thoracic nerves (C) g ive rise to intercostal 
nerves (0) ,  represented above in the company of each rib and treated in 
more detail below. (2) Color the example of nerve coverings, taken from a 
cutaneous nerve (F1) in the cross-sectional view to the right. (3) Color the 
larger view and review the introduction to these structures on Plate 84. ...-\'Cl"{il'.l�"' 

Thi rty-one pairs of spinal nerves supply the body structure with 
sensory and motor innervat ion,  except for areas covered by cranial 
nerves. From above to below, there are 8 cervical spinal nerves 
( C 1 -C8) , 1 2  thoracic ( T 1 -T 1 2 ) ,  5 lumbar ( L 1 -L5) ,  5 sacral (S 1-S5) ,  
and one coccygeal (Co 1 ) .  There is one more nerve than vertebrae 
in the cervical spine;  C 1  passes above the C1 vertebra, C8 passes 
below the C7 vertebra. Thus ,  spinal  nerves after C6 pass below 
the verteb ra of the same number ; above C7 they pass above the 
vertebra of the same number. 

Spinal nerves ar ise from roots; once formed , they spl it into rami 
(see Plate 84 and the cross section below r ight) .  The anterior rami 
of al l  spinal nerves ( except thoracic)  form interconnecting networks 
or plexuses outside the vertebral column. The posterior ram i do not 
contribute to p lexuses. Peripheral nerves are branchings from the 
plexuses and are d i rected to geographically related parts of the 
body. The nerves of the cervical p lexus ( C 1 -C4) can be colored in 
Plate 87, the nerves of the b rachia! p lexus (C5-T1 ) in Plate 88, and 
the nerves of the lumbar plexus (L 1 -L4) and sacral plexus ( S 1 -S4) 
in Plate 89. The coccygeal p lexus (S4, SS, Co 1 )  is not shown. 

The anterior rami of thoracic spinal nerves form intercostal nerves, 
not p lexuses (see Plate 50), although T1 contributes a b ranch to 
the brachia! p lexus. An idealized cross section through the thorax 
reveals the r ing-l ike distr ibution of a "typical" thoracic spinal nerve 
(see below rig ht) .  The anterior ramus of one thoracic nerve suppl ies 
a segment of the cutaneous, subcutaneous, and musculoskeletal 
areas of the torso, and the smaller posterior ramus (along with pos­
terior rami of cervical and lumbar spinal nerves) supplies its poste­
rior wall and that of the neck. Note the formation of the cutaneous 
branches to appreciate the innervation of the skin around the body 
(see also Plate 90) .  

A cross section t h rough any nerve reveals coverings similar to 
those of muscle {P late 44) .  These f ib rous envelopes ensure physical 
security for the individual axons (endoneur ium ) ,  fascicles of neurons 
(perineur ium),  and the entire nerve (epineurium continuous with 
deep fascia) .  These cover ings also physically secure the vessels 
(vasa vasorum) and nerves (vasa nervosum) supplying the axons. 
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CN: Use d issim ilar colors for A-E. Label C has been omitted to avoid 
confusion with C 1 -C5 (spinal nerves). ( 1 )  It will be helpfu l to follow the text 
as you color the large schematic. Color each C and its respective numeral, 
as well as the directional arrows. Where two roots form a nerve, that nerve 
(and its title) receives both colors. The phrenic nerve ( F) .  formed by three 
nerves. receives its own color. (2) The sternocleidomastoid muscle, which 
lies above the spinal nerves, has been removed from the schematic but does 
appear in the cutaneous nerves il lustration. A darkly outlined rectangle 
provides a frame of reference for the material covered in the schematic. 
(3) Color the four nerves of the cervical plexus, and C5 ( bottom i l lustration) .  
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The distribution of spinal nerves from just below the neck to 
the lower abdomen is segmental and b i lateral ( Plate 86) .  In the 
neck and l imbs,  the distr ibution of spinal nerves is more irregu­
lar and occurs by way of interconnecting branches (plexus , 
a network) solely from the anterior ram i .  

The cervical plexus arises in the deep lateral neck, formed from 
the anterior rami of cervical s pinal nerves 1 through 4 ( C 1 -C4).  

C 1 sends a loop to C2; from this loop the d eepest cervical 
muscles are innervated. Other C1 f ibers pass along a length 
of the hypoglossal (XII) cranial nerve to supply the geniohyoid 
and thyrohyoid muscles. A branch of C 1 (superior root of the 
ansa cervicalis) turns inferiorly from the hypoglossal nerve to 
descend to the level of C4, where it is joined by a confluence 
of f ibers from the C2 and C3 spinal nerves ( i nferior root of the 
ansa) .  The f ibers of this loop supply the infrahyoid muscles. 

Fibers from C2 and C3 give origin to three important cutaneous 
nerves emerging from the anterior border of the mid-posterior 
triangle: the great auricular nerve destined for the external ear, 
the lesser occipital nerve to the posterolateral scal p ,  and the 
transverse (cutaneous) nerve of the neck supplying the skin 
and fascia over the anterior tr iangle ( recall Plate 48). 

Note that f ibers from C3 and C4 send medial ,  intermediate, 
and lateral supraclavicular nerves to the skin in  a broad area 
centered over the clavicle (anterolateral neck, shoulder, and 
anterior upper chest) .  They also project fibers to the trapezius 
muscle. Recall from Plate 83 that the pr imary nerve supply 
for this muscle is the spinal root of the accessory (XI) cranial 
nerve. Branches from C3 and C4 jo in with a branch from CS 

to form the phrenic nerve, which innervates the thoracic dia­
phragm ( recall Plate SO; see Plate 1 3S ) .  CS is a major contribu­
tor to the upper trunk of the b rachia! plexus. 
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See 48, 86, 88 
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CN: Use light colors for A-0. ( 1 )  In the upper il lustration, 
color the letters and numbers identifying the five roots of the 
brachia! plexus. Note but do not color the small branches of 
the plexus as you color the plexus itself. Note in the lower 

il lustration that the entire plexus is colored gray. (2 )  As you 
color each of the major nerves arising from the plexus, color 
it in the lower illustration as well. As you color each nerve, 
try to visualize it on your own limb. 
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F RIGHT SHOULDER 
R E G I O N  

(Anterior view) 

The major nerves to the structures of the upper l imb arise from 
the brachia! p lexus, formed from the anterior rami of spinal 
nerves C5-T1 (plus or  minus one leve l ) .  These rami form the 
roots of the plexus. I n  the pattern i l lustrated,  further branching 
and joining of f ibers in the neck, supraclav icular area, and 
axilla result in the formation of the five major nerves of the 
upper l imb.  

The brachia! plexus is subject to in jury (p lexopathy) from 
excessive stretching or traction ( e . g . ,  rapid , forceful pul l ing of 
the upper l imb)  and compression (e .g . ,  long-term p lacement 
of body weight on axi l lary or armpit  cushions of crutches ) .  In 
such injuries, there is g reat variation in degree of deficit ,  signs, 
and symptoms. 

The musculocutaneous nerve (C5-C7) supplies the anterior arm 
muscles and is cutaneous in the forearm. Packaged in muscle ,  
it is rarely traumatized. CS and /or C6 nerve root compression 
can weaken these muscles. The median nerve (C5-C8 ,  T 1 ; 
"carpenter's nerve" )  suppl ies the anterior forearm muscles and 
the thenar muscles. I t  can be compressed at the carpal tunnel 
( recall Pl .  35), result ing in some degree of sensory deficit to 
fingers 1 -3 and weakness in thumb movement (carpal tunnel 

PALM AR 
VIEW 

MAJOR N ERVES 
OF THE U PPER LIMB 
(Right l imb, anterior view) 

syndrome ) .  Similar complaints can be associated with a C6 
nerve root compression. 

The ulnar nerve (C8-T1 ; "musician's nerve" )  suppl ies certain 
muscles of the forearm and most intr insic muscles of the 
hand . I t  is subject to trauma as it rounds the e lbow in the 
cubital tunnel ,  possibly resulting in u lnar-side f inger pain ,  
hand weakness, or abnormal l i t t le  f inger  posit ion. S imi lar  
complaints can be associated wi th a C8 nerve root compres­
sion. The axillary nerve (C5-C6) wraps around the neck of the 
humerus to supply deltoid and teres minor. It is  vulnerable 
in fractures of the humeral neck,  possibly result ing in a weak 
or paralyzed deltoid muscle. The radial nerve (C5-C8, T 1 )  
supplies the triceps, brachioradial is ,  and posterior forearm 
(extensor) muscles moving the wrist and hand . I t  is  subject 
to damage as it rounds the mid-shaft of the humerus; signif i ­
cant nerve loss here results in "wrist d rop"  and loss of abi l ity 
to work the hand (try moving your f ingers with your wrist 
flexed hard ) .  A C7 radiculopathy is  characterized by a weak 
triceps, loss of the triceps jerk ( reflex ) ,  and numbness of the 
middle finger. See the appendix for a l ist ing of u p per l imb 
muscles and their nerve supply. 
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See 84, 86, 89 
and Appendix 
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CN: Use a bright color for J. ( 1 )  Begin witti the anterior view. 
Color the lumbar and sacral plexuses gray; note that they have 
been dotted for easy identification. Note the longest branch of 
the femoral nerve: saphenous nerve. (2 )  Color the posterior view, 
which includes almost entirely the sciatic nerve and its branches. 
The heel of the foot has been lifted to view the plantar nerves. 
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The lumbar plexus, formed from the anterior rami of L 1 - L4 spinal 
nerves, is located against the muscles of the posterior abdominal 
wal l .  The femoral nerve ( L2-L4) passes through the psoas major 
muscle in its descent ,  emerging lateral to the muscle in the pelvis. 
As the nerve passes under the inguinal l igament, i t  l ies on the 
m uscle's anterior surface. The femoral nerve b reaks up into a 
leash of nerves in the proximal thigh, supplying the four heads of 
the quadriceps femoris muscle and the sartorius muscle. M edial ly, 
the cutaneous saphenous nerve descends to the med ial knee and 
beyond to the ankle. In mid-thig h ,  it passes through the adductor 
canal into the posterior femoral compartment , with the femoral 
artery and vein ( recall Plate 63). The obturator nerve ( L2-L4) 
passes along the lateral pelvic wall on the obturator internus mus­
cle .  I t  penetrates the obturator foramen to enter the medial thigh, 
supp lying the adductor muscles. Both femoral and obturator 
nerves are subject to trauma or compression within the pelvis. 

The lumbosacral trunk (L4 ,  L5) joins with the sacral spinal nerves 
to form the sacral plexus (L4- S4).  From this plexus, the superior 
gluteal nerve (L4 ,  L5, S 1 )  passes through the g reater sciatic fora­
men,  above the p i riformis muscle, to supply g luteus medius (and 
sometimes minimus) .  The inferior gluteal nerve (L5 ,  S 1 ,  S2) comes 
into the g luteal region above p i riformis to supply g luteus maximus. 

The sciatic nerve joins the posterior femoral cutaneous nerve and 
the inferior g luteal nerve to pass through the g reater sciatic fora­
men under the p i r i formis muscle ,  deep to g luteus maximus ( but 
not innervating i t ) .  I t  descends between the ischial  tuberosity and 
the g reater trochanter of the femur. Within the posterior femoral 
com partment ,  above the knee, the sciatic nerve spl i ts into the 
t ib ial and common fibular (peroneal) nerves The tibial nerve 
suppl ies the posterior leg muscles and the p lantar muscles of the 
foot . The common fibular nerve supplies the lateral leg muscles 
( superficial f ibu lar nerve) and the muscles of the anterolateral 
leg compartment (deep f ibular nerve) .  
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See 84, 86, 90 
and Appendix 
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CN: ( 1 )  Beg in with the diagram at left, depicting sensory innervation of an area of skin 
(dermatome) and the degree of overlap among contiguous spinal nerve cutaneous branches and 
the dermatomes they supply. Color gray the three spinal nerves and the rectangu lar borders of the 
related dermatomes. Note the overlap. (2) Use very light colors for the five groups of dermatomes. 
Use one color for all dermatomes with the letter V, another color for the dermatom&s marked with a 
C, and so on with T, L, and S. Suggestion: carefu lly outline the collection of C dermatomes with the 
color used for C, then color in the enc losed area, focusing on the skin areas serviced by the 
related spinal nerve; repeat with T, L, and S dermatomes. 
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A dermatome is an area of sk in (cutaneous area) supp lied by the sensory axons 

ANTERIOR 
V I EW 

L 3  of a single spinal nerve o r  a single division of the trigeminal ( V  cranial) nerve. The 
body surface is  g lobal ly covered by sensory receptors. The dermatomes constitute 
a map of cutaneous innervat ion. Testing of general sensations ( hot , cold ,  touch,  
pressure) and pain can help determine deficits i n  specific dermatomes. The accu­
racy of dermatomal representation has been corroborated in cases of spinal sen­
sory root/nerve deficit ( radiculopathy) ,  trigeminal nerve irritation (tr igeminal 
neuralgia) ,  and spinal cord deficits ( myelopathy). 

Knee k ) 

In the case of spinal nerves and the tr igeminal nerve , there is overlap among 
cutaneous branches of neighboring sensory axons. Thus, two branches of different 
spinal nerves or d ivisions of the tr igeminal nerve cover the border zone between 
pairs of cont ig uous dermatomes. 

In the case of pain ,  it is important to understand that dermatomes reflect only 
cutaneous pain and pain referred to the skin (e .g . ,  visceral pain, spinal or tr igeminal 
sensory nerve root pain) .  Commonly, pain of visceral origin may be referred to 
cutaneous areas served by the same spinal sensory nerve(s) as those supplying 
the visceral structure . For example ,  the pain of an inflamed l ining of the lung ( pleu­
risy) ,  which is innervated by C3-C5 spinal nerves ( ph renic nerve) ,  may be felt dur­
ing deep inspiration in the cervical dermatomes C3-C5 (usually along the 
supraclavicular nerve d istr ibution ) .  

Final ly, note that ( 1 )  C 1 has no dermatome because it has  no  sensory root; (2 )  C4  
and T2 dermatomes overlap the chest wall because the  spinal nerves C5-T 1  are 
largely committed to the upper l imb;  and (3) the same is true in the low back and 
perineum with respect to sp inal nerves L4-S2,  which are largely committed to 
the lower l imb.  
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CN: Use your l ightest colors for A and E. ( 1 )  Begin with the overview of a sensory 
pathway. (2 )  Color the general exteroceptors. Note that each receptor is connected to 
a sensory neuron (B)  of a d ifferent color. (3) Color the propr ioceptors in the lower illus­
tration. Color over the entire muscle spindle, but not the surrounding muscle fibers. 

Sensory receptors provide information to the brain about the internal and 
external environment of the body. Most receptors are transducers: they convert 
mechanical ,  chemical , electr ical ,  or light st imul i  to electrochemical impulses 
that can be  conducted by the nervous system. Once generated, informational 
or  sensory impulses travel to the CNS via sensory neurons, ult imately reaching 
the thalamus. Here impulses are relayed to the sensory cortex (conscious 
interpretation) or to motor centers for appropriate ( reflexive) response. 
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Exteroceptors are located near the body surface. Special exteroceptors (not 
shown) include photoreceptors of the retina ( l ight stimuli; Plate 95), taste 
receptors (chemical st imul i ;  Plate 1 00) ,  and auditory receptors ( sound st imuli ;  
Plate 98) . General exteroceptors are cutaneous sensory endings. They are 
either encapsulated or free. Free nerve endings, either single or in networks, 
are found in  the epidermis and virtually all of the connective tissues of the body. 
Free endings may serve as thermoreceptors ( heat /cold ) ,  mechanoreceptors 
( l ight touch ) ,  or pain receptors ( nociceptors) .  Free endings may be specialized, 
as with the M erkel cel l  end ings (see Plate 1 8) and the spiral endings around 
hair follicles sensitive to hair movement. 
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P roprioceptors are found i n  deeper tissues (e .g . , superficial fascia, deep 
fascia, tendons, l igaments , muscles, joint capsules) of the musculoskeletal 
system . They are sensitive to stretch, movement, pressure, and changes in 
position. The Pacinian corpuscles are large lamellar bodies acting as mechano- � receptors: distortion of their onion skin-like lamellae induces generation of an 
electrochemical impulse. Muscle spindles, sensitive to stretch, consist of two 
types of special muscle f ibers ( nuclear bag and nuclear chain) entwined with 
spiral or flower-spray sensory endings. Stretch of these sp ind les (and t11e skel­
etal muscle in  which they are located) induces discharge in the sensory fibers. 
These impulses reach the cerebel lum.  Reflexive motor commands tighten the 
special muscle f ibers and increase resistance of the skeletal muscle to stretch. 
By these spindles,  the CNS controls muscle tone and muscle contraction. Neu­

rotendinous organs (Golg i )  are nerve endings enclosed in capsules located at 
muscle/ tendon junctions or in tendons. They are induced to generate electro- Spiral 
chemical impulses in response to tendon deformation or stretch. sensory ending 

lnteroceptors (not shown) are free or encapsulated nerve endings, often in 
association with special epithelial ce l ls ,  located in the walls of  vessels and 
viscera. These receptors include chemoreceptors, baroreceptors (pressure) ,  
and nociceptors, They are not  usually sensitive to the st imul i  to  which 
exteroceptors react. 

SENSORY 
PATHWAY 
(Schematic) 
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AUTONOMIC OR V ISCERAL NERVOUS SYSTEM 

'S1f�CPt.�YflOD&l?O@ ®DWO�O@@ (1)) 
CN: This plate is part one of a two-part presentation of the sympa­
thetic division , and many structures with the same titles and sub­
scripts on this and the next plate should receive the same color. 
( 1 )  Begin with the schematic of the spinal cord segments contain­
ing the cell bodies of preganglionic neurons. These neurons (not 
shown) leave the spinal cord to enter or pass through the sympa­
thetic chain. (2) Color the sympathetic chain and relations at 
upper right. (3) Color the pathways of the preganglionic and 
postganglionic neurons below. (4 )  Color the inset illustration. 
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SPINAL CORD 
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The autonomic nervous system (ANS;  also visceral nervous 
system or VNS) is a part of the per ipheral nervous system 
(PNS ) .  responsible for the innervation of smooth muscle and 
glands in viscera and skin and of specialized cardiac muscle. 
It is a motor system uniquely characterized by two-neuron 
linkages and motor gangl ia ( p re- and post-gangl ionic neu­
rons) .  Sensory impulses from viscera are conducted by 
typical sensory neurons not g eneral ly described with the ANS 
but considered part of the VNS. The symp athetic (thoraco­
lumbar) division of the ANS is concerned with degrees 
of " f ight or f l ight" responses to st imul i :  pup i l lary d i latation , 
increased heart and respiratory rates, increased blood flow 
to brain and skeletal muscles, and other related reactions. 

The cell bodies of p regangl ion ic neu rons are restricted to 
the lateral horns of the spinal cord segments Tl through L2. 
The axons of these neurons leave the cord via the anterior 
roots ,  join with spinal nerves for a very short d istance, and 
turn medially to enter the sympathetic chain of ganglia v ia 
the white communicating rami (white because the axons are 
myelinated and "white " ) .  The chain is located b i laterally 
alongside the vertebral column (see inset i l lustration) .  Once 
in the chain, the pregangl ionic axons can take one or more 
of four courses: ( 1 )  synapse with the postganglionic neuron at 
the same level it entered the chain; (2)  ascend and synapse 
at a h igher level of the chain; (3)  descend and synapse at a 
lower level of the chain;  (4 )  p ass stra ight through the chain,  
forming a nerve that runs from the chain to the front of the 
vertebral column (splanchnic nerve) .  and synapse with a 
postganglionic neuron there (prevertebral ganglia) .  

The postganglionic neuron within the chain leaves v ia the 
gray communicating ramus to join the spinal nerve. There 
are g ray rami b i laterally at every seg ment of the spinal cord; 
white rami exist only from T1  to L2. G ray rami are so called 
because the resident axons are unmyel inated and col lec-
tively have a duller color than those of the white rami .  Post­
ganglionic axons from prevertebral gangl ia travel in a plexus 
configuration to the viscus they supply. Plate 92 puts this 
division into a more meaningful perspective. 

SYMPATHETIC 
STRUCTURES 
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Abdominal 

0 0 
0 0 Le 

' -,-

. . ' . . 

. . . . . . 

J(/ ANTERIOR VIEW 
(Schematic) 

PATHWAYS OF PREGANGLIONIC 
AND POSTGANGLIONIC NEURONS 

(Schematic) 

92 
See 84 





AUTONOMIC OR V ISCERAL N ERVOUS SYSTEM 
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CN: Use the same colors as you used on the preceding plate for 
preganglionic neurons (B ) ,  splanchnic nerves (0) , and postgangli­
onic neurons (G ) ,  al l of which have been g iven the subscripts they 
had on Plate 92. First orient yourself to this diagram. Note the spinal 
cord in the center with sympathetic chains of gangl ia on either side. 
Not al l connections of both chains are shown. Here, the pathways on 
the left are to the skin. Pathways on the right are to viscera in the 
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head and body cavities. Start with the preganglionic neurons on the 
left (B) and color the chain and related parts ( G ,  G 3) on the left. 
Then read the related text. Color the preganglionic neurons (B) on 
the right and the splanchnic nerves (0) to the abdominal viscera. 
Color the postganglionics (G, G 1, G 2) to the head and thorax, and 
then the postganglionics (G4, G5) from the prevertebral gangl ia to 
the abdominal and pelvic/perinea! organs. 

SYMPATHETIC D I V I S I O N  

(Schema showing the  following) 

1 Bilateral chains of ganglia with white rami connections to spinal cord. 

93 
See 92, 155 
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Each chain has both connections (2) and (3) ,  and they are mirror-images of one another. 

2 Left chain with postganglionic connections to skin.  

3 Right chain with splanchnic nerves/postganglionic connections to viscera. 
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Sym pathetic innervation of  skin (and viscera as wel l )  begins 
with the preganglionic neurons in  the thoracolumbar part of 
the spinal cord . The axons leave the cord via the anterior rami 
of spinal nerves, enter and leave the spinal nerves to join the 
white communicating rami .  These rami bring the axons into 
the sympathetic chain. Axons from the upper thoracic cord 
ascend the chain up to the h ighest gangl ion (superior cervical 
ganglion at the level of the first cervical vertebra) .  Axons from 
the lower thoracic and upper lumbar cord enter the chain and 
descend as far as the lowest gang l ion (gangl ion impar at the 
level of the coccyx) .  At every level of the chain ( roughly coinci­
dent with sp inal cord segments) ,  the pregangl ionic axons syn­
apse with postganglionic neurons. The postganglionic axons 
leave the chain via the g ray communicating rami ,  enter the 
spinal nerves from C 1 through Co 1 ,  and reach the skin via 
cutaneous branches of these nerves .  These axons induce 
secretory activity in sweat glands, contraction of arrector 
pili muscles, and vasoconstriction in skin arterial vessels. 

Postganglionics to the head (vessels and glands) leave the 
superior cervical ganglia and entwine about arteries enroute 
to the head (in the absence of spinal nerves) to reach their tar­
get organs. Postganglionics to the heart and lungs leave the 
upper gangl ia  of the chain, reaching these organs via cardiac 
nerves and the pulmonary plexus. These neurons act on heart 
muscle and the cardiac conduction system to increase heart 
rate; they induce relaxation of bronchial musculature, faci l i ­
tating easier breath ing . 

Preganglionics to abdom inal and pelvic viscera leave the cord 
at  levels T5-L2, enter the white communicating rami ,  and pass 
through the sympathetic chain without synapsing.  They form 
three pairs of splanchnic nerves between the chain and the 
prevertebral ganglia on the aorta. These axons synapse with 
the postgang lionic neurons in the prevertebral ganglia. The 
axons of these neurons reach for smooth muscle, inducing 
contraction of sphincters and decreasing intestinal moti l i ty, 
relaxing bladder muscle and constricting the urinary sphinc­
ter. These axons stimulate the adrenal medul la to secrete 
mostly epinephrine and some norepinephr ine,  stimulate 
secretion of g lands and muscle contraction in the male geni­
tal ducts (ejaculation ) ,  and stimulate uterine contractions .  
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CN:  Continue using the same colors you used on Plates 9 1  and 92 for sub­
scripts B, D .  and G.  Use a br ight color for E. This drawing shows the parasym­
pathetic scheme on one side of the body only ( nerve distribution is identical for 
both sides). ( 1 )  Start with the preganglionic neurons in the head and work 
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LOCATION OF GANGLIA 
IN THE ANS 

SYMPATHETIC PARASYMPATHETIC 
DIVISION DIVISION 

(Action functions) (Vegetative functions) 
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through the postganglionic neurons. noting the structures innervated. Note par­
ticularly the extensive pattern associated with the vagus nerve. (2) Continue 
with the sacral preganglionics and postganglionics. noting the target organs. 
(3 )  Color the d iagram describing g anglia location in the two ANS divisions. 
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PARASYMPATHETIC DIVISION 

(Schema showing only one side) 

The parasympathetic division of the ANS is concerned with vegetative func­
tions-e.g . ,  it encourages secretory activity on the body's mucous and 
serous membranes. promotes d igestion by increased peristalsis and glan­
dular secretion, and induces contraction of the urinary bladder. 
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�\ The parasympathetic pregangl ionic neuronal cell bodies in the head are 
located in the brain stem associated with certain cranial nerves. The pre­
ganglionic axons leave the brain stem with their cranial nerve and synapse 
at one of the cranial ganglia. The postganglionic neurons tend to be short, 
terminating in salivary glands and other g lands of the nasal and oral cavi­
ties. The preganglionic fibers associated with the vagus (X cranial) nerve 

are unusually lon g ,  descending the nec k ,  the esophagus,  and through the 
esophageal hiatus to the gastrointestinal tract. The axons of these neurons 
extend as far as the d escending colon. The ganglia are in the muscular 
walls of the organ they supply (intramural ganglia) ;  the postgang lionic 
axons are very short, ter minating in smooth muscle and g lands. 

The cell bodies of the sacral preganglionic neurons are located in the lateral 
horns of sacral segments 2,  3, and 4 of the sp inal cord . Their axons leave 
the cord via the anterior ram i but form their own nerves, called the pelvic 
splanchnic nerves (nervi erigentes) .  These nerves project to the pelvis, mix 
with sympathetic postgangl ionics in  the pelv ic  plexus, and depart for their 
target organs. They synapse with the postgangl ionic neurons in intramural 

ganglia in the walls of the organ suppl ied.  These f ibers stimulate contrac­
tion of rectal and b ladder musculature and induce vasodi latation of vessels 
to the penis and c l itoris (erection ) .  

The parasympathetic and sympathetic d iv is ions of the autonomic nervous 
system are not antagonist ic. Their respective activities are coordinated and 
synchronized to achieve dynamic stabi l ity of body function during a broad 
range of l i fe functions ,  such as eating ,  runnin g ,  fear, or relaxation. 
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CN:  Use orange for E, yellow for G ,  red for M, blue for N, and very 
light colors for C .  H, I, J, and K .  ( 1 )  Color the sagittal section of the 
eyeball and the uppermost i l lustrations simultaneously. Arteries (M)  
and veins (N )  are too narrow to  be colored on the  surface of the 
retina in the sagittal section. (2) When coloring the retinal layers , 
color gray the arrows ( in  dark outlines) representing the nerve 
impulse. Highest 
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(Mod1f1ed) 

The eye is a layer of photoreceptor cells and associated neurons ( retina) pack­
aged within a white, f ibrous, rubber l ike p rotective globe (sclera) that is  trans­
parent in  front ( cornea) . The cornea, composed of five layers of epithel ia and 
fibrous t issue, is  the c hief refractive medium of the eye, focusing l ight rays 
onto the ret ina. The lens ( t ightly packed , encapsulated non-elastic lens f ibers 
derived from epithel ial ce l ls )  also refracts l ight ,  and up to middle age, it can 
vary its shape (and refractive index ) .  The aqueous humor( extracellular f luid) 
f i l l ing the anterior and posterior chambers of the eye, and the more gelatinous 
(99% water) vitreous humor taking up 80% of the globe's volume, function as 
refractive media. The inner surface of the posterior two-thirds of the sclera is 
l ined with a vascular, h ighly p igmented layer ( choroicli that absorbs and pre­
vents scattering of l ight.  The choroid thickens anteriorly as the pigmented, 
fibromuscular ciliary body that surrounds the lens. The c i l iary body projects 
outpocketings (processes) to which suspensory ligaments from the lens 
attach .  On the anterior aspect of the c i l iary body, a th in ,  pigmented , epithel ial 
and f ibromuscular layer {iris) ci rcumscribes the hole (pupil) in  front of the lens. 

The retina l ines the posterior half  of the inte rior of the globe, and a bit more , 
·ending anteriorly at the ora serrata. At the retinal end of the optic axis ,  there is 
a yellow pigmented area ( macula lutea) within which is a depressed area 
called the fovea centralis. Under l ighted condit ions, this is the center of great­
est visual acuity ( clarity of form and color ) ,  reflecting a dense accumulation of 
color-sensitive cel ls ( cones). A bout 3 mm to the nose side of the macula,  
axons of the nerve f iber layer stream out through the optic disc to become the 
optic nerve. The optic disc i s  devoid of l ight-sensitive cel ls and is therefore a 
bl ind spot. The pigmented layer of the ret ina ( refreshing pigment to the adja­
cent rods/cones) is closest to the choroid. The photoreceptor layer consists of 
cone cells (sensitive to form and color) and color-insensitive rod cells pos­
sessing great sensitivity to l ight .  Bipolar cells receive and mediate input from 
rod and cone cel ls and conduct resultant impulses to the ganglion cell layer. 
Among these two more-peripheral layers are interwoven numerous horizontal 
cells (not shown for visual c larity) that inf luence neuronal activity. The axons of 
the ganglion cel ls , the final common pathway of retinal activity, form the fibers 
of the optic nerve. 
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SPECIAL S ENSES 
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CN: Use the same colors as were used on the previous plate (with d ifferent sub­
scripts) for structures J, K ,  L ,  M, N1 , and 0. Use light colors for A, G, H, and I. Note 
that various structures in the central i l lustration also appear in the i l lustration below it. 
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Fluid (tears) interfacing the conjunctivae of the eyelid ( palpebra) and the 
cornea faci l itate easy movement of the l ids over the cornea without inducing 
irritation. Tears also function as a vehicle for moving epithelial debris and 
microorganisms from the corneal surface and undersurface of the eyelids into 
the nasal cavity via the lacrimal apparatus. Thus , there is  an anatomic basis 
for blowing your nose after a good cry. The absence of tears can cause 
remarkable pain and even b lindness. The principal g land for tears is the 
lacrimal gland, located in the anterior, superior and lateral (temporal )  aspect of 
the orbit. Other glands and sources of tears include unicellular (goblet) g lands 
of the conjunctiva and tarsal glands of the l ids.  E pisodic blinking ( rapid cycle 
of l id approximation and retraction) maintains a film of tears on the conjunctiva 
and resists "dry eye. "  Routine closing of the lids occurs with muscle relax­
ation; energetic closure req uires the orbicularis oculi muscle.  Retraction of 
the eyel ids is accompl ished by smooth muscle f ibers (tarsal muscle of Mul ler ;  
sympathetic innervation) and the levator palpebrae muscle in the upper l id .  
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Aqueous humor is a f lu id in the anterior and posterior chambers of the eye, 
secreted by cel ls of the ciliary processes (see lowest drawing ) .  Fluid and 
electrolytes also enter by diffusion from the ciliary body Aqueous humor i s  a 
clear, plasma-like f luid (but constituted differently). It is filtered into the canal 
of Schlemm (scleral venous sinus ) ,  a modified vein f i l led with fibrous trabecu­
lae, located at the sclero-corneal junction. Fluid in  the canal d rains into nearby 
veins. O bstruction to d rainage is one of several causes of increased intraocu­
lar pressure, in which the increasing pressure in the anterior / posterior cham­
bers presses on the lens, which presses on the vitreous (99% water) body. 
As water cannot be comp ressed, pressure is appl ied to the contiguous retina. 
Unrelenting pressure compresses vessels to the axons and neurons of the 
retina, damages neurons, and can result in  b l indness (g laucoma). 
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CN: Use l ight colors for A-F, H. and I. Use contrasting colors for 
J and K. ( 1 )  After coloring each eye muscle, color its functional 
arrow in the upper diagram. (2 )  In  the drawing on ciliary action, 
color only the contracted ciliary muscles. (3) Carefully color the 
diagram below, noting that only the first titles (visual field) 
receive J and K colors. The rest of the titles are left uncolored, 
but use the two colors on the structures to which they refer. 

@£3iJ'OOt%@@f!:!JfbtJ:JOO �®@&(b@� -,· -
§>QD�@OOO@fXi w@@'U'QD@ C&Q,§W)a)A 
DGLO�§®O@® OO@@'U'QD@ (@)§[p�o)B  
[1,IJ::i'f]@(XJ(ij(b OO§@uOD@ (�®®o)c 
Gbi)@@0<%[b fKJ§@'i]'{![)@ (�@@o) D 

@QD0)@®0@00 @@ISOC§}QO§ (@@'ifoWo) E  
OGLO@�OOO@@ @®(1,0@)QD@ (®@Uo (bo) F 

The extraocular (extrinsic) muscles of the eye provide for a remarkable track­
ing capacity of the eye. CNS mechanisms permit  conjugate (binocular) move­
ment of both eyes. Slowed, incomplete, or absent movement of one eye during 
tracking movements suggests cranial nerve dysfunction or muscle/tendon 
incarceration, as _might occur in  an orbital p late fracture. The true functions 
of these muscles is more complex than shown, one reason being eye rotation 
and torsion requiring mult ip le muscle action .  Deviation from co-equal 
alignment of the eyes is cal led strabismus. 
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The intrinsic muscles are located in the c i l iary body (ci l iary muscle) and the ir is 
(pupi l lary d i lator and sphincter ) .  Contraction of the ciliary muscles ( 1 )  wrinkles 
the cil iary body tissue and puts slack in the p rocesses, giving laxity to the sus­
pensory l igaments (2) and permitt ing the lens to round up on its own accord 
(tension in lens f ibers) (3) .  These muscles function (by parasympathetic inner­
vation) during near vision in  which g reater refractivity is desired. The dilator 

pupillae consists of myoepithel ial cel ls that pul l  the ir is toward the ci l iary body, 
di lating the pupi l  (sympathetic innervation ) .  The sphincter pupi//ae circum­
scribes the inner i ris ;  its contraction constricts the i r is ,  narrowing the pupi l  
(parasympathetic innervation) .  See the u ppermost d rawing. 
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As you color the lower d iagram, note that the axons (K2) from the retinas on the 
temporal s ide of the optic axis do not cross at the chiasma. Note further that an 
expanding tumor of the hypophysis is l ikely to impair visual acuity in  the tem­
poral visual fields only ( "tunnel vision" ) .  The thalamus functions as a visual 
relay center, informing mult ip le memory areas and other centers ol the stimu­
lus. The superior colliculi are visual reflex centers , making possible rapid head 
and body movements in response to a visual threat. Finally, note that the image 
of the stimulus impinging on the visual cortex ( K / J )  is the reverse of that which 
was actually seen (J/ K) .  Integration of visual and memory centers at the visual 
cortex makes possible perception of the image as actually seen. 
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CN: Use yellow for Z, and l ight colors for 
A, B, G, I ,  M, N .  W, and X. The view of 
the internal ear is magnified in the upper 
illustration for coloring purposes. Color 
your way down the plate . beg inn ing with 
the diagram at the top. 
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The ear is the organ of hearing and equi l ibr ium (aud itory and vest ibular 
systems).  It is organized into externa l ,  middle ,  and internal parts. The 
external ear includes the auricle (col lector of sound energy) and the 
external auditory meatus or canal (a narrow passageway conducting 
sound energy to the tympanic membrane) .  This membrane, l ined exter­
nally by skin and internally by respi ratory mucosa, converts sound 
energy into mechanical energy by resonating in  response to incoming 
sound waves. 
The middle ear is a small area f i l led with much structure, including three 
small bones ( malleus, incus, stapes) joined together by synovial joints. 
These ossicles vibrate with movement of the tympanic memb rane, and 
amplify and conduct the mechanical energy imparted to them to the 
waters of the inner ear at the flexi b le ,  water-tight oval window (middle 
ear / inner ear interface) .  At  the anterior-medial aspect of the middle ear 
cavity, the auditory tube runs to the nasopharynx, permitt ing equi l ibra­
tion of air pressure between nasal cavity (outside) and the middle ear. 
The internal ear, carved out within the petrous portion of the temporal 

TECTORIAL MEMBRANE 
AND ORGAN OF CORTI 

Vestibulocochlear 
nerve (V I I I ): 

bone , consists of a series of interconnecting bony-walled chambers 
and passageways ( bony labyrinth: vestibule, semicircular canals. and 
cochlea) f i l led with peri lymph (extracel lular- l ike)  fluid . Within the bony 
labyrinth is a series of interconnecting memb ranous chambers and 
passageways (membranous labyrinth. saccule, utricle, cochlear duct, 
and semicircular ducts) .  f i l led with endolymph ( intracel lular- l ike f luid ) .  
The endolymphatic duct, derived from t h e  saccule, ends in a bl ind sac 
under the dura mater near the internal auditory meatus (see Plate 25) .  
I t  drains endolymph and discharges i t  into veins in the subdural space. 
Within the coiled , membranous cochlear duct, sup ported by bone and 
the f ibrous basilar membrane, a ribbon of specia l ized receptor (hair) 
cells e xists integ rated with supporting cel ls ,  both covered with a f lexible, 
f i brous glycoprotein blanket (tectorial membrane) . This device ( Organ of 
Corti) converts the mechanical energy of the oscil lating tectorial mem­
brane scraping against the receptor hair cel ls into electrical energy. The 
impulses generated are conducted along b i polar sensory (auditory) 
neurons of the VIII cranial nerve. ( Continued on the next plate . )  
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CN: Titles with subscripts 1, 2, and 3 require new 
colors; all other subscripts (A-Z) refer to titles and 
colors used on the preceding plate, which should be 
frequently referred to when using those same colors 
on this plate. ( 1 )  Color the numerals with the appro­
priate color as you follow the seq uence of events in 
the simplified diagram to the right. See the previous 
plate for the more accurate anatomical structure. (2 )  
Color the parts of the vestibular system concerned 
with the maintenance of dynamic and static balance. 

CONVERSION OF SOUND WAVES 
TO ELECTROCHEMICAL IMPULSES 

(Schematic) y v u 

I n  review: the external ear collects sound waves and rifles them to 
the tympanic membrane, which converts the sound energy into 
mechanical energy. The l inkage of ossicles increases the amplitude 
of the energy and transmits the force to the oval window of the bony 
labyrinth of the inner ear. Vibratory movements of the stapes in the 
window are transmitted to the peri lymph of the vestibule of the bony 
labyrinth, creating wave-like motions of the f lu id.  These waves 
spread throughout the vest ibule ,  then enter and move through the 
sea/a vestibuli of the cochlea to the helicotrema at the apex of the 
cochlea (2V2 turns) and on around to the sea/a tympani, which 

terminates at the round window. Here, f lu id waves and vibrations are 
dampened. The f luid motion in the scala vestibul i  vibrates the roof of 
the memb ranous cochlear duct, creating endolymph waves in the 
cochlear duct. This motion stirs the tectorial membrane, which rubs 
against and bends the hair- l ike processes of the receptor (hair) 
cells, depolarizing them and inducing electrochemical impulses. 
These impulses are conducted by the sensory neurons of the 
cochlear division of the VIII cranial nerve. Stimulation of the hair 
cells from the apex of the cochlea to the base produces a contin­
uum of increasingly high-p itched sound perceptions. 

99 
See 78, 79, 98 
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In review: the vestibular system is located in the inner ear. The bony semicircular 
canals are oriented at 90° to one another. Within these canals are the mem­
branous semicircular ducts. Directly communicating with the utr icle at one end , 
each duct terminates at the other end in an ampulla . Within the saccule/utricle 
and the ampul lae are sensors responsive to f luid (endolymph) movement. Each 
ampul la has a hi l lock of cells ( Crista or crest) consisting of receptor ( hair) and 
supporting cells. The hair-like processes of these receptor cel ls are embedded 
in a top-heavy, gelatinous cupola ( l ike an inverted cup) .  Movement of endolymph 
in  response to head turn ing,  and especial ly rotat ion. pushes these cupolas, 
bending the hair cells and causing them to depolarize, generating an electro­
chemical impulse.  The impulses travel out the vestibular part of the VIII nerve to 
the vestibular nuclei  i n  the lower brain stem. When the body is rotated rapidly, 
horizontal , oscil latory eye movements occur (nystagmus) .  These eye movements 
are mediated by ampullary sensory input to the brain stem. Such movements 
represent the brain's attempt to maintain spatial orientation ( by momentary visual 
fixation) dur ing head and/or body rotation . Sensations of rotat ional movement in 
the absence of body rotation are cal led vertigo. 

Within the utr ic le /saccule, hair cells and their supporting cells are covered with 
a gelatinous layer in which are embedded smal l calcareous bod ies (otoliths). 
Movement of the endolymph induces movement of the gelatinous layer against 
the hair cells, with responses identical to those of the ampul lary receptors. 
Receptor activity in  the utr icle/saccule is inf luenced by l inear (horizontal and 
vertical but non-rotational) acceleration of the body. Vest ibular receptors have 
strong neural connections with cranial nerve nuclei concerned with eye move­
ment and with postural motor centers. 

LINEAR 
MOVEMENT 

(Stalic balance) 

� ) ) ,!( !, J / / . ' 1 
' �ti I 

\ .: I �j 
Posture 

._,, 
Nerve 

impulse 





PER IPH ERAL N ERVOUS SYSTEM 

C N :  Use l ight colors throughout. ( 1 )  Beginning with the 
first cranial nerve, color the title on the left; the large Roman 
numeral, the cranial nerve (cut) ,  and the related function 
arrow at lower left; and the Roman numeral and accompany­
ing il lustration at upper right. The illustrations generally 
depict target organs/areas. (2) Note carefully the direction 
of the function arrows at lower left (sensory/afferent is 
incoming; motor/efferent is outgo ing) .  (3)  The accessory 
nerve (X I )  has two roots: a spinal root and a cranial root 
that travels with the vagus nerve (X ). 
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C ranial nerves I and II are derived from the forebrain; all others arise from the brain 
stem. V = visceral, referring to smooth muscle,  glands, and organs with hol low cavities; 
S = somatic, referring to the skin,  eye, skeletal , facial ,  and skeletal muscles; A = affer­
ent or sensory; E = efferent or motor Al l  motor nerves depicted include proprioceptive 
f ibers (sensory for muscle, tendon, and joint movement ) .  

VA: smell-sensitive (olfactory) receptors in roof/walls o f  nasal cavity. 

I I  SA :  l ight-sensitive (visua l )  receptors in  t h e  retina o f  the eye. 

I l l  S E :  to extrinsic eye muscles (exc. lat .  rectus and sup.  obl ique ) ;  V E :  para­
sympathetic to ci l iary and pupi l lary sphincter (eye) muscles via ci l iary 
gangl ion in the orbit .  

IV SE: to superior obl ique muscle of the eye. 

V SA:  from face via three d ivisions indicated; V E :  to muscles of mastication, 
tensor tympani ,  tensor veli pa lat in i ,  mylohyo id ,  and d igastric muscles. 

VI S E :  to lateral rectus muscle of the eye. 

V I I  VA: from taste receptors ant. tongue;  SA : from ext. ear;  VE parasympathetic 
to g lands of nasal/oral cavity, lacrimal g land (via pterygopalatine ganglion in 
fossa of same name) ,  submandibular /subl ingual salivary glands (via subman­
dibular gangl ion in  region of same name ) ;  V E :  to facial muscles , stapedius 
(m id .  ear ) .  stylohyoid , post. d igastric muscles. 

V I I I  SA:  cochlear part is sound-sensit ive; vestibular part is  sensitive to head 
balance and movement ( equi l ibrium ) .  

IX  VA :  from taste receptors post. one-third tongue; SA: from ext. ear  and ext. 
auditory canal ;  VA: from mucous memb ranes of posterior mouth,  pharynx, 
auditory tube, and middle ear; from pressure and chemical receptors in 
carotid body and common carotid artery; VE: to sup. constrictor m. of the 
pharynx , stylopharyngeus; V E: parasymp.  to parotid gland (via otic gangl ion 
in infratemporal fossa) .  

X VA: from taste receptors at b ase of tongue and epiglottis; SA: from ext. 
ear and ext. aud . canal; VA: from pharynx, larynx, thoracic and abdominal vis­
cera; VE: to muscles of palate, pharynx, and larynx; VE: parasymp. to mus­
cles of thoracic and abdominal viscera (via intramural ganglia ) .  

X I  C ranial root: joins vagus {VA to  laryngeal muscles ) ;  sp inal root (C 1 -C5) :  inner­
vates trapezius and sternocleidomastoid muscles. 

X I I  S E :  t o  extrinsic and intrinsic muscles o f  tongue. 





PERIPH ERAL N ERVOU S  SYSTEM 

CN: Use very l ight colors for D through G .  ( 1 )  Begin with the upper i l lustration. 
Color all three pairs of spinal nerves as they emerge from the intervertebral 
foramina (M) .  (2) Color the cross-sectional view in the center. (3) Color the 
spinal nerve axons and the arrows representing direction of impulse flow. 
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Spinal nerves are collections of axons of sensory and motor neurons 
located in or adjacent to the spinal cord . They are the spinal equivalent · 
of cranial nerves. Spinal nerves arise from nerve roots that come 
directly off the sp inal cord . The sp inal nerves and their roots are 
arranged segmentally ( from cervical to coccygeal) and bilaterally 
along the length of the spinal cord . The central relations of these spinal 
nerves/ roots can be recalled in Plates 78 and 79. The spinal nerves 
branch soon after they are formed into anterior and posterior rami. 

Axons of sensory neurons that form the major part of the posterior root 
are called central processes (see drawing of spinal nerve axons) .  
The cel l  bodies of these neurons form the posterior root ganglia and 
are located in or near the intervertebral foramina,  except for the sacral 
and coccygeal nerves, whose gangl ia are in the vertebral canal.  The 
peripheral processes of the sensory neurons join with the axons of 
motor neurons to form the sp inal nerves. 

The cell bodies of the motor neurons are multipolar and exist in the 
anterior horns of the spinal cord . Their axons emerge from the cord 
to form the anterior roots of the spinal nerves. 

The nerve roots join to form the spinal nerves in the region of the inter­

vertebral foramina. The nerve roots are progressively longer from cervical 
to coccygeal regions because the spinal cord does not fill the vertebral 
canal; it ends at the level of the 1 st lumbar vertebra. Thus , some spinal 
nerve roots are quite long,  remaining within the vertebral canal before 
reaching the lumbar, sacral, and coccygeal intervertebral foramina. 
The collection of these long nerve roots forms the "cauda equina" 
(recall Plate 77). 
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Spinal nerves and their roots have fairly tight quarters. The relations of 
these nerves and roots can best be appreciated in the cross-sectional 
view. Nerve roots are vulnerable to irr itation ( radicul it is) from encroach­
ing , hypertrophic bone in  the lateral recesses (degenerative joint d is­
ease) .  from bulging intervertebral discs ( degenerative disc disease) ,  or 
from cysts, meningeal tumors , and so on.  With compression of axons or 
blood vessels supplying the axons, functional deficits can result ( radic­
ulopathy: sensory loss, motor loss ,  and /or tendon reflex change). 
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CN: Use yellow for H and l ight colors for A, B, C, G ,  and I .  
( 1 )  D o  not color the taste buds in the circumvallate papillae 
in the modified section at r ig ht. (2) In the lowest il lustration, 
color over the neurons within the olfactory bulb. 
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Taste receptors (taste buds) are located within the 
stratified squamous epithel ial l in ing of the sides (moats ) 
of circumvallate, foliate (not shown ) .  and fungiform 
papillae on the tongue and, to a lesser extent, on the 
soft palate and l ingual side of the epig lottis. They are 
not seen in the tiny f i l iform papi l lae.  Each taste bud 
consists of a number of receptor cells and their  sup­
porting cells. The apex of this oval cel l  complex faces 
the moat; here it opens on to the papi l lary surface via a 
taste pore or pore canal. Dissolved material enters the 
pore, stimulating the chemoreceptor (gustatory) cel ls .  
The impulses generated are conducted along sensory 
axons that reacl1 the brain stem via the V I I ,  I X ,  and X 
cranial nerves ( recall Plate 83) .  Taste interpretation 
occurs at the lower reaches of the sensory cortex 
(post-central gyrus) .  Basic tastes (sweet , sour, salt, and 
bitter) notwithstand ing , interpretation of taste ,  as a 
practical matter, is a function of smel l ,  food texture, and 
temperature in  association with taste bud sensations. 
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Olfactory receptors are olfactory hairs or ci l ia (actually 
modified peripheral processes) of olfactory bipolar 
(sensory) neurons buried in the olfactory mucosa at 
the roof of the nasal cavity. The olfactory mucosa also 
has tubulo-alveolar olfactory glands that function to 
keep the chemoreceptor endings clean and , along 
with nasal mucous secretions, d issolve the chemicals 
that are sensed by these receptors. The olfactory neu­
rons ascend the roof of the nasal cavity, through the 
cr ibriform plate of the ethmoid bone, and their central 
processes synapse with second-order neurons in the 
olfactory bulb. The axons of these neurons form three 
olfactory bundles (stria) as part of the olfactory tract, 
terminating in the inferior frontal lobe and medial 
temporal lobe. Here exists the neural basis for olfactory 
relationships with memory, eat ing,  surviva l ,  sex, and 
other emotional behavior. 

TONGUE 
PAPILLAE 

A 

Cribriform 
plate 

G 

1 00 
See 83, 137 

CtRCUMVILLATE 
PAPILLA 

Cribriform 

TASTE 
BUD 

OLFACTORY 
STRUCTURES 

(Schematic) 

OLFACTORY CENTERS 
IN  THE BRAIN 

-,..,,_._."""'_ Posterior 

: . " " . : · 

nasal 
aperture 





"' 
' "' 

CARDIOVASCU LAR SYSTEM 
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CN: Color P purple, PP pale purple, 0 orange, PO pale orange, PB pale blue, 
R red, and T tan. Except for the latter, these colors match the stains used to 
observe these cells. First color the cytoplasm of the cell ; if you don't have any of the 
pale colors, leave the cytoplasm background blank. Then stipple the granules with 
the darker color. The results should create a rough impression of the actual colors. 

RETICULOCYTE 

Erythrocytes ( RBCs; approximately 4.5-6.2 mi l l ion per mi l l i l iter of blood 
in men; 4-5.5 mi l l ion/ml  in  women) are formed in the bone marrow. 
There each cel l  loses its nucleus and most of its organelles prior 
to release into the per ipheral blood . Recently released immature 
erythrocytes (reticulocytes) may retain some ribosomal R NA in their 
cytoplasm; these g ranules appear dark purple and reticulated when 
stained . Normally making up about 1 %  of the RBC population , 
reticulocytes may increase in number during chronic oxygen lack 
(e.g . ,  at prolonged high alt itude) .  The c i rculating RBC (without nucleus 
or organelles, it is  truly a corpuscle and not a cell) is a non-rig id ,  
biconcave-shape d ,  membrane-lined sac of hemoglobin, a large 
iron-containing protein.  Hemoglobin ( 1 2- 1 6  grams/decaliter of blood 
in women ; 1 4- 1 8  g/dL in men) has a powerful affinity for oxygen and is 
the principal carrier of oxygen in the body; plasma is the other carrier. 
Erythrocytes p ick up oxygen in the lungs and release it in  the capil­
laries to the tissues/ ce lls. R BCs circulate for about 1 20 days until 
defective and are then taken out of the blood and broken down 
by cells of the spleen. 

Thrombocytes or p latelets ( 1 50 ,000-400,000/ml  of blood ; 2-5 µm in 
diameter) are small bits of cytoplasm from g iant cells (megakaryo­
cytes) of the bone marrow. Ci rcu lating in  the blood for a lifetime of 
10 days or so, p latelets adhere to injured endothel ium and play a sig­
nif icant role in  l imit ing hemorrhage (aggregation of p latelets, blood 
coagulation /c lott ing,  and clot removal ) .  
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All constituents of the blood that can be observed as d iscrete 
structures with the aid of the l ight microscope are called formed 
elements of the blood. The rest of the blood is a protein-rich 
fluid called plasma. When blood is  allowed to clot, the cells 
d isintegrate (hemolysis) and a thick yellow fluid called serum 
emerges. Serum is basical ly p lasma less clotting elements. I f  
whole blood is centrifuged i n  a test tube ,  the  RBCs w i l l  settle to 
the bottom, the leukocyte fraction wil l  form a buffy coat on top 
of that, and the plasma, being the l ightest ,  wi l l  take up the 
upper 55% of the total volume. Packed RBCs in a test tube con­
stitute a hematocrit ( 40-52% of the blood volume in men; 37-
47% in women) .  The d i fference in blood values between men 
and women is p robably related to iron storage and metabolism 
d ifferences (men store up to 50% more iron than women) .  A low 
hematocrit may be associated with anemia or hemorrhage. 
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Segmented neutrophils (55-75% of the WBC popula­
t ion) arise in  the bone marrow and live short lives in  
the blood and connective tissues (hours-4 days) .  
I mmature forms ( band neutrophils, 1 -5%) may be seen 
in the blood ; their numbe; s often increase in  acute 
infections. Neutrophi !,; rapidly engulf foreign elements/ 
cel lular debris; strong enzymes in  s pecif ic granules 
and lysosomes destroy them ( phagocytosis) .  

&@@0Cii'!J@(J)O(J0f1 -:-
Eosinophils ( 1 -3% of WBCs) exhibit colorful granules 
when properly stained . Eosinophi ls are phagocytic in  
immune reactions. They are involved in  the late-onset 
phase of asthmatic attacks (subsequent bronchial con­
striction } ,  possibly enhancing cell injury by increasing 
cel l  membrane permeability i n  the bronchial mucosa 
to allergic substances. They also appear to l imit the 
expression of mast cell deg ranulation (h istamine 
release and effects) during a l lergic reactions. 

®!JJ@@ [;)OQOQ., -:-
Basophils (0-1 % of WBCs) contain dark-staining 
g ranules. Basophi ls are known to degranulate in 
al lerg ic reactions, releasing histamine,  seroton in ,  
and heparin. Such deg ranulation induces contraction 
of smooth muscle ,  increases vascular permeabi l i ty 
(enhancing the effects of inflammat ion) .  and slows 
down movement of white blood cells in inflammation. 

6-18 µm 
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Lym phocytes (20-45% of WBCs) arise from the bone 
marrow and reside in the blood as well  as the lymphoid 
tissues ( lymph nodes , thymus, spleen, and so on). 
Lymphocytes generally consist of about 20% B cells 
(short-lived cells from the bone marrow, concerned 
with humoral immunity, transformation into plasma 
cel ls , and the secretion of antibodies or immunoglobu­
l ins)  and 70% T cells ( long-l ived cells from the thymus; 
may be cytotox ic ,  helper, or suppressor cells associ­
ated with cel l-mediated immunity). Lymphocytes with 
neither B or T surface antigens ( less than 5%) are 
called natural k i l ler cel ls .  

Monocytes (2-8% of WBCs) ar ise in  the bone marrow, 
mature in the blood (about eight hours) ,  then leave 
the c i rculation to enter the extracellular spaces as 
macrophages. They are crit ical to the functioning of 
the immune system, as they present antigen to the 
immune cel ls ,  secrete substances in immune reac­
tions, and destroy ant igens (see glossary). They 
phagocytose cel lular and related debris in wound 
heal ing ,  bone formation, and mult iple other cellular 
activities where breakdown occurs. 





CARDIOVASC U LAR SYSTEM 

CN: Use blue for A, purple for 8 ,  red for C ,  and very l ight colors for D 
and E. ( 1 )  Color the titles for systemic and pulmonary circulation, the 
two figures , and the borders bracketing the large illustration. Also color 
purple ( representing the transitional state between oxygenation and 
deoxygenation) the two capillaries, demonstrating the difference 
between capillary function in the lungs and that in the body. ( 2 )  Begin in 
the right atrium of the heart and color the flow of oxygen-poor blood (A) 
into the lungs. After coloring the pulmonary capillary network (8), color 
the oxygen-rich blood ( C )  that re-enters the heart and is pumped into 
and through the systemic c ircuit . 
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1 02 
See 1 19, 150, 152 

C i rculation of blood begins with the heart, which pumps blood 
into arteries and receives b lood from veins. Arteriesconducl 
blood a way from the heart regardless of the amount of oxygen 
(oxygenation) in that blood. Veins conduct blood toward the 
hear t ,  regardless of the degree of oxygenation of the blood. 
Capillaries are networks of extremely thin-walled vessels 
throughout the body tissues that permit the exchange of gases 
and nutrients between the vessel interior (vascular space) and 
the area external to the vessel (extracel lular space) .  Capillar­
ies receive blood from small arteries and conduct blood to 
small veins.  
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Carbon dioxide. 
waste products 
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Oxygen. 
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There are two c i rcuits of blood flow: ( 1 )  the pulmonary circuit, 
which conveys b lood from the right side of the heart to the 
lungs and fresh blood back to the left side of the heart, and 
( 2 )  the systemic c i rcuit ,  which conveys blood from the left 
heart to the body tissues and returns blood to the right heart. 
The color red is used universally for oxygenated blood, and 
the color b lue is used for oxygen-poor blood. 

Clearly, not al l  arterial blood is ful ly oxygenated ( in  the pulmo­
nary c i rcu lation, arteries conduct poorly oxygenated blood to 
the lung s ) ,  and not all venous blood is  oxygen deficient 
( pulmonary veins conduct oxygenated b lood to the heart ) . 
Capil lary blood is mixed ; it is largely oxygenated on the arterial 
side of the capi l lary bed , and i t  is largely deoxygenated on the 
venous s ide,  as a consequence of del ivering oxygen to and 
p icking up carbon dioxide from the tissues it supplies. 

One capillary network generally exists between an artery and 
a vein. There are exceptions: the portal circulation of the l iver 
involves two sets of capi l laries between artery and vein (Plate 
1 1 9 ) ;  the hypophyseal portal system involves two capil lary 
networks between artery and vein ( Plate 1 52 ) ;  and the renal 
vascular system has a g lomerulus and a peritubular capillary 
plexus b etween artery and vein (Plate 1 50) .  
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See 749 ®Cb@@® W@@@&lb� CN: Use red for A, pu rple for B ,  blue for C ,  and very l ight colors for D, 

F, and H. ( 1) Complete the upper left diagram, beg inn ing with the large 
arteries. (2) Color the blood vessels and their titles at the bottom of the 
plate. Note that the vas and nervus vasorum in the fibrous tissue layer 
(HJ  are not colored. (3) In the d iagram of venous valve action, the 
blood in both vein and artery is colored gray. 
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Resistance vessels 

Larger capillaries are sinusoids 

All vessels demonstrate a simple squamous epithelial (endothelial) l in ing 
(tunica interna) supported by a thin layer of f ibrous tissue (not shown ) .  Most 
medium veins of the neck and extremities have a series of small pockets 
formed from the endothelial layer. These valves are paired and point in  the 
d i rection of blood flow. Though offering no resistance to b lood flow, they wil l  
bend into and close off the lumen of the vein when the f low of blood is 
reversed. Valves resist gravity-induced blood poolin g ,  especially in the 
lower l imb vessels.  Venous flow here is enhanced by the contraction of skel­
etal muscles, whose bulges give an anti-g ravity boost to the movement of 
blood . The internal elastic lamina, a discrete layer only in medium-sized 
arteries, assists in  maintaining blood p ressure; this tissue is more d iffuse in 
other vessels. The tunica media consists of concentrically arranged smooth 
muscle f ibers. It is well developed in medium arteries, least developed in 
veins. Medium arteries use this layer in d istr ibuting blood from one f ield to 
another. In arterioles, reduced to only one or two layers,  the smooth muscle 
can l iterally b lock blood flow into capi l lary f ields. The external elastic lamina 

exists as a discrete layer only in muscular arteries. The tunica externa 
(adventitia) is f ibrous tissue contiguous with the fascia! layer in which the 
vessel is located ;  within this tunica, much smaller nutrient vessels (vasa 
vasorum) and motor nerves ( nervi vasorum )  are found.  In  very specialized 
situations, the structure of small vessels may be specially adapted-e . g . ,  
the g lomerulus, i n  Plate 1 49 .  

Red 
blood 

corpuscle 

Vas 
Nervus 

CROSS 
SECTIONAL 

VIEW 

Large arteries (e lastic or conducting arteries). such as the aorta or 
common carot id ,  contain mult ip le layers of elastic tissue. They are 
roughly the size of a f inger. Medium arteries ( muscular, distributing 
arteries) .  averaging the size of a penci l ,  are generally named (e.g . ,  
brachia! ) .  Diminutive branches o f  medium arteries are called small 
arteries ( arterioles); unnamed , they control the flow of blood into 
capi l lary beds ( resistance vessels) .  Capillaries are unnamed simple 
endothelial tubes supported by thin f ibrous t issue. Microscopic in 
d imension, some capi l laries are larger (s inusoids) or more spe­
cial ized than others. 

Veins get p rogressively larger as they get closer to the heart. Veins 
have t r ibutaries; except in portal circulations, they do not have 
branches. Venules (smal l  veins) are formed by the merg ing of capil­
laries and are basically of the same construction. Venules merge to 
form medium veins, and these are the tributaries of large veins 
(capacitance or reservoir vessels) .  Certain special ized large veins, 
as in the skul l ,  are called sinuses. The walls of these veins are thin­
ner than those of their arterial counterparts, and their lumens are 
g enerally larger. Large veins can stretch signif icantly, becoming 
virtual reservoirs of blood . 
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CN: Use blue for F, red for G, and your l ightest colors for A-0. ( 1 )  Beg in 
with the regions of the mediastinum at upper left and color over all the 
structures within the dark outl ine. (2 )  Color the major structures within the 
mediastinum in the anterior view. Note that the lungs, not being in the 
mediastinum, remain uncolored. Note that the thymus, which can be seen 
in the sagittal view, has been deleted here to show the great vessels cov­
ered by it. (3)  Final ly, color the walls of the heart and layers of pericardium 
at lower left. The pericardia! cavity has been greatly exaggerated for color­
ing . It is normally only a potential space. 

I 
L. common carotid a. 

(Lungs retracted to visualize deeper structu res) 

The mediastinum (med ian septum or partit ion) is a highly populated region 
between and excluding the lungs. A variety of passageways, nerves, and vessels 
enter, pass through ,  and exit the mediastinum. For descriptive purposes, the 
mediastinum is  d ivided into the subdivisions ( regions) i l lustrated . The superior 

mediastinum is remarkable for the array ot great vessels of the heart and the tra­
chea, esophagus, and vagus and phrenic nerves. At the level of the T 4-TS verte­
brae (superior / inferior med iastinal border ) ,  the trachea bifurcates into the main 
bronchi (see Plate 1 33)  posterior to the g reat vessels ,  and the aorta makes its 
arch. The posterior mediastinum includes the inferior continuation of the esopha­
gus embraced by a fine network of vagal nerve f ibers, the thoracic duct (see Plate 
1 2 1 ) , and the descending ( thoracic) aorta. The floor of the mediastinum is the 
d iaphrag m,  penetrated by the thoracic aorta, esophagus, and inferior vena cava. 

The heart wall consists of an inner layer of simple squamous epithelium ( endo­
cardium) overlying a variably thick myocardium (cardiac muscle) .  External to the 
myocardium is a three-layered sac (pericardium) .  The innermost layer of this sac 
is the visceral pericardium (epicardium) .  clothing the heart. At the origin of the 
aortic arch ,  this layer turns ( reflects) outward to become the parietal pericardium 
( imagine a fist clutching the edges around the opening of a paper bag; now push 
the fist into the closed bag st i l l  clutching the edges; as you do so, note that your 
fist becomes surrounded by two layers of the paper bag , yet is not inside the bag 
itself ) .  The relationship of your fist to the two layers of the bag is the relationship 
of the heart to the visceral and parietal pericardium The cavity of the bag is 
empty-the fist is  not in  the bag (if you did it r ight ! ) .  Simi lar ly, the pericardia/ cav­

ity between the two per icardia! layers is empty as wel l ,  except for serous fluid that 
makes for friction-free movement of the heart in its sac. 

The fibrous pericardium is the outer surface of the parietal pericard ium; it is 
f ibrous and tatty and is strongly attached to the sternum , the great vessels, and 
the diaphragm. It keeps the twist ing , contracting , squeezing heart within the mid­
dle mediastinum. 
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CN:  Use blue for A-A4, red for H-H4, and your lightest colors for B, C, I ,  
and J . All dotted arrows (A

4

) receive a blue color; all clear arrows (H

4

) 
receive a red color. ( 1 )  Begin with the arrows A4above the title list and 
above the superior vena cava (A) in the i l lustration at upper right and color 
the structures in the order of the title list (A-H3). (2) Color the circulation 
chart at lower right, beginning with the arrow A4 leading into the right atrium 
(numeral 1 ) . Color the n umerals in  order from 1 to 4 and related arrows. 
Do not color the chambers or the vessels in this drawing at lower right. 
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The heart is the muscular pump of the b lood vascular system. It 
contains four cavities (chambers) :  two on the right side ( pulmonary 
heart ) ,  two on the left (systemic heart ) .  The pulmonary "heart" 
includes the r ight atrium and right ventr ic le .  The thin-walled right 
atrium receives poorly oxygenated blood from the superior and the 
inferior vena cava and from the coronary sinus ( d raining the heart 
vessels) .  The thin-walled left atrium receives richly oxygenated 
blood from pulmonary veins. Atrial b lood is pumped at a pressure 
of about 5 mm Hg into the right and left ventricles simultaneously 
through the atrioventricular orif ices , guarded by the 3-cusp tricus­
pid valve on the r ight and the 2-cusp bicuspid valve on the left. The 
cusps are l ike panels of a parachute,  secured to the papillary mus­
cles in the ventr ic les by tendinous chordae tendineae. These mus­
cles contract with the ventricular muscles, tensing the cords and 
resisting cusp over-flap as ventricular blood b u lges into them dur­
ing ventricular contraction ( systole ) .  The right ventricle pumps oxy­
gen-deficient b lood to the lungs via the pulmonary trunk at a 
pressure of about 25 mm Hg ( right ventr icle ) ,  and the left ventricle 
pumps oxygen-rich blood into the ascending aorta at a pressure of 
about 1 20 mm Hg simultaneously. This p ressure d i fference is 
reflected in the thicker walls of the left ventricle compared to the 
right. The pocket-l ike pulmonary and aortic semilunar valves guard 
the trunk and aorta, respectively. As blood falls back toward the 
ventricle from the trunk/aorta during the resting phase (d iastole) . 
these pockets f i l l ,  closing off their respective orif ices and prevent­
ing reflux into the ventricles. 
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See 102 





CAR DI OVASC U LAR SYSTEM 1 06 
�OO®Ottl@ @@fMJ[§)@@'flO@(i:!) �r!§fl@<I!iJ & 'fl(][]§ @@@ 

CN: Use blue for D and red for E. Use a very light color for B so that the patterns 
of dots identifying the segments ( B-83) of the ECG remain visible after coloring. 
( 1) Begin at upper right and color the four large arrows identifying the atr ia (A2) 
and ventricles ( 83) ,  as well as their titles. The atria and ventricles are not to be 
colored. (2) I n  the middle of the page, color the stages of blood flow through the 
heart, and related letters. These stages relate to voltage changes in the ECG 
below. (3) Color the ECG and related letters, starting at the left and working to the 
right. The parts of the ECG are related to the activity of the conduction system or 
related myocardial act ivity. (4) Color the horizontal bar below the time line. 
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Cardiac muscle cells contract spontaneously. They do not require motor 
nerves to shorten. However, the intrinsic contraction rate of these cells is 
too slow and too unorganized for effective pumping of the heart. Happi ly, 
groups of more excitable but non-contractile cardiac cells take responsi­
bi l ity for ini t iating and conducting electrochemical impulses throughout the 
cardiac musculature. Such cells effect a coordinated, rhythmic sequence 
of cardiac muscle contractions that result in blood being moved through 
the cavities of the heart with appropriate volumes and pressures. These 
cells constitute the cardiac conduction system. Impulses generated at 
the sinoatrial (SA) node are distributed throughout the atria and to the 
atrioventricular (AV) node by way of non-discrete internodal pathways. 

lmpuses travel from the AV node, down the A V  bundle and its branches, 

to the Purkinje plexus of cel ls embedded in the ventricular musculature. 
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The cardiac conduction system generates voltage changes about the heart, 
some of which can be monitored ,  assessed, and measured by electrocar­
diography (ECG). An ECG is essential ly a voltmeter read ing. It does not 
measure hemodynamic changes. E lectrodes are p laced on a number or 
body points on the skin.  Recorded data (var ious waves of varying voltage 
over time) are d isplayed on an oscilloscope or a strip of moving paper. 
The shape and d i rection of wave deflections are dependent upon the spatial 
relationship of the electrodes ( leads) on the body surface. 

When the SA node f i res, excitation/depolarization of the atrial musculature 
spreads out from the node.  This is  reflected in  the ECG by an upward deflec­
tion of the resting (isoelectric) horizontal line (P wave). This deflection imme­
diately p recedes the contraction of the atrial musculature and f i l l ing of the 
ventr icles. The P-0 interval ( P-R interval in the absence or a Q wave) reflects 

conduction of excitation from the atria to the Purkinje cell p lexus in the ven­
tricular myocardium. Prolongation of this interval beyond . 20 seconds may 
reflect an AV conduction block. The ORS complex reflects depolarization 
of the ventricular myocard ium.  This complex of deflections immediately 
precedes ventricular contraction, wherein b lood is forced into the pulmonary 
trunk and ascending aorta. The S- T segment reflects a continuing period of 
ventricular depolarization. Myocardial ischemia may induce a deflect ion 
of this normally horizontal segment. The T wave is an upward, prolonged 
deflection and reflects ventricular repolarization ( recovery) .  during which the 
atria passively f i l l  with b lood from the vena cavae and pulmonary veins. The 
QT interva l ,  corrected for heart rate (QTc) .  reflects ventricular depolarization 
and repolarization . Prolongation of this segment may suggest abnormal 
ventricular rhythms (arrhythmias) .  In a healthy heart at a low rate of beat, 
the P-0, S-T, and T-P segments al l  are isoelectric (horizontal). 



.. 
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CN: Use your brightest colors for A, D ,  and L. ( 1 )  When coloring the arteries, .. - -
Left 

aortic sinus 
(Posterior) 

include the broken lines that represent vessels on the posterior surface of the 
heart. (2) Do the same with the veins. (3) Color the artery in front of the plaque in 
the circled view; color the vessel after the plaque a lighter shade of the same 
color or do not color it at al l .  

@®ro@��OOC(f i%00'V'@®O@@ -.'-
{fl0@00'ff @@{ft]@(Af}�fX3'lf A 

GVJC!!J@@(!f)Q,(�':lRJ mwc:AJGO@GD ·"'' 
��00@0Uilltmf1 ®006J�@CD B 

ANTERIOR 
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The coronary arteries form an upside-down c rown ( L. corona) about or just 
deep to the surface of the heart. The arteries l ie in  grooves, or su lc i ,  often 
covered over by the epicard ium and sometimes the myocardium as wel l .  

Both left and  r igh t  arteries ar ise from small  openings ( aort ic sinuses) just 
above the two aortic semi lunar valve cusps.  G enerally, the left coronary 
artery is somewhat larger than the r ight ;  d uring the cardiac cycle, the flow 
rate through the left is  g reater in most people than that through the right. 
There may be considerable variation in  the anastomotic pattern of the left 
and right arterial branches. These branches terminate in multitudes of 
arterioles supplying the vast capi l lary network among the muscle f ibers. 
The apparent mult ip le communications among the left and right coronary 
arteries notwithstanding ,  varying degrees of vascular insufficiency occur 
when there i s  s ignificant obstruction of one or both coronary arteries . There 
is some extra-coronary arterial supply to the heart from the epicardial ves­
sels (b ranches of internal thoracic arteries) and aortic vasa vasorum. 

ANTERIOR 
VIEW 
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Damage to the int imal layer of coronary arteries can occur with l ip id 
deposition or inf lammation. Platelet aggregation at these sites contributes to 
the formation of p laque (ce l l  material , l ip id ,  p latelet, f ibr in ) .  Plaque bui lds up 
within the vessels ,  forming thrombi that occlude the vessels in progressively 
greater degrees. Signif icantly reduced blood flow to the myocard ium 
( ischemia) can cause sharp pain (angina) to the chest, back, shoulder, 
and arm as well as permanent damage to the myocardium ( infarction) 
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The cardiac veins travel with the coronary arteries, b u t  incompletely. Vast 
anastomoses of veins occur throughout the myocardium ; most drain into the 
right atr ium by way of the coronary sinus. The anterior cardiac veins conduct 
blood d i rectly into the right atr ium.  Other small  veins may drain di rectly into 
the r ight atr ium as wel l .  Some deep ( arteriosinusoidal) veins drain di rectly 
into the atria and ventr ic les.  Extracardiac venous drainage can also occur 
through the vasa vasorum of the vena cavae. 
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CN:  Use red for A and dark or br ight  colors for B and L. ( 1 )  Begin 
with the brachiocephalic (A) and the right subclavian (B) and its 
branches. Color the broken lines that represent deeper vessels. 
(2) Color the anterior view revealing the absence of the brachio­
cephalic artery on the left side. (3) Color the arrows pointing to 
the four sites where the arterial pu lse may be palpated. 0 � 
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Thyroid cartilage 
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The subclavian a rtery is the major source of blood to the upper l imb, 
and it  contr ibutes vessels to the lateral and posterior neck and shoul­
der. On the r ight ,  the artery spr ings from the brachiocephalic; on the 
left, the artery comes d i rectly off the aortic arch, as does the common 
carotid (see below).  The vertebral artery d ives deep into the neck to 
enter the transverse toramen of the 6th cervical vertebra. I t  supplies 
vessels to the sp inal cord , brain stem, and cerebellum. The thyro­
cervical trunk arises just medial to the anterior scalene muscle (see 
Plate 48) and immediately g ives off its branches, the destinations of 
which are obvious by name. The subclavian artery ends and the 
axil lary artery begins at the lateral border of the first r ib .  

The common carotid ar tery ascends the neck ensheathed with the 
internal jugular vein and vagus nerve (not shown). Between the hyoid 
bone and the upper thyroid cart i lage ,  the artery b ifurcates into inter­
nal and external carotid arteries. The internal carotid passes into the 
sku l l ,  gives off the ophthalmic artery to the orb ital region, and joins 
the ci rculus arteriosus ( Plate 1 09 ) .  The external carotid artery and 
its branches supply all of the visceral , musculoskeletal , and dental 
structures of the head and neck less the brain and orbit .  The external 
carotid d ivides into maxillary and superficial temporal arteries. The 
maxi l lary artery is  a major source of b lood to the deep skull cavities, 
the orbit ,  teeth , the m uscles of mastication, and the dura mater (mid­
dle meningeal artery) . The middle meningeal artery on the dura mater 
immed iately deep to the temporal bone is a potential site of rupture 
with a hard fall on the s ide of the head (epidural hematoma) .  

_i Esophagus �Trachea 
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ANTERIOR 
VIEW 
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CN: Use red for A and dark or bright colors for F and G. ( 1 )  Begin 
with the diagram at upper r ight, coloring both A and F. (2) Then 
color the diagram of the circulus arteriosus at left, beginn ing with 
the internal carotid artery (A) .  (3 )  Then color the vessels in the cen­
tral illustration, relating them to the branches seen on the lateral 
and medial surfaces of the cerebrum (at the bottom of the plate). 

!!7@001J@@lMfiJl1 F 

/1j(.gj@0Cb�(JJ "' 
@@w8®§l1[11%w <�J H 

r;:i@0v@ooo@oo cs@w@®ez?cA)Cb r 
iA)@Ju@OOO@OO @CPOG\D�[b J 

1 09 
See 708 

(Anterior) 

CIRCULUS 
ARTERIOSUS 

(Circ le of Wil l is) 

Pontine a. ' - , -

Labyrinthine a. 
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(Posterior) 
VIEW FROM BELOW 

The paired internal carotid arteries ascend the carotid  canals (the 
inferior orif ices of which are shown in P late 25)  to arrive in the middle 
cranial  Iossa just lateral to the opt ic chiasma. There each divides into 
anterior and middle cerebral arteries. Small lent iculostriate arteries 
come off the middle cerebral at right angles ,  supplying the b asal 
ganglia. These "stroke arteries" are commonly the ruptured vessels 
in intracere b ral hemorrhage, often resulting in at least part ial  p aralys is 
of the l imb muscles on the side of the body contralateral to the hemor­
rhage .  Note the d istr ibut ion of the anterior and middle cerebral arter-

LATERAL SURFACE (Left hemisphere) 

ies on the surface of the cerebrum. Note in the central i l lustration how 
the brain stem is supp l ied by vessels ar is ing ind i rectly from the verte­
bral arteries, and how occlusion of one of these vessels ,  e . g . ,  labyrin­
thine arter ies,  might be  manifested .  Note that the s ingle d i rect 
connection of the vertebral system and the carotid system is  by way of 
the posterior communicating artery. Yet there is  considerable variation in 
the com ponents of the arterial  c i rc le as seen angiographically, including 
anomal ies and severely narrowed vessels.  More emphas is on the 
branchings of the carot id and verteb ra l  arteries is recommended . 
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CN:  Use red for brachiocephalic artery (A) 
and blue for brachiocephalic vein ( I ) . You 
can repeat colors except red and blue. Color 
arterial pulse point arrows gray. Broken lines 
represents the posterior surface. 

Arteries of the upper limb generally l ie deep among or within muscle fascicles. 
The pulse of a few of the larger ones can be palpated (see large arrows). I n  
t h e  event of hemorrhage,  t h e  arterial flow can be checked or slowed d istally 
by the appl ication of compression at these sites. Collateral routes of blood 
flow exist at many levels ,  a l imb-saving reality in the event of the cessation of 
flow in a large artery. Note the collateral routes between arm and forearm. 

See 108 
Internal jugular v. 

External jugular v. 

\ The arteries to the hand and wrist have been simpl i fied for coloring .  I �, � �00'fi'[g000(g@-:-
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The veins of the upper l imb are variable in number and pattern. There are two sets of veins:  'g ;/) ; J iJ deep and superf icial .  The deep set follows the arteries and is identically named-e. g . ,  radial '.'o_!J 1: 01 g '; 

Of 
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artery, radial vein.  ten traveling in pairs (venae comitantes) ,  the deep veins of the hand, � 
forearm, and lower arm are not shown on this plate. The broken l ines represent superficial 
veins on the posterior aspect of the forearm. At the elbow, the veins within the boxed area 

often are sites for blood sampling and administration of intravenous medication . 
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C N :  Use red for A. ( 1 )  Work both views of the lower limb 
simultaneously. Color the parts of the genicular artery ( N )  
a s  i t  forms a pattern around the knee joint. Also part of 
that anastomosis, but not to be colored, are the circumflex 
fibular and anterior tibial recurrent arteries. (2) The foot in 
the posterior view is plantar flexed, with the sole showing. 
(3) Color the arrows at the four pulsation points. 
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Only the major  a rteries are shown here. The artery of the thigh ( femoral 
artery) p ierces the medial muscular compartment (adductor canal) to gain 
access to the back of the knee and leg. Because of the considerable muscle 
mass in the posterior thigh, the profunda femoris artery is qu ite large and its 
branches are extensive. Note how the circumflex arteries contr ibute to the 
anastomosis about the h ip (femoral head and neck, hip joint ) .  The blood supply 
to the hip joint area can be compromised by congenital anomalies in  the hip 
anastomoses as well as degenerative and traumatic processes. G ravitational 
and weightbearing factors also can be important mediators in hip joint pathol­
ogy. The genicular arteries form a significant anastomotic pattern about the 
knee joint and can be an important source of blood flow to the knee and below 
with an obstruction of the popliteal artery The posterior tibial and fibular 
arteries run in a fascial compartment deep to the gastrocnemius and soleus 
muscles. The anterior tibial artery exits the posterior leg compartment through 
the interosseous membrane and descends on the membrane's anterior surface. 
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VIEW 
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CN: Use red for A and l ight, bright colors for B ,  I ,  J , and L. ( 1 )  Color all posterior 
intercostal arteries ( K) under the thoracic aortic section, even though only a few are 
labeled. (2 )  In the abdomen , note the location of the inferior phrenic, suprarenal, mid­
dle sacral ,  internal i l iac, and external i l iac arteries, none of which will be colored. Also 
note the inferior vena cava (stippled) ,  which echoes the shape of the abdominal aorta. � 
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The branches of the aortir; arch are unpaired except for the 
coronary arteries/ sinuses. The branches of the thoracic aorta 

are paired. The bronchial arteries supply the lung tissues with 
oxygenated blood. The visceral b ranches of the aorta may be 
paired (e .g . ,  gastr ic) or not ( e . g . ,  sup .  mesenteric). Parietal 
branches of the abdominal aorta ( lumbar arteries) are segmen­
tal and b ilatera l ,  in register with the segmental and bi lateral 
posterior intercostals and subcostals of the thoracic aorta. 

There are 9 intercostal spaces anteriorly (not shown) and 1 1  
posteriorly ( because of the floating r ibs 1 1  and 1 2 , not shown ) .  
These spaces are suppl ied by both anterior and posterior 
intercostal arteries. The posterior i ntercostals for spaces 1 and 
2 are b ranches of the highest (supreme,  superior) intercostal 
artery from the costocervical trunk. The posterior intercostals for 
spaces 3- 1 1 come d i rectly off the thoracic aorta. The subcostal 
arteries ( not shown) run inferiorly to the 1 2th r ib ,  posterior to the 
diaphragm.  The paired f irst lumbar arteries (not shown) leave 
the abdominal aorta i mmediately below the d iapr1ragm.  The 
anterior intercostals arise from the internal thoracic artery for 
the first 6 intercostal spaces; then the latter artery b ifurcates 
into superior epigastric and musculophrenic branches. 
Branches of the superior epigastric artery anastamose with 
branches of the inferior epigastr ic artery (not shown) ,  a poten­
tially significant collateral p athway. The musculophrenic artery 
supplies the lower 3 intercostal spaces. 
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space 
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CN: Use red for A, and use the same colors for the celiac trunk (8 ) ,  superior mesenteric artery (L ) ,  and inferior 
mesenteric artery (0) that you used for those structures on Plate 1 1 2 ,  where they had different subscripts. ( 1 )  
Begin with the large il lustration. Note that the two pancreaticoduodenal arteries (H ,  H 1 ) receive the same color. 
(2 )  Color the upper il lustration, which summarizes the three sources of blood supply to the digestive system. 
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The celiac trunk,  the first s ingle visceral artery off the 
abdominal aorta ,  is a very short vessel that divides 
immed iately into arteries to the liver, spleen, and stom­
ach. Only the major branches of these three arteries are 
shown here. Note the anastomotic pattern of arteries to 
the stomach. The blood supply to the p ancreas can be 
better appreciated in Plate 1 56. 
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The superior mesenteric artery supplies most of the 
small intestine,  the head of the pancreas, cecum, and 
ascending colon , and part of the transverse colon. It 
travels in the common mesentery. Notice the collateral 
circulation between the celiac and superior mesenteric 
arteries in  the curve of the duodenum. The superior and 
inferior mesenteric arteries also interconnect via a mar­
ginal artery that runs along the length of the large intes­
tine and is  fed by both these arteries. The arteries to the 
i leum/jejunum (cut short) run in  the common mesentery. 
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The inferior mesenteric artery suppl ies the transverse 
colon down to the rectum. I ts branches l ie ,  for the most 
part, behind the peritoneum ( retroperitoneal ) ;  the vessels 
to the sigmoid colon run in the s igmoid mesocolon. Note 
the anastomoses between branches of the superior rectal 
artery and those of the middle and inferior rectal arteries. 
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THREE SOURCES OF 
DIGESTIVE BLOOO SUPPLY 

ANTERIOR VIEW 
(Diagrammatic) 

1 1 3 
See 156 





CARDIOVASC U LAR SYSTEM 

CN: Use a l ight color for A. ( 1)  Color the medial  views of both pelves simul­
taneously. On ly the disposition of reproductive organs and their vessels varies 
in these two views. (2 )  Color both halves of the dissected perineum seen from 
below. The names of the male vessels can be seen in the medial view. 
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The internal i l iac artery suppl ies the pelvis and perineum,  with some 
collaterals from the inferior mesenteric and femoral arteries. Its 
branches are usually organized into posterior (parietal) and anterior 
(viscera l )  d ivisions. The vascular pattern here is variable; the one 
shown is characteristic .  From the posterior trunk ,  the superior gluteal 
passes through the g reater sciatic foramen above p i riformis.  The 
inferior gluteal and pudenda/ arteries, from the anterior trunk, depart the 
pelvis through the lesser sciatic foramen below p i riformis .  Proximal to 
the formation of these latter two vessels, the anterior trunk of the internal 
i l iac gives off four branches in  both male and female. The first is the 
superior vesical (arising from the p roximal part of the fetal umbi l ical 
artery; when the umbil ical cord is cut, the distal part of the artery atro­
phies, forming the medial umb i l ical l igament; the remaining umbil ical 
artery becomes the superior vesical artery, supplying the upper bladder 
and ductus deferens ) .  The second is the obturator artery to the medial 
thigh region. The third is the uterine artery; in the male, i t  is the interior 
vesical artery. The vaginal artery comes off the uterine artery. The 
arteries to the prostate and seminal vesicles ( not shown) come off 
the inferior vesical artery. The fourth is the middle rectal artery. 
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FEMALE PELVIS 
(Modified medial view, right side) 

-------------------
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1 1 4 
See 52, 53, 61 ,  1 1 1  

L S  

(Male) PERINEUM (Female) 

The external genital structures are supplied by the internal pudenda/ arteries, which pass 
through the pudenda! ( fascial)  canal alongside the inferior pubic ramus. The arteries (and 
nerves of the same name) enter the perineum just medial to the ischial tuberosities. The 
perinea/ arteries are significant in that they provide the vascular basis for erection of the 
penis and clitoris in sexual stimulation. Superficial and deep external pudenda! arteries (not 
shown; branches of the proximal femoral artery ) supply the skin of the genital structures. 





CARDI OVASCULAR SYSTEM 
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CN: Use red for A. The arteries are shown bilaterally in the limbs only. Note that the figure is 
in the anatomical position , palms facing forward. ( 1 )  Using the preceding artery plates for 
reference where necessary, start with A and color in the order listed. As you color each 
artery, write its name next to the appropriate letter/number on each answer line. Use a pencil 
(you may change your mind). 

A 

ARTERIES OF THE UPPER L IMB 
B 

c 

D 

E 

F 

G 

H 

J 

ARTERIES OF THE HEAD AND N ECK 
K 

L 

M 

ARTERIES OF THE CHEST 
A 

N 

0 
p 
Q 
R 

s 

(See appendix A in the back of the book for answers) 

ARTERIES OF THE ABDOMEN AND PELVIS 
A2 

T 

u 
v 
w 

x 
y 
z 

2 

ARTERIES OF THE LOWER L IMB 
3 
4 
5 
6 
7 
8 
9 
1 0  
1 1  
1 2  
1 3  
1 4  

There i s  one pair of anastomotic vessels shown here that may be unfamil iar to 
you: note that the internal thoracic artery bifurcates into the musculophrenic­
artery and the more medial superficial epigastric artery This latter vessel 
descends inthe sheath of the rectus abdominis muscle to anastomose with 
the inferior epigastric artery. a branch of the external i l iac artery. This collateral 
path from the heart ( i nd i rectly) to the lower l imb rep resents an important alter­
nate route for blood in  the event of a seriously obstructing aort ic aneurysm. 
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Left 
hemisphere See 25, 8 1, 82 

CN: Note the order of titles and their indentations. We begin with 
titles of tributaries, indenting them above the vein with which they 
merge or join. This order is in the di rection of flow. I t  will hold for all 
plates on the veins. Use lighter colors for the sinuses (A-K). repre­
sented in the lateral view by broken lines. ( 1 )  Begin with the venous 
sinuses. When coloring the falx and tentorium gray, color lightly 
over the vessels contained within (A, B ,  D, and E). Do not color the 
superior cerebral veins that join the superior sagittal sinus (A) .  
The occipital s inus (K )  is shown only in Iha lateral view. 
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Confluence 
of sinuses 

INTERIOR VIEW 
RIGHT CRANIAL CAVITY 

The veins draining the brain are tr ibutaries of large venous channels (cranial 
dural venous sinuses) in the dura mater. The external cerebral ( " bridging" )  
veins d rain the cerebral surface and merge with the superior sagittal sinus. 
They are known to rupture when excessive inertial loads are imposed on the 
brain (subdural hematoma).  Two internal cerebral veins form the great cere­
bral vein; these d rain the d eeper hemispheres (subcortical areas). The con­
fluence of merging sinuses ( occipital, straight, and superior sagittal) is 
variable. The cavernous sinus offers significant collateral d rainage of blood 
from the brain. Other collateral veins include the d ip loic anrl emissary veins. 
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The internal jugular veins drain the venous sinuses, assisted by the angular 
veins and the pterygoid plexus. The tr ibutaries of the internal/ external jugular 
veins are variab le .  The internal jugular travels in the same sheath with the 
common / internal carotid arteries and the vagus nerve. The arrangement of 
tributaries of the brachiocephal ic vein is similar bilaterally, except the left 
brachiocephalic vein is longer than the right ( see next p late ) . Reca l l  that 
there is only one brachiocephalic artery (Plate 1 1 2 ) .  





CARD I OVASCU LAR SYSTEM 

CN: Use blue for the superior and inferior venae 
cavae (H, H1 ). Note that a large segment of the 
latter has been deleted to reveal the azygos vein 
( N). Use bright colors for the first posterior inter­
costal ( D) and internal thoracic (F) veins, both of 
which drain into the brachiocephalic. 
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The superior vena cava d rains the head , neck, and upper l imbs. 

Phren ic v. 

In  addit ion, it d rains the intercostal and lumbar regions by way of a 
remarkable but irregular and variab le collection of veins called the 
azygos system. In  conjunction with the veins of the vertebral canal 
(vertebral venous plexus, Pl. 77 ) .  the azygos system (azygos, acces­
sory hemiazygos, and hemiazygos veins ) p rovides a means of return­
ing blood to the heart from the lower limb and trunk in the event of 
obstruction of the inferior vena cava. 

The azygos and hemiazygos veins are derived from the merg ing of the 
ascending lumbar and subcostal veins. The anterior intercostal veins 
(not shown) d rain into the internal thoracic veins. The inferior vena 
caval (and azygos) systems have no major tr ibutaries d raining the 
gastrointestinal tract , gall b ladder, and pancreas. These viscera have 
their own venous (portal ) system (see Plate 1 1 9 ) .  However. note that 
the l iver is d rained by hepatic veins into the inferior vena cava ( IVG) 
just below the d iapl1ragm. Note that the left testicular/ovarian veins 
merge with the inferior vena cava on the right but with the renal vein 
on the left. Testicular varicoceles are more common on the left, owing 
in part to the venous back pressure created at this 90° angle intersec­
tion between the renal and testicular veins. 
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CN: Use blue for P and light colors for A-C, the deep veins. Use dark 
colors for the superficial veins (0-V); they have been drawn with darker 
outlines. ( 1 )  Begin with the deep veins and work both views simultaneously. 
(2) After completing the superficial veins, color the main ones in each of the 
small i l lustrations, but not the fine lines representing their tributaries. 
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The flow of blood in  the deep veins of the lower l imb is 
generally an uphil l course. In  concert with gravity, prolonged 
horizontal positioning of the legs (and other conditions) can 
result in  slowed flow (stasis) in the deep veins, producing 
venous d istention and inflammation (phlebitis ) .  Formation of 
clots may follow ( deep vein thrombosis). resulting in throm­
bophlebit is .  I n  these conditions, fragments of clots may 
become detached and released into the venous circulation 
( em bol ism) .  The embol i  continue up the venous pathway of 
ever-increasing size, eas i ly pass into the right heart ,  and are 
pumped into the progressively smaller vessels of the lung , 
where they become stuck ( pulmonary embolism) .  

Whi le  deep veins generally follow the arteries (venae comi­
tantes) .  superf icial veins do not. They travel with cutaneous 
nerves in the superf icial fascia; many are easily visualized in 
the l imbs.  The blood in these long veins has to overcome 
g ravity for a considerable d istance, and their valves ( Pl .  1 03 )  
often come under weightbearing stress. Happily, there exist 
a number of communicating vessels ( perforating veins, or 
perforators, not shown) between superficial and deep veins, 
permitt ing runoff into the deep veins, signif icantly offsetting 
the effect of incompetent valves. Incompetent valves lead to 
pool ing of blood and swel l ing in t11e lower superficial veins, 
with potential inf lammation. In  the chronic condition, the 
saphenous veins and their t r ibutaries can become perma­
nently deformed and dysfunctional (varicosit ies). 
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CARDI OVASCULAR SYSTEM 

CN: Use blue for I and a dark color for J .  ( 1)  Color the veins draining the intestines, pancreas, 
gall bladder, and spleen. There are both left and right gastro-epiploic (D ,  0 1 ) and gastric (G ,  G1 ) 
veins. For the darkly outl ined directional arrows adjacent to blood vessels, use the color of the 
blood vessel. (2 )  After coloring gray the inferior vena cava (i.) and its tributaries (+1) .  the tribu­
taries of the superior vena cava (1< 2 ) . and their d irectional arrows, color the three large arrows 
(t3 ) identifying anastomotic sites ( include the esophageal veins passing posterior to the heart). 
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Capil laries of the gastrointestinal tract, gal l  bladder, 
pancreas, and spleen are d rained by tributaries of the 
hepatic portal vein. Within the l iver, branches of this vein 
( l ike those of an artery) discharge blood into capi l laries 
(sinusoids) surrounded by l iver cells. These cells 
remove digested (molecular) l ip ids ,  carbohydrates, 
amino acids ,  vitamins, and iron from the sinusoids and 
store them ,  alter their structure, and /or distribute them 
to the body tissues (and , in the case of unnecessary 
molecules or degraded remains of toxic substances, 
the kidneys). The d istr ibution process begins with the 
selective release of molecular substances from the liver 
cells into the small tributaries of the three hepatic veins. 
The hepatic veins join the inferior vena cava ( IVG) 
immediately below the d iaphragm.  

The portal system of veins is so  cal led because i t  
transports nutrients and other molecules from the  first 
capi l lary network in the intestines d i rectly to the second 
capi l lary network (sinusoids)  of the l iver without going 
through the heart f irst. 

In  certain diseases of the l iver, the formation of scar 
tissue blocks flow through the sinusoids. As a resu l t ,  
blood begins to back u p  in the portal system. In  the 
chronic condition, the portal vein and its tributaries 
enlarge significantly. The blood , seeking the path of 
least resistance, f inds collateral routes to the heart, 
enlarging them (varices ) .  These routes (noted by 
arrows) occur by way of anastomoses between veins of 
the portal system and veins of the infer ior caval ,  supe­
rior caval ,  azygos, and vertebral venous systems. Other 
anastomoses exist via a number of retroperitoneal veins 
and the umbi l ical vein ( not shown). I n  the latter vesse l ,  
irregular varicose veins can appear on the surface of  
the abdominal wall (caput Medusae; see glossary) .  

RECTUM 

PO RTAL V E I N  

A N D  I T S  T R IB U TA R I E S  

(Anterior view, diagrammatic) 

1 1 9  
See 102, 144 
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CARD IOVASCULAR SYSTEM 

CN: Use blue for K and K 1. Superficial veins of the l imbs are on the left and 
deep veins are shown on the right. Only a few are shown bi lateral ly. Palms are 
facing forward. ( 1 )  Using the preceding vein plates for reference where neces­
sary, start with A (right hand) and color in the order listed. As you color each 
vein write the name of the vein in pencil. After completing the superficial veins 
in the limbs , color through the deep veins, starting at the hand/foot. (2 )  Recall 
that the deep veins travel with the arteries of the same name. 

(See appendix A in the back of the book for answers) 

VEINS OF THE UPPER LIMB 
A 

B 

c 

D 

E 

F 

G 

VEINS OF THE HEAD AND NECK 
0 
p 

VEINS OF THE CH EST 
Q 

R 

s 

T 

VEINS OF THE LOWER LIMB 
u 
v 
w 

x 
y 
z 

2 
3 
4 
5 
6 
7 
8 
9 

VEINS OF THE PELV IS AND ABDOMEN 
10 
1 1  
1 2  
1 3  
1 4  
1 5  

H 

J 

K 

L 

M 

N 

1 6  
1 7  
1 8  
1 9  
20 
21 

SUPERFICIAL 
VEINS 

As all phlebotomists know, veins  are extremely variable in size and location. 
Deep veins run with arteries of the same name (though the d i rection of flow is 
opposite); in the l imbs, the veins are often paired (venae comitantes) .  Superfi­
cial veins have no companion arteries (our evolutionary p rogression would have 
been severely shortened if th is were not so) ;  they do tend to travel with cutane­
ous nerves. In review, it should be clear that arteries have branches; portal 
veins also have branches, but all other veins have tri butaries. 

Note that the internal thoracic vein and its t r ibutaries are not i l lustrated. Note the 
thoracoepigastric vein (P) between the lateral thoracic vein ( tr ibutary of the axi l­
lary vein) and the superficial epigastric vein ( tr ibutary of the g reat saphenous 
vein) .  I t  is a potential route of collateral flow for blood returning to the heart from 
the lower limb in the event of an obstruction of the inferior vena cava. 
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DORSAL VEINS 

F 

E 

PLANTAR VEINS 

DEEP 
VEINS 

1 20 





LYMPHAT IC  SYSTEM 

CN: Use blue for H, red for I ,  purple for L,  and green for M .  ( 1 )  Color over the light 
lines representing peripheral (superficial) lymph vessels (A). (2) Color each large step 
numeral in the diagram below with the related titles. I n  the bottom diagram, do not 
color the lymphocytes circulating in and between the blood and lymph capillaries. 
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The body is about 60% f lu id ( by volume),  which f i l ls cel ls, vessels, and 
spaces. Fluid requires circulat ion . Some of the f luid of the blood and some 
lymphocytes leave the c i rculatory system and enter the tissue spaces. 
Some of this fluid ( l ipids) and lymphocytes ( lymph) are recovered by 
thin-walled vessels ( lymphatic capillaries) that form in the loose connective 
tissue spaces. Unl ike the closed-loop blood capil lary networks, these tiny 
vessels are closed at one end . They merge to form progressively larger 
lymphatic vessels that d rain into large veins in the neck. These vessels 
constitute the lymphatic system.  Certain lymphatic vessels enter and 
leave lymph-fi ltering stations called lymph nodes. 

Region-draining lymph trunks converge into a d i lated lymph sac (cysterna 
chyl1) lying deep to the abdominal aorta on the f i rst lum bar vertebra. The 
thoracic duct begins at the upper end of the sac, ascends the anterior 
surface of the vertebral column,  and d rains into the left subclavian vein at 
its junction with the internal jugular vein. The right lymph duct terminates 
simi larly on the opposite side. It d rains the dotted area. 
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Lymphocytes are among t h e  pr incipal cel ls o f  the immune system. The 
circulation scheme reveals the p rimary pathway for the d issemination of 
lymphocytes from their generative organs ( bone marrow, thymus ) into the 
lymphoid tissues and organs as well as organs and tissues in general 
(peripheral tissues). Such a circulation pattern provides for maximum 
exposure of lymphocytes to m icroorganisms and subsequent body 
defense operations ( immune responses) .  

Formed and developed in t h e  bone marrow and thymus ( 1 ) , lymphocytes 
leave with the venous blood to enter the circulation . By way of arterial 
blood ( 2 ) ,  lymphocytes enter the capillary networks of the lymphoid t issues 
(3) and other peripheral tissues (4 ) .  The lymphocytes may remain in or 
migrate from the lymphoid organs/peripheral t issues, entering blood 
capillaries or lymph vessels. From lymph capi l laries, the lymphocytes flow 
with the lymph f lu id into regional lymph nodes ( 5 ) .  Here they may become 
resident or they may depart the node and merge with other lymph vessels 
to join the lymph ducts (6) that connect with the blood circulatory system. 
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CN: Use green for 0, the same colors tor bone marrow (A) and thymus (8)  used on 
Plate 1 2 1 .  ( 1 )  Structures depicting mucosal-associated lymphoid tissue (E )  are gen­
eralizations; more accurate representations can be seen on Plate 1 27 .  (2) The three 
lymphocyte types have identifying letters drawn into their nuclei. Color over the 
entire cell in  all cases. (3) The various types of cells appearing in this section will 
generally be identified by more descriptive letters/ labels (e.g . ,  PC = plasma cel l ) .  
Try to use the same l ight color for each type wherever i t appears on plates 1 22-1 28. 

rPOOO��OO<t? @00@�@� -:­
®@�§ @AJ�OOIX?@� A 
l?OO'lfGMiJQD® B 

The lymphoid system, the anatomical component of the immune system, 
functions in defense against microorganisms entering the body as well 
as the destruction of cells or cell parts no longer recognizable as "self . "  
Lymphoid tissues and organs are p redominantly collections o f  lym­
phocytes and related cells ( see below) .  often supported by a meshwork 
of reticular f ibers and cel ls .  

The red bone marrow and thymus are primary lymphoid organs. The bone 
marrow contains the precursors of a l l  lymphocytes and d isburses lympho­
cytes into the c i rculation. I t  consists largely of g reat varieties of blood cells 
in  various stages of maturat ion, phagocytes, reticular cells and f ibers, 
and fat cel ls .  Some of the lymphocytes mature and undergo structural 
and b iochemical revision (d i fferentiation) in  the bone marrow to become 
B lymphocytes. Large lymphocytes enter the c i rculation from the bone 
marrow and function as natural k i l ler  cel ls .  Some partly di fferentiated 
lymphocytes mig rate via the blood to the thymus. There they become 
T cells and differentiate further. Those cells then re-enter the ci rculation 
and migrate to secondary lymphoid organs. 

The thymus is located in the superior and anterior ( i nferior) mediastinum . 
It receives uncommitted lymphocytes from the bone marrow The thymus is 
actively engaged in T lymphocyte proliferation and d i fferentiation during 
embryonic and fetal l i fe as well as the f i rst decade of extrauterine l ife. 
The thymus begins to undergo degeneration ( involution) after puberty. 
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Secondary lymphoid organs are structures predominantly populated by 
lymphocytes that m ig rated from t11e p ri mary lymphoid organs. The struc­
tural arrangement of these organs ranges from encapsulated , complex 
structures, like the spleen and lymph nodes, to a d iffuse disposition of 
lymphocytes throughout the loose connective and epithelial tissues of 
the d igestive system,  i f  not a l l  open cavities.  Tl1ese secondary organs 
represent satel l ite sites for lymphocytic activation when challenged by 
antigens. The spleen processes incoming blood. Its lymphocytes and 
phagocytes react rapidly to the presence of microorganisms and aged 
red blood corpuscles. Lymph nodes screen lymph from incoming (affer­
ent) lymphatic vessels, much in the same manner as the spleen pro­
cesses blood. Partly encapsulated ,  nodular masses of lymphoid tissue 
(tonsi ls and adenoids) guard the pharynx, marking incoming micro­
organisms for destruction. Unencapsulated , variably sized , nodular 
masses (fol l icles) of lymphocytes occur throughout the mucosal layers of 
open cavities ( primari ly the d igestive tract) , as do more diffuse distribu­
tions of lymphocytes. These unencapsulated fol l icles and lymphocyte 
collections constitute mucosal-associated lymphoid tissues ( M .A .L.T. ) ;  
i n  the intestines, they may b e  cal led " gut-associated lymphoid tissues" 
(G .A .L. T. ) .  The vermiform appendix harbors mult iple lymphoid foll icles in 
its mucosa. The density of lymphocytes and fol l icles of lymphocytes in 
al l  these groups varies with the degree of immune responsivity required. 
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Activated B lymphocytes (B = bone marrow-derived ) d ifferentiate 
along specif ic l ines, one of which becomes plasma cells. Plasma 
cells secrete p rotein molecules called antibod ies into tissue f luids. 
Antibodies interact with and destroy antigens, a term restricted to 
those molecules (free or  attached to/ are part of cel ls and micro­
organisms) that el ic i t  activation of the B cel ls . 

Early T lymr.;hocytes (T = thymus-derived) differentiate into one of a 
number of cel ls,  including helper (TH) . cytotoxic (Tc) .  and memory 
cells (not shown) .  Activated by antigen stimulation, TH cells stimu­
late and regulate specif ic and nonspecific immune operations 
against cel ls ,  without necessarily being assisted by B cells. Thus, 
they are concerned with cel l -mediated immunity. Tc cells kill cells 
targeted by other T cells or  lymphokines. Natural ki l ler (NK) cells are 
neither B nor T cel ls .  They are not activated by other cells or lympho­
kines (they k i l l  natural ly) .  In association with Tc cel ls,  they destroy 
tumor cel ls and vi rus-infected cel ls pr imari ly. Phagocytes are cells 
that destroy antigen by phagocytosis. They function as antigen-pre­
senting cells (APC) for T cel ls ; T cel ls , in  turn,  activate phagocytes. 
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CN: Use pink for IR and the same colors used on Plate 1 22 where 
possible. Radial l ines surrounding a cell indicate activation. All ele­
ments shown have been magnified and schematized for coloring. 
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NATURAL IMMUNITY 
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Immunity is an anatomic and physiologic state of security against 
disease. Natural immunity exists independent of any specific micro­
organismal interaction with a lymphocyte. Shortly before birth and fol­
lowing ,  one progressively acquires a specific immunity following each 
lymphocyte's encounter with antigen and resulting activation. Phago­
cytes partici pate in both natural and acquired immunity; lymphocytes 
participate in  acquired immunity and enhance natural immunity. 

Natural immunity operates indiscr iminately against microorganisms 

and degenerated cel ls I cell  p arts. A natomic barriers ( 1 ) . such as skin 
or mucous membranes , p hysically resist microorganismal invasion. 
Phagocytes approach their prey from the blood (2) or connective 
tissues (3) .  engulf them (4 ,  phagocytosis) .  and destroy them with 
lysosomal enzymes (5 ) .  Complement (certain soluble proteins in body 
f luids) b ind to microorganism s ,  enhancing their  phagocytos is.  Tissue 
irritation, e .g . ,  d isruption by a spl inter, induces an inflammatory 
response that involves both natural and acqu i red immunity. 

Acquired immunity involves diverse but specif ic lymphocyte responses 
to the presence of antigen. A specif ic lymphocytic reaction to antigens 
(immune response) is characterized by the activation and proliferation of 
lymphocytes followed by the destruction of antigens. Two kinds of ac-
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Humeral (fluid-related) immunity is characterized by 8 lymphocytes 
being activated by antigen (Ag) ( 1 ) . proliferating , forming memory cells 
(BM), secreting antibody (Ab)  ( 2 ) ,  and forming plasma cells (PC) (3) .  
1nhich secrete antibody (4) .  Antibod ies are complex proteins formed in 
response to a specif ic antigen and attached to it at the antigenic deter­
minant site (5 ) .  facilitating its phagocytosis. 
Cellular immunity is  characterized by T lymphocytes (T) being activated 
by antigens attached to antigen-presenting cel ls :  phagocytes (P) ( 1 ). 

-- - -· 

quired immunity are possib le ,  based on lymphocyte types: humoral im­
munity and cellular immunity. l nl1erent in both kinds of i mmunity are spe­
cificity and diversity of response, retention of cel lular memory of antigen,  
and the abi lity to recognize sel f  f rom non-self among the body's proteins. 
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Most T cells differentiate into helper T lymphocytes (TH) and cytotoxic T 
lymphocytes (Tc). Helper T lymphocytes (2 )  enhance humoral immunity 
by activating B cel ls ,  augmenting the inflammatory response, activating 
phagocytes with stimulating factors ( lymphokines ) ,  and forming memory 
cells (TM). Cytotoxic T lymphocytes (3 )  bind to and destroy infected cells 
and form memory cel ls. Memory cel ls recognize specific structural char­
acteristics of the antigens encountered ( " memory")  and facilitate rapid 
immune responses on subsequent exposure to those antigens . 





IMM U N E  ( LYMPHO I D  SYSTEM) 

1?00� Ci!iJQ!J@ &1 00&® CCT){A)[J;300@W 
CN: Use red for G,  blue for H, green for J .  ( 1 )  Begin with red marrow 
(A) at the bottom of the plate. Then color the red marrow (K)  portion of 
the newborn's arm bone. Color the thymus section and the diagram­
matic description of lymphocyte maturation in the thymus. Note that the 
borders of the diagram represent the cortex and medulla of the thy­
mus. Then color the schematic overview of thymic function. 
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The thymus seeds the entire body with T lymphocytes, the p rotago­
nists of cellular immunity. It consists of two lobes of g landular tissue in 
the anterior and superior med iastinum. The thymus is functional and 
relatively large in  the late fetus/ newborn ( 1 5  gms) ,  continues to g row 
and function during the pre-teen years, and decl ines in size and 
activity in the following years. 

The functional thymus consists of microscopic lobules partitioned by 
fibrous septa containing blood vessels. Each lobule has an outer cor­
tex dense with lymphocytes and a much less dense central medulla. 

The epithelial cells of the lobule form a structurally supporting "reticu­
lar" network .  Distinctive concentr ic rings of keratinized epithelial cells 
(Hassal's corpuscles ) are seen in  the medul la ;  although associated 
with degenerative signs in  aging, they may support lymphocyte differ­
entiation. Arterial vessels bring undifferentiated lymphocytes into the 
cortex. The cells migrate into the medul la .  showing signs of d iffer­
entiating into T cel ls .  In the inner cortex, the cells are largely immature 
( but committed) T cells. The medul la contains largely mature T cells . 
These cells leave the thymus by venules ( venous vessels) to ente r '  
the systemic c i rculation. Some T lymphocytes enter lymph vessels 
destined for mediastinal lymph nodes and beyond. The thymus also 
produces a number of factors (hormones) stimulating lymphocyte 
differentiation. 
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Red marrow ( recall Plate 20) is densely populated with a great variety 
of blood cells in various stages of development. The supporting 
framework of marrow is reticular f ibers and cel ls.  Fed by arterioles 
from the nutrient artery of the bone , the cap i l laries with in the marrow 
are enlarged to the ext3nt of being small  sinuses ( sinusoids) .  They 
reveal transient cytoplasmic "pores" for the immediate passage of 
cells into the ci rculation . Among the developing b lood cells are 
lymphocyte precursors. These are st imulated to d iv ide by certain 
growth factors. The progeny of these cells are mostly small and some 
large lymphocytes. B lymphocyte (B cell ) maturation, natural ki l ler cell 
(large lymphocyte) development, and pre-T cell development occur in 
the bone marrow. These lymphocytes enter the sinusoids and the 
venous outflow to be distributed bodywide. 
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CN: Use red for F and blue for H. Continue 
with the same colors as were used on preced­
ing plates for the cells. ( 1 )  When coloring the 
schematic representation of spleen structures. 
note the underlying brackets that designate 
the structures fitting within the white pulp 
and red pulp regions. ( 2) Do not color the 
venous sinuses ( G ) ,  in order to keep visible 
the gaps and highly branched reticular cells 
( lower illustration) .  
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The soft, blood-fi l led, dark pu rple spleen l ies posteriorly in the upper 
left abdominal quadrant, just above the left k idney, at about the level 
of the 1 1 th and 1 2th r ibs.  I t  is general ly about the size of your closed 
fist. The capsule of the sp leen projects inward extensions ( trabecu­
lae) that support the organ and incoming /outgoing vessels. The 
microscopic view of the spleen is compl icated by the endless sea of 
lymphocytes and phagocytes and, in this organ, red blood cells.  

Small ,  downstream branches of the splenic ar te ry travel in the f ibrous 
trabeculae; branching arterioles become enveloped in lymphocytes 
(periarteriolar sheath)  and branch among lymphoid follicles. These 
foll icles, the arterioles, and the i r  cel lular sheaths constitute the white 
pulp. The follicles enlarge with antigenic st imulation ; large mitotic 

lymphocytes ( in  various stages of cel l  division ) begin to appear in 
the central part of each fol l icle (germinal center) following stimula­
tion, creating a zone less dense than the surrounding,  cel l-packed 
area. As the straight ( penici l lar) arterioles leave the white pulp , they 
lose their muscular tunics to open into venous sinuses surrounded 
by phagocytes. These sinuses appear to have gaps amidst the 
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SPLEEN STRUCTURES 
(Schematic) 

Splenic 
cords 

i rregular strands of splenic cords ( highly branched reticular cel ls ,  
B cel ls,  and plasma cel ls ) .  Phagocytes hanging out among the 
branches engage aged red blood corpuscles that s l ip out of the 
sinuses. The sinuses and splenic cords constitute the red pulp .  
The sinusoids d rain into venules, the tr ibutaries o f  trabecular veins. 
These form the tr ibutaries of the splenic veins. 

Antibody production and phagocytosis are major activit ies of the 
spleen. As blood flows into the arterioles of the white p u l p ,  antigen 
is g reeted by phagocytes and myriad T cells, setting off cel lular 
immune responses in the periarteriolar sheaths .  Snaking into the fol­
l ic les , the vessels are surrounded by B cel ls .  Once activated by the 
presence of antigen, B cells transform into p lasma cel ls ,  and anti­
body is produced (humoral immunity) .  Systemic infection markedly 
increases the output of lymphocytes, causing palpable splenic 
enlargement (sp lenomegaly ) .  Removal of the spleen (sp lenectomy) 
is not a benign event. Absent sp lenic t issue, the body may have 
reduced immune capabil i t ies. 
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CN: Use red for M, blue for N, and green for 0 ( if you have additional greens, 
use them on J-L) :  continue using the same colors for the various cells. ( 1) Color 
the circular insets ident ifying the dominant cell in the regions of the lymph 
node. In the paracortex, note the small circles representing venules (N 1) .  
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The lymph node has a f ibrous capsule from which trabeculae invade 
the organ, divid ing it  incompletely i nto compartments. Fine reticular 
fibers and cells spread out from the trabeculae to form a thicket of 
interwoven branches througl1out the node ( reticular network) . This 
intricate weave of f ibers supports the dense populations of lympho­
cytes throughout the node.  Lymph percolates through parts of the 
reticular network called lymph sinuses (only the marginal sinuses 
appear to be endothelial l ined ) .  The reticular fibers in these sinuses 
( 1 )  form a spatial framework from which phagocytes can readily 
engage antigens in the lymph flow. 

The node inter ior is  characterized by an outer cortex and an inner 
medulla. The cortex reveals a g roup of particularly dense masses of 
B lymphocytes (2, lymphoid follicles) existing among a more sparse 
array of largely T lymphocytes in the interfollicular areas (3). In the 
presence of significant amounts of antigen, the follicles develop 
germinal centers; here are seen mitotic lymphocytes in varying 
degrees of mitosis (4 ) .  The outer part of the medul la (paracortex) has 
more d iffuse arrangements of phagocytes, T cel ls ,  and some B cells 
(5) .  The endothelial cel ls of the venules in the paracortex are special­
ized and provide lymphocyte homing receptors that influence the 
localization of T and B cel ls within the node. The medulla contains a 
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concentrated array of interconnecting sinuses. with phagocytes and 
plasma cells in  significant numbers (6 ) .  

Lymph enters the  nodes by afferent vessels with valves control l ing 
unid irectional traffic. As the lymph meanders through the throngs of 
reticular f ibers in the sinuses, phagocytes pick off the antigens and 
present them to the T cells in the interfol l icular areas. Activated B cells 
in the fol l icles, facil itated by helper (TH) cel ls ,  transform into plasma 
cells and memory cells. The plasma cells and B cells secrete antibody 
with receptors that bind a portion of the antigen (antigenic determi ­
nant ) .  Binding of antibody to the antigen faci l itates d estruction of  the 
antigen. Major stimulus promotes the formation of g erminal centers. 
Further immune activity occurs in the paracortical and inner medul lary 
areas. Lymph leaves the medullary sinuses and the node by way of the 
efferent vessels. Lymphocytes also enter the node by small arteries; 
these cells can migrate into the sinuses from the venules while the 
remaining blood leaves the node by veins 

In summary, the lymph node is the site of both humoral-mediated (B  
cel l )  and cell-med iated (T ce l l )  immune responses to antigens in the 
lymph. Palpable enlargement of cervical lymph nodes during an upper 
respiratory infection, for example, g ives testimony to the existence of 
such mechanisms operative in the face of m icroorganismal invasion. 
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CN: Use green for C and the same cell colors as you used previously. ( 1 )  
Begin with the representations of normal and inflamed tonsils, using pink and 
red colors, respectively. Include the circular insets identifying the dominant 
cells within the follicle and germinal center. 
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Unencapsulated lymphoid tissue abounds throughout the epithelial 
and connective tissues of the body. This tissue may be represented by 
mobile loose or dense collections of lymphocytes and/or phagocytic 
cells. Single or mult iple foll icles (nodules) of organized lymphoid tissue, 
as seen in lymph nodes and the spleen, also fit this category. These 
nodules may disappear and then form anew in response to antigenic 
challenge. These lymphoid cells/nodules in the mucosa! (and sub­
mucosal) layers of the viscera, spanning several systems, constitute 
"mucosal-associated lymphoid tissue" ( M .A .  L.T. ) .  In the "gut , "  such 
tissue is called "gut associated lymphoid tissue" ( G .A. L .T. ) .  Skin-associ­
ated lymphoid tissue (S.A. L.T. )  has also been described (see Langer­
han's cell in Plate 1 8) .  Here some examples of M .A. L .T. are presented. 

Masses of pr imary lymphoid fol licles surrounding infoldings of the 
pharyngeal mucosa are called tonsils. Tonsi ls have no definitive lymph 
sinuses; however, lymph capi l laries can be  seen d raining into efferent 
lymphatic vessels. With antigenic st imulat ion, inflammation of the tonsil 
commonly occurs (tonsi l l i t is) .  An inflamed tonsil is swol len,  red (often 
with streaks of vessels rang ing across the mucosa! surface) ,  and pain­
ful. As the foll icles are activated , germinal centers are formed, numbers 
of B and T lymphocytes increase, phagocytes and plasma cells 
appear, and antibody is prod uced. Considered a culturally accepted 
" rite of passage" in  the past, tonsil lectomies are accomplished now 
only for good cause (obstructed airways, chronic infections). Tonsils/ 
adenoids ( M .A. L.T.) respond quickly to the presence of microorganisms, 
either marking them for presentation to T cells or undertaking their 
destruction d irectly by means of antibodies. 

Aggregates of lymphoid follicles in  the submucosa of the distal i leum 
are called Peyer's patches. Seen sporad ically throughout the intestine, 
lymphoid fol l ic les are more concentrated here. With antigenic stimula­
tion, these foll icles increase in much the same manner as tonsils. 

The vermiform appendix is a thin, tubular extension of the cecum 
(large intest ine) .  I t  contains a number of lymphoid fol l icles that extend 
from the submucosa up to the epithel ial l ining of the mucosa. The 
mucosa of the appendix experiences fairly frequent insults ( tomato and 
chile seeds, popcorn kernels, and ingested foreign matter ) ,  and inflam­
matory events are fair ly common (ap pendicit is) .  The structure swel ls ,  
reddens, and is often quite painfu l .  Classical immune responses occur 
(formation of germinal centers , and so on). Because of the thin wal ls of 
the appendix, inf lammations induced by acute infections can rupture 
through to the peritoneum ( periton it is) .  Surg ical removal of the appen­
dix (appendectomy) is common. There is no evidence that depressed 
immune activity occurs following appendectomy. 
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CN: Do not color this plate unti l  you have colored the previous 
plates on the immune system (use the earlier colors for the cells 
on this plate). See the g lossary for explanation of new terms. 
( 1 )  Begin with HIV infection and follow the numbered text as you 
work down the page. The three cells at the top represent differ­
ent stages of a single cell. (2)  Dotted outlines represent 
destroyed structures. (3)  Downward pointing, outlined arrows 
indicate a reduction in n umber or negative reaction; upward 
arrows equal increase in number or positive effect. HIV I N F ECTION 
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Human i m m unodeficiency virus ( H I V )  is a retrovirus that causes 
acquired 1mmunodef1ciency syndrome (A IDS ) ,  a d isease process 1n 
which most parts of the immune system are affected at one point or 
another A retrovirus 1s an R NA virus containing the enzyme reverse 
transcriptase , which converts R NA to DNA.This plate i l lustrates t11e 
immunosuppressive effects of the d isease p rocess. 

Free H I V  or  H I V- infected cells are passed from one person to 
another by body f luids. Such transfer occurs p redominant by sexual 
contact or by injection. Once in  the body, HIV infects cells with CD4 
receptors (certain phagocytes and T cells) at a rapid rate, generally 
inducing fat igue,  fever, sore throat, and palpably swollen lymph 
nodes. Following a decline of symptoms ,  a period of latency ( usu­
ally 2+  years) fol lows. H IV repl ication appears relatively subdued 
during this time, and there may be no symptoms. But repl ication of 
HIV continues in  the lymphoid tissues and wherever mobi le,  
infected p hagocytes take them .  At some point,  when the vi ral load 
is highly elevated and the competence of the immune system is 
sufficiently compromised , a variety of non-H IV / non-H IV-infected 
microorganisms prol iferate in the body without adequate immune 
challenge. These "opportunistic infections" may be viral , bacterial , 
funga l ,  or protozoa! in or ig in and can occur simultaneously. These 
infections ult imately kill the host . Current r<:Jgimens of treatment can 
reduce the viral load and improve the qual ity of l i fe, but 
do not el iminate the H IV infection . 

In ou r example here, H I V  is free and blood-borne. Note that ( 1 )  the 
CD4 receptor of the lymphocyte is attached to the outer envelope 
g lycoprotein (GP)  1 20 of an H I V. Fusion occurs, mediated by the 
co-receptor chemokine. The envelope is  discarded as the viral core 
enters the cell (2 ) .  The nucleocapsid is ruptured (3 ) ,  freeing the viral 
RNA and the enzyme reverse transcriptase into the cell cytoplasm. 
The viral RNA is transcribed by the reverse transcriptase into provi­
ral DNA (4 ) .  The p roviral DNA flows into the nucleus of the cell and 
integrates with the host cell DNA (5 ) .  Once integrated (6), R NA 
polymerase transcribes the v i ral  DNA segments into vi ral mRNA 
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( 7 ) .  The viral mRNA translates large, virus-specific proteins that 
are broken down by protease enzymes into structural proteins (8) .  
Viruses are formed (9)  from these p roteins and then discharged 
from the cel l  by exocytosis ( 1 0) .  The vi ral envelope is derived 
from the cel l  membrane. The d ischarged HIV is  infectious. 

Freed in to the c i rculation ,  H IV attaches to CD4+ T cel ls ( 1 ) .  Some 
of the T cel ls are ki l led by the infection ( 2 )  and some survive , pump­
ing out a continuum of H I V  (3 ) .  Some infected T cells induce cyto­
toxic T cells to destroy the virus (4 ) .  T cel l  destruction results in 
reduced T cel l-stimulated phagocytosis ( 5 ) ,  reduced inflammatory 
responses (6 ) ,  increased antigen ( 7 ) ,  and decreased T memory 
cells (Tm)  (8 ) .  T and B cells (9) working together enhance B cell 
activity. With reduction of T ce l ls ,  enhanced B cell activity ( 1 0) 
decreases, as do B memory cells ( Bm )  ( 1 1 ) ,  plasma cells ( 1 2) ,  and 
antibodies ( 1 3) .  HIV also infects phagocytes ( 1 4 ) ,  ki l l ing them indi­
vidual ly or in fused cell masses ( syncytia) ( 1 5 ) .  Surviving ,  infected 
phagocytes ( 1 6) produce a continuum of viruses ( 1 7) .  The global 
effect of all these events , and more , is progressive immunosuppres­
sion and onset of opportunistic infections. 
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CN: Use red for L and l ight colors throughout. ( 1 )  Begin with the 
structures of the respiratory system.  (2) Color the cross section of 
the trachea (0) .  including the respiratory mucosa ( I ) .  (3) Color the 
magnified section of the mucosa in the lowest view. 
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The respiratory tract conducts a i r  to the respiratory units of 
the lungs where it can readily be absorbed by the blood , and 
it removes carbon dioxide-laden air from the air cells and 
exhausts i t  to the external atmosphere. I t  develops and refines 
sounds into potentially intel l ig ib le vocalization , and i t  helps 
maintain the acid-base balance of the blood by blowing off 
excess acid in  the form of carbon d ioxide. Nowhere in the 
body does the outside world ,  with all its creatures of micro­
scopic dimension, have such easy access to the protected 
interior cavities of the body as i t  does at the a i r /b lood inter­
faces of the lung. The respiratory tract has both air-conducting 
and respiratory (gas exchange) parts. 

The air conduction tract inc ludes an upper ( nasal cavity, 

pharynx, larynx) and a lower tract ( trachea, primary bronchi 

and bronchial tree). The upper tract is l ined with respiratory 
mucosa, except in the lower p harynx where it has a stratified 
squamous epithelial surface. Except for the nose and pharynx, 
the skeleton of the respiratory tract is cartilaginous down to the 
smallest airways ( bronchioles) ,  where the cartilage is replaced 
by smooth muscle. The parts associated with gaseous 
exchange are the smallest bronchioles and alveoli ( respi ratory 
units), which take up much of the lung's volume. 

The muscular diaphragm provides much of the force neces­
sary for inspi ration and expiration of air. One-quarter of that 
force is  generated by the intercostal muscles moving the r ibs. 
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The mucosa of the respiratory tract is largely pseudostratified 
columnar and ( in the bronchioles) cuboidal epithelia with 
mucus-secreting goblel ( unicel lular g land) cells and cilia. Here 
excreted mucus traps foreign particulate matter, inhaled air is 
hydrated ( m ixed with water ) ,  putt ing oxygen in  solution, and 
the air is heated from underlying vessels. The epithelial cel ls 
are supported by a loose f ibrous, glandular, vascular lamina 
propria, replete with f ibroblasts and cells of the lymphoid 
system. Deep to this connective tissue layer is the supporting 
tissue ( bone in the nasal cavity, muscle in  the pharynx , hyaline 
cartilage in the trachea,  larynx, and bronchi ,  smooth muscle in 
the bronchioles, and thin f ibers supporting the air cel ls ) .  

1 29 �\ See 30, 134 
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CN: Use very l ight colors for H and I .  ( 1 )  Begin with the upper 
illustration .  (2) Color the nasal septum and its structure in the 
nasal cavities diagram. (3) Co lor the elements of the lateral wall 
of the nasal cavity and relations in the lowest illustration. 
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The nose i s  a largely carti laginous affair external to the skull proper. Its 
orif ices (nares, or nostr i ls)  open into the nasal cavity of the skul l ,  which 
is a bony tunnel divided by a partly carti lag inous nasal septum. The 
nasal cavity opens into the muscular pharynx through two bony-walled 
posterior apertures called choanae. The nose, situated as it is in front of 
the face, often receives the brunt of a facial impact. In such an event, it 
is not unusual for the cartilage of the nasal septum (septal carti lage) to 
break off from the perpendicular plate of the ethmoid This "deviated 
septum" may obstruct air flow through the narrowed half of the cavity. 
The skin-l ined vestibule of the nose has long hairs (v ibr issae) that serve 
to discourage entrance of foreign bodies. The nasal cavity is carpeted 
with a mucosa! l in ing characterized by ci l iated epithel ial cel ls that 
secrete mucus and whose c i l ia  sweep small particulate matter down 
into the nasopharynx. The bony conchae (so cal led because of their 
resemblance, in  frontal section, to the conch shel l )  increase the surface 
area of the nasal cavity, significantly boosting the local temperature and 
moisture content. The inferior concha on each side is attached to the 
ethmoid bone by an immovable joint (suture) ;  the superior and middle 
conchae are part of the ethmoid bone. The spaces under the conchae 
(meatuses) are open to paranasal sinuses ( air-f i l led cavities ) ,  the sub­
ject of the next plate. Note that the roof of the nasal cavity ( cribriform 
plate) transmits the olfactory nerve f ibers; resting on or near this p late 
are the frontal lobes of the brain .  Note that the floor of the nasal cavity is 
the palate, which is also the roof of the oral cavity. The soft palate i s  a 
muscular extension of the bony palate and plays a role in swallowing . 
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CN: Use the same colors for the bones A and B ,  and conchae F, 
G ,  and H ,  that were used for those structures on Plate 1 30. ( 1 )  
Color the sinus drainage sites in the lateral wall of the nasal cavity. 
Include the edges of the conchae which have been cut away to 
reveal the meatuses and related drainage sites. (2) Color the coro­
nal section. Note that it is a composite view, showing openings 
into the nasal cavity that do not appear in any one single coronal 
plane. Even so, this view cannot show the relations of the sphe­
noid sinus and opening, nor the mastoid air cells and the aud itory 
tube. (3) Color the lower drawings. Note that nasolacrimal duct 
and the duct of the frontal sinus are shown on one side only. 
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The skull has a number of cavities in it .  You are familiar with some 
of them (mouth, nose, external ear, orbits) ,  but perhaps not so 
familiar with others. The frontal , sphenoid ,  maxil lary, ethmoid , and 
temporal bones have variably sized cavities, al l  of which d i rectly 
or indirectly communicate with the nasal cavity. These are the 
paranasal air sinuses, to be dist ingu ished from the venous 
sinuses of the dura mater. These air sinuses serve to l ighten the 
skull and they add tim bre to the voice. They are l ined with respi­
ratory-type epithel ium, which is continuous with the epithel ium 
of the nasal cavity. The mucus secretions from these epithelial l in­
ings pass down canals and enter the nasal cavity just under the 
conchae (meatuses) .  Their specif ic d rainage sites are indicated 
by the arrows. Should these passageways become blocked by 
inflammation and swel l ing,  pressure bui lds within the sinuses to 
a point where considerable pain can be experienced (s inusit is ,  
s inus headache) .  Agents that constrict the blood vessels (decon­
gestants) help to reduce the swel l ing and reestablish proper 
drainage.  The mastoid air cells, in  the mastoid process of the 
temporal bone, d rain into the middle ear (tympanic) cavity, com­
municating by way of the auditory ( pharyngotympanic) tube with 
the nasopharynx just posterior to the nasal cavity. The nasolacri­

mal duct receives secretions from the lacrimal gland, which func­
tions to keep the covering (conjunctiva) of the eye g lobe moist. 
Tears drain i nto slits at the medial aspect of the eyel ids,  which 
open into sacs that narrow into the nasolacrimal ducts. These 
ducts pass downward along the lateral walls of the nasal cavity 
and open into the meatus of the inferior concha on each side­
and that is why one blows one's nose after crying.  

SINUS DRAINAGE SITES 
(Right lateral wall of nasal cavity, 

nasal conchae removed) 

PARANASAL SINUSES 
(Diagrammatic, composite, 

coronal section) 

PARANASAL SINUS AND DUCTS 
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CN: Use dark or bright colors for N, 0, and Q. ( 1 )  Begin with the over­
view diagram in the u pper right corner. ( 2 )  Complete the large com­
posite sagittal section (do not color the arrows representing air flow). 
Take note of the surrounding structure as a frame of reference (not to 
be colored) .  (3) Color all six laryngeal views simultaneously. 
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The pharynx is an incomplete tube of mostly skeletal (constrictor) 
muscle and f ibrous tissue, appearing to hang from the edges of 
the choanae ( posterior nasal apertures) at the base of the skul l .  
Posteriorly, it is  supported by fascia in front of the sphenoid bone 
and the upper six cervical vertebrae. I t  is the posterior and inferior 
continuation of the nasal cavity; i t  is  open to the oral cavity 
anteriorly. Inferiorly, it continues as the esophagus behind and 
the larynx in front. Most of pharynx is  l ined with stratified squamous 
epithel ium, except the nasopharynx ( respi ratory l in ing ) .  Coordi­
nated muscular activity in the pharynx underl ies the mechanism 
of swallowing (deg lutit ion). 

Masses of partially encapsulated lymphoid tissue incompletely 
encircle the nasal and oral openings into the pharynx (Waldeyer's 
r ing)-i.e .. at the opening of the aud itory tube ( tubal tonsi ls) .  at the 
roof of the nasopharynx ( adenoids) ,  between the palatoglossal and 
palatopharyngeal p i l lars ( palatine tonsi ls;  see Plate 1 3 7 ) .  and at the 
posterior tongue ( l ingual tons i ls ) .  See tonsil function in Plate 1 27 .  
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The larynx provides a mechanism for sound production , manipu­
lation of sound waves ,  and protection from inadvertent aspiration 
( inhaling ) of solid matter. The larynx is  supported by a framework of 
hyaline carti lage connected by l igaments. Although associated with 
the larynx, the hyoid bone is not a laryngeal structure. 

The thyroid cartilage is composed of two laminae that together are 
V-shaped when seen from above. The arytenoid cartilages articu­
late with the top of the cricoid, p ivoting on i t .  The vocal folds are 
mucosa-l ined l igaments stretching between thyroid and arytenoid 
cartilages. They are abducted /adducted by the movement of the 
arytenoid carti lages. In breathing they are abducted ; in  coughing, 
they are momentarily ful ly adducted ( closing the rima) .  permitting 
intrathoracic pressure to bui ld ; opened rap id ly by abduction of the 
folds, the rima experiences hurricane-force winds from the depths 
of the resp i ratory airway (explosive cough) .  During phonation, the 
vocal folds are generally adducted , varying somewhat with pitch 
and volume. The vestibular folds ( false vocal folds) are f ibrous 
and move only passively. 
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CN: Use bright colors for A-E. very l ight colors for F and G, and a reddish-brown 
color for H. In all of the illustrations the thickness of the pleurae ( F  and G) has been 
enlarged for coloring purposes. ( 1 )  Begin with the anterior view. Note that the ribs and 
intercostal muscles have been removed (see Plate 50). Sections of the pleurae have 
been stripped away and separated. The potential pleural space is between these lay­
ers; in the coronal and cross sections, this space is drawn as a dark line and not as a 
structure to be colored. Similarly, the tit le is left uncolored. A small section of the pari­
etal pleura has been cut and pulled away to reveal the underlying visceral pleura and 
a portion of the costodiaphragmatic recess below the lung superficial to the 
diaphragm. ( 2) Color the coronal view, noting the left crus of the diaphragm and the 
cardiac notch of the left lung. (3) Color the cross section of the lung lobes and pleurae 
(as seen from above) .  noting the vertebral level and the roots of the lungs. 
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Serosal surfaces 
facing potential 
pleural space 

ANTERIOR 
VIEW 

(Right side) 

Costodiaphragmatic 
recess of pleura 

Posterior 

CROSS SECTION 
(Through TS) 

Oblique 
fissure 

CORONAL 
SECTION 
(Left side) 

Costodiaphragmatic 
recess of pleura 

EXTENT OF PLEURAE 

The lobes of the lungs are largely enveloped in visceral pleura, a 
thin serosal membrane that turns ( reflects) off the lungs at their 
roots to become the parietal pleura, which l ines the inner surface 
of the chest wall, the lateral mediastinum, and much of the d ia­
phragm .  These serous membranes are in contact with each 
other, separated by a thin layer of serous (watery, glycoprotein) 
f lu id.  The interface of these membranes is potentially a cavity or 
space (pleural space/cavity) . With certain diseases, the space 
is capable of expanding to accommodate increasing amounts of 
f luid ( pleural effusion) at the expense of the lung , resulting in a 

reduction of total lung capacity. The serous f luid maintains sur-
f ace tension between the pleural surfaces ( resisting separation 
of visceral and parietal layers in contact with one another) and 
p revents frictional irr itation between moving pleural memb ranes. 
During quiet inhalation, the inferior and anterior margins of the 
visceral pleura-lined lungs do not quite reach the parietal pleura, 
leaving a narrow space or recess-i . e . ,  the costomediastinal 
recess between the rib cage and the mediastinum ( not shown) ,  
and the costod iaphragmatic recess between r i b  cage and 
d iaphragm (see coronal section at lower r ight ) . 

\ 
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R. middle 
lobar bronchus 

R. inferior 
lobar bronchus 

L. inferior 
lobar bronchus 

LEFT 
LUNG 

RIGHT LATERAL VIEW 

1-10 
SEGMENTAL 

10 
1-10 

SEGMENTAL 

Middle 

(diaphragmatic) 
surface 

R. main 

RIGHT MEDIAL VIEW 

B 

CN:  Save blue for H, purple for I ,  and red for J ( in the respiratory uni t  below). ( 1 )  Use ten 
different colors for both lungs, and key those colors to the ten segmental bronchi of each 
lung. (2 )  Below, use the same color as above for the 7th segmental bronchus. Use one 
light color for the alveoli (G 1) and the alveolar sacs (G ) . Note in the gas exchange d iagram 
that red blood cells in the purple capillary (F) receive three different colors according to 
their stage of oxygenation. 

The lower respiratory tract consists of the trachea and the bronchial tree, includ­
ing the resp i ratory units that are engaged in gaseous exchange. The lungs are 
d iv ided by connective tissue septa into triangular-shaped , surg ically resectable 
anatomical and functional units called bronchopulmonary segments, each 
served by a segmental bronchus,  suppl ied by a segmental artery, and drained 
by segmental veins and lymphatics. Segments are of special significance to 
those interpreting lung sounds by stethoscope (auscultation) or listening to the 
sounds coming from the lungs when the chest wall is tapped ( percussion). By 
such methods, sites of alveolar dysfunction/d isease and levels of abnormal 
accumulations often can be determined. 
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LEFT MEDIAL VIEW 
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Within each bronchopulmonary segment, a segmental bronchus branches into sev­
eral bronchioles ( less than 1 mm in d iameter, supported by smooth muscle instead 
of carti lage) .  These bronchioles give off smaller terminal bronchioles, characterized 
by ciliated cuboidal cells without g lands. The terminal bronchioles represent the end 
of the air-conducting pathway. Each terminal bronchiole divides into two or more 
respiratory bronchioles, characterized by occasional alveolar sacs on their wal ls. 
Each respiratory bronchiole suppl ies a respiratory unit ,  which is a d iscrete group of 
air cells ( alveoli ) ,  arranged in alveolar sacs, fed by alveolar ducts. Extending from its 
source bronchiole, each resp i ratory bronchiole has more and more alveolar sacs, 
terminating as an alveolar duct opening into alveolar sacs. The walls of the air cel ls, 
composed of s imple squamous epithel ia supported by thin interwoven layers of 
elastic and reticular f ibers,  are surrounded by capi l laries that arise from pulmonary 
arterioles and become the tr ibutaries of pulmonary venules. The walls of these capil­
laries are fused to and structurally simi lar to those of the alveol i .  Oxygen and carbon 
dioxide rapidly diffuse, on the basis of pressure grad ients, through these walls. 

RESPIRATORY UNIT 

Oxygen � 





RESPI RATORY SYSTEM 

CN: Use ligh t colors throughout, except for a br ight or dark 
color for E. ( 1 )  Begin with the i l lustration at far left ( inspiration ) ;  
note that the thoracic wall (A )  i s  shown only in the far right 

diagram. Color the diaphragm, its location represented by 
broken l ines. (2)  Color the expiration illustration and the bucket 
handle analogy. (3) Finish with the i l lustration at far r ight. 
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INSPIRATION 

The mechanism of respiration makes possible b reathing , which 
consists of inhalation ( insp iration) and exhalation (expiration) 
phases. The p hysical p rinciple underlying air movement in/out of 
the thorax is the inverse relationship of pressure and volume ( as 
one goes u p ,  the other goes down) .  Volume changes within the 
thorax alter the intrathoracic pressure 1 -2 mm Hg above/be low 
atmospheric pressure (outside the body) in quiet breathing­
enough of a change to move about 500 ml of air with each breath. 
The thoracic diaphragm accomplishes about 75% of the inspira­
tory effort, the external intercostals 25%. Expiration is largely 
diaphragm and external intercostal relaxation / stretch ,  and 
lung elasticity, with some help from the internal intercostals. In 
inspiration, contraction of the d iaphragm flattens the muscle and 
lowers the floor of the thorax, increasing the vertical d imension 
of the thoracic cavity. Contraction of the external intercostals 
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elevates the r ibs,  swinging the sternal body sl ig htly outward at the 
sternal angle. This increases the transverse and anteroposterior 
d imensions of the thoracic cavi ty. These actions collectively 
increase the intrathoracic volume,  momentarily lowering the pres­
sure with in .  Given the relatively higher atmospheric pressure out­
side the head , air is induced to enter the respi ratory tract to find 
lower pressure. The action of the bucket handle demonstrates 
the h inge action at the sternal angle and related r ib elevation. 
In  expiration, the relaxed diaphragm forms "domes" over the 
underlying liver and stomach, decreasing the vertical d imension 
of the thorax. Recoi l /descent of the ribs decreases the transverse 
and anteroposterior dimensions. The thoracic volume is  thus 
decreased, momentarily increasing the intrathoracic p ressure 
above atmospheric.  Air escapes to the outside ,  aided by the 
natural elastic recoil of the lungs. 

1 35 
See 30, 50 

MOVEMENT OF 
THE STERNUM 

At inspiration 





DIG ESTIVE SYSTEM 
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CN:  When coloring the organs that overlap each other. use your l ightest 
colors for D ,  E ,  T, V, and W. Each overlapping portion receives the color of 
both structures. ( 1 )  After coloring the alimentary canal , review the struc­
tures before completing the accessory organs. The central section of the 
transverse colon (J) has been removed to show deeper structures. 
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Diaphragm 

The digestive system consists of an al imentary canal with acces­
sory organs. The canal begins with the oral cavity Here the teeth 
pulverize ingested food whi le it is softened and partly d igested by 
salivary gland secretions. The tongue aids in mechanical manipu­
lation of the food and l iterally f l ips the food into the f ibromuscular 
pharynx dur ing swallowing. 

The esophagus moves the bolus along to the stomach by 
peristaltic muscular contractions. Here the bolus is treated to 
mechanical and chemical d igestion, then passed into the highly 
coiled small intestine for more enzymatic and mechanical d igestive 
processes. Bile, produced by the liver and stored in the gall blad­
der, is discharged into the duodenum by a bile duct. Bi le assists in 
the breakdown of fats. Digestive enzymes from the pancreas enter 
the d uodenum as well. Nutr ients of molecular size are extracted 
primarily from the lumen of the small intestine ,  absorbed by l ining 
cells, and transferred to blood and lymph capi l laries for eventual 
delivery to the liver for processing.  The large intestine is  concerned 
with absorption of minerals and water (p roximal half) and storage. 
Undigested ,  unabsorbed material continues to the rectum for 
discharge through the anal canal and anus. 

Nasal 
cavity 

Alimentary canal 
is like the hole 
in a doughnut 

1 36 
See 1 19 

Spleen 





DIGESTIVE SYSTEM 

CN: Use p ink or  red for I and very l ight  colors for N ,  0,  and 
P. The asterisks preceding titles F, G, and H refer to the 
footnote under the list of titles, and not the color gray. ( 1 )  
Color the two u pper views of the oral cavity simultaneously. 
(2) Color the papillae of the tongue with the color of the 
tongue ( I )  but not the tongue itself. (3 )  Color the three sali­
vary glands and the cellular diagram to their right. Note that 
the lumen,  which receives glandular secretions, is not col­
ored as it passes through the various colored structures. 
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Frenulum 
of the l ip 

1 37 
See 26, 4 7, 127, 132 

Nasopharynx 0 
. roph�rynx 

ORAL CAVITY 
(Sagittal view) 

J 

·These structures are considered as part of th� oropharynx 
in Plates 1 32 and 1 39; as a practical mattter. they are part 
of the oral cavity bordering the oropharynx. 

ORAL CAVITY 

The oral cavity ( mouth) is essentially concerned with preparation of food for 
swallowing . Food is p ulverized with teeth ( p resented in next plate) .  which act 
on food through chewing ( mechanical digestion), made possible by t11e muscles 
of mastication and the temporomandibular joint, which permits mouth opening 
to an interincisor distance of 35-50 mm. Wetting the food is a function of the 
thousands of mucous and serous g lands in the tongue and the mucosa l ining 
the oral cavity. Wetting and enzymatic action also are functions of the salivary 
glands ( discussed below). Mechanical d igestion is enhanced by the papillae 

on the surface ( dorsum) of the tongue. These provide a site for taste receptors 
(except f i l iform papil lae) and an abrasive surface, for breaking down food. 
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TON G U E  

Salivary glands secrete an enzyme-rich fluid into the mouth 
during periods of eating or anticipated eating. The largest is 
the parotid gland, situated b i laterally in front of and below 
each external auditory canal , partly overlying the masseter 
muscle.  Its d uct arches over the masseter, penetrating the 
cheek m ucosa to enter the oral cavity opposite the upper 
2nd molar. I ts glandular cel ls are serous. The smallest of the 
salivary g!ands, the mucus-type sublingual glands, lie under 
the tongue below the oral mucosa. The submandibular 
glands are U-shaped and wrap around the mylohyoid 
muscle (P late 48) .  They consist of ducts and mixed glands, 
primarily mucous. 

An example of a mixed ( muco-serous) gland is shown here. 
The serous g lands consist of cells that are pyramid-shaped. 
The cel ls form rounded, grape-shaped alveoli or acin i ,  
whose center forms the duct. The more tubular glands are 
mucous-secret ing;  they are cylinder-shaped,  with a central 
duct. Col lections of serous cells capping a mucous gland 
are called serous demilunes ( half-moon shaped ) .  Contractile 
myoepithe/ial cells within the basal laminae of both duct and 
g land cel ls are responsib le for forcing the secretions into the 
ducts and out of the g lands.  
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CN: Use yellow for F, red for G ,  blue for H ,  and light colors for A, B ,  and L. 
( 1 )  Beg in with the anatomy of a tooth. Color gray the titles and arrows/bands 
arranged vertically. (2) Use only light colors on tile teeth below. Note that the 
identifying letter and number labels are those used by the dental profession. 
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Note the longitudinal section of a molar; two roots are shown. The 
core substance of the tooth is dentin. Composed of packed micro­
scopic tubules, pain-sensit ive, avascular dentin is composed l ike 
bone, though more mineralized ( 70% by weig ht) .  Dentin is capped 
by a 1 .5 mm layer of insensitive enamel, 95% m ineral by weight,  less 
than 1 % organic. Enamel consists of microscopic circular rods f i l led 
with hydroxyapatite ( bone) crystals ,  and it is the hardest material in  
the body. The dent in of  each tooth has a hollow pulp cavity; i t  extends 
into each root of the tooth as the root canal. At the apex of each root, 
an opening ( apical or root foramen) permits the passage of blood 
vessels and nerves into/from the alveolar bone. Pulp is a well- inner­
vated and vascular loose connective tissue, continuous with the 
periodontal l igament through the root foramen. 

Each tooth has a crown , extending above the gingiva (gum l ine) ,  a 
neck (at the level of the gum; here the enamel ends and abuts the 
cementum) ,  and one or more roots buried in alveolar bone of the 
maxi l la (upper teeth) or mandible ( lower teeth ) .  Incisors and canine 
teeth each have a single root canal; premolars and molars may have 
1 -3 roots. The surface of the crown is characterized by tubercle-l ike 
cusps separated by fissures, except for incisiors, which have only a 
cutting edge. Canines have one cusp (cuspid ) ;  premolars have two 
( b icusp ids) ,  and molars have 4 or 5 cusps. Mult iple cusps enhance 
the grinding and abrasive functions of the teeth. 

The fibrous periodontal ligament, about 0.2 mm thick, interfaces the 
cementum ( l in ing the root of the tooth) and the alveolar bone. The 
cementum is  a highly mineral ized substance. Col lagen fibers stuck in 
the cementum penetrate the l igament to insert into the alveolar bone. 
The ging iva (gum)  is a mucous membrane with stratified squamous 
epithelia that attaches to the enamel by a thickened basal lamina; 
the lamina propria of the membrane is strongly anchored to the 
underlying alveolar bone. 
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There are nat u rally 32 teeth in an adult-8 in each of four quadrants 
( r ight and left, in both upper and lower dental arches ) .  Two sets of 
teeth ( dentition ) develop in a l i fet ime: deciduous and permanent. The 
deciduous set ( 20 )  are absorbed/ shed in early l i fe ;  the permanent set 
(32) is not naturally shed. Babies are born with the deciduous denti­
tion submerged under the g ingiva, for which b reast-feeding mothers 
are gratefu l .  In g eneral , the deciduous incisors are the first to erupt ,  
at 6 months. The entire deciduous dentition ( see boxed area at r ight)  
has erupted by 18 months; it is  gone by 1 2  years.  The f i rst permanent 
tooth ( 1 st molar) appears at about 6 years; the last (3rd molar) 
appears at about 18 years ("wisdom tooth" ) .  
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PERMANENT TEETH 
IN  OCCLUSION 
(21 years of age) 

DECIDUOUS AND 
PERMANENT TEETH 
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( 1 st molar in bone) 
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CN: Use p ink for K. ( 1 )  Color the three lower illustrations simu ltaneously. In the 
posterior view of the interior of the pharynx, the posterior pharyngeal wall is 
divided and retracted so you can note the relationship of internal pharyngeal 
structure to the constrictor muscles (A, B ,  C) and the subdivisions of the pharynx 
(0, G, I ) . Color gray the boluses of food in al l views. I n  the two outer views (below). 
add the color of the overlying structure to the representation of bolus movement. 
(2) Follow the text when coloring the deglutition diagrams. 

I I 

G\!Jil®�@WCb�OO (!(Y}l'A)Q,,lb @iJi' 1P(J{k%00Wl\O� -:­
@OD1JJ@OOO®OO @@@@V'OOO@'U"@®A 
Cii!IDO®®C1§ <S@GYJ@'f?OOO@'iJ'@XXJ s 
OGIJC?@OOO@OO @@6\D®''U'OOO@V@@ c 

O�o@OO @@ CPOO®OO�GiYJ� -:­
G\0�@@�GD/%®'(?lAOB'.f D 

@@{f?'fl �tJ{{b{ftj'iJ§ E 

QDWQ[JG:,{;i) F 

@OO@CPGO&lOOl\'?GIYJ� G 
[JJ/jj[J::,(�J[f@WJ()/A)OO??fi'!J� G!iloH 
Q,�00W!A!')@@�006000WG\9z;s I 

@�®�Oll®@O:D� J 

OO�W® @U'OOQ!J©'U'®�-:­
©OO®Q, @®WO'iJ''V' K 
'lf@(j\Q@(i!)@ L 
OOW@O® ®@�@' M 
@(pQ@Q,@'iJ'iJO@ N 
GffiJOOW/Ji'flm· o 

Pharyngobasilar 
fascia 

Three 
constrictors 

attach to 
pharyngeal n:c�""""�' -:- raphe 

POSTER I O R  

VIEW 

(Schematic) 

DEGLUTITION 
(Swallowing) 

Swallowing (deglutition) begins with food in the oral cavity. ( 1 )  The food bolus is 
voluntarily pushed upward and backward into the oropharynx by the tongue. 
The suprahyoid muscles l i ft and shorten or lengthen the floor of the mouth by 
pul l ing the hyoid bone up and forward or backward to one degree or another, 
depending on the material being moved into the pharynx.  You can feel the 
ascent and descent of the hyoid bone. Place your thumb and index f inger 
around the front of your mid-neck at the level of the palpable hyoid bone; 
swallow and feel the bone move upward and downward. The bilateral 
palatopharyngeal muscles/ fo lds partially close off the oral cavity from the 
pharynx , selectively permitting approp riately sized boluses to enter the pharynx 
and resisting regurgitation into the mouth. Once the bolus is in the oropharynx, 
the following mechanism is involuntary. 

The soft palate is elevated (2) , b locking the nasopharynx and preventing 
regurgitation into the nasal cavity. I ndeed , the entire pharynx is elevated by 
the pharyngeal elevator muscles. Simultaneously, the larynx is elevated by 
infrahyoid and other muscles, and the laryngeal opening is closed by intrinsic 
laryngeal muscles. During the l ift ing of the larynx , the epiglottis moves over the 
laryngeal opening .  The superior and middle constrictor muscles of the pharynx, 
assisted by g ravity, sequential ly contract from above downward, driving the 
bolus into the laryngopharynx. The contractions of the palatopharyngeal mus­
cles orient the descent of the bolus downward and sl ightly backward. Contrac­
tions of the inferior constrictor muscle force the bolus into the esophagus. 
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DIG ESTIVE SYSTEM 

With t he  anterior abdominal wall opened through 
its deepest (parietal peritonean layer, the liver, 
the stomach, and the fatty greater omentum are 
generally all that can be seen with the contents 
und isturbed. L ift ing the liver exposes the lesser 
omentum, a double peritoneal layer between the 
stomach and liver. I t  is the anterior wall of the 
omental bursa (E). The greater omentum con­
nects the transverse colon to the stomach. 

With the greater omentum lifted, the double-layered, 
transverse mesocolon between the transverse 
colon and parietal peritoneum can be seen. Retract­
ing the intestines to one side reveals the common 
mesentery between most of the small intestine and 
the parietal peritoneum on the posterior body wall. 
The sigmoid colon has a mesentery (sigmoid meso­
colon) as well. Abdominal structures posterior to 
these mesenteries/omenta are retroperitoneal. 

CN: Use a very light color for A and I. ( 1 )  Color the upper three diagrams in numerical 
order. Note that the digestive organs are covered with visceral peritoneum ( I ) .  (2) Color 
the sagittal view. Use a darker gray or black for the omental bursa (E) .  The space of the 
peritoneal cavity ( B )  has been greatly exaggerated for clarity of peritoneal membranes. 
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Peritoneum is a serosal membrane of the abdominal cavity. The disposition of the 
peritoneum is  simi lar to that of the serosal layers around heart (pericardium) and lungs 
( pleura) :  peritoneum attached to the body wall is parietal; peritoneum attached to the 
outer visceral wall is  visceral. Structures deep to the posterior parietal peritoneum are 
retroperitoneal. Peritoneal layers suspend ing organs are called mesenteries; those 
suspending an organ from another organ are called omenta or ligaments. When color­
ing the sagittal view, the continuity of these peritoneal membranes can be appreciated. 
The cavity of the peritoneum is empty; it can fill with fluid in disease and trauma. The 
view at right shows intestines separated from one another; in l i fe ,  they are as close 
together as strands of coi led wet rope. Vessels/nerves to the intestines and stomach 
travel in  the mesenteries/omenta; they do not penetrate peritoneal layers. The source 
vessels are retroperitoneal .  The omen/al bursa is a peritoneal-lined sac created by rota­
tion of the stomach during fetal l i fe. I t  is open on the right at the epiploic foramen 
between the lesser omentum and the parietal peritoneum. Here the omental bursa 
( lesser sac) communicates with the collapsed, empty peritoneal cavity (greater sac) .  
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The parietal peritoneum of the posterior body wall 
is seen when all structures except retroperitoneal 
ones (aorta, inferior vena cava, kidneys, ureters, 
pancreas, d uodenum, ascending/ descending 
colon) are removed. Many nerves and vessels 
travel in this retroperitoneal space. As organs 
emerge from the peritoneum, they develop a 
mesentery to suspend them. The cut layers of 
several of them can be seen ( C ,  D, F, G, and H) .  

A 

SAGITTAL VIEW OF ABDOMEN 
(Schematic) 

' 
I 

Cut 

, 
edges 

\ 

\ 
\ I I I I 

I I 
I 





DIGESTIVE SYSTEM 
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CN:  Use only l ight colors. ( 1 )  Color the esophagus (A) 
as it descends through the chest. Color over the dotted 
parts of the trachea and heart that l ie anterior to the 
esophagus. Color the stomach and the dotted part of 
the liver antericr to it. (2) Color the names of the diges­
tive products secreted by ti le cells shown below. 
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The esophagus connects the laryngo pharynx and the car­
dia of the stomach. I t  is a muscular tube whose mucosa is 
l ined with non-keratinized stratif ied squamous epithel ium. 
At  the gastroesophageal junction, the ep ithel ia transition 
abruptly to simple columnar. The muscle layer is arranged 
in both longitudinal and c i rcular orientations. In  the proxi­
mal part of the esophagus, the muscle is striated ; in the 
midesophagus, i t  is both striated and smooth; in the lower 
third , the muscle is entirely smooth .  The g lands of the 
submucosa secrete m ucus, enhancing f low. The esopha­
gus conducts its contents by sequential ,  rhythmic muscu­
lar contractions. 

The gastroesophageal junction has an area of specialized 
circular muscle ( lower esophageal sphincter) that permits 
passage of a food bolus by muscle relaxation during swal­
lowing.  The r ight crus of the diaphragm also contributes 
fibers to the esophagus (external sphincter) and 
functions to resist gastroesophageal reflux ( reverse flow) 
during inspiration. 

The stomach is the first part of the gastrointestinal tract. 
The stomach is generally located in the upper left quadrant 
of the abdomen,  although a full stomach can droop into the 
pelvis. Suspended by peritoneal layers , i t  receives the 
esophagus just below the d iaphragm. At the duodenal 
end, the stomach narrows to a muscular pyloric sphincter. 
The stomach classically has four regions whose shape var­
ies with the quantity of contents. The stomach mechani­
cally manipulates ingested m aterial , acid ifies i t  to enhance 
protein d igestion , secretes proteolytic enzymes ( pepsin) .  
and induces secretion o f  b i le from the gal l  bladder and 
enzymes from the pancreas, both of which enter the 
duodenum . M icroorganisms do not generally survive 
these activities. 

Note the arrangement of the stomach wall and the various 
cells that make up the epithel ial layer of the mucosa. The 
epithelial cells are the working cel ls,  provid ing a cocktail 
of d igestive products, whose main target is protein.  The 
lamina propria provides vascular and mechanical support 
for the gastric pits. The muscle layer of the mucosa and 
the external muscle layers produce peristalt ic contractions 
to assist in mechanical d igestion and moving the residue 
of d igestion along the tract. The f ibrous submucosa 
supports lymphoid fol l icles, vessels, and nerves. 
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DIGESTIVE SYSTEM 

CN: Use green for N ,  red for 0 ,  purple for R ,  blue for S,  yellow for T, and a very lighl 
color for H. ( 1 )  Beg in with the three divisions of the small intestine. (2) Color the parts 
of the duodenum and the section of duodenal wall. The lamina propria ( l) is identified 
and colored only in the enlarged view of the vill i below. 
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The small intestine is a highly convol uted, thin-walled tube that undertakes much 
of the chemical and mechanical d igestive process and almost the whole of the 
absorptive process of the entire gastrointestinal tract. The first part of the duo­

denum is suspended by the lesser omentum. The second and third parts are 
retroperitoneal. The fourth part emerges anteriorly to become embraced by the 
common mesentery, pul led upward / suspended by a band of smooth muscle at the 
duodenojejunal junction . The jejunum is h ighly coi led, suspended by the common 
mesentery between the peritoneal layers through which travel its blood and nerve 
supply and draining veins. The thinner but longer ileum also is suspended by the 
common mesentery. It opens into the cecum of the large intestine. 

The internal or luminal surface of the small intestine, especially the jejunum, 
consists of a continuous series of c ircumferential ( r ing-l ike) folds (plicae circulares) 
composed of mucosa! and submucosal tissue. Myriad conical, finger-like projec­
tions ( vi/Ii) and deep tubular g lands (intestinal crypts) characterize the mucosal 
surface. Simple columnar ep ithel ia,  mostly goblet-shaped mucous cells and 
absorptive cel ls ,  l ine the vi l l i  and crypts. In the crypts , the cel ls are secretory and 
produce a watery medium, enhancing uptake of minerals and nutrients. Enteroen­
docrine cells secrete a number of hormones that encourage g landular secretion 
(e .g . ,  cholecystokinin and secret in) .  Potentially phagocytic paneth cells secrete 
lysozymes into the broth in the deep crypts. This d igestive enzyme destroys bacte­
rial cell wal ls .  The loose f ibrous, vascular lamina propria supports the lacteal-, 
blood vessel-, and axon-containing v i l l i  and the glands of the crypts. The sub­

mucosa supports large blood / lymph vessels and the cell bodies/axons of para­
sympathetic neurons. Both submucosa and lamina propria contain masses of 
lyphoid nodules (Peyer's patches; recall Plate 1 27 ) .  Specialized epithelial M or 
membranous cells at the epithel ium-lymphoid nodule interface play a role in taking 
antigen to immune-reactive lymphocytes. In the duodenum, the glands of Brunner 
of the submucosa secrete a bicarbonate-containing mucus that neutralizes the 
hydrochloric acid entering from the stomach. 
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DIG ESTIVE SYSTEM 

CN: By using the same colors for the parts of the intestinal wall you used on the 
preceding plate, you can demonstrate the similarity between the structures of 
the two intestines. The epithel ium/mucous glands (N) should receive the same 
color as the villi ( H 1 ) of Plate 1 42 ,  and the serosa in both plates should receive 
the same color. Use a very light color for B.  ( 1 )  Begin with the section above. 
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The large intestine is characterized by large sacculations (haustrae) ,  strips 
of longitudinal muscle in  the muscular is externa ( taenia coli ) .  and fat pads 
(appendices epiptoica) attached to the serosal surface of the ascending, 
transverse, and descending colon (only) .  The large intestine begins at the 
ileocecal valve with the cecum, usually suspended by a mesentery, in  the 
right lower abdominal quadrant. The function of the valve is not clear. The 
vermiform appendix varies in  length (2-20 cm) ;  i t  may lie anterior, posterior, 
or inferior to the cecum. The ascending and descending colons are retro­
peritoneal ; the transverse colon is suspended by a mesentery ( t ransverse 
mesocolon) .  Note the colic flexures and their relationships. At the pelvic 
inlet ( not shown) .  the colon turns med ial ly, ga ins a mesentery (sigmoid 
mesocolon ) .  and is named the sigmoid colon. Variable in  its extent and 
shape, it becomes the rectum at the level of the 83 vertebra. Here the 
haustrae, the appendices epip loica, and the taenia are no longer seen. 
About 12 cm long, the rectum has a d i lated lower part (ampulla). Feces 
entering the rectum stimulate the desire for defecation ; thus, the rectum is 
not a long-term storage site.  As the rectum narrows inferior ly, i t  becomes 
the anal canal surrounded by sphincter muscles. 

The wall of the l a rge intestine is characteristic: mucosa! surface without v i l l i  
or pl icae, underlying vascular submucosa, and two-layered muscularis 
externa l ined with peritoneal serosa. The epi thelial l in ing is simple colum­
nar except in  the anal canal where i t  becomes stratified squamous. The 
glands are tubular and mucus-secreting . Lymphoid nodules are seen in 
the lamina propria. At the anorectal junction , about 2 cm above the anus , 
a remarkably large number of veins can be seen in the lamina propria (not 
shown) .  Varicose d i latations of these veins ( rectal or hemorrhoidal plexus) 
are called hemorrhoids. The large intestine functions in  absorption of water, 
vitamins, and minerals as well as the secretion of mucus. 
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DIGESTIVE SYSTEM 

CbOW@OO ANTERIOR 
VIEW 

CN: Use blue for I, red for J, and yellow for K. Use very light 
colors for A, B ,  and L.  ( 1 )  Color the two u pper views simu ltaneously. 
(2) Co lor the group of lobules, and then the enlargement. Begin 
with the branches of the portal vein ( 1 1 ) at the bottom of the section. 
(3) Begin the overview of blood and bile with the arterial flow. � ·: 
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Gall 
bladder 

The liver is  the largest gland in the body. Wedge-shaped ( rounded upper border, 
thin, sharp inferior border) when seen from the side,  the liver occupies the whole 
of the upper right quadrant of the abdominal cavity. Weighing about 1 . 5  kg in 
health, i t  can weigh over 10 kg when diseased (chronic cirrhosis) .  I t  is relatively 
large in young chi ldren,  causing protuberance of the upper abdomen. The liver is 
enveloped in visceral peritoneum , except for a part of the right posterior surface 
that is flush against the fascia covering the d iaphragm ( bare area) .  The visceral 
peritoneum around the bare area turns or reflects upward ( coronary ligaments) on 
to the d iaphragm to become parietal peritoneum. The edges of the coronary liga­
ments are called the triangular ligaments. The two anterior leaves of the coronary 
ligaments join to become the falciform ligament; the two posterior leaves become 
the lesser omentum, which encircles the porta, of the liver. Here the hepatic portal 
vein and the hepatic artery approach the visceral surface of the l iver and branch,  
and the common bi le duct receives the common hepatic duct and cystic duct. 
The two-layered lesser omentum descends to support the pyloric end of the 
stomach and the first part of the duodenum. The falciform l igament is continuous 
with the parietal peritoneum of the anterior abdominal wal l .  

Connective tissue septa d ivide t h e  l iver cel ls/ tissue ( parenchyma) into irregular 
polyhedral lobules. Within each lobule, the cel ls form radially arranged cords;  
on two surfaces of these cords are sinusoids that converge onto a more or less 
central vein. At the corners of the lobules are the hepatic artery and portal vein 
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impression 
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impression 

H 

branches, and b i le  ducts (ca l led a triad). The portal vein branches feed into the 
Gau 

sinusoids;  the hepatic artery b ranches supply the cel ls ;  the bile ducts drain the bladde1 

bile ductules formed from tiny canalicul i  ( not shown) surrounding tile cells. Tile 
Common 

l iver cells discharge their products into tile sinusoids (except b i le)  and absorb bole duct - duct 

from tile same sinusoids various nutrients and non-nutrients as well . Liver cells 'fl.�'iJ@OOOaJ/1 store and release proteins, carbohydrates, l ipids,  iron, and certain vitamins (A ,  D ,  loln @@rrv. E, K ) ; they manufacture urea from amino acids, and bi le from p igments and salts; LVlb 0 0 t.!V J 
they detoxify many harmful ingested substances. Bi le is released from tile cells �s;yJ�ffi{)@)C1[)@ -
into tributaries of b i le ducts. Tile central veins are tr ibutaries of larger veins that 
merge to form three hepatic veins at tile posterior, superior aspect of the l iver. �O:,@@® I 
These veins join the inferior vena cava just inferior to the diaphragm.  � &JO[b@ [j5Qj§)l!ilJ1< 
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The bil iary system consists of an arrangement of ducts transport­
ing bile from the liver cells that manufacture it to the gall bladder 
and to the second part of the duodenum. 

I t  is  worth repeating: bi le is  formed in the l iver ( not the gal l  blad­
der). I t  is a f luid consisting largely of water (97% ) .  with bi le salts 
and pigments ( from the breakdown products of hemoglobin in the 
spleen ) .  Once formed ,  bile is discharged from liver cells into sur­
rounding bile canaliculi. These small canals merge to form bi le 
ductules that jo in the b i le  ducts , which travel in company with the 
branches of the portal vein and hepatic artery. The b i le  is brought 
out of the liver by the right and left hepatic ducts, which merge at 
the porta to form the common hepatic duct. That duct descends 
between the layers of the lesser omentum and receives the 4-cm­
long cystic duct from the gall bladder. The gal l  bladder is pressed 
against the visceral surface of the right lobe of the liver, covered 
with visceral peritoneum. The common bile duct (or just b i le duct) 
is formed by the cystic and common hepatic duct. About 8 cm 
long, i t  descends behind the first part of the duodenum , deep to 
or through the head of the pancreas. It usual ly joins with the main 
pancreatic duct, forming an ampulla in the wall of the second part 
of the duodenum. Here the duct opens into the lumen of t11e duo­
denum. There can be variations in  the union of these two ducts . 

BILE FORMATION 
AND TRANSPORT 

(Schematic) 

Bile 

CN: Use the same colors as were used on the preceding plate for the 
hepatic cells and bile ducts, and a very light color for H. ( 1 )  Color 
simu ltaneously the d iagram of bi le formation/transport and the large 
central illustration. (2 )  Color the diagram describing bile storage. 

ANTERIOR 
VIEW 

(Stomach removed) 

The gall bladder serves as a storage chamber for bi le discharged 
from the liver. Bile is concentrated here several times, a fact 
reflected in the mult iple m icrovi l l i  on the luminal surfaces of the 
simple columnar epithelial cel ls that absorb water from the dilute 
bi le. In response to the gastric or duodenal presence of fat, 
secretion of cholecystok inin is  induced, which stimulates the gall 
b ladder to d ischarge its contents into the cystic duct. Peristaltic 
contractions of the duct musculature squirt bile into the duodenal 
lumen through the ampul lary sphincter. Bile saponifies and emul­
sifies fats, making them water soluble and amenable to digestion 
by enzymes ( l ipases). 

The pancreas is a gland in the retroperitoneum, consisting of a 
head , neck, body, and tai l .  Most of the pancreas consists of 
exocrine g lands that secrete enzymes into the pancreatic duct 
tributaries and on into the duodenum at a rate of about 2000 ml 
per day. These enzymes are responsible for a major part of 
chemical d igestion in  the small intestine ( l i pases for fat , pepti­
dases for prote in ,  amylases for carbohydrates, and others) .  
Pancreatic secretion is  regulated by hormones ( p rimari ly chole­
cystokinin and secret in) from entero-endocrine cells and by the 
vagus nerves ( acetylchol ine) .  The endocrine portion of the 
pancreas is covered in Plate 1 56. 
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The urinary t ract consists of paired kidneys and ureters 
in the retroperitoneum, a single urinary bladder, and a 
urethra. The urinary tract represents a pathway for the 
el imination of metabolic by-products and toxic and other 
nonessential molecules, all d issolved in a small volume 
of water ( ur ine) .  The kidneys are not s imply instruments 
of excretion ; they function in the conservation of water 
and maintenance of acid-base balance in the blood. The 
process is  a dynamic one, and what is excreted as waste 
in one second may be retained as precious in the next. 

The ureters are f ibromuscular tubes, l ined by transitional 
epithel ium. Three areas of the ureters are relatively nar­
row and are prone to being obstructed by mineralized 
concretions ( "stones") from the kidney ( see arrows) .  

The fibromuscular urinary bladder l i es  in the  true pelvis,  
i ts superior surface covered with peritoneum. The 
mucosa is l ined with transitional epithel ium. The bladder 
can contain as l i tt le as 50 ml of urine and can hold as 
much as 700-1 000 ml without injury; as i t  distends ,  it 
r ises into the abdominal cavity and bulges posteriorly. 
The mucosal area between the two ureteral orifices 
and the urethral orif ice is called the trigone. 

The f ibromuscular, glandular urethra, l ined with transi­
tional ep ithelium except near the skin, is larger in  males 
( 20 cm) than females (4 cm) .  Hence, urethritis is more 
common in men,  cystitis is  more common in women. 

The urethra is  described in three parts in the male 
(prostatic, membranous, and spongy). The membranous 
urethra is vulnerable to rupture in the urogenital d ia­
phragm with trauma to the low anterior pelvis. 

1 46 
See 147, 159, 160 

CN:  Use very l ight colors for C and E-L. 
( 1 )  Color the three views of the urinary tract 
simu ltaneously. Note that the kidneys at the top 
of the plate are to be colored according to areas 
that are in contact with other organs. Also note 
that the ureters penetrate the posterior wall or 
the urinary bladder, and that these openings 
receive a color. (2) Color the anterior relations of 
the kidneys. The kidneys are shown as underly­
ing ,  shaded silhouettes and receive no color of 
their own. (3) Color gray the arrows marking 
sites of potential obstruction by "stones." 
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ANTERIOR RELATIONS 
OF THE KIDNEYS 
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CN:  Use red for B, blue for L, and a very l ight color for X (use a color, not 
gray). ( 1 )  Color the various structures in the abdominal cavity. Part of the 
peritoneum (X), whose title is among the u pper diagrams, is shown covering 
much of the r ight side. (2) At the u pper right , note the relationship of the 
retroperitoneum to the parietal peritoneum. 
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The paired kidneys and u reters l ie posterior to the 
parietal peritoneum of the abdominal cavity; they are, 
therefore, in  the retroperitoneum. During fetal develop­
ment, some abdominal structures arise in the retro­
peritoneum (e .g . , kidneys) ,  and some become retro­
peritoneal as a result of movement of visceral organs 
(e .g . ,  ascending/descending colon, pancreas) .  The 
abdominal aorta and its immediate branches and the 
inferior vena cava and its immediate tributaries al l  are 
retroperitoneal. Arteries and veins travel between layers 
of peritoneum to reach the organs they supply/drain. 
Lymph nodes, lumbar trunks, and the cysternal chyl i  
(not shown) al l  are retroperitoneal. The ureters descend 
in the retroperitoneum and under the parietal perito­
neum to reach the posterior and inferior aspect of the 
bladder. Pelvic viscera and vessels l ie deep to the 
parietal peritoneum. 

I 

The kidneys are encapsulated in per i renal fat, secured 
by an outer, stronger layer ( renal fascia) .  Each kidney 
and its fascia are packed in pararenal fat. These com­
partments do not communicate between left and r ight.  
Such a support system permits kid ney movement dur­
ing respiration but secures them against impact forces. 

ABDOMI NAL CAVITY 
(Anterior structures removed) 
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CN: Use red for J, blue for K, yellow for P, and very l ight colors for B, F, G ,  
H ,  and I .  ( 1 )  Begin with the large i l lustration and note that the thickness of 
the renal capsule (A) has been greatly exaggerated for coloring purposes. 
Color the cut edges of blood vessels in the cortex (B) .  Also color the titles 
and arrows reflecting blood and urine flow. (2) Color the large arrow (E) 
point ing to the concavity of the bean-shaped kidney, the renal hi lum. 
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(Ou1 of bolh kidneys) 

The kidney consists of f i l ter ing capsules,  tubules, and blood ves­
sels tightly pressed together into what is called the parenchyma. 
The parenchyma of the kidney consists of an outer cortex cov­
ered on its surface by a thin f ibrous capsule, and an inner 
medulla consisting of pyramids of straight tubules. The cortex 
reaches down between the pyramids ( renal columns).  The cor­
tex consists of convoluted tubules and f i l tering capsules. The 
apex of each medullary pyramid forms a papilla that fits into the 
small cup-shaped funnel called the minor calyx. These funnels, 
numbering 8- 1 8 , open into three much l arger major calyces, 
all or which open into the cavity cal led the renal pelvis. I n  the 
concavity of the kidney (the hi lum), in an area called the renal 
sinus, the renal pelvis narrows to form the proximal urete( 
sharing the area with the renal artery and vein.  

Renal blood f low (the amount of blood f lowing through the 
kidneys) is about 1 300 ml per minute (both k idneys) .  About 
1 25-1 30 ml of p lasma is f i ltered into the renal tubular systems 
each minute. Less than 1 %  of that fi ltered p lasma (about 0 . 7  ml) 
is actually excreted as urine. Clearly, the kidney is in the water 
conservation business! 

The structure of the u reter is a continuation of the renal pelv is .  
The epithelial layer is transitional, a variably stratif ied layer 
dependent upon the volume of urine in the ureter. The f ibrous 
lamina propria supports the epithel ia and blood vessels as well 
as nerves. The muscular coat consists of both longitudinal 
(inner) and circular layers. The outer layer of the urethra 
(adventitia) is f ibrous. 
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(cross section) 
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CN: Use red for G, yellow for M ,  and a very l ight color for H. 
Some colors wi l l  be used for the same structures on Plate 1 50 .  

( 1 )  Begin with kidney regions. (2)  Color the two types of  
nephrons. (3 )  Color the detailed view of the cortical nephron. 
(4) At the bottom of the page, the capillary-like vessels of the 
glomerulus ( G1 ) are largely covered by podocytes (visceral 
layer, H2) ;  but  not entirely. Color both; see smaller drawing 
where podocytes have been removed to reveal a porous 
capillary. The capsular space (H 3) is left uncolored. 
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The function of the renal (ur in iferous) tubule is to ( 1 )  extract certain substances 
from the blood , (2) return certain substances to the blood , and (3) transport the 
leftovers to the ur inary bladder for storage and expulsion from the body. The 
renal tubule consists of a nephron and a collecting tubule. The nephron consists 
of a renal corpuscle and a tubule that is both convoluted and straight throughout 
its course. At its termination, the nephron is continuous with the collecting 
tubule. Each collecting tubule joins with other collecting tubules to form a larger 
collecting duct. Passing through the papi l la of the medulla (papillary ducn. i t 
empties into the minor  calyx . Each papi l la has multiple orifices of papil lary ducts 
(area cr ibrosa). 

The renal corpuscle consists of a glomerular (Bowman 's) capsule intimately 
related to a tuft of capi l laries (glomerulus) .  An afferent arteriole leads into the 
glomerulus and an efferent arteriole departs i t ,  both at the vascular pole of the 
corpuscle (see next p late) .  The inner, i ndented wall of the epithel ial capsule is 
its visceral layer; the outer wall is  its parietal layer. The visceral layer is com­
p lexly interwoven with the g lomerular vessels.  The space between the visceral 
and parietal layers is the capsular space; i t  opens into the proximal convoluted 
tubule at the u rinary pole of the renal corpuscle. 

The cells of the visceral layer are h ighly modified simple squamous epithelia, 
called podocytes. Each has the shape of a centipede, with its "body" containing 
the nucleus and its multiple " legs" ( primary processes or pedicels) being cell 
membrane-l ined cytop lasmic extensions. These pedicels incompletely encircle 
a vessel, creating f i l tration s l its.  The "legs" have "feet" (secondary processes) 
that attach to the porous vascular wall and reduce further the f i ltration spaces 
"between the toes" (not shown) .  As the blood circulates through the glomerulus, 
plasma and its noncel lular solutes ( less proteins) are driven through the pores 
and slits to enter the capsular space. The f i ltrate's journey through the rest of 
the renal tubule is shown and described in the following p late. 

NEPHRONS 

Podocyte 

CROSS SECTION 
OF RENAL CORPUSCLE 

(Schematic) 
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CN: Use the same colors as were used on the preceding plate for A, B ,  C, M, and 
F. Use red for D, blue for G ,  and purple for E. ( 1 }  Begin with the major blood ves­
sels of the kidney. ( 2 )  Color the entire enlarged nephron the color ( F} from the pre­
ceding plate. Note that the afferent and efferent arterioles, although part of the 
dotted nephron, receive arterial colors ( 05, 06) .  When coloring the inset of the 
juxtaglomerular apparatus, leave the relevant cells blank ,  for easier identification. 

MAJOR B LOOD VESSELS 
OF THE KIDNEY 

densa 

The juxtamedullary nephron shown here l ies near the cortico-medullary border. 
Unlike nephrons of the deeper cortex, its descending tubules reach into the deep 
medulla, and its vascular relations are d i fferent. Of  the 0.4-1 mi l l ion or so neph­
rons in  each kidney, about 30% are juxtamedul lary in  location. 

In juxtamedullary nephrons, the efferent arteriole leads d i rectly to the vasa recta 
(straight vessels) arranged close to the long tubules in the medulla. I n  the cortical 
nephrons, the efferent arteriole leads d i rectly to the peritubular capillary plexus, 
which embraces the entire neuron. In some nephrons, both a peritubular capil lary 
plexus and vasa recta may exist, as shown here. The venous side of the vasa 
recta flows into veins that may merge with the arcuate veins or continue up into 
the lower cortex to join the interlobular vein .  The venous side of the peritubular 
capil lary plexus joins the interlobular vein. I t  is the close relationship of tubule to 
blood vessel that makes possible the preservation of what is needed at any one 
moment and the rapid ejection of what is  not needed , e . g . ,  toxic substances. 

The renal corpuscle filters the blood plasma. The resulting f i ltrate is d ischarged 
into the proximal tubule,  where tubular reabsorption and tubular secretion begin. 
Water, sodium (Na+ ) ,  glucose, and amino acids are rapidly reabsorbed by the 
tubular cells. The descending thin segment of the loop of Henle, composed of 
simple squamous epithel ia, also reabsorbs water and electrolytes, principally by 
simple d iffusion. The thin and thick segments of the ascending l imb of the loop, 
however, are largely impermeable to water but actively reabsorb sodium, chlo­
ride, and other ions, leaving very d i lute water going into the distal tubule. 

The first part of the distal tube comes into contact with the afferent arteriole of the 
glomerulus of orig in.  Modified smooth muscle, renin-secreting ,  juxtaglomerular 
(JG)  cells in the arteriole are sensitive to arteriolar blood pressure. Modified 
epithelial cells in  the adjacent d istal tubule (macula densa) sense the solute 
content in the filtrate at that site. By their interaction, the g lomerular f i ltration rate 

and blood pressure can be modulated. The d istal tubule is impermeable to water 
while reabsorbing electrolytes. The d i lute tubular f lu id entering the collecting 
tubule is  reabsorbed under the influence of anti-d iuretic hormone (ADH) .  Fluid is 
continuously reabsorbed unti l  the residual is  d ischarged as urine at the papi l la. 
For every 1 00 ml of f i l trate formed , 1 ml of i t  wi l l  f ind the minor calyx. 
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Co l :  Use a very l ight color for C and a darker one for D (actual ly 
located on posterior surface of thyroid) .  ( 1 )  After coloring endocrine 
glands and tissues, color the scheme at lower left. 
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Endocrine glands and tissues are d iscrete masses of secretory cells and 
their supporting tissues in close proximity to b lood capil laries, into which 
the cells secrete their hormones. The glands and tissues are ductless. 
Hormones are chemical agents usually effective among cells (target 
organs) located some distance from their source. Hormonal secretion 
results in negative or positive feedback control mechanisms. In  the broader 
scope, hormonal activity results in g rowth , reproduction, and related activity 
as well as metabolic stability in  the internal environment. Stability of the 
internal environment is called homeostasis. 

The classical endocrine glands l isted and shown here are presented in the 
following plates,  with the exception of the p ineal gland (see Plate 75) and 
the thymus ( see Plate 1 24 ) .  Also listed here are just a few of the myriad 
tissues/cells that secrete chemical agents influential in cel lular activities. 
The role of the hypothalamus can be colored in  Plates 1 52 and 1 53. The atria 
of the heart secrete atrial natriuretic peptide (ANP) during periods of weak 
myocardial contraction, resulting in increased excretion of sodium and 
water. The juxtag lomerular cel ls of the kidney ( Plate 1 50) secrete renin ,  an 
enzyme that converts angiotensinogen to angiotensin I and indi rectly 
induces increased blood pressure and conservation of body fluids, such as 
during hemorrhage .  Numerous endocrine factors secreted by cells of the 
gastrointestinal tract influence intestinal motility and enzyme secretion. The 
placenta secretes, among many hormones , human chorionic gonadotropin ,  
which contributes to the support of embryonic growth during the f i rst  90 
days post-fertil ization by stimulating the g rowth of the corpus luteum 
( Plates 1 6 1 , 1 63 ,  1 65 ,  1 66) .  
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CN: Use red for H, blue for K ,  purple for / , and a very l ight color for J. 
( 1 )  Begin with the enlarged view of the hypophysis and hypothalamus. 
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The pituitary g land (hypophysis) essentially consists of an anterior and a posterior 
lobe. I t  is suspended from the hypothalamus of the brain and fits into a recess of 
the sphenoid bone called the sella turcica. The pi tuitary is about the size of four 
peas (thank you, Dr. Marian Diamond ) .  The three parts of the adenohypophysis are 
derived from an upward extension of the developing roof of the mouth; indeed, the 
gland was once thought to form mucus ( " p ituita") that was secreted into the nose. 
The posterior Jobe is a downward migration from the floor of the hypothalamus. That 
floor, inferior to the third ventr icle, consists of the hollow infundibulum (stem, stalk)  
surrounded by the median eminence. The lowest part  of the infundi bulum (below 
the median eminence, still part of the hypothalamic floor, but no longer hollow) is 
continuous with the posterior lobe. The three ( infundibulum, median eminence, 
and posterior lobe) are often considered as the " neurohypophysis. " Note how the 
pars tuberalis of the adenohypophysis embraces the infundibular stem and median 
eminence. The pars intermedius is rudimentary and appears to secrete no signif i­
cant levels of hormone. 
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The pars distalis contains a variety of cel ls that secrete several hormones (see next 
p late) .  There are three types that can be d ifferentiated by staining: the acidophi ls,  
basophils ( both chromophi l l ic  cel ls) ,  and chromophobes. The secretory activity of 
these cells is  stimulated by neurons of the hypothalamus. These neurons secrete 
releasing hormones into the vascular hypophyseal portal system at the level of the 
median eminence (next plate) .  Capi l laries there d rain into portal veins that reach 
the sinusoids of the pars distal is. Secretions from the cells of the pars distalis enter 
the sinusoids, which are d rained by the inferior hypophyseal vein. 
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The pars nervosa o f  t h e  neurohypophysis has n o  secretory cells o f  its own. Axons of 
secretory neurons in the supraoptic and para ventricular nuclei of the hypothalamus 
extend down through the infund ibulum to capillary networks in  the posterior Jobe. 
There these axon terminals release oxytocin and antidiuretic hormones into the 
ci rculation (see next plate). 
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CN: Use the color from the previous plate for hypothalamic hormones (A) and secretions (A 1 ) .  Color the major 

headings distributed throughout the illustration. ( 1 )  Begin with the arrows and circles representing those hor­

mones and secretions, including the penetration of the cells of the anterior lobe. (2) Color the pituitary hormones. 

(3) Color the arrows represent ing the target organ hormones performing their feedback function . 
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THYROID ADRENAL 
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Hypothalamic releasing or  inhibit ing hormones act on the anterior 
lobe of the p ituitary. These hormones stimulate/ inhib i t  the target 
cells in  the anterior lobe to increase /decrease their secretion of 
hormone. Inh ib it ion of pituitary hormone secretion is  most often 
controlled by negative feedback. For example ,  the hypothalamus is 
sensitive to the concentration of estrogen in the hypothalamic cir­
culation (via the hypothalamic artery) .  As estrogen levels d iminish, 
certain hypothalamic nuclei sense this and increase their secretion 
of gonadotropic-releasing hormone ( G R H ) .  GRH is released from 
secretory nerve endings into the hypophyseal portal system in the 
median eminence. G R H  reaches the sinusoids of the anterior lobe 
and stimulates certain b asophi ls there to secrete foll icle-stimulat­
ing hormone. FSH is released into the circulation and has a stimu­
latory influence on the g rowth of ovarian fol l ic les (as wel l  as 
spermatogenesis in the male) .  S igni f icantly increased levels of 
estrogen are sensed by the hypothalamus (feedback) .  and the 
hypothalamus turns off its secretion of GRH ( negative feedback). 

LH stimulates testosterone secretion , ovulation, development of the 
corpus luteum, and estrogen / progesterone secretion (Plate 1 63 ) .  
TSH induces secretion of the  thyroid hormone thyroxin ( P late 1 54 ) .  
ACTH stimulates t h e  release o f  adrenal cortical hormones (e .g . , 
cortiso l ) ;  it also has melanocyte-st imulating properties, dispersing 
pigment in the skin ( Plate 1 55 ) .  G H  stimulates body growth,  espe­
cial ly bone. Prolactin mediates mi lk  secretion ( Plate 1 64 )  and is 
inhibited by prolactin-inhibit ing hormone in  the hypothalamus. 
Oxytocin and antid iuretic hormone (ADH , vasopress in )  are products 
of secretory neurons in the> supraoptic and paraventricular nuclei of 
the hypothalamus; the secretory material is  transported down long 
axons (hypothalamo-hypophyseal tract) to capi l laries in  the poste­
rior lobe, where they are released into the general c i rculation via the 
hypophyseal vein. Oxyto�in ind uces ejection of mi lk (P late 1 64 )  and 
stimulates uterine contractions. ADH (p late 1 55) causes retention of 
body water by the kidneys. Its secretion is induced by osmorecep­
tors in the hypothalamus. ADH is also a powerful vasoconstrictor. 
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CN:  Use red for H, blue for I, l ight colors for E, F, G, and the same colors as on Plate 
1 5 1  for A and 0. ( 1 )  Color the three upper views simultaneously, taking note of the 
arteries and veins that penetrate the thyroid. (2) Color the microscopic sections of 
hypoactive and hyperactive thyroid follicles; normal tissue lies between the two 
extremes. (3)  Color the d iagram of thyroid and parathyroid function. 
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The thyroid gland, covering the anterior surfaces of the 2nd to 4th tracheal � �:>j /� 
rings, 1s bound by a f ibrous capsule whose posterior layer encloses the four ,. .' , � 
parathyroid glands The thyroid g land , composed of r ight and left lobes con- ' :� j'f fi 
nected by an isthmus , consists of clusters of foll1cles ( l ike grapes) supported D 
by loose f ibrous tissue rich in blood vessels.  A microscopic section through a 
foll icle reveals a single layer of cuboidal ep ithelial cells forming the fol l icular 
wal l .  The fol l ic le contains colloid, a glycoprotein (thyroglobulin) produced by 
the foll icle cel ls .  These cel ls take up thyroglobulin and dismantle it to form a 
number of hormones, pr imari ly thyroxin (T4,  tetraiodothyronine). Thyroxin is 
then secreted into the adjacent capi l lar ies. Thyroid hormones contain iodide 
(a  reduced form of iodine ) ,  which is absorbed by the fol l ic le cel ls from the 
blood. Thyroxin formation and secretion is  encouraged by thyroid-stimulating 
hormone (TSH)  from the hypophysis.  The relationship operates on a negative 
feedback mechanism: increased secretions of thyroxin inhibit further secre-
tion of TSH .  Thyroxin increases oxygen consumption in practically al l  t issues, 
and thus maintains the metabolic rate .  I t  is involved at many levels in growth 
and development. Excessive secretion of thyroxin generally results in weight 
loss , extreme nervousness, and an elevated basal metabolic rate. Hypo-
thyroidism results in d imin ished mental activity, voice changes, reduced 
metabolic activity, and the accumulation of mucus-l ike material under the 
skin (myxedema) ,  g iving a puffy appearance. Like al l  endocrine glands, 
the thyroid is highly vascular. The vessels shown here warrant very careful 
attention when considering undertaking an emergency tracheostomy or 
cricothyrotomy. Especial ly note the inferior thyroid veins on the anterior sur-
face of the trachea. The pattern of these vessels is not always predictable .  

The parathyroids consist of smal l  b uttons of h ighly vascular tissue containing 
two cell types, one of which (chief cells) secretes parathormone Parathor­
mone maintains p lasma calcium levels by inducing osteoclastic activity 
(bone breakdown),  freeing calcium ions. Normal muscle activity and blood 
clotting depend on normal calcium levels in the plasma. Reduced parathy­
roid function lowers calcium levels and below certain levels causes muscle 
stiffness, cramps, spasms, and convulsions (tetany) .  
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CN: Use red for F, blue for G, yellow for H, and a very light color for E. ( 1 )  In the upper 
view, only those vessels with subscripts are to be colored. (2) Color the cross section 
through the adrenal, and related arrows and hormones. (3) Color the various organs 
associated with the "fight or f l ight" reaction ,  noting the listed effects. 
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The adrenal (suprarenal) glands lie in  the retroperitoneum within the renal fascia on 
the superior and medial aspects of each kidney (T1 1 -T 1 2  vertebral levels) .  Like other 
endocrine g lands, the adrenals are abundantly vascularized. The adrenals are two 
different glands encapsulated as one: the outer cortex and the inner medulla. 

The adrenal cortex is organized into three regions: the outer zona glomerulosa, 
the middle zona fasciculata , and the inner zona reticularis. When presented with a 
decrease in f lu id volume, as with hemorrhage, the cells of the zona glomerulosa syn­
thesize and secrete hormones cal led mineralocorticoids. The most wel l known of these 
is aldosterone. Mineralocorticoids act p rimarily on the distal tubules of the kidney, the 
sweat glands ,  and the gastrointestinal tract ;  they encourage the absorption of sodium 
(and water) and the secretion of potassium. Cel ls of the zona fasciculata, mediated by 
ACTH, secrete g lucocorticoids. These hormones ( primari ly cortisol and secondarily 
corticosterone) st imulate the formation of glucose in the liver. Cells of the zona reticu­
laris secrete the androgen dehydroepiandrosterone (DHEA) in small amounts. DHEA 
can convert to testosterone. The female sex hormones (estrogen and progesterone) 
are also secreted in small amounts. These adrenal androgens and estrogens have 
a limited effect during a l i fet ime. 

The medul la consists of cords of secretory cells supported by reticular f ibers, and an 
abundant collection of capil laries. F ibers of the greater splanchnic nerve pass through 
the celiac ganglia without synapsing to enter the adrenal gland. These fibers terminate 
on and stimulate the medul lary secretory cel ls,  80% of which produce and release epi­
nephrine; the rest secrete norepinephr ine. These secretory cel ls  are,  in fact, modified 
post-ganglionic neurons. Their secretions el ic it the "fight or flight" reaction in response 
to life-threatening situations,  as d iagrammatically represented at r ight. 
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CN: Use purple for N, and light colors for K and L. ( 1 )  In coloring the upper 
drawing, include the broken lines representing arteries within or on the posterior 
surface of the pancreas. (2 )  Color the microscopic section of the pancreas and the 
enlarged view of an islet. Color the arrows and the diagram reflecting the role of 
glycogen and insulin receptors in liver cells with respect to glucose and glycogen. 
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DUODENUM 

The pancreas is supplied by numerous arteries from sources springing 
from the celiac and superior mesenteric arteries. The extensive capillary 
networks of the p ancreas are d rained by tr ibutaries of the hepatic portal 
vein, which conducts the secreted hormones of the pancreatic islets to 
the liver and beyond for general circulation. 
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BLOOD STREAM 

LIVER CELL LIVER CELL 
(Low blood sugar conditions} (High blood sugar conditions) 

The islands (islets) of endocrine tissue ( and their capillaries) in the pan­
creas are surrounded by masses of g rape-l ike clusters/ fol l icles of exocrine 
gland cells. The secretions of these cells enter ducts that are tr ibutaries of 
the pancreatic duct(s) opening into the d uodenum .  

The islets are characterized b y  three or  four d ifferent cell types. Alpha(A) 
cells, generally located in the periphery of the islet, secrete glucagon, a 
polypeptide hormone that binds to g lycogen receptors on liver cel l  mem­
branes. G lucagon induces the enzymatic breakdown of glycogen to glu­
cose: a process called g lycolysis.  G lucagon also facil itates the formation of 
glucose from amino acids in the liver, a p rocess cal led g luconeogenesis. 
As a result of these p rocesses , blood g lucose levels increase. 

Beta (B) cel ls ,  constituting 70% of the islet cell population, occupy the cen­
tral part of the islet and secrete insulin, a polypeptide, primari ly in  response 
to increased plasma levels of glucose. Most insul in is taken up by the liver 

and kidney, but almost a l l  cells can metabolize insulin. I nsulin expedites 
the removal of g lucose from the circulation by increasing the number of 
proteins that transport g lucose across cel l  membranes (g lucose carriers; 
not shown) in muscle cel ls ,  fat cel ls ,  leukocytes, and certain other cells (not 
including liver cel ls) .  Insu l in  increases the synthesis of glycogen from glu­
cose in liver cel ls.  Uptake of insul in is faci l itated by insulin receptors (pro­
teins) on the external and i nternal surfaces of many-but not all-cell 
membranes. Decreased insul in secretion or decreased numbers or activity 
of insul in receptors leads to g lucose intolerance and/or diabetes mellitus. 
The effects of insulin activity are far-reaching:  mediating electrolyte trans­
port and the storage of nutrients (carbohydrates, proteins, fats), facilitating 
cellular growth ,  and enl1ancing liver, muscle, and ad ipose tissue metabo­
l ism. Delta (0) cells occupy the periphery of the islet and make up about 
5% of the islet cel l  population. They secrete somatostatin and inhibit the 
Alpha cells' secretion of g lucagon and the Beta cells' secretion of insulin. 
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CN: Use red for L, blue for M ,  and very l ight colors for A,  J,  and K. 
( 1 )  Color the upper views simultaneously. In the sagittal view, only 
the urethra is shown in the median plane. (2) The coverings of the 
spermatic cord in the i l lustration below actual ly consist of several 
layers (recall Plate 51 ). Color the parts of K and L seen deep to 
the pampiniform plexus (M ) .  
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ANTERIOR VIEW 
O F  SCROTUM 

(With cord dissected) 

The male reproductive system consists of the primary organs, the testes ( testicles), 
suspended within a sac of skin and thin f ibromuscular tissue ( the scrotum); a series of 
ducts; and a number of glands .  Development of the male germinating cells (sperm) in 
the testes requires a temperature sl ight ly lower than that of the body ( about 35° C or 
95° F); this is achieved by their separation from the warmer body cavities. The tem­
perature within the scrotum can be adjusted sl ightly by the contraction/ relaxation of 
smooth m uscle (dartos muscle) in the scrotal wal l ,  t ightening or loosening the tension 
of the wall about the testes. Mature sperm are stored in the epididymis; with stimulus, 
sperm cells are induced to move into and through the ductus (vas) deferens by rhyth­
mic contractions of the smooth muscle in the ductal wal l .  Within the ductus deferens, 
the sperm pass through the abdominal wall (via the inguinal canal) and pelvic cavity 
to enter the prostatic urethra via the pencil-point-shaped ejaculatory duct. Here the 
nutrient-rich secretions of the prostate gland and seminal vesicles are added to the 
population of sperm in the prostatic urethra, forming semen. Prior to the release of 
the semen (ejaculation). the bulbourethral glands add secretions to the urethra. The 
penis and scrotum constitute the external genital organs. 

Enlargement of the prostate is  common ( p rostatic hypertrophy/hyperplasia) in men 
50 years and older. The g lands and connective tissues surrounding the urethra are 
subject to thickening and b locking urine flow ( benign prostatic hypertrophy). Neo­
plastic growth (prostatic carc inoma) is less common (5- 1 5% of men with prostatic 
hypertrophy) and occurs in the more peripheral tissues of the prostate. 
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The testicular artery and vein, and some nerves and lymphatics, join the ductus det­
erens just before entering the deep ring ( intra-abdominal orifice) of the inguinal canal. 
The collection of these form the constituents of the spermatic cord. Passing through 
the inguinal canal , they become invested by a representative layer from each of the 
abdominal wall layers ( less rectus) ;  these are the coverings of the spermatic cord 
and testes (here represented as one layer; see Plate 51 ) . In a vasectomy procedure, 
the ductus deferens is  identif ied within the cord and it alone is divided. A number 
of techniques ( l igatures,  cauterization, folding and burial ,  and so on) are used to 
prevent the natural tendency of the transected duct sections to recanalize. 
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CN: Use the colors employed for the testis, epididymis, and ductus def­
erens on the previous plate with those same structures here (A, E, and 
F). Use red for U and light colors for G, H ,  I, S,  and T. ( 1 )  Note that the 
spermatogenic epithelium is colored g ray in the cross section through 
the tubules above and that the tubular lumen is not to be colored. 
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The testes (testicles) arise on the posterior abdominal wall during 
fetal development; as the d eveloping body lengthens, they appear 
to "descend" into outpocket ings of the anterior abdominal wall 
(scrotum) .  The testes have two pr incipal functions: development 
of male germ cells (sperm or spermatozoa) and secretion of test­
osterone, the male sex hormone. 

Each testis has a dense, f ib rous, outer capsule (tunica albuginea) 
from which septa are d i rected centrally to compartmentalize the 
testis into lobules. One to four highly coiled seminiferous tubules 

exist in each lobule. These tubules converge toward the posterior 
side of the test is,  straighten (tubul i  rect i ) ,  and join a network of 
epithelial-l ined spaces ( rete testis). Efferent ducts leave the rete 
to form the head of the epididymis. The convoluted epid idymal 
duct ( head, body, tail) is l ined with pseudostratified columnar 
epithel ium, one type of which contains long ,  immobi le ci l ia 
(stereoci l ia ) .  At the lower portion of the epid idymis, the tubule 
turns upward to form the ductus deferens. The wall of the ductus 
deferens, l ined with pseudostratif ied columnar epithel ium with 
stereoci l ia,  contains s ignif icant smooth muscle, the rhythmic 
contractions of which drive sperm toward the prostate gland 
during emission. 

Each semini ferous tubule consists of a lumen with walls of com­
pact, organized masses of cel ls ( spermatogenic epithelia and 
supporting/(Sertoli) cells) encapsulated by a thin, f i brous base­
ment membrane. The most immature of the sperm-developing 
cells are the spermatogonia. These d iv ide,  and the daughter 
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cells are pushed out toward the lumen of the tubule. These cel ls 
d ifferentiate into primary spermatocytes, the largest of the devel ­
op ing germ cel ls .  When they d iv ide to become secondary sper­
matocytes, the chromosome number is reduced from 46 to 23 
(meiosis ) .  Each pair of newly formed secondary spermatocytes 
rapidly divides again to form four spermatids. These small cel ls 
mature by developing tai ls, condensing their nuclei and cyto­
plasm , and developing acrosomal caps (with enzymes to break 
down the wall of the ovum and permit penetrat ion ) .  The mature 
sperm cell ( spermatozoon) consists of a head of 23 chromo­
somes (nucleus) including the acrosome, a middle piece con­
taining mitochond ria to power cell movement, and the rest of 
the tail ( f ibers containing microtubules;  the end piece is essen­
tially a single flagel lum) ,  whose flagellations prov ide the cel l 's 
motive force. However, early spermatozoa are essentially immo­
t i le and incapable of fert i l iz ing ova. They are swept into the epid­
idymis from the rete testis via the efferent ducts by c i liary action 
and fluid flow; there the they mature into potent and mot i le 
sperm cells. 

The interstitial cells dispersed in the vascular loose connective 
tissue around the tubules include f ibroblasts as well as the secre­
tory cells ( of Leydig) ,  which are known to produce and secrete 
testosterone into adjacent capi l lar ies . This male sex hormone 
stimulates the development of ducts and g lands of the reproduc­
tive tract at puberty (generally between 1 1  and 1 4  years of age) 
as wel l  as secondary sex characterist ics. 
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CN:  Use blue for I, red for J ,  yellow for K, and very light colors for D ,  
E, and G.  ( 1 )  Color the two upper views simultaneously, noting that 
the superficial and deep fascia ( G ,  H) have been omitted from the 
coronal view. (2) Color the structural view and the cross section. 
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The urethra in the male has an extensive ( 20 cm 
or so) course from the neck of the bladder to the 
external urethral orifice at the end of the penis. The 
prostatic urethra receives urine from the ur inary 
bladder, sperm from the ejaculatory ducts, seminal 
f luid from the seminal vesicles, and secretions 
from the prostate via several ducts. R eflex contrac­
tion of the bladder neck muscles prevents voiding 
of urine during the expulsion of semen. The urethra 
continues through the pelvic diaphragm and into 
the thin, f ibromuscular urogenital d iaphragm as 
the membranous urethra. The spongy urethra 
passes through the penis. Numerous mucus 
g lands exist in  the urethral mucosa. 

The penis consists of three bodies of erecti le 
tissue, ensheathed in two layers of fasciae. The 
corpora cavernosa ( the two lateral bodies) arise 
from the ascending rami of the pubic bones; the 
central corpus spongiosum arises as a bulb sus­
pended from the inferior fascia of the urogenital 
diaphragm ( per inea! membrane ) .  Each body 
consists of erectile tissue with a f ibrous capsule 
(tunica albuginea); the corpus spong iosum con­
tains the urethra as well. The three bodies are 
bound together in a dense stocking of deep per­
inea/ fascia and hang as a unit suspended by the 
deep suspensory and more superf icial fundiform 
ligaments. Deep to the skin of the penis is a 

layer of superficial fascia. The erectile tissue 
consists of lakes of veins (cavernous sinuses) 
bound by f ibroelastic tissue and smooth muscle .  
These sinuses are fed by arteries in the erectile 
bodies. During sexual activity, these arteries 
di late secondary to increased autonomic motor 
activi ty, and the volume of blood entering the 
sinuses increases, expanding the erectile t issue. 
As a result ,  the veins at the periphery of the erec­
t i le bodies deep to the tunica albug inea are 
pressed against the capsule (unable to d rain 
blood ) and the penis enlarges and becomes 
r igid (erection ) .  The glans remains non-r ig id.  
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CN:  ( 1 )  Color the two ( upper) views of the internal reproductive 
structures simultaneously. In  the sagittal view, color the double l ine 
representing the peritoneum in gray. (2 )  I n  the lower drawings, color 
the vestibule (N )  gray after coloring the other structures located in 
that area ( L-P). (3) In  the dissected view of the external structures, 
take note of the surrounding musculature, none of which is colored. 
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The primary organ of the female reproductive system is 
the ovary, which produces the female germ cel ls (ova) 
and secretes the hormones estrogen and progesterone. 
Each ovary, l ike the test is ,  arises on the posterior abdom­
inal wall (adjacent to the kidneys) d ur ing early fetal devel­
opment. I t  also descends along that wal l ,  l ike the testis, 
but is  interrupted early in  its journey by a l igament and 
is retained in  the pelvis. The uterus serves as a site for 
implantation and nourishment of the embryo/ fetus. The 
uterine tubes provide a conduit for the freshly fert i l ized 
or unferti l ized ovum enroute to the uterus. The vagina, a 
fibromuscular sheath ,  receives the semen from the penis 
and transmits it to the uterus and acts as a birth canal 
from the uterus to the outside for the newborn. 
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The female external genitals collectively constitute the 
vulva. They are located within the perineum. The labia 
majora are fat-fil led folds of skin largely obscuring the 
cavity/space between them (vestibule) that contains the 
urethral and vaginal orifices. Medial to the labia majora 
are thin folds of skin ( labia minora ) that approach the cli­

toris anteriorly and spl i t  around i t ,  forming the frenulum 
and prepuce of the clitoris. Like the penis, the cl itoris has 
a crus (p l .  crura) arising from each ischiopubic ramus; the 
two crura join in the mid line to form the body or corpus. 
The body is capped by a skin-covered ,  vascular, sensitive 
glans. These clitoral components contain erecti le tissue 
( less in the g lans) enclosed in fascial coverings; their 
erection or r ig id i ty is accomplished by the same mecha­
nism operative in the penis. The c litoris ,  unlike the penis, 
does not incorporate the urethra. The bulbs of the vesti­
bule are homologous to the

.
bulb of the penis , but sepa­

rated into two erecti le  bodies. They are covered by the 
bulbospongiosus muscle and protrude into the vagina 
during sexual stimulation. The vaginal orifice is com­
pletely or incompletely covered or  surrounded by a rim 
of mucosa called the hymen. Remnants of it (as shown) 
are often retained in  the sexually active female. 
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LUTEAL (SECRETORY) PHASE 
See 162 

CN: Use the colors from the preceding plate for the ovary (A) and uterine tube (M) .  Use 
red for K and R, yellow for L, blue for S, and very l ight colors for C-J , M ,  0, and P. ( 1 )  

Color the development of the female germ cell in both upper and lower views of the 
sectioned ovary. The oocyte (C) is colored through ovulation In the large illustration, 
color the background stroma (B) gray; do not color the blood vessels in the stroma. 
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POSTERIOR VIEW 
(Schematic) 

Development of female germ cells and the secretion of the hormones 
estrogen and progesterone are the functions of the ovary. Confined by 
the thin but dense f ibrous tunica albuginea, l ined with epithel ium, many 
ovarian fol l icles in various stages of development can be seen in the 
connective tissue stroma. A fol l icle consists of an immature epithelial 
germ cell ( oocyte) surrounded by one or more layers of non-germinat­
ing cells. These germ cells were seeded in  the ovary early in devel­
opment-over 400,000 of them. Of these, only 500 or so wil l  mature, 
the rest stopping short in their development and degenerating with 
their follicular cells ( atretic follicles) . Development of an ovum starts 
with the primordial follicle-an oocyte with one layer of fol l icular cells. 
The oocyte increases in size and maturity as the fol l ic le cells increase 
in number. In secondary follicles, a small cavity (antrum) f i l led with fol­
licular fluid appears. This antrum continues to increase/expand at the 
expense of the fol l icle cel ls ,  which are pushed away from the oocyte 

UTERUS AND OVARIES 
(Posterior view) 

Tubal branch 
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except for a layer of cells ( mature follicle) .  Those cells in the outermost 
part of the fol l ic le secrete estrogen d uring the proliferative phase of the 
reproductive cycle. On about the 1 4th day of that cycle,  the ovum (sur­
rounded by a glycoprotein coat-the zona pel luc ida-and a "corona 
radiata" of follicular cells) bursts from the fol l icle into the waiting fingers 
( fimbriae) of tile uterine tube. The ruptured follicle involutes, and some 
bleeding and clotting goes on ( corpus hemorrhagicum) as the follicle 
cells transition, characterized by accumulating large amounts of l ip id.  
This newly formed structure ( corpus luteum ) secretes estrogen and 
progesterone during the secretory phase of the cycle ;  in the event of 
pregnancy, it wi l l  support the developing embryo/ fetus for up to three 
months with these secretions. Should pregnancy not ensue, the corpus 
luteum will involute and degenerate as the corpus albicans. Follicles or 
corpora alb icans/ lutea collectively relating to two or three different but 
sequential cycles can be seen in the ovary at one t ime. 
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CN : Use red for N ,  blue for 0, and l ight colors for D, E, and Q. ( 1 )  Beg in with 
the left half of the large illustration. Only parts of the ovarian and uterine veins are 
shown. Nerves and lymph vessels that may accompany arteries and veins are 
not shown. (2) Color the two views of the anteflexed and the retroflexed uterus. 
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The ovaries, uterus, uterine tubes, and vagina make up the internal organs 
of reproduction in the female. The ovaries are suspended on the posterior 
layer of the broad ligament by a peritoneal extension (mesovarium), and 
supported by the suspensory ligament of the ovary( a lateral extension of 
the broad ligament and mesovarium ) ,  the ovarian ligament, and the round 
ligament ( f rom the lateral wal l of the uterus to the medial wall of the ovary) .  
In this view, the ovaries have been brought to the horizontal to better clarify 
their relationship to the uterine tubes. The uterine tubes, suspended in a 
part of the broad l igament (mesosalpinx ) .  are lateral extensions of the 
uterus, l ined with ci l iated columnar epithel ium supported by connective tis­
sue and smooth muscle. The rhythmic contractions of this muscle aid the 
ovum in its trek from the fimbriae to the uterine cavity, and the lining cells 
support i t  nutritionally. The tube shows three rather distinct parts: the distal 
fimbriae (f inger-l ike p rojections ) .  which "catch" the discharged ovum and 
whisk it into the tubular lumen : the ampu/la or widest part of the tube; and 
the isthmus, whose lumen narrows as it enters the uterine wal l / cavity. 

The uterus is a pear-shaped structure whose neck (cervix) fits into the 
upper part of the vagina and whose body ( fundus) is bent (anteflexed) and 
tilted (anteverted) anteriorly over the bladder. Backward bend ing/t i lt ing 
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POSITION OF 
THE UTERUS 

(Sagittal view) 

( retroflexion/retroversion) of the uterus is not uncommon, particularly in 
women who have given b i rth. The retroflexed uterus predisposes to mild 
sl ipp ing into the vag ina ( p rolapse) when the uterus is more in the axis of 
the cervix/vagina. Such an event is generally resisted by the pelvic and 
urogenital diaphragms, the per inea! body, and numerous f ibrous ligaments 
(broad l igament, and condensations of the pelvic fasciae, not shown) 
mooring the uterus and its tubes to the pelvic wall and sacrum. The wall 
of the uterus is largely smooth muscle (myometrium) lined with a g landular 
surface layer of variable thickness ( endometrium) that is extremely sensi­
tive to the hormones estrogen and progesterone. 

The vagina is an elastic, f i bromuscular tube with a mucosal l in ing of strat­
ified squamous epithel ium.  The anterior and posterior mucosal surfaces 
are normally in contact. The anterior vaginal wall incorporates the short (4 
cm) urethra. Remarkably, the mucosa of the vagina lacks glands; secretory 
activity during sexual stimulation is derived from a transudate of plasma 
from the local capi l laries and from glands of the cervix. The vaginal l ining 
reveals few sensory receptors. Where the cervix fits into the vagina, a cir­
cular moat or trough is formed around it  ( fornix, fornices). The f ibroelastic 
posterior fornix is capable of signif icant expansion during intercourse. 
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CN: Use yellow for B, red for G ,  and a very l ight color for A. ( 1 )  Color the time bar 
of the menstrual cycle at the bottom of the main diagram. Color the arrows C and 
D in the drawing on hormonal influences above. Then color the hormonal curves 
C and D in the main diagram, followed by the different follicular stages of the 
ovarian cycle (A, B ) ,  noting how these hormones influence the follicular changes. 
(2) Color the arrows E and F and the endometrium in the diagram above. Color 
the curves E and F in the main diagram , followed by the uterine structures in the 
menstrual cycle, noting how these hormones influence endometrial growth and 
menstruation. Color only the epithelial surface, glands, and vessels of the 
endometrium. (3) The days indicated are approximate. The hormonal curves 
reflect relative plasma hormone levels and are not absolute values. 
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OVARIAN CYCLE • . . . 

The 28-day human female reproductive cycle, in i tiated and maintained by 
hormones, involves signif icant alterations in ovarian (fol l icular) and uterine 
(endometrial) structure. The cycle is characterized by periods of endo­
metrial breakdown and discharge ( menstruation) . which begin at about 1 2  
years of age (menarche) and end a t  about 45 years of age (menopause). 
The progressive changes that occur in  the ovary and uterus during each 
cycle serve to develop and release the female germ cell for possible 
fertilization by the male germ cel l  and to p repare the endometrium for 
implantation of the fert i l ized ovum. 

The menstrual period constitutes the f irst five days of the cycle. Note the 
loss of endometrial tissue and attendant b leeding d uring this time. Endo­
metrial regrowth begins on about the 5th day of the menstrual cycle and 
is precipitated by hormones from the ovarian fol l icles. The ovarian cycle 
is regulated by hormones from the adenohypophysis (anterior pituitary 
gland ) .  specifically follicle stimulating hormone (FSHJ and luteinizing hor­
mone (LH). During the last few days of the previous cycle and the first 
several days of the next, these hormones stimulate fol l icular development. 

As the selected fol l ic le develops, i t  begins to produce estrogen on about 
the 7th day. Estrogen enters the ci rculation and i nfluences endometrial 
growth (proliferative phase) . On about the 1 4th day of the menstrual cycle, 
the combined "spikes" of increased concentrations of FSH, LH,  and 
estrogen ind uce ovulation: bursting of the mature fol l icle and release of 
the immature ovum into the f imbriae of the uterine tube. After ovulation, 
the burst fol l icle undergoes significant reconstruction ( corpus luteum) 
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influenced by LH. On about the 2 1 st day, this body secretes progesterone 
as well as estrogen, a combination with remarkable influence on endome­
trial glandular development (secretory phase) .  This phase is  characterized 
by the development of numerous secretory cel ls in  the epithelium, a con­
nective tissue stroma edematous with secretions from developing glands, 
and spiral arteries taking a tortuous course about the many glands-a con­
dition conducive to nutritional support for an implanted ferti l ized ovum. I f  

ferti l ization occurs (on  about day  1 6) .  the  corpus luteum becomes the prin­
cipal source of hormones supporting development of the embryo and will 
continue as such for the .next 90 d ays or so or  until the placenta is capable 
of producing its own hormones. 

In  the absence of ferti l ization, on about d ay 26 the corpus luteum begins 
to involute (forming a corpus albicans) , and estrogen/ p rogesterone levels 
d rop. Lacking hormonal stimulation, the endometrium experiences reduced 
g landular secretion in  the presence of cont inued f luid absorption by the 
local veins, and the tissues collapse. The sp i ral arteries are flexed by 
these events. rupture, and hemorrhage with considerable hydraulic force; 
ep ithelial l in ing, glands, and f ibrous tissues are disrupted and the struc­
tural integrity of the endometrium is largely destroyed. The vessels rapidly 
constrict, and bleeding is generally l imited. The broken tissue (menstruum, 
mostly g landular tissue and secretions) ,  bloo d ,  and one or more unferti l ized 
ova g ravitate toward the vagina. After 3-5 days of menstruation, only 
about 1 mm (in height) of endometrium is left for regeneration. Within the 
next two weeks, i t  will regenerate 500% to a height of about 5 mm! 
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CN: Use yellow for E, pinks, tans, or browns for J and K, and light 
colors for A, D, E, and G.  ( 1 )  Color the two i l lustrations of the breast 
and underlying breast structures simu ltaneously. (2) Color the 
arrows indicating the direction of lymph flow and the lymph nodes 
of the chest. If you wish, you may color over the network of lymph 
vessels. (3) Color the diagrams of breast development. (4) Color 
the enlargement of glands and ducts in the lower right corner. 
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The breast (in both males and females) is an area of fatty (adipose and loose 
areolar) fibrous t issue, with associated nerves and blood and lymphatic vessels, 
in the subcutaneous fascia overlying the pectoralis major muscle on the anterior 
chest wal l .  The fatty tissue is supported by extensions of the deep fascia over­
lying the muscle (suspensory ligaments) and functions most prominently in the 
young, wel l -developed, post-pubescent (after puberty) female breast. Packed 
within the adipose tissue is a collection of branching ducts ( lactiferous ducts). 
In  the male and in the non-pregnant (non-lactating) female, these ducts are 
undeveloped. There are few or no g lands ( alveoli ) associated with the ducts 
in those populations. At puberty, the increased secretion of estrogen from the 
ovaries (and perhaps the adrenal glands) in the female influences an enlarge­
ment of the nipple and areola and a general ly marked increase in local fat 
proliferation. As a resul t ,  the breast enlarges to some degree (highly variable ) .  

I n  the early stages of pregnancy, the lactiferous duct  system undergoes profound 
proliferation, and smal l ,  inactive tubular and alveolar ( tubuloalveolar) g lands form, 
opening into alveolar ducts. A lobule consists of a number of these ducts and 
glands; a lobe (of which there are 1 5-20) consists of a number of lobules and an 
interconnecting interlobular duct. The interlobular ducts converge to form as many 
as 20 lactiferous ducts. These ducts d i late to form lactiferous sinuses just short 
of the n ipple ,  then narrow again within the n ipple .  These sinuses probably func­
tion as milk reservoirs during lactation. The nipp le consists of pigmented skin 
with some smooth muscle fibers set in f ibrous tissue. Erection of the nipple may 
enhance flow of mi lk  through the ducts. The circular areola, also p igmented more 
highly than the surrounding skin,  contains sebaceous g lands that may act as a 
skin lubricant dur ing periods of nursing .  In the latter stages of pregnancy, the 
alveolar g lands undergo maturation and begin to form mi lk .  M ilk production peaks 
after delivery of the newborn as the result of the action of several hormones influ­
encing the g land cel ls.  The letdown and excretion of milk results from a neuro­
endocrine reflex mechanism in itiated by the baby's sucking on the nipple .  

The lymphatic vessels are an i mportant part  of the breast: they drain the fat 
portion of the mi lk produced d uring lactation. They also transfer infected material 
or neoplastic (cancer) cel ls from the breast to more distant parts. The potential 
lymphatic avenues for metastasis or spread of infection are shown above. 
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HU MAN DEVELOPMENT 

ID§'W@(b@[p(i!;)@(lj'[f (§)@ @riiJ®0011© ('f)) 
CN: Use l ight colors throughout. ( 1 )  Follow the events from fertil ization to implantation. 
The number of days cited in this and the following two plates are days after (post-) 
fertilization. Fertilization occurs about 1 4  days after the last day of menstruation; 
physicians date fetal age by time since last menstrual period ( LMP). Thus, fetal age 
according to LMP is 1 4  days earlier than true ( post-fertilization)  age. 
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(First cell) 

Fusion 
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Following ovulation, the ovum enters the uterine tube and proceeds toward 
the uterus. It reaches the ampulla of the tube in about 30 minutes. I f  
sperm-laden semen has been d eposited in the fornices of the vagina in 
the preceding several minutes to 24 hours, a few hund red of the original 
50 mil l ion or more sperms wi l l  succeed in reaching the ampulla. Over a 
period of several hours, the sperms become activated , and with the aid 
of sperm-produced enzymes, one of the sperms wil l  penetrate the corona 
radiata ( retained foll icular cel ls) and zona pellucida of the ovum, fuse with 
the plasma membrane ( leaving its cell membrane attached to the ovum's 
plasma membrane) ,  and enter the ovum .  This event is called fert i l ization. 
As the tail breaks down and disappears, the head of the sperm enlarges 
and forms the male pronucleus. The nucleus of the ovum is the female 
pronucleus. The two pronuclei approach each other, fuse nuclear 
membranes, and form a single nucleus. The male and female chroma-

sames join up in the metaphase stage of the first mitotic division of 
the ferti l ized ovum. The first cell of the new individual is called a 
zygote. 

1 65 
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The zygote undergoes d ivision (cleavage stage) to form two blasto­
meres. Over the next two days or so post-ferti l ization, within the 
restraints of the zona pel lucida, the cells divide to form a four-cell 
blastomere and again to form eight cel ls ,  and so on, unti l  a ball of cells 
( morula) is formed . After about five days, the cel ls within the morula 
disperse enough to accommodate progressively enlarging fluid-fi l led 
cavities. Some cel ls are pushed aside to form a peripheral r im of cells 
( trophoblast) enclosing a large single cavity ( blastocoele) ;  some cells 
form an inner cell mass within the b lastocoele .  This multicellular struc­
ture is called a blastocyst. The b lastocyst enters the uterus and 
implants in  the endometriurn on about the 7th day post-fertil ization. 





HUMAN DEVELOPMENT 

CN: Use the same color a s  on t h e  previous plate for trophoblast ( C )  and 
note that the syncytiotrophoblast (0 )  is now given a separate color. Use 
yellow for F. Complete each drawing before proceeding to the next. 
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On day 1 1  post-fert i l ization . the inner cel l  mass gives rise to a flat 
embryonic d isc, consisting of a layer of columnar cells (epiblast) 
and an adjacent layer of cuboidal cel ls ( hypoblast ) .  The epib last 
wil l develop almost entirely into the embryo. The amniotic cavity 
develops among the trophoblast cells adjacent to the epiblast; the 
roof of the cavity is cal led the amnion. The embryo and subsequent 
fetus wil l  develop within this cavity. The trophoblast also g ives rise 
to the primary yolk sac; the cells l in ing this sac are continuous with 
those of the hypoblast. Though it has no yolk ,  the sac probably has 
a nutritional function for the embryonic disc.  Cells of the tropho­
blast form an extraembryonic mesoderm t issue (membrane) that 
largely fills the cavity once known as the blastocyst. 

By day 1 4, the pr imary yolk sac d i minishes in size, replaced by a 
secondary yolk sac. Cavities within the extra-embryonic membrane 
form a single cavity (it looks pai red , but the connection between 
yolk sacs does not create two cavit ies). This cavity ( I )  surrounds the 
amnion/amniotic cavity and the yolk sac except where the amnion 
retains a connecting stalk to the trophoblast layer. 

By day 1 6 , the epib last undergoes significant changes . The pr imary 
yolk sac is gone. Cel ls emerge from the epi blast and migrate into 
the area between the epib last and hypoblast and into the hypoblast 
itself. The cells between are embryonic mesoderm cel ls ;  the cells 
migrating into the hypoblast layer form embryonic endoderm. The 
remaining epiblast cel ls become embryonic ectoderm . The earlier 
two-layered embryonic d isc has formed into a three-layered embry­
onic disc. These three layers are called germ layers, and they give 
rise to the cells and t issues of the body. From ectoderm form the 
skin and related g lands ,  nervous system. hypophysis, lens of the 
eye, and inner ear. From mesoderm form bones, muscle and con­
nective tissues . lymphoid organs, blood . the urogenital system. 
and serous membranes. From endoderm form the epithelial part 
of the gastrointestinal system and respi ratory system as well as 
the epithelia of the pharynx and thyroid.  
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By day 24 post-fe rt i l ization. the once flat embryonic disc has 
rounded to form within the amniotic cavity an embryo with a 
definitive head end and tai l  end , secured to the chorion (C ,  D, H )  
by the  connecting stalk. As the  lateral folds of embryonic meso­
derm encircle the ventral (anterior) part of the embryo to form the 
anterolateral abdominal wal ls .  the yolk sac is pinched off and 
formation of the pr imitive gut begins. By the end of three weeks 
post-fert i l ization, the gastrointestinal tract, brain,  and heart have 
begun their development. 
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CN: Use the same colors for structures B and C that were 
g iven to them on the preceding plate. Use the color g iven to 
"connecting stalk" for the umbil ical cord (A) ,  and use the 
color g iven to "trophoblast" for chorion (D) .  ( 1 )  Color the 
embryonic coverings. The uterine cavity is colored gray, 
though it is actually lined with the decidua capsularis (E) .  
Note that the amniotic cavity (C  1 ) ,  chorionic cavity ( D  1 ) ,  and 
the embryo/ fetus are left uncolored. (2) The umbil ical cord 
is composed of d ifferent blood vessels but receives one 
color (A). The band representing the uterine wall (below) 
is colored with both G and H. 
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The developing embryo (cal led a fetus after eight weeks of 
development) l ies within and is supported, nurtured ,  and pro­
tected by membranes and sacs. These coverings have both 
maternal and fetal origins. 

Those of fetal origin include the amnion and chorion/chorionic 

villi, the umbilical cord, and the yolk sac. The chorion forms a 
sac around the early embryo; the cavity of the sac is the chori­
onic cavily { recall Plate 1 66) .  As the embryo g rows, the chori­
onic sac is obl iterated and the amnion and chorion fuse 
(amniochorionic membrane) .  The chorion exhib its v i l l i  c i rcumfer­
entially early on (e .g . ,  24-day embryo ) ;  in t ime, most of the v i l l i  
are absorbed except for those in  the developing placenta (8-
week embryo) ,  creating a smooth chorion around the amnion 
and a bushy one (the v i l l i  and an underlying chorionic p late) in 
the future placenta. This is the situation of the fetal membranes 
at term (40 weeks) .  

The coverings of maternal or ig in  ( the decidua) ,  are thickened,  
fairly distinct layers of  the uterine mucosa (endometrium) in  
which the blastocyst implanted . In  the 8-week em bryo (above) ,  
the decidua basalis is integ rated wi th the fetal v i l l i  to form the 
placenta. The decidua capsularis surrounds the embryo and its 
membranes. The decidua parietalis l ines the uterine cavity, 
superficial to the myometrium. 

The parietalis is continuous with the capsular is ,  as shown. This 
is the situation with the maternal mem branes at eight weeks. 

When the fetus grows to the point of pushing the decidua 
capsularis against the parietal is ,  the uterine cavity is obl iter­
ated. The capsularis soon degenerates, leaving only the pari­
etalis (lower i l lustration). This layer wi l l  be retained after birth 
as the basal endometr ium. The decidua basalis and chorionic 
vi l l i  (p lacenta) wi l l  be d ischarged after b i rth .  

The fetus develops within the f lu id-fi l led amniotic cavity. The 
plasma-like f luid g ives freedom to the embryo to develop i ts 
form without mechanical p ressure. I t  also acts as a water 
cushion, absorbing shock forces. Just prior to bir th ,  the amnio­
chorionic membrane surrounding the fetus bursts, send ing a 
half l iter or more f luid into the vagina and to the outside (break­
ing the "bag of waters" ) .  Parturition (chi ldb irth) generally occurs 
about 280 days (40 weeks) after fert i l ization. 
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CN:  Use the same colors as used on the previous plate for hyaline 
cartilage (A), periosteal bone (B ) ,  which was compact bone on Plate 
7, and endochondral bone (E ) ,  which was spongy bone. Use red for 
D. Complete each stage before going on to the next. Do not color the 
periosteum, which appears adjacent to periosteal bone in step 3 and 
continues to the end. Color the small shapes (E) that appear in the 
epiphyses and , to a lesser extent, the diaphyses (views 5-8) .  They 
represent spongy (cancellous) bone of endochondral origin. 

Bone development occurs by intramembranous and /or endo­
chondral ossif ication. Here we show longitudinal sections of 
developing long bone. demonstrat ing both forms of ossification 
but emphasizing endochondral bone g rowth. 

The endochondral process begins at about 5 weeks of post­
ferti l ization age with formation of carti lage models ( bone proto­
types) from embryonic connective t issue. Subsequently (over 
the next 1 6-25 years ) .  the carti lage is largely replaced by bone. 
The rate and duration of this process largely determines a per­
son's standing height .  l ntramembranous bone development 
begins in embryonic connective t issue (membrane) and does 
not involve replacement of cart i lage. The flat cranial bones, the 
clavicle, and the bone collar surrounding the shaft of carti lage 
models develop in this fash ion. 

Endochondral ossification begins with a hyaline cartilage model 
( 1  ) .  As the carti lage structure g rows, its central part dehydrates. 
The carti lage cells there begin to degenerate : they enlarge, d ie ,  
and calcify (2 ) .  At the same t ime, blood vessels bring bone­
forming cells to the waist of the carti lage model, and a collar of 
bone is formed around the cart i lage shaft (2 )  within the mem­
branous perichond rium ( intramemb ranous ossification) .  This 
vascular, cellular, f ibrous memb rane around the bone collar is 
now called periosteum. The new bone collar (periosteal bone) 
becomes a supporting tubular shaft for the carti lage model ,  
with a core of  degenerating , calcifying carti lage (3 ) .  

Blood vessels from the fibrous periosteum penetrate the bone 
collar, enter the cartilage model ( periosteal bud) ,  and proliferate, 
conducting periosteal osteoblasts into the cartilage model (4) .  
Starting at about 8 weeks post-fert i l ization, these bone-forming 
cells l ine up along peninsulas of calcified cartilage at the 
extremes of the shaft ( diaphysis) and secrete new bone (5 ) .  The 
calcified carti lage degenerates and is  absorbed into the blood ; 
endochondral bone has now replaced the carti lage. The two 
sites of this activity are called pr imary centers of ossification (5) .  
The direction of g rowth at these s i tes is  toward the ends of  the 
developing bone. The calcified cartilage and some endo­
chondral bone of the d iaphysis are subsequently absorbed, 
forming the medullary or  marrow cavity (5). This cavity of the 
developing tubular bone shaft becomes f i l led with gelatinous 
red marrow in the fetus. Productive primary (diaphyseal) 
centers of ossification are well establ ished at b irth.  

Beginning in  the first few years after bir th , secondary centers 
of ossification begin at the ends or epiphyses as b lood vessels 
penetrate the carti lage there (6 ) .  The healthy carti lage between 
the epiphyseal and d iaphyseal centers of ossification becomes 
the epiphyseal plate (7 ) .  I t  is  the g rowth of this carti lage that is 
responsible for bone lengthening ; i t  is the g radual replacement 
of this cartilage by bone cells in  the metaphysis (7) that thins 
this plate and ult imately permits fusion of the epiphyseal and 
diaphyseal ossification centers (8 ) .  ending longitudinal bone 
growth (at 1 2-20 years of age) .  Dense areas of bone at the 
fusion site may remain into maturity ( epiphyseal line) . Epiphy­
seal bone is less structured ( i rregular beams) than that of the 
diaphysis (organized columns or  osteons) .  and in  maturity it 
is called spongy or  cancellous bone ( recall Plate 7 ) .  

lntramembranous ossification of the  d iaphyseal shaft ( bone col­
lar to compact bone) is responsible for the widening of develop­
ing long bone. The ossification p rocess is regulated by g rowth 
hormone (from the pituitary g land ) and the sex hormones. 
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(Redrawn a n d  reproduced. b y  permission. from Bloom a n d  Fawcett 
A Textbook of Histology, 10th Ed. W.B. Saunders Co .. Ph1la. PA 1975) 
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CN: Use light colors for A and C.  ( 1 )  Begin with the two dorsal 
views of the 20-day-old embryo. Color as well the large arrows 
pointing to the surface locations. Simultaneously color the dia­
grammatic cross section to its right. Follow the same procedure 
for the later views of the growing embryo. (2) Color the stages of 
brain development in the head end of the neural tube. 
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The nervous system develops from the dorsal surface of the 
ectodermal germ layer (future sk in)  of the embryo. In  the 20- to 
2 1 -day embryo, a longitudinal g roove ( neural groove) begins to 
form on this thickened layer ( neural plate). In the central part of 
the plate, the g roove deepens, forming neural folds on either 
side. Deepening of the neural g roove proceeds toward the head 
and tail ends of the embryo. By 22 days, the dorsal part of the 
folds fuse in the central part of the groove, forming a neural 
tube. During this process, the neural tube separates from the 
ectoderm. By 24 days, formation of the neural tube has pro­
gressed to the extreme ends of the embryo. Much of the neural 
tube wil l form the spinal cord ; the head end of the tube will form 
the brain. The neural crest cel ls ,  formed from the neural folds, 
wil l develop into certain nerve cel ls of the peripheral nervous 
system and Schwann cel ls .  The surrounding mesoderm wil l  
form the cranium and the vertebral column and related muscles. 
The notochord (a  pr imitive supporting rod for the embryo) wil l 
be absorbed by the d eveloping vertebral column, and remnants 
of it will remain as the core of the intervertebral d iscs ( nucleus 
pulposus). The endoderm will contr ibute to the development 
of the digestive tract. 
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By the end of three weeks of embryonic development, three 
regions of the developing brain are apparent: forebrain, mid­
brain, and hindbrain. With further g rowth, the forebrain expands 
to form the massive telencephalon (endbrain;  future cerebral 
hemispheres) and the more central diencephalon ( "between" 
brain; future top of the brain stem) .  The m id brain retains its 
largely tubular shape as the mesencephalon (midbrain ;  future 
upper brain stem) .  The h indbrain d ifferentiates into the upper 
metencephalon ( "change" b ra in ;  future middle brain stem) with 
a large dorsal outpocketing (future cerebellum) .  and the lower 
myelencephalon (spinal brain;  lowest part of the future brain 
stem ) .  The brain stem narrows to become the spinal cord at 
the level of the foramen magnum of the skul l .  
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See 70, BO, 166 

\ 





HUMAN DEVELOPMENT 1 70 
@@"tltA)Cb @OCRJ@C!DQLmLfO@Ci!J See 1 14, 144 

(J)(b0J @@{j\f) 'if'� A 
@l3lf'@@G\!J 0>{KfQ@(]:{] (0[b@)@)@) c::f.> B 
Q!)G\'AJ®DCSO@�l1 WC308!J 81 

®ClDCS' u®0 W@cnD@@®§c 
@?:::Jc;:J@§{J!) o[P@@W (13[1@@@) CJ.D 
G\Yi) O'C:S@® IBCb@@@) G;> E 

[?@fi]tft:':,(]i§)@tG\D @W� O:,@' F 

@>QD@'i]QD@) �{]5u@:000@0(!!}gJG 
GD@'ill®0[10@�11 lft000'U'@'®)':? E I  

The fetus in t h e  uterus does n o t  breathe a i r ;  its lungs are deflated. This 
plate reveals how the fetus gets oxygen-rich blood to its system (in the 
absence of breathing air)  and g ets oxygen-poor blood out of the body. 

The placenta (numeral 1 )  is an organ in the uterus of a p regnant 
woman that provides gaseous and nutritional support for the fetus. 
The placenta communicates with the fetus by an umbi l ical cord (2) .  
The vessel taking oxygen-rich blood from the placenta to the fetus is the 
umbilical vein ( 2 )  which runs to the underside of the liver (3) to join the 
portal vein. Here the oxygen-rich blood of the former is mixed with the 
oxygen-poor blood of the latter. A vein existing only in the fetus ( due/us 
venosus) diverts the blood di rectly to the hepatic vein ,  bypassing the 
liver sinusoids. The m ixed blood then enters the inferior vena cava to the 
right heart. The blood is d i rected to the left (systemic) side of the heart 
by two means: an opening in the interatrial wall (foramen ovale; 4)  and 
a short vessel between the pu lmonary trunk and the descending part of 
the aortic arch (ductus arteriosus; 5 ) .  Only a fraction of mixed blood 
gets pumped to the non- functioning ( but l iving) lungs. The m ixed 
blood leaves the heart via the aorta (6 )  to reach the body tissues. The 
oxygen-carrying capacity of fetal hemoglobin is particularly great in 
comparison with that of the adult; the fetal tissues get sufficient oxygen­
ation from mixed blood to permit remarkably rapid growth. 

Paired umbil ical ar teries, ar ising from the internal i l iacs, return the oxy­
gen-poor blood from the fetus to the umbi l ical cord and placenta. After 
b i rth,  because of altered hemodynamic patterns associated with breath­
ing, the c i rculation in the fetal umbi l ical vessels and ducts of the newborn 
diminishes significantly and the vessels soon thrombose. The umbil ical 
vein atrophies to become the l igamentum teres in  the falciform ligament 
(Pl. 1 06) ;  the umbi l ical arteries become the medial umbi l ical l igaments 
(Pl. 75) ;  the ductus venosus becomes the l igamentum venosum; revised 
circulation to the lungs induces closure of the foramen ovate; flow 
through the ductus arteriosus t r ick les down and the vessel closes 
and becomes a l igamentous strand ( l igamentum arteriosum; Pt. 66). 

CN: Use red for B (oxygenated blood, represented by a dotted arrow) and 81  
(umbilical vein) .  Use b lue for D (deoxygenated blood , represented by a 
tight-lined arrow). Use purple for E ( mixed deoxygenated and oxygenated 
blood, represented by a dark-t ined arrow) and E 1 (umbi lical artery). Use 
bright colors for C, F, and G.  ( 1 )  Color the placenta and the large number 1 ,  
as well as the enlarged rectangular portion of the placenta magnified to show 
capillary exchange between fetal and maternal vessels. (2)  Color the large 
numbers while coloring related structures and blood flow arrows. (3) Color 
the placenta and components of the umbil ical cord in the uterus at lower left. 

In ferior 

�B' 

\ 
FETAL 

CIRCULATION 
(Diagrammatic) 

) 
Capil lary exchange of substances 

occurs in  placenta. without any mixing 
of maternal and fetal blood. 
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A- 1 

ANSWER KEYS 

PLATE 36 PLATE 43 
Bones of the upper limb Bones of the lower limb 

A Clavicle A H i p  

B Scapula B Femur 

c Humerus c Patel la 

D U lna D Tibia 

E Radi us E Fibula 

F Carpals F Tarsal 

G Metacarpals G Metatarsals 

H Phalanges H Phalanges 

Joints of the upper limb Bones of the upper limb 

1 Acromioclavicular joint A1 Scapula 

2 G lenohumeral 8 1 Humerus 

(Scapulohumeral) joint D1 U lna 

3 Sternoclavicular joint E1 Radius 

4 Humeroulnar joint F1 Carpals 

5 Radiohumeral joint G 1 Metacarpals 

6 Proximal Rad iou lnar joint H 1 Phalanges 

7 Distal Radioulnar joint 

8 Radiocarpal joint Joints of the lower limb 
9 l ntercarpal joint 1 Sacroi l iac joint 

1 0  Carpometacarpal joint 2 Hip joint 
1 1  l ntermetacarpal joint 3 Patellofemoral joint 
1 2  Metacarpophalangeal joint 4 Tibiofemoral joint 
1 3  l nterphalangeal joints 5 Proximal tibiofibular joint 

6 D istal t ib iofibular joint 

7 Ankle joint 

8 l ntertarsal joint 

9 Tarsometatarsal joint 

1 0  l ntermetatarsal joint 

1 1  Metatarsophalangeal joint 

1 2  l nterphalangeal joints 

APPE N D I X A 

PLATE 60 
Muscles of the upper limb 

MUSCLES ACTING PRIMAR ILY ON THE SCAPULA 

A Trapezius 

A1 Rhomboids 

A2 Serratus anterior 

MUSCLES MOVING THE SHOULDER JOINT 

B Deltoid 

8 1 Pectoralis major 

82 Latissimus Dorsi 

s3 l nfraspinatus 

84 Teres M inor 

85 Teres Major 

s6 Coracobrach ialis 

MUSCLES MOVING ELBOW & RADIOULNAR JOINTS 

c Biceps brachi i  

c 1 Brachialis 

c2 Triceps brachi i  

c3 An cone us 

c4 Brachiorad ialis 

c5 Pronator teres 

MUSCLES MOVING WRIST & HAND JOINTS 

D Flexor carpi radialis 

D 1 Palmar longus 

D2 Flexor carpi u lnaris 

D3 Extensor carpi radialis longus 

D4 Extensor carpi radialis brevis 

D5 Extensor dig itorum 

D6 Extensor dig iti min imi  

D1 Extensor carpi u lnaris 

FOREARM MUSCLES MOVING THE THUMB 

E Abductor pol l icis 

E 1 Extensor pol l icis longus 

E2 Extensor poll icis brevis 

THENAR MUSCLES MOVING THE THUMB 

F Opponens pol l icis 

F1 Abductor pol l icis brevis 

F2 Flexor poll icis brevis 

HYPOTHENAR MUSCLES MOVING THE 5TH DIGIT 

G Opponens d ig iti minimi 
G 1 Abductor digiti min imi  

G2 Flexor d i g iti minimi brevis 

OTHER M USCLES ACTING ON THE THUMB & FINGERS 

H Adductor pol l icis 

H1 Lumbricals 

H2 Dorsal interosseous 



PLATE 68 
Muscles of the lower limb 

MUSCLES ACTING PRIMAR ILY ON THE H IP  JOINT 

A O bturator i nternus 

A1 l l iopsoas 

A2 G luteus medius 

A3 Tensor fasciae latae 

A4 G luteus maximus 

A5 Pectineus 

AB Adductor longus 

A7 Adductor magnus 

MUSCLES ACTING PRIMARI LY ON THE KNEE JOINT 

B Rectus femoris 

B1 Vastus lateralis 

B2 Vastus med ial is 

B3 Sartorius 

B4 G raci I is 

B5 Biceps femoris 

BB Semitendinosus 

B7 Semimembranosus 

MUSCLES ACTING PRIMAR I LY ON THE ANKLE JOINTS 

c Gastrocnemius 

c1 Plantaris 

c2 Soleus 

c3 Flexor d i g itorum longus 

c4 Flexor hal lucis longus 

cs Tibialis anterior 

cB Extensor d igitorum longus 

c7 Extensor hallucis longus 

cs Fibularis (Peroneus) tertius 

MUSCLES ACTING PRIMARI LY ON THE SUBANKLE JOINTS 

D Fibularis (Peroneus) longus 

D 1 Fibularis (Peroneus) brevis 

MUSCLES ACTING ON DIG ITS OF THE FOOT 

E Abductor hallucis 

E1 Abductor d igiti min imi  

E2 Extensor d ig itorum brevis 

ANSWER KEYS 

PLATE 1 1 5 
Review of major arteries 

A Aortic Arch 

ARTERIES OF THE UPPER LIMB 

B Brachiocephalic 

c Subclavian 

D Axi l lary 

E Brachia! 

F Radial 

G Ulnar 

H Deep palmar arch 

I Superficial palmar arch 

J Palmar digital 

ARTERIES OF THE HEAD AND NECK 

K Common carotid 

L I nternal carotid 

M External carotid 

ARTER IES OF THE CHEST 

A Aortic arch 

A 1 Thoracic aorta 

N lntercostal 

0 I nternal thoracic 

p Muscu lophrenic 

Q Superior epigastric 

R Pulmonary trunk 

s Pulmonary 

ARTERIES OF THE ABDOMEN AND PELVIS 

A2 Abdominal aorta 
T Celiac 

u Superior mesenteric 

V Inferior mesenteric 

W Renal 

X Testicular/Ovarian 

Y Common i l iac 

Z I nternal i l iac 

External i l iac 

2 I nferior epigastric 

ARTERIES OF THE LOWER L IMB 

3 Femoral 

4 Popl iteal 

5 Anterior t ib ial 

6 Dorsalis pedis 
7 Arcuate 

8 Dorsal metatarsal 

9 Dorsal d ig ital 

1 0  Posterior tibial 
1 1  Fibular 

1 2  Medial p lantar 
1 3  Lateral plantar 
1 4  Plantar arch 

PLATE 1 20 
Review of major veins 

VEINS OF THE UPPER LIMB 

A Dorsal d ig ital 

B Dorsal d ig ital network 

C Basi l ic 

D Cephalic 

E Brachia! 

F Axi l lary 

G Subclavian 

H Brachiocephalic 

I Superior vena cava 

J Dig ital 

K Su perficial palmar arch 

L Deep palmar arch 

M Radial 

N U l nar 

VEINS OF THE HEAD AND NECK 

0 I nternal jugular 

P External jugular 

VEINS OF THE CHEST 

Q Pul monary 

R l ntercostal 

S Azygos 

T Thoracoepigastric 

VEINS OF THE LOWER LIMB 

u Dorsal d ig ital 

v Dorsal metatarsal 

w Dorsal venous arch x G reat saphenous 

y Lesser saphenous 

z Plantar dig ital 

1 Plantar metatarsal 

2 Deep plantar venous arch 

3 Med ial plantar 

4 Lateral plantar 

5 Posterior ti bial 

6 Dorsal 

7 Anterior t ibial 

8 Popl iteal 

9 Femoral 

A-2 

VEINS OF THE PELVIS AND ABDOMEN 

1 0  External i l iac 

1 1  I nternal i l iac 

1 2  Common iliac 

1 3  Testicu lar / Ovarian 

1 4  Renal 

15 I nferior mesenteric 

1 6  Splenic 

1 7  Superior mesenteric 

1 8  G astric 

1 9  Hepatic portal 

20 Hepatic 

21 I nferior vena cava 



A-3 
APPE N D I X B 

The spinal cord segments and spinal nerve roots g ive orig i n  to 

spinal nerves whose axons are distributed among the peripheral 

nerves .  Cranial  nerves are not included here ,  but can be reviewed 

in Plate 83 . The motor axons of these nerves innervate skeletal 

muscle .  The loss of a nerve supply threatens the l ife of a skeletal 

muscle .  When a muscle is denervated,  its functional loss is usual ly 

characterized by sensory loss, reduction of a related deep tendon 

ref lex, and muscle atrophy/weakness. Nerve roots shown i n  bold­

face are part icu larly l ikely to reveal defic its ( radiculopathy) if 

i nju red .  Here are l i sted the skeletal muscles , the nerves that 

supply them,  and the re lated spinal nerve roots and spinal cord 

segments . A nerve i n  parentheses i ndicates small contribution . 

SPINAL INNERVATION OF SKELETAL MUSCLES 

SKELETAL NERVE SP INAL CORD SEGMENT/ 
M USCLE SUPPLY N ERVE ROOT 

N ECK 

Sternocleidomastoid Spinal  Accessory/C2 ,  3 ,  4 C 1  - CS 

Geniohyoid C1 by way of Hypoglossal C 1  

Sternohyoid Ansa Cervical is C1 - C3 

Sternothyroid Ansa Cervical is C 1  - C3 

Thyrohyoid C1 by way of Hypoglossal C 1  

Omohyoid Ansa Cervical is C 1  - C3 

Longus Col l i /Capitis M uscular Brs. C2 - C6 

Rectus Capitis Muscular B rs. C1 - C2 

Scalenus Anterior Muscular B rs .  C4 - C6 

Scalenus Medi us/Posterior Muscular Brs. C3 - C8 



A-4 

SPINAL INNERVATION OF SKELETAL M USCLES 

SKELETAL NERVE SP INAL CORD SEGM ENT I 
M USCLE SUPPLY N ERVE ROOT 

UPPER L IMB 

Trapezius Spinal  Accessory C 1  - CS 

R homboids Major/Minor Dorsal Scapular C4 - CS 

Levator Scapulae Dors . Scap . (CS); Muse . B r. C3 - CS 

Serratus Anterior Long Thoracic CS - C7 

Pectora l is  M i nor Med . I Lat. Pectoral CS - T 1  

Subclavi us Nerve to Subc lavi us CS - C6 

Supraspi natus Suprascapular CS - C6 

I nfrasp i  natus Suprascapular CS - C6 

Subscapular Upper/Lower Subscapular CS - C6 

Teres M i nor Axi l lary CS - C6 

Deltoid Axi l lary C5 - C6 

Pectora l is  M ajor Media l /Lateral Pectoral CS - T 1  

Latissimus Dorsi Thoracodorsal C6 - CS 

Teres Major Lower Subscapular CS - C7 

B iceps B rach i i  Musculocutaneous C5 - C6 

Brachia l is  Musculocutan . / ( Radial )  CS - (C7)  

Coracobrach ia l is  Musculocutaneous CS - C7 

Brach iorad ial is  Radial CS - C6 

Triceps Brach i i  Radial C6 , C7, CS 

An cone us Radial C6 - CS 

Supinator Radial C6 - C7 

Pronator Teres Median C6 - C7 

Pronator Ouadratus Median C7 - CS 

Palmaris Longus Median C7  - T 1  

Palmaris B revis U lnar CS - T 1  

Flexor Carpi Radial is Median C6 - C7 

Flexor Carpi U l naris U lnar C7, CB, T 1  

Flexor D igit .  Superfic ia l is Median CS,  T 1  

Flexor D igit .  Profundus Median/Ul nar CS, T1  

F lexor Pol l i c is  Longus Median C 7 ,  CS 

Thenar M uscles Median CS,  T1 

Hypothenar M uscles U lnar CS, T 1  

Hand I ntrins ic M uscles U lnar CS , T1 

l nterossei U lnar CS, T 1  

Lumbricales 1 ,  2 Median CS, T 1  

Lumbricales 3 ,  4 U lnar CS, T 1  

Wrist Extensors Radial C6 - C8 

Dig it  Extensors Radial C7 , C8 



A-5 APPE N D I X B 

SPINAL INNERVATION OF SKELETAL M USCLES 

SKELETAL NERVE SP INAL COR D SEG M ENT I 
M USCLE SUPPLY NERVE ROOT 

L OWER L IMB 

Psoas Major Lumbar Muse. Brs. L 1 - L3 

Psoas M inor Lumbar Muse. Br. L 1  

l l iacus Femoral L2 - L3 

Adductors of the H ip  Obturator L2,  L3 , ( L4) 

Adduct. Magnus Obturator /Sc iatic L2, L3 , ( L4) 

Pecti neus Femoral I Obturator L2,  L3 

Quadriceps Femoris Femoral L2 - L4 

Sartori us Femoral L2 - L3 

Tensor Fasciae Latae Superior Gl uteal L4 - S 1 

G l uteus Maxi mus I nferior G luteal L5 , S 1 , (S2) 

G luteus Med ius/M in imus Superior Gl uteal L4 - S 1 

Hamstrings ( Post . Th igh)  Sciatic L5 - S2 

Lateral H ip  Rotators Sacral Plexus L5 - S2 

Pi riformis Nerve to Pi riformis L5 - S2 

Obturator l nternus Nerve to Obturator I nt .  L5 - S 1 

Obturator Externus Obturator (Posterior Br. ) L3 - L4 

Gemel l i  Sup .  /I nf. N. to Obt. I nt .JN . to Quad .  F. L5 - S 1 

Quadratus Femoris N. to Quadratus Femoris L5 -S 1 

T ib ia l is  Anterior Deep Fibular (Peronea l )  L 4 - L5 

Extensor Hal luc is Longus Deep Fibular (Peronea l )  L5 

Extensor Dig itorum Long .  Deep Fibular (Peroneal )  L 5 ,  S1  

Fibu laris (Peron . )  Terti us Deep Fibular (Peroneal )  L5 - S 1 

Fibu laris Longus/Brevis Superf ic ial Fibular ( Peroneal ) L5 - S 1 

Gastrocnemi us/Soleus Tibial S 1  - S2 

Plantar is  Tibial S1 - S2 

Tib ia l is  Posterior Tibial L4 - L5 

Flexor Hal l uc is  Longus Tibial L5, S1 , S2 

Flexor Dig itorum Longus Tibial L5 - S2 

Foot I ntrins ic M uscles Tibial /Plantar L5 - S3 



CON TI N U E D 
A-6 

SPINAL INNERVATION OF SKELETAL M USCLES 

SKELETAL NERVE SP INAL CORD SEGM ENT I 
M USCLE SUPPLY N ERVE R OOT 

THOR A CIC W A LL 

Ext. / l nt . / l n .  l ntercostals l ntercostal Tl - Tl I 
Thoracic D iaphragm Phrenic C3 - C5 

Serratus Post . Superior Thoracic Posterior Rami Tl - T3 

Serratus Post. I nferior Thoracic Posterior Rami T9 - Tl 2 

Subcostal is/Transv. Thor. l ntercostal T l  2/TI - Tl I 

A BDOMIN A L  W A L L  

External / Internal Obl ique Thor. /Lumbar Post. Rami T6 - T 1 2 ,  L 1  

Cremaster ( from I nt .  Obi . )  Genito-Fem. N . /Gen .  B r. L I  - L2 

Transversus Abdomin is  Thor. /Lumbar Post. Rami T6 - Tl 2 ,  L 1  

Rectus Abdominis Thoracic Post. Rami T5 - T l 2  

Pyramidal is  Subcostal T l 2  

Ouadratus Lumborum Thor. /Lumbar Ant. Rami T l 2 ,  L 1  - L3 

DEEP B A CK 

Suboccipital M uscles Cervical Posterior Ramus C l  

Erector Spinae Muscles Post. Rami al l  Spinal  Ns.  C2 - S I 

Splen ius Capitis/Cervic is  Post. Rami of Cerv. Sp. Ns .  C3 - C8 

Transversospinal is  Ms.  Post. Rami of  Spinal Ns .  C2 - S I 

PEL VIS/PERIN EU M 

Levator Ani Pudendal /Sacr. Ant. Rami S2 - S3 

Coccygeus Ant .  Rami of Sacral Ns .  S3 - S4;  Co I (?)  
Perinea! M usc les Pudendal/Sacral Sp .  Ns . /  S2 - S4 

Pelvic Splanchnic Ns.  

U rethral Sph incter Ms.  Pudendal /Sacral Sp .  Ns ./ S2 - S4 

Pelvic Splanchnic Ns .  

Ana l  Sphincter Ms .  Perineal/Rectal B ranches S2 - S4 

of Pudenda! I S4 Sp. N .  





G LOSS ARY 

Anatomical terms as set forth and revised by the International Anatomical Nomencla­
ture Committee of the International Congress of Anatomists, publ ished in the 6th Edition 
of the Nomina Anatomica ( 1 989) ,  are included herei n .  For further inquiry, consult a 
standard medical d ictionary. The terms here are compatible with those listed in 
Dorland's Illustrated Medical Dictionary, 27th Ed ition. Pronunciation of terms is given 
phonetically (as they sound ,  not by standard d ictionary symbols) .  The primary accent 
(emphasis) is indicated by capitalized letters, e .g . ,  ah-NAT-oh-mee, included with the 
definitions. The plural form is in parentheses fol lowing the term defined , e . g . ,  alveolus( i )  
or alveol i .  P l .  = plural .  

A 
A- , an-, without. 
Ab-, away from the midl ine.  
AB, antibody. 
Abdomen, the region between the thorac ic d iaphragm 

and the pelvis. 
Abscess (AB-sess) ,  a cavity in  disintegrating tissue, char­

acterized by the presence of pus and infective agents . 
Achi l les , in G reek mythology, one of the sons of Peleus, 

a young k ing,  and Thetis ,  one of the im mortal god­
desses of the sea. Not wanting Achil les to be mortal 
l i ke his father, Thetis d i p ped him into the River Styx, 
holding him by the heel cord (tendocalcaneus ) ,  
making him invulnerable t o  harm except at that spot. 
Achi l les later became a g reat G reek warrior. In the 
many wars between G reece and Troy, Achi l les was 
invu lnerable to harm.  At last, a Trojan , aided by the 
god Apollo, slew Achil les with an arrow into the vul­
nerable heel cord . The term "Achi l les heel" refers to 
one's vulnerabi l it ies; the Achil les tendon is the ten­
docalcaneus . 

Acinus( i )  ( ASS-ee-nus) , a saclike g land . 
Act in ,  a protein of m uscle, associated with the contrac-

tion/relaxat ion of muscle cel ls .  
Ad- , toward the mid l ine.  
Adena- ( AD D-eh-no) ,  g lan d .  
Afferent, lead ing t o  a center. 
Ag , antigen . 
A I D S ,  acquired immunodeficiency syndrome. 
-algia, pain .  
Alimentary canal , the d igestive tract from mouth to  anus. 
Alveolus( i )  (al-VEE-oh-lus ) ,  g rape-shaped cavity, 

rounded or oblon g .  Refers to the shape of exocrine 
g lands , air spaces with in the lungs,  and the bony 
sockets for teeth. 

Amino acid (ah-M EEN-oh) ,  a two-carbon molecule with a 
side chain that contains either n itrogen ( in  the form of 
NH2)  or a carboxyl g roup (-COO H ) .  

Amorphous (ay-MORF-us) ,  without apparent structure at 
some g iven level of observation. What appears amor­
phous at 1 000X magn ification may be quite struc­
tured at 500,000X. 

Amphi-, double,  about, arou nd,  both sides. 
Amphiarthrosis(es) (AM-fee-ar-THRO-sis ) ,  see joint clas­

sification, functional . 
Ampul la(e) , d i latation of a tubu lar structure. 
Anastomosis(es) (ah-NASS-toh-moh-sis ) ,  connection 

between two vessels . 

Anatomy (ah-NAT-oh-mee) ,  ana = u p ,  tome = to cut; the 
study of structure. 

Anemia (ah-NEE-mee-ah ) ,  a cond ition of inadeq uate 
num bers of red b lood corpuscles. 

Angina (an-JYNE-ah) ,  pain ,  especial ly  cardiac pain. 
Angio- , a vesse l .  
Angle, the point o f  junction o f  two intersecting l ines, as 

in the inferior angle of the scapula between the verte­
bral ( medial) and axillary ( lateral) borders of that 
bone. 

Angulus( i ) ,  an angle.  
Ankle,  the tarsus. The region between the leg and foot. 
Annulus(i)  (AN-new- lus) ,  a ri ng l ike or c i rcular structure. 
Ano- , anus. 
Anomaly (ah-NOM-ah-lee ) ,  an abnormality, especially in 

relation to congenital or developmental variations 
from the normal . 

A .N .S. or ANS,  autonomic nervous system . 
Ansa, loop. 
Anserine, l ike a goose. Pes anserinus, goose foot. 
Ante- (AN-tee) ,  forward . 
Antebrachium,  forearm .  
Antecubital , in  front o f  the el bow (cubitus) .  
Anti- , against. 
Antibody, a complex protein ( immunoglobu l in ) .  A prod­

uct of activated B lymphocytes and plasma cel ls,  it is 
synthesized as part of an immune response to the 
presence of a specific antigen.  

Antigen, any substance that is capable of incit ing an 
immune response and reacting with the products of 
that response. Antigens may be in solution (toxins) or 
may be solid structures ( microorganisms, cel l  frag­
ments , and so on) .  Particulate matter that is phago­
cytosed but does not incite an imm une response 
does not constitute antigen. Specific antibodies 
formed by cloning (monoclonal antibodies) may 
react with certain surface molecules on a cel l  mem­
brane; those surface molecules constitute antigens. 

Antigenic determinant, the specific part of an antigen 
that reacts with the product of an immune response 
(antibody, complement). 

Aperture ( AP-er-chu r) , an open ing.  
Apical ,  an apex or pointed extremity. 
Aponeurosis(es),  a flat ten don . 
Apophyseal (app-oh-FIZZ-ee-al ) ,  refers to apophysis. 
Apophysis(es) (ah-POFF-ee-sis) , an outgrowth; a pro-

cess. 
Arborization (ar-bor-eye-ZAY-shu n ) ,  branching of termi­

nal dendrites. 
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Areolar (ah-REE-oh-lar ) ,  fi l led with spaces. 
Arm, that part of the upper l imb between the shoulder 

and el bow joints. 
Arrhythmia(s) (a- R ITH-mee-ah) ,  a variation from the nor-

mal rhythm of the heartbeat; the absence of rhythm. 
Arterio-, artery. 
Arthr- (AR-th r ) ,  joint. 
Arthritis(ides) (ar-T H R l -tiss ) ,  inflammation of a joint. 
Articular, joint. 
Articular process, an outgrowth of bone on which there 

is a cart i lag inous surface for articulation with another 
simi lar surface. 

Articulation,  a joint or connection of bones , movable or 
not; occlusion between teeth ;  enunciation of words. 

Aspera, roug h .  
Aster, a ray, a s  in rays o f  l ig ht;  in  the cel l ,  rays o f  microtu­

bules projecting from centrioles. 
Atherosclerosis, a form of arterioclerosis or hardening of 

the arteries; specifically, characterized by yellowish 
plaques of cholesterol and l ip id in the tunica intima of 
medium and large arteries. 

ATP, adenosine triphosphate, a nucleotide compound 
contai ning three high-energy phosphate bonds 
attached to a phosphate group; energy is released 
when the ATP is hydrolyzed to adenosine d i phos­
phate and a phosphate grou p.  

Atrophy (AT-troh-fee) ,  usually associated with decrease 
in size, as in muscle atrophy. 

Avascular (ay-VASS-kew-lur) , without b lood vessels or, 
in some cases, b lood . 

Avu lsion , tearing a part away from the whole, as in tear­
ing a tendon from its attachment to bone.  

8 
Back, the region making up the posteriormost wall of the 

thorax and abdomen, supported by the thoracic and 
lumbar vertebrae. Strictly defined , i t  excludes the 
neck and sacrum/coccyx (pelvis) .  

Basal lamina(e ) ,  a th in  layer of  interwoven collagen 
f ibri ls interfacing epithelial cel ls (and certain other 
nonepithelial cel ls) and connective tissue. Seen only 
with an electron microscope. 

Basement membrane, basal lami na and a contiguous 
layer of collagenous tissue. Seen with a l ight micro­
scope, it controls diffusion and transport into/out of 
the cel l .  

Basilar, a t  the base o r  bottom. 
Benign , nonmalignant; often used to mean mi ld or of 

lesser sign ificance. 
Bi-, two. 
Bicipital , two-headed . 
Bicuspid, a structure, e .g . ,  a tooth or valve, with two 

cusps. 
Bifurcate ( BY-fur-cate) ,  to branch. 
Bilateral ,  both sides ( left and r ight) .  
-blast, formative cel l ;  immatu re form.  
Blephar-, eyel id .  
Blood-borne, refers to some structure carried by the 

blood . 
Blood.,.-brain barrier, a state in the CNS in which sub­

stances toxic or harmful to the brain are physically 

prevented from getting to the brai n ;  it is represented 
by tight endothelial junctions in capil laries of the 
brain ,  tight layers of pia mater around vessels,  and 
the presence of neurogl ial endfeet su rrounding ves­
sels. 

Bolus, a mass of food ; any d iscrete mass. 
Bone, immature, see bone, woven.  
Bone, lamellar, mature bone characterized by organized 

layers or lamellae of bone. 
Bone, mature, see bone, lamel lar. 
Bone, primary, see bone, woven.  
Bone, secondary, see bone,  lamel lar. 
Bone, woven,  immature bone characterized by random 

arrangements of collagen tissue and without the typi­
cal lamellar organization seen in more mature bone. 

Brachi- ,  arm . 
Bronch-, referring to bronchi or bronchioles of the respi­

ratory tract. 
Bursa(e),  synovial- l ined sac between tendons and bone 

or muscle and muscle, or any other site in which 
movement of structure tends to irritate or injure adja­
cent structure. It contains synovial f lu id and is l ined 
externally by fi brous connective t issue. 

Bursitis, inflammation of a bursa. 

c 
CD4, C D ,  "clusters of d ifferentiation . "  The abbreviation 

refers to a collection of cell surface molecules with 
specific structural characteristics (markers) reflecting 
a common l ineage. The identification of these mark­
ers is made by purebred ( monoclonal) anti bodies , 
which react only with su rface markers of cells of a 
common l ineage. Cel ls exhib it ing cel l  surface mark­
ers of a common l ineage belong to a cluster (of dif­
ferentiation ) ,  identified by number, e . g . ,  4. Most 
helper T lymphocytes have markers of three d ifferent 
clusters-CD3,  CD4, and CDS.  Cytotoxic T lympho­
cytes are CD3,  CD4, and CDS.  

Cadaver ( ka-DA-ver) , a dead body. 
Canaliculus(i) , a smal l canal. 
Cancellous ( KAN-sel l-us) , having a lattice- l ike or spongy 

structure with visi b le holes . 
Cancer, a condition in which certain cel ls undergo 

uncontrolled mitoses with invasiveness and metasta­
sis (migrating from the point of orig in  to other sites, 
usually by way of the lym phatic and/or blood vascu­
lar systems ) .  There are two broad d ivisions: carci­
noma, cancer of epithelial cel ls;  sarcoma, cancer of 
the connective tissues. 

Capillary attraction, the force that attracts fluid to a sur­
face, such as water flowing along the u ndersurface 
of a pouring tube. 

Capitulum, a rounded process of bone, usually covered 
with articular carti lage. Synonym : capite l lum.  

Caput medusae, the head of the mythical Medusa, 
whose golden hair entranced Neptune. The jealous 
Minerva turned the hair of Medusa into a mass of 
snakes. The term "caput medusae" is  used for the 
snake- l ike appemance of the di lated ,  interwoven 
mass of su bcutaneous veins su rrounding the umbi l i ­
cus in the condition of portal vein obstruction. 
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Cardio-, heart 
Carpus, carpo-, wrist. 
Cauda equina (horse's tai l ) ,  the vertically oriented bun­

dle of nerve roots within the vertebral canal below the 
level of the first lumbar vertebra ( L  1 ) .  Includes nerve 
roots for spinal nerves L2 through the Co2, bi laterally. 

Cauda equina syndrome, i rritation/compression of the 
cauda equina,  resu lting in bi lateral symptoms and 
signs that may include bladder and bowel inconti­
nence , weakness in the lower l imb muscles, sensory 
impairment from the perineum to the toes, and reflex 
changes. 

Cauterization,  destruction of tissue by heat, as with an 
electrocauterizing instrument. 

Cavity, potential , a space between membranes that can 
en large with f lu id accumulation, as in the peritoneal 
cavity (ascites) or pericardia! cavity (card iac tampon­
ade ) .  

C e l l  body, t h e  mai n ,  largest single mass of a neuron,  
containing the nucleus surrounded by organelles in 
the cytoplasm.  

-centesis,  pu ncture. 
Central, at or toward the center. 
Ceph- ,  head . 
Cerebro-, brai n ;  specifically, cerebral hemisphere. 
Cerumen (sur-ROO-men) ,  the wax secretion of the exter-

nal ear. 
Cerv-, neck. 
Cheil- ( KY-el ) ,  l i p .  
Chest, t h e  thorax. 
Chir- (k i r ) ,  hand.  
Choana(e) (KO H-ah-nah ) ,  referring to  a funnel,  as  in  the 

nasal passageways or apertures. 
Chol- (kol l ) ,  b i le .  
Chondro- (KONO-row) ,  carti lag e .  
Chromosome (KRO-moh-sohm) ,  "colored body. " 
C i rcu lare(s) ,  circle 
-clast (k last), d isruption , breaking up. 
Clearing ,  the process of clearing water or solvent out of 

a specimen in preparation for microscopic study. 
Cleavage,  d ivision i nto distinct parts. 
Cl inical , the setti ng in which a person is examined for 

evidence of injury or d isease. 
Clot , coagu lated b loo d ;  a reticular framework of fi brin , 

platelets, and other b lood cel ls .  Associated f lu id is 
serum. 

cm,  centimeter. 
C. N . S. or C N S ,  central nervous system , consisting of the 

brain and spinal cord . 
Co-, con- ,  together. 
Coagulation , the clotting of the blood. 
Coelom (SE-lorn ) ,  the embryonic body cavity. 
Collagen (KOLL-ah-jen) ,  the protein of connective tissue 

fibers. Several d i fferent types are found in fasciae, 
tendons, l igaments , cart i lage , bone, vessels, organs , 
scar t issue,  and wherever support or binding is 
neede d .  Formed by f ibroblasts, endothelia, muscle 
cells , and Schwann cel ls .  

Collateral c i rculation ,  alternate circu latory routes ; ves­
sels between two or more points that exist in addition 
to the primary vessels between those points. Such 
c i rculation exists by virtue of anastamoses among a 

number of vessels.  
Col l i - ,  neck. 
Colo- , colon.  
Complement , a grou p of proteins in  the blood whose 

activation causes their c leavage and fragmentation . 
The fragments have several b iologic functions, of 
which one is combin ing with antibody/antigen com­
plexes, enhancing the destruction of antigen. 

Concentric contraction,  a type of muscle contraction in 
which the internal contracting force of a musc le is 
greater than the external load imposed on it ( positive 
work), so that the muscle shortens. 

Conch ( kawnk) ,  a large spiral shel l .  
Concha(e) (KAWNK-ah , or KAWN-cha; p l .  KAWNK-ee or 

KAWN-chee) ,  a structure shaped l ike a conch shel l .  
Concretion , a n  inorganic or mineralized mass , usually i n  

a cavity o r  tissue. 
Condylar, condyloid , referring to a rounded process, as 

in a joir.t surface 
Condyle, a rounded projection of bone; usual ly a joint 

surface, covered with articular cartilage .  
Contiguous (kon-TI G-yu-us) ,  adjoining and be ing in con­

tact. The basement membrane is contig uous with the 
basal surfaces of certain epithel ial cel ls.  

Contra-, against. 
Contraction , shorten ing.  
Cornu(a) ( KOR-new), a horn-shaped process. 
Corona, crown. 
Corona radiata, radiating crown . The term refers to the 

appearance of the s ubcortical white matter and , spe­
cifically, the projection system .  

Coronoid (KO R-oh-noi d ) ,  crownlike o r  beak-shaped ; 
refers to a bony process. 

Corpus(ora) ,  body. 
Corpuscle ( KOR-pus- i i ) ,  any small body, not necessarily 

a cell . Red blood corpuscles lack nuclei and are not 
considered cel ls .  

Costa, r ib 
Costochondritis ,  an inflammation surrounding the carti­

lage of a joint of a r ib ,  usually involving the synovium 
and fibrous joint capsule and perhaps related liga­
ments. 

Coxa(e) , h ip ;  the h ip  (coxal ) joint. Deformities of the 
upper femur often include the term (such as coxa 
varus or coxa valgus) .  Preceded by the term "os , "  it 
refers to the coxal or h ip bone.  

Crani-, cranium.  
Cranium,  that part of  the skul l  containing the brain .  
Cribriform , perforated ; l i ke a sieve . 
-crine (kri n ) ,  separate off , referring to g lands that sepa-

rate from classical epithel ial su rfaces. 
Cruciate, shaped l ike a cross. 
Grus (crura) , leg . 
Crux, cross. 
Cu. ,  cubic. 
Cubital, front (anterior aspect) of the el bow. 
Cusp, a triangular structure characterized by a tapering 

projection.  
Cutan-, cutaneous ( kew-TANE-ee-us ) ,  referring to the 

skin . 
Cystitis ,  inflam mation of the ur inary bladder. 
Cysto- , bladder. 
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-cyte (s ite) ,  cel l .  
Cytokine, a product o f  a cell that facilitates destruction 

of antigen by inducing or enhancing an immune 
response. 

Cytolysis , the d issolution and destruction of a cell .  
Cytotoxin ,  a product of a cell  that acts to destroy another 

cell or has a toxic effect. 

D 
Dachry-, relat ing to tears. 
Dactyl , f inger, toe. 
Decussation , crossing over. 
Defecation,  e l imination of waste material through the 

anal canal /anus from the rectum .  
Deglutition ,  swal lowing.  
Demi-,  half. 
Denervation ( dee-nerv-AY-shun) ,  a condition in which a 

muscle or area of the body is isolated from its nerve 
supply. 

Dentin ( DEN-t in) ,  the hard portion of a tooth. It  is more 
dense ( harder) than bone , less dense (softer) than 
enamel .  

Depolarization , neutralization of a polarity; in  biological 
systems, it is an electrical change in stimulated excit­
able tissues ( nerves , specialized cardiac muscle 
cells) from a basel ine polarity (about -90 m il l ivolts) 
toward neutral (0 mi l l ivolts). Such an event induces 
the conduction of an electrochemical wave ( impulse) 
to move along an excitable tissue ( e . g . ,  nerve). 

Derm-,  skin.  
-desis, fixation. 
Desiccation (dess-ee-KAY-shu n ) ,  d rying out ; without 

water. 
Desmo- , f ibrous. 
Dexterity, skill with the hands.  
Di- ,  twice. 
Diaphragm(ae) ( D / E-ah-fram) ,  a partition separating two 

cavities . There are three sign ificant f ibromuscular 
d iaphragms in the body: thoracic (separating thorax 
and abdomen ) ,  pelvic (separating pelvis and 
perineum},  and urogenital (separating the anterior 
recesses of the ischiorectal Iossa from the superficial 
perinea/ space). 

Diarthrosis(es) (d ie-ar-THRO-sis) ,  see joint classifica­
t ion, fu nctional . 

Differentiation ,  making something d ifferent; in the devel­
opment of a cel l ,  i t  is the structural and functional 
changes within that cell that make it different from 
other cells; an increase in heterogeneity and d iversifi­
cation. 

Diffusion , spontaneous movement of molecules without 
the appl ication of additional forces. 

Digit , f inger or toe. 
Diploic, referring to the marrow layer between the inner 

and outer layers of compact bone in the flat bones of 
the skul l .  

Dis-, apart. 
Disc, a wafer-shaped , rounded or oval f ibrocarti lag inous 

structure ; if  crescent-shaped,  it is called a men iscus . 
It may interface the articular cartilage surface in a 
synovial joint (articular d isc) or it may interface 

opposing cartilage end plates of vertebral bodies 
( intervertebral d isc ) .  

Discharge, to set off or release, t o  fire, t o  let go. 
Dissect (dis-SECT) , to cut up ,  to take apart. I n  g ross 

anatomy laboratories, the human body is stud ied by 
an ordered d issection by regions. 

Dys-, abnormal, painf u l ,  or difficult. 
Dorsum, back. Refers to the posterior aspect of the 

hand and the "top" of the foot. 

E 
Ee- , out. 
Eccentric contraction ,  a type of muscle contraction 

wherein contracted muscle is stretched and length­
ened during the contraction, such as antigravity con­
tractions by antagonists d uring movement d i rected 
toward gravity. Even though there is a load on the 
muscle, the muscle is stretched (negative work) .  

-ectasis(es ) ,  d i latation. 
-ectomy, removal . 
Efferent , leading away from a center (organ or struc­

ture). 
Elbow, the region between the arm and forearm . 
Electrochemical ,  referring to combined properties of 

electrical and chemical, such as the neuronal 
impulse. 

El l ipsoid, a closed curve more oval than a perfect circle. 
El l ipsoid joints are red uced forms of ball-and-socket 
joints; broad ly speakin g ,  they include condylar­
shaped joints. 

Em-, in .  
Embalm (em-BAH M ) ,  to  treat a dead body with preser­

vative chemicals to prevent structural breakdown by 
microorganisms. 

-emia, blood . 
Emissary vein ,  a vein that drains a dural venous sinus 

and passes through the skul l  bone by way of a fora­
men. 

Emission, an involuntary release of semen ; also , the 
movement of sperm from the epid i dymis to the pros­
tate du ring sexual stimu lation in the male. 

En- , in .  
Encapsulate, to surround with a capsu le. 
Encephalo-, brain.  
Endo- , in .  
Endochondral (en-do-KON-dral } ,  endo = i n ,  chondral = 

cartilage. 
Endochondral ossification ,  see ossification.  
Endocrine ( EN-do-krin ) ,  endo = i n ,  crine = separate. 

G lands that secrete their products into the tissue f lu­
ids or vascular system. 

Endocytosis, the ingestion of matter into a cell by sur­
rounding the material with the cell membrane and 
budding it off in the cytoplasm.  

Endometr-, endometrium.  
Endosteum (a) , the l in ing of the med ul lary canal of  long 

bones, consisting of a th in sheet of collagen f i bers 
and large numbers of osteoprogenitor cells. 

Endothe/ ium(a) (en-do-THEE-lee-um) ,  the epithelial l in­
ing of blood and lymph vessels and the heart cavi­
ties. Endothelia are of mesenchymal orig in ,  not 
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ectodermal , and have properties different from clas­
sical epithelia. 

Entero- , referring to the intestines. 
Enteroendocrine, refers to cells of the epithelial layer I 

g lands of the gastrointestinal mucosa, which secrete 
hormones that stimu late/inhibit  ( regu late) intestinal/ 
pancreatic g land secretion and/or motil ity of smooth 
muscle. 

Enzyme, a protein molecu le that facil itates a reaction 
without becoming involved (changed or destroyed ) 
in the reaction . Enzymes are identified by the suffix 
-ase. 

Epi-,  upon,  at. 
Epicondyle, an elevation of bone above a condyle. 
Epidid- , epididymis.  
Epidural ,  outside the d ura, between the dura and the 

sku l l .  
Epithel ium( a )  (ep-ee-TH EE-lee-um) ,  epi = upon, thelia = 

nipple.  
Erg,  a un it of work. 
Ergo- , a combining form mean ing "work. "  
Ex-, exo- ,  out. 
Excretion (ex-CR EE-sh u n ) ,  the d ischarging of or elimi­

nation of materials ,  such as waste matter. If the mate­
rial excreted has some useful in-body function or use 
outside the body (e . g . ,  semen) ,  it has probably been 
secreted , not excreted ,  although there is no universal 
agreement on this.  See secretion. 

Exocrine ( EX-oh-krin ) ,  exo = out, crine = separate off; 
referring to g lands that separate from classical epi­
thelial surfaces. 

Exocytosis , removal of matter from a cell . 
Extracellular, outside of the cel l ,  such as the fibrous tis­

sue supporting cel ls,  and vascular spaces. 
Extrinsic, coming from the outside. With reference to a 

specific area (e . g . ,  thumb, hand,  foot) ,  extrinsic mus­
cles are those with origins outside of the specific 
area, but which i nsert in  the area and have an effect 
on the specific area. See intrinsic . 

F 
Facet ( FASS-et), a smal l p lane or s l ightly concave sur­

face. The flat carti lag inous surfaces of a joint may 
be called facets , as on the articular processes of 
vertebrae. 

Facet joint, a joint between articular processes of adja­
cent vertebrae; also cal led zygapophysea/ joints. 

Facilitation , enhancement of or assistance in an event. 
Faix inguinalis (conjoint tendon) ,  a tendon composed 

of f ibers from transversus abdominis and internal 
obl ique that arcs over the spermatic cord and 
attaches to the pectineal l ine of the pubic bone. 
See Plate 51 . 

Fascia(e) ( FASH-uh,  p l .  FASH-ee) , a general term for 
a layer or layers of loose or dense, irregular, fibrous 
connective tissue.  Superficial fascia, often infi ltrated 
with adipose tissue, is just under the skin.  Deep fas­
cia envelops skeletal muscle and f i l ls in spaces 
between superficial fascia and deeper structure, and 
between /among m uscle bel l ies ( myofascial struc­
ture) .  Extensions of deep fasciae form intermuscular 

septa, support viscera ( e . g . ,  endopelvic fascia) , act 
as fibrous bands, and support neurovascular bun­
d les. Smaller, microscopic layers of f ibrous tissue 
(e. g . ,  perimysium, endomysium,  vascular tunics) do 
not constitute deep fascia, even though they may be 
d istant extensions of it. These f ibrous connective tis­
sue investments , integrated with tendons , l igaments, 
periosteum ,  and bone, b lend into a unibody con­
struction , resistant to al l  but the m6st traumatic of 
forces. 

Fascia, thoracolumbar, strong layer enveloping the deep 
back or paravertebral muscles from the i l iac crest 
and sacrum to the ri bs/sternum. Plays an important 
role in l imiting and moving motion segments of the 
back. 

Fascicle(s) ( FASS-ih-ku l ) ,  a bundle.  
Feedback, a communication relationship between two 

structures, e . g . ,  wherein the output (secretion) of one 
substance induces an inhibition or faci l itation of the 
secretion of another su bstance. Negative feedback 
reflects an inhibitory effect; positive feedback reflects 
a faci l itating relationsh ip .  

Fibers, elongated lengths of  t issue,  e. g . ,  l iving muscle 
fibers (cel ls or their parts) ,  connective tissue fibers 
(nonliving cel l  products) ,  l iving nerve fi bers (exten­
sions of cel l  bodies ) .  

Fibri l  ( FY-bri l l ) ,  en elongated structure smaller than and 
part of a fiber. 

Fibrous (FY- brus) ,  referring to a fiber or f iberl ike 
quality. 

Fibrosus (fy-BROHS-us) ,  a fi brous stucture. 
Filament, a smal l delicate f iber; in b iology, a structure of 

some length ,  often smal ler than a f ibri l ,  which is 
smaller than a f iber. 

Filtration, movement of a f lu id by the application of a 
force, such as pressure, vacuum,  or g ravity. 

Fissure, a narrow crack or deep g roove. 
Fixation , a process in preparation of tissue for micro­

scopic study. Treatment of fresh tissue with a fixative 
preserves structure, preventing autolysis and bacte­
rial degradation. 

Flaccid ( FLA-sid or FLAK-sid ) ,  without tone; denervated ; 
lax or soft. 

Foot, the most d istal part of the lower l imb .  The skeleton 
of the foot consists of the tarsus, metatarsal bones, 
and phalanges. I t  joins with the leg at the ankle (talo­
tib iofibular joint ) .  

Foramen(ina) (foh-RAY-men ) ,  open ing or hole. 
Forearm, that part of the upper l imb between the e lbow 

and wrist ( radiocarpal) joints . 
Forefoot, that part of the foot anterior to the transverse 

tarsal (talonavicu lar and calcaneocuboid ) joints. 
Fossa(e) , a depressed or hol low area; a cavity. 
Fusiform , spind le-shape d ;  shaped l ike a round rod 

tapered at the ends. 

G 
Gastro-, stomach.  
Gastrointestinal, stomach and intestines. 
Genia- , orig i n .  
Genital(s) , L . , belonging t o  birth .  Refers t o  reproductive 
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structures; loosely, the term refers to the external 
gen itals of either sex . 

Glia, see neurog l ia. 
Glomerulus , a small c luster of vessels or nerve endings, 

as in the glomerulus of the kidney. 
Glosso-, tongue.  
Glyco- , sweet, pertain ing to sugar or carbohydrate, e . g . ,  

g lycogen (starch) ,  g lycoprotein (sugar-protein com­
plex). 

Glycoprotein ,  an organic compound consisting of car­
bohyd rate and protei n .  

Glycosaminoglycan , a long chain of  dou ble sugars 
( disaccharides) connected with a n itrogen-contain­
ing group (amine) ; g/yco = sugar, g/ycan = polysac­
charide. Previously termed mucopolysaccharide. 
Proteins com bined with g lycans are terned proteogly­
cans .  

Gomphosis(es) ( gom-PHO-sis) ,  bolting together. See 
joint c lassification , structural . 

G ray matter, brain and spinal cord substance consisting 
largely of neuronal cell bodies ,  g l ia ,  and unmyel i­
nated processes. Collections of gray matter are gen­
erally called nuclei or centers. 

G roove, a l i near depression in bone. 

H 
Hallucis , genitive form of hallux. 
Hallux, great (first) toe. 
Hand , the most d istal part of the upper l imb.  The skele­

ton of the hand consists of the carpus, metacarpus,  
and phalanges. I t  jo ins with the forearm at the wrist 
( radiocarpal) joint. 

Haustra(e), sacculations of the large intestine held in  
tension by longitud inal bands of smooth muscle 
(taeniae). 

Haversian system, a cyl indrical arrangement of bone 
cells and their lacunae, named after C.  Havers, a 1 ?th­
century anatomist; the central tubular cavity, the Hav­
ersian canal, contains vessels. Seen in com pact bone. 

H ead, that part of the body supported by the skul l  and 
superior to the fi rst cervical vertebra. 

Hem-,  blood . 
Hematocrit ( he-MAT-oh-krit), the measurement of red 

b lood cel l volume in a tu be of centrifuged blood ; the 
tube itself is called a hematocrit tube. 

Hematoma ( hee-mah-TOE-ma), hemat = blood , oma = 
tumor or swel l ing .  A collection of blood u nder the 
sk in ,  fascia, or other extracel lular membrane. 

Hematopoiesis (hee-mah-toh-po-EE-sus ) ,  blood cell for­
mation;  occurs in the bone marrow and ,  in  early life, 
in the liver and spleen; blood cells include red blood 
corpuscles and white blood cel ls. 

Hemi- ,  half.  
Hemopoiesis ( hee-mo-po-EE-sus) , see hematopoiesis. 
Hemorrhage ( H E M-or- ij ) ,  bleeding ;  escaping of blood 

from blood vessels i nto the adjacent tissues or onto a 
surface. 

Hemorrhoid ,  a varicose d i latation of a vein that is  a part 
of the superior/inferior rectal (hemorrhoidal) plexus of 
veins .  

Hemosiderin ( hee-mo-SI D-er- i n ) ,  storage form of iron.  

Heparin, a glycoprotein present i n  many tissues that has 
anticoagulation ( "blood thin n ing")  properties. 

Hepat- , l iver. 
Herniation , a protrusion throug h  a wall or wal l- l ike struc­

ture . 
Heterogeneous, varied , as in a mixtu re of non uniform 

elements. 
Hg, mercury (chemical symbol ) .  
H iatus ,  an open ing.  
H indfoot , that part of the foot posterior to the transverse 

tarsal (talonavicular and calcaneocuboid) joints. 
Hip, the coxal bone; the region of the hip (coxal) joint.  
Histamine,  a nitrogenous molecule whose effects 

include contraction of smooth muscle and capil lary 
di latation. 

H I V, human immunodeficiency virus. 
Homogeneous, of un iform qual ity. 
Hydroxyapatite, Ca ( PO ) ( O H ) ,  a mi neral or inorganic 

compound that makes up the mineral su bstance of 
bone and teeth. A very simi lar structure is found in 
nature outside the body. 

Hyper, excessive. 
Hyperplasia, increased number of normal cel ls.  
Hypertonia, increased muscle tension ; increased resis-

tance to stretch ing of muscle. 
Hypertrophy, i ncrease in s ize of muscle. 
Hypo, inadequate or reduced . 
Hypoesthesia,  reduced sensation .  
Hyster- , uterus. 

-iasis, condition, presence of. 
I lea-, i leum of the small intestin . 
I l ia-, i l ium of the coxal (h ip)  bone. 
lmmuno-, refers to the immune system or to some activ­

ity or part of that system. 
lmmunosuppression, suppression of immune ( l ymphoid) 

system activity; also cal led immunodepression. 
Impinge, to have an effect on someth ing ;  contact, 

irritate, strike. 
Infarction ( in-FARK-shu n ) ,  an area of dead tissue 

caused by interruption of the blood supply to the 
tissue. 

I nfection ,  the invasion of body cel ls ,  tissues, or f lu ids by 
microorganisms, usually resulting in cell  or tissue 
injury, inflammation , and immune response . 

I nflammation,  a vascular response to i rritation , charac­
terized by redness, heat, swel l ing ,  and pain ;  may be 
acute or su bacute (lasting more than two weeks, or 
chron ic) .  

I nfra-, under. 
Inhibition, restraint or restrain ing influence. 
Injury, anatomic d isruption at some level of body organi­

zation in response to an external force (e . g . ,  b lunt ,  
penetrat ing,  electrical, radiation , thermal ) .  

I nnate, inborn, congenital. 
I nnervation ( in-nerv-AY-shu n ) ,  provision of one or more 

nerves to a part of the body. 
l nnominate, u nnamed. First appl ied to the coxa (h ip  

bone) by Galen; first applied to  the artery by Vesa­
l ius. 
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I ntegument, the skin.  
I nter- , between;  e . g . ,  interscapu lar, between the scapu­

lae. 
I ntercalated, inserted between.  
I nterface, su rfaces facing one another; to face a sur­

face. 
I nterstitia l ,  i nterstices, interstitium,  interspaces of a tis-

sue; between two or more definitive structures. 
l ntima, innermost part. 
I ntra- , with i n ;  e .g . ,  i ntracel lu lar, with in  a cel l .  
l ntramembranous ossification ,  see ossification. 
I ntravenous, within a vein. 
I ntr insic, part of a specific area and not extending 

beyond that area (e .g .  thumb,  hand,  foot) .  Muscles 
that arise (originate) and insert within the hand region 
are known as intrinsic muscles (of the hand ) .  

I nvesting , surrounding or enclosing . 
I sometric contraction ,  a contraction that involves muscle 

contraction without bone movement, so that the mus­
cle maintains the same apparent length. Fi bri l  short­
ening in such a contraction is offset by the inherent 
elasticity of the myofascial t issue. 

- it is,  inflammation. Term does not specify the cause of 
inflammation; therefore, it does not mean infection, 
but may refer to the i nflammation induced by or asso­
ciated with an infection . 

J 
Jejuno- ,  jejunum of small  i ntest ine.  
Joint classification, functional; joints are classified 

according to the degree of movement, i .e . ,  immov­
able, partly movable, freely movable. I mmovable 
joints are called synarthroses, partly moveable joints 
are called amphiarthroses, and freely movable joints 
are called d iarthroses. I mmovable joints may be 
f ibrous ( sutures, gomphoses) or carti laginous 
( synchond roses) .  Synovial joints are not normally 
immovable. Partly movable joints may be fi brous 
(syndesmoses) or cartilag inous (symphyses). Freely 
movable joints are always synovial. Synovial joints 
are l imited in  their motion by joint architecture and 
l igaments, but within those l imitations, they are nor­
mal ly freely movable.  See also syn- . 

Joint classification, structura l ;  joints are classified 
according to the material that makes the joint, i . e . ,  
f ibrous, carti lag inous, bony, synovial. Fibrous joints 
are further classified as sutures (thin fibrous tissue 
between flat bones of the skul l ) ,  syndesmoses ( l iga­
mentous sheets between the bones of the forearm 
and leg ) ,  and gomphoses (f i brous tissue between 
tooth and bony socket). Cartilaginous joints are fur­
ther classified as synchond roses ( hyaline cartilage 
between the end and shaft of developing bone) and 
symphyses (f ibrocarti laginous d iscs between bones, 
as between vertebral bones and between the pubic 
bones ) .  Bony joints are f ibrous or cartilag inous joints 
that have ossified over time ( synostoses) .  Classifica­
tion of synovial joints can be seen in P late 22. 

Jugular (JUG-yoo-lar), referr ing to the neck or a neck­
l ike structure. Specifically refers to the vein(s) of the 
neck so named . 

K 
Kary-, nuclear. 
Keratin ,  a sclero-protein that is insoluble and f ibrous. I t  

is the principal constituent of the outer layer of strati­
fied squamous epithelia in skin ( stratum corneum; 
see Plate 1 9) ,  hair, and tooth enamel ( Plate 1 38) .  

Kerato- , outer skin.  
-kine,  movement. 
Kinin ( KY-n in) ,  a polypeptide ( short protein)  that influ­

ences reactions, s uch as antigen-antibody com­
plexes. 

Knee , the region between the thigh and the leg.  
Kyphosis ( ky-PHO-sis) ,  h u mpback. Anatomical ly, a 

curve of the vertebral column in which the convexity 
is d i rected posteriorly; in orthopaedics, it is an exces­
sive curvature of the thoracic vertebrae. 

L 
Labiu m ( i ) ,  l ip ,  or any fleshy border. 
Labyrinthine ( laba- R I NTH-een) ,  interconnecting ,  wind­

ing, as in an interwoven series of passageways. 
Lacerum ( lahss-AYR-um) ,  an irregu lar aperture or open-

ing .  
Lacuna(e) , a cavity or  lake- l ike pit .  
Lacrimal ,  referring to tears. 
Lamel la(e) , a th i n ,  plate- l ike structure; may be circular, 

as seen in the Haversian system of bone. 
Lamina(e) , layer. 
Laryngo-, larynx. 
Latency, inactivity. Usually a period between moments of 

activity. 
Latent, see latency. 
Leg, that part of the lower l imb between the knee joint 

and the ankle joint. 
-lemma, covering or sheath . 
Lepta-, slender. 
Leptomeni nges , pia mater and arachnoid combined. 
Levator, a lifter; an elevator. 
Lieno- , spleen. 
Ligament, f ibrous tissue connecting bone to bone; also 

a peritoneal attachment between organs.  
Lip- , pertaining to l ip ids;  fat; tr ig lyceride ( composed of 

g lycerol and three fatty acids) .  
- l isthesis ,  s l ip .  
Lith-,  stone. 
Lithotomy, removal of a stone. 
Lordosis , a curve of the back seen in the cervical and 

lumbar reg ions in wh ich the convexity is d i rected 
anteriorly; anatomical ly, it refers to any cu rve of the 
back so described; orthopaed ical ly, it is  an exces­
sive curve as described . 

Lumen( ina) ( LEWM-un) ,  a cavity, space, or tunnel with in 
an organ . 

Lunar, referring to the moon . Semi-lunar, half-moon­
shaped.  

Lymphatic, refers to  the system of vessels concerned 
with d rainage of body f lu ids ( lymph) .  

Lymphoid, refers to the tissue or  system of organs ( l ym­
phoid or immune system )  whose basic structure is 
lymphocytes and reticu lar tissue. 

Lymphokine (L I M-to-kine) , a product of activated lym-
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phocytes that enters i nto solution and influences 
immune responses, generally by enhancing destruc­
tion of antigen. 

-lysis(es) ( LYE-sis) , destruction or d issolution. 

M 
Macro, large , as in macromolecule.  
Magnum,  g reat. 
-malacia, softening , as in demineralization of bone; 

changes in matrix of a tissue resulting in a loss of tur­
gor or f ibrous qual ity. 

Ma mm- , breast. 
Manual , referring to the han d .  
Manus , hand.  
Mastication (masticate, to  chew ) ,  the act of  chewing .  
Mastoid, breast-shaped. 
Matrix(ices) ( M AY-trix ) ,  f lu id or viscous background or 

g round su bstance, often apparently amorphous and 
homogeneous,  often colorless. A variety of organic 
compounds and minerals may be d ispersed with in .  

Meatus (mee-AYT-us ) ,  an opening or passageway. 
Media, middle.  
Mediastinum(a) (mee-dee-ahs-TY-num ) ,  m iddle parti­

tion ; the partition or septum between the lungs in the 
thorax. 

Mediate, inf luence. 
Mediator, an influential substance; a substance that acts 

ind irectly but infl uentially in a reaction or in inducing 
a reaction. 

Medulla, inner part. 
Medusa, the radiating , contorted ,  d i lated venous net­

work bulging out on the surface of the anterior 
abdomi nal wall of chronic sufferers of portal vein 
hypertension/obstruction has been g iven the name 
caput Medusae ( head of the Med usa). In G reek 
mythology, Medusa was one of the Gorgon sisters, 
characterized as winged monsters with heads of 
snakes in place of hair. When a person looked at one 
of them , he was turned to stone. Medusa was the 
only mortal G orgon . In offering service to his tyrant 
king , Perseus pursued Medusa and cut off her head 
(which, though detached , sti l l  had the power to turn 
onlookers into stone) .  Perseus presented the head to 
the vile king and his men, who, upon casting their 
eyes on the snake-covered head , promptly turned to 
stone. Perseus then became king .  

Mega- , b i g ,  great , as in megakaryocyte. 
-megaly, enlargement. 
Menin- , refers to meninges. 
Meni nges , dura mater, arachnoid ,  and pia mater cover­

ings of the spi nal cord and brain ,  and the fi rst part of 
cranial and spinal nerves. 

Ment-, referring to the ch in ,  as in mental foramen. 
Mesenchyme (mesenchymal) , embryonic connective tis­

sue,  often with plenipotentiary cells. 
Mesothelium(a) ( meezo-THEE-lee-um) ,  the epithel ium 

l in ing the g reat (closed) body cavities, e .g . , pleura, 
peritoneum , and pericardium.  It  is of mesenchymal 
orig in , not ectodermal , and has d ifferent properties 
from classical epithelia. 

Meta- , change.  

Metr-, uterus. 
M icro, smal l ,  as in microtubule.  
Microorganism, one of a g roup of organisms including 

bacteria, viruses , fung i ,  protozoans ,  and other m icro­
scopic l ife forms. 

Micturition, ur ination; d ischarge of u rine outside the 
body. 

Mineral ization , the process of mineral (calcium com­
plexes) deposition , especially i n  bone formation and 
remodeling as well as formation of teeth . 

mm, mi l l imeter. 
mm Hg,  mi l l imeters of mercury. A pressure-measuring 

system in which the open end of an evacuated (vac­
uum) graduated cylinder (tube) is p laced in a con­
tainer of l iquid mercury. The pressure of the 
atmosphere or f luid pressing on the mercury wi l l  
push the mercury up the cyl inder. The d istance the 
mercury moves up the tube is measured in mm Hg 
and reflects the pressure imposed .  

Modulate, to induce a change.  
Modulator, a control l ing element or agency. 
Mortise,  a recess that receives a part, as the talus fits 

into the recesses of the tibia and f ibula. 
Motor, referring to movement; with respect to the ner­

vous system ,  refers to that part concerned with 
movement. 

Mucosa(e) (mew-KOS-ah ) ,  a l in ing tissue of i nternal cav­
ities open to the outside. Epithel ial/g land cells 
secrete a mucus onto the free surface of the l in ing ,  
which consists of  epithelial l in ing cel ls ,  g lands , and 
underlying connective tissue and nerves/vessels; it  
may have a thin layer of muscle. 

Mucous , referr ing to mucus. 
Mucus,  a secretion of certain g landular cel ls,  composed 

largely of glycoproteins in water, forming a sl ime-gel 
consistency, th icker than serous f lu id .  

Mult i - ,  many. 
Muscularis (muss-kew-LAH R-is) ,  a layer of muscle. 
Musculoligamentous,  consisting of muscle and l iga-

ment. 
Musculoskeletal, consisting of muscle, bones, l iga­

ments , tendons, fasciae, and joints . 
Musculotendinous, consisting of muscle and tendon . 
Myel in (MY-eh- l in ) ,  compressed cel l  mem branes of 

Schwann cel ls in the PNS and ol igodendrocytes i n  
the C N S ,  arranged circumferentially, in layers, around 
axons. Composed of cholestero l ,  components of fatty 
acids,  phosphol ipids, g lycoproteins,  and water. 

Myelo-, marrow; usually refers to spinal cord . 
Myelopathy, neurologic deficit result ing from spinal cord 

injury or disease. 
Myo-, referring to muscle.  
Myoepithelium(a) , contracti le epithelial cel ls.  Usually 

located at the base of g land cel ls,  with tentacle- l i ke 
processes embracing secretory cel ls .  Particularly 
prominent in sweat, mammary, lacrimal ,  and sal ivary 
g lands . 

Myofascia, skeletal muscle ensheathed by vascular and 
sensitive fibrous connective tissue. 

Myoglobi n ,  the oxygen-contain ing ,  pigment-contain ing 
protein molecule of muscle. 

Myos in ,  the principal protein of muscle associated with 
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contraction and relaxation of muscle cel ls .  
Myriad , a g reat number. 
Myx-, mucus. 

N 
Naso- , nose, nasal .  
Neck, that part of  the body inferior to the head and 

su perior to the first thoracic vertebra and confluent 
with the shoulders, u pper back, and upper chest; 
cervical reg ion·. 

Necrosis ( neh-KRO-sis) ,  a state of cellu lar or tissue 
death. 

Nephro- , k id ney. 
Neu ro- ( NOO-roh ) ,  nervous , referring to nervous struc­

ture or the nervous system .  
Neuroglia (noo-ROHG-lee-ah ) ,  noncond ucting support 

cells of the nervous system, including the astrocytes , 
ol igodend rocytes, ependyma, and microgl ia of the 
CNS,  and Schwann cel ls and satel lite cells of the 
PNS. 

Neurologic (neurology) , concerned with d isorders of the 
nervous system. Also refers to nerve/neuronal disor­
ders seen in a c l in ical sett ing .  

Neuron ( NOO-ron ) ,  nerve cel l .  
Neu rovascular, refers t o  nerve(s) and vessel(s ) ,  as i n  

neurovascular bundle.  
Nociceptor (no-see-SEP-tur ) ,  a receptor for pai n .  
Nucha- ( NOO-kaw ) ,  posterior neck. 

0 
Ocul us ( i ) ,  eye . 
-oid ,  having simi lar form; - l ike.  
-oma, tumor. 
Omni- ,  al l ,  un iversal ly; e . g . , omnidirectional, in  all d i rec-

tions. 
Ooph- ,  ovary. 
Ophth- ,  eye. 
Optic, relat ing to the eye. 
O r- ,  mouth. 
Orb, sphere,  round structure. 
Orbicular, rounded , c i rcu lar. 
Orbit, the bony cavity containing the eyebal l .  
O rchi- ,  testis.  
Organelle(s) (or-gan-ELL ) ,  smal l functional structures 

with in the cell  cytoplasm . 
Os- , bone. 
Oscilloscope, an instrument that permits visualization of 

baseline and waves of changes in electrical voltage. 
-osis , condition or state of; e . g . ,  arti1ros is is a generic 

term for a cond ition of a joint. 
Osseous, relating to bone. 
Ossification, endochondral ,  formation of bone by 

replacement of carti lage/calcified cartilage. 
Ossification, i ntramembranous, formation of bone 

d i rectly from osteoprogenitor cells in embryonic con­
nective tissue (mesenchyme) or in fi brous tissue 
adjacent to fractured bone. There is no intermediate 
stage of cartilage formation or replacement. 

Ossificat ion,  primary center of, the principal center of 
bone formation in the d iaphysis or center of develop­
ing bone. 

Ossification, secondary center of , a satel l ite center of 
ossification,  as in the epiphysis.  

Osteo- , bone. 
Osteoblastic ,  referring to bone-form ing cells (osteo­

blasts ) .  
Osteoclastic,  referring t o  bone-destroying cells (osteo­

clasts ) .  
Osteoid (OSS-tee-oyd) ,  bonel i ke ; nonmineralized bone. 
Osteoprogenitor, a primitive cell that has the potential, 

when stimu lated , to become a bone-forming cel l  
(osteoblast) .  

-ostomy, operation that makes a n  artificial opening.  
Ovale,  oval. 
Oxy-, oxygen. 

p 
Pachy- , thick. 
Pachymeni nx, dura mater. 
Palpable (PAL-pah-b u l ) ,  touchable;  by touch . 
Palpate, to touch or feel (a common cl in ical technique) .  
Palsy, weakness. 
Para-, alongside. 
Parenchyma ( pah-R EN-keh-ma) , the functional sub-

stance of an organ. 
Paresis ,  weakness caused by incomplete paralysis. 
Parietal ( pah-RY-et-al l ) ,  referring to a wall or  outer part. 
-pathy, d isease. 
Ped- , foot. 
Pedal ,  foot. 
Pedicle, footlike process ; narrow stalk.  
Pedo- , chi ld.  
Peduncle, a narrow stalk, specifical ly, masses of white 

matter in the CNS.  
Pelvic girdle,  the two coxal ( h i p )  bones. 
Pelvis( es) ,  the ring of bone consisting of the two coxal 

(h ip)  bones and the sacrum and coccyx. 
-penia, deficiency or decrease. 
Penici l lar, resembl ing a painter's brush or penci l .  
Pennate, feather-shaped.  
Peri- around .  
Perichondrium ( paree-KON D-ree-um) ,  the f ibrous enve­

lope of carti laginous structures (except articular ) ,  
containing blood vessels,  fibroblasts, a n d  chondro­
blasts ( immature cartilage cells ) .  

Perinea! , referring t o  the region inferior t o  the pelvis. 
Periodontal , around a tooth. 
Periosteum (paree-OS-tee-um) , the f ibrous envelope 

surrounding bone,  containing osteoprogenitor cells, 
osteoblasts , f i broblasts , and blood vessels, serving 
as the l ife support system of bone. 

Peripheral , away from the center, near or toward the 
peri phery. 

Peristalsis ( paree-STAH L-sis) ,  waves of coordinated and 
rhythmic muscu lar contractions in the walls of a cav­
ity or tubelike organ , induced by hormones or other 
secreted factors and by nerves of the autonomic ner­
vous sustem. 

Peroneal , the lateral ( f ibu lar) side of the leg . 
Perpendicular, refers to a plane at r ight ang les (90 

deg rees) to an adjoining plane. 
Pes, foot. 
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Pes anserinus, goose's foot. Refers to the tendons (sar­
tor ius,  graci l is ,  and semitendinous) that collectively 
insert on the medial proximal t ibia. 

Petrous ( PEET-russ ) ,  rocky or l ike a rock. 
-pexy, f ixation or suspension . 
Phagocyte, a cel l  that takes up cell  fragments or other 

particulate matter into its cytoplasm by endocytosis. 
Phagocytes with a segmented nucleus are called 
polymorphonuclear leukocytes (neutroph i ls) ;  mono­
nuclear phagocytes (of the monocyte-macrophage 
l ineage) are known by several names, depending on 
their location-e . g . ,  macrophages, monocytes of the 
blood , h istiocytes of the connective tissues, Kupffer 
cel ls of the l iver, alveolar (dust) cells of the lung , 
microgl ia of the cental nervous system. Many cells 
that are phagocytic under certain c ircumstances are 
not called or considered phagocytes. 

Phagocytosis (fago-site-OH-sus) ,  the taking of frag-
ments or other particulate matter into a cel l .  

Phlebo- , vein .  
-physis(es), g rowing part. 
-pial, referring to pia mater. 
Pinocytosis, cel lu lar ingestion of f lu id .  
Pituitary (archai c ) ,  referring to mucus. 
-plasia, referring to development or g rowth.  
Plasm-,  referring to the substance of some structure, 

e . g . ,  cytoplasm (cel l  substance). 
-plasty, surgical correction. 
Plenipotentiary, having the capacity to develop along a 

number of d ifferent cel l  l ines. Und ifferentiated mes­
enchymal cel ls ,  pericytes, and certain other cells 
have such capabi l ity. 

Pneumo-, air. 
P. N . S. or PNS,  peripheral nervous system ,  consisting of 

cranial and spinal nerves and the autonomic nervous 
system. 

Pole (polar), either extremity of an axis, as in south and 
north poles of the Earth. Also refers to processes of a 
neuron (e . g . ,  unipolar). 

Pollex, thumb .  Pollicis, genitive form . 
Poly- , many or mult i- .  
Polymodal ,  with many modalities ; polymodal receptors 

are responsive to several different stimu l i .  
Portal ci rculation ,  veins that drain a capil lary bed and 

terminate in a second capil lary or sinusoid network, 
as in the hepatic portal vein and the portal system of 
the hypophysis .  

Post- , back of ,  after, posterior to. 
Pre- , in front of , anterior to . 
Precursor, a forerunner, whose existence precedes 

something that is formed from it. 
Pro- , in front of. 
Procerus (pro-SE-russ) ,  long ,  slender muscle. 
Process, bony, a projection sticking out from a surface. 
Process, neuronal, an extension of a neuron , containing 

cytoplasm/organel les and l imited by a cel l  mem­
brane. A neuronal process (dendrite or axon) is part 
of a l iving cel l .  

P rocto-, rectum. 
P rolapse, the sinking down or d isplacement of a struc­

ture, such as the sinking of the uterus into the vag ina. 
Propria ( prohp-ree-ah ) ,  com mon. 
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Protein , a chain of am ino acids of varying length. 
Proteoglycan , chain of d isaccharides (carbohydrates) 

connected to a core of protein ;  a binding material .  
Proteolytic, causing d igestion or breakdown of protein .  
Protuberance, a projection , or something sticking out 

from a su rface. 
Proviral , refers to viral DNA that has been integ rated into 

the DNA of the host cel l .  
Pseudo (SOO-doh ) ,  false. I n  anatomy or med icine,  hav­

ing the appearance of one structure or phenomenon 
but not, in fact, being such a structure or phenome­
non .  

Pterygoid (TAYR-ee-goid) ,  wingl ike.  
-ptosis,  fal l ing ,  drooping . 
Pulp, a soft, spongy tissue, often vascular. 
Pyel- , pelvis. 
Pyo-, pus. 

a 
Quad-, four. 
Quadrant, one-quarter of a circle.  
Quadrate, four-sided; rectangular, usual ly square. 

R 
Radi-,  ray. 
Radiculitis, inflammation/irritation of a nerve root. 
Radiculopathy, nerve root deficit characterized by 

change in the deep tendon (stretch) reflex, sensory 
loss (objective numbness) , and muscle weakness. 

Radix, root. 
Ramus ( RAY-mus ) ,  a branch . 
Ratio, a fixed relationship or proportion between two 

things ; e . g . ,  1 :4 means that there is 1 unit for every 4 

other units . 
Recto- , rectum . See also procto- .  
Reflux, backward f low. 
Renal , referring to the kidney. See also nephro-. 
Repolarization, an electrical change in excitable tissue 

away from neutral polarity, e . g . ,  increasing polarity 
from 0 mil l ivolts to -90 mi l l ivolts. 

Residue ( R EZ-ih-doo) ,  the material left over after pro-
cessing and extraction of other parts. 

Reticulum(a) , a small network. 
Retro-, back, beh ind ,  posterior; opposite of antero-. 
Retroperitoneum, the area posterior to the posterior 

layer of parietal peritoneum . I t  l ies anterior to the 
muscles of the posterior abdominal wall and includes 
the kidneys, ureters, abdominal aorta and immediate 
branches, inferior vena cava and immediate tributar­
ies, pancreas, and ascending and descending 
colon . 

-rhaphy, suture. 
Rotundu m ,  round.  

s 
Salpingo-, referring to uterine tu bes . 
Salpinx, uterine tube. 
Sarco- , flesh . . 
Scavenger cel l ,  see phagocyte. 
Schwann cel l ,  cell of the peripheral nervous system that 

provides myel in for some and a membranous cover-
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ing for al l  axons. A l ine of Schwann cells forms a tube 
for axonal regeneration after axonal injury. 

Sciatica, pain in the buttock radiating to the foot via the 
posterior and/or lateral thigh and leg ; it follows the dis­
tribution of the sciatic nerve, and therefore is assumed 
to be irritation of that nerve or its roots (radiculitis). 

Scol iosis (sko-lee-OH-sis ) ,  any sign ificant lateral curva­
ture of the vertebral column. Some degree of lateral 
curvature is seen in most spines, probably related to 
use of the dominant hand.  

-scopy, inspection or examination of. 
Sebum,  the oil ly ing on the surface of skin,  secreted by 

sebaceous g lands (see Plate 1 9) .  

Secondary sex characteristics , anatomic and physio­
logic changes occurring as result of increased sex 
hormone secretion (testosterone in the male , estro­
gen in the female) ; these characteristics develop at 
puberty ( generally at 1 1 -1 4  years of age ) .  In the 
male, they include g rowth of body hair, change in 
voice due to change i n  laryngeal structure, increased 
skeletal growth , increase in size of external genitals, 
functional changes in internal genitals, and changes 
in mental attitude. In females, they include enlarge­
ment of breasts,  change in body shape due to skele­
tal growth and d istribution of body fat, and 
maturation of internal and external gen ital structures. 

Secretion,  elaboration of a product from a g land into a 
d uct, vessel ,  or cavity. See excretion .  

Sella, saddle .  
Sel lar, sadd le-shaped . 
Sem i - ,  half or partly. 
Sensitive, responsive to stimul i ,  e l iciting an awareness of 

touch, pressure, temperature, and/or pain;  innervated . 
Sensory, referring to sensation (e. g . ,  touch,  perception 

of temperature, vision) .  
Septum (a) , a wall or an extension of  a wal l ;  a structure 

that separates. 
Serosa (sir-OH-sa) , l in ing tissue of cavities closed to the 

outside,  consisting of a layer of squamous or cuboi­
dal cells and underlying connective tissue. 

Serotonin ,  a n itrogenous molecule with many functions, 
including acting as a neu rotransmitter, inhibitor of 
gastric secretion , and vasoconstrictor. 

Serous, watery;  see serum. 
Seru m ,  any clear flu id ;  also blood plasma less plasma 

(clotting ) proteins. 
Sesamoid,  pea-shaped . G enerally refers to smal l bones 

of the hand and foot. The largest sesamoid bone is 
the patel la. These bones are formed within the ten­
dons or l igaments at points of stress. 

Sharpey's fibers, f ibrous bands of l igaments, tendons, 
and/or periosteum inserting d i rectly into bone. 

Shoulder, the part of the body where the upper limb is 
joined to the trunk;  specifical ly, the shou lder joint and 
surrounding area, i nc luding the upper lateral scapula 
and distal clavicle (acromioclavicular area) .  

-sial , referr ing to saliva. 
Sinus(es) (SY-nuss ) ,  a cavity or channel. A venous sinus 

is a large channel, larger than an ordinary vein ;  an air 
sinus is  a cavity. 

Sinusoid ,  s inusl ike ;  usually refers to thin-wal led , porous 
vessels in g lands.  General ly s l ightly larger than capil-

laries, sinusoids vary in their structure depending on 
their location. 

Soft tissue, any tissue not containing mineral , e .g . ,  not 
bone, teeth. General ly refers to myofascial tissues. 

Soma, the body; the body wal l .  
Somatic, referring t o  the body or body wal l ,  e . g . , the cell 

body of a neuron (soma); in  organ izational terms, 
contrasted with viscus or viscera (organs containing 
cavities ) .  

Spasm, rapid ,  violent, invol untary muscle contraction , 
usually resulting in some contortion of the body part 
experiencing the spasm 

Spheno- (SPHEE-no), shaped l ike a wedge; refers to a 
triangu lar-shaped structure that comes to a thin edge 
on one side. 

Sphincter, a concentric band of muscle surrounding a 
narrowed cavity or passage.  

Spindle, a structure that is round and tapered .  
Spinosum, spiny or spinelike. 
Spleno- ,  spleen. See also l ieno-. 
Spondyl - ,  vertebra. 
Squamous, platel ike,  th i n .  G enerally refers to flat, thin 

epithelial cel ls.  
Stenosis (sten-O H-sis ) ,  narrowing.  
-stomy, hole or  openi n g .  
Stratified, layered ; having more than o n e  layer. 
Stria, stripes or parallel markings.  
Styloid (STYL-oyd ) ,  having the form of a pointed spike or 

pi l lar. 
Sub-,  under. 
Subchondral , under carti lage;  specifical ly, the bone 

adjacent to articular cartilage. 
Subcutaneous (sub-kew-TAN E-ee-us ) ;  under the skin.  
Subdural , under the d ura; between the dura and the 

brain or spinal cord . 
Supra- , above. 
Suture (SOO-chur) , a type of f i brous or bony j unction 

characterized by interlockin g ,  V-shaped surfaces, as 
in the sku l l .  

Swal lowing, deglutition .  
Sym-,  see syn. 
Symphysis(es) ( S I M-fih-sis) ; see joint classification , 

structural . 
Syn- (S IN) ,  together, with , alongside. 
Synarthrosis(es) (sin-arth-RO-sis);  see joint classifica­

tion ,  functional . 
Syns;hondrosis (sin-kon-DRO-sis ) ;  see joint c lassifica­

tion, structural. 
Syndesmosis(es) (syn-des-MO-sis) ;  see joint classifica­

tion, structural. 
Synostosis(es) (syn-os-TOH-sis) ; see joint classification , 

structural. 
Synovial (sih-NOH-vee-u l ) ,  refers to a viscous fluid simi­

lar in  consistency to uncooked egg white. This f lu id 
and the mem brane that secretes it l ine freely movable 
joints (synovial joints) ,  bursae, and tendon sheaths. 

Synthesis(es) , formation of a structure from smaller 
parts; integ ration of parts. 

T 
Taenia(e) col i ,  strips of longitud inal muscle in the mus-
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cu laris externa of the large intestine (excluding the 
rectum and anal canal ) .  

Tarsal ,  tarso-, the ankle. 
Tendin it is ,  inflam mation of a tendon. 
Tendinous (TEN-dih-nuss ) ,  referring to tendon. 
Tendon , f ibrous t issue connecting skeletal muscle to 

bone or other muscle. May be cord-like or sheet- l ike 
( aponeurosis) . 

Thigh , that part of the lower l imb between the hip joint 
and the knee joint. 

Thorax, the region between the neck and the abdomen. 
Thrombosis( es) , a condition of clots or throm bi within a 

vessel or vessels. 
Thrombus(i) , a clot within a blood vessel ,  obstructing 

flow. 
-tomy, incision . 
Tone,  normal tension in muscle,  resistant to stretch . 
Torso, the part of the body less the l imbs and head ; the 

trunk. 
Transcriptase, an enzyme ( polymerase) directed by 

DNA to faci l i tate synthesis of a single strand of RNA 
that is structurally complementary to a strand of DNA. 

Transcriptase, reverse,  a polymerase (enzyme) directed 
by R N A  to faci l itate synthesis of a s ingle or double 
strand of DNA that is structural ly complementary to a 
strand of RNA.  I n  H I V  infection of cells , RNA-d irected 
reverse transcri ptase makes possible the transcrib­
ing of viral RNA sequences into double-stranded 
DNA; this is then integrated into the host cell 's DNA. 
The combined DNA is called proviral DNA. 

Trauma, an anatomic or psychic response to injury. 
Trochanter, a large process. Specifically, two processes 

of the upper femur. 
Trochlea (TROHK-lee-ah ) ,  a pul ley-shaped structure. 
-trophic,  relating to nutrit ion. 
Truss, a collection of members ( beams) put together in 

such a way as to create a su pporting framework. 
Tubercle (TOOB-er-ku l ) ,  a rough,  small bump on bone. 
Tuberosity (toob-eh-ROSS-eh-tee), a bump of bone, 

generally larger than a tubercle, smaller than a pro­
cess. 

Tunica, referring to a coat or sheath ; a layer. 
Turcica (TUR-sih-kah ) ,  Turkish, as in sel la turcica (Turk­

ish sad d le) .  

u 
Uni- ,  one. A unicel lular g land is a one-cell g land. 
Un ibody, of one body; a structure with parts integrated 

into one unit .  
U nit, a single thing or quantity; the basic part of a com­

plex of parts. 
U rogenital, referring to structures of both the urinary and 

genital ( reproductive) systems. 
U rogenital diaphragm , a layer in the perineum consisting 

of the sphincter urethrae and deep transverse 
perinea! m uscles and their fasciae. Also called the 
deep perinea! space. 

v 
Vacuolation (vac-u-oh-LAY-shun ) ,  formation of small 

cavities or holes ; part of a degenerative process in 
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cartilage d uring bone development. 
Vacuum, a space devoid of air, with , therefore, no pres­

sure. In the relative sense, decreased pressure in the 
thoracic cavity during inspiration represents a partial 
vacuum, drawing air from a space with air of h igher 
pressure. 

Varix(ces ) ,  an enlarged , tortuous (twisted ) vessel . 
Varicosity(ies) ,  an enlarged and irregu lar-shaped , h ighly 

curved (tortuous) vein(s) .  Most often seen in superfi­
cial veins of the lower l imbs and the testes/scrotum. 

Vas(a) , vessel. 
Vasa vasorum, vessel that supplies a larger vessel. 
Vascular, referring to blood or lymph vessels or to blood 

supply. 
Vasorum , of the vessels. 
Ventricle, a cavity. 
Vessel ,  a tubel ike channel for carrying f lu id , such as 

blood or lymph. 
Vestibule, an entranceway, cavity, or space. 
Vil lus( i ) ,  a fingerl ike projection of tissue, as in the intesti­

nal tract or placenta. 
Viral, relating to a virus. 
Virion, a single virus, also called a virus particle, con­

sisting of genetic material ( D NA or RNA) and a pro­
tein shell ( capsid ) .  

Virus , one o f  a g roup o f  extremely small infectious 
agents, consisting of genetic material and a protein 
shel l .  A virus is not capable of metabol ism , and thus 
requires a host to replicate. On attachment to a sur­
face molecule on a cell  mem brane, a virus particle is 
enveloped by the cell membrane and brought into 
the cytoplasm,  thus infecting the cel l .  

Viscous, a f luid or semi-flu id state wherein molecules 
experience significant friction d uring movement. 

Viscus(era) , an organ with a cavity in it. 
Verner, a plowshare-shaped structure. 

w 
White matter, a substance of the brain and spinal cord 

consisting of largely myel inated axons arranged in 
the form of bund les or tracts. It  appears white in the 
l iving or preserved brain. 

Wrist , the carpus, the region between the forearm and 
hand.  

Wrist drop, a condition in which the extensors of the 
wrist are weak or paralyzed. The wrist cannot be 
extended and therefore the wrist "drops" when one 
attempts to hold the hand horizontal ly or vertically 
upward. This cond ition is usually the result of radial 
nerve denervation. 

x 
Xeno-, foreign.  
Xero-, dry. 

z 
Zygapophysis(es) (zi-gah-POFF-ee-sis),  an articular pro­

cess of a vertebra; also a joint between vertebrae 
(zygapophyseal articulation) .  Such synovial joints 
may be called facet joints. See also facet. 

Zygo- (ZY-go) ,  referring to a yoke or union ; joined . 
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A 
A band ,  of skeletal muscle ,  1 4  
Abduction ,  defi ned and i l l us­

trated ,  23 
of the f inger(s ) .  i l l ustrated ,  35 ,  

59 
of the shoulder, i l l ustrated ,  56 
of the thumb,  i l l ustrated ,  59 
of the wrist, i l l ustrated ,  35 

Acetabu lum,  37, 39 
Acetylc hol i ne ,  at a neuromuscu­

lar j unct ion,  1 6  
Acinus(- i ) ,  see G land 
Acquired immunodefic iency 

syndrome: see A I DS 
Acromion , 3 1 , 32,  55 
Acti n ,  1 4  
Activation , i n  H I V  i nfection ,  1 28 
Adduction , defined and i l lus-

trated ,  23 
of the f inger(s ) ,  i l l ustrated ,  35 ,  

59 
of  the h ip ,  i l l ustrated ,  63 
of the shoulder, i l l ustrated ,  56 
of the thumb,  i l l ustrated ,  59 
of the wrist, i l l ustrated ,  35 

Adenohypophys is ,  1 52 ,  1 53 
Adenoids,  1 22 ,  1 27 ,  1 32 

Afferent, lymph vesse l ,  1 2 1 , 1 26 
neurons ,  7 1  

Age , fetal , determi nation of, 1 65 
Agonist, 45 
A IDS ,  1 28 
Alveolus(- i ) ,  bony, 1 38 

g landular, 1 0 , 1 64 
l u ng ,  1 34 

Amnion , 1 66 ,  1 67 
Amphiarthrosis ,  22 
Ampul la ,  duodenal , 1 45 

of inner ear, 99 
of uter ine tube, 1 62 

Amygdala, 7 4 
Anaphase , 9 
Anastomoses, porta-caval , 1 1 9 
Anatomical posit ion,  1 ,  23 

Words are indexed by generic terms (artery, l igament, foramen ,  
process , and so on) .  For example ,  i f  you wish to locate a specif ic 
artery, look under "Artery. " Pr incipal reference among a number of 
c ited plates is i n  bold (dark) type . Our reference medical d ictionary 
is Oorland's Illustrated Medical Dictionary 

snuff box, 59 
Angle(s ) ,  i nferior, of the scapula ,  

3 1  
of the mandib le ,  24 ,  47  
sternal (of Lou is ) ,  30 , 1 35 
subpubic ,  37 ,  38 
superior, of the scapula,  3 1  

Annulus fi brosus,  27 
Antagonist, 45 
Anteflexion , of uterus , 1 62 
Anterior, def ined, 2 
Antibody, 1 22 ,  1 23 
Antigen , 1 22, 1 23 
Antigenic determinant, 1 25 
Anus,  53 , 1 43 
Aorta: see artery 
Aperture(s) ,  lateral (foramen of 

Luschka) ,  80 , 82 
median (foramen of 

Magendie) ,  80, 82 
nasa l ,  anterior I posterior, 25 , 

1 30 
pelvic ,  inferior/superior, 37 ,  

38 , 52, 53 
thorac ic ,  inferior/superior, 30 

Aponeurosis(es) ,  of anterior 
abdominal wal l ,  5 1  

b ic ipital , 57 
defined,  44 
of Galen (galea aponeurot­

ica ) ,  46 
palmar, 59 
plantar, 67 

Apparatus, juxtag lomerular, 1 50 
Appendices, omenta l ,  1 43 
Appendicitis ,  visual ized , 1 27 
Appendix ,  vermiform , 1 22 ,  1 27 ,  

1 36 ,  1 43 
Aqueduct, cerebral , 76,  80, 82 
Arac hnoi d ,  77 ,  81 , 82 
Arbor vitae , 76 
Arborization , 1 5  
Arch(es) ,  aortic , 1 1 2 

anterior, of the atlas , 28 
arteria l ,  of feet, 1 1 1  

of hands,  1 1 0 
of the azygos,  1 1 7 

longitud i nal , lateral /medial 
of the foot, 42 

posterior, of the atlas , 28 
tend inous ,  of the pelvis ,  52 
transverse , of the foot, 42 
venous,  p lantar, 1 1 8 
zygomatic ,  24 

Area, auditory, 73 
bare ( l iver) 1 40,  1 44 
motor, primary, 1 73 
speech area (of B roca) 73 
subcortical , 7 4 
visual area, 73 

Areola ,  1 64 
Arm , 5 ,  6 ,  3 1  
Arter io le ,  afferent, 1 49 ,  1 50 

def ined , 1 03 
efferent ,  1 49 ,  1 50 
pen ic i l lar, 1 25 
structure of, 1 03 

Artery(- ies) 
alveolar, i nferior I superior, 

1 08 
branch of ( i n  tooth ) ,  1 38 

aorta, abdominal , 1 1 1 ,  1 1 2 ,  

1 1 3 ,  1 47 
arch of , 1 04 ,  1 05 ,  1 1 2 
thoracic (descend ing)  1 04 ,  
1 05 ,  1 1 2  

arcuate , foot, 1 1 1  
k idney, 1 50 

aur icu lar, posterior, 1 08 
axi l lary, 1 1 0 
basi lar, 1 09 
axon ,  1 5 , 7 1  
brach ia! (superfic ia l ) ,  1 1 0 

profu nda (deep) 1 1 0 
superfic ial , 1 1 0 

brach iocepha! ic , 1 04 ,  1 05 ,  
1 08 ' 1 1  0 ' 1 1 2 

bronch ial , 1 1 2  
bu lb of the penis ,  1 59 
bu lb  of the vesti bu le ,  1 60 

1 - 1  
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Artery(- ies) (continued) 1 1 3 '  1 44 ' 1 45 review of, 1 1 5 
carotid ,  common ,  1 04 ,  1 05 ,  left/right ,  74,  1 06 ,  1 07 ,  1 1 3 ,  sacral , l ateral , 1 1 4 

1 08 ' 1 09 ' 1 1  2 1 44 ,  1 45 scrotal , posterior, 1 1 4 
external , 1 08 ,  1 09 hypophyseal , i nferior/ segmental , renal , 1 50 
i nternal , 1 08 ,  1 09 superior, 1 52 ,  1 53 sigmoid ,  1 1 3 

cel iac (trunk) ,  1 1 2 ,  1 1 3 ,  1 4 1 , i leocol ic ,  1 1 3 sp ina l ,  anterior, 1 09 
1 45 ,  1 47 ,  1 56 i l iac,  common , 1 1 1 ,  1 1 2 , 1 47 spiral , 1 63 

cerebel lar, anterior i nferior, external , 1 1 1 , 1 1 2 , 1 47 splen ic , 1 07 ,  1 1 2 , 1 1 3,  1 4 1 , 
1 09 i nternal , 1 1 2 ,  1 1 4 ,  1 47 1 45 
posterior i nferior, 1 09 i l io lumbar, 1 1 4 structure of, 1 03 
superior, 1 09 i ntercostal , 50 subclavian , 1 08 ,  1 1 0 ,  1 1 2 

cerebral , anterior, 1 09 anterior/posterior, 1 1 2 subcosta l :  see related vein ,  
middle ,  1 09 posterior highest, 1 08 ,  1 1 2  1 1 7  
posterior, 1 09 i nterlobar, 1 50 subscapular, 1 1 0 

cervical , deep,  1 08 i nterlobular, 1 49 ,  1 50 suprarenal , 1 1 2 ,  1 47 ,  1 50 

transverse , 1 08 i nterosseous, common , 1 1 0 suprascapu lar, 1 08 
c i rcumflex femoral , lateral/ labyrinth ine ,  1 09 temporal , superfic ia l , 1 08 

med ial ,  1 1 1  lenticu lostriate , 1 09 testicu lar, 1 1 2 ,  1 47 ,  1 57 
h umeral , anterior/posterior, l i ngual , 1 08 thorac ic , i nternal , 1 08 ,  1 1 2 
1 1 0 lumbar, 1 1 2 lateral , 1 1 0 

c lassif ication of , 1 03 maxi l lary, 1 08 superior, 1 1 0 
col i c ,  left/midd le/right ,  1 1 3 meni ngeal , middle ,  1 08 thoracoacromial , 1 1 0 
col lateral , u lnar, i nferior/ mesenteric ,  i nferior/superior, thyrocervical tru nk,  1 08 

superior, 1 1 0 1 1 2 ,  1 1 3 , 1 47 ,  1 56 thyroid ,  i nferior, 1 08 ,  1 54 
communicating ,  anter ior/ metatarsal , dorsal/plantar, superior, 1 08 ,  1 54 

posterior, 1 09 1 1 1  t ib ial , anterior/posterior, 1 1 1  
coronary, 1 07 ,  1 1 2 muscu lophrenic ,  1 1 2 types of, 1 03 
costocervical trunk ,  1 08 ,  1 1 2 ,  nutrient, 20 u lnar, 1 1 0 

1 54 obturator, 1 1 1 ,  1 1 4 umbi l ical , 1 1 4 
to the crus of the penis ,  1 1 4 ,  occipital , 1 08 umbi l ical (feta l ) ,  1 70 

1 59 ophthalmic , 1 08 uterine ,  1 1 4 ,  1 62 
cystic , 1 1 3 ovar ian,  1 1 2, 1 61 , 1 62 vag inal , 1 1 4 
deep ,  to the bu lb  of the penis ,  palmar, deep (arch) ,  1 1 0 vertebral , 28 , 1 08 ,  1 09 

1 1 4 superfic ial (arch) ,  1 1 0 vesical , i nferior/superior, 1 1 4 
defined,  1 03 pancreatic , dorsal , 1 56 to i ntestinal vi l l us ,  1 42 
d ig ital ,  pa/mar, 1 1 0 g reat, 1 56 Articu lar cart i lage, micro-

dorsal/plantar, 1 1 1  inferior, 1 56 scop ic ,  structure , 1 2  
dorsal (of the penis)  1 59 pancreaticoduodenal , i nferior/ on bone , 20 
dorsal is  pedis ,  1 1 1  superior, 1 1 3 ,  1 56 i n  bone development, 1 68 
epigastric ,  i nferior, 1 1 2 ,  1 1 5 perforating (femoral ) ,  1 1 1  i n  a joint ,  22 

superior, 1 1 5 perinea/ , 1 1 4 Articu lar process , of a vertebra, 
esophageal , 1 1 2 peroneal : see artery, f ibular 27 
femoral , 1 1 1  phren ic ,  i nferior, 1 1 2 ,  1 55 Articulation :  see Joint 

deep, 1 1 1  plantar, arch (foot ) ,  1 1 1  Aster, 9 
superf ic ial , 1 1 1  lateral/medial , 1 1 1  Atlas: see Bone 

facial , 1 08 pontine ,  1 09 Atrial natriu retic peptide (ANP) .  
transverse , 1 08 popl iteal , 1 1 1  1 5 1 

f ibu lar, 1 1 1  pudenda! , i nternal , 1 1 4 ,  1 59 Atrium ,  of the heart, 1 05 ,  1 06 ,  
gastric , left, 1 1 2 ,  1 1 3 pulmonary, 1 04 1 07 

left/rig ht ,  1 1 3 ,  1 41 trunk,  1 04 ,  1 05 Auric le of the ear, 98 
gastroduodenal , 1 1 3 ,  1 4 1  radial , 1 1 0 Auscultation ,  defi ned , 1 34 
gastroepiploic , left/right 43 , rectal , i nferior/middle/ Autonomic nervous system,  

1 1 3 , 1 4 1  superior, 1 1 3 ,  1 1 4 defined , 70 
gen icu lar (knee) ,  1 1 1  recurrent, radial , 1 1 0 Axes , body, 1 
g luteal , i nferior, 6 1 , 1 1 1 ,  1 1 4 u lnar, anterior/posterior, 1 1 0 Axis ,  of cervical verte bra C-1 , 

superior, 6 1 , 1 1 1 ,  1 1 4 renal , 1 1 2 ,  1 1 3 ,  1 47 ,  1 50 28 
hepatic ,  common,  1 1 2 ,  retinal , 95 opt ic ,  95 
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Axon , def ined,  1 5  
cover ings , defi ned , 1 5  
of a motor nerve, 1 5 , 1 6, 1 7 , 1 8  
presynaptic ,  72 
of a sensory nerve , 15,  7 1 , 84 
terminal , 1 6  

B 
Band , A, 1 4  

anterior, of artic ular  d isc , 26 
ce l ls ,  1 0 1 
1 , 1 4  
poster ior, of articu lar d isc , 26 

Basi-occiput ,  25 
Basi-occ iput, 25 
Basi-sphenoid , 25 
Bel ly, of skeletal m usc le ,  44 
B i laminar region , temporoman-

d ibu lar joint d isc ,  26 
b i lary, 1 45 
B ladder, gal l ,  1 36 ,  1 45 

ur inary, 1 46 ,  1 47 
B lastocoele ,  1 65 
Blastocyst, 1 65 ,  1 66 
Blastomere ,  1 65 
B lood e lements, 1 0 1 

p lasma, 1 0 1  
B l ind spot, see optic d isk 
Body(-ies) :  see a lso Corpus 

c i l iary, 95, 96 
of the mand ib le ,  24 
perinea! , 53 
of sternum,  30 
of stomach ,  1 4 1 
of uterus, 1 62 
of vertebra, 27, 28, 29 
vitreous,  95,  96 

Bone(s ) ,  alveolar, 1 38 
atlas, 28 
axis ,  28 
basi-occiput ,  25 
basi-sphenoid ,  25 
calcaneus, 42 
cance l lous,  1 2 , 20, 1 68 
capitate , 35 
carpal , 33 ,  35 
c lassif ication of, 2 1  
c lavic le ,  31 , 32, 54, 55 
coccygeal , 29 
col lar :  see also Bone,  

c lavic le , 1 68 
compact, 1 2 , 20, 1 68 
concha, i nferior, 24 , 25,  1 30,  

1 3 1  
midd le/superior, 1 30 ,  1 3 1 

corpus ,  of sternum,  30, 1 35 

coxal (h ip } ,  37-40 
cran ia l ,  24 , 25 
cuboid, 42 
cuneiform, 42 
development, 1 68 
endochondra l ,  1 68 
ethmoid ,  24 , 25, 1 30 

facial , 24 , 25 
femur, 37 ,  39, 40 

f ibu la ,  40, 42 
f lat, defined, 2 1  
fronta l ,  24 , 25 
functions of, 1 2  
gross structure of, 20 
hamate , 35 

hook of, 35 
h ind l imb (quadruped ) ,  43 
h ip ,  37 
humerus , 31 , 33, 36, 55, 56 
hyoi d ,  48, 1 32,  1 39 
i l i um,  37 
i ncus, 98, 99 
i nnominate : see Bone , h ip  
i r regular, defined, 2 1  
isc il ium,  3 7 ,  38 
knee cap : see Bone , patel la  
lacrimal ,  24 
long, defined, 20 , 2 1  
l unate , 33 , 35 
mal leus, 98, 99 
mandib le ,  24, 26, 47 

action of muscles on,  4 7 
dental arch of , 1 38 

manubrium, 30, 1 35 
marrow 

red ,  20, 1 22 ,  1 24 ,  1 68 
ye l low, 20 

maxi l lary, 24 , 25 
dental arch of, 1 38 

metacarpal , 35, 36 
metatarsal , 42 
nasal , 24 , 25, 1 30 

navicu lar, 42 
occipital , 24 , 25 
palatine, 24, 25 
parietal , 24 , 25 
patel la(ae ) ,  40 , 41 , 64 
periosteal ,  1 2 ,  20, 1 68 
phalanx( ges) 

foot, 42 
hand , 35, 36 

pisiform, 35 
pubis ,  37 ,  38 
rad ius ,  33, 34, 36 
i n  review 

lower l imb,  43 
upper l imb, 36 

ri b ,  30 
sacral ( sacrum) ,  29 , 37, 38 
scapiloid , 33, 35 
scapula ,  31 , 32, 54, 55 
sesamoid ,  defined , 21 

of the foot, 42,  67 
of the hand , 35 
of the knee, 4 1  

short, defined,  2 1  
shoulder blade: see Bone , 

scapula 
sku l l ,  24, 25 
sphenoid ,  24 , 25 , 1 30 
spongy: see Bone , cancel lous 
stapes , 98, 99 
sternum,  30 

in respiration , 1 35 
talus ,  40, 42 
tempora l ,  24, 25 , 26, 47 
ti b ia ,  40, 42 
t issue , 1 2 , 1 68 
trapezi um,  35 
trapezo id ,  35 
tr iquetrum ,  35 
tu rbinate , 24 , 1 3 1 
u lna ,  33, 34 
verteb ra(e ) ,  cerv ical , 28 

coccygeal , 29 
lumbar, 29 
sacral , 29 
thorac ic ,  28 

vertebral , 27, 28, 29 
vomer, 24, 25 
xi phoid , 30 
zygomat ic ,  24, 25 

Brai n :  see Table of contents 
stem,  70, 75, 76, 83 

Breast, development, 1 64 
lymphatic d rai nage of, 1 64 
structu re of female ,  1 64 

Br im,  pelvic ,  37 
Bronchiole , 1 34 
Bronchus ,  1 29 ,  1 33 ,  1 34 
Buffy coat , 1 01 
Bu lb ,  olfactory, 1 00 

of the penis ,  1 59 
of tile vesti bu le ,  1 60 

Bund le ,  atrioventr icu lar, 1 06 
neurovascu lar, 44 

Bursa, defi n it ion of, 22 
i nfrapate l lar, deep ,  4 1  

subcutaneous, 4 1  
o lecranon , 34 
omental , 1 40 
prepate l lar, 4 1  
subacromial , 3 2 ,  55 
subdeltoid , 32 
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Bursa , (conti nued) 
suprapatel lar, 41  
subscapular, 32 

Bursit is ,  defined ,  22 
subacromial , 32 

c 
Calyx(-ces) ,  major/m inor, 1 48 ,  

1 49 
Canal (s ) :  see also Meatus 

a l imentary, 1 36 
anal , 1 36 ,  1 43 
aud itory, external , 24 , 47 ,  98 

i nternal , 7 7 ,  82 
carotid , 25 
G uyon 's Canal , 35 
Havers ian ,  1 2  
ingu inal , 5 1  
lacr imal , 96 
lateral nerve root: see Fora-

men , i ntervertebral 
neural , see Canal , vertebral 
obturator, 37 ,  52 
optic ,  24, 25 
pore , 1 00 
root, 1 38 
sacral , 29 
of Schlemm , 96 
semicircular, 98, 99 
vertebra l ,  27 , 28, 29,  84 
Volkmann ,  1 2  

Canal icu lus ,  b i le ,  1 44 ,  1 45 
of Haversian system,  1 2  

Capi l lary, structure of, 1 03 
Capite l l um ,  see Capitu lum 
Capitu lum ,  of  the humerus, 3 1 , 

33, 34 
Capsu le ,  external , 7 4 

g lomerular, 1 49 ,  1 50 
i nternal , 74 
joint ,  see indiv idual joint 

Cardia ,  of the stomach,  1 4 1  
Carpal tunnel , 35 , 59, 88 
Cart i lage ,  introduction to , 1 2  

alar ( nose) 1 30 
articu lar, 20 , 22,  1 68 
arytenoi d ,  1 32 
i n  bone development, 1 68 
calcified ,  1 68 
corniculate , 1 32 
costal ,  30 
cricoid ,  1 32 ,  1 39 
elastic ,  1 2  
epig lott is ,  1 32 ,  1 39 
fibrous,  1 2  

hyal i ne ,  1 2  
nasa l ,  lateral , 1 30 

septum,  1 30 
thyroid ,  1 32 ,  1 39 
trachea l ,  1 29 ,  1 32 

Cauda equina,  27,  70, 77, 86 
Caudal , defined, 2 
Cavity, abdominopelvic ,  7 

amniotic ,  1 66 ,  1 67 
chorion ic ,  1 66 ,  1 67 
closed , 7 
cran ial , 7 
joint :  see Cavity, synovial 
laryngea l ,  1 32 
marrow, 20 , 1 68 
masto id ,  1 31 
medul lary, 20, 1 68 
nasa l ,  24 , 25 , 1 29 ,  1 30 ,  1 3 1 , 

1 39 
open, 7 
oral , 1 36,  1 37, 1 39 
orbital , 24 
pelvi c ,  7, 37 
pericardia! , 7 ,  1 04 
peritoneal , 7 ,  1 40, 1 47 
pleural , 7 ,  1 33 
pu lp ,  1 38 
synovial , defined,  22 
thoracic ,  7 ,  1 35 
uter ine,  1 62 ,  1 67 
vertebra l ,  7 
visceral , 7 

Cecum, 1 36, 1 43 
Cel l (s ) ,  absorptive, smal l  i ntes-

t ine,  1 42 
alpha, of pancreas , 1 56 
astrocyte, 1 5  
B cel l :  see lymphocyte 
ban d ,  1 0 1  
basoph i l ,  1 0 1  
beta, of pancreas , 1 56 
bipolar, of the retina, 95 
blood , 1 0 1 
body, of neuron , 1 5  
ch ief, of stomach ,  1 4 1 
c hondrocyte, 8 ,  1 2  
cone , 95 
connective tissue , 1 1 ,  1 2  
delta, of pancreas , 1 56 
corneocyte , 1 8  
cytoplasm, 8 
div is ion,  9 
enteroendocrine, 1 42 ,  1 43 
eos inoph i l ,  1 0 1  
ependymal , 80 , 82 
epithel ial , 1 0  
fi brocyte (-blast). 1 1  

fol l icu lar (ovarian ) ,  1 6 1 , 1 63 
gangl ion ,  of the retina ,  95 
general ized , 8 
goblet, 1 29 
hair, 98, 99, 1 00 
hepatic ,  1 44 ,  1 45 
immune,  1 22-1 28 
i nflammatory, 1 27 
i nterstit ial , 1 58 
l iver, and g lucose , 1 56 
keratinocyte , 1 8  
Langerhan's ,  1 8  
lymphocyte(s ) ,  B ,  1 22-1 28 

c i rcu lation , 1 2 1  
cytotoxic  (Tc ) ,  1 23 ,  1 28 
he lper (TH ) ,  1 23 ,  1 28 
i ntroduction to , 62 
large,  1 22 ,  1 28 
mitotic ,  1 25 
natural k i l ler, 1 22 ,  1 28 
T, 1 22 ,  1 24 ,  1 25 ,  1 28 

macrophage:  see Cel l ,  
phagocyte 

mast, 1 1  
melanocyte , 1 8  
membrane of , 8 ,  9 
Merke l ,  1 8 , 1 9 , 9 1  
m icrog l ia ,  1 5  
monocyte , 1 0 1 
mucous, 1 29 ,  1 4 1 , 1 42 
muscle ,  1 3 , 1 4  
myoepithel ial , 1 0 , 1 9 , 1 37 
neurogl ia ,  1 5  
neuron ,  1 5  
neutroph i l , 1 0 1  
ol igodendrocyte , 1 5  
osteoblast, 1 2 , 1 68 
osteoclast, 1 2 , 1 68 
osteocyte , 1 2, 1 68 
oxyntic :  see Cel l ,  parietal 
paneth , 1 42 
parietal , 1 4  1 
peptic ,  1 4 1 
phagocyte , 1 1  , 1 22-1 28 
plasma, 1 0 , 1 22-1 28 
red blood , 1 0 1 
rod ,  95 
Schwann ,  1 5  
Sertol i-, 1 58 
shapes , 8 
T cel l :  see Cel l ,  lymphocyte 
thrombocytes, 1 0 1 
transit ional , 1 48 
wh ite blood ,  1 0 1 
zymogen ic ,  1 4 1 

Center, germi nal , 1 26 ,  1 27 
Cementum ,  1 38 
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Central nervous system,  see 
Table of Contents develop­
ment of, 1 69 

Central nervous system,  
defined,  70 

Centrio le ,  8 ,  9 
Centromere , 9 
Cerebe l lum,  70,  76, 78 
Cerebral  dominance, 73 
Cerebrum ( cerebral hemi-

spheres ) ,  70 , 73 , 74 
Cervix ,  uterine ,  1 62 ,  1 67 
Chain ,  sympathetic ,  92,  93 
Chamber, anterior/posterior, 95 , 

96 
Choana, 24, 25, 1 30 
Cholecystokin i n ,  1 45 
Chordae tendi neae , 1 05 
Chorion, 1 66 ,  1 67 
Choroid ,  95 
Chromatid , 9 
Chromati n ,  9 
Chromosome , 9 
Chyl i ,  cysterna,  1 2 1  
C i l i um(- ia) ,  1 0 , 1 29 
C i rc le of Wi l l i s :  see C i rcu lus 

arteriosus 
Ci rcu it ,  pu lmonary/systemic ,  

1 02 
C i rcu lation ,  blood , 1 02 

lymphocyte , 1 2 1 
Cerebrospinal f lu id ,  82 
Col lateral 

epigastric ,  i nferior/ 
superior, 1 1 5 

gastrointestinal , 1 1 3 
lower l imb ,  1 1 1  
portacaval , 1 1 9 
thoracoepigastr i c ,  1 20 
upper l imb ,  1 1 0 
venous ( brai n ) ,  1 1 6 
vena cava, infer ior/ 

azygos , 1 1 7 
coronary/cardiac ,  1 07 
fetal , 1 70 
heart, 1 05 
lymphocyte , 1 21 
pu lmonary, 1 02 ,  1 05 
renal , 1 50 
systemic ,  1 02 .  1 05 

Circul us arteriosus ,  1 09 
Ci rcumduct ion,  defined and 

i l l ustrated ,  23 
of the shoulder, 23 
of the thumb, 59 

Cistern(s) ,  subarachnoid ,  82 
Cisterna c hy l ia ,  1 2 1  

Claustrum , 74 
Cleft, synaptic ,  72 
C l itor is ,  53, 1 60 
Coccyx, 27 ,29 
Cochlea, 98 , 99 
Coelom ,  extraembryon ic ,  1 66 
Col lagen ,  1 1 ,  1 2  
Col l icu lus( i ) ,  i nferior/superior, 76 
Col loid , of thyroid gland, 1 54 
Colon,  1 36 ,  1 43 
Col umn(s) ,  anal , 1 43 

vertebral (spinal ) ,  27 
regions of , 27-29 

Commissures,  of the brai n ,  74 
gray, of the spinal cord , 77 

Complement, 1 23 
Concha, inferior, 24 , 25,  1 30 ,  

1 3 1  
middle/superior, 1 30 ,  1 3 1  

Condyle(s) 
femoral , lateral/medial , 40, 
41 
occi pital , 24 
t ibial , lateral , 40, 41 

medial , 40 , 41 
Conj unctiva(e) ,  95, 96 
Contraction ,  of a musc le ,  1 6 ,  45 
Contralateral , defined, 2 
Conus medul lar is, 70, 77 
Cord(s ) ,  of brachia! plexus , 88 

spermati c ,  5 1 , 1 57 
coveri ngs of, 5 1 , 1 57 

spinal , 70, 7 7 ,  1 69 
umbi l i cal , 1 66 ,  1 67 ,  1 70 
voca l ,  1 32 

Cornea, 95 
Cornu ,  sacra l ,  29 
Corona radiata , of the cere­

brum ,  74 
of the ovum, 1 6 1  

Coronal plane, 1 
Corpus 

alb icans, 1 6 1 , 1 63 
cal losum, 74, 75 
cave rnosum of c l i tor is, 1 60 
cavernosum of penis ,  1 59 
hemorrhagicum,  1 6 1  
l uteum,  1 6 1 , 1 63 
spong iosum of penis ,  1 59 
of sternum, see Body, of sternum 

Corpuscle(s) , Hassals ,  1 24 
Meissner's ,  9 1  
Pac in ian , 9 1  
red blood , 1 0 1 
renal , 1 49 
sensory, 9 1  

Cortex, adrenal , 1 55 

cerebel lar, 76 ,  78 
cerebral , 73 ,  74 
motor, 73 ,  79 
renal , 1 48 ,  1 49 ,  1 50 
sensory, 73 ,  78 
visual , 97 

Costa: see R ibs 
Coveri ngs ,  of axons ,  1 5 ,  86 

of cavities,  7 
of embryo/fetus ,  1 67 
of spermatic cord , 5 1 , 1 57 

Cran ial , defi ned ,  2 
Crest(s ) ,  i l iac , 37 

i ntertrochanteric ,  40 
neural , 1 69 
sacra l ,  median , 29 

Crista, 98 
Cross br idge,  of musc le ,  1 4  
Cross sections,  i ntroduction to , 1 
Crus (crura) , of d iaphragm, 50 

of the penis ,  1 59 
CSF: see F lu id , cerebrospinal 
C ubital tunnel , 88 
C uff , rotator (muscu lotendi­

nous) ,  55 
C upola, 99 
Curve(s ) ,  compe nsatory, verte­

bral , 27 
congen ital , vertebral , 27 
vertebral , 27 

Cycle, hormonal , of the uterus, 
1 63 

menstrual , 1 63 
ovarian ,  1 6 1 , 1 63 

Cytoplasm , 8 
Cytotrophoblast, 1 66 

D 
Dec idua(e ) ,  1 67 
Decussation , 

of motor tract, 79 
of sensory tract, 78 

Deep ,  def ined , 2 
fasc ia ,  1 1 ,  1 7  

Degl utition , 1 39 
Demifacet, 28, 30 
Dendrite , defi ned , 1 5 , 7 1  
Dens,  28 
Dentin (e ) ,  1 38 
Dentition ,  1 38 
Depression, of the scapula ,  

i l l ustrated ,  54 
of the temporomand i bular 

jo int ,  47 
Dermatome( s ) ,  90 
Dermis ,  1 9 ,  91  

1 -5 



I N D EX 

Desmosome, 1 0  
Diaphragm(ae) see also M uscle 

pelvic ,  52,  53, 1 59 
sel lae , 8 1  
thorac ic ,  50 ,  1 35 
u rogenital , 53,  1 46 ,  1 59 

Diaphysis ,  20,  1 68 
Diarthros is ,  22 
Diencephalon ,  74 ,  75,  76 
Di rection , terms of , 2 
Disc (s ) ,  articu lar :  see also 

meniscus 
embryon ic ,  1 66 
i ntercalated ,  1 3  
i nterpubi c ,  37 
i ntervertebral , 27-29, 86 
Merkel 's ce l l ,  1 8 ,  1 9  
optic ,  95 
protruded lumbar, 27 
sternoclavicu lar, 32 
temporomandibu lar, 26 
u lnar, 35 

Dista l ,  defi ned , 2 
Divis ion(s ) ,  of brach ia! plexus, 

88 
craniosacral ( parasympa­

thetic ) ,  94 
of i ntercostal nerve , 86 
thoracolumbar (sympathet ic ) ,  

92,  93 
Dorsa l ,  defined , 2 
Dorsif lexion , of the ankle ,  

defined and i l l ustrated 23 , 
42 , 65 

Drai nage , lymphatic ,  1 2 1 
of breast, 1 64 

Duct, alveolar, l ung , 1 34 
b i le ,  1 36 ,  1 44 ,  1 45 

common, 1 44 ,  1 45 
cochlear, 98, 99 
col lecti ng ,  1 48 ,  1 49 
cystic ,  1 44 ,  1 45 
efferent (testis ) ,  1 58 
ejacu latory, 1 57 
endolymphati c ,  98 
epid idymal , 1 57 ,  1 58 
g landular, of the i ntestine , 1 42 
i nterlobular, 1 64 
lacrimal , 96 
lactiferous,  1 64 
lymph , r ight ,  1 2 1 
mammary g land , 1 64 
nasolacrimal , 1 3 1  
pancreatic ,  1 45 ,  1 56 
paranasal air  s inus ,  1 3 1  
semic i rcu lar, 98 , 99 
thoracic ,  1 2 1 

vestibu lar, 1 60 
Ductu le ,  b i le ,  1 44 ,  1 45 
Ductus 

arteriosus (fetal ) ,  1 70 
deferens,  5 1 , 1 47 ,  1 57 ,  1 58 
venosus (fetal ) ,  1 70 

Duodenum, 1 36 ,  1 42 
Dura mater, concept of, 7 

i nner (meni ngeal ) layer, 8 1 , 
82 

outer (periosteal ) layer, 8 1 , 82 
septa of, 81 , 82, 1 1 6 
of spi nal cord , 77, 81 , 82 , 86 

E 
Ear, external/internal/midd le ,  98, 

99 
ECG ( EKG ) ,  1 06 
Ectoderm, 1 66 
Effector, defi ned , 7 1  
Efferent lymph vessel ,  1 2 1 ,  1 26 

neurons,  7 1  
Effusion , p leural , 1 33 
Ejaculation , 53 
Elasti n ,  1 1  
El bow, 33 , 34 

Electrocardiogram , 1 06 
Elements , formed , 1 0 1  
Elevation , of the scapula, i l lus-

trated ,  54 
of the temporomand ibu lar 

joint ,  i l l ustrated , 47 
Embryo, 1 65-1 67 
Embyon ic development, 1 65,  

1 66 ,  1 67 
Eminence(s) ,  articular, 24 , 26 

hypothenar, 59 
intercondylar, 40, 4 1  
median , 1 52,  1 53 
thenar, 59 

Emotions ,  neural basis for, 73,  
75 

Enamel , 1 38 
Endocard ium,  1 05 
Endocytosis ,  8, 72,  1 28 
Endoderm, 1 66 
Endometr ium, 1 62,  1 63, 

1 65-1 67 
decidua(e ) of , 1 67 

Endomysium, 1 3 ,  44 
Endoneurium,  86 
Endoplasmic reticu lum,  8 
Endosteum, 20 , 81 
Endothel ium (- ia) ,  10 ,  1 03 
Enlargement, cervical , of the 

spinal cord , 70 

l umbar, of the spinal  cord , 70 

Epiblast, 1 65 

Endocard ium,  1 04 

Epicaridum,  1 04 

Epicondyle ,  lateral , of femur, 40 

of humerus,  3 1 , 33 , 34 

of t ib ia ,  40 

medial , of femur, 40 

of humerus,  3 1 , 33,  34 

of ti b ia,  40 

Epidermis,  layers of, 1 8  

Epid idymis ,  1 57 ,  1 58 

Epidura l ,  see Space 

Epiglottis ,  1 29 ,  1 32 ,  1 39 

Epimys ium,  1 3 , 44 

Epineur ium,  86 

Epiphys is ,  20 , 1 68 

Epithalamus (p ineal gland ) ,  75,  
76 ,  1 5 1  

Epithel i um (- ia) , 1 0  
spermatogen ic ,  1 1 4 

types of , 1 0  

Equ i l ibr ium ,  98, 99 

Erection ,  cl i tor is ,  mechanism of, 
1 60 

penis ,  mechanism of, 1 59 

Erythrocyte, 1 0 1  

Erythropoieti n ,  1 5 1  

Esophagus ,  1 36,  1 39 ,  1 41 

i n  med iasti num,  1 04 

Estrogen ,  1 63 

Eversion , defi ned and i l l us­
trated,  23 

of the foot, 23, 42 ,  65 

Exocytosis ,  8,  72, 1 28 
Expansion,  extensor (foot ) ,  67 

( hand) 59 

Expi ration , muscles/mechanism 
of, 1 35 

Extension , defi ned and i l l us-
trated ,  23 

of the e l bow, i l l ustrated ,  34 

of the f inger, i l l ustrated ,  35 
of the h ip ,  i l l ustrated ,  62 

of the knee , i l l ustrated ,  64 
of the shoulder, i l l ustrated ,  56 , 

57 

of the wrist ,  i l l ustrated ,  35,  58 

External , defined , 2 

Exteroceptors , 9 1  

Eye , accessory structures of, 96 

layers of, 95 

muscles, extraocular, 97 
i ntr insic , of, 97 

pathway, visual , 97 
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F 
Facet(s) ,  articu lar, vertebral , 27 

cervical , 28 
l umbar, 29 
sacra l ,  29 
thoracic ,  28 

joint, def ined,  27 
cervical , 28 
lumbar, 29 
planes of, 29 
thorac ic ,  28 

patel lar, 4 1  
r ib ,  30 

Fac i l itation ,  neuronal , 72 ,  85 
Faix cerebel l i ,  8 1  

cerebr i , 81 , 82, 1 1 6 
inguinal is :  see Tendon , conjoint 

Fascia(e ) ,  c remaster ic ,  5 1  
deep ,  1 1 ,  1 7 , 44 

of the pen is ,  1 59 
defined,  1 1 ,  1 7  
pectoral , 1 64 
pharyngobasi lar, 1 39 
pelvic d iaphragm,  53, 1 59 
renal , 1 47 
spermatic , 5 1  
superfic ia l , 1 1 ,  1 7 , 5 1  

o f  the penis ,  1 59 
thoracolumbar, 56 
transversa l is ,  50 
urogenital d iaphragm, 53 

Fascic le , of skeletal musc le ,  44 
Feedback mechanisms, 

hormonal ,  1 52 ,  1 53 
Fert i l ization ,  of the ovum ,  1 65 
Fetal development, 1 67 
F iber, defined , 1 1 , 1 3  

i ntermediate musc le ,  1 3  
red muscle ,  1 3  
wh ite musc le ,  1 3  

Fight o r  f l ight reaction ,  92,  1 55 
Fi lament musc le ,  th ick/th i n ,  1 4  
F i lum terminale ,  7 7 ,  82 
Fimbria(e ) ,  of the uter ine tube, 

1 61 , 1 62 
Final common pathway, 79 
Fissure ,  i nferior orbita l ,  24 ,  25 

latera l ,  73 
longitud inal , 73 
superior orbita l ,  24 , 25 

Fixator, 45 
Flexion ,  defined and i l l ustrated ,  

23 
of the e lbow, i l l ustrated ,  34 
of the f inger, i l l ustrate d ,  35 
of the h ip ,  i l l ustrated ,  64 

of the knee , i l l ustrated ,  62, 64 
of the shoulder, i l l ustrated ,  56, 

57 
of the wrist, i l l ustrated ,  35, 58 

Flexor retinaculum, of the wrist 
(transverse carpal l ig . ) ,  35, 58 

Flexure(s) ,  col i c ,  1 43 
duodenojejunal , 1 42 ,  1 45 

F lu id(s) ,  cerebrospinal (CSF) ,  
80, 82 

of the eye , 95 
joint (synovial ) ,  22 

Fold(s ) ,  intesti nal ( pl ica) , 1 42 
neural , 1 69 
rectal transverse, 1 43 
vestibu lar, 1 32 
vocal , 1 32 

Fol l ic le ,  hair, 1 9  
of i ntestine ,  1 27 ,  1 42 
lymphoid ,  1 22 ,  1 25-1 27 
ovarian ,  1 6 1 - 1 63 
thyroid ,  1 54 

Fol l ic le stimulating hormone 
(FSH) ,  1 53 ,  1 63 

Foot, 5 ,  6 
Foramen(- ina) ,  epi ploic ,  1 40 

hypoglossa l ,  25 
i nfraorbita l ,  24 
i nterventricular, 80, 82 
i ntervertebral , 27 , 28 , 29, 84, 

86 
jugular, 25 
lacerum,  25 
of Luschka, 80, 82 
of Magendie ,  80, 82 
magnum, 24, 25 
mental , 24 
neural (vertebral ) ,  27, 28 , 29 
nutrient ,  20, 40 
obturator, 37 ,  63 
optic (canal ) ,  24 , 25 
ovale ,  of the fetal heart, 1 70 

of the sku l l ,  25 
rotundum, 25 
sacra l ,  29 
sciati c ,  greater/lesser, 37 ,  52 
spinosum, 25 
supraorbital , 24 
transverse , 28 
vertebra l ,  27, 28, 29 

Forearm, 5, 6 
Forebrain ,  development of, 1 69 
Foreski n ,  of the penis :  see Pre-

puce 
Formation , ret icular, 76,  79 
Fornix( ices ) ,  of conjunctiva, 96 

of vagina ,  1 62 

Fossa , anterior cranial , 25 
artic ular (mandibular) ,  26 
coronoid ,  3 1 , 33, 34 
g lenoi d ,  3 1 , 32 
i l iac ,  37 
i nfraspinous,  3 1  
infratemporal , 24 , 25 
i ntercondylar, 40 ,  4 1  
intertrochanteric , 40 
isch iorectal , 53 
mandibu lar, 24 
middle cranial , 25 
olecranon , 33,  34 
oval i s ,  1 05 
popl iteal , 40, 62 ,  66 
posterior c ranial , 25 
subscapular, 3 1  
supraspinous,  3 1  

Fovea central i s ,  95 
Frontal p lane , 1 
Fulcrum, 44 

Fundus,  of the stomach ,  1 4 1  
of the uterus ,  1 62 

Fun icu lus( i ) ,  anterior, 77 ,  79 
lateral , 77 ,  79 
posterior, 7 7  

G 
Galea aponeurotica ,  46 
Gal l  b ladder, 1 36 ,  1 44 ,  1 45 

Gangl ion(- ia ) ,  adrenal medul la ,  
93 , 1 55 

basal : see N uc leus ,  basal 
cel iac ,  93, 1 55 
c i l iary, 94 
i ntramural ( parasympathetic ) ,  

1 7 , 94 
mesenteric 

i nferior, 93 
superior, 93 

oti c ,  94 
parasympathetic ,  70 ,  94 
posterior root, 84, 85 
prevertebral , 70,  92 ,  93 
pterygopalatine ,  94 
sensory root, 84 , 85 

spina l ,  84 , 85 
submandibu lar, 94 
sympathetic (chain )  70, 92, 93 

c ross section ,  84, 86 
Gas exchange,  respi ratory, 1 34 
Gastrin ,  1 4 1 
Genitals , female ,  1 60 ,  1 62 

male , 1 57-1 59 
G i ngiva, 1 38 
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Girdle ,  pectoral ,  3 1  
pelvic ,  3 7  

G label la, 24 
Glans,  of c l itoris , 1 60 

of penis ,  1 57 
G lands,  

acinar (alveolar ) ,  1 56 ,  1 64 
adrenal (suprarenal ) ,  1 47 ,  

1 48 I 1 5 1 , 1 55 
bu lbourethra l ,  1 57 ,  1 59 
endocrine ,  1 0 ,  1 5 1 - 1 56 
endometrial , 1 63 
exocri ne ,  1 0 , 1 5 1 , 1 56 
gastr ic ,  1 4 1 
i ntesti nal , 1 42 ,  1 43 
i ntroduction ,  1 0  
islets, pancreatic ,  1 56 
lacrimal , 96 
mammary, 1 64 
mucous, 1 37 
olfactory, 1 00 
pancreatic (exocrine) ,  1 56 
parathyro id ,  1 51 , 1 54 
parotid , 46, 1 36 ,  1 37 
p ineal , 75 ,  1 5 1 
pitu itary, 1 5 1 ,  1 52 ,  1 53 
prostate , 1 57 ,  1 59 
sal ivary, 1 36 ,  1 37 
sebaceous , 1 9  
serous,  1 37 
sub l ingual ,  1 36 
submandibu lar, 1 36 
suprarenal , see gland(s)  

adrenal 
sweat, 1 9  
tarsal ,  95,  96 
thymus , 1 04 ,  1 22 ,  1 24,  1 5 1  
thyro id ,  1 5 1 ,  1 54 

hyperthyroid ism, 1 54 
hypothyroid ism,  1 54 

tubu lar, 1 0 , 1 37 ,  1 64 
vestibu lar, 1 60 

G laucoma, 96 
Globus pal l idus ,  74 
G lomerulus ,  1 48 ,  1 49 

synaptic ,  72 
G lucose , 1 56 
G luconeogenesis ,  1 56 
G lycogen ,  1 56 
G lycogenolys is ,  1 56 
G lycoprote i n ,  1 1  
Glycosami noglycan , 1 1  
Golgi  complex, 8 
G ravity, center of, 69 

l i ne of, 69 
Groove , i ntertu bercular, 3 1 , 55 

neural , 1 69 

Ground substance, 1 1  
Gyrus , defi ned , 73 

postcentral , 73 
precentral , 73 

H 
H ban d ,  of skeletal muscle ,  1 4  
Hair  fol l ic le 1 9  

shaft, 1 9  
Hamstr ings, 62 
Hand , 5 , 6  
Havers ian , canal , 1 2 , 1 68 

system,  1 2 , 1 68 
Head, 5 ,  6 ,  

of  femur, 40 
of humerus , 3 1  
o f  metacarpal , 35 
of metatarsal ,  42, 
of phalanx, 35, 42 
of r ib ,  30 

Heart, chambers (cavities) of, 
1 05 

coverings of, 1 04 
endocrine function of , 1 5 1  
wal ls of, 1 04 

Hematocrit, 1 0 1  
Hematoma 

epidural , defin ition of , f08 
subdural , defin ition of , 1 1 6 

Hematopoiesis ,  20, 1 68 
Hemispheres, cerebel lar:  see 

Cerebel lum 
cerebral : see Cerebrum 

Hemoglobin ,  1 0 1  
Hemopoiesis :  see Hematopoie­

sis 
Hiatus(es ) ,  adductor, 63 

of thoracic d iaphragm, 50 
H i l um ,  renal , 1 48 
H i l us :  see H i lum 
H indbra in ,  76 ,  1 69 
H istiocyte , see Phagocyte , 

mononuclear 
H I V, 1 28 
Homeostasis ,  1 5 1  
Hook of the hamate , 35 
Hormone(s) :  see also I ndividual 

Names 
adrenal ine,  see Hormone, 

ep inephrine 
adrenocorticotropin (ACTH ) 

1 53 ,  1 55 
adrenal cortical , 1 55 
aldosterone, 1 50,  1 55 
antid iuretic (ADH) ,  1 50 ,  1 53,  

1 55 

corticotropi n ,  see Hormone ,  
adrenocorticotropin 

cortiso l ,  1 55 
defi n it ion of, 1 5 1  
epi nephrine ,  1 55 

effects of, 1 55 
estrogen , 1 53 ,  1 6 1 , 1 63 
fol l ic le stimulat ing ( FS H ) ,  1 53 ,  

1 63 
g l ucagon ,  1 56 
growth,  1 53 
h uman chorionic gonadotro-

pin (HCG) ,  1 5 1  
hypophyseal , 1 53 
hypothalamic ,  1 52 ,  1 53 
i nsul i n ,  1 56 
l utein iz ing hormone ( L H ) ,  1 53 ,  

1 63 
norepinephr ine,  1 55 
oxytoc i n ,  1 53 
parathormone , 1 54 
progesterone ,  1 53 ,  1 63 
prolacti n ,  1 53 
re leasin g ,  1 53 
testosterone (sex steroids } ,  

1 53 o 1 55 I 1 58 
thyroid stimulat ing hormone 

(TSH} ,  1 53 ,  1 54 

thyrotropin releasing hormone, 
(TR H ) ,  1 54 

vasopress in ,  see Hormone ,  
antid iu retic 

Horn (column) ,  anterior, 77 
lateral , 77 
posterior, 7 7  

Humerus,  3 1  
Humor, aqueous ,  95, 96 

vitreous ( body} ,  95 , 96 
Hydrocephal u s ,  80, 82 
Hyperextension , 23 
Hypoblast, 1 66 
Hypodermis ,  1 1  
Hypopharnyx: see Laryngo-

pharnyx 
Hypophysis ,  1 5 1 , 1 52 ,  1 53 

and cavernous s inus ,  1 1 6 
and hypothalamus, 1 52 
portal system,  1 53 

Hypothalamus ,  endocrine 
aspects , 1 5 1 - 1 53 

nucle i  of , 75,  1 52 ,  1 53 

I 
I band ,  of skeletal muscle ,  1 4  
I leum,  smal l  i ntesti ne ,  1 36 ,  1 42 
I l i um ,  h i p ,  37 

1 -8 



I N D EX 

Immunity, acqu i red ,  1 23 
cel l u lar, 1 23 
humora l ,  1 23 
natural , 1 23 

lmmunosuppression , 1 28 
Implantation ,  1 65 
I ncisor, 1 38 
lnc isura ,  8 1  
I nc lusion , cel l ,  8 
I nfarction ,  myocard ial , 1 07 
I nfect ion,  H IV, effects of , 1 28 
I nferior, defined , 2 
I nf lammation ,  1 23 ,  1 27 

i n  H I V  i nfection ,  1 28 
l nfund ibu lum,  1 52 
I nh ibition , neuronal , 72 ,  85 
I n let, pelvic , 37 ,  38 

thorac ic ,  30 
Inner  ce l l  mass, 1 65 
Innervation , of skeletal muscle:  

See Appendix B 
of smooth muscle,  1 3, 1 7  

I nsertion , of ske letal musc le ,  
defined , 45 

I nspiration , muscles/mechanism 
of, 1 35 

l nsu la ,  74 
I ntegration of t issues , 1 7  
Integument,  5 ,  1 8 , 1 9  
I ntercalated d isc ,  1 3  
lnterce l lu lar substance,  1 1  
l nterc isal open ing ,  26,  1 37 
I nternal , defi ned , 2 
l nteroceptors , d iscussed ,  9 1  
l nterphase , 9 
I ntestine ,  large,  1 36 ,  1 43 

smal l ,  1 36 ,  1 42 
I nversion , defined and i l l us­

trated , 23 
of the foot, 23,  42,  65 

l ps i lateral , defi ned,  2 
I r is ,  95 , 96 
lsch ium,  37 ,  38 
Is lets, pancreatic ,  1 5 1 , 1 56 
I sthmus,  of the uter ine tube , 1 62 

J 
Jejunum,  1 36 ,  1 42 
Joint(s ) ,  acromioc lavicu lar, 3 1  

amphiarthrosis ,  22 
ankle ,  42 
apophyseal : see Joint, facet 
bal l and socket, defined ,  22 
capsu le ,  defined , 1 7 , 20, 22 
carpometacarpal , 42 
carti laginous,  defined ,  22 

c lassifi cation ,  22 
condylar: see Joi nt, e l l ipsoid 
condyloid:  see Joint, e l l ipsoid 
costochondral , 30 
costocorporeal , 30 
costotransverse , 30 
costovertebral , 28 , 30 
coxal (h ip ) ,  37,  39 
craniomandi bu lar, 26 
defi ned, 22 
diarthrosis , 22 
e l bow, 34 
e l l ipso id ,  defined, 22 
facet (vertebral ) 27 ,  28 , 29 

fi brous, defi ned, 22 
f lu id (synovial ) ,  22 
freely movable ,  def ined, 22 
gen ual (knee) ,  40, 41 
g lenoh umera l :  see Joint, 

shoulder 
g l id ing ,  defi ned , 22 
hand , 35 
h inge,  defi ned , 22 
hip (coxal ) ,  37, 39 
humeroscapular :  see Joint,  

shoulder 
humeroul nar, 33, 34 
immovable,  defined , 22 
i ntercarpal , 35 
i ntermetacarpal , 35 
i ntermetatarsal , 42 
i nterphalangeal (foot) ,  42 

( hand ) ,  35 , 36 
i ntertarsal , 42 
i ntervertebral , 27 , 28 , 29 
knee , 40 , 4 1  
metacarpophalangeal , 35 ,  36 
metatarsophalangeal , 42 
midcarpal : see Joint, 

i ntercarpal 
movable ,  def ined, 22 
partly movable, def ined, 22 
pate l lofemoral , 40 , 4 1  
pivot , defined , 22 
rad iocarpal , 33,  35 , 36 
rad iohumeral , 33 , 34 
rad ioul nar, d istal/proximal , 

33, 35 
sacroi l iac ,  37 ,  39 
saddle , 22 
scapulohumera l :  see Joint ,  

shoulder 
scapulothorac ic :  see Motion 
shou lder, 32, 55 , 56 
sternoclavicu lar, 3 1  
sternocostal , 30 
sternomanubrial (sternal 

ang le ) ,  30,  1 35 
subtalar (talocalcaneal ) ,  42 
symphysis pubis ,  37, 38 
synarthrosis ,  22 
synchondros is ,  22 
syndesmosis ,  22 
synovial , def ined , 22 
talocalcaneal : see Joint ,  

subtalar 
talocalcaneonavicu lar: see 

Joint ,  transverse tarsal 
talocrural : see Joint ,  ankle 
tarsometatarsal ,  42 
temporomand ibular, 26,  47 
terms of movement, 23 
t ib iofemoral , 40,  4 1  
t ibiofibu lar, d istal/proximal , 

40, 42 
TMJ , see Joint, temporoman­

d ibu lar 
transverse tarsal (talocalca­

neonavicu lar, calca­
neocuboi d ) ,  42 

wrist, 35 
x iph isternal , 30 
zygapophyseal :  see Joint ,  

facet 
Junction (s ) ,  myoneural , neuro­

muscular, 1 6 , 36 

K 
Kidney, 1 46-1 50 

endocri ne funct ions,  1 51 

re lations of, 1 47 
Kyphosis ,  thoracic , 27 

sacral , 27 

L 
Labium,  genita l ,  1 60 
Labrum ,  acetabular, 39 

g lenoid ,  32 
Labyri nth , bony, 98, 99 

membranous , 98 , 99 
Lacrimal apparatus ,  96 

bone, 24 
Lacteal , of smal l i ntesti ne , 1 42 
Lacuna,  1 2  
Lamel la ,  of bone, 1 2  
Lamina(e ) ,  basal , 1 0  

e lasti c ,  1 03 
propria(e ) ,  defi ned ,  1 7  
of gastric mucosa , 1 4 1  
of i ntestinal mucosa, 1 42 ,  1 43 
of respi ratory mucosa, 1 29 
of a vertebra, 27 
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Larynogopharnyx, 1 29 ,  1 32 ,  palmer, 59 Z, 1 4  
1 36 1 39 pate l lar, 40, 41 , 42, 64,  65 L inea a lba ,  5 1  

Larynx, 1 29 ,  1 32 ,  1 39 periodontal , 1 38 aspera , 40, 62 ,  63 
Latency, i n  H IV i nfection ,  1 28 plantar, long ,  42 , 67 Liver, 1 36 ,  1 44 ,  1 45 
Lateral , defined , 2 short .  67 Lobe(s ) ,  caudate , 1 44 
Layers, germ , and derivatives, posterior, 27 cerebral , 73 

1 66 pubi c ,  superior, 39 fronta l ,  73 
Lens ,  95 pubofemoral , 39 l imbic , 73 
Leukocytes,  1 0 1  rad ial col lateral , 35 of l iver, 1 44 
Levers , 44 rad iocarpal , 35 of l ung ,  1 33 
Ligament(s) round of mammary gland, 1 64 

acromioclavicu lar, 3 1  of the h i p  joint , 39 occipita l ,  73 
annu lar (e lbow) ,  34 of the l iver, 1 44 parietal , 73 
annu lus fibrosus , 27 of tl1e uterus, 1 60 ,  1 62 q uadrate , 1 44 
anococcygeal , 53 sacrococcygeal , anterior, 52 temporal , 73 
arcuate , medial/lateral , 50 sacroi l iac,  anterior/ Lobu le ,  l iver, 1 44 

popl iteal , 40 interosseous/posterior, 39 of mammary g land,  1 64 
broad , 1 6 1 , 1 62 sacrospi nous , 39 , 52 Loop of Hen le ,  1 49 ,  1 50 
calcaneof ibu lar, 42 sacrotuberous, 39 , 52 , 53 , 6 1  Lordosis ,  cerv ical , 2 7  
carpal , 35 scapu lar, 3 1  l umbar, 27  
col lateral , defined,  22  sternoclavicular, 3 1  Lumen ,  defi ned ,  1 7  

f ibu lar, 40,  4 1  stylomand ibu lar, 26 Lung , 1 29 ,  1 33 
rad ia l ,  35 supraspinous, 27 Lute in iz ing hormone ( L H ) ,  1 52 ,  
t ib ia l , 40, 4 1  suspensory 1 53 ,  1 63 
u lnar, 35 of the breast, 1 64 Lymphatic drainage ,  of b reast, 

coracoacromial , 55 of the eye , 95 1 64 
coracohumeral , 32 of the ovary, 1 6 1 , 1 62 of i ntestinal vi l l us ,  1 42 
coronary, 1 44 of the penis ,  1 59 system,  3 ,  1 2 1  
coronary, 4 1  talocalcaneal ,  42 Lymphoid ( immune) system,  3 ,  
costoclavicu lar, 3 1  talof ibular, anterior, 42 1 22-1 28 
cr icothyro id ,  1 32 teres:  see round Lysosome, 8 
cruciate , 4 1  thyrohyoid,  1 32 ,  1 39 
defined,  1 1 ,  1 7 , 22 t ibial col latera l ,  40 
delto id ,  of the ankle ,  42 ti biof ibular, inferior, 42 M 
dentic u late , 77 transverse , acetabular, 39 
extensor: see Reti nacu lum carpal (f lexor retinacu lum) ,  M l i ne ,  of  skeletal muscle ,  1 4  
falciform,  1 44 35, 59 M .A . L .T. (mucosal associated 
fi bular col lateral , 40 tr iangular, 1 44 lymphoid t issue) .  1 22 ,  
f laval , 27 u l nar col latera l ,  35 1 27 

flexor: see Retinacu lum u lnocarpal , 35 Macrophage, 1 1  

fund iform (of the penis ) ,  1 57 ,  umbi l ical , 1 70 Macula ,  of the eye , 95,  99 
1 59 vestibu lar, 1 32 densa, 1 50 

g lenohumera l ,  32 voca l ,  1 32 Mal leolus ,  lateral , 40,  42 
i l iofemora l ,  39 Ligamenturn medial , 40, 42 
i l io lumbar, 39, 49 arteriosum,  1 05 ,  1 70 Mandib le ,  24,  26 
ingu inal , 39,  50 ,  51 , 63, 64 teres,  of the h ip ,  39 Manubrium,  30,  3 1  
i nterc lavic ular, 3 1  of the l iver, 1 44 ,  1 70 Mastication , muscles of , 26,  47 
i nterosseous, of forearm, 33 venosum, 1 44 ,  1 70 Matrix ,  1 1 ,  1 2  

of leg , 40 L ine(s) ,  arcuate , of the abdomi- of hair fol l i c le ,  1 9  
i nterspinous,  27 nal wal l ,  51 Matter, g ray, of the brain ,  70, 73, 
i sc hiofemoral ,  39 of the i l i um,  37 74 
lateral ,  TMJ,  26 epiphysea l ,  20, 1 68 of the spinal cord , 7 7 ,  78 ,  
longitud inal , anterior, 2 7 ,  39 g luteal ,  37 79 

posterior, 27 M,  1 4  white , of the brai n ,  70 ,  73 ,  74 
n uchal , 54 nuchal , inferior, 25 of the spinal cord , 7 7 ,  78 ,  
obl ique popl iteal , 40 superior, 25 , 49 79 
ovarian ,  1 6 1 , 62 soleal , 66 Maxi l la ,  24 ,26 
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Meatus, external auditory, 24 , 
98 

i nferior, 96, 1 30 ,  1 3 1  
i nternal auditory, 25 
middle ,  1 30 ,  1 3 1 
superior, 1 30 ,  1 3 1  

Medial , defi ned,  2 
Median,  defined , 1 
Mediastinum,  regions of, 1 04 

structures i n ,  1 04 
Medul la, adrenal , 1 55 

of the brain (oblongata ) ,  76 
of a lymph node ,  1 26 
renal , 1 48 ,  1 50 

Megakaryocyte , 86 
Melaton i n ,  75 
Membrane(s ) ,  amnion ic ,  1 66 ,  

1 67 
amniochorion ic ,  1 67 
arach noid , 8 1 , 82 
basement, 1 0  
basi lar, 98 
ce l l ,  8, 9 
c horion ic ,  1 65 ,  1 66 
cr icotracheal , 1 32 
extraembryonic ,  1 65 
feta l ,  1 66 ,  1 67 
i nterosseous,  33 , 40 
nuclear, 8 ,  9 
obturator, 39 
periodonta l ,  1 38 
placental , 1 67 
postsynaptic ,  72 
presynaptic ,  72 
synovial , 22 
tectorial , 98 
thyrohyoid ,  1 32 
tympan i c ,  98 

Menarche ,  1 63 
Meni nges, of the brai n ,  8 1 , 82 

arac hnoid , 8 1 , 82 
dura mater, 8 1 , 82 
p ia mater, 81 , 82 
of the spi nal cord , 7 7 ,  82 

arachnoid ,  7 7 ,  82 
d u ra mater, 77, 8 1 , 82 
p ia  matter, 77 , 8 1 , 82 

Meniscus( i ) ,  genual (knee) ,  
medial/lateral , 4 1  

sternoclavicu lar, 3 1  
temporomandibu lar, 26 

Menopause , 1 63 
Menstruation ,  1 63 
Mesencephalon,  76 ,  1 69 
Mesentery, 1 40 
Mesocolon ,  1 40 
Mesoderm,  1 66 

Mesosal pinx ,  1 6 1 , 1 62 
Mesothe l ium( ia) ,  1 0  
Mesovari um( ia) ,  1 6 1 , 1 62 
Metaphase , 9 
Metaphysis ,  1 68 
Metencephalon , 76, 1 69 
Microfi lament, 8 
M icrogl ia ,  1 5  
Microtubule ,  8, 9 
M icrovi l l i ,  1 0  
Midbrain ,  76, 1 69 
M itochondrion(- ia) ,  8 ,  1 3  
M itos is ,  9 
Molar, 1 38 
Morula,  1 65 
Motion(s ) ,  ankle ,  42, 66, 67 

cerv ical , 28 
el bow, 34, 57 
f ingers , 35, 59 
foot, 42 
g lenohumeral , 32, 55, 56 
hand , 35 , 36 , 58 
h ip ,  37 , 39, 6 1 -64 
humeroul nar, 33, 34 
i ntervertebral facet, 29 
knee , 41  
lumbar, 29 
mechanics of, 44, 46 
rad iocarpal , 33 , 35 
radiohumeral , 33 
rad ioul nar, 33 
scapulohumeral :  see Motion , 

glenohumeral 
scapulothoracic ,  3 1 , 54 
segment, defined, 27 
shoulder: see Motion , g leno-

humeral 
subtalar, 23, 42, 65 
temporomandibular, 26 
te rms of, 23 
thorac ic ,  28 
thumb, 59 
transverse tarsal , 23 , 42 
vertebra l ,  27-29 
wrist, 35 

Motor, center of the brain ,  7 4 
end plate , 1 6 ,  7 1  
u n it, 1 6  

Movement(s ) :  see Motion 
respi ratory, 1 35 

M ucosa(e) ,  defined, 7 ,  1 7  
gastr ic , 1 4 1  
i ntestinal , 1 42 
muscu lar is ,  1 4 1 , 1 42 ,  1 43 
olfactory, 1 00 
respi ratory, 1 29 

Mucous membrane,  defined,  7 

M uscle(s ) ,  abductor, 
d igit i m in imi  (foot) ,  67 
d ig it i m in im i  ( hand ) ,  59 
ha l luc is ,  67 
longus, 58 
pol l ic is  brevis ,  59 

adductor brevis ,  63 
ha l luc is ,  67 
longus, 63, 64 
magnus,  62,  63 
pol l ic is ,  59 

anconeus, 57 , 58 
anterior abdomi nal wal l ,  5 1  
anter ior/lateral neck, 48 
arrector p i l i ,  1 9  
aur icu lar, 46 
b iceps brac hi i ,  32, 55, 56, 57 

femoris ,  62, 66 
brach ia l is ,  57 
brach iorad ia l is ,  57 ,  58 , 59 
buccinator, 46 , 1 39 
bu lbocavernosus: see M us-

c le ,  bu lbospongiosus 
bul bospongiosus,  53, 1 60 
card iac,  1 3 ,  1 04-1 06 
c i l iary, 95, 97 
c i rcu lar, of the i ntestine ,  1 42 ,  

1 43 
of the stomach ,  1 4 1 

coccygeus , 52 
constrictors, of pharynx ,  1 39 
contraction , defined , 1 3 ,  44, 45 
coracobrachial is ,  55, 56 
corrugator superc i l i i ,  46 
cremaster, 5 1  
cricothyroid , 1 39 
dartos , 5 1 , 1 57 
deep back, 49 
deltoid ,  55 , 56 
depressor angu l i  oris ,  46 

lab i i  i nferior is ,  46 
d iaphragm,  pelvic ,  52 

thorac ic ,  50, 1 29 ,  1 33 ,  1 35 ,  
1 4 1 

c rus ,  crura, 50, 1 33 ,  1 4 1  
i n  respi ration ,  1 35 
u rogenita l ,  53 

d igastric ,  48 
d i l ator nares ,  46 

pup i l lae , 95,  97 
erector spinae,  49 
of expiration ,  1 35 
extensor 

carpi radia l is  brevis ,  58,  59 
longus ,  58, 59 

u l naris ,  58, 59 
d igit i  m in im i , 58, 59 
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Muscle(s ) ,  abductor (continued) 
d ig itorum ,  58,  59 

brev is ,  67 
longus ,  65 
hal luc is ,  brev is ,  67 

longus,  65 
ind ic is ,  58, 59 
pol l ic is  brevis ,  58, 59 

longus,  58, 59 
extraocular, 95, 97 
of  facial expression , 46 
fi bular is ( peroneus) 

brevis ,  65 
longus ,65 
tertius ,  65 

flexor, 
carpi rad ia l is ,  58 

u lnar is ,  58 
d ig iti m in imi  brevis (foot) ,  
67 

( hand ) ,  59 
d ig itorum brevis ,  67 

longus ,66 
profundus,  58, 59 
superf ic ia l is ,  58, 59 

hal luc is  brev is ,  67 
longus ,  66 , 67 

pol l ic is  brev is ,  59 
longus, 58,  59 

fronta l is ,  46 
fu nctional overview, 69 
gastrocnemius ,  40, 65, 66 
gemel lus i nferior/superior, 6 1  
gen iohyo id ,  48 
g luteus maximus,  53 , 6 1 , 62 

med ius ,  6 1 , 62 
min imus ,  6 1  

g rac i l i s ,  62 ,  63, 64,  66 
hamstrings ,  62 
hyoglossus ,  48, 1 39 
hypothenar, 59 
i l iacus,  50, 63,  64 
i l iococcygeus,  52, 53 
i l iocostal is ,  49 
i l iopsoas , 50, 63,  64 
i nfrahyoid ,  48 
i nfraspinatus,  32,  55 
i nspiration ,  of, 1 35 
i ntercostals ,  ext.li nt.fi nner 

most, 50 ,  86 
in respiration , 1 35 

i nterosseous 
dorsal/palmar, 59 
dorsal/plantar, 67 

i nterspinal is ,  49 
i ntertransversari i ,  49 
i ntr insic ,  of the back, 49 

of the eye , 97 
of the foot, 67 
of the hand , 59 

isch iocavernosus,  53, 1 60 
latiss imus dors i ,  55, 56 
levator, angu l i  oris ,  46 

ani , 52, 53 
labi i  alaeque nas i ,  46 
labi i  superioris, 46 
palati , 1 39 
palpebrae superior is ,  95, 
97 
prostatae , 52 
scapu lae , 48 , 54, 55 
vaginae ,  52 

longissimus, 49 
longitudinal ( intestine) 1 42,  1 43 

of the stomach ,  1 4 1  
l umbrical , foot, 67 

hand , 59 
masseter, 4 7 
mental is ,  46 
mu ltifidus,  49 
musculotendinous (cuff) 

shoulder, 55 
mylohyoid ,  48 
naming of, 44 
nasal is ,  46 
obl ique (obl iquus) 

capitis inferior, 49 
capitis superior, 49 
i nferior, 95, 97 
i nternal/external , 5 1  
o f  the i ntestine, 1 42 
of the stomach ,  1 4 1  
superior, 97 

obturator 
externus, 6 1 , 63 
i nternus,  52, 53 , 6 1 , 63 

occipital is ,  46 
omohyoid ,  48 
opponens, d ig iti min imi , 59 

pol l ic is ,  59 
orbicu laris , ocu l i ,  46, 95 

oris ,  46 
palatopharyngeus , 1 39 
palmaris ,  longus, 58 
papi l lary, of the heart, 1 05 
pectineus, 63, 64 
pectoral is major, 55, 56 

minor, 54, 55 
pelvic floor/wal l ,  52 
peri nea! , 53 , 1 60 
peroneus: see muscles(s ) ,  

f ibularis 
pharynx, of the , 1 39 
pi riformis ,  52,  6 1  

plantar is ,  4 0 ,  6 2 ,  6 6  
platysma, 46 
popliteus ,  40, 66 
procerus ,  46 
pronator quadratus ,  57 

teres ,  57 
psoas , 50, 63, 64 
pterygoid , latera l ,  26, 47 

medial , 47 
pubococcygeus , 52 , 53 
puborectal i s ,  52 
pyramidal is ,  5 1  
quadratus femoris ,  6 1  

l umborum,  50 
plantae , 67 

q uadriceps femoris ,  40,  64 
rectus abdomin is ,  5 1  

capit is posterior major, 49 
posterior minor, 49 

femoris ,  63, 64 
i nferior, 95, 97 
latera l ,  95, 97 
medial , 95 ,  97 
superior, 95, 97 

rhomboid ,  major/minor, 54,  55 
r isori us ,  46 
rotator (musculotend inous) 

cuff , 55 
rotatores ,  49 
sartor ius ,  63, 64 ,  66 
scalene , ant./med ./post . ,  48 
semimembranosus ,  62 , 66 
semispinal is ,  48,  49 , 54 
semitend inosus,  62, 63, 64,  

66 
serratus ,  anterior posterior, 

49 , 54, 55 
skeleta l ,  action of, 45 

contraction of 1 4 ,  44 , 45 
i ntegrated action , 45 
mechanics of movement, 44 
motor end plate of, 1 6  

neuromuscular ju(lction 
of , 1 6  
stretch ing of, 45 
structure of, 1 3 ,  1 4 ,  44 
u ltrastructure , 1 4  

smooth 
i nnervation of , 92-94 
of the b i l iary system,  1 45 
of blood vesse ls ,  1 03 
of the eye , 97 
of the gastro intest inal  tract, 
1 4 1 - 1 43 
structure of, 1 3  
of the u reter, 1 48 
of the uterus ,  1 62 ,  1 67 
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M uscle(s) ,  abductor ( continued)  
soleus ,  65,  66 
sphincter 

anal , external , 53, 1 43 
anal , i nternal , 1 05 ,  1 43 
of bi le d uct, 1 45 
p u pi l lae ,  97 
u rethrae,  53 

spinal is ,  49 
splen ius ,  48, 49 
sternocleidomasto id ,  48 
sternohyoid , 48 
sternothyro id ,  48 
stretch ,  44, 45 
stylohyo id ,  48 
subcosta l is ,  50 
suboccipital , 49 
subscapular is ,  32, 55 
summary, of lower l imb ,  68 

of u pper l imb ,  60 
sup inator, 57, 58 
suprahyo id ,  48 
supraspi natus ,  32, 55 
system,  overview, 3 
tempora l is ,  47 
tensor, fasc iae latae , 6 1 , 63, 

64 
palati , 1 39 

teres major, 55,  56 
minor, 32 ,  55 

thenar, 59 
thyrohyoid ,  48 
ti b ia l is anterior, 65 , 66 

posterior, 66 
t issue types ,  1 3  
transverse perinea! , deep/ 

superf ic ia l , 53 
transversospina l is ,  49 
transversus abdomin is ,  5 1  

thorac is ,  5 0 ,  86 
trapezi us ,  54, 55 
triceps,  brac hi i ,  55, 56, 57 
vastus i ntermedius ,  64 

latera l is ,  64 , 66 
medial i s ,  64, 65, 66 

zygomaticus major/minor, 46 
M uscularis 

externa, of i ntestine ,  1 42 ,  
1 43 
of stomach ,  1 4 1 

M uscularis 
mucosa, of intestine, 1 42 ,  1 43 
of stomach ,  1 4 1 

Musculoskeletal integration ,  
functional , 45 
structu ral ,  1 7  

Myelencephalon,  76,  1 69 

Myel i n ,  defined , 1 5  
Myocard ium,  1 04 
Myoepithel ia ,  1 0  
Myofascial , 1 1  
Myofi bri l ,  1 3 , 1 4  
Myof i lament, 1 4  
Myometrium,  1 62 ,  1 67 
Myos in ,  1 4  

N 
Nai l ,  parts of, 1 8  
Nares, 1 30 
Nasopharynx, 1 32 ,  1 39 
Neck, of femur, 40 

surgical ,  of humerus, 3 1  
of tooth , 1 38 

Nephron ,  1 49 ,  1 50 
Nerve(s) ,  abducens, 83 

accessory, 83 , 87 
alveolar, branch of ( i n  tooth ) 

1 38 
ansa cervical is ,  87 
aud itory, 98 
axi l lary, 88 
cochlear, 98 
coverings of, 86 
c ranial , 70, 83 

and parasympathetic 
neurons , 94 

cutaneous ,  1 7 ,  86 
antebrachial , lateral , 88 

medial , 88 
brachia! , medial , 88 
femoral , latera l ,  89 

posterior, 89 
sural , lateral/medial , 89 

facial , 83 
femora l ,  89 

trauma to , 89 
fi bu lar (peroneal ) ,  89 
g lossopharyngeal , 83 
g lutea l ,  i nferior/superior, 89 
great auricu lar, 87 
greater splanchn i c ,  93 , 1 55 
greater splanchn ic ,  93,  1 35 
hypog lossa l ,  83, 87 
i l iohypogastric ,  89 

i l io inguinal , 89 
i nfrapatel lar, 89 
i ntercostal , 50, 86 

f i rst , 88 
to i ntestine (Meissner's 

plexus) ,  1 42 
lesser occipita l ,  87 
long thorac ic ,  88 
l umbosacral (trunk) ,  89 

median ,  59 , 88 
trauma to , 88 

motor, 1 6  
muscu locutaneous, 88 
obturator, 89 

trauma to , 89 
oculomotor, 83 
olfactory, 83 
opt ic , 83,  95 
peri nea! , 89 
per ipheral , in c ross section of 

l imb ,  1 7  
peronea l :  see Nerves ,  f ibular 
phren i c ,  87 

i n  mediasti num,  1 04 
plantar, l ateral/medial , 89 
postgang l ion ic :  see Neuron 
pregangl ion ic :  see Neuron 
pudenda! , 89 
rad ial , 88 

trauma to , 88 
saphenous , 89 
scapu lar, dorsal , 88 
sciatic , 89 

trauma to , 89 
spinal , 70, 84, 85,  86 

cervical , 70, 86, 87 
coccygeal , 70 
l umbar, 70, 86, 89 
plexus , defined ,  87 (also 

see Plexus) 
ramus( i )  of , 84, 86 
roots of, 84, 86-89 
sacral , 70 ,  89 
thorac i c ,  70,  86 
typi cal , 86 

splanchn ic ,  92, 93, 1 55 
pelvic ,  94 

supraclavicu lar, 87 
suprascapular, 88 
sympathetic c hain/gangl ion , 

70 , 86, 92, 93 
thorac ic ,  70 
t ib ial , 89 
t issue ,  1 5  
transverse cervical , 87 
tr igemi nal , 83 
trochlear, 83 
u lnar, 88 

trauma to , 88 
vagus , 83,  1 04 

i n  mediasti num ,  1 04 
vestibu lococh lear, 83, 98 , 99 

Nervus vasoru m ,  1 03 
Neuri lemma, 1 5  
Neuroepithe l ia ,  95 , 98 , 99,  1 00 
Neurog l ia ,  1 5  
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Neurohypophys is ,  1 52 ,  1 53 
Neuron(s ) ,  afferent, 1 5  

assoc iation , ( see i nterneuron)  
b ipolar, 1 5  

of the retina ,  95 
efferent: see Neuron ,  motor 
functional types , 7 1  
i nterneuron ,  7 1 , 79,  85 
motor, autonomic ,  7 1 , 92-94 

defined,  7 1  
lower, 7 1 , 79 83,  84 

somatic ,  71 , 79 , 83 , 84, 
1 40 '  1 45 ' 1 46 ' 

upper, 79 
viscera l ,  7 1 , 92-94 

mult ipolar, 1 5 ,  7 1  
olfactory, 1 00 
parasympatheti c ,  94 
photoreceptor, 95 
postgangl ion ic ,  7 1 , 92-94 

parasympathetic ,  94 
sympathetic ,  92,  93 

pregangl ion ic ,  7 1  
parasympathetic ,  94 
sympathetic ,  92 , 93 

pseudoun ipolar :  see Neuron ,  
un i polar 

sensory, 1 5, 7 1  
viscera l ,  d iscussion of , 92 

sympathetic ,  92, 93 
un ipolar, 1 1 ,  7 1 , 1 45 

Neurosecretion , 1 52 ,  1 53 
Neurotransmitter, 72 
Neutra l izer, 45 
Nipple ,  1 64 
N issl substance ,  1 5  
Node,  atrioventricu lar, 1 06 

lymph ,  1 2 1 , 1 22 ,  1 26 

of Ranvier, 1 5  
si noatrial , 1 06 

Nod ules ,  lymphoid ,  1 22 ,  
1 25-1 27 ' 1 4 1  ' 1 42 

Nongranu lar leukocytes,  1 0 1 
Nose , external , 1 30 

i nternal ( nasal ) cavity, 24 , 
1 29 ,  1 30 ,  1 3 1 
( nasal ) septum ,  25 , 1 30 ,  
1 32 

Nostri l ( s ) .  see Nares 
Notc h ,  radial  (rad ius ) .  33 

sciati c ,  g reater/lesser, 37 ,  38 
troch lear ( ulna) ,  33 

Nuc lear membrane , 8 ,  9 
Nuc leolus,  8 ,  9 
Nuc leoplasm , 8 
Nuc leus( i ) ,  basal , 74 ,  75 

caudate , 74 ,  75 

cel l ,  8 ,  9 
cerebel lar, deep ( rooftop) ,  76 
cuneatus ,  78 
grac i l i s ,  78 
hypothalamic,  75, 1 52,  1 53 
lenticular, 7 4, 75 
paraventr icular, 75, 1 52 
pu lposus , 27 
supraoptic ,  75,  1 52 
thalamic ,  function of , 1 52 
tuberal (part of arcuate 

nucleus) ,  75, 1 52 
Nystagmus, def ined, 99 

0 
Olecranon , 33 
Ol igodendrocyte, 1 5  
Omentum,  greater, 1 40 

lesser, 1 40 ,  1 44 
Oocyte , development of , 1 6 1  
Open ing ,  interc isal , 26 , 1 37 
Opposition , of the thumb, i l l us-

trated,  59 
Optic disc,  95 
Ora serrata, 95 
Orbit ,  24 
Organ of Corti , 98 
Organel les, of the cel l ,  8 
Orig in ,  of skeletal muscle, 

defined , 45 
Oropharynx , 94 ,  1 01 , 1 32 ,  1 39 
Os coxae: see Bone , h ip  
Ossification ,  endochondral , 1 68 

i ntramembranous ,  1 68 
primary center, 1 68 
secondary center, 1 68 

Osteoblast , 1 2 , 1 68 
Osteoclast, 1 2  
Osteocyte, 1 2 , 1 68 
Osteoid tissue, 1 68 
Osteon, 1 2 , 1 68 (see also Hav-

ersian system) 
Osteoprogenitor cel l ,  1 2 , 1 68 
Otol ith , 99 
Outlet, pelvic ,  37 ,  38 

thorac ic ,  30 
Ovary, 1 61 , 1 62, 1 63 
Ovu lation , 1 61 ,  1 63 
Ovum,  1 6 1 , 1 63 
Oxytoc i n ,  1 52 ,  1 53 

p 
P. wave , 1 06 
Pacemaker, 1 06 
Pad , retrodiscal , 26 

Pai n ,  dermational , 90 
referre d ,  d iscussion of ,  90 

Palate , bony ( hard ) ,  25 , 1 30 
soft, 24, 1 39 

Palat ine bone, 24 , 25 
Papi l la(e ) ,  dermal , 1 9  

duodenal , 1 45 
l ingual , 1 37 
renal , 1 48 
of the tongue,  1 00 

Pancreas, 1 36 ,  1 45 ,  1 56 
Paracortex,  of lymph node , 1 26 
Paranasal a i r  s inuses, 1 31 
Parasympathetic div is ion of 

ANS, 70,  94 
Parietal bone , 24 , 25 
Pars d istal is ,  1 52 ,  1 53 

i ntermedius ,  1 52 
nervosa, 1 52 ,  1 53 
tuberal i s ,  1 52 

Parturition ,  1 67 
Pate l la ,  2 1 , 40 
Pathway(s) :  see also Tracts 

fi nal common ,  79 
i nternodal , 1 06 
parasympathetic ,  94 
sympathetic ,  92 , 93 
visual , 97 

Pectoral g i rd le ,  3 1  
Pedicel ,  1 49 
Ped ic le ,  of a vertebra, 27 
Pedunc le ,  cerebral , 76 

cerebel lar, i nferior, 76, 78 
cerebel lar, midd le , 76 
cerebel lar, superior, 76 ,  78 

Pelvic girdle, 37, 38 
i n let, 37, 38 
outlet, 3 7 ,  38 

Pelv is ,  bony, 37 
comparison of male and 

female ,  38 
greater (false) ,  37 ,  38 
lesser (true) ,  37 ,  38 
renal , 1 48 

Pen is ,  53, 1 57 ,  1 59 
Peps in ,  1 41 ,  
Perc ussion, defined , 1 34 
Per ipheral nervous system,  

defined , 70 
Pericard ium,  7 ,  1 04 
Perichondri um,  1 2 , 1 68 
Perimys ium,  44 
Perinea! body, 53 
Per ineum, 53 , 1 60 
Perineuri um,  86 
Periosteal bud , 1 68 

layer, of dura mater, 8 1  
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Periosteum,  defined , 1 2 , 1 7 , 20 

Peripheral nervous system,  
defined , 70 

Peritoneum,  broad l igament, 
1 6 1 , 1 62 

concept of, 7 ,  1 7 , 1 40 
i n  i ngu inal cana l ,  5 1  
layers of, 1 40 ,  1 47 

Pes anserinus ,  63 ,  64 ,  65 ,  66 
Peyer's patches ,  1 27 
Phagocyte , mononuclear, 62 ,  

1 0 1  ' 1 22-1 28 
Phagocytosis,  i n  H IV infection, 1 28 
Phalanx : see Bone,  phalanx 
Pharynx ,  1 29,  1 32 ,  1 36 ,  1 39 

Pia mater, b ra in ,  8 1 , 82 
spinal cord , 7 7 ,  82 

Pit ,  gastric ,  1 4 1 
Pivot joint ,  defined , 22 
Placenta ,  1 66 ,  1 70 

endocrine function , 1 5 1  
Planes ,  anatomi c ,  1 
Plantar flexion , defined and 

i l l ustrated ,  23 
of the ankle ,  23 ,  42 ,  66 

Plasma, b lood , 1 0 1  
ce l l ,  1 1 ,  1 22 ,  1 25-1 28 

Plasmalemma, of smooth 
muscle ,  1 3  

Plate , cr i briform,  24, 25 
epiphysea l ,  1 68 
motor end ,  1 6  
perpendicu lar (ethmoi d ) ,  25 
pterygoid , latera l /medial , 24-

26 
Platelets , 1 0 1 
P leura( e ) ,  concept of, 7 

parieta l , 1 33 
visceral , 1 33 

Pleural  cavity, 1 33 
effus ion,  1 33 
recesses ,  1 33 

Plexus(- i ,  -es) 
c horoid ,  80, 82 
nerve 

autonomic ,  70, 92, 93, 94 
brachia ! , 86, 8 7 ,  88 
cel iac , 1 28 
cervical , 86 ,  87 
defined , 87 
l umbar, 89 
l umbosacral , 86, 89 
purk inje ( heart ) ,  1 06 
sacral , 86 , 89 
suprare nal , 1 55 

venous 
hemorrhoidal ( rectal ) ,  1 43 

pampiniform (test icu lar) ,  
1 57 ,  1 58 

peritubular, 1 50 
pterygoid ,  1 1 6 
vertebral , 77 ,  84, 1 1 7 ,  1 99 

Pl ica(e) c i rcu lare(s) ,  1 42 
Podocyte , 1 49 
Pons , 76 
Porta, of the l iver, 1 44 ,  1 45 
Portal system: see System 
Position , anatomica l ,  defined,  

23 
terms of , 2 

Posterior, defi ned , 2 
Postural a l ignment, 69 
Premolar, 1 38 
Prepuce, of the penis ,  1 59 
Pressure , i ntraocu lar, 96 

i n  relation to vol ume, 1 35 
Prime mover, 45 
Process, apophyseal : see Pro-

cess , articular 
articu lar, 27 , 28, 29 
central , 7 1  
c i l iary, 95, 96 
condylar, of the mandible ,  26 
coracoid,  3 1 , 32, 55 
coronoid ,  of the mandible , 26,  

47 
of the u lna,  33, 34 

mastoid ,  24, 25 
odonto id :  see Dens 
posterior, of the tal us ,  42 
peri pheral , 7 1  
posterior, of the talus ,  42 
spinous, 27 , 28 , 29 
styloi d ,  of the rad ius ,  33 

of the temporal bone , 24 , 
25, 26 

of the u l na, 33 
transverse, 27 ,  28 , 29 
xiphoid ,  30 
zygomatic ,  24 

Processes, of neuron,  1 5  
Promontory, sacral , 52 
Pronation , defined and i l lus-

trated,  23 
of the hand, 33, 57 

Pronucleus,  1 65 
Prophase , 9 
Proprioceptors , 9 1  
Prostate , see Gland , prostate 
Proteoglycan,  1 2  
Protraction ,  of the scapula ,  i l l us­

trated, 54 
Protrusion, of intervertebral 

d isc ,  27 

of temporomandi bular joint ,  
i l l ustrated ,  47 

Protuberance , external occipi­
tal ,  24 , 25 

menta l ,  24 
Provirus ,  1 28 
Proximal , defi ned,  2 
Pseudostratif ied columnar 

e pithel ia ,  1 0  
Pubic symphysis ,  37 ,  38 
Pubis ,  3 7 ,  38 
Pulse sites ,  arterial , of head and 

neck, 1 08 
Puncture , l umbar, 82 
Pupi l ,  95 
Putamen , 74 
Pylorus ,  of the stomach ,  1 4 1 
Pyramid(s ) ,  decussation of, 76,  

79 
of the medu l la  ( brain ) ,  76 
medul lary (kidney) , 1 48 

a 
ORS complex (waves) ,  1 06 
Quadruped, terms of position in ,  

2 

R 
Radicul i ti s ,  defi ned,  86 
Rad icu lopathy, defined ,  29 , 86 

of specific nerve roots : see 
Root 

Ramus(- i ) ,  anterior, 84, 86 
communicatin g ,  92, 93 
gray, 92, 93 
of mandi b le ,  24 , 26 
posterior, 84, 86 
pub ic ,  i nferior/superior, 37, 38 
white , 1 5 , 92, 93 

Rap he, Pharyngeal ,  1 39 

Pterygomandibu lar, 1 39 
Receptors , 9 1  

g l ucose , 1 56 
insu l i n ,  1 56 
sensory, 1 9 , 91 , 95, 98 , 99, 

1 00 
aud itory, 83 ,  98, 99 
exteroceptor, 9 1  
interoceptor, 9 1  
neurotendinous organ ,  85 , 

9 1  
o lfaction ,  83, 1 00 
optic ,  83, 95 
Pac in ian corpusc le ,  1 9 , 9 1  
pain ,  78,  85, 9 1  
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Receptors ( continued) 
pressure,  1 9 , 91  
proprioceptor, 83, 9 1  
o f  Ruffin i , 9 1  
stretch (muscle spindle ) ,  

85, 9 1  
tact i le ( Meissner, Merke l ) ,  
9 1  
taste , 83 , 1 00 
thermoreceptor, 9 1  
touch ,  1 9 ,  9 1  
vestibu lar, 83 , 98, 99 

Recess(es) , anterior, of 
ischiorectal fossa, 53 

axi l lary, 32 
i nfundibu lar, 1 52 
lateral , 84 
p leural , 1 33 

Rectum,  1 36 ,  1 43 
Red b lood cel ls ( corpuscles) ,  

1 01 
Reflection ,  p leural , 1 33 
Reflex(es) ,  defi ned,  85 

stretch ,  85 , 9 1  
knee ( pate l lar ) ,  85 
monosynaptic ,  85 
polysynapt ic ,  85 
spinal , 85 
tendon , deep ,  85 
withdrawal , 85 

Region (s ) ,  b i lami nar, 
of temporomandi bular joint ,  

26 
body, 5 , 6 
cervical , 27 ,  28 
coccygeal , 27 ,  29 
i ngui nal , 5 ,  5 1  
lumbar, 2 7 ,  29 
sacral 2 7 ,  29 
thorac ic ,  27 ,  28 
vertebra l ,  27 

Renal , see Kidney 
Ren i n ,  1 50 
Reproductive systems, 

overview, 6 
Resistance , i n  mechan ics ,  of 

movement , 44 
Respiration ,  mechanism of, 1 35 
Respi ratory system,  overview, 6 
Response , i nf lammatory, 1 23 
Rete testis ,  1 58 
Reticu lar f ibers , 1 1  
Reticu locytes ,  1 0 1  
Retina ,  95,  97 , 

layers of, 95 
Retinacu lum 

extensor 

i nferior, 65, 66, 67 
superior, 65 , 66,  67 
of the wrist, 59 

f ibu lar (peroneal ) 
i nferior, 65 
superior, 57 ,  65 

flexor 
of the foot, 66, 67 
of the wrist, 59 

patel lar 
lateral , 40 
medial , 40 

Retraction , of the scapula,  i l l us­
trated,  54 

of the temporomandibular 
joint ,  i l l ustrated,  47 

Retroflexion , of uterus, 1 62 
Retroperitoneum, 1 40 ,  1 47 
R ibosome, 8 
R ibs ,  30 
Rima glottid is ,  1 32 
R ing ,  ingu inal , superf icial/deep ,  

5 1  
Root(s ) ,  anterior, 84, 85 ,  86  

o f  brachia! plexus, 88 
of cervical plexus, 87 
of lumbosacral plexus, 89 
posterior, 84 , 85, 86 
spinal nerves,  2 1 , 84 , 85, 86 

compression of C5, 88 
of C6,  88 
of C7 ,  88 
of l2, L4, 89 
of L4 , S 1 , 89 

of tooth ,  1 38 
Rostra l , defined , 2 
Rotation , lateral (external ) ,  

defined, 23 
of the shoulder, i l l ustrated ,  
55, 56 

medial ( internal ) ,  defined,  23 
of the shoulder, i l l ustrated ,  

55 , 56 
upward , of the scapula,  i l l us­

trated ,  54 
Rotator cuff, 55 

rupture (tear) ,  55 
Rough endoplasmic reticu lum,  8 
Rubrocyte: see Erythrocyte 
Ruga(-e) of the stomach ,  1 4 1  

s 
Sac , alveolar, 1 34 

dural , 77 ,  8 1 , 82 
greater (peritoneal cavity) ,  1 40 

lacrimal , 96 
lesser (omental bursa) ,  1 40 
theca l ,  7 7 ,  8 1 , 82 
yolk ,  1 65 ,  1 66 

Saccu le ,  98 , 99 
Sacrum, 2 7 ,  29, 39 
Saddle joint ,  defi ned , 22 
Sag ittal p lane ,  1 
Sarcolemma, 1 3 ,  1 4  
Sarcomere , 1 4  
Sarcoplasmic reticu lum,  1 4  
Scala tympan i ,  98, 99 

vestibu l i ,  98,  99 
Scapula ,  31 , 32, 54,  55 
Schwann cel l ,  1 5  
Sciera, 95 , 96 
Scol iosis ,  defined , 27 
Scrotum,  1 57 
Sebum , 1 9  
Segment, bronchopul monary, 

1 34 
motion ,  27 
P-R (of EKG ) ,  1 06 
spinal cord ,  7 7 ,  Appendix B 
S-T (of EKG ) ,  1 06 

Sel la  turc ica ,  of the sphenoid 
bone , 24 , 25 

Sel lar joint :  see Joint ,  saddle 
Seminal ves ic le ,  1 57 
Semin iferous tubu le ,  1 58 
Sensory receptors: see Recep-

tors, sensory 
Septum, dural , 8 1  

i nterventricu lar, 1 04 
nasal , 1 30 ,  1 31 

Serosa , defined , 7 ,  1 7  
of the abdomen ( peritoneum) ,  

1 40 
of the heart ( per icard ium) ,  

1 04 
of the i ntestine ,  1 42 ,  1 43 
of the lung ( pleura ) ,  1 33 
of the stomach ,  1 40 

Serous membrane,  defined , 7 
Serto l i  ce l l , 1 58 
Serum,  1 0 1  
Sesamoi d :  see Bone 
Sheath , of the rectus abdomin is ,  

51  
Shou lder, b lade : see Bone ,  

scapula 
impingement syndrome,  32 

Sinoatrial node , 1 06 
S inus(es) ,  a i r  ( paranasa l ) ,  1 3 1  

ethmoidal , 1 3 1  
frontal ,  1 9 , 25,  1 3 1  
mastoid (a i r  ce l ls ) ,  1 31 
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Sinus(es ) ,  a i r, (conti nued) 
maxi l lary, 1 3 1 
sphenoidal ,  1 9 ,  25 , 1 3 1 

aorti c ,  1 07 
paranasal :  see S inus(es) ,  a i r  
renal , 1 48 
tarsal (tarsi ) ,  42 
venous,  cavernous, 1 1 6 

confluence of, 1 1 6 
coronary, 1 05 ,  1 07 
dural (crania l } ,  8 1 , 1 1 6 
i ntercavernous, 1 1 6 
occipital , 1 1 6 
petrosal , i nferior/superior, 

1 1 6 
sagittal , i nferior, 8 1 , 1 1 6 

superior, 8 1 , 82,  1 1 6  

sigmoid,  8 1 , 1 1 6 
straight ,  8 1  
transverse , 1 1 6 

Sinusoid (s ) ,  defined , 1 03 
hypophysea l ,  1 52 
l iver, 1 44 
red marrow, 20 , 1 24 
splen ic ,  1 25 

Ske leton ,  appendicu lar, 2 1  
axia l ,  2 1  

Skin ( i nteg ument ) ,  5 ,  1 8 , 1 9  
g labrous,  1 8  

Smel l  (o lfaction) ,  1 00 
Snuffbox, anatomical , 59 
Somatic structure , definit ion of, 

1 7  
Space , ep idural  7 7 ,  84 

i ntercosta l ,  30 ,  50 
p leural , potential , 1 33 
subarachno id ,  8 1 , 82 
subdura l ,  7 7 ,  8 1  
temporomand ibular joi nt, i nf .  

su p . , 26 
spatial d isorientat ion,  99 
Sperm (spermatozoon) ,  1 58 

development, 1 58 
pathway i n  female gen ital 

tract, 1 62 
Spermatogenes is ,  1 58 
Sphincter(s) ,  anal , 1 43 

b i l iary, 1 45 
pancreatic ,  1 45 
pylor ic ,  1 4 1 

Spinal cord , 70 ,  7 7  
development of, 1 69 

Spindle f iber, 9 
musc le ,  85,  9 1  

Spine : see Process, spinous;  
Vertebral column 

bifi d ,  28 

i l iac , i nferior/superior, 37 
ischia l ,  37 
nasa l ,  24 
of the scapula, 3 1  

Spleen ,  1 22,  1 25 
Splenectomy, defi ned , 1 25 
Splen ium,  of corpus cal losum,  

74 
Splenomegaly, defi ned, 1 25 
Stalk ,  connecting ,  1 65 
Sternum, 30 
Stomach ,  1 36 ,  1 4 1  
Strabismus, defi ned, 97 
Stretch ,  musc le ,  44 , 45 
Submucosa, def ined, 1 7  

gastric , 1 36 ,  1 4 1  
i ntestinal , 1 37 ,  1 38 ,  1 42 

Substance , ground, 1 1  
N issl ,  1 5  

Subthalamus, 75 
Sulc us, central , 73 

defined, 73 
Superf icial , defi ned , 2 

fascia, 1 1 ,  1 7  
Superior, defined , 2 
Supination , defined and i l l us­

trated,  23 
of the hand,  33, 57 

Supraspi natus tendinit is ,  55 
Surface, auricular, of the h ip ,  37 ,  

39 
of the sacrum, 39 

markings, of the upper l imb, 36 
of the lower l imb, 36 

Sustentacu lum tal i ,  42, 67 
Suture(s) ,  coronal , 24 , 25 

lambdoidal , 24 , 25 
sagittal , 24 
squamosal , 24, 25 

Swal lowing,  1 39 
Sympathetic d ivision of the 

ANS, 70, 92, 93 
Synapse , 72 

types of, 72 
Synarthosis, 22 
Synchondrosis ,  22 
Syndesmosis ,  22 
Syndrome(s)  

carpal tunnel , 88 
compartment (of the leg ) ,  66 
impingement, 55 
supraspinatus,  55 

Synergist, 45 
Synovial cavity(- ies ) ,  defined , 

22 
fl u id ,  defined , 22 
joint ,  defi ned , 22 

membrane,  defined , 22 
Syncytiotrophoblast, 1 65 
System(s} ,  body: See Table of 

Contents 
card iac cond uction ,  1 06 
c i rcumferential ( bone ) ,  1 2  
extrapyramidal , 79 
Havers ian ,  20 , 1 68 
hepatic porta l ,  1 52 ,  1 53 
interstitial ( bone ) ,  1 2  
mucosal secretory ( M .A .L .T. } ,  

1 27 
overview, 3 ,  4 
portal (venous) 

hepatic ,  1 1 9 
hypophyseal , 1 52 ,  1 53 
i ntroduction to , 1 02 

pyramidal , 79 
transverse tubu lar, 1 4  

T 
T wave , 1 06 
Taenia(e)  col i ,  1 43 
Taste buds,  1 00 
Teeth ,  1 36 ,  1 37 ,  1 38 

c lassif ication of, 1 38 
dec iduous (m i lk ,  baby) ,  1 38 
i nterc isal open ing ,  26 , 1 37 
permanent, 1 38 

Telophase , 9 
Temporal bone,  24 , 25 

petrous port ion, 25 
Tendi n it is ,  supraspinatus, 55 
Tendon , achi l les ,  see tendon , 

calcaneal 
calcaneal (tendocalcaneus) ,  

42 , 65, 66 
central , of d iaphragm, 50 
c i rc u lar (orbit) , 97 
conjoint ,  51 , 8 1 , 1 1 6 
def ined,  44 

Tentor ium cerebe l l i , 8 1 , 1 1 6 
Testis ,  1 57 ,  1 58 

and coveri ngs,  5 1  
Testosterone ,  1 58 
Thalamus ,  74 , 75,  78 
Thecal sac: see Sac , dural 
Thoracentesis ,  1 33 
Thorax , bony wal l  of, 30 
Thrombocytes , 1 0 1 
Thrombosis ,  coronary, reference 

to , 1 07 
deep ve i n ,  d iscussion of , 1 1 8 

Thym us, 1 22 ,  1 24 ,  1 5 1  
i n  mediasti num,  1 04 
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Tissues , connective , f ibrous ,  1 1  
support ing , 1 2  

diffuse lymphatic , 1 22 ,  1 27 
epithe l ia l ,  1 0  
integration of, 1 7  
mucosal-associated lymphoid 

( M .A.L .T. } ,  1 22 ,  1 27 
musc le ,  1 3  
nervous ,  1 5  
reticu lar, 1 1 ,  20 

Tongue,  1 36 ,  1 37 
pap i l lae of, 1 00 ,  1 37 

Tonsi l ,  1 32 
l i ngual , 1 32 
naso-pharyngeal ( adenoids} ,  

1 22 ,  1 27 ,  1 32 
palatine ,  1 22 ,  1 27 ,  1 32 ,  1 39 
tubal , 1 32 

Tons i l i ti s ,  v isual ized ,  1 27 
Tooth ,  structure of, 1 38 

"wisdom ," 1 38 
Trabecu la(e} ,  1 2 , 20, 1 25 ,  1 26 ,  

1 68 
carnae , 1 05 

Thachea, 1 29 ,  1 32 , 1 34 
i n  mediasti num,  1 04 

Tract(s)  
arcuate , internal , 78 
ascend ing ,  78 
assoc iation ,  74 
b i l iary, 1 07 
commissure, 7 4 
corticospina l ,  79 
descending,  79 
d igestive , 7 
extrapyramidal , 79 
gastrointestinal , 1 36 ,  1 41 - 1 43 
genital , see Tract(s ) ,  Repro-

d uctive 
hypothalamohypophyseal , 1 53 
i l iotib ial , 40,  6 1 -65 
i nternodal : See Pathway 
lemniscus,  medial , 78 
olfactory, 1 00 
projection ,  7 4 
pyramidal , 79 
reproductive , female ,  1 60 
reproductive , male,  1 57 
respi ratory, 7 ,  1 29 

lower, 1 34 
upper, 1 32 

ret iculospi nal , 79 
sp inocerebel lar, 78 
spinothalamic , 78 
thalamocortical , 78 
ur inary, 1 46 
vestibu lospi nal , 79 

Transverse plane , 1 
Triad , portal , 1 44 
Triangle ,  anal , 53 

anterior, of the neck, 48 
carot id ,  48 
muscular, of the neck, 48 
posterior, of the neck, 48 
urogenital , 53 

Trigone , of uri nary bladder, 1 46 
Trochanter, greater, 40 

lesser, of femur, 40 
Trochlea, of humerus , 3 1 , 33,  34 
Trophoblast, 1 65 ,  1 66 
Trunk(s ) ,  of brachia!  plexus , 

88 
lymphatic ,  1 21 
pulmonary: see Artery, pulmo­

nary 
Tube 

aud itory, 98, 1 3 1 , 1 32 
neural , 1 69 
uter ine,  1 60 ,  1 62 

Tubercle(s ) ,  greater, 3 1 , 55 , 57 
i nfraglenoid ,  55, 57 
lesser, 3 1 , 55, 57 
pubic ,  37, 38 
of rib, 30 
supraglenoi d ,  32,  57 
of trapezium, 35 

Tuberosity(- ies) ,  delto id ,  3 1  
ischia l ,  3 7 ,  38 , 62 
of 5th metatarsal , 42 
of navicular, 42 
rad ial ,  33, 57 
ti bial , 40, 4 1 , 64 
of u lna,  33 

Tubu le ,  d istal/proximal , 1 49 ,  1 50 
uri n iferous ( renal ) ,  1 49 ,  1 50 

Tubul i  recti , 1 58 
Tunica albuginea , of the ovary, 

1 6 1  
externa, 1 03 
i nterna, 1 03 
media, 1 03 
of the penis, 1 59 
of the testis ,  1 58 

Tunica(s } ,  of the vascular wal l ,  
1 03 

Tunne l ,  carpal , 35, 59, 88 
cubital , 88 

Turbinate , see Concha 

u 
Unencapsulated lymphoid 

tissue , 1 22 ,  1 27 
Un it(s ) ,  motor, 1 6  

respi ratory, 1 34 
Ureter, 1 48 
Urethra, 1 46 ,  1 59 ,  1 60 
Urogen ital structures , female ,  

1 60 
male,  1 59 

Uterus ,  1 60 ,  1 62 
prolapse of, 1 62 
support of , 1 62 

Utric le ,  98, 99 
Uvula ,  1 37 ,  1 39 

v 
Vac uole ,  8 
Vagina ,  53, 1 60 ,  1 62 ,  1 67 
Valve , aortic ,  1 05 ,  1 06 

atrioventricu lar, 1 05 ,  1 06 
bicuspid , 1 05 ,  1 06 
i I eocecal , 1 43 
m itra l :  see Valve , b icuspid 
pulmonary :  see Valve , semi-

l unar 
semi l unar, 1 05 
tricuspid ,  1 05 
venous,  structure of ,  1 03 

Vas deferens :  see Ductus 
deferens 
vasorum, 1 03 

Vasa( e) recta( e ) ,  1 50 
Vasectomy, 1 58 
Vasopression (ADH) ,  1 50 ,  1 52 ,  

1 53 
Ve in (s ) :  see also S inus ,  S inu­

soid ,  and Plexus 
alveolar, branch of ( i n  tooth) ,  

1 38 
angu lar, 1 1 6 
arcuate , 1 50 
arteriosi n usoidal , 1 08 
aur icu lar, posterior, 1 1 6 
axi l lary, 1 1 0 
azygos , 1 1 7 ,  1 1 9 
bas i l ic , 1 1 0 
brach ia! , 1 1 0 
brach iocephal ic , 1 1 0 ,  1 1 7 
brach iocephal i c ,  r ight,  1 1 6 ,  

1 1 7 
bridg ing ,  1 1 6  
card iac,  1 07 
cava l ,  i nferior, 1 05 ,  1 1 7 ,  1 47 

superior, 1 05 ,  1 1 7 
central , 1 44 
cephal ic , 1 1 0 
cerebral , external , 1 1 6 

great ,  1 1 6 
i nternal , 1 1 6 
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Vein (s )  ( conti nued) 
cervical , deep,  1 1 6 
c i rcumflex , femoral , lateral/ 

medial , 1 1 8 
c lassif ication of, 1 03 
c ubital , median ,  1 1 0 
cutaneous , 1 7  
cystic , 1 1 9 
defined , 1 03 
d ig ital ( foot ) ,  1 1 8 

dorsal ( hand ) ,  1 1 0 
plantar, 1 1 8 

d i p loi c ,  1 1 6 
dorsal (foot) ,  1 1 8 
emissary, 1 1 6 
esophageal , 1 1 9 
facial , 1 1 6 

deep,  1 1 6 
femoral , 1 1 8 
femoris ,  p rofunda ,  1 1 8 
gastr ic , left/right ,  1 1 9 ,  1 4 1  
gastroepip loic ,  left/r ight ,  1 1 9 ,  

1 42 
g l uteal , i nferior/superior, 1 1 8 
hemiazygos ( inferior ) ,  1 1 7 ,  

1 1 9 
accessory (superior) , 1 1 7  

hemorrhoidal ( recta l )  1 1 9 ,  1 43 
hepatic ,  1 1 7 , 1 1 9, 1 44 ,  1 45 ,  

1 47 
hepatic portal , 80,  1 06 ,  1 07 ,  

1 1 9 ,  1 44 ,  1 45 
hypophyseal , 1 52 ,  1 53 
i l iac ,  common/external/ 

internal , 1 1 7 ,  1 1 8 ,  1 47 
i ntercostal , 50 

fi rst posterior (h ighest ) ,  1 1 7 
posterior, 1 1 7  
superior, 1 1 7 

i nterlobar, 1 50 
i ntestinal , to vi l l us ,  1 42 
jugu lar, anterior, 1 1 6 

external/inte rnal , 1 1 6 ,  1 1 7 
l i ng ua l ,  1 1 6 
l umbar, 1 1 7 

ascend i n g ,  1 1 7 ,  1 1 9 
marg i nal , lateral/medial (foot) , 

1 1 8 
max i l lary, 1 1 6 
median , of forearm , 1 1 0 
mesenteric ,  i nferior/superior, 

1 1 3 ,  1 1 9 
metatarsal , 1 1 8 
p lantar, 1 1 8 
obturator, 1 1 8 
ophthalm ic ,  superior, 1 1 6 
ovarian ,  1 1 7 , 1 6 1  

pancreatic ,  1 1 9 
of the penis ,  1 59 
phren ic ,  1 1 7 
plantar arch ,  deep,  1 1 8 

lateral/medial , 1 1 8 
popliteal , 1 1 8 
portal , hepatic ,  1 1 9 ,  1 44 ,  1 45 

hypophyseal , 1 52 ,  1 53 
pulmonary, 1 04 
rectal , i nferior/middle/ 

superior, 1 1 9 
renal , 1 1 7  
retinal ,  95 
retromandibular, 1 1 6 
review of, 1 20 
saphenous ,  great/smal l ,  1 1 8 
segmental , renal , 1 50 
si nusoid ,  see Sinusoid 
splen ic ,  1 1 9 
structure of, 1 03 
subclavian , 1 1 0 ,  1 1 6 
subcostal , 1 1 7 
suprarenal , 1 1 7 
tempora l ,  superfic ial , 1 1 6 
test icular, 1 1 7 ,  1 47 
thorac ic ,  i nternal , 1 1 7 
thoracoepigastr ic ,  1 20 
thyro id ,  inferior, 1 1 7 ,  1 54 

middle/superior, 1 1 6 ,  1 1 7 ,  
1 54 

tibial , anterior, 1 1 8 
posterior, 1 1 8 

types of , 1 03 
umbi l ical (fetal ) ,  1 70 
uterine , 1 62 
varicose , disc ussion of, 1 1 8 
vena cava, see Ve i n ,  caval 
venous arch ,  dorsa l ,  1 1 8 
vertebra l ,  1 1 6 

Vena cava: see Vei n ,  caval 
Ventral , defi ned , 2 
Ventr icle , development of, 80 

fourth ( IV) ,  76, 80, 82 
lateral ( I ,  I I ) ,  74, 80, 82 
th i rd ( I l l ) ,  74, 75,  80, 82,  1 52 

i nfundibu lar recess , 1 52 ,  80 
pi neal recess , 80 

of the heart, 1 05 
Venu le ,  structure of, 1 03 
Vermiform appendix :  see 

Appendix ,  vermiform 
Vertebra(e ) ,  cervical , 27, 28 

coccygeal , 27 , 29 , 37 
coccyx , 27 , 29 , 37 
l umbar, 27 ,  29 
l umbarized , defined,  29 
parts of, 27 

prominens,  28,  30 
sacra l ,  27 ,  29, 37 

sacral ized , defined , 29 

sacrum,  27, 29 , 37 

thorac ic ,  27 ,  28 , 30 

transitional , defi ned,  29 
Vertebral column , 27 

regions ,  27 

Vertigo ,  99 
Vesicle , i ntrace l l u lar, 8 

seminal , 1 57 ,  1 59 
synaptic , 72 

Vessels ,  g reat (of the heart ) ,  1 04 

types of blood , 1 03 

Vestibu le , of the bony labyri nth , 
98, 99 

of the per ineum, 1 60 
Vi l l us( i ) ,  arac hnoid ,  8 1 , 82 

c horion ic ,  1 66 ,  1 67 
intestinal , 1 42 

Vi rus,  H I V, 1 28 

Viscus(-era ) ,  defi ned ,  1 7  

general structure of , 1 7  

Vision , tun ne l ,  97 

Visual acu ity, center of , 95 
Pathway, 97 

Vitreous ,  see Body 

Volume , in relation to pressure ,  
1 35 

w 
Wal l ,  bony thorac ic , 30 
Wal l s ,  of cavities , 70 

Wave, P, 1 06 
ORS,  1 06 
T, 1 06 

Window, oval , 98, 99 

round ,  98, 99 

Wrist, 1 5 ,  35 

y 
Yolk sac ,  1 65 ,  1 66 

z 
Z l i ne ,  of skeletal musc le ,  1 4  

Zona fasc icu lata , 1 55 
g lomeru losa, 1 55 
pel l uc ida 1 61 

reticu laris ,  1 55 
Zonu la ,  1 0  

Zygoma (zygomat ic bone) ,  24, 
25 

Zygote , 1 65 
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