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ERTREMELY (MPORTANT TIPS

(On how to get the most out of this book)

1 Please review this section before coloring the book. The short tme
required to read through these tips will enable you 1o get the most benefit
from the boak_ AHer leaming the meaning of a few symbols used
throughout, and reading some basic instructions on how to proceed,
common sense will normally dictate the manner in which you color each
plate. It is advisable to occasionally review these noles until such time thal
you tee! complately al home with the colaring format,

5 Look over the table of contents. Note the arrangement of plates,
organized into intreductory, general body organization, systemic and
regional organization, and specific system iopics are organized according
to body system (systemic anatomy), It you are unfamiliar with the study

of anatomny, be sure lo color the plates on terminology {1 and 2) and
introduction to systems and regions (13-18) firsL

4 Turn now to any plate of the bock and note the following

a. Al the top of each plate are coloring notes (CN) which provides
specilic guidance in coloring that particular plate. Be sure to read these
before coloring, The CN will usually recommend certain colors for specific
subscripts, direct the order of coloring, and explain any ambiguities that
might arise. Whether you color the plate first and lhen read the lext, or
read the text first and then color, Is your decision . whichever works
best tor you.

b. A glance at the tront or Dack cover will illustrate the basic principle
of this coloring format: each "title” (a term In colorable outline letters)
followed by & small, lstlered subscript should receive a different calor
after coloring the titke, you should then search through the illustration(s)
and color any structure identified with that subscript, using the same colar
as the tille. Unless you run out of colors, you should nof repsat that calor
for any othar subscripted litle o STUCIUTe, Occasionally, fitle subscripts
will appear with a nurnbered superscript, 2.9, &', A2 and so on. These
titles and related structures get the same color because of the strong
relationship between the struciures.

¢ Take care 1o color the titles firsl. In many instances the subscnpt
identitying a structure is embedded within the sltructurs, If you use & dark
calor for the strueture, vou may obscure the identifying subscript This can
be avaided by simply coloring the title first, and then the related struciura,

d. Aelated plates (cross references) are noted under the plate number
in the upper right corner ('see . Y

4 The mare colors you have at your disposal, the more effactive, as well
as enjoyable, your coloring will be. A minimum of twelve colors, including
gray, is essential, Lighter colors are preferable because they are less likely
to cover up surface detail or identifying subscripts. Gray is an important
color for column headings and migcelianeous uses. Whether you use telt-
tipped pens or colored pencils makes no difference, provided their paints
are sharp encugh for detall work, Crayons won't do. Buying colors
individually at art supply or stationery stores will enable you io choose
from a fighter range, as well as provide the opportunity to replace
individua! colors when they are exhaustad
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5. This book does not have to be colored In any spacific arder, but tha
Individual chapters (indicated by Roman numerals, |, i, and 0 on) should
be colored in numerical order, This is because there are times in which
you will be asked 1o repeal colors used on previous plates, crealing a
color-coordinated sat of interrelaled plates on a region or structure.
However, you may find that certain piates deal with material the tachnical
nature of which exceeds your needs; in these cases, you may wish 1o
gkip the piate(s).

8. Generally, you will be able to choose colors as you wish. Occasionally,
you will be asked 10 usa specilic colors recommanded for struetures thal
are universally colored ona color in atlases: red for arlerias, blue for veins,
purple for capillanes, yellow for nerves, and green tor lymph vessels and
lymph nodes. it is usually preterable to employ lighter colors for the largest
areas, and darker or brighter colors for the smallest areas.

7. Dark outlines provide the boundaries belween areas receiving different
colors (identified by difterent subscripts). In some illustrations, there are
repested identical structuras; tor exampls, numbers of cells, vessels
lohules, and 50 an. Not every one of thase structures may be [abaled

You should, however, colar all of them unless otherwise indicated by the
“don't color” symbal. In those plates with a lot of detall, the identification
of different subscripted areas/struclures and “no color” areas will have
fo be pursued diligently before coloring, 1o prevent mistakes,

d. Symbols used throughout are

-~ = don'f color +* = color gray
n.s = not shown s = pplor black
TR = authineg of a structure s=en below the surface of another

9. In the lext and litles, the following abbraviations may precede or follow
the narmes of the structuras identified, eg, POST. ALURICLULAR M.,
BRACHIAL A, SCALENUS MED. M.

A = Arlery
Ant = Anterior
8r = Branch
Inf. = Inferior
Int, = Intemal
Lat. = Lateral
Lig. = Ligameni
M., Mus, = Muscla
Med. (preceding lerm) = Medial
Med, (after term) = Medius
N, = MNarve
Post. = Posternior
Sup = Superior, superficial
Sys. = Syslam
Tr. = Tract
¥ = Vain
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INTEERYCTION

CN: (1} Golor the four body planes and miated seclions
o the body i wery lighl calors. (2] Take care not ko calar in
areaz matked by "da nol color” (<) symbols

Study of the buman body (anatomy) requires visualization
of infernal regions or parts. Dissection (dis, apart; sect-,
cul) is the name givan to preparing the body for infernal
ngpaction. Ona mathod of dissection parmils consislant
wisual oreEmntation by cutting 1he body inlo parls or sec-
lians along fwed lines of reference called panes. Two of
lhese planas are oriented along the long axis of the body
or body part, ong perpendicular 1o The olher (largiudinal
sactions} The third plane s arented permpendcular o ar
aorass ihe long axis of the body or bady parl [cross sec-
than), Such planes have application in medical imaging
studies, such 68 computarzad lomography (CT) and
magnafic resonance imaging (MAL Here the body inte
fiar 14 imaged as compulerized “slices” of tha body in
sagittal, coronal and Iranswersa planes.

Mediar section 1hraugh the [horax,

Aniuner §

|| Sagitlal gection through tha thoarax

See 2

ANATOMIC PLANES & SECTIONS

CAEIDIAITUN

Thie midting, lengitudenal plane dividing the head and lorso into ngntflm halvosg
The presence of the veriebral column and spinal cord s characieristic of the
madian plang of the torsa The median piang is the middie sagittal plana

SACGITTAL:

The: longituaingd plane dividing the body imo eft and rght pans 11 is parslie (o
Iher median plane and may be appolied to the head, 1orso and limbs

CEROWAL, FREMTAL-

The langitudinal plane dividing the booy into equal or uragual front and back paris
In-CT and MR, the term “coronal” is used by radiclogisis.

CROSS, TRANSVERSE.:

The transvarsa plana diwding the body or body pads inta upper and lowor sogmants
This plane & 8 cross section perpendicular to the longitudinal planes. Transwersa planes
of the body, called axial or fransaxial sactions by radiologists, are commonly sean in

CT and MRI studies of the body,

Coronal saction through the head

Cross seclion through 1he abdamean
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| (N TRODVETION 2

| TERUS OF POSITION & DIREETION -

\  CM: (1) Use bright o dark colors for emphasis
12] Cokar \he: amows bul not the (fust=alions

Tarms of posibicn ard diraction descritie the
| reiztionship of one organ 1o anoiher, ueually
| along ana of the thraa body planes ilusirated
|

in the previous plate. To avaid confusion, ihese =) =

tarmis are ralated to Ine standard znalomical g m

posilion body standing erect, limbs exiended L-'—\—_"_,. ¥ i, A \

palms of tha hands forward ™ \
=||=|l|=-n=nr_e poim "l, |

CRANMIAL, SUPERBICR,
BESTEBARLA

These tenms neles 10 & struciure being closer

1o the head or higher than anothar structure of
ire body. See ihe quadnuped in ihe right comes
for a related application of the erm “cranial ”

ANMTEBICR,; VEMTERAL:

Thesa terms refer 10 a struciure Deing more in
fror than ancther structure in the body The tenm
“antenor” & prelerrad See the quacruped for
another applcalion ol the arm “waniral

PESTERICR; BEBESAL:
These lerms refer 1 8 Struciune Daing more in
back han anofhers siructure in the body, The term
“postenor € preterred. See the quadruped far
another apphcation of the tem “dorsal

MWEEIBL.

This term refars to a structure [hat is closer (o the 41 \f A i ) N Back
madian plane ihan another structure in 1he body. .
‘Wedial” is mmf synomymous wilh “medan

AATERAEDL:

i; This term refers 10 @ struclure thal s further away
‘rom the median plane 1Ran anothar sinacture in

ihe body,

PROKSIMMAL-

Empicved only with reterance 10 the imbs, this
imrm refers io @ struciure being closer ic the
median slane or roal of tha limb than another
shucture In the limb

DISTELe

Employed only with reference to the limbs, this
berm refers 10 & struclure being furiher sway from
e madian plane ar the roal of the limb (han
ancingr structung in the limio

CAVPAL, INFERICOR:

These 18w refer 1o a siruchure being closer

103 1na feat or the lower parl of tha body than
anothaer structure in the bedy. 326 the quadrupsd
ot & related application of [he lerm “caudal.”

SUPERFIGIAL, DEEM.

The term “superficial” s syronymous with exier-
ral, and the lerm "deep” with imerma: Ratated o l § B
fe relerence point on tha chest wall. structure ;

o)
gloser 10 the surtace Of the body is superficial ¢
stuciune furiher away hiom the suface s deep. (".r—-f QUADRUPED —

- Th drupead presants four poirts of directi
| IPSICATERAL: CONMTRALATERAL. i i (vl e e Eng AT, M.

|" 5 L4)
@ @ |‘-ﬁ'\ﬁ\|r 7 '
: / |

Chas! wall

The term “ipsilaleral” means "on the same sde” (ventral), back side (dorsal]. In the tipad (a.g.
(im this case, as tha relerance poaint}, "conlra- human), the vantral sigde & also anierion, the dor-
Iaieral" means “on the opposiie side” (of the sal side |5 slso posierior, the cranial end 5 also
iefigrance posnt) suparion, and the caudal end is nierior
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Jo @RGANIBATICN OF THIE BEBY

THE CENERALIZED CELL

CM: Coler gray ihe vanaty of ool shapss al uppar &1 Liae Nghtest ool
prator A B.C O, Fand G (1) Small circles reprasanting ribosomes (H)
arg found throughoud the cytoplasm () and on the rough ondeplasmic
tetieuium {G0F, color ihose g mneis, including e ibosomes, (irst,
and fhan color aver the ribosomes again with A daikar color EAch
arganalia shown is just one of many found in the iving cef

CELL SHAPESS:

Fibrabias! )

2 carlilags vy

Epihatal

Wit modan

CREANECLLES:S.
CELL MEMEHANE-
0 GERE WILL]s
WUELEAR MEMIBRAME:-
MYVELECFLASN
WUELEOLUS:
G TORPLASM:
EMREPLASING RETICLLUM
@ﬁﬂ@@'ﬂﬂg & EE@TE @Gﬂu‘r'
FIBESERIE
BOLE) EOMPLEZS!
WITECHENBFEIN.
VACUELE / PIN@CYTOTIE
VESICLE
LYSeSCMEL
CEWTRICLE
MICREOTUEBMLE
MICHE FILAME T
CELL (WELUSi@Mo

Thiz call i 1he basic siruciural and functional unit of all Inang things
Living things are characterized by the ability 10 reproduce and grow,
mefaboliza (transiormaton of production consumption of enargy’, and
adap! ic imited changes in har iMemal and axlemal emaronment. Body
structura lacking these characlerstics, sush as conneciive tissue fibers,
s not congidered (o be “alive.” Body struciurs more complex than a cell
consieis of a collacton of cells and their products:

The activilies of cells constitule the ke process, and include ingestion,
asgimiiabion, and digesnon of nuirents. and excrefion of the resido;
reapiration; synihesis and degradation of materals; movement; 8nd
excitabllty or responsa io stimull. The impaimment or cassation af (hese
activities in normal cells, whether caused by Irauma mfection, lumors,
degenaration, or conganital dedects, is tha basis of 2 disordared o
dEsease IOCESS

The chemical compostion of a cell is genarally aboul 15% prolgin, 3%
lipids, 1% carbobydrates, 1% nucieic acids and minerals, and B0% water
by volume), These compounds are integrated 1ogether into organalies,
the working componenis of the cell The basic flunction of cells is to
produce protemn, the siructure of which ig determined by DNA. The
manifesiation of this acivily & the chaaclenstic functon of the call
{eg., lormatkan, repai, and breakdown of structure, secralion, absorplion,
comraction, conduction of seckochemcal inpulses, and 50 on)

Ceall mambrang: tha limiting membrane of the call; relaine irlarnal
structures; permis exporiation and imporiation of materials, Compesed
prirmarily of lipid and protein, erd & smaller emount of carbahydrate,

Micravilli: fingar-lke extensions of the cell mambrane covaring the
tree surface of carlain epitbelal cells, they increase the surface area of
the call. enhancing scaretion /absorption

Muciear membrane: poroUE Membians of similar construction 1o the
cell membrans; the imiting membrana of the nucleus, separating @ from
the oyloplasm, regulales paseage of molecules.

Nucleoplasm. the ground substance of the nucleus, containing the
chramalin or thin threads of genelic material {DNA and related protsn |
During call divigion, the chromalin ranstarms nilo chromosomes

Mucleolus: a mass of largely RNA (and some ONA and profein) in tha
mucieus producing unds of AMNA which combin in 1he cyloplasm ta form
ribosOmes.

Cytoplasm; the ground substance of the coll less the nuoisus.
Conlaing organalles ang nclusions listed Delow

Smooth/rough endoplasmic reficulum {ER): mambrang-lined tubules
1 which ribesomes may be atieched (rough ER; fiattened tubules) or not
{smoath ER; rounded fubules). Rough £ 15 concemed wilh transport of
protein symihesized st the ribosomes. Smoarh ER synthesizas complex
molecules called steroics 0 some calls; stares calcium lans in muscla,
breaks down 1oxins in liver

Ribosome: e sile of protein synthasis whare amino acds are
atring in sequence as directed by messangar BNA from the nucleus.

Golgi complex: flatlened memorane-ined sacs which bud off small
veslclas from the edges; collect secretory products and package them
for export or cell uss

Mitochondrion: membranous, ablong struciure 0 which ihe inner
membrans |s convaluied ke a maze Energy lor cell operalions s gan-
eraled here through & complex sarics of reactions Delween axygen ang
praducts of dgestion

Vacuoles/pinocytotic vesicles: membrane-lined confainers which can
merga with ane anather or athar membrane-lined stincture, swch as ths
cell membrane, They lunciion as ransporl vehicles.

Lysosome: mambrane-lined container of enzymes wilh greal capacity
{0 break down structure, especally npesied foraign substances

Caniriola. bundia af microdubules in the shape of a shar barmal;
uswally seen paired, perpandicular toons anothe:, They give rsa 1o
spindies usod by migratng chromatics during cell civision.

Microtubule: microlubules are formed of prolein and provide siruciural
support for the cell,

Microfilament: microfilaments are supparl struclures formed of pratein
diffarant tram that of microfubules In skeletal muscha, the proteins actn
And myasin fre axamples of thin and thick microfilaments

Call incluslon: aggregation of malerial within the cell thal ig not &
functional part iorganaiie) of (ke call, &g, gyoogen, fal, and so on
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0, ORBAMIZATICN OF THE BODN
EELL DIVISION / MITESIS

£M Uso e coiors you used on Plala 3 far coll going on 80 the next. (2} Cotor gray the name at
meerribrang, nuckear MEMDIEne, PLCiTLs, and ca%-  aach slage and ite Anoropriae arrow of progiesson.
irihe for those Hilles an thie pate, #en thougn ihe Mate fhat in Inlerphasa. the Swomalin matednis
previals etier labels may b2 diffarent Use conbraat- within the ke mambrane i& in 8 (hread-hEe

g aalors for E-E2 and F-F7, and gray for 0-D' 19 stisla: cofol over e entire area with tha sppropriaté
distinguigh the ‘atter from tnose wih the conlrasting color. Mota thal the staning chomatin (D° in inter-
colors (1) Begm wilh tha call o infephass. reading  phese) is colorad diftarently in the daughber calls

Iy ,.-" .
the mlares lext and compleling esch cell befone (2, F2E I Ia ihe same ehromatin J' I.-" U@?@@@W&D@g*
==
Vg :

RELL MEMEBRANE:
WUCLEAR MEMEBRHANE:
WVELECLUS: .
EHROMETIN CHRRMESOS: g
@m@m@ﬁf@m@@mmgy v
CHMEREMMET 1=
@Gﬂ?ﬂ@n’@ﬂ{l@ﬁr
EHEOMAE TN =

CEN TRBOMERE-

CENTRICLE:
ABUTER:
SEPINELE-

The abiity o reproduce ils kind i3 8 charactenslic of living things. Cells
reproducn in & process af duplication and division called milosis Epithelial
and connectve cells reproduce freguently. mature muscle cells not so fre-
quently; mature nerve cells ranaly it gt all, Overactive miloses may resull in
{he larmation of an ercapsutaied umon uncontrolled milbees, assocEied
with irvasiveress and melastases, is called cancer,

As [he main collular changas during mitosis occur 0 the nucleus and
sirrounding area, only these parts of the cell ara ifusiraied here We ars
showing hara how the nuclear chromatin {dittuse nelwark of DNA and related
prolein, onoe duplicaled, ransformes oo 46 chromosomes which divide nio
paired subunits (52 chromaiids), and how those chromatds sepanale and
mave inta cpposite ends of the dividing cell farming ihe 46 chromasomes o
gach of tha newly lormed daughter cells Far clarity, we show only 4 peirs of
chromaiids and chromosomes. The phases of the phsared nuclear changes
during mitosks are

Interphase: the longest period of the reproductiva oycle; the phase Delweaen
succeasive divisions, Duplication ol DKA (in chromalin) ocours during nis
phase. The dispersed chromatin (D% ke & & natwork ol fine fbils, vl vis-
e a5 discrets antities in the nuelroplasm. The call membrane, nucleus, and
nuelenlus are intact, The cenirioles are paired and adjacent fo one anoihar al
gne pole of the call

Prophase: Ihe dsparsed chromatin () thickens, shortens, and coils io
farm condansed shromalin or chromosames (0" Each chromagome
consists of 2 chromatids (E and F) connacted by a cantromers (&) Each
chromatid ras the equivalant amount of DNA of & chromosamea In the latar
parl of thig phase, the nuolear memorans breaks up and dissolves, as doas
{he nucleolus. The centrinkes, having duplicated during inlerphase, separale,
gach pair going o oppogie pokes of the coll Thay project miciofubules
pall=d asiers

Metephase: sirands of spindia fibars praject across the ooll center from
paired centricies. The chromalids altach to 1he spindle finers at the cenird-
mere, and line up in the centes, hall (48] on one side, halft (46} en the athar

Anaphase: tha cantromeres dwide, esch daughter centiomens atached to
on@ chromatid. Each cenromene is drawn 10 1he Ipailateral pole of the call
slong the track of the soindie finer, and taking s chromatid with it The s&pa-
rated ghromatios naw constiiute chromosomes. Anaphase ands whan the
gaughter chromosomes arrve gl their respactve poies (46 on each side)

Telophase: hars the call pinches off in ihe certer, iorming £ daughtar cedls,
gach idantical io the mother cell. The cytoplasm and onganailas had dupli-
catgd sarlier and are sagregated each inlo (hair reapective newly-fcrming
cells As the nucleus is reconstiiuted, and the nuclsar mambrane and
aucleclus feappear in gach new cell, 1Ne ChromasHmes face inlo dispersed
chrewriatin and ihe cenframare disappears. Complets cleavage of the parant
el into daughter calls lerminatas the milDlc procass Each daughtar cell
enlers interphage 1o star [he process arew The process of cell division

sgpyves 1o increase call numbars, not changs cellular content @@Mﬁ@ CELLS:

Sre 3

i;
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lo OREAMIZATICN CF THE BB
TrISSUESE ERITHEEIUR

GMN. Use wery bghl colors INmughout, (1) Salor the amows portmg 1o tha loeabion
o1 1he apithekal BES0RE N 1he hady agans

There are four basic issues of the body, epitheiial, connectva, musale, and ner-
vouss Epithadial lissues (epithetium) form the body's surace (skin), the surfaces

[ o the body's cavitles and thelr contained viscera glands, and all fubular argans,
a0, ducte and vessels. Neuroepihelis corvey sensations Epihelia are artangad
inta single (simpls) or several (stralified) layers, theer calts are baund logethe: by
specialized ibere and substances (e.g. ihe basemant mambrane). Epithelisl tis-
sues are genecally sensifive bt avasculer, and receive thair nutriion by diffusson

SIMEPLE EPITCIELIVRD

Suriace tissoa funclioning in fillration. diffusion, secration, and abeorplian

SELAMOUS:
Simple squamous epitheda line the hearl cavities and the internal surfaces of all
blood and lymph vessels (endothalia), the eir cells of the lung, filtration capsules
and thin lubules n the kidney, 2nd the major body cavities (masothelia) Rapid
diffusion of gases in solution are charactenstic activities i these cells.

EUE20IDALs

Simple cuboidil epiihelia ars generally secrelony c2lis, and make up glands
{hroughoul the body, lubuies of the kdney, termingl bronchiolas of the lungs,
| and ducis of ihe reproductive racls

Simple columnar epithelia ling he pastrontastingl Iract and are cancermed with
secrefion and absorption, Their free (apical) surface may ba coverad with lngar-
ik projactions of cal membrane caded microvlll, noreasing the cell's surlace
ared for secrelion/absorplon

FPSEUROSTERATIEIED COLUMMNAR:
This tissue consists of simple columnar cells bunched Logathar with iregulary
placed nuclel giving the appearance of mulliple call layers. Howaver, each of
tha calls is allached o the basament mambrane. This ligsue lines ducts of Lhe
reproduciive iracts and ar conduction paliways of the respiratory fract. Thay
aftan mxbibil cllla an their free surfaces and comain unicellular geblet-shaped
isecretory) cells: Tha cilis collectively move surface maieral by virue of undu-
aling power slfokes

. STRATIFIED ERITHELIVRD -

Seratified epithatia are generally resistan! lo damage by wear and fear because
| ol ready replacemant of calls Passive diffusion thicugh these layers is slow bu
not mpssibie

STRATIFIED SQUARMCUS:

Thiese layers of cells line the skin. aral cavity, pharynx, vocal folds, esophagus,
vagina, and anus. Tha basal cells are columnar and germinal. The oulermos!
layers of skin epithelia are fiarous-like, Hal, desiccated, non-rucisated cells con-
1gining keratin (& scharoproieing

THRANSITICMAE -

Muliple layers of cells lining ihe urinary fraci. In the empty (confracted) bladder,

the fibromuscular layer s contracted dus to resling 1ension of muscle celis, and

the surface layer of rounded cells is clogely concantrated, creating a bumpy sur

face, With distension of tha iaddar, all tha ceils sireich out 1o form a smooth, Lhin
| surlace. The badder can store volumes of uring wp to 1000 milliliters or o

GLAVDVLAR EEITHELIMD «

Giandutar cajls produce and secrele/exciebe materialz of vanying compositan,
8.0, sweal. milk, sebwm, ceruman, harmones, eEymes, and s on Specialized
gontractile apihelial cells fmyoepilheda) ancourage discharge of the glandula

material

EZRECHINE ¢

Expanne glands (eg. sweal, sebaceius, pancrealic, mammary, and so an) arise
&5 oulpocwatings of epihalial lining lissue, retain a duet to tha free surface of the
caaly O Bkon, and excreta/ secrate sOme sunstance Secretary portions may ke
one af several shapas (lubwlar, coiled, alvenlar) connaciad fo ong or more discts.

Endocring glands ange as epithelal oulgrowihs but lose thelr cornections o the e

surlace during devalopment. They are intimaiely associalad wilh a danse capil-
lary naiwark and secrele (heir products into tham. Saa Plate 128 for examples of
thesa glEnds

.
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U, CREGANMIZSETION BF THE BERY ¢
TISSUES: FIBREYS NISSUES

CN! Lige yedlew for © end T, and red |, (1] Begin with

the [lusiration al middle istt, and the ralaled lilles (A

throisgh K} The lifles and bordess of the mecrascopic ]
geclions of dense regular/imeguiar o1 (P FE) recaive \

1he ealor ol calkagen (F) as ihat s the dominant sirug- —|
fure in both tissues. (2} Do nol color the malix [ Fa __{'
The conneclve lissues (¢l ) connect, bind and suppar body struclure, They consist \ b "‘4)
of variahla numbers of calls, tibers, and ground sunstance (fiuid, viscous sol/ gel, o 4 l\\ .;'
minaralizad) Al the microscopic ievel (here lilusirated at about 500 & magnification ], s 5 T

conneciive tissues range from blood (calls/ Tuid), Through 1he fbrous lssues {cells/
fibets [ vatinble matri) to the mora stiff supporting tissues (celis/fibers/ dense malrx)
ol canilege end mineralized bone. Connective tissue can be sean al visinle Ipveds of
body organization as wed, in tascial layars of the bocy wall, tandens, ligamanis, bone,
gnd soon Ths plale introduces the fibrous connective tissues [C1 proper)

CEELLS - FIBERS: -

FIEROBLAST:. COLLAGE-
MACROPHAGE. ELASTIG:

PR CERA RETICULAR. )

a ‘}_ﬂ‘r D‘ \ 5

T omTmoss spezsn—]

| GAET RS SUBSTANCE: - /

GEAPILLARY. '

LEESE, AREELAR Golo ¢
W | LOUSE, aremiar connective fissue is characlenzed
K ' 3 ! by many cells, a loose, imegular arrangarmeani of

'E-. fipars, and a moderately viscous fluid malnis
B Fibrohbigsts secrole the libars snd graund sub-
J stance of this tissue. Mobite mecrophages enguit
o Y cell debns, foreign maller, and macroorganisms
L, Fat cells, storing lipds, may be saan in small
- | 1G¢ numbers or karge (adipose lissue). Plasma cels
) soctale anlibodies 1 responsa 1o intection. AMast
[ c ‘,r cells comain haparin and mner secreiony pod-
_] I - A uets, same ol which inttiste allargic reactions
L = when relessed MNumerous other calls may ransi
ihe loose librous Lssues, including while blood ceila (lewkacytes). Coliagen (fink- Aggregations of fal cefs, supported by retioular and col-
ages of prolen axhibiting great tensile sirengih) and elastic fbers (made of iha Iegenous fibers, and closely associaled with Boib Dloond
prolein alasting ane the fibrous suppart elemens in this issue Reticutar lssue is 3 and lymph capillarias, constiiute adipose Pssue. The sior-
smalier lorm of collagen, Sorming Supporlng nelworks around call groups of the age/release ol lal in/from edipose hssue i« regulatec by
piood-forming fssues, the ympheid Ussoes, and adipose lissue. The matric (con- hormanes (ngluding nutritional Tactors| and nervous
sisting largaly ol waler with glycopsoleing and glycosaminogiycans in solution) 1s shimull. It ks a source of fuel, an insJlalon mechanical
tha intercellutar ground subsiance in which ail of the above function; 1| is fluid-Ske padding, and stores fal-goluble vitaming Adipase fissae
Ir the threus tissue. Numerous capliarres roam throughout this lissua, Loosa con- is Iocated primarily in 1he superficial fasciae (largely
nactive fssue tound deap io the skin s pallen supericial fascia, subculanaous breas!, butiock, arteror abdoménal wall, arm, ard thigh)
tissue, ar hypodermis || 1s found deep to tho epitholial tissues of mucous and yellow marrow, and the surace of serous membranas

sorous mambranes of hallow organs

BEUSE RBECVLAR Bols F PEUSE IREECEULAR GoUo

Dense, parallol-amranged, massas of collagenous/ elastic fipers form ligamenls
and tendons fhat are powerlully resisiant 1o axially loaded lension lorces, yet
permilting somae streich. Tendons/ ligamants contain few cells; largely fibroblasts.
Elastic. dense regular ligamerts are found in the posteror neck and betwean
yertebran: 1ha tendocalcaneus is 1he lanrgest elastic structure (1Bndon or liga-
man) in the body, stofing energy used in gadl

Dense, rregularly aranged masses of inlerwoven collapenous (and some elas-
lic) fibers in @ viscous matro: form capaules of joints, envelap muscle tissus
[dasp tasciae), ancapsuate cartain visceral organs (liver, spleen, and olhers)
and largely make up the dermis of the sxin. It is impact rosistant (bearing siress
pmnidirectionaly), contans few celis, and is minimally vascularnzed
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0o CHEAMIZATION OF THE BEOLY 7
TISSUES: SUPPERTIVNG CONNECTIVE MISSUES

CM: Lse fe came solors a6 used on he pmevious plate for coliagen  Use light colors ks A, B, G |, and M, Complets tha uppor rraiarial
([} s slastic (E) fbers. Use & lighl tan o yellow for F and red lor L before colring the bone saction

The supporing canneclive tissues cansis! of cartdage and/or bane

@Mﬁlﬂ&mgu Microscopic sections of cartilaga Essue reveal calls (chongrocyles) m small
oF cayities {lacunae) surraunded by 8 specialed, hard bul Hexible malnix
CHENIDROICVIHED consisting of water electiochemically bound 1o proleoglycans and very fine
m@ﬂgm coliagen ibers, Canilage |s avascular; it receives ils nutrition by ditfusion It
- 8 generally does not repair well efter injury bl does replace ilsalt with wear, H-Jwﬁluur el
ﬁ'ﬂ@:}mﬂm = a5 on joint surlaces. ¥ '} =
l_ A G EN Eﬂ@@@n Bora is unigque For s mineralizad malrix (average bons is 65% miners], 35% . j :
@'ﬂ ﬂ%@‘i |-"‘1' h ['g?ﬂ[a}[ E{ng onganic tissue by waight). Bone forms (he skeleton of the body, || is & reser- g \
=3 E '
"J@ wair of ealeium; 1 acts a5 an ancher for muscles, lendons. and ligameanis, | "y D
o =

harmors many miamal viscera, including the cenlral narvous system; il assisis ]
in the mechanism of tesplration, and s a cented of blood-torming (hemopoi-
aic) activity and fal slorage

HYALINE CARTILAGE:

J
; Wit lmanat
Myaline cantilage is & Naxible, avascular, INsensane, compressible cariage, [ ]]

characterizad by liny poses, lis major significance is covering bone ends &l F =
synowial joints (arlicular caritage). Joinl movement enhances nuircan of the

1-3 mm Irick arficular carilage, by pushing synoviel ffuid through the pores.

Hyalire cartllage also supports the nose,; contributes fofhe nasal saplum, and |
i5 the main slructural supgort of the larynx and lowar respiratory trect. |1 iorms ;T:r = }?‘
ine cartilage model lor some bones in embryondc/ fetal cevelopment; 1t 15
olien a part of the intarmadiata framowornk (callus) in 1na healing process ol
Iracturad bone Bon-aricular cartilage is generally ensheathed by pesichon-
drium, & vascular librous lissue

CLASTIC CARTILAGE:

Elasiic carilage is essenlially byaline cartilage with alastic fibers and &

i slightly difterent type of collagen. It supports the external ear and conlributes
ta tha suppon of the larynx (epiglatiis). It is remarkably fiesile; test | on your
exflarnal aar

FIBREOCARTILAGEY

Fihrocartiiage is densa fhrous tissue inferspersad wilh Chondrocyles in &
reduced amount of imMerceliular matrie 1t s found in intenwarebral Gscs, the
sacroiliac joind, pubic symphysis. and in sevaral 5125 of ligamentous aliach-
mienl 1o bone. Fibrocarliege enhances resislance 10 1ensiie and impact iorees.

Microacopic seclions of bone coneist of esteccyies In lacunae, supporied by
collapan finers in a minerakized (calcium hydroxyapatite) matrs. Other bong
calls (ot shvan| inchade bane larming ceils {cstecprogenitor cells, ostec-

, mw@sﬂﬁﬂ@m m g,  biastsjand bone-absaraing cells [osteoclasts) Compaci bone is iha outer,

impact-resistant, weight-beaiing shall of bone. Il ks surrounded on its auter

! AV @&}%’]@& H surface by a fibrows, vascular, cellulzr periastewn. The mateix of compac
%m@& &ﬁ@ e bono accurs in two patterns: concantric layers (amelize| with & ceniral canal

' (haversian syshem/canal] amanged n columng, and layers botwoen ard
@E?@@m + around haversian systems {circumberential Systam) The canals arg infercor
&@@m a nected by volkmann canals; ooth conduct blood vessels. The bone infernal o
= ﬁ' compact bong i3 trabecudar, characterized by irregular and mterwoven bony
@ﬁ;@@ &D@@&D~ baams (spongy bans), These beams are constanily recrienting i response Lo

mmmm} @@m& i the stress imposad on them. Uniike cartilage, bane is wail-vascularized, bone

colls reach far vasewar nutriion by mulliple long cellular processes threading

Eﬂ%ﬂ:» through small canals {canahicul), giving the cells an nsecl-like appearancs
SPENEY BRUWEwN

! g i
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CN: Use (he same colors as used on the previous plale fof hyalina
garilage (A}, parnsieal bone (B} which was compaecl bore on Plale 7
ard andochondral bona (E) which was spongy Bona. Uise rad for 0
Complate aech siaga botore gaing o0 fo the nexl. Do n color the
pefcbewn Whveh appears adjacan! bo panostest bane m slep 3 and
coninuee 10 ine #@1d Color the small shapes (E) 1hal appear ¢ ihe
gpiphysas and, 1o & lesser extent, (he daphyses (views 5-8) They
sepresant spangy |cancelows) bone of endochondral angin

Bodie development ooours by intramembranous and/or enda-
ghondral ossftication. Here we 3how longiiudinal sections od
developing long bone, demonsirating both forms of eseiticaton,
bl emphasizing endachordral bone growih

The erdochondra! process heging af abowl 5 weeks ol posi-
ferilization age with iormation of carlilags madets (bong pro-
totypes) from embrycnic conneclive tssue, Subsequently (over
the nexl 16-25 years), the cartilags is rgaly réplaced by bone.
The rate and duralicn of this process largely determings a per-
san's sianding haight Infremamaranous bone developman
bEgins in embryonic cannective issus (membrans) and does
ndl involve replacemant of canilage. The llat craneal bones, the
ciavicle, And (he bone collar surrounding the shaft af cartilage
miedels devalop in thes fashion

Endochondral cesificaton begins with & fyafing cartiage model
{1} A5 1he cartilage stucture grows, Bs ceniral parl debydrales
The carillage calls there begin to degensmals: arlargs, die and
paity (2). Concurrenily, bicod vessels bring bane-farming calis
in ke wakst of the cartiage model and a colar of bone (s

famed araund the carlilage shaft (2} wilhin the mambrancus
perichandrium | inramembranoue ossilication). This vascular,
pilluler, liorous membrans asound 1he Bone collar is now called
periosioum. The new bone collar (perfosiesl bong) becomes a
supporting tubular shafl for the carfilage model, with a care of
deganarating, calcifying cartilage [3)

Elood vessels from (he fibrous periosieum penelrate the bane
collar, onter the carlilzge model (penosteal bud), and prolierate,
eonduching periosiesl osieablasis imo the canlilage model (4)
Starfing at about B wesaks past-fertilization, 1hege bone-farming
gills Ire up along pennsuias of calcified cartifage at the
exiemis of Ihe shafl [diaphysis) and secrele new bong (5). The
ealcfied cartiags degensrales ard (s absorbed (nta the blood:
erdochondral bone has now replaced the cartiiage. The two
iles of ihis actvity are called primary centers of ossification (5}
The direction of growth al ihess sites |5 tavdrd tha ends of the
geveloping Done The calcified carlitage and some endo-
ghondral bone of ihe digphysis 8 subsequently absarbed,
forming [ne madullary or marrow cavity (5} This cavity of he
developing tbular bone shaft bacomes filled with gelatinoue fad
martow |n he felus. Productive primary (diapmesel) centers of
pasication are well established at ki

Beginning in the firs! lew years after birth, secondary cenlers
of pssification begin &t 1ne ande or eoiphyses as blood vessels
pensirais the caridage hers (6). The healthy cartilage batween
ihe epiphyseal and taphyssal canters of ossfcation DEComes
fhe epinhyseal nlafe (7). 1L is the growth of this carfizge that is
resporsible for bone lengthening; 1 e the gradual replacement
o this cartilage by bone celis in the mataphysis (7) that Dhing
this plate and ullimately permets lusion of the epiphyseal and
diaptyseal pasilication centers (8), ending longitudinal bone
growth (&t 12-20 years of age). Densa areas of bone at the
fLgkon e may remain into maturity (epihyseal ne). Epiph-
ygal bone i less struciured (irregular beams) than that of

he digphyess [organized columng of Gsteons), and in maturiny

i called spongy or cancellous bone (recal Plate 7)
[Mramembranous ossilication of the diaphyseal shatl (bone col-
lar ta compact Bone) I8 nesponsible for the widenirg of devesop-
g long bone The nasification process is regulated oy growth
harmaone [from the piluitary gland) ang the sex hormones

0, CRGAMIZATICON CF THIE BOBY
TISSVESS

Seenlsa 7
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0, OREAMIZATION GF THE BODY g

TISSUES: MVUSCLE

Muscle tissue, one of the four basic lissue Iypes of [he body, consisis ol mus-
cle cedls ("fibars™) and their fbrous conneclive lissue coverings There ate
thres kinds of muscle tissues: skeletal, cardiac, and smoalh, Musols lissus
ehortens (contracts) in response 1o narve, narve-like, or hormonal simulation
Depanding o0 thefr alachmeanis, skelatal muscles move banes al joints, con-
sirict cavities, and move ihe skin, cardiac muscle compresses & haart cavity
or rehestralas the sequance of cardiac mMuschks contraciion and smoath
muscle moves the conenls o cavilkea by rhythmic contractions, consiricls
wessals they surround, and mavas halrs/closes pores ol the eXin,. The sur-
rounding conneclive fzswe transherns the force of contraction from cell to ced),
and supports the muacie libere and the many blood capilaries and narves
That supply them

SHELETAL/STRIATER MUVSCLE,- GELL-:

SRABCEOLEMME -

Skeletal muscle celis ara long, sirsled, and mulli-nucieated, formed of
mpofibelis, miochondvia, andg athar arganalies within the cylopiasm
(sarcoplasm). Each eall is enveloped in cell membrane called sarcolemma
Collectons ol muscia cells make up the beily of 8 muscha The Righly vas-
cularzed skelelal muscles contribute greally (o the size and shape of 1he
pody. Skeletal muschas attach to bones or olher muscles at ther lendinous
ends, Betwesn bony elilachments, Muscies crOSa DNe ar mMore joints, moving
them. Muscles always pull .. thay never push. Skeletal muscle contractons
oongist of rapid, brigd sharlenings, atten ganaraling cansiderable force Each
coniracting cell shorlens maximally, Thoee kinds ol skalelal muscls fibars ane
recognized: red [small, dark, lang acting, siow conracting, postural musole
finers with capgen-feh myoalabin and many mitachondsa), white | relatively
Iarge, pale, anaerobic. shart acting, 1ast contracting muscle fibers with few
mitochondria), and imermediate libars, With exedcise, las! libers can comar!
fo siow. staw fibers can conven Lo fasl. Confraction of skeletal muscle
reguires norees [innenvation ). Withoul a nerve supply (denarvalion), skolelzl
muscle cells gease o shorten; withow! reimmerdation, tha cells will die. &
denorvated portior of musche loses its 1one and bocomes flaceid. In ime, the
enfire muscie will become smaller (atrophy) Muscle confracton |s generally
undar voluntary comral, bul the brain invaluntarily maintaing & degres of
gonlraction among the body's skaletal muscles {muscle tane) After injury,
skalatal muscle cels can regenarale (rom myoblasts wilh moderale lunc-
Sonal significance; such regensaralion may alao ocour in associalion with
muscle call Fyperirophy N responsa o Waining / axercise,

CARBIAG/ STRIATED
WUSCLE,: GELL «
INTERCALATER BRISE:

Cariac muscie calls make up fha heart muscle, They are branchead, striated
callzs with cne or two centrally localed nuclel and 2 sarcolemma surrounding
Ihe sarcopiasm They are connecied (o one another by junciional complexes
called imlercalaled oiscs. Their struciure is similar to skeletal muscle, bul less
mpenired. Cardiac musecle i highly vascularized, its confractions are rhyth-

mec. slrong, and wel reguloled by a speaclal sel of impulse-conducting muscle

cells, not nerves Reles of contraction of cardiac muscle are mediated by the

pularomic (wacerall pervous system, the nerves of which increass/decrease

heart rate, Cardias musche is probatly nol capable of regereration,

VISCERAL SMEETH MMUSGCLE,:
CGELL

PLASMALEMMA -

Smoolh muscla calis are long, fapered ceds with centrally placea nuclai.

Each cell is surrounded by a plasmalemma (cell membrane). These cells are
smooth [ron-strialed). Myolibeils are not seen; 1he myolilaments mtargec! with
one ancihar in & pattam less crganzed than thal ssen in skalsal muscha
Smooin muscle cefls oeoupy the walls of organs with cavilies (viscera) and
senve o propel the contanis along the langth of those cavilias by show, Sus-
tained, ofton powerful riwthmic confractions (consider menstrual or intastingl
pramps| Smnoth muscle cells, oranted parpandicalar 1o the llow of Tubukar
goments, act as gates (sphinctars) in specdc sites, reguiating the fow as in
dedaying the flow of urne Well-vascularized, smooth muscle fibers conlract in
responsa lo bath aulonomic narves and hormanes. They are also capable ol
spontanecus contraction. Regeneration of smoolh musce, 10 some extenl, is
possinie after injury.

CM Use rad lor C and your lightes! colors b B E, G and | (1) The
sarcolemma [F], which covers sach skeleial and cwrdine muascle cell

Is colueed only &t the cut ends. The plasmakermma (F7|, wiich covers

Bach smooth muscie call, 15 colored only @1 1he cul ands. (2] The

nuele ol cardias and smoolh muscle calls, located desp wilkin thie

cells, are 12 be colored anly al the cut ands (&), (3} One of the Inter-
calated discs 1) of the cardiac calls hes been saparated to raveaal its /
struglure [chematcaly) (4) The cellular views Gre microscapio

SONNEETIVE TISSUE: A%
CAPILLARY:
MITOECHEMBRICW »

Myadioris
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I, OREANIZATION CF THE BERY

CN Lise the same colors used on Flate 3 for sarcolemma (A]
ard milachondrion (D) Lse it same eolor used on 1he skeledal
musoie cell lar ina myafiael (E) nare. Uisa light colors for G ard
J & dark colar far M, and wery derk eotors for Fand K The gell
muraus 5 not shown here (1) Begin with the drawing of The
arm (2] Color 1he parls ol thie muscie ol nine central illus-
Ealion. noto the prasence of milochondea (D) belwesn tha
myolibrils (2) Color the parls of thie eaposad (lowest) myofibell
and the color-reigted Miers, Bands, ines, zone. Mot [hak thi
cul pnd of this myofibril receives the toles E. lor idenlficalon
purposes, and is part of the A band of the sircomera ad|acant
w0 Ineone 1o be colmed (4) Color the relaxed and contrecied
garcomers, (he liEments. #na G meqhaniam for confraction
noting the calor relafionship with the mypofibel and (19 pans

# part of @ skelslal mUscle el 15 Shown with the sarco-
femrra apened 1o revaal some slludar conterts. The
most wisible of 1he contznts are he myafibnis, the con-
maetie units of the cell Thay are arveloped by a ial
lubular sarcoplasmic reficuium (SR) thal, in parl, ragu-
fates the digtribution of calcium ons (Ca**) inla tha
myafibells Inward fubular esdansions of the sarcclemma,
calied the Iransverse fubule system (TTS), run trans-
wargely across the SA, a the lavel of the 2 lines of the
myotibrits. The TTS, cantaining stores of sodium jons
[Ma*) and calcium ions (Cat), conducis slectrochemical
excitation 1o the miyofiords from the sarcolemma,
Mitochondnis provide enargy for the call wars

The myofiorils consist of myofilamante. Ihck Maments
(lergety myyasin) with heads that proj@ct oulward a5 cross
bnidges, and thin filamers (largely actin) composed of
fwo inferwoven sirands, These two filament lypes @e
arranged inlo conliactie unils each of which is called a
sereormare. Each mvolibrll consisis of several, radially
grranged sarcomaras Al the end of sach SaNComEers, the
thin flamenis are parmanently attachad o the £ une,
which separatas one sarcomere from fhe next. The rala-
we arrangament af the thick and thin filamants in tha
sarcomere creales ight (1, H) and dark [A) bands/ rone
#nd tha M line, all of which contribute o the appearance
of crosa alrialions i skeletal (@nd cardiac) muscles
Shortering of a myolibril occurs when the fhin filamenta
slige toward 1he center (H Zone), bringing the £ lings
cioser iogether in each sarcomere. Tng filaments do nol
shorien; the myosin flaments do pol move, The close
retationship of the TTS todhe £ lines suggests that this
s is 1he “irigger area” for induction of ke sliding mech-
anmm. This sliding motion is induced by cross bridges
theads of the mmavabie thick fitamenis) thal are con-
aetied 1o the hin flements. Activated Dy high anargy
sonds from ATP the paddla-like cross Bridgas swing in
poncer loward the H zane, draweng the thin ilamerts
#ih (kem The sarcomers shorens as the opposing thin
filgmants meat or evan overdap al the M line

Decurring simultaneausty in all or most of the myofibnis
ol a muscle cell, shartening of sarcomeres transkates to
i vaniable shortenng of the resling kngih of the muscle
cal Rapeated in hundreds of thousangs of condiloned
muscle cells of a professional athlate, thi resuliant con-
ractile force can pull a baseball bat through an arc
pufficient In send a hardball &8 hundred mMeters or more

through the air
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TISSUES: SKELETAL MUSCLE STRYCTURE
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L [ CREAMIZATION @F THE BERY n

Sad 13

rISSYES: WERVEUS

CN Use & light colar lor A, Nole tha smail amows

B which irdicale dirseion of empuiss cendection. The
pauronE of the parlphprni mervouE syalom shown il
lower [eit ara lllusirated in the anontation of the ekt
wEpE W, atthough ghly magnified

TYRPES GF MNEUGCHMS -

— &

WHIE@LAR. :

PERIPHERMAL FROCESS CENTRAL FROCESS
c : - N r' T "i! —% -

S Gy
B PELAR:
. —_— —

WEVRE-

CELL BOBY:

PROCESSES):
BEMBERITE:
AP{OITIE

Nervious fissue conaists of newons (nerve cells) and neuroglia. Neurons

-

ULTI COLAR:

MNeurons 1all into thrae structural calegarnes based on numbers of pro-

generale and condug! alectrookamical impulses by way of maurcnal (cel- cesges (“poles”). Processes that are highly branched (arbarized) and
{uar) processes Wemoglia sre the supporting. non-impuise panerating) uncovered are called dendrifes, Skender, long minimadly branchad pro-
conductirg calls of the nemvous system Tha mair, nucleus-bearing parl cf cesses are called axons, Within each category, \here (s @ greal varety of
IMé neuron i the cell body. Its cytoplasm containg the wsual cell ongan- shape gnd size of neurons. Umpolar neurons have or appesr 0 s
efies. Uniqualy, the endoplasmic reticulum occurs in clusters called Nissl {pseudounipolar) ore process which splils near its ce’l bady Info & central
substance Meurons do nol undergo miloeis after birth, compromesing fheir &nd peripheral procass. Both processes condud! impulses in the samea
shility 10 regenerale alter inpury, Neuronal growlh consists of migration and direclion, and sach is termed an axon [$se 1he sensofy NEUNan &l lower
| arborizailon of processes. Neurens are the impulse-conducting cels of lefl). Bipolar neurons have two (central and parpheral) processas, callad
| fa brair and spinal cornd (central nervous system or GRS and the spinal aans, canducling impulses in tha same direchion (see Plate 137). Mall-
| ‘#nd cranial nerves (peripheral nemvous system or PHNS) pafar reurana have three of more processes, one of which is an axon (soe

PHES motor nauron al iower el and CNE newon &t lower right)
PERIPHERAL NERVOUS SYSTEM (PNS)

CENTRAL MERVOUS 5YSTEM (CNI

PROTOPLASRIIG ASTROCYTE-
FIBROEVS ASTHREOECYT=
CLICGOEENEREECYTE:

b e o
M0ECHBEE LI,
Wos! axons are enveloped in one ar mara (up 1o 200 layaers af an
insuteling phosphohpid (rreaim) that enhances impulse conguction
rates. In the GNS {lower righi), myelin |s producad by odgodendroc yhes:
in the PNS (lowes ledl), by Schwann cells. All axons of the PNS are
ensheathed by the cell membranes of Schwann cells (neurlamma) but
nel nacescanly myain. The gaps batwesn Schwann cells are nodes
af Ranwier, making pessible rapid node-lo-node impulse conducton
Schwann colls maks possibia axonal regeneration in the PNS. Sigif-
icant exonal regenaration n the CNS has nol baen observad
Weuroglie exst in both the CNS and PNE (Schwann cells). Profo-
plazmic asiroeytes acour primarily in gray matter (dendrites, cell
bodizs) of the CNE, fibrows asfrocyres in the while matter (myshnatad
axong]. Thier processas atlach o Both nBwong and biocd vassels and

SN EIU @@M@ﬂ;ﬂm: miy offer metabolic, nubritional and physical support. Theay may play a

%W&Uﬁgp rale in the blocd Bram barmer Oligodendrocytas ara smaller IRan asto-

cytes, have lewer processes, and ae sean near neurons. Microgia

@@Cﬁg w@ﬁ!}m @@&& F ar2 he small scavenger calls ol the bramn and spingl cord

Mewromunculor
funzliar :
Skeletal

musale
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L ORGAMIZATION OF THIE BOBY

12

B pimte hEs one goal (o &id yeu in visually infegrating the four besic
88 o somatic (Body wall] and visceral (cavity-conaining organs)

re. Concenirale on how the tour issues are arranged in sach

i of body struciure. Considar the general function of each

B | ihe ovarall lunction of the part/argan. There are an infinile

imber of functionally related variations in the way fhese four tissues

I8 digorste consiruction af the soma and viscara of the body,

SEMATIE @F@@@?@@l
__-::u W CUTER LAYERD):
EOWNECTIVE TISSUE .
SN (DEER LAYER): _
SURPEREICIAL FRASCIA ||+
PDEER FASEIA B
LIEA MEW T '

WVSCLE TISSUE-
 SELETAL MUSGLE-
RYVEUS TISSUE.
WERVE:

pmalic slruclure, making up the skin-covered musculcskalsial frami of
& concemad with stability, movemenl, and protection. I1s con-
eflecis fwese lunchions. The outermost coverirg of the body wall
ywhers is & prolectve keratinized siraliied squemous epithels!

B, ccnstiluting the auter fayer of skin (apidarmis). Other apithakial

m somatic siruclure are the inner layers of blood vessels. and the
g (ol showr) Connaclive liesua layers of the body wall mcluda tha

igper of sk (dermis ), consisting of dense, irmegular fibrous comnec-
g, and the sub-adacont, vanously mobilo, subculBnEous Super

EPIUTTHIELIAL VISSUE
MWUEESEAL GO0 G
EBLANE -
m@ (EVTER LERER
CEONMNECTIVE TISSUE
mam BEOE0E 2
E@Eﬁ M@O@Q &
2 (IMER &.&Tﬁ@ﬁz’w
ﬁ@ﬂﬂ@@&@ TISESVE:
SOCTH MMUSELE:
m@m TISSUE:
WERVE CELLS

o

Vizcaral structure 1= generally concemed with absorbing, secrating, trap-
png. &nd/ or moving oo, air, secrelions; and, or waste in is cawties
Epthadial tissue is the innermasl layer (mucosal ining) of the thin and
platie visceral wall |1 faces 1he lemen (cavity of the viscus), it s often
a smgle layer of cells (esophagus. urinary trach, and reproducte ract
wxcepiad) and deals with 1he contents of the visceral cavily. Glands, uni-
cedivlar or larger in 1he Mucosa of sUbMuUCosa. ane epithelial, as are the
| innar ayers of blood and lymph vessals. The mucoga includes a gub-
epithela myer of loose ibrous lissue (faming pruprlﬂﬁ, suppartng mobile
pels plands, vessels and rerves. The deapost layor of the mucosa (whon

VISCERAL STRUETURE

PTECRATICON OF FISSUES

CM. Use yaliow for D and lighl, conirasting colors for A and B
enid @ medium brown for G The vanous veesels Thal gre shown
In thess loswes —artenes and vaing abovg, and artoricles, ven
Wles. capilianes, and lymah vessals below —ane 7ol 10 be col-
ored, & they are made up of more Ehan one basic tissues. Noas
1hat wilhin ceep lascia. arieries are ganarally pairgd wilh vising

APy

ficwal lascra (loose conneclive and adipose lisauves ), conlamning culaneous
nerves, small vessels, and occasanal large vains Deap fascla, a mare
vascular senslive, dense, irregular fibrous lissue, ersheaths shakatal
muscle (myolascial lissue) as wall as the supporing nerves and vessels.
Ligaments {densa regular connective tissue) hind bone 10 hone by way of
perasteun (vascular, cellulas dense, irregular, fibrous lissue), Shebatal
muscies and thelr nerves are packaged in groups, separated by slipparny
sepla of deep fascla securing neurcvascular structure. The firous invest:
ments of skeletal musole convergs 1o form tendans ol the muscla

presant) s a thin smoath muscle layar moving finger-Tike projections (villl)
of the mucosal surtace, Deep 1o the mMucosa is 8 densa fibrous liseus (sub-
mucosa), replete with large vessals and amall nerves/nerve calls (inframiural
genglia) supplying fhe mycosa Deaper e, two o ihree layers of smooth
muscle {tunica musculars), innervaled by local narve cells, move the
visoeral wall in pefistallic contractions. The outarmost layer of the gasir-
imestinal ract is the slippery serosa: an ower secrelory simple sguamMouS
gpithelial layer and an inner supporling layar of light fibrous lissue,
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- aniivodies, and layers of cells and keralin ressting

0. SYSTEMS ANVD BEEICWS 13

SVSTEMS OF THE (1) il

CN Uso light cokors on this and the noxt plale.

Calor the enlire skedston (&), only the knee jont and shoulde:
[0t RRcw jninl capsalas [A'). Color (he entirs mosnu et (B
e Color all the vessais and hear! (G arbenes and haart
mil yaing bue Calor all lymphatic vasgaia (D) green, Color all

e perves. &5 wall @3 ihe brain andg apnal cord (E), velow Do
| eaine thd BRCkground of e FRCTANGUEAr INGRE rpresanting

ha andocnng syslem (F), Choose & skin color for 1ha imegu-
mant syatem (3]

Callections of simitar cells constitute tissues. The four
Dasic lissues ara indegrated into body wall and visceral
sructures/organs. A system 15 a collection of organs and
sgiroclures sharing a common function. Organs and siruc-
lufes of & single system occupy dversa regions wihin
he DCII'.";I ancg are no necessanly FI}JEQU Eﬂgﬂh&f

SHELETAL SUSea
ARTICYULAR S¥Sex

The skelstal system consists of the skeieion of bonas

and thair pariostaum, and the ligaments which secura the
bones at poinls. By extension, this sysiem could include
e varied fasciae which enshealh the body wall/ skelatal
muscles and confribute to the body's structural stakilily
Thee articular sysfem comprises e joints, both movaba
and fiwed, and the related siructures, including joint
capsues, synovial membranes, and discs/ menisci

MUSCULAR StiSoe

The musawdar system includas the skalelal musclas
which move the skeleton, the face, and other structures, i
and give form o the body, the cardiac muscle of the ) al wiscus
neart walls; and the smooth muscle of the walla of vis-
sare and wessals, and in ke skin

EARDICVASCULAR SVS:- 4
Tha cargiovascuiar sysfem cansists of the 4-chambered
heart, arahes conductng Dlood 10 the tissues, capllianes
thiough which nutnents, gasas, and molecular malerial
pass bo and trom e lissue, and veins returning Dleod
from the tissues 1o the heart Broadly inlerpratad, the
egrdiovascular system includes the lymphaiie system

LYDPHATIC STSer

The lymphatic sysierm s a system of vessels agsisting

lhe vaing in racaverng the body's lisswe fluids and
felimng hem ta the hiearl. The body ks aboul 60% waler,
gnd the vans aone areé genarally incapable of meating
B demands of issue drainage. Lymph nodes filer

lymoh ard ara located threughaud the body,

e
WERVOUVS SUVS0:

The merviuss system consiats of impulse-genamiing/con-
ducting issue organized into a central nernous system
|bemin Andl spinal cord), and A peripheral Nervus systam
Inenvas) thal includes ihe wscaral (aulanomic) narvous
sysiem involved in involeniary “light ar light" and vege-
teive responses

EUDECRINE SUS.r

The entfocime sysiem consisis o glands which secrele
ghemical agents (hormanes) inlo the fissue fluds and
Biooi, allecting the funclion of mutipla areas of (P Body
Mgy of Ihese glands are under some cantrol by the

train {hypolhalamus) Honmores Felp maimtan balanced
melaaolic functions in many of the body's systams

I TEGUIMEWNT: SU7Sos

The integumentary sysiem is the kin, repleta with
gends sensory recepors, vessaels, immune cells and

@Emonmental faciors harmill 1o the Body,
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. SYSTEMS AND BEGICWS
SYSTEMS OF THE BERY B)

CN: Uise ditfasent kgt colors rom these wvied on iha pre-
ceding phate

EESEPIRATORY SYSo: |

The rasairalory sysiem consists of the upper (NoSe
fhecwgh leryr) and lowear rasalratory fract (Iechea
Iheowagh the air spaces of the (ungsh. Most of the tract
¢ airway; only 1he Bir spaces (alveol] and very small
tronchaoles exchange pases Detwasn aheot and the
lurg oapillarias.

PIGEETIVE SVSo:

The digestive sysfem is concoarned with (he break-
g, digestion and aeimitation of fooed, and
gagration of the residua. s tract bagins wilh the
maul, confinues down 10 1he abcomen whenen i
{3kes a comvaluled course to opan again at the anus.
lenpciated glands nohide The liver and pancreas,
mcluding the bilary system (gall bladder and relatad
ducts)

UEBINARY SYSo.

The winary system = concaermad wilh the consena-
fios of weter and mainienance of B neulal acd-Case
Balance In the body Iids. The kidneys are the main
nclionaries of thie system, residual Tiuid (urine) i
mereled through weters fo the urinary bladoer lor
wiention, and discharged 1o the oulside through The
urEhra

IMVIE /
LY PHCIED SVSer

The iymphaid systerm consiets ol organs concemed
with body delensa! thymus, bone marfow, Splean,
mph nodes, tansils, and smalsr aggregaies of Lymge
ymphoid lissue, This system, including a diffuse
arangement of immune-relatec cells throughaut tha
body, is cormarned with resislance io invashe micro-
geganizms, and the removal of damaged and/or ..
orherwise abrormal celis voanal

BERPHRODLETIVE
@:@D .l'ir @@G}EI&{LE L

Tha lamale reproductive system (s concemned wilth
fhe secislion of sex hoomones, produciion and frars-
pariation of germ cells (ova), receipt and ransport of
mailis garm celts 10 the fertiization site. manienance
of the devaloping embeyo! letus, and irdbal Swsle-
nanca ol 1ha neswborn

REPRCDUESTIVE
SVS:/ MALEw

The maie raproductive system is concemnsd with the

secredion of male @x hormones, tormation and main-
fenance of germ cells (sparm), and transgon of garm
gels fo the lemale genital fract.

Lt

Uiirine
hibe=
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0l SYSTEWS ANWD BEEIOWS 15

BEEICWS @F THE BeLY

CN; You will moal likety have 19 repeal oolors
wnpng the arrows shown here Conssder a colming
patlierm based on major regions [shades of red for
maad and neck, bluss Jor wppar limd, Brown Tor ibwer
limb, #rd 53 o6l

WEAD/ WEELTe-

GRIA ML A

CREITAL:

FAGIAE:
RORWEIEVLRF -
CERVICAL:
SUPHEAGLAVICULAR: -

VPEER LIMB-
BELTEIE

A2 LLAVGRYP.
BREECHNAL
GUERITAL .
ANTECUBITAL «
ANTEBRRCHIAL .
EARFEAL

TCICRAEIE
PECTORALx
SCAPULAR.

ABPEMINERPELVICS:
ABEEMIMALF
PELYVIEa

1@V =
PUEEWBAL:

BIOEI4R

THERAGIE

LURDEBRR U
SAECHR@ILIAG v

L O0R0ES «
@LUTEELw
FERIOFEAL x
PATELLAR~
PERLITEAL:
GRURBAL .
MALLECLAR:
TARSAL

Regional analarmy is ihe organizaton ol human siructural parls
by regions, The study of regional anatomy |8 accomplished by
dzsaction of body parts in an embakmed cadaver The study and
swarenass ol regional anatomy is fundamental to hands-on haalth
care providess whio Bxamine and avaluate Ihe human body. Wilhin
gach region, thare are usually sub-divisions or 3ub-regions, 2.9,

wAnin the cranial region, there are frontal, pariatal 12mporal, and

pocipital aub-regions. Characterstically, each regeon is composed

of sffuctures reprasaning Beveral eyelams.
L
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0. SYSTEMS AWD RBEGIONS
CAVITIES & LININGS

B Excepl for H, use light colors thioughout, 1) Noke thed The lmings lor closea body
eavities are Al ooioren grey (2] e apen Waceral caviiees shown beldw, the inngs
Ml a darker eolor [H), and 1ha clased eavilias have thair mings omilted,

CLESER BEPY GAVITIES: -
CRAMIAL/ DURA MATER
VERTERRBAL/BURA MATERs»
THORACIC: /PLEVRA )
RELOMINGEELVIGC: /PERITONEUL '
Closad booy cawities sra not open 1o the outside of the Eody. The g

crmmial cavily 18 located in the upper parl of the skull and houses !
ima arain and ralaled structures. Il s continuous wilh the verlabral (

cavaly (canal] within the vertebral colurmn. The vertebral canily
coftains tha spingl cord and related vassels and narve rools. The
tough, ticrous tayer Bnng the cranial and veriebral cavities is caliad -‘1\
the duwra maher Portions of the dura envelop the brain and spnal
cood; oiner paris are folded o form dividers {dural sepia, pol \
shown | saparaling parts of the brain
Tne thavacic cawly & Iocated in the thorax, surrounced by the nb
cape and ralaled muscles; il8 postanior wall is 1he verabral codumn,
A8 fioor is the muscuar thoracic diaphragm. The tharacio cavily is J
fiviced by a ceniral sl of siructures (mediastinwm) inlo leff and

- iight cavities for the lungs. These cavities are lined with a thin layer
of simple squamous, sacretary epithalium suppored oy librous
fizsue. Such & lining secreles a watery (serous) fluld and is called a
SRrOUE membrane o earosa. The seqasa lining the [horacic cavilies
for the lungs Is called plews, & subject 1o be developed in Plate 95
Thie abinminopahvic cavly is located amasior to the postaraor
abdamnal wall. 0 & surrounded antaniorly and lalerally by muscle
@yers the lower ribs and ralated muscles, and the bores of the
oelis |15 upper and lowver boundaries are muscular (respiralory
and pelvic) diaphragms. The abdominopelvic canity containe the
abdominal and pelvic viscera The abdomenal cavity is largely lined
wiih & sergus memorana called parionew, a subject 1o be
devedopad in Plabe 102
Thane are a number of olher cavities within tha body 1hal ane
cloged, roluding the joinl cavities. heart, vessels, ventrictes af the
beann, cavities/duels of (he eye and intemnal ear, and the polantial
cavilies craated by 1he icldings of serosal membranes (Flales 65,
B8 ana 102}

CPEN VISCERAL CAVITIESS !
RESPIRATORY URBRGT:
UBINARY TRAETr

BPIEESTIVE TRAGCTs '.
MUCESA « S(

Opan cavities, iocsted within closed cavities, are apen o Ihe oul
side af the body, They ane genealy lubular cavitles of viscera: ihe
I digeeiive, raspiratory, reproductive, and urinary Iracls. The digestie
et openg al tha mouth supéarodly and at the anus inlenorly, The
} faspeatory tracl opens at the mouth and nose. The reproduatha

PJ

f Iracis (ol shown) open al the parirmsum; the unnary irecl opens at T!'
Ihe perinaum as well Mot included in ihis category are glands ol Ky i
the skin and viscara whoss ducls opan on (o the surface of the skin I
i
: A vanabdy-thick mambrane coverad with Mucus [Muecous mem- Uirinary JI_
I

Brana pr mucose ) Bnes opan cavilies. | is continuous with skin al IS
. orifices. The mucoea is the warking membrane of open cavilies
. [secretion, absorpiion, proiection), dealing wilh molecules placed
| pelora if (food, air flud, and 50 on)
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100, SEELETAL SYSTEW "
ANATOMY ©F A LONEG BOWE ANTERIOR VIEW

1 {Latt famur)
M Use light bloe tor & @ “bore' color for O, vary lignt cobors {or E and E yellow for |, ang reg for
J T ikl ried maisse (H) 5 nil 10 B8 colored a5 e red manmow 0 1his Bone & nol shown, having Coranal seciion Inruuuh pOrocimal Bpiphysis
sen replaced by yalkew marrow during maturity. Cnly part of the yollow marrow in the medullary Bnd disseclion o meditlary cavily
canslia shown
___Arlicular
— surtaCe —
LT

BT
AN
L N

fone is a living, vascular structure, composed ol organic tissue (cels, fibers, axira-
peliler matrix, vessels, nervas—aboul 35% of a bona's waight), and minaral [¢alaiem
hydroaya patite—aboul G5% of a bong’s weight). Boni funclions 8s a supporl struclure,
i site of altachment 1or skalelal muscla, igamants, lendong, ard joinl capsules, &
#aurce o calzium, and & significant site of blood cell development (hemalopoesis) lar
Ihe anfire bady. Hars wa show & long bone, specifically the lemuat, the bane of the thigh

ERPIPHYSISA

The spiphyais s the end of a long bore or any part of a bano separated fram Lthe main
body of @ Imrmaium bone by cartilage |1 is iormed from 8 secondary site of ossifica-
o It i5 zrgely cancelious hone, and Its arlculating surface i1 lired with 3-5 mm of
ling (arficular) carfilage The epiphysis is supplied by vessels from the joint capswe

EBIAPK TSIS:
The orapnysis 2 the staft or cantral part of-a long bone. [t has a marmow-filled cavity
imeduffary cawity) sumounded by compact bone which is lined externally by peyicsieum
and intarmally by @ndosieum (nof shown). The digphysis is lormed from one or more pri-
mary siles of ossification, and s supplied by one or more Awrienr arteies.

ARTICULAR GCARTILAGE:

The only remaining evidence of an adut bone's cartilaginous pasl, arlicular cartilage is
amaath, slippery, porous, malleable, insansilive, and bloodless, It is massaged by move-
menl, permitling absorplion of synovial fhuid, oxypen and nulribon. ArGoular (hyaling)
carilage is also nourished by vesseals from the subchonoral bone. Bores of 8 synovial
jpird maks physical confaot at their carileginous ands. The dagenerative process of
arhiiis mvolvas Iha breakdown and fionllation af arbculer cartilage.

PERIOSTEV -

Pannsteum i @ finmus, callular, vasoular and highly sensiive lile support shaath for
oang, providing nutrient tiood for bone cells and a source of astenoprageniion oslis
thraughout life, It does not cover articular cartiage

CANCSELLOVS SPENEY) BEME :

Canceflous (spongy) Done consists of inferwoven beams (trabeculae) of bone in the
#pphyses of long bones, the bodies of the venetrae, and oiher bones withoul cavilles
The spaces amang Ihe rabecidas are filled with red or yellow marrow and blood ves-
=2ls. Cancelious Cone orms & dynamic Ialiced russ capabie of mechanscal atteration
{rearianiation, consfruction, desiructian) in resporse lo the sirssses of weight, postural
change. and muscla lensian

EOMPACT BEMEF
Compsct bone iz densa bone characlorized in long bones by microscopse hallow eylin-
s of bone (haversian systems) inerwaven with non-cylindrical lamellse of bone. i
forms the siowt walls of the diaphysis of long bones and the (Rinner ouler surfaca of
other bores where (here is no articular carilage, e.g. 1 flal bones of the skoll Blood
vesecis reach Ihe bone cells by a systom of integrated canals

MEPULLARY CAVITY s

The mecullery cawdy is he cavity af the dEphysis || cortains marmow: red in the young,
{uming to yellow in many long bones i malurity. It s lned by endosteal tlissue [thin con-
neclive lissus with many osteoprogenitor cells)

. REDL MARREMH--

Redd mirrow 18 & red, gelalwous substance composed of a red and while blood cells
na vanely of developmenial lorms (hemalopoietc fissue) and spocalred capilanes
|sinuzaids) anmeashed in raficular fissue. In adults, red mamw is generally limited 1o the
siEmum. v=riebras, ribs, hip bones, clavicles, and cranial bones

YELLEMN RIADBECMHT:

Tedow mamow (s fatly connective tissue and no longer productive of dood cells, It
Mepfaces fed martow in tha apiphyses and meduilary cavities of long bones, and can-
“gallous bong of oiher bones

WOTEBIGMNT ABTERY ./ BRANCHES.

The nutrient arlery is the principal artery and major supplier of osygen and nutrents o
e shalt o booy of & bone ils branches snake through the labynnthine canaks of the
aversan systems and ofher lubular caviles of bones

- PAanl
lnrAman
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000, SEELETAL SYSUEM 18
RLINAL, APPENBIGUVLAR SKEELETERM

CN: Use bight bul conbastng calers for A and B Bomas have a varlely of shapes and daly classification by shaps, yet such a clossifica
{11 First calor the axial skelalon A in all three views tion generally sxisis. Lang bones are claarly longar in one Axis than in &nothes thay ae
e i Com (e Ierondi| Spaces. characlanzed by 8 medullary cavity, a hollow diaphyss of compact bone, and ai |bast
{71 Cokor Ihe apeandicuiar skeieion B iwn epiphyses: &g, temur, phatane. Short bones are roughly cube-shaped, they are
Necte (het the bonas labelod A aro drawn in G Fghtor line than 8 .
B relos 1ha srowe-iditiykeg Bne Shaps/class it predominantly cancelious bona with a thin cortex of compact bono; no cavity, .. car-
i it 1h S ihcal 3 A
pal and tarsal bones Fial bones [cranial bones, rics) are !;IEI'IETH'H' miore flal IhAn round

@&am&m end irreguiar bones (scapula, vertabras) have bwo of more dleren! shapos, a.q., the

= O £capula, with a flal surface, and imegular-shaped spine. Bones no specifically long or
@ﬁ E ENVS: o short fit 1his latler calegory. Sesamoid bones are developed in tendons (&g paledar
&@{m@& ftandon|; they are mostly bone, often mxed wilh librous tissue and carlilage. Thay have
Em@m? & carlilaginous articuar surface ‘acing an articular surface of an adacent bone; (hey
o may ba parl of a gyncvial joint ansheathed within the ibrous joinl capsule, They ane
F&@?ﬁ generally pea-sized, and are almost always found in certain lendonsjinl capsules in

Dﬁﬁ.@@@ &@@ e hands and teet. and accasionally in ciher arlicular sites of the upper and lower limbs.

The largest is the patella, in the tandon of quadnceps lemorns Sesamoid bones resst

@@@@@@E@ 5 friction Bnd compression, enhancs joint movement, and may assis! local cireulaion

/

x""f“.
A

Clawncie

'”}._- Boapula
l'l_
_,'lrﬂumzru:i

- Verbenra

\L'.EI'IJF\ n
i

Wlatecarpal
bone

BEAN
SEELETEM-

Tha axial skedaton & the pnncipal supportive
saucire of the Dogy and & amenied along its
median longiudinal axis. || ncludes tha skull,
varlebrae, stermum, 1ibs. and hyaid bons, Much
ol the mobility ol the torso 15 due 1o the mulipe
wriiculaibons throughout the verlebral column

APEPENRDICULAR
SHELETEW -

Tha joints of tha appendficluiar skilelon Make pos-
shie 3 considerable degree of freedom for the
uppet and lower limbka. The appendicular skelelon
mcludes the pecioral and pelvic girdies and the
bones of the arms, forearms, whsts, hands, thighs,
legs, and 1eed, Fraciures and dislocations are more
camman im this part of the skelelon, bul mone
ganous in the awal galeton
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00 SCEELETAL SYSTEM i
BOWES OF THE SHUEE @
CRAMIAL &)§.
E@ECIPITAL (1) FRARIEBTAL (B FREONTAL (9.
. TEMEORAL (B), ETHMIECID (9) SPHENGID (9)-
FRGIAL D)8
WASAL (2)s VOMER (T LACRIGIAL (&);
EVYECATIE (8), PALATINE (&) MDALILLEA (&).
IAWDIBLE (I IWEERICH WASAHL COWEHIE (B

LN Wark with this plabe and e nexl ane ai 1he same lme Sava e pnghie sl codors 1or
e gmalle® bonaes; use bghl colar on bones wilh surteoa datall. Work one bone Bt a
B colaring o whizre il appears in any of the T vews ahown on this and tha nex plate
11]in the ardarion wics, do ndt ooled (he darkengd arsas n the orbits and nasnl caedy,

Ceorona
pufure

Supraorbital
foramen

- Suptenir Masal Y
ortalal cavily
limgura

p ool gl il Asverion
. m g A 2 = s T Intradebdal ng‘gm

Ivamish spine

Hiiiokd Masiaid process
}555555 Extarnal audiory maalus

A eyl Temparorrandibuar joint
, @minance

3 iy 1 ANTERIOR LATERAL
faramen —g ) VIEW VIEW
Menlal e, ! Bady
profuboranes
Sapitial
The skull is compased of aranial benes (farming a vault for the brain) and fzeisl . Buture

“bones (giving anigin fo the muscles of facial expression ard provdieg botiresses

* moleciing the brain). Except for the lemporomandibular joint (a synovial joint), all
Boney are connecied by generally immovable ibfous suturas.

The arbil s compesed of 7 bones. has 3 significant fiesures s canals, and i home
{6 Ihe eye and relaled muscles, nerves. and vessels. The mosi delicate of the skul
‘bonies i a8l the medial arbital wall (1), The extarmal nose is argaly car#agnous
#nd Is. therefors, not part of the bony Skull.

Indratamparal

fogEs T

Bagpttal
Buture

Masioig
procuEs

Lateral/ medial
prarygod plates |

7" Lambdoidal
suturg

POSTERIOR VIEW
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100 SEELETAL SYSTEM 2
T00E SEVLL (@)
CRAOMIADLS - OCCIPITAL: PRRIETAL: BROMTAL:
TEMPORAL CTHMEID. SPHEN@ID-
FPAGIALS: MASAL: VERER: BYEOMATIC: PALATINE:
MEROLLA. (NFERICR MASAL CONCHA-

bmpd  Satia

[nC3CE

CN Use lhe same colors as
wine usid on Plae 18 (1) Colar
tha threm yiews simullereoosy
{2}In 1he iower views, pay closs
namentian 1o iha many ioreming
ihat ara lell uncakared. (3] Notioe
bid don’t color fhe amall drawing
below natl identilies the lamge
Ioeasae of tne skull imerior to (s
1N Try o wisualre hose fossan
in the koot veew.

- Palrous roge

Intermal auditory moalus
— [cammal nerves VIl WHE

Potrous porlian
al thé temporal bona
{rricdin /il e

Sphenoidal
sinUE

Purpandicaiar plaie <)
ol the ethmad

T~ Oecipitel gondyle
EI:I.EIIar parl of gecipiial bona

(Extorior view)

(intriod viow) ‘ou ane fopking info the ntericr of the righl side of ihe Skull. The voamer and
BASE OF perpendicular plate of the ethrmoid contrioute significantty 1o the nasal sepium
SKLULL and hide from wiew the conchae on the lataral wall of the nasal cavity

Castritorm plabe

[erarval nare |

Ogic canel
| [Ergnial mae iy

Supenor cindinl fissure
| deial rarves E, 14 v, V1)
5,

Posiorior raas|
Bols lursics A ¢ gperteng (choena

|MpophyiE]

Fi@mer roiunoum
fermnind narve ¥ - Medial plarygdd

Faremen ovale e

. (erarval netve ¥I§ Mandibular Pess

i

| 1 Fpramnn INCETIm Frarmar ovals

'h =
F{H’ﬂlﬂlll‘l lacmrum

I hﬂun:p-nusum-
ll '#ﬂ::::-:ln-ﬂ O Caratiad canal
i Irdgengl caenba
el audilosy sriery)
meatish * Brybaid
: MOCesE
Jegular forarmen :::E:f; P
T kguiad v gniim. g Magioid
I © mana e 1X 0 X ki,
i 548l ganal < DOcoiplial
fermniil narve X Condyte
Supsiion
nuchal line
Cxiernal
ecoipial prolubarance
You ase keoking into the crandal cavity from above, The arterior The occipital condyles arlowate wilh the facets of the atias or first
aanigl losea containg the fronfal lobes of the carebrum (Orain, the carvical veretebra The muscular pharyngeal wall atlaches around
O afeciony trects lie over the cribrilcrm plates and receive ihe olfac- S the postarior nasal apertures. The lateral pterygaid plate offers
~ oy nenves. The middle cranial lossa embraces the lemporal lobss aitachment for certain muscles of mastcation. The foramen mag-
ol the carstirum; nole the rumerows loramina s canals for cranial num trensmils the lower rain stem/spinal cord and the vertebral
& hervss and vassels which antar/exdl tha cavity. The posternor areries. Much of the oocipital bone postenor o 1he ioramen
pranial fossa retains the cerebalium and the brain stem, along with magnum is a8 site of attachment for large muscle bundies making
| iEiated cranial nerves and vessals which enter! exil the cavily up the posleror cervical |paraspmal] musculsiure,
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VERTEBRAL COLUMGEY

2

See 2223

CN- Usa geay tor [, yelow for H, and g colors for the res)
espacally G, T, L 5 and Co. (1)Begin with regions o (he column
wnd the thres axamples of veriabral deorders o) ower lalt. (2) Colos
ihe motion segmant and il iode in liexion and exlension. (3)Colof
(e wartobiral loramine and canal (4)Color he exampla of & pro-

The vertetral column bas 24 indwidual vartebras
arranged in cervieal, thoracic, and lumbar regicns;
the sacral and cocoygeal verlebiae are fused (sacrum)

REGICNSS-
BERWVIGCAL:

W@Fﬂﬁ@ﬁ@ T coccyx). Mumoers of veriebrae in each ragion are re-

E:.'l"ﬁffﬂ E‘@Eﬂ; markably constant; ranely Sl may be fiee or L5 may be
@ﬂﬁlﬁ} ,.nﬂ_‘ # fusad o the sacrum [fransiiional verteras). Tha sevan
ilaSiA i ALs S mobile cervical veriebree suppaort ihe neck and the 3-4

@@@@'ﬁj@@{:ﬁlﬂ—, Ca kg [6-8 Ib) head The carvical sping is normally curved
{oarveal londosis) secondary 10 the devalopment of
posiural reflexes aboul three months after birth, The 12
{hofacic verlabrae suppart the morax, head. and neck
They articutala wilh 12 ribs bilaterally. The thoracs
eping & congendally curvad (Kynhosis) a5 shown

The five lumbar vartebras support the upper body,

truding inkerveriabral disc pressing on a spingl narse

torso, and low back. The column of (hese veflabrae

5 curved (lumbar iorioss) oue (o e onset of walking
at 1-2 years of age. The sacrum is 1he kayelona af a
weighicearing arch imvolvieg the hip banes. The sacral/
coccygesl cune 15 congenital, Tha variably numbared
1-5 eoccygeal verenras are uEually fusied, although
1he first vertebra may be movable,

Veriebral curvatures may be affected (usually exagger
giad) by posiure, actvily, 0basily. pragnancy, Iraums3
and/or disease; these condtong are named (he same
as thi nommal cunias, Therse may normally be & sight
|ateral curvaturg 1o the spine often due 1o dominant
handedress; a significant, aossinly disabling, lateral
curve {scaliasis) may eccur for many reasons

Parslenor

langiudinal * I.Jgau BT Suparior

WM. .
e arhieulan

ROTION SEEMENTS: v &
VEBRTEBRA. ool
JOIMTSS: |
INTERVERTEBRAL BISE,
PESTERIOR (FRACETs
LIGAMEN Tor
VERTEBRA:

VERTESEAL FORAMEM:
VERTEERAL CANAL:
INTERVERTEERAL FORAMERD-

Each pair of individual, unfused verisbrae constitules a maton
segment, the basic movabie unit of the back. Combined move-
manis of motion segments underlie movement of tha neck,
middle and Iow back. Each pair of verlebras in a motion seg-
menl, excapl C1-C2, is attachad by ihree joinis: a partly
movable, infervariebral disc anteriory, and & pair of gliding
synowial face! [Fygapophyseal) joinds postenody, Lagaments
gacurg fhe bones fogether and encapsulate the facsl joints
[jint capsukes). The verfebral or noural canal, 3 caras o Ve
tebral foramina, ransmils (he spinal corg and releled covarings,
vessols, and nerve roois, Located bilaterally batween each pair
of vertebral pedickes are passageways, #ach called an nier
varlebral foraman, fransmitting spinal nerves, their coverings/
vegeels, and some vessals (o e spnal cord.

INTERVERTEBRAL DISEC-
ANNDLLS FIBRESUS A
WYCLELS PULPESYS:

SEINAL MERYE

The inlervertebral disc conaists of the annuivs fibrogus (con-
cerric, intenwaven collagenous ibars infegrated with canlilage
cells) aliached o the veriebral bodies above and below, and
fhe more cantral Nucleus puiposus (@ mass of degenetaled
collagen protecglycans, and waler). Tha discs make poesible
moveman! batwaen varebral bodies. Wil aging, the dscs
dehydrate and thin, resulling in a loss of height. The cervical
and lumbar discs, particularty, ars subject 10 arly 08QEnErE-
tior from ane or more of & number of causes Weakening and/
or tearing of the annulus can resull in a broad-based bulge or
g localized (focsl) protrusion of the necleus and adjacent annu-
lua: such Bn evan! can COMPIEES 8 Spinal nerve rool as shown

il A
55" "LORDODSIE" "SCOLIOSIE”
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1, SHELETAL SYSTEW .
CERVICAL AND THORACIC VERTEBRAR ey

BN Lise rad dor M end use ihe sams colon as wers used on Plate 21 J t"—\_._..__.--"'".rﬂ

1
Cand T Ued dark colors for N, O, and P (1) Begin wilh the pars o

§sarvical varichra. Color fhe allas and axis and nole Ihey have bean
o) BEparela colars 1o distinguish tham from other garvical veriabrae

CERVICAL VERTEBRM- ce
c3 T iner-
Transverse ¥ - Facer for ';:F';Etﬁ:

TRAMSVERSE PROCESS: ;
ARTIBULAR PROCESS: .S
FACE T el
LA 00D . '
SRINEVS PROCESS. b

SUPERIOR VIEW

Postanor arsh
Pasterior lubarche

prominens

s VERTEBRAL
x BRTERY

Werisbral
laraman

Bifid spine
FOTATION FLEXICR/ENTENSION
TYRICAL CERVICAL [C4) VERTERRA
The small sevan cervicel verlebrae supporl and move the head and neck, supporied by lga-
merds and strap-ike paracervical { paraspinal) muscles. The ring-shaped altias {C1) has no
body; thus there ae no welghl-bearing discs betwean the oceipul and C1, and betwesn ;1
and G2 (ihe axis). Head waight s transfarred o C3 by the laigs articular processes and facols
of 1 and G2 The aflantoocaipital joints, in conjunction with the G3- CT face! joints, parmil &
remarkable degree of flgxion/exlensian | "yes" movemesnis) Thea dens ol G2 projects into the
antarar part of tne C1 ring, torming & pival juini, enabling the head and C1 to otals almost 200
{"no" movements) Such rtational capacity is permittad by the relativaly morizonial orienialon
of the cervica! ‘acets. The C3-0F vartebrae ane similar; GT s memarkablbe for its promirent
spimans rocess, sasily palpated The amariorty directed cervical cung and the extansivi
paracesvical musculatune preciude palpation of {he other cervical spinous processes The
varlabral artenes, sproute to the brain stem, pase Through foraming of 1ha rEnsverse [Fo-
cesses of the upper six cervical veriebrae. These vessels ang subject 1a sirstching imurias
with exireme cervical rotation of the hyperextended rieck. The cervical veriebral canal con-
duicts he cervical pinal cord and ts coverings (not shown). The C4-5 and £5-6 mation
sagmenis are the most mobile of the cervical ragion and are particularly prone 10 disc Macs |
degenaralion.

The twalve horacic verfelvas—characterized by long, slender spinous processas, hearl-
shaped bodigs, and nesrly verticaly orienied tacefs—articulate with rbs rimerally. In gereral,
eanh rib forms & synovial joint wilh two demifacels on the bodles of adjacent varebrae and &
aingle faced on the iransverse process of thae lower verleibeo Varigtions of these coslovertabea’
joints are ssenowilh T, T11, and 712

TYPIGAL THORAGIC [TE VERTERAA
Superior
s THEORASIC VERTEBRA
Intenor BEBRY
: FAGET
BEMIFREET,

TRHANSYVERSE FRAGET:
R0Ea
LI@BAMEITox

Intervartabral Eﬂﬂﬂfﬁl

Inferice
coslal Trafswarss,
demitacel rostal
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. SIEELETAL STYTSTEM

23

Ses 21, 22

LUBAR, SACRAL; & CRCRYSEAL VERTEBRARE

N Use [he same coinrs 35 wede used on the pravious two plates tor
ETLEFA S andCo (1) Bagn with the ihros |large visws of lumbar

wrtebrae. (2) Caolor the difterent planes of articuiar facels. (3) Golor
e four wiwa of tha sacrum end cocoys: Nole that the cantrel porton
B ihe median sechon recesvas e vertabrel canel codor (E1)

LUMBAR YERTEBRA .
VERTEERAL FOREMEN:
VERTEERHAL CAMAL:
WERVERTEBRAL FORHAMERN -
INTERVERTEEBRAL BISE

PLANES ©F
ARTICULAR
FACETS:S

CERVICAL:

Trangverse

1 — Supsariod
/ nrl‘ljr:ulllr &@m@@ L
HOCESS
Lamina L1
\ sUparnar L4
VIEW Suparar u:;i;:; mianor
SUPENIOR it iculan prop \  orficuar
pocess b process
-~ lacat

Aunculer
SUMTECE
low lliac bone

THERAGIST

e ]
forarming

The fve lumbar vertebrae are the mast massive of all the individua’ wee-
tebrag, their thick processes sacuring the attachments of numarous
IiQEll'l'lErl‘l.E and musclee/ @ndons. Signfcant lexion and exiansion of iha
lumbar and lumbosacral maolion segments, parficuarty at La-L5 and
L5-51, are possible. Al about L1, the spinal cord terminales and the cauda
equina (bundle of umbar, sacral, and coccygeal narve rocts; see Mate 21)
beging. The lumbar interverfetral foraming are large. Transiling nerve
roatssheaths take up only about 50% of the volume of these foramna
Dizc and lacal deganaralion is common in the L4-5 and L5-51 sagments;
reduction of space lor the nerwe rools increases the risk of nerve rood
irritation / compression [radiculitis/ radiculopalivy). Occasicnally, the LS
verrtebia ks partially or complemly lusad o the sacium (sacralzed L5)
The 51 vertebra may be parfially or whally non-tused (lumbarized 511
resuling in esserfially six lumbar veriebrae

The planea (oriertaticn] of the articular facels determing the dirgchion

and iMiuence tha degree of motion segment moverrent The plane of

the cervical facels is angled coranally off the horizontal piane sbout 30°.
Considerable freadom of movement of tha cenvical spire & parmitied n all
planes {(sagiffal, cornnal horzontal). The tharacic facels i more vertically
in the coronal plane, and are virtually nor-weightbearing The range-of
modion here is significantly limiled in all planes, 'ess son rafabon The
plane of the lwmbar facers is largely sagittal, ressting rofation of the lum
bar spne, ransitioning 1o a mare coronal onentaion & L5-51, The L4-L5
facel joints permit ihe grealest degree of lumbar mation Ir all plares

The sacrum and the ilia of Ihe hip bones iorm an arch lor the frans-
mission and distribution of weightbearing forcea to the heads of the
femora. It i3 @ strong arch, and the sacrum is As kaystone. Tha coccys
consists af 2-4 liny individual or partly fused, rudimentary veriebrae
The first coccypasl vertabra is the most complately devalopad

sacrum consisls of Yive lused vertebraa, the interveriabral ciscs
e largaly replaced Dy bone The sacrel (vertebral) canal conlains the
Ueminal sec of the duta mater [dural sac, thacal sac) to S2 and tne
ssacral nerve roats, which transt the sacral foramina. The sacrum [Cins
the dium of the hip bone al the auncular surface, Torming the
BEoroilac oinl
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il SCEELETAL SYSTEW
BOMY THORAN

N Use the same colors 88 were used on Plate 22 for o ribs, thor-
‘icic vertebrae, demilaceals, and lransvérse process fecalta |isa baght
goiors o A-G (1) Golor e gnlenss vew of e Dony thorax. Cobod

24

Bee 22

view n the sama marmer (3) Color the laleral wirs of the bony thoras
{4) Whan caloring the drawings of & Aib end tha sifes of articulelon,
recde thal e rib 1acels (drawn with dotled knes) gre 1o be coiored

mch b compoetily birlora goind on 0o fhe ned, (7] Colar (he poseerior  Bwan Shough hey are on the andersida ol tha rib

STERNMWVEDS
DAV EBR0IAD
BER:
HBIPHEID FReOEESS.

7 URUE,

Costoahondral
L8 {514

Slemccoalal
|mint

Inerzostal
J Bpace

L=

b &
g
4 i E
! it
mm rl'lu::ul_l:::::
- WIEW apariure

The bony tharas 15 the skeleton of the ches!, representing a fairly
imoblle 501 of siruciuros iImportan 1o respiration and harboring ke
fwarl, lungs, and other signidicant organs. The superar thoracic
EErure [horacic inies; often incofractly termed Inoracic autlet in

A cimcal context) fransmits the esophagus, Irachea, nervas, and
‘mpaniant ducts and vesgels The inlerior tharacic aperture is vir-
'hlq:it'aluu by the theacic diaphvagm. Tha space Detwesn ribs s
P& nlarcostal spece, and contains three layers of muscle and las-
e, and irercostal vessels and nerves. Collective rits movament is
‘Esponsibie for about 26% of tha respiralory effort,

Tre fibrocarilaginous [oint betwean the manubrium and the body

o the sternurn (stefnal angle, slermomanubrial joirt) mases subtia
fiege-like movemenis dunng respiration. The xiphoid makes a
Brocariilaginous (diphisterral) joint with the body of the sternum

' The sternum is largely cancellous bone containing red marrow, The
pos caltiages, represanting unossified cartilage madels of the

' antenior ribs, articulate with the stermum by gliding-lype syrovial
it |slemocastal joints; excapl tor the first joint, which (g not
apnavial]- All nbs form synovial joants with the thovacic vertebrae
{feostovertetral (oints). Within each o these [ainis, the rid (2 through
Hi ks @ synovial joont with a demifacet of the upper varlebeal
Bedy and with a demitacet af the lower body {costocorporeal
el |0 acdiion, the iubercie of the rio arculates with a car-
IEgrcus 'acei at the tip of the irensverse process of the lower
s (costalransyerss oint) Ribs 1, 10, 11, 12 each poin with
mavetetra insizad of o, ribe 11 and 12 heve no costolransverse
s e rias (1-7) articulate directly with the: stermum. Aibs B-12
#E called faise nbs; ribs 8-10 articulate indirectly with the stemum
[¥a carlitages conmecting 1o the TIN costal carlilaga); fbe 1 and 12
{0 calbed Noalng rbs) end 0 the muscular abdomina! wall.

12 RIBSE-

S FALSE:
(= FLOATINGE)=

CeOSTAL
CARTILAGE D@)-

THORAGIE
VERTEDEBA (2)

7 _l“ '-'ErIEhT.EFZII‘II-'!rE"I 3 \\ .
g

o =, .LF"."
A

POSTERIOR
YIEW
W Facots oo

variabral body
H

(L]
. Faca! or
IENEYErsa FoCess

and

- Tranavarse
prOCESE

Copsto-
FErSvErse

BB EACET.
DEMICACET:
77 TRANSVERSE FAEET
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Huimzrigs _._'f" :I
Dlecranan

.'
L . SIELETAL SYSTEN / VRRER LIMEB |

CONES e A
mm@ﬂ Articular i 2 ':

cariege =

I e : lI . L : . =
I mﬁ@ﬁ@j@a et I i Ciseranon : :
g = s
i

LB Thowgh the Aurrenes (s not colored, the tilkes and amrows [C]
-_.'I mlect il participalion i the elbow jain should e ooloned wilh
I-umu colar 1he Bone mesnnd on Plate 25 01 Color 100 Two imdioLiar
| ligs v, inaluding [he inlaroseeous meTibrans (gray). (2) Color
| B four views of fhie elbow joint. [3) Color the ligaments of the region

process

I:|| - Uina
% peesence Of o bones in Eha foreanm make possible tha [ luberosdy

Sthensa mavaments ssen at ihe elbow and reflected in hand
melion. The uina, 1he major, stanilizing forearm bone at the:
Mbow. riarrows distally 1o form an inconsequantial |ain wilk
e radius (distal radiouinar [oind; synavial pivol-type) The
‘s smelier above, widens and thickens distally to form
Wi major joint @t the wrist (radiccarpal joint, synavial, biaxial,
SRinscio-typal. Al the elbow. the uina lorms a hingé type syn-
S oyl hurmarowinar jani with the trochlea of the humerus, and
Ihe FRGAUE forms @ prol-lype synovial racionumeral fofan with
e capiiulum of the humerus. These jainis shara the same
g capsue with the praximal radiauloar jofnl [synowial, pival
bepween iha radial noich ol the ulina and the radial
iheikd The thres oinks congtitule tha eibow (Cubial) jim.
Ratabon of the radius &l the efoow (invalving two of the
8 joints at fhe albow) ratales 1he forearm, wrist, and hand
' mowing the utna kMovermment of the hand 1o a galm-
forwaid [up) posiian s supination: mowemant of 1he kand
0§ paim-beok (down] posiion & pronalion
B coloning and stucying the supination/ pronation and
" #how moverment disgrarms, fry thiz: place the lingers of your P
hand on your right olecranan (bump at postanor sltkow),

L show Heaee! s bt 1he palm ol your reght hand s up ¥ i R Distai

; Swyiaid - f b el

Msuping}. Now rotate (promate) your nght hand S0 your palm I._,,;,EE'_“ | - '“’I";gf"ﬂ' 5
e away from o, facing down Move your nght hand ol radius

ek and forth in this manrer, feefing thal the olscranan

does ot move during thase mobons. Further, stare at the F\:‘fmﬁrL Suns
ilnid process of 1ha medius at the base of the right thumb R
aaphaid-.

S nole thet || rofates back and lorth with the thumb, You d Y CCapus <

e juit demonsirated that the radius movas around the s AL {
" e curing pronafion/ supination, and thatl joinl mevement

y --. g &l the radinhumaral and proximel radioulrarn oinis I/' _.

ANTERIOR VIEW POSTERIOR YIEW
{Right arm}

Lataral
Bpinondyle

GIGARMIBNTS -

}!I Hurmeries

Med

Arficuiar capsule % epoondyis

SO
BVREERE=:
DLAR . _ e
FE“ ﬂ'@mﬁ > - I r.ull':::r? lig W o iy I._I1l1nr
: m@m@&; 2 W ! ' .;.;4‘,?;9;5.
BAD .

b ULIA R
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WHRIST AR HAND BeNWES

[ Ll Lisae two light colors ofher then thise ssed on Plates 25 which demanziraie movemenis at the joinky, {Z3Calor the
[ #d 26 Yor | @rg J (1) Colar each bone, ar bone growp, © gangd and lgamen of the carpal lunnel You may wish 1o
| free major views simullantously. Note b hend drawings  color those bones in therr [soakon in the hand 1o the fell

ERREPALES (B35 -
\ SEARPHOID. LUNATE: TRIQUETRVM. PISIF@RM:

&

CRAPEZIVM. TRAPEZOID- CARITATE: NAMATE e ma
NETACARPALS (5 PHALANGES (18

POSTERIOR (DORSAL) VIEW ANTERIOR (PALMAR) VIEW \J’t g
IJII 7

{Right hand) {Right hand}

n '
! i
| 5 ?_,a—__q
‘ ) FINGER
ABOUCTICN

Distal
phisiimrx

BOCICTION

Middila _L—
phalan= |

[ Basc |

o
| |

Y [kpuckie]

Interphatargeal
1R} joird

Mslacarpo-
phalangaal
{MP] jir

¥ irtarmetacarpal

Carpo- .
milacapal

ICM (it \
Iniescarpal Y ] S i g
5} jainl = ”-"lsmmn & T {' {
Radiocarpsl —+— process ﬁ"anr
{wrist] joint | of ADDCIICTION
FSI_LT;';':Q I._ [ 1:‘ Arhicular disc
of ricfais |

Wre hand 5 8 mosl remarkable, highly evolved, meckanical device. Movement of ?D\L\

(e hand and wrist (s made possiole by the architecture of the jainls among the \

enas The wrigt jaint is formed by the distal articular surface of the radius and the FINGER f i [l j_,
; it : : EXTENSION ro \ WSt

gslal suriace of fhe artcular disc (just distal o ihe uina) with the proximal arlicular @?’/f MEDIAL VIEW M EXTENSION
Rricas of the scaphoid, funale, and friguetrum bores, Forces Iransmilled fram a = (Pronaed right Rand,/wria) =
' an the hand Io the wrist pass [argely through the scaphoid, lunate, and redius; h - _r_’_,,d_—— )

frciuras of the scaphoid and distal ragius are COMMON.

g the wrist banes between the hook af the hamare. pisiiorm and tha
b of (he irapesiun scaphoid bones, the thin, broad transverse carpal
pril (flexor retinaculum) creales a carpal tunnel through wiich pass Ihe

fexor tenders to (the lingers and thumb as well as the median nefnve
sgion of the nerve thers can cause numbness in tha radial ihree lingers
fthumd, index, midose | and some weakness in the thumb (carpal funnel syncrome) .
ising yaur oan nang, rols that the interphalangeal [IP) cins ore limiled 1o move- '~
nis of Mieacion / edenaion. Tha metacarpophalangeal (MP) joirts parmil the sdoed J_,__,--""F
marements of finger adduction/abduction. Of the carpometacarpal (CM] joints. the s r
st ihumb) has excaptional movement (seddle type, synovial), when moving the |! ﬁgj#/;
b ioward the litike finger im an arcing motion, nate that the thumbngl rolales 15
0", redecting medial rotation of the first metacsmal on the rapesiom Frﬂ?': Elﬂ
=EION
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BOVES (0 BEVIGW

It & F [ jColor he afrows pointing to places whare
Ui hones. can be S2en o palpated on the

| BriRcs of e body (2]Y0u May wish o
| i pour knowledge of jonls by writing
| Ber names i1 1he speces provided
B The answers are |isled

Bk Rppandi

ELAVIELEA (
-5 sAPVLE s '
U ERIUST
WL

DIVS:

METAGREEDL:

'ﬁ‘/& LR / i |

YIEW
|Right upper limb)

. SHELETAL SYSTEW / UPPER LIMIE

M Forall o these hones, excenl (ne carnais (F), uRe The same color
Ui | e ised 1o tham on Plates 25, 26. 2T Seiect @ now, lighl color

POSTERIOR
VIEW

{Fight Lpper limb)

The upaer limb |s remakable lor ks mobility
The machanism for this bagins with 1he
scapula which |5 dynamically tetherad by
muscle o the postenior tharacc wall. On
vaursel, reach over your shoulder to pal-
pale the scapular spine and agromion
{rescesll Plabe 25} Looking inlo & mirmor over
yaur shculder, move your showlders up and
Aoy, Wiap your arms around yoursell ano
siretch them oul. reach upward then down-
ward ta ses 1he scapuls mova

The humarus can be palpated easily just
distal o the shaidder on down o the albow
There the medial and laleral epicondyles,
as wall as Iha olecranon, can be fel, Can
you feal the ulnar nerve undar the medial
wpaondyle? Feal hard enough and imight
“spesax” 1o you, all ihe way down 1o your lit-
1le fingert Siarting with that litile lingar and
wiarking o the thumb and up, move gach
jaint ol the uppar Mo that you can. identify
it, and test i3 rarge of mation

REVIEW - )
@F L :
J@OIMTS 8 :
o
I
s ——
13

(e appandix for Enawers)
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1. SHELETAL SYSTEM / LOWER LINE
EONAL BONE, PELVIC GIRDLE, & PELVIS

G, {1 ) Colos 1he Iwo vwews of the coxal bane wilh kghi
colors. Then color the wiews ol tho peivic girdie. 12]Use

8 niew Codor o bones of the peldvis (D) which inciudes the
EACrUm and coceys Then color the tile hgamemns, and
it e ligarmants @ hght gray calor

Aufiguler surfocs
[ERoroiliac jo|

Tattenor superio
lecoping .

. L\ ArErior suparior
,.!"HL- sping

Anterior mianor
- |lag spine ™~

- - i
o et ¥ g z
e ipine @Eﬂ ¥ 1
\ sciglic natch
Graior BEWE
s noben ) Aschil
e Superior spine
Echial — pulng ramus -
Spre Pub ~ Lessar
- Pubic siiatic
““:;Eh tubercie rlih
w  Irbasior
- pubic mEmus
Ischial i Arcuate
ubarasiy Acsiabulum Cibturatarn linm
loramer

MEDIAL VIEW
[Right bona)

LATERAL VIEW

Y Palvic
I brm

PRIC
Outhed

PELYIG
@

0RBBLE «

The coxal boae (hip bone, nnaminale bone, os coxa) congisls
of three fused bones in the sault: he Hum, the schium, and
pubis. The paired coxal bones caonstiute the pelvic girdle, The
Iwo somewhal-twisied coxal bones lorm a weighibearing arch
with the sacrum and the femoral (thigh) bones, accommodatng
the body weght and ‘orces imposad vertically up from the (eet
The twa hip beonas and the sacrum conslilute the palvis, The
pelvic inbel (superion pebvic aperture; from sacral promontory
around tha arcugle line st the pelvic brim) separates the true
[lessar) palvis balow fram the {alse (greater) pelvis above The
pealvic aulat [inferiar palvic apa-dura} is bound oy the same
structures as the pesineum |see nexd plate),

The sacrolbac jonl is a movabia, parlly synovial, panily Nbrocsar-
lilagirous joirl The articular surlaces are flal but roughenad
Note the larger posterior sacrolliac: ligaments (comparea o the
anlenor ligamanis). thay resisl downward displacement of the
sacrum. The SACFOEpENOUs and sacrotuberous Igamanls sacune
the apex of the sacrum to the palvic girdle, resisting the aflects
af weightbearing and gravity cn the sacroifine joint. St sacr-
Mige dystunclion s commaon. The Hiolumibar ligaments are off2n
Involvac in postural low back pain. The symphysis publa (pubéc
symphysis, inlerpublc joint) is a parily movable, cartilaginous
joint composed of a fbrocartilaginous disc menpesed Detwean
carlilagmeus arhicular surfaces.

Fosierior supenio
IHag Spine

Pastariar snlenor

I ol = iliac spire
= /.' .i:'.'ﬂ“ Cewal (hip) -
it 5 r’: II jainl T gu"_:gl
L I'| I feamur |
l /y “\, Ischial
£ T Femua ! Biib tutargsily
it . I| 4 1 | =
mphysis pubis Pubic ! | Dot Pty
ﬁ‘;\larﬁhi: d.&c; fubefcle ! | 1 ¥ Bngle
ANTERIDRA VIEW POSTERIOR VIEW
Anbariar Aty lumiear
longHudinal g . #
it S i Fustarior  [ljolumbat lig 7
I : Arlerion 1

sachollias ligs
-

Sacrotubarous lig
Sacroaginous g

inguinal fig

* @F THE-
M PELVYIS:

T lnfnrnorsl lig

i
G Pubdlemnaral (g
f

Dipturstor 1
membrang

Buparor putic hyg

sacroilac ligs

| LIGAMENTS:

ey lighamoral kg !

Ischio‘emaral lig

’ Bacrospinnus lig

F
Sacroiubarous lig
POSTERIOR VIEW
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. SHELETAL SYSTEM/ LOoWER LIME

TGK & LEG BEWES
SR, TUENAR
FIRMLE:
EAUELLA,

ANTERIOR VIEW
{Right fimi) {Rigt mig
B ! @F’Iﬂﬁ
Adduciion -"'
Agnngine

Exiengsnn
Mrdial rotaton
Lalwi mlmn

The hip (coxal) jont {mulbaxial, ball and socket synoval @ind) s
concarnad wilh ihe franamission of congiderable waightbeanng
forces; the head of the femur is particularly subject to pathologic
changes with any significant alteration of blood supply (avascular
necrosish. The greater tfrochanier is the sile of atlachmant for sev-
eral iImportant muscles crosaing the hip joint,

Lassar

machanier L
Tandor of

“lw nluul:ru.‘fpl. Enmowip
iFoght knee) 0

HNEE
JEIMT -

" MENISEUS-
i LIBAMERT+
EXTENSION

The knae (genual) joint consists of wo condylar-lyps synovial
(tiratemaral] joints belwean the condyles of the femur and the fHal,
plateadu-like arficular surtaces on the condyles of the fhia The
\ principal movemenis al thase |cints are flexion and axtension. The
| knee paint includes the saddle-type syravial {pateliolemoral) ginl
{ betwe=n the pateia and lemur The deep surlacs of (he patells is
carliapinous and exhibits medial and lateral facets (note patelar
gurfaze of the femur]. Premalure wear ol the pateliar cartilage |s
comimion (chondromalacks patellas). The patalla & a sesamoid
Bone which develops in the lendon of (he cuadriceps femons mus-
cle: &s such, il resists the siress iImposed on that tendan during
knea mavemanis

: FLEXMIN

Madial
b epcondyie
)

=) —Medial
Epicnniyln

|| Anteriar
| border

i Anlemor
L crucain lip

Tibiai

Tre stability of 1he knee joirt comes from ligaments and the mus-
cles crossing the foint. The colkaleral ligaments resist sideward
displacement and rolation. The cruziale (erossing) Fgaments resist
Myperexlension (araror cruciate) and hyperiesaan [postarior couci-
ale) of the joint. The C-shaped meniscl {the medial larger than the
lateral) deepen tha artowating surfaces of the fibial condyles. Ollen
lorm by misuse of the knea joints (rotalion and adcuction/ sbduction
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with weightbearing], the manisci can often be repaired by arthroscopy:

CN. Do rol use the color used for Bhe (fum on Piate 26,

\isar light colars andd & bright enlor ior F (1) Goicr 1ha twa large
wiewg ol the lowar limb. (2] Mext colar the femur and the s
direchional arows for tha hip goirt. (3)Coalor the edension, lesion
virws of the knee joim (4)Color the two views of the majo
ligames and the mamsci of Iha knea joink

POSTERIOR VIEW
(Righi lim)
(“‘,.:-'-__ '-\._L_\__. i
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e Lessar |
| lrochanior
| |
1 MiAren |
| Ioraman - |
|
i Linea _.
| e ,-
II
|
|
| f
f .
|
i [
|
| | Inforoongyiar
I'I.rE!lil
Medal L simrad
condyle ) condybs
, i
Indereandylas | \
LTl Tpte R |
II
| ThHaag
1]
||I Mok
| |
|
| |
I
\ |
LY rl‘l
! .
InlerosSe0us
mambrang
Media: |
maliealus
e )
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e
1 1. Lalera
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WELE & FOOT BONES

BRSALSS (Ts

THLUS: GALEANEUS:
CUBID: WAVICULAR:
CUNSIFOBMS (e

Subkalar
& |oint

Long plariar iy .
¢ Torsal sinus

§1oal ie & mobils, waightbsaring structure. The ankie joint (nge-typa
jonl) between tibia, oula. and the (afus forms a morlise. permithing
femar {plantar flexian) and extensgion [dorgiiexion) here. With exces-

] ol 1his joint, characiensiic fractures and foom ligamens scour
foal czr adust to walking/running an liled surfaces by virlug ol tha

files (telocaicaneal) and transverse tarsal (lalocalcanecnavicular and
fSreocuboid) joints. Here inversion and eversion movemenis occur, The
i has sirong mediai ligamentous (deftoid lipamenis) and weaksr (steral

AT

| o
e
’ S

PN
- AATERAL
ITURDIVAL ARGH

TRANSVERSE

ll. SEELETAL SYSTEM / LOWER LIWE

METATARSHLS &)
FHALANGES (16

LICGAMENTS «

Diisital 1(
phalanx \

Miodle A
phaleny =

Praaimal
phatan

MYERSION EVERSION

oA

"‘-i:l" Tubercaity
1

POSTERIOR
VIEW

Lstaral
mallsstas

;%

CORELA, Cacanectinin

k! i
Susimnineuiim - 47 ] ™ "
i
Callanaal tlncalzanenl
{Ackitiog] g
1Enen
&
= i s

lnacs and balancing he Dody

D

I (8

R
AREH«
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Titngr e,
i f “uln
Mot gk maiinois -'_ i\ Caitnres
i s 'I|

k)

N Use ditfarent colors from those
used for the dium on Plets 20 and for
he lemur, tibia, Kbula. and palslis on
Plabe 30, {1 Begin wilh ihe laius {A)
codoe that bone wharever it appears an
ihe plate. Falow thal procedure wlh
ench af tha olher bones [2)Calar gray
all of the jigarmants

uy

' PLANTAR (BOTTOM] VIEW
{Right foat)

TIRMEYErIa
tarsal jaink

PLAMNTAR FLEXICHN

| |
ll|l" ‘.}Ill _Jl Il:l

v/

[Ashallnsi
e

dymiss joinl

Euulrfl-::”:l.luu 5",,:::;-I

hgamantous support. The ralathvely high fegquancy of Invers:on sprains |taaring
the lateral ligamenis) over eversion sprang seems o reflect this fact

The bory architacture of the Too! inchudes a number of archas (hat are
raintorced and maintained by ligaments and influenced by muscles. Tha
medial langriudinal arch lransmils the force al Body waight 12 the ground
wnen standing and io ihe great ioe in locomation, creating & geanl lever thai
givas spring to the geit Boll longludingl arches function ir absorbing shock

LEW@ITURINAL ARGH
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000, SFELETAL SYSTE/ LOWER LIE
BONES (1) REVIEW i o
[ |I;;um-filn:r::;n;?;:allr;g;mes &@w@m &ns " .I,I ..I"I

:1::0:&:?:3 Il?m caxal bone (A), usa the @@m@ o ‘!B I

IIl I"
I
DO AARE A0 A MG T P T ?@W@a b s 4;'
\ 7 |

-
& ¥
'
\ !
1M tarsal bones (F| uss any one ol ine Y 4

{areal colorg {1 Color e bones of tha -fj{,:“ ?@&&&- T .'.:k .
lowar limb, their sutace markings. and ?D@'D@ﬁ r ! HONE '.' m &
i SURFACE [ -

nia efirrasponding boness on IR "ng

limb of the dog. (2] Cober the rames and Fﬂ@mt J.l _:.-(-: MARKINGS | g;:g E!y
i th limi snd th forstimb }
:::T::u; :’!:_-:nzzrwll_r::: of ihe I!I'J;:IEI ?@@%&" J_.-ll J .-Ir "I ."Ilr J‘fﬁ I
shimam mn Hhis wime mm @E‘E‘@{LIB II-" | .-.I J :,.j I'._‘. b
BERIARGELRIES: o A\
# |

! | |
f 1A { \
| I m', i % 1
| | S ) | N B
._II I| | % E ._,_,—'—A-_.H-F - l-‘ \-,\_ ’
I,l ,: | g 1&_‘_:{_};

Shouldar
=Ll

/ ! ! - Thee structure of a part rellects an adaptation lor funciion
{ ﬂ L s, v The truth af Inis statemenl i bame oul n comparing the
[ A £ bores of the upper ard lower limbs in a biped (human) wilh
L( those of a quadruped The peclaral gindle provides & basis

for mobility; the mare sturdy pahic girdle provices stability in
both locomotion and wesghl bearing The [imb bones of the
‘ lowar limb ara large and salid, consistent with weighi-bsar-
Img; T redated jaints are structurally secure, excenl tha
| knee, which gives up stability for flexitilrly. in the upper imb,
| the bonges are JIQT‘IIEI'. and the joints are mora flexiole and
| capable of greater ranges of molion {oompame shouldar with
hip, albow with knee, wrisl with ankle). Although forearm and
leg each have iwo bonas, thare is litlle lunctianal correlalion
between those pairs of bones. The foot s clearly acepted for
lscommotion and egnt beafing, the hand (especially the
thusmb} for maobility and desterity
Thie guadruped (e Brus Case, the domeskc dog) uses poth
faralimbs and kindlimbs far supporting body wesght and
locomoiion. The girdie (coxal /scapular) bones are adapiad
for locomation, and are nat as differentiated structurally or
tunctionally as thay are in humang. Tha caning scapuls has
much less scapulothoraoe meation than (he bursan scapuls,
the eanine coxal bones do Aot camry a disproporlionate
weipht, a8 does (he human pelvic girdle. The animal bears
waighl o the heads o the melacarpals and melalarsals, a
condition thal s partcularly sultable lor accsleahon

Fatelinlamaal |

imint = _

Tibiotemoral
joint

Froximal
loelinular joirm

QUADRUPED
(Dog)

Most mammals waels
= on 1Rair I|'||I'p§r5 and "lnes

CLAVICLE, '
SCAPULA. \
HUMERVS \
@ﬂ;mﬁfﬁ ) Jl--h\.lna et .
@@@EE@EE Distal o ’1: Ifnrevlaraal £ini {
@@ @@{ﬁ}&-‘-‘ tiroliodar joink . \L\iaLrnumemlmaal ol I: .;.
Im@fl@@ﬁﬁm@&b - "--J{“"E“‘“"'”SH'ID"'Il :'I] Metatersonnaiangesi inl =
PHALAGES - il ¢

ImMorphalangeal joim
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0V ARTICYVLAR SYSTEM
CLASSIFICATION CF JOINTS

Bones are connected al joonts (articulations), ard afl bone movameanis ooour at

funtionally classifiad as immovabie, parfly movable or friessy movanle The mast
secura |oinls are mmovable; ihe mast vulnarable are fraely movable. The architec-
fure of frealy movabie joints determines thair directions and ranges of molion

FIBREVS H@IWT-
IIMOVABLE.: /PARTLY RI@VADBLE

Fibrous joints, whene bone i€ connecled (o bone by fibrous tssue, ane immovable or
parly mavable Sulures are immovaiie fibrous pints; 0 ara 1eeth and their sockels
Syndesmiases, hare reprasenlisd by Ihe mlercsseous ligament of 1he iorearm, are
parity movable fibrous jaints

CARBTIEAGINEVS IEINT -
IR VABLE:/ PARTEY MOVABLE-

Caridaginows joints, whare bone is conneciad io bone by carlilaginous or librocar-
fitaginous tissues, are mmovable or parily movabie The epiphyseal growth plaies
are immovabiz carfilaginous joints, replaced by bone at skeletal maturity. The infer-
verebral disce are partly movaoie tiorocandaginous joints

ARTICYLATING @m@&.
ARTICULAR CARTILAGE
SYNEWAL MERBHRANE:
SYREVIRL GAVITY (FLUID)- o
JOINT CRAPEULE s

BUGSH CACSULE
COLLATERAL LIGAMENT:«

Synowial jours-gre al freely movable within in the imilstions of the bony architeciure
Articwdar bornes are capped with arlcwlar carlifage &l the joint nleface The jonl
canty 15 lined internally with vascudar syncveal membrane (excep over 1ng arlicular
caflliage) and sacralas 8 nulriant, lubricating synovial fiwd. Tha librous, sansilive
Jjoinl capsute s remforced by iigaments. A cushion of synovial membrang reinfarced
by dansa rregular connective lissua can be lound interposed belween bone and a
maoving siructura (tendon, muscks), Such a device (bursa) tacilitates friction-ree
movameni

TYPBS OF SYROVIAL JOIRMTS::
%;ﬁ ~ _BALLS ,_

& hinge joinl parmels mosament in onky 0N peana
oo e tavmsion. 1| cee be sean ol fhe dnko
Interphziergeel, and ainow (Mumarosingr) [oinis

Tha ball ang socket joint 18 best seen ai the hip
and shoulder jointa. Movermenis m &l drections
e permitied

T POVETY

\
%,

ELLiFSEIE.

Tha allipeoid (condylold condylar) joint s &8 reduced

vall and sockel configuration n which significant rolation
A |wrgely hxclidng &q, e eandyiar knes anad
ipmparomandibular jpints. and mdiocarpal (wael) joints

& ring gt bana (C1 werlebea) rolating abdout an axin
of bana {odonioid process al 52 varlebra) 8 a el o]
joimt {Atimntoasisl joim} Also thi rounded humeral
capifulum and the radial head (radiohumaral join)
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SYBOVIAL JOUUT (-RETLY (IOVABLE), /2 /

33

See 14

Che Lkl a light blue for 0, &ad dark color for F and geay for H (1) Do not

joints. Joirds are structura’ly classified as firous, carlilaginous, or synavial. They are color tha bonas in the upper hall ol the plate. (2) Below, colar the armows
pointing le the locaton of the jonis 85 wall 8 (ha o epresanakons

Suluen

-]

Epiphyseal
plate

Interveriaoeal
disE

Burss

ez

I

b
N C .
) fﬂ
“if} 7>

S

The saddie {aellar| joint has two conoave suraces
wrlpculiling with one anather The carpomatacapal

jml al ine Thireh s e s 2cample of ihis joan
which parmite 8l movamanis bul iotalon

¢ D @LIBING:

& ghiavng joini conssis of generally et surtaces
pliding across one ancthar during movemant, such
28 [he [ace pents of 1he vertebrae, acromoclavicu-
lar. mr intereRrpel finterarss joints.
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I, ARTICULAR SYSTEM
TERMS OF MOVEMEWTS

i Colar the Breows poenting 1o the jointe demansirating the
s movamants of bady Mole thal inversion (K] arg avarsian (L)
i arwong bores of the foul, not ai b ankie

| ERTEVSIO®N:

- | DORSIFLEXICU-

B Fodony
PLANTARFLERI®M:
@mml@ﬂmf

SIRECUMDUVETICOR]
ROTAT IS

BRE ATIC.
W VEHS0@00.
BUERSIOM.

nents o bones ocowr Bt jonts. Terms of movemsant are

pre applicable 10 pints, nod bones (flaxion of the humarus

‘o bresk itl). Ranges of molion are imited by the bory archi-

| lure of @ poind, refated ligaments, and the muscles crossng

| "Bal joint. 11 i from the analomecal position that specific direc-

I s of movement can be cleany delineated and rangas o

[ishicr maasired

- Exension of a joint is 19 generally straghlen il In the ana-
cal position, most joints are in relaxed axtension (naulral) In

| glation 1o the anstamical position, movemeants of exiension are

| seiee in ihe sagittal plane. Exirame. aven abnormal extension

| & oaled Myperaxtansion. Al 1he ankle and wrist |oinis, &xiension

|

|

i wmied dorsilesion
- Flexjon of a joint is 1o bend i or decrease the angle belweaen
he bones of the [aint. Movemenis of Nexon are directed in ihe
| piial plane. Al the ankle joint, exion s also calied plamar
| i
I ‘Adduction of a join! moves @ bone toward the midling of the
gy {or ' the oaze of 1ha fingers or oas, toward e midling of
‘e hand or Icot). In relation to the anatomical position, move-
nents of adduction are cirected medially in the coronal pane
&bduction of a joinl moves a bone away fram the midline of
e body (or hand or foot), Movements of ebduciion are directed
lly ini the coronsl plana.

Cireumduction = & ciroular movernant permitied at ball and
concylar, and saddle joirts | consists of (he mavements
ol fiexion, sbduction axdension, and adducton pertarmad in
1 BLANCE
Rotatian ol & gl s to i the moving bore about 1s axis
Bctakan foward the body & internal or medial ratation; ratatian

ey from Ihe body is extarnal o laleral rotaton.

‘Supination (s an extemal rotation ol the radohumeral jon

nike fect, it is the combined movements of inversion, adduclion
- wound a vertical axis, and piamar lesion

Pronation g an inlernal rowanon of the radionumearal join
ln ik foct, |t s the combined movements of avarsion, abduction
Sinund 3 vertical axis, and dorsilexion The joints involved in
b supinalon and pronalion are the tarsal and ankle joinis.
invarzion luins e sale of the fool nward 50 1hal the medial
gr of the ‘ool £ alevaled
) Evergion lums the sols of the loot outward S0 thal ns lataral
" Boeder s elevaied Boih inversion and eversion ocowr af subtalar
dlcanaal) and fransverse larsal |oints

|
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Ve MUSCULAR SYSTEM
IWTEERVETION

M Usw light colors far 4-E |1 jBegin with tha muscle belly and lendons in
he Lpper lllugtrakon (7)Wnan cosonng thva namow boaders of the endomysium
(L) in the enlanged saction. Il is recommended 1na) you glso color owsr [he
Simcis Fioer ends (D) with the vary ight endamysium coice, and ihen go back
over T Filseer s with @ darkes color (2, Do not color ke naurovascular
berdia, or 1hi cul ends of Dlood vesaels and capiianes. [ Color the kowser

FRSGCIA:-
ERIMTSILMWA
PERIMYSIWRD:
ENEDE®MYSIL:

MUSELE FIBER GELL)

TENDEM:

A nemed skeletal moscls (eg., bcaps brachi], suroundad by a layar
|j deep fascig (epimysium), consists of fasciclas or bundies of muacle
& anwvelopad in thin librous Bssue [perimysivm). Eash muscle call is
sumaunded by a thin sheath of ficrous tissue (endomysivm). Each of
fibrous layers is importart 1o muscle structure and funchion,
providing suppart for nerves ana vessels (neurovaseular bundles),
enaaring uniform distribution of musale 1engon durng contraction, and
‘mesntaining tha elasticity of muscle, parmiting i to recoil lo s resling
lgngth foiiowing stretching. I i the menging of thase liorous lavers al
he ends of the muscle libers thal form the lendans which integrate the
‘muscie to ila aflachmant sitals), such as periosieum or another landon
Broad, flal lendons are calied sponsurnsas, Tha mass of the fasciae-
‘#nveloped contractiie cells 18 called the bally of the muscle. It s the
muscie Belly that shortens during musele contraction. The belly may
be shaped one of & number of ways cepending on ils tendinous
‘@rangemant and atiaohmenis. Skeletal musches ane named in ratElion
W [heir attachmants (e.g. hyogiossus), shape (e, Irapezius), number
of haads (0.0, ousdriceps), funclion (e.g, adducier magnus), and
posfion (e 9., brachisls)

MECHAWICS

BF MWRVEMIEIT
FULBRUr D@INT) -
EEFFORT (MUSCLE),
FESISTANGCE: (WEIGHT)«

187 CLASS LEVEHRY+

I 15i class fever the joint lies between the muscla and the load.
This = the mos! efficiant class ol lever. By lexing the neck and pos-
faring the head forward Bnd downwerd, the load (G') is appreciably
mereasad, and the muscular effart (A) 1o hold that posiure may
nduce muscle pan and siitiness/tghiness (overusal

BUD CLASS LEVER

Ina 2nd class fever, the Ioad lies betwesn the ol and the pulling
muscle. This lever system cperates (n lifting a wheslbarrow (the wheel
& Ihe tulcrum) as well A3 Efting a 75 kg (165 Ib) body enlo the mela-
{arsal heads at the melatarsophalangeal pints. Thig is a reletivaly easy
186k ‘or 1he sirong cal! (fnceps surae) muscles, bul try standing on the
heads of vour middie phalanges |increasing the cistanca F-G')l

B3RP CLASS LEVER-

Ina 3 class lever, the muscla fes betwaan the joint and the [oad and
ka5 & poor mechamcal advaniage bers, Consider the differance in
musaular effor reguired lo camy a 45 kg (100 o) bag of cement in your
Bends with fiexed slhows (elbow joni 3rd class lever) and carrying
your 75 kg (165 Ib] body on the heads of your matalarsals (2nd class
lgver &l 1he melatarsophalargeal nints). i is &ll & matter of levarage

.r /
4 e =
=

Soa 8 10

MEUROVASCLLAR BUNDLE
[nerve, arery, vein)

MUSCLE BELLY

\\. {ouncle ol lascicles)
FASCICLE
il [bundie of fibars)

EGLE FIBER
{single cell)

Sxalplal muscles employ $mple machinas, such as levers, 10 increase the
efficiency of their contractile work about a joinl. Machanicaily, the degrea
ol muscwar effor? required to ovarcome resisfancs 10 movement &t a joint
{fufcrum) depands upar (1) the feree of that reaistance (waight, G}, (2) the
ralative distances from the anatomical lulcrum to the aralomical sites of
musciar etfarl (F-Aj and he analomecal stes of resistance (F'-G1)

The position of 1he joint relative 1o he sieof muscle pull and the site

of imposed kad determines ihe class of fhe lever systam in use

w

\-..r", -

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

7, MUSCULAR SYSTERM

Che Use vary light colore lar A and E, 899 & dark color "or F
|1}Degin with he akseial muscla liking the heal of the loot and
compiirde B moton anil Bnd the enlanged view ol the newro-

lilles 8¢ the botiom of the plale: enly the dischargeng motor units
[ dark outline] aré 1o be eolored. MNole thal the word “parlial” &
m colored under the example of parlia conl@otion

BRELETAL MUYSCELE

MUSELE GELLy
MIETEOR BD PLATE:

WETER WERYE:
RZE@M

AEEOW TERBRRIIWAL .

WEVRCMUSECULAR
JOWETICN -
AN TEHEMIMAL .
WCTER EWRD PLATE:

Gap —
Ay ichiding
Sarcoermmg

MICAROSCOPIC
VIEW

Skeletal muscle consists of innumeranle muscle ealls {fibere). Skelelal
muscle requites an imact narve (innervation) 10 shorlen (Contract )
Buch & nerve |5 callad a molor nérve, and consisls ol nuMErous axans
of motar reurons. A motar neuron (recall Plata 1) s decicalted solaly
1o slimulating muscle fibers to confract. Each single muscle cefiina
skalatal muscle 18 innervaled by a branch of an aeon. The microscopic
sile al which the axon branch attaches to the skeletal musclz cell is
called the newomuscular junction. Each neuromuscular junclion cof-
sists of an &xon fermingl closely appled lo @n area of convoluted
muscle call sarcalemma called the mohor end piafe. There 5 a gap
potwaan 1he two surfaces. When a skeletal muscle oell s about to be
stmulated, a chamical neurctransmitien, called acelylchaling, 5 re-
ieased by the axor ierminal nlo the gape The neuratransmilter

induces a changa in the permeatality ol the sarcclemma Io calcium,
which iniliatas muscla cell contraciion. A muscle cedll can only con-
tract maximally {“all ar rone” law)

CONTRACGTI@M:

musouler unchion [21Calor carafully 1ha molor units and reéaled ) © :

ANON BEANGH, < Har.

CENTERACT IS «

36

Saa 17, 131

NEVROMUSCYULAR JOVNMCTIC/ V0T

N

ANK@ NS
AR BRAWWERH)
WEUBEOMYVSECULAR
JUNETIEN -

MUSCLE CELLy

An axon of B sngle motor nouren, 15 axon branchag, and 1Ne skeetal
musche cells with which they form nesrcrmuscular junctons constituls
& /mator umil. Within any given skeletal muscle, the number of muscie
calls inrervatod by a single molor neuton largely determines ihe speci-
fizity of contraction of lhal musche, he fewer {he number of muscle
cells in-each motor unll, the mora selective and refined the degrae

of contraction of thal skelalal musscle

Givan the fact of “2ll or nona” confraction by individusl skeletal muscle
cells, grades of conlraction of & skeletal muscle are made possible by
actrvating 8 numoer of molcr units and nol acivaung oMers. In max-
mal conlraction ol a skeletal muscle, all motor unids are diechargad, In
a parttal confracifon, anly some of the mator units ame activaied. A resf-
ing muscle discharges no molor units Gluteus maximus consists of
gkeletal muscla cells having & nerve to muscle ratio of 11000 or mors
Thesrs @ o possibility of controfled, refined conlrections fram this mus
cha, Tha facial musclas, on tha othar hand, heve 8 much IDwer nere
missale ralio, closer to 110, Here small numbers of muscle cells can be
contracied by implemeniing ane or & few molar units, genaraling very
fine coniral on the muscular eflect (lacial axpression) desired
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¥ MVSCULAR SYSTEM

IWTEGCRATICN OF MUSCLE ACTICN

CM: Use a bright oalor her A and & kahi ona for E {1)Color the
smal armws and the lenge |atiers of orign |} and maertion ()
afincant i he examples of conlrecied and strelched muscles
|21 in ihin lower (llusiration Calor the portions ol pranamone oS
and pronator quadratus thot & outlined by dotied bnes. Thase
parts of the musches ara rérmally concealed by the radiis in
1his iml&ral vieve

Whan a skalelal muscle shortens {contracis), a joind is
moved, and two bores come closor togethar, isometnc
contraction excepted Muscies naver push; they always

pull, In any given movament betwaen two bones, one bone
& penesally fed. and the other moves. The muscle altach-
ment al ihe koo bone Is the origie; the attachment al the
moving bone is the insertion. In comple maveiments
where i is diffscult 1o identify a “fixed” bone, ke origin

of the muscie (s the more proximal attachment

Wren a muscle contracts aCross a joinl, othér muscles
croasing thal joinl are affected. Vo one muscle acts alona
in joint movement, In flexion of the atbow @inl, for example,

tipaps brachil (gnd brachialis, not shown ) contract, while m@@@&@g #

liceps brachil is siratched Conversely. in elbow exiension,

\reepe i€ contracied, and 1he biceps/ brachials muscies BOMTHABT(ERD -
are siretened. In neutral, all (hrag are refaxed (al rest) oY

Torse {coniracted) muscies can ofien be ralaxed by @EEMMD B

genite strelching W@E?@Eﬂ@@ C

ACTERE IV ELEBOW FLEEIGM
WITH SUEINATION ve. PRONETI@N «

Mo muscle acts alons in the movemant of a joirt. In the movemenls shawn al right,
varous muscies are funciiangly miegrated m the simple st of ilting an abyect, with the
forearm supmated in he first case, and pronated n the second case.

PRIME MOVER (RIS T)s

The primary musoks affecting a dasired jont movement (s oalled (e pormes mowe
(mgarisl), There may be more than ona; in elbow lexon with the ferearm supinatad,
trachiaks nd biceps orachii are hoth prime movers, biceps adds signficantly to the it
g power becausa of the added work in supinating the radius during slbow flesson With
tha forearm pronated and supination resksled, the biceps loses hal supnaling power,
and brachialis, unaffecied by a pronated forearm, bacamas the prime mowvar

ANTASEMNIST .
Wyscies which polemially or aciually oppose or resast & certain movemen! are called

gntagonists. In the lawer (lustralions, triceps is tha antagonist n the act of elbow tesson,
even though It s beng strétched and s not contracted in ihe case lllusiratad

FIRAT @G »

Fixator muscles siabiize (he more proximal joints during weightbearing funclions cf
e more distal joints. Here the trapapus musole coniracis to stabilze (immabiliza) e
scapula, creating a rigid platiorm (the scapula) for operation of the welghibearing.
ipsitateral limb

NEVTRALIZER (SYNERBGIST):

in undariaking & desired and specilic movement, urdesired movements e esisted by
netiraizars {synangats). During loxion of the elbow with @ prongted forgarm, pronalors of
ine forearm [pronator quadiatus, pronslor 1ares) conlract 1o /esisl or neutralize supination
of the forearm. In this action, the pronators are synergistc with the desirod movement,

Globally integrated and harmonicus muscle functomng makss possibie painless,
mythmic, and dynamic movements, best revealad 0 Such activilies as dance, spons,
und sxerciss Jonts affacted by terse or weak interaciing muscles, inducsd by mechan-
iczlly disadvaniaged posture/gall, can be subkect o pamiul and limied movemants
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U MUSCULAR SYSTEM/HEAD 38
SELES OF FAGIAL BREHESSIOW g

CH Liss your Hghinet colars 1oe O and O

e wivtm and cheertul cobois Yor 1he muscles
poducing a smile (A-HY Golor the muscles
selizcing sadness | |-0) with greens. blues,
wa grays |1 )Bagia with the smiling side, and
gelor only the musclas identified by bikes A - H
i coor thosa musees in the protile naw
telow. (2} Repesl the process with the sad soe
Mate Inat & porion of fromialis 1) nas been

tul vy 1o reveal procanus [J) [3)Color (he
i al the Dotiom &ndg he relsed musols on
e lowes views Inclucs ihg portions ol the guric-
Ul muscles that disappear benesth (he aar

RBICULARIS
eEuR0-
WASALIS:
LEVATOR LABI -

SUPERICRIS
ALAEQUE WASH.

LEVATER LARBI
SUPERICRIS:

LEVATE®R
AWGUL) CRIS-:

ZNEEMATICVS
WWAIOG-

VGO MATICUS
MIMOR -

FISERIVS,

FRENTRALIS:
CORBYGATER
SUPERBGILI0.

ORBICULARIS
@RS

PEPRBESSOR
AMNELUL] CRIS.

DERPHESSOR LABI0
IWFERICORIS

MIEWTALIS
PLATYSWMA

The muscies of facial expracsion are generaly thin, fiat bands arising m:ﬁff;r E,:’,’.’;Sf;',
lram & facial bane o cartilage and nsenling inla the dermis of the skin or
Iha ibecwe tissue envatoping the sphincter muscles of the orbd oF mouth
These muscles are generally amanged into the following regional QroLps
1) Bpicranial group (occipitofrontals moving the scalg); [2) the orbilal
oup (orbvculans ocul, corrugalor supercii), (3) 1he rasal group (nasais,
pocarus). (4) The oral group (orbiowlans ons, Zygomehcus major and

= T
S
' L A

AN I|

1A

j Jlull.'ll-'l"l /7

aminor, the fevatars and he depressors of fhe lips and angles of the mauth,
fraonus, buccinalor, and part of pialysma), and (8) the group moving the
#ams (auricwar musclas) The general function of each of ihese muscles s
Wmove ihe g<n wherevar they insert. As you color each muscle, Iry con-
Facking it on your sell whiie ooking inlo @ mirrorn, and see whal develops. '/
Ortscudgris oculi and orig are sphincier mugcles, lending 1o close fhe skin Farolis
e the eyalids and tighten the lips. respectively. Gonfractions of the gland
theek muscle buccinator makes possible rapid changos in volume of the 2

il - i ) ygomalic
aral cavity, as in playing a frumped or squirting watar Tne nasalis muscle gtoh
has bolk compressor and dilator parts which influenca the size of the
anterior resal openings s

Siemnoeaimidn-
masiovd

GALER APONEVERETIEA: NN o
@@@D@U%&U@P Claviris \ fh"’f:”\
AVRICULAD MUSCLES: NN

PROCERYS: oetas =\
@@@{gﬂ@@ﬁ@ﬁp Pgnclg;i:]grll-j,h A f %}:‘E'l
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I WUSCULAR SVYSTEM /HEAD

39

MUSCLES OF MASTICRTION

CN U'se a trighi. yellowssh color lor the man-
dizda () whach appears in all the lllusirabons
iHjBagin af the uppar laf and work yous way
hicugh tha various movemants of e mandible
\&in coionng the lemporomandibular joint, nobe
IRal the supenion @nd infemod joint spaces (1, 17)
i cottiad Binek

MUSCLES S«

rERPERALIS,
MASSETER:
WMEDIAL

s
Exigrnal audiery canal

FUERYE@IE: | styloig process ':r E;a;l:; wing {cut)
lﬂ;@mm Mandibular fosss
E'ygumul-u'_ angh

PTERFE@0D:

The acl of chewsng i called maslicalan. The muscies of
masticaion mowe the eempormmmandibular joinl and &m langely
responsbic for alovation, depression, prolrusion, rétraction. and
iweral motion of the mandinle: These muscles lunclion bilat-
#rally to effec! movemants of the single bore (mandible) at

I joints,

The femparalis and masselel muscles ana atten coniraciad
unconsciously (clencring fzeth) when siressed, giving rise to
mﬂtiﬂllﬁr severs bilemporal and preauricular neadachas

The muscles can sasdy be palpated when contracted

Tre medial ang ateral plerypoids are in ihe infratemporal fossa
and cannid be palpatad In the lowast drawing al nghl, nole how
1he two heads of the lataral plerygoid insert on the anteriof part
l the ariicular disz. Duning mouth opening. ihe muscle pulls the
Ericuiar disc forward as the mandibular head notales fTarward n
fne fossa. On mouth chosing, the muscle elases, peimitiieg the
= to move postanocly. Repid, forcad ew opening may distupt
e arlicular dise

TEMPEREMAMBIBULAR-
(ERANIOMANPISULAR)
JOINT 8.

JOINT CAOPSULE-
ARTICULAR DISE
MENMISECUS)s
BETHERISCAL PRE
SUFAR JEIWT SFACE:.
IWE. JEINT SERCE:.

The mandible has wo condylar processes (lefl and right) each of which
arfcudates with a mandibufar lossa of the temporal Dore. Two lampors-
mandibutar \oints are connecied by one bone, hence the allernale lenm

- erersomandibudar joint. nlervening between the mandibular fossa and the
head of the condviar process 15 a fibrocarblaginows, movabbke oval plate
caflled tha arficuiar disc or meniscus. The disc embodies two {arterior and
postenor) avascular libreus bands, thair long axes diroctod in the coronal
plane The hwo tands are separaled by & ihinner inermediate zone, With
closad mouth, the mandibular head resis against the postarior band, with
full openimg (35-50 mm batsean upper and lower incisors), ihe head les
against the anlerkar band. Posterion io1he disc is the refrodiscal pad, a

(3aqitlal section}

Mandibulsr — . r
logsa .~ -

two-layared (hilaminar) region of loose fiorous, vascular sensitive Connec
tve lissue lrom which the diss gels e nulrition. Medally and [alecally, tha
dise b5 aftached to the condyle of the mandible. The mandibufar head, the
disc, and the fosss are enclosad by & joni capsule The disc divides 1he
joint spacs inlo iwo compariments, one above and one below the disc.
The disc may be structurally mcomplate fram birth, even perdarated. |1 fre-
guenlly wnds to fray with agng. Disc displacement may ba responsible
for clicking and limited range of jaw molion

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

¥ MUSCULAR SYSUGK/ NECH

&
LATERAL MUSCLES

CN: Exceplior 8 ang E, uae your lighles) soors thraughou 1he plate (1] Begin
wilh 1he dingrame ol 1ha :ruanglnr. ol the edk and e slomooicidomasiaid (A

8, C) Color over all the musches witun the iriangles [2] Then work top and botiom

husirations simuliereusly. colorng 84ch MUsSCle [N 35 Many vIBws &8 you can
Ing it Nole ihe retalionghip belwaon muscls nams and alisehrment

The neck is & compes lubular region of muscles, viscera, wesseats, and
nanas aurrcurding the carvical vertebrae, The musales of the neck
are aranged in superficial and desp groups. Hee we concantiEts on
guparficial muscles Tha superficial posterior and posterolateral mus
ge ol ihe neck is trapezius (Plaie 46), The deep posienor muscles are
covenad in Plate 41, The mosl suparlicial antenor muscle of the neck is
pistysma (Plals 8L The anierior and laléral muscle groups are divided
ints tigngular areas by the stermociedomaston muscle

ANTERICR TRIANGLE-

SUPRANYEID MUSCELESSH
STYLONYEIE: RICASTRIC

MY LeHYeIRr HYeELOSSUS:

GEMIO RV
HYelR BENWE-.
WFHBANYOID MUSCLESS

STERN@ XY@ @OHY@D[EF
TRYRBCHVYCIR-STERNWE THYRBOID -~

The arderior region of Ihe neck is divided in the midline, ach hall
forma-an antertor (riamgle. The borders of (he anterior Irangle of super:
il nack muscles are clearly lustraled The fyoid bone, suspended
Tom the styloid processes of the skl by 1he slylchyoad ligannls:
#idas aach anterar triangle «to upper suprahyond and lower
nirRhynid regions
The suprahyoid musches arse from ihe ngue (glossus ). mandibie
[myla-, genic-, antenor digastric). and skull {51yk-, pasterior digasinc
and rsert on ihe hyod bone. They elevata the hyoid bone, Influencing
e revemmeards of the Yooy of Ihe mowcth and the angue, espacially
furing swallowing. With a foed hyoid, the suprahyoid muscles,
expecially the digastrics, depress the mandible
The infranyovd muscies generally arisa fram the sternum, thyroid car-
iage of tha laryny, or 1he scapuia [omo-) and ingert on the hyoid bone
These muscles pariially resisl elevation of e hyaid bone during swal-
owing, Thyvohyoud ebevales the Brymx during praduction of high
: plched sounds, slermolyoed depresses the laryne (o assist n
| production of low-pilched sounds

POSTERICOR TRIANGLE-

EEMISPINALIS CARPITIS:
SPLENIVE CRAPITIS.:
LEVATOR SCAPVLAE."

SCALENYS:E AN IEDPRST

“The postevior rlangle consists of an array of muscles coverad by a
lryer of deep (investng) cerdical lascma just undar the skin batweean
- sismocieicomaston and Irapeziue. The bordars of the tnangle ara
“clearly illustraled. Muscles aof this regon anss rom the skull and
cervical varlebrae, they descend to and imsarl upon tha upper two rbs
(scalenas), Ihe upper Scapula [omohyoid, ievalr scapulae) and (he
cervical [horacic vertebral spines (spienius capdis, semispinglis
capiis). Visualizing ther attachments, these muscies” luncllon
becomes claar,

Sernum = . a8
B L Acromion

E“F@@Eﬁo @&E IDOMAEASTEID -

The sternocie'domasiond muscis, acting I.Jﬂiﬂ\&l‘ﬂlly. filts the head
faterally on the same side while simullanacusly rolating the hasd and
pulling ihe back of the head downward, lifting the chin, and rotates tha
froml of the head to the opoosile side. Both muschas acting togethes
miwe the head forward {antesnioly) whike extendng 1he uppar

cervical verlebrag lling the chin upward

LTI IU|
bn-u:r |

. ArTapar
borge —
jmmidhiej

Ir.' = MUSCLE
fy - X cngin: ATTACHMENTS
() I"I g III ll.m:u: Hanmm

Sl
J Eximieml QIOCEES
BUBETTY
mealus =7

p=lie

Thl.'rn-:l
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V MUSCULAR SYSTEM/ UPPER LIRUE o
OF NAND JOINTS IMNTRIVSIES) .

GN: The ealringic muscles which move

F i
gy Extensor

slips

phslars
Palmir
[li]

RN

[ I
e
aiomical <\

RETINACULUM | Y
(Tiaraversa campal lig )

i
THERARB ERINEMES [§*
CEPPEOMENS EELLIEKS: 1]
ABDYETOR PELLIGCIS BREVIS:
FLERCR PELALICIS BREWVIS:

Mols thee paipable bulge of muscle (thenar amingnce) just proximal 1o tha faumb
on your own hard. Imegrated with (he action of the olfwer thumb movers, thesa
ihies muscies make possible complox movements of the thumb. The thenar
musclag arise/ingar in the samn Qgenerml amea 85 one another, Nowewer, their
difierent onentation orders different funcbans

NYPOTHENAR ERIWENCE. |
SPPONENS DIGITI R0M0Rs0- [\

ABDUECTOR DISIT) AIMIDI: * P
FLENOR DISITI IR BREVIS.

Thesa muscles mave the Sth digit, thay are complameantary (o the ihenar mus-
mes in atachmenl and funclion. The funclion of opposition is basio fo some of
{he complex grosping funclions of the hand

DEERP MUSCLES -
APBDVETOR PEOLLICIS,
EALMAR INTERCSSEYUS:
PERSAL INTERESSEUS.
LU@MEBRIGALY

Adduciar podicis, in concert wilh the first dorsal interossecus muscle provides
greal strenglh in grasping an object betwesan thumb and index finger ry it
The interascier and (umbrica! muscles Inser inlo expanded fings exiensor
tendons {extensor exparsion, s6e postarion view| larming a complex machanism
for lzking tne metacarpophalangesl joints and exlanding the inerphalangsal
joints. By their phalangeal insertions, ihe inferossel abduct/sdduct certan digits

POSTERIOR (DORSAL) VIEW
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Ty ” | [
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,
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1

the wrist and lingar |Ginle wera oowered On
Plate 50, and thaw tendons are shown in
dark lineand abated hong for idanilicalon
and study, il nod for coloring I possibie

i‘-‘ | S ¥pd | expansion S P =3 use ditfamnl ool an i plee. (1] Gl
i s )I.'. a su‘;;‘: [ L I,_.':T-'":!.%" e muscles of 118w BVERGr views.
,; = H' ! | I.X‘X/ﬂﬁ} Basze of ORI '.I"ﬁ._‘-_]l" as wall gs the Bexor relmaculum (gray)
I# . n| | middie phalan Y s :'l.'* (2} Galar the posierion view (3)n the
_,ll ,' “)' - -\' \ i lustraton ol lingsd Aboucton (81 the bot
ol | f Midelle sl o) — om| nate that the life fingar & not moves
o e = oy the dossal inlerosseous (U)
i =
X i
Pronsmal
] I
f PESUERK Msacarpal
L bans

i}
' e ARadius
—={- Median
nerae

+Tendon of
prachorachalis

ANTERIOR (PALMAR) VIEW

AHBTIONS BF

IMTERINSIC MUSELES:
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I MUSCULAR SYSTEM / YPPER LIME ot
BUMIMARY OF MUSGCLE GREVRPS

BEN: Color all lhe musclesin a The muscles shown are (he supericial muscles of (he upper imb, many
Engle proup ©f Bach view before ol which can ba el or seen on yoursall. Try to find ihe oulline and bulk
gong on to tha rext graun of as many of ihese muscles as you can as you color each group

NUSCLES ACTING O THE SCARPULA

NUSCLES ACGTING @) THE SHEUVEBER J@IWT:
FLEXORS OF THE ELEBCW J@IN U

ERTENSORS CF THE ELEEW JOINT,

FLENORS OF WRIST HNAND; & FINGERS-:
ERTEUSORS OF WHIST; HANE, & FIWCERS:-
FPOREARM MUSCLES ACTING @ THE TRV B:
THEWAR & WYEee THENER MUSCLESH

rHNER MUSCLES ACTIVG @R THUME & FINGCERS:

/ ~
I~ Olecranin

!

Exlgrsy L
rElaculum Al

+ ‘ — Flexnr

7 ﬁ refinaculum
f!‘i}.u

o

P

POSTERIOR VIEW LATERAL VIEW ANTERIOR VIEW AMTERIOR VIEW
aled F Forearm neutral Arm rotated latarally
sy jece R foreanm supinated (anatomicul posalion)

E
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B iddtanal views of ihege musclas

BUYTEUS

WA MUS-

BLYTEUS
EDIVE:

%LGBE’E@@
TENSOR
FASGIAE

ROTATE RS-
EIRIEORMISE
CRTYVRATER
IWTERNUVS-
CETURATOR
ERTERMUVS =
QUALRRATUVS
FPEW@RIS «
EEMELLYS
SUPERIGG:
BEMELALVS
MEERIOR

The gluiea) muscles are arranged in theee layers: the
most suparfical is guteus maximies. The large sciat
ferve runs deep to i, 65 every sludent nurse has
Bamsad well. its ihickness varies Glulaus maximus

- gxlends tha hip joint during running and walking up-
hit buf does not act in relaxed walking. The nter-

' medieialy placed. maors lateral glufeus medivs s a
mejor abductor af the hip (ot and an Impartart sia-

| bikzer (fevaler) of the pehvs when the apposile lower
* min s lifted off the ground,

The deapest Eyor of gluleal muscles is the giteus

- minfmus and thie faterad ratators of thie hip joinl. They
*pover up/ il tho greater and lesser scialic nolches
Thesa muzcles generally inserd al the posieriar
gepect of the greater trochantaer of the femur The
guleal muscles (less gluteus MAaxMLS) comespond

| o some degres with the rotator cul of the shoulder
irt: lateral rotetors postedionly, abdustor (Jileus
medius) suparory, medial rotalors (gluteus madius
ard minimi, lensor lascias [glas) antenony

ILIETIBIAL TREACTY

Tha dinfiteal tract, a thickaning of the deep fascia
{lascia lata) of the thigh, runs fram ilum to tibie and
helps stabilize e knes joirl laterally. The muscle
lensor fsciog lalme, & frequanily visible and palpadle
Pexor and medial rotator ol the hip jord, nsers no
s Forous Dand, 1ensing it

M‘J’@gu ; | l
B DEEP, rf%ﬁy,ﬁ
LATERAL f

NUSCLES OF THE GLUTEAL RBEGIOW }

N Male 0 the two suparhcia vews thal the upper part of the |liolibal

i ™, tille i e lalt, lower corper), normally covering glubeus madus
{81 has haen out away. (1) Coker mach muscle inall views, including the
@eectonal efrows befora gaing on to the next one The site ol arigin af the
peitormia muschs (E] on the anerior sacrum cannol be sean a1 lower right

Tha pngin of ihe cofrator miernus (F) on the nghl cannot be seen, bul The
mgin of the muscke on the conlralateral side cen be colpred. See pale 44

PDF created with pdfFactory Pro trial version www.pdffactory.com

'™, Superior glulesl

ariery

Interior giutes!
1~ arkery

N\ Sciatic narve

X" Cresior
greatey
A iachanter

Anlariar
EUPEN
liBC =pine
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l MUSCULAR SYSTEM / LOWER LIMIB 54
NUSCLES TG

RAMSTRINGSS » SEMIRIEM BRENWOSUS,
SEMITEVRDINOSYS. BICERS FEMCRIS: 6\%-4

EN [1)Color each

hanEy ing nvasce in — I} [
(B8 fren uiow halnre i - : |

Leng on fo 1ha supeT- .‘.": = POSTERIOR /! ¢ \ .-/_J: I
e Then color $he " VIEW (! = .

| 2 ight hamstrings limi fkexion of hip
| b X Gluleus when knee jainl is extonded
Elsan oy madies

BB Colar gray Tha i .
2 of Ihe mus- A 'EEE’L",_ ,-"

oq In Ine oIawings Glutuus T ,
Happ g, IENNRLS. Poivis

AR

-

il el
wact

|
Tighi namstrings: (a1 righi |
¥l pehas backweros

Hatiening lomotic Cures
of lwar back

)\

Guteus
MAEITLS

=T, Prwarill esansnrs

A __.' II "1_&;; ot 1he hig joints
ELERORS T e LA EBRTENSORS
1 1 | Gastosnenius @E m@

e .
0F 703 e LA
PEE DOINT AL RN (0P S@ORIT

The muscles of the postarior thigh (called hamsiringe sfter & procadure for cutting
the tendons of these muscles in cenain domestic animalsy are agully elfective al
boih extension of tha hip joint and flexion of the knea joind. contraction ol amaganisls
can isolate one or the other jcint movemani. Linkike the hip exiensor glubess mas-
imus, the hamatrings are active during normal watking. In relaxed atanding, 1he
ramslings (and gluleus maximus) are nactve. In knee fexion, the hamsirings act
In concest with sartorius, gracilis, and gastrocnermiua.

Reduced hamatnng stratch (“tight hamstringa”) limits hip flexion with the knee
exignoed; fiexion of ihe knae permits Increasad nip Nexion. Try iRis on yoursed, Tight
hamstrings, by their ischial ongin, pull the posterior pelvis down, lengthening the
graclor spinae muscles, and flattening the wmbar lordogis, polantally contributing 1o
limitation of lumbar mowament and back pain. The long tendona of the hamatrings
can ba aasily el jusi above the parfially Nexed knea

PDF created with pdfFactory Pro trial version www.pdffactory.com
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MUSEVLAR SYSTEM / LOWER LIIE
VSCELES CF THIGH

EETINEUS: =R o)
DEVETER BREVIS. C %)
ADPUVCTOR LEOWEUS: . O
AODUVETOR MAGNUS:
BRAGILIS: :

- P p_]'ll v i s ::
PBrURATER ERTERNUS- A= S

GH Calor one muscla &l & lme 7 b fve main views | ||l 1 {.-"'@\
Cbafors gnung to the nedt one. Node thal the sllachmenl wles m [ A w M

i i poatarior surtace of the tamur ara represaning by t T e
Jaatted lines ! || _-\ 'le. ,-"

ANTERIOR f
VIEW

ATTACHMENT SITES
Fsoas
M

Psoas,
e

lsac st

Anletior
Uparnor

: liaous—H
llige apine

Groalar
rochanion

Obluraion

|OFarmEn Leaser

trochaniar

MAductor
haRlus
for femaral -

Adduckor
lubarele
N posterion
| sriace)
L

511 £8

garticn of
sriorius

The medal iigh musclas consiel of 1he hip joint
adduciors (A throwgh E} and obfurator exlernus. &
lateral rotatar af that joint. The latter was colored an
Piate 53 as one of the oeep gluteal mMuscies, as is
lendan passes into thal region. However, il 15 cam-
parimentalized by fasckae m ihe madial thigh, covers
tha extarmal suface of the abluralor faramean in the
deap upper madial thigh, and receives the same
imnervalion as the adduclors. The gracilis Is the long-
esl of the adductor group, crosses the medal knee

Vsiug
mediglis

AN

Pes ansennus

{fxing it), and inearis only on the medial libia, is
tendan joins the lendons of sarforius and semilen-
dinosus 10 ormm an inserion shaped ke a QDNB'E
foot (hence called the pes ansarnus). The adouciar
magnus is tho most massive of tho group (ses pos
terior view), In its kower hall, adductor magnus fibers
giva way o the passage of the famoral vessols
(adductor hiatus). All the adduciors, except gracifis,
Insart on Ihe vartical rough lime (linea aspara) on tha
postenod surfacea of the famur.
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I MUSCULAR SYSTEW / LOWER LIRE

_:':Eﬂ RTERIVS.

TUS FEMWCERIS:
VASTUS LAOTERAOLIS:

VasSTYS MERIALIS:
LIOPSOAS-

PATELLAR
AT E e

Antorior

supanor
1IET

Spne

WA
Anleriod I
[l

g Tidnml
.Il' lubsarrsity

The sarforius (“tailor's” muscle, so-called because of the ole
i his muzcie i enanling & crossed-legs siling posture) s
8 bexcor @nd |atersl rotator of the hip joint, and a llexar of the
nes joint, a5 you can infer from is Hlusirated attachments.
\Tha quadriceps lemors muscle arses trom lour heads The
wEsfus medials and falarais anse rom the linea aspera on the
‘poateror aspect of the femur; the vastus inlennedius arises
foT fhe artaror lemaral shatt, All four comeerge on 1o the
siperiod aspec! |base) of the patella to form the patslkar
tendan. Some landen libars continue over the patellar surface
40 joen the ligament balow Al the inferior aspect (apex) of the
patella, the tendincus fiters continue to the ligial luberosily

NUSCLES OF ANTERICOR THIGH

VA DPRICERPS FEMERERISE

VASTUS INTERMECEIVS:

CM The paletar |igsmen [(3] k8 Cobpneg
gray bul Ine patslia is lelt uncolored
{1)Bagin with |he desp vers of ihe [high
and fhan cormplsie a2 superiical ws
{210n Ihe lar lodt, colar he partions of
the quadriceps thal are arlagonsts o
the hamnstring group, |3} Complete he
sclion dagrams mong the righl margin.

ANTERICR
VIEW

I 1-Paoe:
B magor
minor

B Inq.umal
_ ligamant

f liopscas

The fandon batwaen the patalla and the thial tuberosity s
called the patellar lgamen! Mecius femons (s & strong hip poinl
flexor, nd |5 the only mamber of quadriceps 1o cross thal joint
Cusadricens femaoris & the only knee sxtenson Tha sanili
gance of |15 rale bacomes crysial chear 1o thoss having ex-
patienced & knes injury; the muscles lend to atrophy and
weakan rapidly wilth disuse, ard "quad” BXEICISES Are essén-
tial to maintain strucieial stability of the @i

The fippsoas is the most powartul tiexor of the hig,

having & broad thick muscle belly and aftaching al the

|esser Irachkantar &l the proximal end ol the temoaral shaf
Hicall Pate 42 for 15 posienor abdominsl crigir.
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See 10, 54, 55

FLERHO®mS
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B NYUSCULAR SYSTERM / LOWER LIS s
NYSCLES OF ANTERICR & LATERAL LEC =

B Begin with the atlachment sies of (ho anenor Bg. Nobe fhat the muscies A, B.oanoC
s from e inerosseous kgament s well as he libis and the fibula. Do not color the
minl s%es of {he thagh muscles [in small dalics). Allechnes sies on the planiar

of the Toal are shown gt uppar nghl

i Wagiug

aify laleralis
BicEps : gl
a muscles of the keg are aranged ino anterior-|alersl, lateral end postarar femoris “t=) ket
Lmmpartmerts. The bory ridge (anteriar masgin| ol tha libia creatles two abligue SermemBrannss Patedin
aeas the antenolateral of whizh relaies fo ihe anterion leg musches: 1he 2 Painllar
bgamen|

\wieromedial surlace ks bony {ouch!) and devoid of muscle. The fateral com-
mariment muscias largely arise fom the fbela and the inercsseous ligamen! Haad

SEween libia and libula o el el Tibial
e SR R ] - 140ar0sily
) = 1 R
BVTERICR LE@ 8- . %
; = ¥
EIALIS AT EERICRN AN
ERTEUSOR DIGITORUM LORMNGUS: . .omums LI
EITENSER NALLVGHS LONGEYS: comn
PEROWEYS TERTIVS: W Same
rail
of the &n‘erior lag muscles are corsillexons (exensors) of the ankis, exfensors P TR “E-
| Rallucis and digitorum fongus are loe extensors: ibiais anleror is an invertor ol {hchulies)
e sutvalar joints a5 well, and peroneus ferfius {1he Sth tendan of extansor digi- tendan ) al o\
wrum| & an everior. Due 1o rodation of i lower [imb during embryonic develop- VIEW
pen these extansars are anlaror to the banes in the analomcal nm_ﬂmn {unlike ml-.ilz'“"“ llL___._,-“J
e upper [mb wrigt exteneons), Tibake anterionis parllculi::y helpful im fiteng he o “'#Em
1 i IEW
Yool Lsp churing thiz swing phiase of walking o avoid striking the lces . s i
pefoneal & retnaculum
\ i t il
i ILI'#IB"I:?I \\ i '. Rl e S TR E\: | Irhano:
; || / gL
Ll: -:__ Vi ' Tandonof || & }"L" Bt ol ..Iw'fz-r-':arv raliraeulum
maEdncers ST T relinaculum
) EANEL N
rac! ‘\_L‘- | S e | |
f ey - G Bicaps [l 0 Fox |
E;\ | i i ToFrionis h’i H § AnsEnuG
i | Serriinndiveis ﬂ | | kf
] W e -5

E meiatarsal B

Palaliar - "F
[ ' Y g
legarmeri [ A Goastrocnsmius
{ s

P/ = ety LATEBRAL LEG:E«
I|El-¥ BB rBsity !"1.?9’255:;"’5 —_ @Hﬂ@@@ @@r
| o A" PERONEUS BREVIS:

ligament
The peraneal muscies are principally evartors of

E i Anterce
| rrangn the foal, and are espacially aclive during planiar
h ( lle=ian, as in wabking on the loes cr pushing off
'-, k) with tha greal 1oe Paroneus 1erlius arises in the
Tikia peroneal comparimant bul = achually par al
/ exiansor digitcrum.
| ANTERIOR
VIEW Y
e Solous
L 3)
\ A
h ) I
TCHME t Y DEEP \\ SUPERFICIAL y
" SITES l h 1 Memla VIEW 4 \ ".I
lTIE"ﬂEI [15 ] -
Lidetal J i Supﬂrlnr e | |
ANTRN S0 Er
Bass J relTaCULT) \ .'r
ot £1h z \ |
| r'rhe’atarsal'}; Infarior 5 !I| i} - If
UL [ | | 1
relinacukim | I
I 'rlr"ﬁl I'IT I‘ll
B SEdY J
3 il | f
I " l: —_ﬁ_F
INVERSION EvEH.'usnDN DORSIFLEXION
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MUSCULAR SYSTEM/ LOWER LIRE B
MUSCLES OF POSTERIOR LE®

= CM: Th o ba colorad o thie pat |ntsadad G- A
U ﬂ%@ |l{%§ %?ﬁgﬁg%ﬂ%égg a @@@@ oiher m;:';l:::?nmd hil::;::—;:run F[: SS.E? nrff fram PI. £8) :E-
'.F.' '. E:?ﬂ: ) o }! J T Ft: ] o I ! I : H identificalion only, @nd dse muscles shoud be lefl uncodoned. You
: may repnal colors used ior musaieg on Plame 5T an 1his ano/of e ne
'_EF Eﬂ@&&@@l‘}@ &@@@%1 ﬂlarerﬂ yColar :rﬂeurnuar.la ilui- lima in each of 1he poskanion :'awsr 2
e zL:-E- Nale (hal ihe plantaris (¥}, he soleus (L) and ina gastrocnemiia (M)
E EE)EM = @@" J1ITI Ewral: {141 5] :T'la 3:::: 1enuan ?fﬁ';tﬂi-‘::ﬂui? frﬁ:rru [ \::
&@@f@ﬁ}a@, The coder W2 Color the uppar and |owos midial viows
BOLEUS.
CASTHEOEREMIMS

Samilend nogus

POSTERIOR Bl !
YIEW e brEnnEyS =4 1

(right lag)

PLANTARFLEXIOM

Gemi-
TN NS
? IMBrssaoUs
ligammnt

—Latzral
malleoius

Pateiiar = §X
ligamant

(=R . i TubsnosHy
4 s | ol llbua

Brlaior
meangin = § i
ol k3

ATTACHMENT SITES

Su;;u:rmr
aufenaor
The muscles ol the posterion keg fonm iwo groups: @ deep grows of lous mus- it Y
gles, and & superficaal group [gasimonemius, soieus, and planfans] The two
somparlsands are separated by & lasckal saplum (deep lransverss lascia, not harior

shown), The fascisl compariments ara lairly non-expandable; muscle swelling r;.ﬁ:g:ﬁ:m
scociary o vascular insullicency may iesull in senous mesche Compres- e
#ion/muscle death (compariment syndrome) without fascel decompressicn
The major call muscie is gastrocnemivs which flexes the knee and, with ils
o fnllows, plardarfiexss the anklka joinl. In knes flecion it 2 alded by popy-
s which alsc rotates ihe tbia medialky. The ciher deep flexors plantarfiex
e anikle [aint {Doih toe and greal 1oe fhexars and fibiahs postenior), lax the
foes [the lexors), and inverl the foot (thialis postanion)
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W MUSCULAR SYSTEM / LOWER LIGIE ..
ANVSCLES OF THE FOOT ((WTRIVSICS)

Ei: Feal rem io use the colors wsed for the leibm labeds oo ploles 57 and 58
Ihose letiers are presentad hoes tor dentification, and he musckes they nebar
| mot maant to be golored. Also nobe that piantar surflace attachment siles
Fose axinnsc foot muscles hve baon cmified o (he (iusioation af (he

Exlansar
+T expanessn

| i layet it can ba ‘ound on the two precedng plales. (1) Begin wilth he Q.
@ layer and comaiete each |llustration before going on 1o 1he nex L
SURFACE | %
dorsal intrinsic muscles of 1ha fool (Ihose that arlse and inssr Rightoot). | (48
3

wihin the dorsum of the fool) are limited to two srmall exlensors of tha \

pes shown al right, most of the sxiensar function being derived from ERTENSDR |
st DIGITORU
e ininnsic musclkes of the plartar ragion of the focl are shown here @?0@ :

four layers. The plamar inferossel, wanged betwesen the melatarsal

e, constilute the deepast (41h) layer. Thay adducl toas 3-5, flex ERTrEVSOR

e metstareaphatangaal (MP) joints of these foes, &nd confribule 1o y

‘mfension of the mt:r?:lhslangcal (IP) jenits of these loes through the m@&&@@ﬂg

mRchanizm af ne exiensor expanson. The dorssl inlerosse abduct @W@Mﬂ@é Bt Hase

tbes 3-5, and facililate the cther aclions ol the piantar inlerossei. 17 ) ':'f': Bty

ha third layesr of muscles acls on the greal (o (hallux) and 5th digil | o eia
gt minime). The second layer includes the quadralus planiae, inderion M b

erting into (he lateral bordar of the scmmon tendon (H) of Bexor extonsor | ™

dgharum longus (FOL). i &ssists that muscle in lexon of the toes, The BN |

Wmbyicals atiss fram the ndwdual tendorg of FDL and ingart info the Wil

medial aspect ol the extensor expansion {dorsal aspect), They flex the e 1

WP jcints, and axtand tha IF joinls of 1oes 2-5 via th exionsor cupansion

e supeficial (first) laver consists of the abauelars ol the 15t and 5th ¥ fﬂﬂi‘,‘;r

| Lopts, and 1he fgxor dgiforum brévis. The plantar muscles are coversd | =

2| reinacuilm

."' fe thickened deep tascia of the sals, the plantar aponaurosis,
‘pirnding from calcansus 1o the fibrous sheath of the flexor tendone

ABPYETER
FLEX HALLYEIS CoALLUEIS
BREVIS: ABPUETER
IPLAMNTAR ADDDUCTOR 20@0T0
IrERoSSE0- HALLYEIS: QUARBATUS WO0RI0AL0s
 DERSAL FLER. B0@ITI PLANTAE. FLEL. BIGITE@,
ITERESSE): MUIMII BREV:: ¢ LUMBRICALS, BREVIS-

<

FTeY Plewoe
% lendons

-

)
o
W ’;’ Naigukas

] 5
y j?- EETTES

Shaal
[ELL=1nlE:
bg

Plariar VE
FRDNSUNTER -
[eut)

|, Ehry ' Caniral L=
1T iy ) o plantar Lt ] part
TR e sum e s PLANTAR /7
| i) ral L i SURFACE vendl Ml
sl ] \so g {Right fool) i T2 _____ {5
FOURTH LAYER THIRD LAYER SECOMND LAYER FIRST LAYER {superficial)
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i MUSCULAR SYSTEN / LOWER LIGWE

SUMMBORY OF MUSCLE GROVRES

M@?@E"EQ @;? Tm@ Gjlf][?—jn guing an 4o the nexl. Mast of ihe

BXTENSCHRS GOF THE (0 PHETI
FLEIERS OF THIE BEE:

ETEUSORS OF THE BWEE:

PLAMTAR GLERCRS CF ANKLE & FeRUs
PoRSAL FLENORS @F AWRLE & BT
WYVERTEORS @F UHE @AWKLE,

BERTORS OF THE AWHLE.

IWTRIMNSIE MUSECLES @F THIE F@Tx

‘Bome of the muscles shown here cross two jents ard /or have more than
me function; the prmary functions of ihe muscles are labeled here. &3 in Plate 52
3 ary of upper limo muscles)

Head

Tanda
calcanaus

Destuchiny] =~

Wedial
maligaies
"
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BUNCTICNWAL CVERVIEW)

'II-_ @m@bﬂn TN Ulse light colors inroughou Upan colaring these lunclional groups. note the spalial relationship of ad-

o = (espocially bor A and 3). Deepear duciors (o abduciors and everloss 10 inverlors lake parbicular note of the
=1 ﬁﬂg@ @B musclos arg wot ncluded in e 0r0e gytensors and Nexors. Recall thal extension of weighlbearing joints is an anti-
HeiD GG Hiustrations, {1)Color all of tha mus gravity function, and exiensor muscles of These joints lend 10 keep the standng

ohe groups in the anfenor view befdre

riizally s i i i ip ta th -
Oeing or o e SoRtBrar Wew s gt bady verlically straighl. Nole the ling of gravily and is relationship 1o the wer

ﬁ @'@@?@@ﬁ Oy tha musclas an ane side of Ihe lebeal, hig, knea, and ankle jointe. The canlar of gravily of an average Ruman
l‘] mﬁ@@‘: being standing wilh perleci posture Is just anterior io the moton segment of

ligure have bean labeled As you .
SiE @Eﬁj @Jm@ i M T i B i 51-582. Flexion of the neck and lorea moves the canter of gravity lorward, load
I.:-S T {]B BE‘Z@@ cpposite, (2) Calor The small ing the posianor cerdeal, Inorace, And IUmBer paraspingl (extensor) myscles
i "’ B glagram bakow The actars moving ine vartabral, hip, knesa, and ankle |oints make possible eroal
E?@W oEla ) sianding and walkng/ running posture

R @@mk

Dalti

Peciorslie L.

Foplites
fossa

Patellar Y
Ingament

"g:"’# Erecial spiria :
V0 P MUSCBET
fibwilm 2
! CENTER OF
Tibia- GRAAYITY —H
e
s
mpdis

Gilulsus

IFEMTTHE
[

Fanalring -

CruRmFicann
[ fhnsr|
B

Gl onSmmiE
and sHous
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Vi CARDICVASCULAR SYSTEW — &
BLEOGD AND BLECD GLEMENTS

Calor thasa subscripts: DP = dark purple, LP' = ght puiple, O =
B e it o s sy iy sbare ane e PLASMA ES )
WiColor the test tube (Lse any color lor B ang CJ. (2)1n the ecsinophil arg M?EW f@ﬁ;'lﬁ - .
FRETEIVS (B . i i
. ACIDS, SALTS @N) | =
LOCYTE

aahil {boftom imH], lirsl ol (ha cytoplasm and then stipple n the rest
RETIGE

ERYTHROCYTES- [ &
ED BLOOD CORPUSCLES) o-tm | N '

Enthrocyras (RBCs; approximately 4.5-6.2 milllon per milliiter of blood
b men: 4-5.5 miflion/ml in women) are formed in he bone marres
where they Insa their nucleus and most af their organelles prior 1o

g relase inlo the periphesal blood, Recenily refeased mmature
enthrocyles (reticulocyl=s) may relain some rbosomal ANA in {hair
eylaptasm these granules appear dark purple and raticulaled when
gmed. Narmally maxing up aboedt 1% of the ABC populatian,

seyies may Increage n numbser during chronic oxpgen |&ck (&g,
6 5t prolonged high allilude). The circutating ABC (without nucleus

b organelies, i (s truly a corpuacle and not & call] s @ non-rigid. bl-
picave-shapad, membrana-lined sac of emoglobin, & larges iron-
mntzining prodein. Hesmoglobin (12-16 grams/decaliter ol blood in
Wwomen: 14-18 g/ dL in men] has a powertul atlinity for oxygen, and is
ine principal carmiar of oxygen in the body. plasma @ the olher carrien
Ervibrocyles pick up oxygen in the lungs and release 1 in he cEpil-
gnot It 1he tissues)/cells. ABCS circulate lor about 120 days unid
eleciive, and are Then taken out of the blood and broken down by

palls of the splean

THHOMBOCYTES. - 5%8e

[LATELETS)

Teombocyies or platelets (150.000-400.000/ml of blood, 2-5 um in
dameter) are small bits of cyloplasm from giand Calis {magakary-
peytes) of the bone mamow Circulating in the blooc for a lifetime of 10
diys or 5o, platelels aohers o inured endothalium ond play & signifi-
and roke in limiting hemorrhage (aggragation of platekats, blood
‘magulation/ clotfing, and clot remaval)

CpopE=sm

Orunsiss

SRANVILRE ~
MEWVWTREPHIL--

Segmented reutrophils (55-75% of the WEBLC papaila-
fion) arise in the bone marrow and lve shor lives
thie blood and conneclive tisswas (hours-4 daya)
Iimmature farms (band peutrophils, 1 -5%] may be
geen in the biood: their numbers often iIncrease in
acute infections. Neulrophils rapsdly angull foraign
alements/cellutar debris; sireng enzymes in specific
granules and lysosames destroy lhem (phagocyiosis)

EOSIW@EH0L -

Eosinophils | 1-3% ol WBCS) exhibil solorfiul granules
when properly stalned. Ecsinoprils are phagecytic in

[mmune reactions. They are invodved in the late-onsat
phase of asthmatic attacks (subsegquant bronchial

ing cell membrane permeabiity in the bronchial
mucosa lo allergic subsiances They also appear 1o
limit the expression of mast call degranulation (his-
famine release and effecis) during allargic reaclions.

BES RPHIIL -

Bssaptils (0-1% of WBCS) contgin dark-staining
granuies Basophils are known o dagranulate in
allergic reactions, releasing hisiamine, serclonin,
ard heparin. Such cegranulation induces contrachan
af smooth muscle, increases vascular permeability
{unhancing the effects of inflemmation). and slows
down movemeni ol white blood cells in inflammation

constriction), possibly enhancing cell injury by increes-

©F UTHE 4
BLOOD @S%). |/

BEYTHROCVYTES @9k
THROMBCECYUES (@b =1.0%).
LENHOCYTES (@2%)>-

All constiluents of the bicod that can be obhserved as discrele struc-
fures with the aid of the light microscope are called formed elements
of e hipod The rest of the biood is a profsin-rich Nuid called plasmea.
Whan blood s allowed 1o ciot, the cells disinlegrale (hemolysis) and
a thick yellow fluld emerges called serum. Serum i Dasicaly plasma
less cloting elements. 1! whaole Slood is cantriluged in & sl lbe, the
RBECE wil s=ithe 1o the bottom, the Mukocyte faction will farm a8 bully
coal an top of thet, and the plasma, being the lightest, will take up the
upper 55% of the 1otal wolume. Packed RBC's in a test tube constitiule
a hemaiocrii {40-52% of the blood volsme in mean; 37-47% in
women), The diffarance in Dlood values CeEIwean men and women i5
probabiy retated to iron storage and metabolism differencas fman store
up 1o 50% maore iron than women), A low hemataerit may be assooi-
aled wilh anamia or hemorhage.

| Nugioun LEUKOCYTES: -

(WHITE BLOOD CELLS)

LYRIPHEOCYTE

Lymphacytes [20-45% of WBCs) arise trom 1he bone
marrow, and reside n the biood as well 83 the lym-
phoid tissues {lymph nodeg, Ifymus, spleen, and 50
or). Lymphocyles generally corsisl of about 20% B
cells (short-lived cells fram the bone marrow and
concernad with humoral immeunity, transformalan
into plasma cells and tha secretion of antbodies ar
immunoglobuling) and T0% T cells {long-bved cells
from the thymus. may be cylolowic, helper, or
suppressor cells associated with cefl-medizbac
immunity}. Lymphecyles with neithar B er T surface
anligens (bess han 5%) are called nalura! killer calis

MGNREVTE:

Monocytes {2-8% of WBCs) anse in Ihe bona mamow,
mature in ihe blood (abowt eight hours). than leave
{Fe circulation to enter the extracallular spaces 28
macrophages. They ame critical to the functioning of
(he immune system, 83 they present anfigen 1o ke
immuna cells, seciets SUDSIANCES N IMMUNe reac-
lions, and deslray antigens [see glcssary). They
phagocytose celluiar and relaled debris in wownd
nealing, bone farmation, and mullipie ciher cellulsr
activilies whara braakdown gccurs.
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. GARPDIGVASCULAR SYSUE 63

BEHEMIE ©F CIRCULATICW

N Uas Bl lor & putph Tor B, rad fod O and viry light eolars Yor O
#nd E. (1) Calor the fitles lar systemic and pulmonary circulabion, the
Iwu legpurees, @nd [ Dorgers Drackehng the lange iliusvation Also color
purpie (ropresanting 1he Bransiiona stale Detwasn oxygenation and
‘gaaxygenation) Ihe twa capillaries, demonginating [ha diflemnca

| pethwean capifary lunchion in ihe lungs versus tha body. (2} Bagin in the
nght airim of thiz hearl and color the Nlow of cetxygenaled Diond 1A)
Wita 1na lungs. Atled coloring ine pulmonary capikary network | B}, color
Ihe oxygenalod biood (G that re-enters the hearl ang |5 pumped ino
el irough he Sysiemic ciroull

. SYSTEMIC
i, GIRCULATION:
1

Carpan dusiice
wasle producis

e
piee g
e

F PULMONARY
CIRCYLATICON:

oy

Carber dibmide

Circulalicn of blood Bagire with tha hearl which pumps blood
b Arienes and receees Diood oo waires Srleres oonduct
biood away from the heert regardiess of the amaunt of axygen
{meygenation) in that biood. Veins conduct blood toward the
haart, regardless of the degres of oxygenation ol the blocd,
Capiiaries ara nalwarks ol exiramely thin-walled vessols
throughoul The bady lissues ihal parmmil the exchange ol gases
#nd nutriems between the vessel interar (vascular space) and
the area external (o the vessal [exiraceliular space). Capillanes
feceive Blood from small arlenes and conduct blocd to small
WENE

Thete are two circults of Blood low: (1) the pulmonary creull,
which conveys deaxygenated binod from the right side of the
Feart to the lungs and freshly oxpgenaeied biooo beck o the lefl
side of the heart, and (2) the systemic cirouil. which conveys
caygarakad Dlood rom hie ki bear o e body lisswes and
ralurres deoxypenaled blood lo tha right heart The color red i3
used universally for oxpgenaled biood, the color blue is used for
decaygenared bioog

Claarly. not &l arterial blood is oxygenated [in 1he pulmonary
ounulation, arlenies conduct decygenated blood 10 the lungs).
and not all venous blood is deoxygenated (pulmonary veins
conduct oxygenated Diood 1o 1he heart)

Capitiary blood & mixed, it 15 largaly ceygenaled on the arfanzl
side of the capltary bed, and if is largely decxygenated on the
VENOUE B, 85 8 consequence of dalivaring orygen ho and
picking um carbon digxide from ihe lissues it supplies

Cne capiltary network generally exists between an ariery and a
vain; an excepian s the portal clreulation charactarized by two
cagellary seis bebween artery and vein. The vein betwesn tha
Iwi networks is the portal vein, Such can be seen betwean the
pastmintesiinal fract and the (iver

BEOXNTYEENATER BLEGEE A
CAPILLARY BLO@D:
ERWEBEXMNATEDR BLEE@D -

CEplibanes
of the Nead, reck
and yppor limbs j,,,-‘f.‘ &

L vaRHidln

Hsar
~mizssie

Tharacic and
abdnminal wall

-
SYSTEMIC
ARTERY

gc

Gastrainfssina
fracl

Pelvis ano
pearmnem
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V. CARPICVASCULAR SYSUEM
BLEER VESSELS

LARGE
ARTERIES,

Elastic
g CONOUEING vEssale

LAREE
VEIS

Capacitance o ,:' -
rESRrVOIT YERSES

D REDIVN .~

Musouiar
cintribuling vassals

Y

SMALL

Resistance vassas

Largor capilaries aro Sivesaids

All vassels damonstrale a simple squamous epithafial (endathalial lineng
(tuniza imlerna) supported by a thin layer of fbrous tissue (not shown) Maost
mediim vairs of the neck and exiremilies have a sarias of small pockets
fgrmed from the endeihebial layer. These valves are pared and paint in the
direction of blaod fiow Thaugh allerng no resistance 10 biood tow, (hay

will bend nto and close off the lumen of the vain when the flow of blood is
revarsed. Valves resisl gravity-induced blood noaling, espacially in the iowar
himib vassels, Venous fiow here is enhanced by the cortraction of skeletal
muscles the bulgas ol which give an anti-grawvily boost 1o (he movemant ol
hiood The wternal elasic faming is a discreta layer only in medium-sized
artares and assisls in maintaning bloosd pressure; this issue 15 more diftuse
in alher vessels The lumos media consists of concenirically srmanged
smooth musscle fibers 1 s well developed n mediom arenes, leas) developed
in vens. Medium arteries use 1his layer in distributing Biood from one field 1o
another, In arteroles, reduced 1o only one or two layers, Ihe smaoth muscle
can lilerally binck blaod flaw ir1o capillary fiedds The axernal elashc famina
enists &8 8 0sorels layer only 0 muscular arleras. The furca exlernd
{adwaniiia) ie librous lisgua contiguous with the fagcaal iyer N which tha ves-
sel is located, wilhin this [umic much smaller nutrient vessals |vasa vasonem)
and matod narves [neri vasorum| are found

YaSOIUM  Manas

64

CH: Usa red for A_ purpie tor B, blue los ©, and very ighl colors for O

F and H {1} Compiete ihe upper ief diagram, begimmang with e ange
arteries (2} Color the biood vessels and 1her M8 &l 11 Dottom af e
plale, Malo that the vas and nervis vasdium in ihe lbroug issus [Eyer (H]
ame nol colcred. [3)in tha diagram of wenous valve action, the bigod in
bakh wein and artery = colorad gray

Large arlaries (elaslic or condusling arlanes|, auch as 1ha aorla ar
common cartid, contain multiple Eyers of slastic tissue They are
rawughly the size of a linger. Meagtum artenes (muscular, disinbuting
arlerias). averaging the sze of 2 pencil. are generally named [e.q.,
brachial), Dimmulive branches of medium areres are called small
arenes (arlencies). unnamed, Iney contral e tow of Hood Inc
capillary beds (rasislance vessals) Capilanes ane unnamed simpla
endothaiial iubes supparied by 1hin fibrous issue Microscopioin
dimension, some caplliaries are larger (sinusoids| or more sps-
cialized than others

Veing gal prograssively largar as (hey gal closer o the hean Vesns
have ributaries; excep! in portal circulalions, they do nol have
branches Vanules (small vemns) are lormed by the merging of capil-
laries-and are basically of the same construction. Venules merge 1o
form medivm veins and Lhese are the tnbulanes of large veins
{capacilance or resar/or vessels) Certain spacialized large vansg,
as in the skull, are caliad sinuses The walls ol thessa veins are (hin-
ner than thase of thair arterial courtarparts, @nd thesr lumens are
genarally largar Large vains can gireich significanity becoming
wirlaal resanvoirs of blood

STRYUGCTURES.
TUWOGA INTERIAS «
EURQUHELIN -
WTERMAL BLASTIC LANINA .
TUNIEA MEDOE S+
SMEOTH MUSCELE-
ERTERNAL BLASTIC LAMIRIE -
TUNICA EXTERVAE-
FIBREUS TISSUE

ofo

Vahe
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Wi, CARBPICVASCULAR SYSTER

65

MEDIASTIMNVYM, WALLS & COVERINGS @F THE NEARYT

MEBIASTINXIN

@@U@@@ g H oy @] I|
SUPEBICHE. ¢ W)
INEERICRS + £l

ANTERIOR:
MIDDLE:
PESTERICOR:

Aorsibream

STHRVECTURBES:S «

PEGICARBIVM-LINEE HEARTE:

GRAEAT VESSELSS--
SUPERICH VEWR GAVIRF
PULRCNARRY TEUME-
PULAMEINERRY ARBTERW-
PULMEWARKY WEIs
AORTIC ABGH ¢
THEREAGCIE ARRTA -

THYMUS v+

TBACHER

ESOPHACUS.

VABUS WERWVIE

PHRENIC WERVEL

CORDMAL SECTION

L)

WALLS @F THE

HEART/PERBICARDIVMG -

EiNDOICATRIDIITAN

MY EEAGRIWIRD v

VISCERAL PERICARBIVM
PERICARDIAL GAVIT W=

PARBIETAL PERICARKE MM o

FIEREUS FPERICAGPRIVDE

Sap 24, 47

M- Use blua for F red far G and your lightaat colors for A-D (1] Bagin
with the regions ol the madiastinum &l weper el end color aver all 1he
struckrss wilhe e dask gutline (2)Cobor the major struclures wihin the
megkashndm in 1he amenor view Nobe 1nat 1he lungs. not being in the
medkaslinoem, remam uncolomred. Mola thal 1ha Lhyrmus, which can B seen
in the sagittal view, has besn deleled hore o show the proal vesesls coyv-
aied by il. (3} Frmlly. coke the walls of the haari and layers of pericardium
al lpwer 18R Tha paricardial cawiy has bheen greatly exaggerated for
gaoloring, Il & narmally only a poloniial space.

5
AL comiman catolid o |
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_ L common cantd o
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= |
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| L imbamial U w
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e
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HBrachisoephalic ™
—

F ol o
-
fatrib _

e,
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. Wk il
e e
s - inlerior el

uana
cava

ANTERIOR YIEW
{Lungs retracted (o visualize deeper siructumes)

Tha medastinum (median septum or parlifion) is a highly popuiated egion
betweaen and excludng tha lungs. A variely of passegeways, nerves, and vessels
enler, pass theawgh, and exil the mediastinum, For descriphve purpeses, the
mediastnum |s divided imo the subdivisions (regions) lustrated. The swpenor
mediastinum is remarkeble lor the array of grea! vessels of the heart, and the fra-
ghea, esophagus, vagus and phremic meryes. Al the leval of tha T4-TS veriebrae
{superior { inferior mediastinal bardar), the traches bifurcates inlo (he main bron-
chi [aee Plata 85) postarior to the greal vassels, and the a0rfa makes is arch
Thie posfenor megiastinum incluges the inferior continuaton of the esophagus
ambraced by a line neiwork of vagal nerve fibers, the tharacic duct (see Pae
83, and 1he descending (thoracio) aorfa. Tha floor of the mediastinum is tha
digphragm penelraled by tha Ihoracic 30015, esophagus, and nfanor vena cava

Tha heart wall consests al an inner layer of gmple squamous epilhetium fendo
cardium) overlying & variably thick myocardium (cardiac muscle), Exiemnal 1o the
myccardium is a hrea-layerad sac (parcaraium]. The innermaost layer of this sac
i5 e wisceral pencandium (epicardium], clothing the heart. At the origin of the
porlic arch, this layer luFns (Fellocts) oulward lo bacome the parienal pericardium
(imagine a i clutching the edges arcund the opening of @ paper bag now push
thie fisl inta the chosed bag still clutching the edges: as you do £0, note that your
fist bacomes surmoundad by teo layears of the paper bag, yet is nal maice the bag
isell). The redatianship of your fist 1o the two layers of the bag ig the relationship
of thi heart to the visceral end perielzl pericardum. The cavity of the bag is
emply—the fist s notin the bag (i you did it right!]. Simitarty, ihe pericaralsl
cawily betwaan the two pericardial layers s emply as wall, axcepl for Serous
fluic that makes for friction-fres movement of the hear in ils sac

The libmows pencardium & the outer surface of the panetal pericardium if &
librous and tally, and is strongly attached to the starnum, the greal vessels, and
the diaphragm, |t kesps the twsting, contracing. squeezing hearl within 1ne mid-
die mediastinum
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V. GARBICVASCULAR STVESTERY

CHAMBERS OF TIHE NERRT

Soe 83

CH Use blue lor A red for H. and your lighteal colorg lor 8, C. |, and J
{11Bapln wilh ihe 'ow chambars of 15 heart, and follow the direchion of
fiood e as you color your way down the st al titles. Also color the direc-
fiorai arrows blua (dotted) and red, their es a8 &t lwer ngnt. (2)Coelor
the ciraulalian chart bobow, begnning wilh numeral one [1] in the right
atrium. Col Ehe gmows eccondingly. alang wihk the lour numarais. Do nol
cobor the charntedss o The weesaln

SUPERICMR GAVA -
INEERICR VEMR CAVR
WIGMT ATEBIVRD =

BIGNT YEMNTHBIGLE-
A=Y TRICUSPI® VALVE:
CHORDAE TENRINEAE:
PARILLARY MUVSELE:

PULMEONARY TEURIGT.:
P, SEMICYMAR VALYESs
PUL. ARTERY

CULMSNARY VER-
LEFT ATRIVD:

LEFT VEWTRICLE-

FRAPILLARY WMWUSELE
ASCENMDINGEG A@RURH

AORTIE ABEE::
THERAGCIC RE@RTUR

The hear s Ihe muscdlar pum of tha blood vascular system. N
pontains four cavilies (chambers). bwa an the right side | pulmanary
haast), two an the et (sysiemic heart). The pulmonary “heart”
includes the righl atrum and right veniricis. The thin-walad aght
atrim receives deoxygenated bicod from the superior and the
inferior vena cava, and from the cofonary sinus [draning the hearl
vessas) The thin-walled il lrium raceives oxygenaled bfood
fram pulmanary vains, Alrial blocd (& pumped at 8 pressure of abaul
5 mm Hi into the night snd left venfricles simultaneousty IRrough
the mrioventricular orfoes, guarded by 1he 3-cusp licuspid valve
on tha right and the 2-cusp Blcuspd valve on Ihe left. The cusps
are |lke panels of a parachule, secured 10 the papillary muscies
in the vaniricles by tandinous chardee lendingae These muscles
contiect with the venlricular muscles, lensing the cords, and regiet-
ing cusp ovar-flap as ventricular bood bulges irlo hem during
ventricular contraction (Systole]. The vantricles, significantly more
muscular Inan 1= fellow atria, pump deoxyganated dlood 1o the
iungs via the puimonary frunk at & pressure of abeu! 25 mm Hg
{right veririche), and inlo the ascanding aor1s at & pressure of aboul
120 mm Hy (l=f ventricie) simulianecusly. This pressuse difference
is refliecied In Ire thicker wallg of the lefl ventricla compared (o the
right. The pocked-like puimonary and aoriic semiiunar valves guard
the trunk and aora, raspectivaly, &5 Dlood falls back toward the
wantricie trom the trunk faorta during 1he resting phase (dastole),
these pockets i, clogmg off thair respective orifices, and prevant-
ing ratlu inta the venirickes

A=V BICUSRPID @ITHAL VALVE:
CHERPAE TEMBIMEARAE-

ACRTIC SEMILLMAR VBLVE-:

Latt commaon carolg arbery

Brachiccephatic arary. | § ¢
. E:J Lt subclovinh @rtery
=

Ligameniur
darleriosum

pwalis —fi f

Coronary [\ h__ .
BT

ﬁ'ﬁ" e
'\"ﬂleId_ 3 e

Cusp

\ Mypocardium

areeriricular
saplum

Trabmoaie
aaf g

ANTERIOR VIEW
OF HEART CAYITIES

GIBCULATION THREUWGEH
THE HEART:

CRVEENATED BLOGD D>
PEORVEENATED BLODDL>

#oi,

Righi :
ung &2

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

W0, CAGDIGVASCULAR SYSTEW o7

CRARPIAG 1N SYSTEM & THE GCE@

GN Use Bhee tor G and red tor DL {1 ) Begin with the conduchion sirstem in tha
farge illustranon, (2)Coior the waves of the ECG chart and he comespanding

drawings [lustrating simullanecus avents in tha hran The T wave receves bolk

bhue and red a5 it rapresants thi refiling of 1ha airia with cecxygenalad {right)
and coygerabed blood {lef). Be sune 1o color ihe large lallars as woll

CENDVETICN SYSTERWS .
SR (SIVEATRIAL) NODE:
(WTERVORAL TRAGTx

AY (ATRIQVENTRICVLAR) WEDE:

FPURKEINIE PLERUS:

Confraction of cardias muscles acours without molor nerves. Groups
ot specialized muscie cells conduct electrochemical impulses among
{he cargiao muscles. These calls constiiule the cardiac conduction
sysiem They are more exciiahle than their candiac muscle counter-
parts; thus [hey are capable of contradling and synchronizng candiac
musacle cantractan fo permit the mavemant of Bkond from atris i ven-
frichkes ard [rom veninicles to the pamanary trunk /ascending aorta
The moat axcilable colls of the sysiem are @ [ha sincalrial (54) mode.
1 ig callar the "pacemaker” as il 2e1s the pace (or rate] of impulse
conduction; the artificial replacemant for a diseasen, dysfurclional 54
node is algo called the pacemaker. Impulses iravel the irlemoal Facts
through the atrial wal 1o the alioveniricular (AV) node locsted in the
|ewer inlesatrial seplum, than thraugh the atrioventricuiar (AV) bundle in
the interventricular sepium to and thraowgh the Purkimje glesus supply-
ing the veniricular walls, The 8A node fires aboul 45 times a minute.
Each cyola of impulse conduction initiales a sequence of coardinated
pumging actions by the heart cavilies. Contraction of the ventricular
muscies constilutes the hear beal. me raie of which is mediated by
nanas o Ine BUImENOMEE NErvous bi:l'EtEITl

DECKYCENATED BLOOD: s

EEYEENATED BLEGE.

afrium

ELECTHECARPICERARD
EBe®is+

@ WAVE -

ORS WAVE (EOMFPLED )

T AV

The activity of 1he condiction system generales elecincal achvity
abaoul the heart, and this acthity (specifically vollags changes) can be
monitarad, assessed and measured by elecimcardiograph machines.
The recorded dala (various waves of varying voltage over tima) from
such machinss constitute the electrocardiogram (ECG). To gain these
data, electiodes ara placed on 8 number of body poinis on the skin
Whnar {ha S5A node fires, | causes 1he baseling vollage ta drop
{dapolarize) over bath alra, and this is reflected in the ECG by an
upward deflection of the basaline voltage (a line produced on an
ceoilinsoope or on & moving peper tape). This upward deflection is
calied the P wave, which causes the right and 18 atrial MuscUlature 1o
coniract The AV node takes about 0. second 1o excile the AV bundla,
which then canducts the impulses 1o the Purkinge plexus. The slactTical
evenig hare constilute the QRS complex of waves, As a result, the ven-
tricles depotarize and the veniricular muscles contracl. The T wave
rapresents a penod ol recovery of baseline vollage (repolarization)
following which the atria fill with blood from the vena cavae and the
puimanary veins. The ST segmen! (s an aspacially important indicataor
of hearl muscie funclicn/ dystunction |n ceran alecirode canlgura-
tions. The shape ard directon of wave deflection are dependent Upan
the spatial refationship of (he electrodes (leads) on the body surface

LEFT
ﬁ'l'llluﬂ

Aorike parrilunid
_ walve

I f AN bicuspid
K valE

a- EhmUsmd
witlye

5
InlEre | inbanval

© G2  @f. 086,
SECOMDS .
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&?Un CARDIOVASCULER @W@ﬂ'@&b b
COROVARY ARTERIES & CARPIAC VEINS

oM Uss your Dﬂuhmﬁl colors dor a0 and L | 1| Wihen enlnring [ AFETEE.
include [k brakan lires whch repragent vessals on the posbor g surtace of

the heart (2100 the same wilh the veins. (3 Color the ariary in front of e Lah

plagQue in the cncied visw, color (e vessa' after the plaque & lighlar shade DEOFIC LS

of the same colar or do ol color (1t all i bR I 1""-’;-5"3""3'-
BRES: ' AW

CORBNARY ART -3 ] VIEW

RIGHT CORAQNARY ARTERY, - o=\
RMUSCULAR BHRMEH - : =E7 Y
MARGINAL BBAMEHs U i) B P
PESTERICH INTERVEWTIHICYLAR  \ susio Sl [ Pomoney

(EESCENPING) BRANGH- mon | b 4 bgelge= — D

aonic sinus

LEET CORONARY ARTERY: O R o oV Yo N
ANTERIOR INTERVERNTRIGULER / = 1—fh S SRE=x
(DESCENRING) BRANGH.
MUSCULAR BRANECK:
CIRCUMFLER BRANGCH-

The coronary arferfes 1orm an upside down coawn (L conona] about or jus!
deep o the surface of the hearl The arteries lie in grooves ef sulel, chen
covered over by The apicardium and somatimes the myocardium as wall
Balh let and right arlerias anse from small operings (aorc sinuses) just
above the Iwo aoeiic semiunar valve cusps Generally, e el cononary
anlery iz somewhat larger than the right: the flow rate through the leftis
grealer in most people than that through the right during the carmdiac cycle
Thare may be considerable vanalion in the arastomolic patiern of tha leh
and night artesial branches Theso tranches termimate in muliludes ] ; = . |
arierioies supplying the vast capiary network among the muscle libars bl e ] o A d .
Tha apparent mulliple communicalions among the |eft and right coranary L - S sl
arleries notwithsiandng, varying degrees ol vascular insufficienoy oocut
when there is significant obstruslion of one or both coranary arieries. There
i& some extra-coronary arteral supply 1o the haar lrom the epicardial vas-
sels [branches of intemal thoracic arterses) and aoric vasa vasonum

WETITIE

MY ECARRIAL
IWEARCTICN »

Insutficiant soyganation (hypasia) of the myocardium ocours with gignifi-
antly reduced blood flow 1o the muscle (ischemia), often inducing sham,
crushing chest pam (anging pectors) Aboul 75% of more obstruction by
atherosclerclic plague (thrombi) can cause myocard:al damage (myocardial
intarction), Signiticant plague in the artery 1o he sinpatrial node (nol shown)
pan cause arriwihmias in the cardiac conduction system, aflen necessdal-
ing the installation of an artificial pacemaker in the ches)

CARPIAEC VEINSS -
GREAT CARPIAEG Vi«
MIPDLE CARBBIREG Wan
RDARBINADE Vor
ANTERBICR CARBPIAG Vb,
SMALL GARBPIEAGC W

CERONARY SINUS.

The cardiac vars iravel with fhe coranary arleénes, but incomglelely, Vasl
anastomaoses ol veins occdr throughout the myocardium, most drain into the
right atrium by way ol the coronary sinus. The anterior cardfac veins con-
duct blood direcily into the right atrium, Olher small veins may drain diracily
inba the right afrium as well. Some deep (artaricsinustidal] veine drain
direcily into the atria and veniricles. Exfracardian venous drainage can

alsn ocour through 1he vasa vasorum of the vena cavas
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W0, CARPICVASCULAR SYSTEW ..
RARTERIES OF THE HEAD & WEGH

G 1% risd frir & and dark o Dl cobors for B and L (1) KRN daapa vaesais (21 Do he samea for 19 rlghl COIMmae
Bagn with iha brachiccephale (&) and the ngh suacavian  canotid (L) and it branches. (1] Color the amows pointing to
B} &rg (1= tranches Golor 1he broken (ings which iegre- the four sites whare the srtensl puiss may be palpaled

BRACKHICCERPHNALIG.

RIGHT SUBECLAVIAN -

INTERBVAL THOBAGIG:

VERTEBRAL:

THYROCERVICAL FRUMS:
INEFERIOR THYROID:

I SUPRASCAPULAR.

, TRANSYERSE CERYICAL

COSTECERYICAL TRUMG:
- DEEP CEBVICAL .
IGHEST INTERCOSTA «

Fronial
Pariatal Branch __
bransh R

'Sp;uuuﬁ

[PrCRCES S
1C3, CJ-I_‘---
| R Y
| i N

:ﬂ.durcalnnrl i
of carold - T1,
| Ll

Dorsal
scapular a
f J—d
Euparficial ,.J.;_.
s
L e
ot

e
‘-:'.‘-_ .| Gaslal

RIGHT COMRNORN CARCTID.

IMNTEBNAL GRARC@TIEW

CRPHTHALRMIS
ELTERWAL EARO@TID -
SUPERICR THYROI®-
LIMNGWEL o
FACIAL 5
EEEIFITAL s
MIER0L LA~

ALVECLAR BRANCHES:.

ﬂﬁ;ﬂﬁnu @@@ni."

MIPEPLE MEWIRGEEILy
PESTERICRE AVBICULAR w
SUPERGFICIAL TEMFEPORAL «

TRAWNSVERSE FACIRLy

The subclavian artery s the major source of blood 1o the upper
limb, and contnbutes vessels 1o ihe lateral and postenoe neck and
shoulder. On e right, The artary springs from the brachiocephalic;
on the lefl, the arlery comes directly off the aorlic arch as does the
comimon camlic {Plate 73). The verfebral artery dives deep inbo the
neck ia find and enter the transverse foramen ol the Gik cervical
warabra It suppies vagsels 1o the spinal cord, brain slem, and cear-
abellum, The thyrocenical runk Grises jest medial o the anterio
scalene muscle (ses Plate 40) and immediately gives off its
branchas, tha destinations of which are obvious by name, The
subelavian artery ends and the axillary artary begirs &t the (atsral
morder of the first rib

The comiman carohic anery ascends the neck enshaathad with the
intemnal jugular ven and vagus nerve (ot shown!. Between the
hyoid bone and the upper thyroio cartilage, the artery bifurcales
inlo inderral and external carold arfertes. The intemal carotid
pasaas inlo the skull, gives olf the ophtnalmic ariary to the aroital
region and joins the cinculus arteriosus (Flate 70). The extemal
carctd artery and e branches supply all of the visceral, mussulo-
shebatal, and denfal struciuies of the bead ard reck less e orain
and ortil. The external carotd divides into maxillary and superficial
femporal arlegries. The maxillary artery is a major sowce of binog 1o
the deap skull cavities, the orbil, leeth, the muscles of mastication,
&nd ihe dura matar {middie maningesl artery). The middle men-
mngaal artery on the dura maier immediately deep 1o the temparal
bone is & potential sile of rupture wilth a hard fall on the side of

tha head (epidural hematoma)

./:.

' e

| r:=* & _;':'

G Y
N9
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Vi. CARLIOVASCULAR SYSTEM D

ARTERIES OF THE BRANY

CH Use red for & and dark or bright colors for F and G, {1 ) Degn
willh thie \nberna’ canolid Ilﬂul and related arigries Caolor il (lusha

tipng simultaneously 8% you proceed fhrough the lles. (2) Do 1ha
same bor [he variebral ariory and s branches

INTERBNAL GRABETIR - VERTEBRAL -
ANTERICR CERESRAL: BASILARS

ANTERICR COMRMUNMICEATING CERELELLAR (&)«
MIDDLE CEREEBRAL: FESTERICR CEREGREML:
PESTEGICH COMMYNICATING = ANTERICR SPINAL

{Anterior)
Defactory
but
/<-
opne Brpee ] )
thigsma e
Lanticulosiriale -+ A _‘ 1{ :
. b | ;
, k T II! .
i L e
.. s My e i =
b | T - 3, 2
n : 4 Y 5 = e LI |
A — '}
Temporal [obs % — R J
[eul surfaas) i : i W
A | ?3;_% ,..
plle i ) & "L s
% _-;;'I‘L_ar-" T '3.‘"‘“- T
! .
Pamine a 'y = A
ing e 7 \1, ; -~ :L%ic'-.\_'
N Extmmal _AM LD} o

- -IHM canolid a”
v/ . Hypaghysis

L Soswhon
camtid a

Pang r A
CIRCULUS Labyrinihme o &= I.' -
ARTERIOSUS o i Y I Sy
[Carcie of Whllis) cteruDellar n 3 |
-

¥ih

\ cranial riruis

s Al e e s
ceraballar &

s D fam

(Ul surtace)

"Wt Postenor inberior

Apinal carebalar o

L VIEW FROM BELOW

Thi paired irfernal carctid arferies pass up through the carolid canals  araslomosis peamilling biood from the intarnal carclide 1o mo with thal

of the tamporal bones, curve within e base ol the shull (petrous part).  of the veriebrals. Note how these vessels form an iregular vascular
fravel through the cavernous sinuses {cavernous part), and divide inta  circle [eirculus arteriosus; ciscle of Willis). Thara 5 considerable vara-
the anisror and middle cerebral arferes sl Biecal o the crossing of — lioe n the size of fhe commuricating vessels, casting soma doubt on

the apte nerves (ecrobral part) Small lerticulostriale arteries come off  the funclional significance o these interconnactons of ke artenal cir-
the middle cesabral al right angles, supplyang the basal ganglia, These  cle. Nole Ihe vessels serving the brain siem, You can see thal cerabral
“siroke arleries” are commaonly the ruplured vesse's n infracersbral hemorrhages usually irvobve (ho carctid systom, while brain stem
hemarthage, often resultng in a1 least partial paralysis of the limb mus-  inlarcts relate (o 1he verehrsl system. Note thal 8 magor suppiier of the
cles on Ihe side of (he body contralaleral 1o the hemorrhage. Nate the  spinal cord (anienor soina! arfiery) comes off tha verlebral artornes as well

[Anbarior)

{Posberiar] ¥
Cl;lrrpu:-
et ([ L T
LATERAL SBURFACE MEDIAL SURFACE
[Lii Famisphens) [Right nemisghers)
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V. GARDICVASEULAR SYSUTEM

ARTERIES & VEINS OF VRPPER LIMIEG St tivy

PULSE Gomman
PEINTS « |

-~
Cigvicia o
T

G4 Uae red for A (undar the dille
arigies) v bue Lol (under the
Mia vaingl Yoo can mpsaal colors

_ N bul do not use the gams color lor
-’\cmrl!l_T{ — = = _ ~—1| an ariery and its coraspondng
Caraznid -! > .E e s B _-1_-._.}_1 verin, Golor thi arlenal pukse point
process . el {I: i | '.1:_H ’.' arrows grey. Broken ines reprasen
. e G ,:;.;, veing on the posierior surfane
Humerusf_ T 1 ‘I | o : 4
[ e T
/ " i e i ﬁ The artarias here are major ones, ibeir mulliple branchings are nol shown
Fy £ oavoid visual congestion Although the basic arlerial route from the heart to
| oa AT the fingers 15 incomplicatad, the existance of collateral rmutas of low sboulkd
{ A7 be appreciated. In the event of subclavian or axiliary obstrueton or ligation,
i M

hiaod can still fiow to the distal extremilies. The scapular anastomoses
{trom suprascapular and supariicial cervical branches of the subclavian
around the scapula o the subscapuiad branch of the axilary, see Plals 83)

do provide an alternale means of gelting blood o the Erschial artery. Nole
fhe callateral routes 2bout the neck of Ihe humerus, the albow and the wrist

| A ARTERIESS:

| BRAOCKIOCERHALIG

! SUBELAVIAN:

ARILLARY:

T SUPERIGR THORAEIE: |
THEBACO-BEHOMIAL & BRANCHES: | |
LATERAL THORAGIG R
SUEBSEAPVLAR.

AT, POST, CIRCURIFLER NUMERAL, |

M | EBRAGCHIAL: r

9. PROFUNDA BRAGKN & BRANMGH, ()

. SUPBRIOR VLHAR GOLLATERAL |

Middia [
CU"ih"ﬂll_\_L ': 5

RAEDIAL RECURBEMT
VLAA R

ANT: VLWAR RECUREBENT:
i PeSTH VLVAR RECURBRENT
! COMMEN INTER S SEOUS:
[/ SUPEREIGIAL PALIER ARBECHs
@gga% %m%iﬂz%gy%&ém
( 2 ]

VEINMSE.> &)

o i PERSAL PIGITAL: & NETWOREIE .
| ANTERIOR BASILIC-
il | [Right fimbj @E@E}D@Eﬂ % @Ei’ ?@Eﬂ@'@ﬁ?m’ﬂ:

& | CEPHALIE,

Aegurerl
Infarogsa0us

BRACHIAL:

SYUBELAVIAM
BRACHI@ECEPHALIC:

=
The veirs of tha o limih are quite variable in their numbes and pattern, as are most | =

laliow the artenias and are nol shawn |0 the anledior aspedc of the forearnm and lowed anin
These desp veins often travel in pairs [venae comitantes, not shown) The superficial vaing l.
of the hand and lorearrm (many observabla under the skn) ame draimed by e basiic and o
cephalic veins thal iravel in the superficial tascia. The superficial veins of the albow

arg frequant sies lor Diood sampling and adminsiration o intravenous madicaton
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Extarnal jugular v.

REDIAR) GUBITAL: /7 4
ARILLARY e [ ¢ . 3

veins. Thera are generally two sels of veing in the imbe: deep and superficial, The deep sst | ol A Th
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Vo CARPIOVASCULAR SYSTE
ARTERIES OF THE LOWER LIWE

O Lise red for A |1 )Work bolh iews ol [he lower imb
simultamenusty, Solor the parts ol 1he genicular arery
(M) @2 It lorms @ palleam around the knee j@inl Also part
ol thatl anastomesis, bul nol 1o be calored, are the o
cumilea fibw'ar and the anleie el recuriomi arberies
(21 The (ool in 1ha posieEnor view B planiar exed wih
the s'e showeng (3)Color the three pulastion pents

f -,
| ligarmani
f

RIGHT COMMON 0LIAGC:
INTERNAL ILIAEC:
OBTURATOR-
SYUPERICR GLUTEAL:
IWEERIOR GLUTERL -
ERTERNAL ILIAECS

FEMWERAL«

PREFUNEA FEMERHIS:
FPERFRRATING BRANCHES.
MERIAL SIRCYMFLER FEMORAL. | ,
LAVERAL GIRCYMGFLEDR FEMORALL |

@EMICVLA R

POPLITEAL.
AWTERIOR TIBIAL:
PERSALIS PERIS:
ARCUATE »
DERSAL METATARSAL:
DERSAL PISITAL-

POSTERICR TIBIAL
FPERONEALY
IMtErnasEnUs ME@H@&. @E@'W? W
memoane (LATERAL PLANTAR
| FLANTAR AREE v
PLANTAR METATRARSAL?
! PLANTAR BDIGITAL 1.

._'
) 'rlfmm-ul '
millaalus

Coniky 1ha major arenes ane shown here. The artery of the thigh (femaral
| ariery) plerces the medial muscular compariment (adductor canal) to gain
[ access (o the back of the knee and leg. Due to the consigerable muscie
mass in the paztarar thigh. the pvofunda fernoss artery is quils largs and its

|
lomosis-aboul 1he hip [femoral bead and reck, hip jeint). The biood supply (o |
|
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branches exlansive. Nale how the circurmiiex arferies confribute 10 the anas- f 1
| } i i i;l Lull:'mlal
this Kip joinl area can be compromised due 1o congenital ancmabias in the hip -'. 41 | mailaalus |
i |II anastomosas, as well as degeneralive and lidumalic processes. Gravitational { i ' / 'L-r.:-i"
| and weightbearnng lactore can be important medialors in hip joint pathology ! 4 .-"I N
J The genicwar arleries form a significant anastomolic patiern aboul the knae **.  POSTERIOR
| jaint, and can be an important source of blood fow lo the knee and balow W} 1 \ VIEW
' with an nostruction of ihe poplieal arery. The posiariar tbial and parones) W e, Y [Right limb)
artermes run in a fescial compartment deep to the gastrocnamiug and aoleus b 1"\ B
muscles. The amenor fitial arery @xis Ihe POSIERor By companmen hruah Y W
ihe inleroesaaus mambrane and descends on the mambrane’s antenio suface |l e = \';\} \".
T . \i-:'- LRl Foe i
g LW W et
|
e I-F 3
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Sge 42 14T

ACRTA & BRANCHESS; INTERCOSTAL ARTERICS

CM Use red for A and w=e bghl, ooghl colors for B, | A and L {1 )When
ol e poslesar mercosial arlenas (K) wndsr (e (horacic aoric
RACHON, moior all 1hi ArRraE /n 1hough anly & 1w are labalad (2||in
the abdoman, nole the locatcn ol ihe infenar phremic, suprarenal, mid
dia sacral, miarnal lae and exiarngl has srlaries, none of which are o
be cokred Algo note Ihe inledion v cava (slippled) which echoes
the shage of 10 Andominal pora |
Esophagus
; '
|
1

RCRTIC ARECH -
COROWARY . s
BRACHIOCEPNALIC: e
COMMON CAB@TID: , _
SUBGCLAVIRN ineroaini

Uﬁl?@@w&& Fﬂﬂ@&}ﬂ%@ﬂ@r Aacen?lng i
WUSCULE PHREMIG O
SUPERIORN ERICASTRIC:  nwcas (AT

CESTOCERVICALTRYNG:  ww_ A i
CIBHEET INTERCESTA Ly Lt

THERAGIC ACRTAH o 2 e
BREMEMIAL | AN
ESOPHAGCEAL.

FPESTERICOR INTERCESTAL.

ABDERMINAL AORTA (e
CELIAC TEBUMGS. S s i
E{g[ﬁ.ﬁ' F@D@h -\.-ELBEEL: k Wl
@E@&@@U@ h r )
ERMmE@N HEFPETIG
SVPERICE MESERTERIS | |Wf
@EEB@&-; Diaphragrm 'J'i: e .-
TESTICULAR / @WRRIAM - \
LUMIERR:
IWEERIOR WESEWTERIS: |
ECEMMMWEON DEIAEG. Man |

+
Hadrwzy

-

q Traches

Aot

 —T -
S 'III|1:"CI'.IE-|aIi

'-‘ll." Atk
- .'| Inlercosinl
i spaca

F

l|'“i'.'l'l-ill.:"l‘ll ,.'-.L_ .
- LAT = . ; i
e

P
J
/

The branchas of the aoric arch ate unpaired except for the
caranary artenes/sinuges The brarches of the thoracic aoria
arg paired. Tha bronchial arferes supply the lung tissues with |
axyganaled blood. Branches of the abdaminal aovia are usually ot |
described as visceral and parietal The visceral arleries are vana | R
boif single and paired; nole The vesseis [o the gastromlestinal ool | 7
traci are unpaired. Parnatal branches af ibe abdominal aoria f

[lwmbar arieres) are segmental and bilateral, in registor with the | B,
segmenial and bilateral poslericr infercostaks and suboosials of { | I: -

the thoracic aora

There gre 9 intercostal spaces anterorly (not shown), and T
postaray (dus 1o the Hloating ribs 11 and 12, not shown ), These
speces are supplied by both amiedor ard posterior itercostal
artevies, The postedior inlafeoslals for spaces 1 and 2 @re
branches of the hghest (supreme, supenior) infercostal arlery
from the costocenical trunk. The posteriar inlercostals for
spaces 2-1 come direcily off ihe thoracic aoria. The subcostal
arterias (not shown) run inferorly 1o the 12th rio, posteriar 1o the
diaphragm. The paired firs! luimbar aneries (nol shown) eave
the abdominal aorta mmediately below the diaphragm. The
anteriar inlercoatals anses fram tha imfernal thoracio artery for
the firet € intercostal spaces; then the latler artery bifurcates

im0 supenor epigasing and muscowfiophranis branches. The L'
musculophrenic arlery supplies the lower 3 intercostal spaces

: sacral i) f &5 \
arery i1

{ ANTERIOR VIEW

(101 body cavils)
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V. CRARDIOUASCULAR SYSTEW 64

ARTERIES TO CASTROINTESTIAL
& RELATED OREANS

GN: Uge red for A, and use the same cojors for callac [11Bagin with [he large (lustration. Kote that e fwo

Irunk (B, supenior mesenlenc arjery (L} and inlenar pancraatimuuc-cﬁaiarlﬂnna {H, H') rooeva B Sama ¥ ) [ a5 ~
mesenizric arfery () thal vou used Ior thise Struclures  caldr (2100l he upper ilustration which sUmmanzas ! = " Lo
an Plale 73, whess ey had dittersrt subscrpls the 3 sadureas ol blood supply to the digesiive sysiem

Livmr .| _,-'"‘ 2 . % Dilaphragm

AORTA:

T Somich

{g{g&ﬂ@@ mmmﬂ - , .; '__5muer
HEPETEE COMMON./LEFT/ BIGHT:: Hosaet P

g nasiine

RIGBHT GRASTEIG

EASTHERUECERENAL= -~ i
. GRASTREOERPIPLEBIGF i o

L GASTHRE ERIFPLEIE: e Shmny
PAVGCREATICCEVCRENMAL SWUEY« 4 e

EVSTIG!:

LEFT GASTHEIEG.

SELEWIG « =
The cekac trenk, the hral gingle wecaral anery olf Tha ,/f— T
abdeminal acria isa vary short vesse! that divides /
immedialaly irla artarias o the Inver, spleen, and stom o
ach;, Only 1he major branches of (hess three arteres are Fd
shopwn hare Nole the anasiomobc patlern ol arleries 1o /

1he stomach. The blood supply 1o the pancreas can be
heiter appreciated n Plate 1239

_._‘-\PHHI:IHEH

e e / . 2 v J‘;" = 3 K I. F
mﬁ@mﬂ@w ulfl:?r;lur " s A . l = .!Ma_nﬂﬁﬂ_ﬁwb[:ﬂﬂﬂl 4.-"" \
MESTWTEDIE. S AT S

PANCREATICO- - TACTAL BT
PYSDENAL ORIEF)« W . RS/ o

WIDDLE COLIC N S S e

EU@E}{?F @@&D@m Fancreas

L T
Transverse -

ILEE@-CELIG ¢ B
BRANGCHES T SpALL
(T ESTIWE

The superior mesenferc artery supplies most of 1he
gmall imastine, haad of the panoreas, ceoum, Ascanding
colon, and par ol the transvarse calon. It travels n [he
pommon mesantary Naotice the collaleral circu'ation
between the celiac and superior masanieric artenes in
thie curve of ke ducdenum. The superor and (nfenor
mesenienc artenas also interconnact wa a marginal
artery thal runs aleng the lenglh of the lerge imestine and
is fad by both thase areries. The arleres to the ikeum/
jegurum [cul short) fun in 1he common mesaniery.

Descanding

3 ] Parimal . ¥
[~ pertonouem - W

Ascending

INEERIOR o
MESERNTERIG L ACRN
LERT COLIGH < , _
SIGMOID CRAVCHES: s Do
SUPERICR BRECTAL

£ rd
Imtarnuml [ 3 Y

i o
The infarior masenteric ariery supplias the lrensverse Agavold TREES00NN = i Via oh b i ket S S-;r;nr:nd
colon down o the restum, s branches lig, for tha most Imesnal \ g L 1-“' -;?-l;nlq_-m Ccoom
part, behind the paritoneum (retroperionsal); ihe vesseals pudandal 3= X 14:_?3 q
to the sigmoid colon rum in the sigmoid mesoacalon. Nete Middly < f, LIS R
ihe anasiomozses Detwaan DIEnches of the Superior rectal mEEE P 1?:1 MHE it i
arlery and those of the middlie and irfanor reclal arterias ':::I'.r; | . 3
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V. CARPICVASCYLAR STYSTEM

ARTERIES OF THE PELVIS & @@@Uﬁﬂ@@}ﬁ:ﬂ

Ch! Use a lgh calor for &, {1} Calor the medal wews of both pelves simul-

| taneausky Onky this digposiion of repeoductive ofgans &nd Iheir WEasSeIE vares Aorta
in these bwd viaws [21Calor Beih halves of 1his digsadted parnaum Saan [fom
bedow The nemas of the male vaasols can be sean in tha medial view

|I A. esmman _

m@n@g ¥ illac &
INTERMAL 1LIAE A

PESTERIOR THUW(SS Eu'i!f.!'!.f
' L@ LURDEEYR: Dt
| EIT-ID@E;-@@ @&Lfrﬁm&l " Obfurator o
&@?E %@G}_@:}lb Fm::" .Iumman -4
ANTERIOR TRUNGSE e :
WEBILIGAL (FETELE R, -
SUE, VESICAL /ReTO VASBEG.- )\ <
DOEEE. o G

L e L=

Middle

J@F@@D@@ wrg@@@& B:::nr ‘."L’L { = \ 1 ? 2 £ ..-- _I‘.-._- .
%JDE‘{L% E@éﬁm Eitpa-ms '|_ g - = — " Radlim

MALE PELYIS
iModifiad madial vew, fight sids)

| IFERIOR CLUTEAL, e

The irternal ifec artery supplies the pelvis and perneum. wilh some col- \\5 IJ'|I, | .
aterals from the inlerior mesantenic and femorad arlena2s, lis branches are Sy 4 = ?E?:;Er
inraman

usually organized inlo posteror (patietal) and anlesor (visceral) divisions I =
T vagcular pattern here is varable; tha one shown i characierisbe. serotala (
From the postenar frunk, the supedor gluteal passes through the greater
saiplic loramen above pirformia The infarior glulesl and pudendal
arieries, from ihe anterior frunk, depar the pelves Mrough e [BEser soi-

(]
) apinal
I ‘ ales loramen balow pirlarmis Proximal ta the farmaltion of these lallar two

branch

vegsals, the amencr runk of the internal ilEc JIVES off tour branches n
ath mabe and harmale e lirst s he supesar vesical (arising from tha
proximal part of Ihe fetal umbilical arlery, when the umbilical cord | cul,
thie @isial pan of the ariary alrophies, lormng the medial umbilical i3a-

menl, he remaining umbiical artery becomes the superior vesical artery, Mexdia|
supplying tha wuppar tadoer and ductus defarans). The second is the ,‘,"n";"',:.',ffl'
obluralor arfary to the medial 1kigh region. The third is the wierine arfery, L Y

1 in the male, il 5 the sieror vesical arfery, Tho vaginal artery comas off i "‘w_ .
Ibe ulerine arlery. The arieries o the prostate and seminal vesicles (not Y =

ghown ) came oft the infenor vesical Tha fourth s the midole recta), | ¥

. P & o
i h “',‘1 g, T
| .
Y ~ ?' 1o S _'/‘: "'1
R E}I orig _.- | e = Literus
WA L= possa o FEMALE PELVIS

i - of cliaris [Madilied madial view, righl sida]
]

| SYB IR e PERINEGURDS »

lechiarectal o e S W EUBENEEL m
| [ 553 d e i Uﬁﬂ@@ﬂ:hf@mw@}ﬂ@gw
" 10 INEERIDR REETRLo

e The extarnal garital struciures are supplied by the infermal pudandai
/ artenies which pass 1hrough the pudendal (tascal) canal alongeide

o=t the inferiar pubsc ramus. Tha araries (and nerves of the same amea)
Giueus enter the perineum just medial 1o 1ha ischial ubarasities. The penmnag!
frauEmILE M arteries are sgnificant in thal they provide the vascular basis for
.F.!'IJ-; 3 erection of the penis and chitaris m sexual stimilaticn

(Mala) I'-‘EHINELIi _tFa_mam
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REVIEW OF PRINCIPAL ARTERIES

CH: Usered tar A Usng Ine precedng plaies as relzrence where necessery. and atted
rggrjm e lex] or g plabe, color @agh arledy derdifigd by subscripl Eng wida e RemMa
in thar codor in the appropriale space at ek, || yeu are using peng with bps too broad 1o
parmi isgible writing, write the nama of tha arery In pencil and cincle the subsoript rext
o iL vl The relehed color

[t Qhoenmary i) s BAGK af s s flor Srawers

m oo e o [

A L ol L = o 7

13

Ointy the magor arteries clearly visible from the arteror aspect are shown on this
plate The arteries ame duplicared in the limbs but not elsewhere. The metacanpsl
arleries, ine plantar medatarsal end plantar digital arteries of ke foot are not shown

Thears is oine par of anastomaotic vessels shawn here that may be unfamiliar o
you. note the infernal tharacic arfery bifurcalas N ke muscuiaphrenic arlary
and the move medial superficial epigastiic arfery. This latter vessel descends in
the shaath of [he rectus abdominis muscle Lo anaslomose wilh IR mtanar ep:-
gaslric artety. a branch of the external lliac artery. This collateral path from the
hezart |indireedly) lo the lower limb reprasents an impartant allefmats route for
baood in the evert of a serousty abstructing aorflc Aansurysm

|
U
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V. CARPICVASCULAR SYSTER L4

W@ﬂ@@ OF THE HEAD & WECHK Sie 20, 142, 143

G Mot the coder of Hlkes and their indentabions. We begin wilh
litkez of fribulanes, indantng 1hem above 1he vain with which ikey

TENge af jain This order i i the dirction of flow It will hald fdr b mm @E

plates or the vainz. Use ighler colors for Ihe sinuaes (A-K), repre- a

sented in the Elzral view by broken fines. (1) Begie with Ty venows @)@mﬁ mﬁ}m“ *

sinuses. When oolonng Ine falx and lenionum gray. color ighily %@Eﬁﬂ@ﬁ %@Qﬁ’m& SWNS 4

e the vagsels conlained within (A, B, D, and E). Do not color the

supatior :.nfulzral w3 which join she superior sagitl simis. (A) [I!GDE?EE‘J E@@ m@ﬂ?fm g’[}&ﬂ&c@e
Tz occiptal sinus (K) is shown only in the lalersl new @EHEET EQEQ@@@@EF [\

ﬁ_'d_._,___ h‘- 5';"’,,“,“,'1. gﬁ@@ﬂ@ﬂ'{l U @ﬂﬁﬂ@g >

% - W A (Rriiging v) ?G‘B@iﬁﬁ@? VEGSE SINVUS:

.S SIEMEIRD SINVS-

SUPERIOR CENTNALMIE s
CAVERNOVS SIWUS
SURPERICH PETHOSAL SINUVS
IWEFERIOR PETROSAL SINUS.

EEEIRPITAL SINUS

The vains draining the brain are tributaries of large vanous channals (Sranial
dural venous sinuses) inthe dura maies. The exemal cerebral {"bridgrg”)
vaing drain tha cerabral surface and marge with the superior sagilial sinws
-|"-"Il.‘!'..I are known 1o rupture when sucessive inertial loads ane Imposed on ine
brain (subdural hematamal. Two inernal carebral veins form the greal carg-
bral vein, these dran the desper hemispheres [subcortical aneas). Tha con-
fiveace of merging sinusas {occipifal Straght, and supefior sagiltal) is vari-
able. Tha cavernous sinus offers signicant collateral drainage of blocd from
the brain. Other colalenal veins include the diplosc and @missary vens

!
' Conflenoe E 9™
ol sinuses Dt

VEINS ©F
HEAPR & WEGK::

PTrEEYEEID PLERUS,
AL LA
FBETHOMAENBIBULAR,
SURERFEICIAL TEMPORAL. ._.\ 2 A\
EPESTERICE AVRICULEGR e
ANTEBIOR JUBVLAEAT - R
ERTERMWAL JUBVLAR « N
P AVGULAR- |

DEEE CACIAL
ERCIAL
L LIWGEUAEL Y
SVEPERIOR FHVREID «
MIDEPLE THYROID «
IWTERNMAL JUSVLAR

PEER CERVICAL =
VERTEEBRAL 1

RIGHT SUBCLAVIAN =
RICHT BRACHIQEERPHALIE

The infernal (uguiar veing ars the principal vessels draining the venous sinuses,
angular vaing {draining the superior ophthaimic wains) and the plerygod plex-
uEes mssiEt The iributaries of the intemal/extarmal fugular velns 2re varable
The intarnal jugular vain frevels wilh tha commaon finfernal carotid artenas and
lhi vagus nena, while the external lugular vein can aften be s2en in the super-
ficial fascia ai the side of the neck
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Vi, CARRICVASCVLAR SYrSTIEM

CAVAL & AZBYCOS SYSTEMS

CM: Use blua tor the suparior ang infonior vanao

cavaa [H. HY| Mobte thal & large segmeni of the ——
latter has been deleied 10 reveal the ATypos vein F ;'.“' 3 M

(M} Lse brighi cobots for the hrsl posterior inber- R e ] .

costal (D) and internal tharacic (F) vains, both -. [] l\_ /

of which drain into the trachocephalkc \I I i

SUPERIOR VENA

n

CAVAL STSTES - - 5,
SUPERIOR TYVEREID- o} | 48
MIPRPLE THYREID-. T

INTERNMAL JUGEVLER-C RuMvany. H

1ST POSTERIOR INTERECCSTAL -
IWEERIRE THYRBEID:
IWTERBNAL THEORAGICF
(R & Lo BRACHIDECEPHNALICs
SUPER0

OB VENA CAVR: .

EACE

ABYBCS e kB =

SYSTERDS - w2l
POSTERIOR INTERCOSTALy |
SUPERIOR INTERCOSTAL: | |
LIMEBER. | x
ASCENDING LUMBAR: |
HUERNARYEOS AECESSORY). | )
HEMIAZETEOS v |
MQ?N I

IWFERIOR YENA \

SVSTERS - N
COMMERN) 1LIRGS el | B
TESTICULAR /@VARIRN - Phrenic v 1+

REWAL: |
[}ﬂ@mﬂ@ﬂ' Sf,;pramnal- v
INFERICR VEMHD CAVR

Tha superior veng cava drang the head neck, and wpper limba. In
addetion, il draing the intarcosial and lumbar regons oy way of a
remarkabile bul irmegdar and varlable collection of veins called the
arygas system In conjunclion wiih the vamns of the verlabral canal
{wertsbral vanous plexus, nol shown), the azygos syslem (e2vgos.
gocessory Nemiazygos. and hemiazygos veins| provides a means of
returming blood 1o the heart from the lowar imi and trunk o the event
ol shstiuction of the inferior vena cava
Th= azrvgos and hemiazygos vesns are denved from the merging of the
ascending dmbar and subcosial vains The antesior intercostal wains Il". \
{ral shown] drain into the infernal Ihoreois vains. The inferior vona l"..
caval [and azygos) systams have no magor tributaries draining the gas-
troenbesiival tract, gall bladder, and pancreas. These viacara have (her
l owr venous [portal) system (see Plale BO) However, note thatl the liver &
ia drafned by haoalc vems into the irfarior vena cava (IVC) juet below PR \2._ .
the diaph-agm. The renal veins anter the vena cava at nghl angles -~
nale that the lafl testiculfanovaran veins merge with 1he ledl ranal fr-—n.‘

vein and thal such is nol the cage on the right, (V =
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V. CARBDICVASEULAR SYSTEM o
VEINS OF THE LOWER LIMEG

CN: Use blue for P and hght colors for A0, the deap veing. Uee dark colors for

e supeibcii! waens (O-¥), (1) Begin with the deop veins and work Balh viaws

; simulanaausly |2 Afer compiating the supedicial veins. color thi e Dies in
L L i aach of the amall Hlgstrations bul nol ihe fine lires represanting thee (nbutiarins

llisc

="  DEER VEINSS::

PLANTAR DIGITAL:/METATARSAL »

PEEP PLANTAR VENOUS ARCH:

T MEDec [ LAT: PLANTAR:

. POSTERIOR TIBIALs

'L DORSAL- |

I ANTERIOR TOBIAL-

\| PORPLITEAL-
LAT+ | MER. CIRGUMFLER FEMERALY
PROFUNBA FERMORIS:

FEMOBAD

ERTERMAL L0RE
SUPERICRE./INFERICR GLUTEAL !
CBTYRATOR

INTERNAD LIAGH

BIGHT COMMAON (LIRS o

INEERICR VERSCAVA

SURPERFEIGIAL WEINSE
BIGITAL:) METATARSAL«
DERSAL VENOVS ARGH:
LATERAL MARGIRNARLS

| MERIAL MARBGINAL -

| CREAT SAPYENOUS.
. SMALL SAPHENOUS. /A

fF

L

ey,

| Inguinal

Iigarmen -5 =y
I

e

© e ——

ima

",

| I|I hl
Fibisly | r_Y{:h %
. b dlTY
| 41?‘ ¥
The flow of blood in the deap veins af the iower limh is gan-
erally an uphill cowrze, In concert with gravity, prolonged
horizontal positicning of the legs (ard oiher condtions) can

Greal |
saphamous

14 | resull in slowed low (siasis) in he deep veins resullng in vain 1
| | | vienous distention and mflammation (phiebitts]. Formatar of J and
| | ciots in these weins (thrombophiebits, deep veir thiombiosis) | l]ﬂ i S /
| can result in clalted fragments baing raleased inta the cir- I/ \ /
! culation (@mboli) Thase embali continee up the venous B
palkway of ever-increasing sizo, casily pass inlo the nghl
heart, and are pumped info 1he progressively smalker vessels
of Irhe lung and becoma sluck [pulmonary embclism)
‘While deep veins generglly follow the arleries (verae comi- | Madial
tartas), supericial vaing do not They ravel with culanaous IR
Medial neres in ine supericial fascia and many are easily visual- 'y n":l'l'f',;‘;
Faliinciin, lz=dinthe limbs The blood in thess lang veins has 1o over- o
ANTERIOR " 1 come gravity for & considerable distarce, and fheir valves ~ %/l POSTERIOR
VIEW olten come under weightbearing siress. Happlly, there exisl £ VIEW
I {Dioraurm f a number of commiunicating vessels (pero@ling veins, o '--\ (Foot in Flhl_.ﬂ'ﬂ
affecty AR 1T  perforators, not shown) between suparficial and deep veirs, Wl
'|| Lateral '} parmatng runot! inlo the deep veins, significanity offseting
sl I' f the affect of incompelent valves, Incompetent valves lead to

pooting of blood and swelling in he lower suparicial veins,
with poteriial inflammaticn. In the chronic cordition, he

saphanoes vamns and their tributaries can DBCOME REMTME-
nenily detormed ana dysfunctional (vancosities) aphenoue vein

et o' P and tributaras
ok {postariar bea)
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V. CARDIOVASCULAR SYSTEM ...

C#H Uee blus tar | and @ dak color for J (1 1Calor 1ha veing draming the inbesiines, peroneas,
gall bladder. and spiaan, Mole ihat ihere are bath i8R and right gastro-egipioic {0, £) ang
gastric (3, G') veins, Color the daskly culined direciianal ermews adjasent 1o blood vessals
Ihe eodar ol Ina biend vessal (2 Aler coloring the lerior vena cava, ifs bolaries, B Inbu-
taries of the supernor vena cava, and direchonal arfoss gray. color ihe thres Erge angws
identilyng anastomolc siles [mciude the sEophagas] weing passng posdenior o he R

HERATIC PORTALSVYSTEMS -

SUPERIOR RECTALL A
INFERICR MECSENTERIGC

PRNCRERUIE «

Lo BRASTRE-ERIELOIE o

SPLEMIC

R BASTRE> ERIPLEIG »
SYPERICRK MESEMTERICSF

R GASTRIC:
G SHENCH
PORTALL «

HEPATIC Vs & TRIBUTARIES:
I VENR CAVA ./ TRIBUTARY:

SUE, VENA CRAYA/ TTRIE+*

ANASTOMNOSES SITE

# er>

Drgans of ihe gasiroinlestingl (ract, the gail biadder,
pancreas. And spleen are drained by tricutaries of the
hepatic porial veir, Within the ier, brancheas of This vain
(like those of an anery) discharge blood inte Gapillares
(sinusokds| surreunded Dy liver cells. Thess cefls remove
digested [malecular) ipids, carbonydrales, aming Acids
wilamins, iron, glc. from the sinugoids and store them,
alter (heir structure, and /or distribute tham 1o the body
tissues (and in the case of unnecessary moleculos o
degraded remains of [oxic subsiances, he Kianeys)

The disirbution process beging wilh the selactive release
of molecular sizbstances fram the liver cells into the small
Iribiaries of ihe three hepalic veins. The hapalic vains
join ihe inferior vena cava [IVC) immadialely beiow the
dmpmagm

The porial sysiem of waing is so-called becawse |t irans-
ports nutrients and other moleculas from the first capil-
lary natwark in the nestnes direcily to the second
capillary network (smuzoids) of the liver (without geing
through the heart first). Conssquently, bocd in the pornal
system passes hrough two capillary nalworks instead

ol ora

n cortain diseases of the lIves, the farmabcen of scar
tissLE biocks flow theough the sinuscids. A3 & resull
plnad beging to back up in the porial Sysiem. In 1ne
chranic oondition, the vesns enlarpe significantty The
slood, seeking the patn of least resistance, finds colial-
aral roules to the heart, enlarging fhem (varices) These
roules {nated by arrows hern) occur by way of anas-
jomoses betwean vers of the portal system and veins of
{he inferiar caval, superior caval, azygos, and vertabral
wanous systems. Ofher anastomoses éxist via a number
of refroperitoneal veins and the umbilical vain {nal
gshown ) IP the laitar vessel, imeguiar vancsose vains

can appear on lhe suface of the abdoming! wall (capul
Medusae, see glossary)

MEART

pe-
= - Esophageal ¢

Ascanding
colon

NS Ending
coEr

g ~" _LARGE
=" INTESTINE
Middis [ Sagrmoid
rcial v I calon
Inferion
ractal v

ANTERIOR VIEW
{Dlagrammatic)
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Vi GABBIOVASEULAR SYSTEM

REVIEW OF PRINGIPAL VEINS

G Use blue for tha superion and inlers: yenaa
cawan [K and ') (1 jUsing preceding plakes of
tha venous Syslam 1af relarence, Color aach
vain and #rite ks name « (ke approprials let-
tered fumbered space with the same color or
wrili IL in panci (Rot peEn—you may change yow
L mind! and circlg ha letlar/number with he
color usad for ine vassal, (2)MNole thal the Figurs
Is in thir analomcal postion, palms ‘scing lor-

and lawer limbs, the palmar/ plantar veins ara
dgigined by deep veins, (4)Mala in e thorax, the

vaing ara nat shown
Sap gnssy i (e b of U Gk for SapwarE

M M S 0 |

L e i

¥z S |G @DEREE

L A

= - ]

=5

Veins are extramely varable in size and |ocation. Phlebotomisis know thal anly
too walll Deep veins run with aneres of the same nams (though the direction of
flow is opposita); ir the limbs, 1he veins ara often paired (venae comilantss).
Suparfic@l vains have no companion areres {our evolutionarny progression
would have been severaly shortened it this were nol 50). hey do tend 1o trevel
with culaneous nenes, In review, It should be clear thal areries have branches
portal veins have branches, but &l gther vains have Inbulanes

Waole thie inlemal iharaeic vein 8nd its tributanes aré not illustrated. Note tha
tharacoopigashic vein [P} betwean the laleral thoracic vein (froutary of the axil-
lary vein) and the supedicial epigasine vain (tibutary of the femoral vein), 1 a
significant roule of collaleral tiow lar Dicod refuming 10 the Reart from ihe lower
limb ir 1he presance of an obstructed inferior wana cava.

PDF created with pdfFactory Pro trial version www.pdffactory.com

ward {3) The suparficial veins of the limbs ane dis-
mayed on tha figura's night side, the deep vains an i
Ine el sime Oin the right. the broken les represenl
superfcinl vers on the posteniar sde. 10 BOIHR el

BYSIEMIC weing ana shown only on e FRgune’s g
sida, The Interral Insracic and anlensr intancostal
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V. CARPICVASCULAR SVSTEW

FETAL CIRCULATION

PLACENMTAA
ERYEENATED BLOCR C>.
LRBILIGAL WEIN =
RPUETUE VENGSUS-

PECRVYGEENATERD BLOBE Cie

DECKY: & @Kt BLRED e
FORAMER BYVALE-
PUEGTVS ARTERICSUS .
WMBILIEAL ARTERY =

The fetus in the ulerus doas nol Dreatre air, ks lungs are daflated. This
plate reveals how the tetus gets orygenated biood 1o s system {(in the
atsence ol brealhing air) and gots deoxygendled biocd oul of the Dody
The placenta (numeral 1) is an argan in the erus of a pragnant

woman thal provides gaseaus and nutrilional suppart for the fetus

The placena communicates with (he fetus by an umbilical cord (2},

The wessel taking owygenated biood from the placenta 10 1he 18I1US iS

i wmibilical vedn (2) which runs (o the unclerside of The fiver (2) 1o join
the portal wein. Heie the cxygen-rich biood of the former 8 mixed with

Ihe deckygenated olood of the later A vein existing only in the lelus
{riur:tus venosus) diverls the blood direcity to the hepalic vein bypass-
ing the lvar sinussids, Tha mied Diood then enters 1he infarior vana
cava 10 1ha rignt nean The binad is direcied 1o the kefl (syslemic) side

ol the heart by lwo means: an opening in the interainal wall (foramen
cvale &) and a shorl vessal between the pulmanary runc and the
descending part of the aortic arch [duchus areniasus, E). Only a frac

tion of mixed biood gets pumped ta fhe nor-functoning {But fiving)

lungs The mixed blood lesvas the hearl via the aorla (6) 10 reach the
body tissues. The oxygen-carrying capacty of fetel hamaoglobin i par
liculary greal in comparnison with that of the adwt, the fetal lissues get
sulficient oxygenation from mixed blood lo permit remarkably rapid growih
Paired umbiiical arieces, arsng fram the internal iliacs, retum he dedgy-
penated blaod from the f&tus fo the umbiical cord and pacenta. After
birik, due to altared hemodynamc pattems assocized wilh braathing,
fha ciroulatian ir the fatal umbillical vessess and ducts of fhe rewbam
dimmish significantly and the vessels soon thrombose, The umbilical

vein alrophieg (o pecome fhe ligamentum teres in the falciform ligaman
{P1, 106); the umbilical artenes become the madial umbdlizal gaments
(Pl. 73). ihe ducius vanosus bacomes the hgamentum vanasum; revised
circuation o the lungs induces closure ol the faramen avale; flow
[rugh The ficlus arferlasus trickies dawn, (he vessel closes, and
becomes a ligamentous strand (ligamentum arlenosum; Pl 66)

Rt

82

Gae &5, 75, 106

CN. Use red for B {orygenaled bioad, representad by & doftad afiow) and
B [umibikeal wiin) Lisa blue for O (deoxygenabed biood, repraseniad by a
lighd-linad amow). Usa purple for k (mived cacxygenated and oxygenaled
biood, reprasented by a dark- ined arrow) and E' [umbikcal artery) Use
tright colors for G, F and &, (1) Colar the placenta and tha large ruember 1
45 wel a5 1ha aniprged reciangular portian of the placenta magndiod fo
ghow oapillary exchanga baiween tetal End matermal veesals (2 Calor the
large rumbets while calenng relaled atructures and biood Row amows

{3 Colot this placantn and components of the umislicel cord in fhe wierus

al lowed lsH.

!

-

‘h\_

Infesrcy
WO CEVE

Livar

i Carborn Soxide
' & wasie 'JFIJUIJCW

Capdiary exchange ol dibstanoas
aErurs n piacanta, wihout any mixing
al maternal and latal blood
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i: V0o EL%"EM‘I‘U‘U@ SYSUEM
LYMPHATIC DRAINAGE

Ch: Use bl for H, red for |, purple tar L, and grean for M, {1 Color aver the light
lines representing panpharal isuperficial| ymph vessels (A). (2) Color @ach large

slap numaral in ik diagram elow wan the reaied ez, in the botiom disgrsn, do
nal colar the lymphooytes circutating in and belwesn ine dinod and lymph capdlaries

. SUPERFICIAL DRAIMARGES«

‘ @E{}E@&‘b[}. LYPR VESSELS: [“

i @@?3 s BP0 LAYy
s oD

m@@ &+
LYMPHATIE TRUYMNMKE

. GYSTERNA CHYLI-

|. THORAGIE PLET:

. RIGHT YRR BUGET:

The body & aboul G0% fuid [by valume), filling cells, vessals, Bnd SpAces.
Flukd requires circulation. Same of 1he fluid of the biood, as well as some
lymphacytas, loaws the crculalory system ana antar tha lissue spaces

| Some of this fiuid, lipids, and lymphocytas (lymph), are recovered by (hin-
| i wallad vessals (ymphalic capiiaries) that lom in the loose connective

| figgue spaces, Unkke the closed-loop blood capllary networks, thesa tiny
| vessals ars closed al ore end. They marge 1o form prograssively iBrger
J Iymphatic vessels thal dran into farge veins in the reck. These vessels
congliiuta ihe lymphatic system: Certain ymphatic vesses anter and
Ileave lymph-filtering stations called lymph nodes
Repion-draining lymah runks converge inlo & dilated lymph sac [eysherna
phyl] lying deep o fhe abdamnal aorta on the firsl lumbar verteba. The
thoracic ot bagins at ihe wpper end of 1he sac, ascends 1he antenar
surface ol the vertebral column, and drains into the lell subdavian vain &t
its junction with the intemal jugular vein. The right vmnh duct terminates
simiiarty on the opposile side. |t drains ihe dotied area,

G

Thyrmius

CVAPHEEYTE
- CIRCEULATICWNS «

. & LCYMPHeGCYTE l @ﬂ[ﬁ?@@&@ﬂ@ﬁﬂ b

ﬂC‘ p- e

Jugula Sog 04 BE
hlg—  riink
C —‘—-—_
R, intarnal B © Eubclayian
UgulBT - Tk
¥ Bropoho: |
A subxCkasian v ; I'"'Eﬂ-afﬁl[na
Superor e
wﬁ aEva ; h\
' A\
-, |
! =
A R
1
W\
b
I 7
i \ | |
Area drgined | b L
by tha righ [ A
Iymph et I (N}
NN
AW
& AT
f ’r \

5 SUPERFICIAL AN
LYMPHATIC DRAI

oy
: Thoracic @E Efaraml
P __;!..«:I - ‘ 'rl'l'lpl'lal:{
H iy ORI e e g, i
= L E/ M
4 H ke RN T - o\ v} =,
WL v : I : i - - .

CENERATIVE CREAWs =B A e D ke [ s
VENOUS BLOGD - \ |/ M 8 £
ERTERIAL BLECD: | _ ¥

Bane

LYMRPHEOIR TISSYE
PERIFKERAL TISSUE «
CAFPILLARY WETWE
LR H VESSELS v
LYMPH WEORE v

Lymphocytes are one of the principal cefls of the immune system. The
pirculation scheme reveals the primary pathway for the dissemination
of lymphocyles from their generalive organs (bams marraw, dymus) inla
I the lymphoid lfisswes and organs as wall as organs and lissues in general
(permpheral issues) Such a circulalion patiern provides for masdmusm
exposure of lymphocyles fo microcrganisms and subsequen! body

P e —

i delenss Operations (iIMmune responses)
I Formed and davelopac in the bone marrow and thymus (1), lymphocytes
leave with the venous bloed to anter the eivculaton. By way ol aranial

biaod (2], ymphocyles ener the capiiary nefworks of the lymphold
lissues (3) and other peripheral lissues (4) The lymphocyies may remain
in or migrate from ihe lymphoid organs/ peripheral isswes, entering blood
capiflaries of lymph vessels. From lymph Gapillarias, the lymphocyles fhow
with iha lymgh Huid inlo regional lvmph nodes (5) Here they may Decome
resident or they may depart the node and merge with ather ymph vessels
1 join the lymph ducts (6] ihal connect with the blood cirowlatory system

PN || & : C .
Bane N /-Il._. u O
e == |Hl';‘3rfl.::lf 1 ? Ry e, #
L% W A T

i e

Cava

) R

L “SCHEMEOF EF )

Alterenl
LYMPHOCYTE CIRCULATION :,-m;ngll.:
e
A Lymphocyte Biood ] Sgripharal )
Fleral ¥ T LE]
g F=i- I g Lcapillary B tsale cel
L : - T
Blind and
of lymph
-=| capllary

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

000, [MAMURNE (LYMEPHEIR) SYSTERM

84

Sep f2 B3

INTRORUCTION

€. Use green for O, the same cobons lor bone mamrow (A} and thymus (B} uzad
or Piate B3 and wery tght colors for H-L. {1 ) The sruclures cepscling mucosal
pesociated lymphoid issue (E) are generalizaiions, more Rccurahe represantlions
pan be seen on Plate BY (2| Tha e lymphocyla Iypes have identilying letlais
diaan inlo iheir nucks Color over the ertira oell in all casas

PRIMERSY 8
BOME MIARRONY 4
THOYMUS -

The lymphoid eystem is the analomical component of the immune sygtam,
and funcikons in defense agains! microorganisms entarng the body as
wall a5 tha desiruction of calls ar call parts no longer recognizable as
“geif,” Lymphoid tssues and organs &re predomicantly collections al fym-
phocytes and relaled cells (sae below) often supporied by a mashwark of
rotizular fibers and cells

The red bone marow and thymus are primary lymphoid orgars. The bar
marrow contains e precursars of all lymphocytes and disbursos ympho-
eylas inlo the ciroulatian, [l consists lagely of graat vanelies of biood cells
in various 1ages of maturation, phagocyles. ietieular calls and fibers. and
fal cells. Some of ine [ymaohocytles matura and unoergo siruciural and
biochamical ravison (differentalion) in ihe bone marow io becoms B
ymphocytes. Some undillerentialed lymphocyles migrale via the blood o
the thymus o become T ymphocytes bafore re-antefing the circwation
Othiers oecama large lymphocyles, enler the circulation. and migrate o
secondary lymphoid organs

The thymus i lacaied ir the superior and enteror {inferior) mediastinam
|| regaives uncommilied lymphocyles from the bone marmow The fhymus
iz 2ctivaly sngaged in T ymphooyle prolferation and ditferentation during
emiryonic and fetal lila as well as the first decade of exirautenine file. The
Ithymus begirs 1o undergo deganeration |maolution} alier puberty

SEEENDARY -

SEPLEEN

LYRPEH WEBE »

MYEESAL ASSOCIATED
LYMEHEID TISSUE M.l e

TONSILST /| ABENEIES -

LAEPDER®IZI:

Bacondary ymphoid organe are siructures predominantly populaled by
ymphacytes thal megrated lram the prmary lymphoid organs. The struc-
|ura arrangement of fhase organs fangoes Irom encapsulated, complhes
gtructures, ke the splaen and rmph nodes. 1o a diffuse dispesition of
ymphocytes throughout the loose conncotive lisaues (MUcosal as50c-
gied ympkeaid lissue) Thase secondary organs reprasen] salelile sies
far lymphocylas activation when challanged by antigens The spleen pro-
cegsas inoaming binod. ks ymphocyles and phagooytes react rapicly 10
ihe presence of microorganisms and aged réd Blood carpuscles. Lymph
nodes sorean lymph from incomng (afferent) iymphatic vessals, much in
Ihi same manner as the spleen processes blood Oiffuse and nodular
masses of lymphaid lisswe in the mucosal lining of open cavities con-
stillile mucasal associled (ymphaid fissue (WAL T/ Suah tisausa in-
cludes tonsils and adenoigs situatad close o the epithalial layer al portals
ol aniry o certain apen (nasal aral, and pharyngaal) caviles They are
aclive In "marking’ incoming mcroonganisms lor subsegquent destruction,
Unancapsulated massss of lymphomyies and reialed cells ocour in vary-
ing concentrations throughoul the mucosa, farming distinct masses
{cattuse lymphoad tisswe) The warmiform appandix incorporales mullipie
wmphoid Tolkcles n ils mucosa, The density of these cell collachions
¥aries with the dagree of immune reéspansnily raquirec

|
| Grougps
T of nodules

Alibnaes

CELLSz+ i

B OGN ER
RPLASME GELL:

T LYMPHCCYUE.

LARGE LANCHE@EYTE «

EHABOCYTEL

Activaled B lymphocyies (B, bone marrow-darved) differ-
enfiate along spacific lines, ona of which 15 the 1rans-
formation into plasime ceils Both cells secrele protein
mialecules, called antibodies, into the lissus fhuids. Anli-
bodies imeract with and enhance the destriuction o
elermants 1hal induced thair activalion and syntheeis.

Such elemaris are calied anfigens. The larm antigen is
resiricied lo those elemanta (molecules; cells, micro-
organismsj that induce activation of lymphocyles (immunsa
responss) T ymphocyfes (T, ihymus-derved) differentiate,
upon stimulation by antigen, inle one of a number of ditterent
activaied cells, one of which stimutates and regulales spe-
eific and non-specilic body defense operalions {halper
funciion T, call),

Large, granular lymphocytes (natural killer or KK cals)
desiray lumor calis or oalls infactad wilh virus They can be
aciivated by T lymphocytes 1o lyse fargel calls. a8 in graft
rejaction. Manonuclear phagooyles are cells thal destroy Dy
phagocylosis antigen as well as parlicles ihal do not induca
an immune rasponsa Thay presant antigan o lyirphocyles
(antigen-presenting cells) for identificafion and destruglion
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L 000, IMMUNE (YMEPHEID) SYSTEM
| NATUBAL & ACQVIRED IRORVRITY

TN Use pick for E and the same colors used on Flate 34 for cells D, F', G,
and ' Radal lines surrounding 8 cedl indicale aElivaion All elameris shown
rave been magnifiod and schamalized for colonng. (1) Begin wilh the tikz
PRI GERTAT i INe uppar Tight GO

NATURAL IRRAVMNT S «

.  ANWATEMIC BARRIER -

.  COMPLEMENT

RPHABGOCYTE »
IWEFLAMMETORY RESPONSE =

Immunity 15 an anatomic and physologic state ol sacunty agansl
digease Malurad immunity exisis indepaencent of any specilic micn-

| argansmal meraction with a lympheayte. Shortly before Birth and
following, one progressively acquires s specilic immunity following
auch lymphocyie's encounter with antigen and resulting activation.
Fhegocyles participate in both natural and acquired immunity, ympho-
cylas paricipsta in acquired immunily and enbance natural immunity

ERO=

=—=——

Hatural immunify operalas indiscomiratcly @ganst microonFansms e
end degenarated cells/cell parts Anatormic barrers (1], such as skin fibsous lissee
of mucous memaoranas, physically resisl mecrooiganismal invasion
Fhagocyies approach ihen prey from the blood (2) o conneclive g W, P ; H i d -
1ssues (30, engull iham (4, phagocytosis) anc destroy them with e T : i Pl T
Iysosamal enzymes (5) Complameant is the name given 10 saveral sol- ' f : = = .

uble protaing fourd n tha body fluds which when activated altach 1o
micraorganisms. énhancing their phagocytoss. Tesue irilaton, 8.0,
digruption by 8 splinter, induces an inflammatary msponse which
invoives beth nalural and scquired imemurity.

ACYUIRED (IMRDWVNNTYS

Apquired immunity involees diversa but spacific lymphocyte responses o e presence of
antigan. A specitic kmphocylic reaction (o anfigens (mmune responss) is charactenied by tho
activation and profiferation of rmphooytes followad by 1he destruction of amigens. Two knds of
[ aoquired immunity are possinla based on fymphooyle types: hemoa) ymmonity and ceillisr irm-
| nity. Irharent in both kinds of immurity are: spaellicily and diversity of response, retention cf cellu-
| lar memory of anligen, &nd tha abilily 1o recogrize self from non-sell among the hody's profeins

HUMEORAL (RAMUNIT VS - CELLYVLAR IMMMUMITYS:
& LYMPHECYTEF T LYMPHOEYTE «
PLASMA CELLe \ NELPER GELL (Tn)-

A TIEEER- § @??ﬁ@&‘??‘?ﬂ@ CELL (Ta

|, BB “Om)

Lymphosnas

|: e
aﬁ e 'S, 5“_4;.
w ) — — Aoy
| Ther 1 () =
I 2)—=3 &
Lysad
.I AN TI@E0 » INFECTEDR EERLL. ) aciad
|
Humcral (fluld-related) immunity 5 charactenzed by 8 lymphocytes T elis differentiate inlo el T lpmphocytes (Te) and cyrofyic T lrmaho-
4 being activated oy antiper (|, proliferating, forming memaory (M) calls cyes (T CTL). Helper T lymphooytes (2] enhanca humoral immunity by
gecreling antibody (2), and lorming plasma cellg (3] which seCrate and- activating B cells, augmant the nflammalosy (esponse. activate phago-

body (4), Antibodies are complex proteins farmed in response 1o a specific  cytes with stimulating factors (lymphokines), and form memory (M) calls
| antigean and attached to it 8l the antigenic detarminant site (5), faciliating Cytolytic T lymphooytes (3) bird 1o and desioy infecied cafls. and form
iis phagooylosis. memary calle Momory cells recognize specilic struciural charactafistics
Cellular immunity is characterizad by T lymphocytes being activated oy of the antigens encountered ("memaory} and laclitate rapid immune
anligans attached o anligen masantng cells (phagooyles, 1. Activated responges on subseguent exposure 1o those antigens
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Y000 [MMUNE (YMRHEIE) SYSTEM s
THMYMUS & BREDR MARROW

"__-.-qh__‘
€N, Use red for'H, bive Tor |, green foe J, and the same color a8 used f |
on preceding pleies formalune T lymphocybes (G (1 Galar Whe mile- | s J
il on rad marnew ol 1he bottom of the giale Than cokae tha fed mamow p=rs o) {%)
{K | poriion of tho nowborn's arm bone Calor the thymus secton and ol Ty
ihe diagrammatic description el lymphocyls maluratian in 1he THymies. ’:'l"r:ﬂ
el tnml the borders of 1he digram ragresent the codbes and redudia
of the Ihpmus Then calor the schematio cvervew of thymic funclon e 7
{2} Goloe tha lowes! drawing 855000100 with 150 mariw wo P i X
Lang - b -
bt J.-'{I'_:,_,.E_,_ 3 LJI

4,
NEWHORN  Foun

VWU -
EIBROVS SEETA: o
GORTER “"\ e—— SV

UNDIFFSRENTIETED LMPHOCTTEy . . Marummonor T uewocrres LA

MRATUDE T LYRIPHOGCYTE « i
MERULLEF >\ i g

MATURGE T LYRIPHOEYTE.

ARTVERIAL VESSEL -
VEREUS VMESSEL
WK VESSEL.

The thymus seads tha enlyre body with T lymphocytes. the protago-
nists of callular immunity || consists of two lobes of glandular lEsus i
tha anterior and supenor medsastinum. The thymus i funclional and
ralgtively lerge in the late fztus/ newborm (15 gms). continues (O orow
&nd function during the pre-teen years, ard declines in size and
Echvity in the ioliowing years.

The functional thymus conssts of microscopic lobu'es partiioned by
fibvaus sepla contaning blood vessels. Each lobule has an outer car-
Iex densa with kmphooyles and a much leas dense central meduila
Tria epiheilal cats of (he ioouls form & stuctarally supparting “retios-
lar netwark. Distinctive concentnic rings of keralinized apithelial ceils
(Hasgal's corpuscles) are gaen in the medulla; alihough assocated
with deganarative signs in aging, they may supporl lymphocyts diffe:-
entiation, Arfenal vessels brng undiferantialed lymphocylas into the
cortex. The calis migrale imo the medulla, showing signs of difter-
enlating into T calig. In the innar cortes, the cells are largely immalure
{but committed) T ceflz. The medulla containg largely maiure T calls.
These cells leave the thymus by venules [venous vessels) 1o anlar the
gystemic croculaion Some T lymphocyles amar fymph vessals des-
tined for mediastinal 'ymph nodes and beyand. The thymus also
produces a number of faciors (hormones) stimulating lymphocyte
gifterantiation

RER MARRCWY
WMPHEEYTE PRECYRSOR
GREWTH FRCTERM
LYMPHOGCYTE
SiPYselD:

Aed marrow (recall Plale 17) is densaly populated with a greal variety
of biood cells in various stages of developmeant. The supporting frame-
wark of marrow i reficular fibars and cells, Fed by artericles from the
nudriert artery of ihe bone, the capdiaries within the mamow are
enlargad {0 the extant of baing emall sinuses (SINUEDNIE] Thay revesi
transent cvicpkasmic “pores™ for the immediate pessage of calls into
the orculatian. Among the developing blcod cells are lvmphocyle pre-
cursars These are sfimulsted o divide by cerlain growth faciors. The
progeny of these cells ase mostly small and some large lymphocyies.
Frasumabiy, B lymphacyte maturation ocours in tha b g,
whereas T lymphocyie malusallon sccurs it the thymus. The mpho-
cytes {large, undittarentiated pre-T, and B) enter tha sinusoids anc the
venous outflow to be distribuled body-wide
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W000s IRAMVINGE (YRMPHEOID) SYSTEM

SPLEEW

GMN: Usered lor E purple bor F, bilue for @, 1he same oobirg 88 prevously
user for H |, Boand L, thae cor dssd an Pike 85 foe grigen (M), and very
fight calars for © end O, {1 )When coioring the schemalic représantalion of
aplean sruciures. nola ia ul'lﬂBﬂ'l'--"lH bBreckals which ﬂ&ﬂ-gﬁﬂlﬂ ha siruc-
fures dEng within the while pulp @ng (ed pulp regons

SPLEEN
CRAPSULE.
TREBECULAE:
WHITE PULE:
LY MEHEIR FRLLIGLE «
FHED PULE:

BLOOD YESSELS: -
A e o=
3 B R e =
VEDODS SIWUSOID-
VYENULE:
VYEie

CELLSE

T LYMPRHEECYTE

B LY WEHEeEYTE L

MITevric B’
AN @IGVETRES

EHAGEGCY U E«

PLASMA CELL .

The sofi, blood-filed, dark purpla spiean lies postariorly in the upper
{efl apdominal quadrant, (Just above the lefl kidney, 8 about the level of
tha 114k and 12th ks It is genarally about the size of your ciased fist
The capsule of the spleen progecis iInward extensons [lrabecuse) Thal
supporl the argan and incoming/oulgoing vessels The microscopic
vigw of the spleen s complicatad by the endiess sea of lymphocyles
and phagasyles, and in this organ. red blood cells

Small, dewnstream branches of the spleme arfery traval in the librous
rabecular; branching artenoies bacomsa evvaloped m lymphocyles
[perariarkalar sheath) and branch among lymphosd follicles. These 1al-
licles, the arterinles, and their celiular sheaths constitule the whife
owp. These lolkcles en'arge wilth anbgenic stmutation, large mioho
lymphocytas (in varlous stages of cell divigion) begin 1o appear in the
central pars of each falicle {germinal cener] tollowing stimuiation,
créaling a one less dense than 1he surmounding, cell-packed area.

Az ihe straighl (penicillar) arlencles leave the white pulp, they bacome
inad wiih phagocyles and dilate 1o form vanous sinusoigs (closed
ey, Blustrated). An alternale "open theory' holds thal the vessels
apen Into large spaces drained by he sinusoids. Cells (reticular calls,
plasma cells, phagnoytas, and some B ymphocyles) foom long, irregu-

.
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lar gallular sirands { splenic cords) amids! inlerconnacted sinusowds;
ihese are collectively callac red puip. The sinusoids drain irio venues,
lorming tributaries of trabecular vaing, these form the tribularies af the
SNEme Vein

As blood flows (no the arterioes, antigens and old red bood caills

are greetad by mononuclear phagocyles and myriad T lymphocyies,
setting off cellutar immune responsas in the parnarteroiar sheaths
Snaking inta the follicles of the white pulp, the vessels are surmunded
by B lymphocyles, antibodios arg \ormed and aftach lo anbgens which
are isolated from the circulation and phagocytosed (humorzl immiu-
nityl. The lumens of vessals in the red pulp ane “sirained” by tha lining
phagocybes; old red blood cells are sequestered and phagocylosad,
ard anligens ara mel by anlibodies, and 1hey are phagocylosad.
Clearty, antibody produchion and phagooylosis am major aslivites of
ihe splear. Alhough antibody and complement enhance phagocylosis
of red blood cells herg, tha splenic phagocyles ar not dependant on T
calis and antibody to function, Systemic infection markedly incresses
the cutput of ikmphocyles, causing paloable splonic enarpomont (spkeno-
magay). Femoval ol the spleen [splenectomy) is nod & berign event,
as the body absent a spleen may hawe reduced immuna capabililies.
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LYRIPH MODE

LY RN WORE -
BAPSULE.
TRABECULA:
RETICULAR WETWOR:
CCRUELS:
LYo FEOLLICLES:
GEERMINAL CENTER -
WEDUWLLA -
PRRAGCORTENR -
&Wﬁﬂpﬂﬁ VESSELSE
AFFERENT &V@ﬂpﬂﬂ VESS ES
ArEG) SINUS
@FFE@@@T [rEH VEESSELy
QQ?@ R
WEDm/ m@&gm

N Use red tor L blue lor M. green far B (it you have addilomsl
greens, use tham an I-K), 1ha sarma colors 85 previously used for
=R mre light colors for O-H. (1) As you color the regians ol tha
mpn noce, LER (hE SAME oot on the large numerals Sormpany-
ing the nsats identitying the daminant call in that ragion. In Mo
paracorlex, nole ihe smail clircles representing venules (M')

Prsfirabeculisr
sInuUs

wgginal
R LT
HiNUs

The lymph node has a ldrous capswie from which frabecwae invace
tha argan, dividing it incompletely into compartmants. Fine reticular
fibers and cells spraad oul from the rebeculae to form a thickel ol
interwoven branches iFreughoul the node (reficuier mefwork ), This intni-
cale weave of fibars supports the dense populations of mohocyles
thraughout the node, Lymph percolates through parts of the relicular
rietwork called fyimph singees (only the margiral sinuses appear 10 be
endothelial-lined), The reticular fibers m these sinuges (1) farm a apa-
tigl framework fnom which ghagocyles can readily engage anligens in
iree iyrmph fiow

Tha node interior s characienzed by an ouler corfex ard an inner
medullz. Tha corlex reveals 8 group of particularly dense masses ol 8
Ipmphocyies (2 lymphoid foficles) existing amang a mMore sparse amay
of largaly T lymphocies in the mieroldcdlar areas (3] Inthe prasance
af significant amoums of entigen, (he follicles develop genmna! cen-
ters; here are saen mitodic lymphooyles in varying degrees of milosis
(&) Tha nutar part of the medulla (parscorles) has more difuse
arrangemerts of phagocyies, T cells, and some B cells [5). Tha
endothalial calis of the venules in the paraconex are specialized and
provide lymphocyie homing receplors thal influance the Iocalization of
I ang B calls within the node. The medulta coniains & concentrated

LYMPHCID CEBLLSSE:
PHAEOCY TSN
T LYMPHECYTE o
B LYMPHEETTE F
MITETIE LYRIPHEEYIIEa
PLASME CELL«

See 83 84

AP0
AWTIBENT

SECTIONAL YIEW

array of inlerconnecting sinusas, with phagooylos and plasma cels

i signicant numbars (G)

Lymph enlers the nodes by afferent vessels with valves contralling
urmdiractional iraflic. As the lymph meanders throwgh tha thrangs of
reticular loers in the sinuses. phagocyies pick off the anfigens and
prasant them to the T calis in the imertollicular areas. Activated B cells
ir the follicles. facilitaled by helper [T.) cells, transtarm ima plasma
calis and memory calls The plasma cells and B celis secrale antibocy
with recepiors which bing a porfion ol the anbgen (anbgenic determi-
nant). Binding al antibady 1o the anligen faciliates destruttion of tne
antigen. Majar stimulus promotes formalion of The geominal centers.
Further immune actvity oooues n the paracorlical and inmer maduliary
araas Lymph leaves the medullary sinuses and thi node by way of 1he
elierent vessels. Lymphocyles also enler the neds by small artares,
these calls can migrate into 1he ginusas from the venules while e
remaining blood leavas the node by veins

In summary, the [ymph node s the site of both humaorsl-medistad (B
call) and call-mediated (T cell) immuns responsss io artgens in the
Iymph. Palpable enlargement of cervical iymph nodes dufing an uppar
raspratory infection, for example, gives tastimany to (ha axetance of
such mechansms oparative in ihe face of microorgamsmal invason
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MVCOSAL ASSOCIATED LYMEPLIOID TISSUE (MolRelboTs) 105

CH: Usa graen far C, the s4/me £oOIOS 88 previous’y used for E-J and use
light colers for & and B. (1)Begin wilh the representations of normal and
intigmad lonsiks, using pink amd red colors, respectiveny. (nchada 1he crcy
|ar ingets idenifyirg Ing dominant calls within e follicle and germanal
cenier, Coior the antigans (1) aclivaling the follicla at centar right, and INFLAMED TOMSILS
refated folicle parts, mciuding insots. (2)Color the lowes [lestrations

CRINARY FOLLISLE - =D e
CERMINAL CENTER Coaph) o EgEpee
EFFERENT LR VESSEL -

v-m PHEID CELLSS-
MITOTIE LYMEHEEYTE -
EMABOECY U E.

B LYHIPHOCYTE-
T A MPHeECY T E:
PLASMA CELLA

Unencapsulaled lymphoid tissue, consising o lymphocyles, plasma
cells, and phagooytes (often tarmad “inflammatary cells”), nol bound
by fiorous capsules and ranging throughout the looge connective
fiesues of the mucosas in variabla dansities, s called mucosal ass0-
cialed Iymphoid fissue (MALT) or diffuse lymphoid tisswee, The cells
of 1niz lissue are 8 mobile loL ard can Increase in numbears rapidly n
ragnorse bo the presence of microgrganisms. Ofen, in the seiting af
chraric antigen exposure, well onganized lolicies (also called nod-
wies), simiar 1o those seen 1 lymph nodes and (he spleen, may form,
Seme examples of MLALT are shown herg,

TEOWSIL INFLAMEDR TEOMSILx

Maszas of primary lymphoid foilicles surrounding infoldings of the
pharyngeal mucosa are called tonsils. Tonslis have no definitive lymph
sinusas; howevar, lymiph capllianes can be seen araining into offarant
Ilymphanc vessels With antigenic stimulaton, infammation of the onsi
pccurs (forsillite), A comman evant, an inflamed 1ongil is swollar, rad
(often with slreaks of vessels ranging 2cross the mucosal surace),

bo- o Guriace
= ARCIIAL
* slreaks

o (mligreennioy
cally
[pragDCyien)

and painful. As the fallicles are aclivated, garminal canfers are farmed, @@ﬁ'ﬂ @{g’@] ]
numbers ol 8 and T {rmphocyles increage, phagocytes and plasma
calls appeaar, and anlibody s produced. Considered a culturally éﬂlﬁlﬂﬁ @@ WJ

accepled "rite of passage” In tha pas!, tonsilieciomies are accom-
plished row only for geod cause (obsiructec airways, chronic
infections). These organs raspond quickly 10 1he presence of
IICTOarQarisms.

PEYER'S PATECHES.

Apgregates ol lymiphoid follicles in the submucosa of the distal veum
are caled Peyer's paiches, Ssen sporadically (hroughoul the intesting,
lymphatic folllcles are mare concentrated hers, With antigenic slimula-
tion, these follicles incraass in much he same mannar as lonsils

VERMIGORM APPBND0R. (@ %3¢ .-

The vermiinem appendi is & thin, lubulkar extenson of the cecum ‘\‘1,_'? L hpmprad linsues

= intestinal foid 71T
welify wllli g -

AEEEIN]
3 .-\,'IIJID-I'
(large imesiing), [t containg 8 numbar of lymphoid follicles which
gxlend from the submucosa up 10 the epithalial lining of the
mucosa. The mucosa of the appendix experiences fairy frogusnt
ingulte {bormata and chile seads. popoorn kemels and ingestad
foreign matter) and inflammalory events are fairty common
[appandicitis), The struciure swels, reddens. and & often guite
paintud. Classical mmune responses occur (formation of germinal
penters, and 50 on), Due to the thin walls of 1he appendix, nflam-
matinns induced by acute infections can rupture through 1o the
parfaneum (pentonitis), Surgical removal o the appendlx (@ppen-
dectomy) is common There 18 o evidence that depressad immune
activity ocours followng appendactamy. naighnoring infestinal
ymphoid tissues can apparently fill sny defense voids created
by appendectamy
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Sew 83-50

HIV=-IMBPYCEDR IMMUNOSUPPRESSION

CM. You are adviged nol o cobor This plate untl you hove colored
Ihe previous plabes on the Immune Bystem, See the glossary ‘or
paplanglion ¢ new lerms. Use the same cobors used on the pre-
vious pletes (with different subscripts) ftor B T. B PL. Ab, Ag, and (R
11 WBagin wiln tha HIV infection and work your way 10 e activation
slage. (21 Noie thal tha broken lines indicate the dostrection of T
ymphocyies &nd thaand o reduction of 15 inlkeance on othe:
cells or processes. Te downward-ponting ammows a0 reilect thal
Aagaliva aNect, ths ofly Jpaard-ponling Srrow relales 1o an
increase in arfigen popuation

IV IWFEEET @S
T LARRPHECYTE
HiW=1 MIBUS,
PREOVIBUS .
PHRAGOEYUE"

EEEEETS

OF AIDS PR3-

7 WP CYTES -
PHAGOCY TOSISH
IWELAMRIETORY
ANTICENS 1o
WEURO TRANSAITTERS:
WMCHOCYTES -

MENORY CELLS =
PLASMA CELLS »
ANTIEODIES a
LAREE (YMENOCYTES .
MITETIC BESYLATICM w

Al thes lime (early 1993), a calastrophic disease, callad Acguired fmmuno-
Paficiency Syndrome (AIDS), |5 beirg experiencac (hroughout the world,
characierized by a marked reducton of ILncBons by immune cells
(immunosuppression) The disease @ caused by an niection of pha-
gocytes and lymphocyles with human immunodaficiency virua (HIV), Tha
vinwsg is tranamitted from one person to another wia body fluios, maknly
binoo and samen Transmission is affactad by mals homosaxieal/bisexual
activily (70%), intravenous drug use with shared, bood-contaminated
syringes [17/%), helercsexual imarcoursa with HiV-infoctad partners (4%,
infravencus blood trarsiusons (2.5%). intravenous use of boed producis
for clatting disorders (1%, and transmisson rom ifected mother 10 felus
by HIV traneter across placental membranes ( 79%)

Oncz in the body huids, IV surface molecules (glycoproten or GP 120)
attach 19 spacific (CD4) recaptars on the surtace of ke cell membranes of
Ty iymphecytes and mononuclaar phagocyles. Fusion of tha virus 1o the
cell and endocyiosis of the virug (infection) usually foliow. The HIV then
converts its genetic material (ANA] into DNA By means of an anzyma
called reedrse transcriptass attached 1o the viral RNA. This new viral Dha
segmant is then incosporaled imo tha DMA of the host cell. This inegrated
DA & called proviral DA 1L is capable of producing viral ANA which pro-
vides the “bluegrint” (ingiructions) far the synthesis of viral protains in tho
hosl cell, and the subsequenl consiruction of infective virus (viRl particies,
virions). Al ary poind prios to or after formaton of the viral protains, the pro-
duction of pro-viral materials may be suspended (lalency!, or al leasi
prograssion of the mandastations of the discase saoms o slow, Two 1o ten
yEars may pass durng which the normal activibies of caily living can ke
carrad o0 without the symploms, signs af life-threatening immunasuppres-
son, When inlecied cells disburse the viral partcles 1o other T cells and
phagocytes, or when those infected cells cease respancing 1o antigenic
stimuli, the diseasa becomes activaled (AIDS),

Immune funchon © inbally suppressed due 1o The destruction of T ympng-
cy¥les by the inlective process (1) and he rapid depression af cellular
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CANger C|

G

@@@@@ﬁ@l@@@@@

$ OPPORTUVMISTIC INEECTIONS.

immunity (2-123, T memory cefls deciing n numbers, ard related antigen
memaory is impaired (2). T celi-enhanced phagooylosis is deminehed (3)
and inflammatory responses are limited (4], parmitting an mcrease in anti-
gen numbers and aciwity |5). Phagocytes of tha Brain and apinsl cord
[microglin) anes particulardy prone fo HIV infection, resulfing in defactive
newoiransmiier lunclions, memory loss and olher neurslogic dalicits
[encaphalopathy) (B] B lymphocytes fail 1o prolierale in response fo anil-
gen (71 due to depleted T cell-related stimu!l, shargly reducing their rum-
ters and those of B memory celis (B). plasma cells (9) and antbogies ( 10)
Large lymphocyles are reduced both in number ard activity {11, disabling
i regudanion {12) and permitting formation of neoplasmes (cances)

The global affect of mmuenesuppression s mecroorganismal acoess to

Ihi unprofecied booy (oppotanisic nfectons). Many of thess intections
themsaehves are immuenosuppressive, Early in the course of AIDS, it is not
uhslal o see the lymphod cells respond rapidly to these mfeclions wih
increased immung call and antibody production; unfortunatesy, mary of
these aclivated cells are themselves infecteo. In summary, HIV infecton
leads 10 dacreased numbers and lunclions of helpar T celis and phage-
cyles which, in turn, adversely affect many aspects of acguined and natural
immunity, resulleng in Infeciiong, lumors, neuralogio dysfunction, and wasting
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025 BESPIRATORY SYSTEW
OVERVIEW

G Use red loe Lend lighl colors inroughoul (1) Begin wilh the
sructmas of e respiratcry system (21 Color the cross seclion of
e traches (D), Mcluding the resperatory mucoss (1) (2)0Color the
snlergemant ol (he mucosa in The lowas) iew

CAVIT

EPHAERYRIZS -

LARVMES <

TRAGCHEAR:

PRIMARY BRENEH0 e
BEREUEHIAL UREE -

RBe LBMN@gs Lbe LUNE ¢

EIRAPHRBESRH

The respralovy racl concucts air to the respiralory units of

the lungs where it can readily be absorbed by the biood. &nad

it rarmoves carban dicxide-laden ar from the ar cells and ex-
hausts i to the exferral aimospgherns. | dovelops and refines
sounds into potentizly inteligible voecalizalion, ard helos mae-
tain acid-base balance of ihe biood by blowing off excess acid
in tha form of carbon gioside. Nowhara in the body does the oul-
side world, with all its creailurgs ol mecrozcopic dimension, have
such sasy access to the protecied intaror cavibes of the body
a% it do=s at the air/blood interdaces ol the lung. The respira-
tory tract has boih sir-conducling and respiratory (gos ox
change) pasts.

The air canducton tract includes an upper (nasal cavily,
pharens, faryme) amd lower tract ( frachea, prmary branchi and
bronchral free), The upper tract is lined with respralory mucoea
axcapt in 1he lower phiarynx where it has 8 stralilied squamous
epithelia! surface. Except for the nose and pharynx, the skeletan
of thie respiratory (ract is cartilaginous down 1o 1he smallest abr-
ways (branchenkes) where ibe cartilage Is replaced by smaath
muscle. Those parts associaed with gasecus exchangs are the
smafles! bronchioles and alveoll {respiretory unis) and take up
much of the lung's volume

The muscular diaphragm provides much of the lorce recessary
four imepiration and experabion of air Ore quarter of that foroe is
peneratad by the ntercostal muscles moving the ribs

RESPIRATORY MUVEESAS:
PSEVDESTRATIEIED

CELUMNAR ERITHELIVM
AAEDINE FPROPEIE

BLoEk VESSEL ..

BLEANE M

The mucosa of the respiratory tracl is largely pseudosiratfied
columnar and (im tha bronshices ) cuboidal epithela with
mucus-secreting gobvef (unicellular giand) cells and ciie. Hare
axcreled mucus iraps lorelgn parbiculale matter, innalec alr s
npdrated [mixed with watery gutting cxygen in solution. and the
& |5 hedalod from underying vessels These epithelial colls are
supparted by a Inose fibrous, plandilr, vasoular laming progra,
raphate with fibroblasts and cells of the lymphoid sysliem, Deep
t0 this connectve lissue layer is the supporiing tissua (bone in
nasal cawity, muscle in tha pharyr, hyakne cartilage in the tra-
chea, larynx, and bronchi, smooth muscle in the bronchiolas,
and thin libers supporting the air cells)

9

f See 24 56
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083, RESPIBATEORY SYSTERM

ERTERNAL NOSE, VASAL SEPTUM, , |

& WASAL ERVITYY

CHN: Lise wery light coltrs for H and | {1 Bagin wit e e
Wustration (2) Colar 1he nasal saplurm and G SHuEiure & Tha
nagal cavibes dagram (3] Color the alements ol Tho alaral wall
ol the ressal cavily and relalons ming lpwest usiration

ERTERNVAL MOSE:S.

NASAL BOME 4 _
CARTILAGE OF WASAL SERTUM:
LATEBAL NASAL CARTILAGE .
ALAR CABTILAGE »
FIBRE-GATTY TISSUE:-

MERSAL SERTUMIS -
CARTILAGE GF NASALSEPTUM &
ALAR CARTILAGE
PERFENDICULAR PLATE

GF ETHMEeID BCNWE
VOMER BERE«

WASAHL CAVITY & RELATIONS S «
m@@& [ENEXIN= 4

FReENTAL BEOME

SPHENLIED BEME:
CRIBRIFCHM PLATE OF ETHWEID »
VESTIBULE OF WOSE v
SURPERICR CONEHA

MIDDBLE EOWEHRA «

IWEFERICR COMEHE L

MARD PRALATEM

SEFET PRLATE ~

LATEREL WALL o«

Thi nose s a largely cartilagirous affar extemal 10 (he skull proper. lts
orlizes (nares, of naslrls) open into the nasal cavly of the shull which
iz -a bony tunnil divided by & parily carlilaginous ness! sepium. The
nasal cawity opens ino the muscular pharynx through two borry-walled
posierior apertures calied choanse The nose, silusled as it is in front
ol ke faca, cfien receives the brunt of & facial impacl. In such evan, it
= noi unusual for the carffags of the nasal septum (saplal carilage) o
break off from the perpendicular plate of the atfvnold. The “deviated
sapium” may obstruct air flow through the narrowed hall of the cawly
The skin-lined wesituhe of the nose has long hairs (vibrssae) That
sernve to ciscourage enfrance of foreign bodies. The nasal cavity is
campeled with @ mucosal lining characlanzed by cilialed apithalal cells

that secreta mucus and whose ciia sweap &mall particulate matier nﬂmﬁm
*

down nito the nesapharyne. The bony corchae (=0 called because ol
their resemblano, in iontal section, to the conch shell) increase the Wil
surface area of the nasal cavity, significantty boosting the local lam- mestus
perature and modsiure content The inferor concha on sach side s
attached io the ethnoid bone by an mmovable joirt (suture); the su-
paftar and middls conchae are parl of tho sthmoid bone. The spaces
undar the conchae (mealuses) are opean 10 paranasal snuses (air-
fiked cavities), ihe subject of the next plate. Nole the rac! of the nasal
cavity (cribriform plaie) transmits the afaciery narve fibars, resting on
or near this plate are the frontal lobes of the brain. Note that the floor
of ihe nasal cavity 15 1he pefate which 15 also the roof of the oral cavily
The soff palate is a muscular exiension of the bony palate, and plays
& rode in swallowing

'.III |\.rr.|. i 4

; - e e " ] 1
sl h )
P i : %, PRight chaara

4 Lot choeng

U Sot
wralate

NASAL
CAVITIES
[ Dipgrammatic)

4 ~Leht

LATERAL WALL
OF NASAL CAVITY
{Right sice)
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083, RESPIRATORY SVSTEM

PARANASAL AIR SINVSES

CH Use the same calors far Ihe bones A and B, &nd conehae © G, and H
il werne Lsad lor thosa sireciures on Plals 82, (1) Cole the sinus drainege
sflag i e lalesal wall of [he nags! cavly, Inclede 1ha edges of the conchan
which have boen cul away 10 reweal the meatuses and ralaled drainaga sites.
{2y Caolor the caronal section. Mole ihat it 1s & compasile view, showing opean-
Inga imio 1he nasal cavity that do nol eppear n any o single corenal plss
Evin 50, Ihis i canrol show Iha relalions ol Ihe sphanoid sinigs and
apening nor tha mastoid air oolls and the auditory tube, () Salar the lowar
drawings. Nole hat nasolacrimal duc! and tha ducl of the fronlal sinua

are shown on ane side only

AR SINVSES S«
FREMTAL A
SERHENMRID=
ETriHM@lPe

AW ILLARY »

MASTEID:

MASAL CONEHAES«
SUFPERICREF

MIBPLE &

INFERIGR ~

EEPENIVG OF AVBITEREY TUBE:
MRSELACRIMAL DEET.
WRASAL SEPTUIR «

WASAHL CAVITY L+

The ehull has a number of cavities in il You are familiar wilh some ol
them [mouth, noge, axternal earn, orbis), bt perhaps nol so familiar
with athers. The frontal, aphenoid, maxiliary, ethmoid, and lemporal
pones have varably sized cavitias, all of which directly or incirectly
commurscale wilh ihe nasal cavily. These are the paranasal aif
sinuses, 1o be distinguished fram the venous sinuses of ihe dura mater,
Thiesa air sinuses sarda to lighten the sxull and they add limire (o he
voice. They ara lined with respiratory-type epibelium, which is coniin-
woae willh Ihia apithelium af the nagal cavily. The mucus secrations

from ihese epithefial linings pass down canals and enter the nasal
cavity just under 1he conchae (meatuses). Their specilic drainage

sites are mdicated by tha arows. Should these pessafEwaAYS Deoome
blocked by inflammation and sweling, tha pressure builds withn the
sinuses o a poinl whare considerable pain can be expanenced
{sinusilis, sinus headacha). Agants thal consinct the blood vassels
{Bacongasiants) heip (o raduce the sweking and reasizbiish proper
drainage. The masiowd air calls, in the mastoid process of (he lemparal
pone, drain inio the middie esr {(iympanic) cavity. communicating by
way of the auditory [pharyngctympanic) tube with the nasopharyns just
posteror to the nasal cavity. The nasolacrimal dicl recaives secrefions
from ihe lacrmal gland wheeh tunchons 1o keep the oovering (Con-
junctiva) of the eye giobe moisl. These tears drain inlo slits at the
medial aspect of the eyelds, which open nto sacs that nastow into the
nasolacrmal dscts, These ducts pass downward along 1he laleral walls
of the nasal cavily and open inbo the mealus of the inferior concha on
each sida—ard thal axplaing how It is thal ore blows one's nose afier
O Cries

)
I

Middle ear cavity

588 32, 94

Cul edpe
ol concm

Middle
maalus =

Infaror
maalue

SINUS DRAINAGE SITES

[Right lntersl wall of nEsal cavity,
nasal conches remavedy

| "f. J Antarior
craninl INgas

Interior
mizilug

|
- =
£ \
3 | ] PARANASAL SINUSES
['r&.‘{ (Diggrammatic, comnpasite,
- L ALLES ) comon seclion)
i T
‘sﬁ,;m_,

PARANASAL SINUS AND DUCTS
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0es: RESPIRATERY SYSUEMW
PHARYWES & LARYNIZS

CN: Use dark of brghi colors for N O, and O (1) Begin with the

| avasviow diagram in 1he upper fighl carner (2)Compiate the large
compesile sagitial secton Take nole of the sunraunding structung
45 E ‘'rame of relersnce (not 1o be coicred), (3) Cote all six faryngeal /

dhrws SImulaneousy, Nole thal the tills Tor the larynges! cawly (H')
3 al tha lower right of The plale

PrMABYRIS - af
MASEPHARYVR -
PHARYNGELL TOMSIL <
| OROCHABYNR >
PALATING TORNSIL «
LB BYN GO RHAREWNS -

The gharymx & an incomplete tube of mostly skelefal (constrictor)
J mugcle and Yiorous istus, appeanng 1o hang from ihe edges of
] the choanae (posterion nasal aperiures) al ke base of the skull
} Posleriorly, it iz supported by fascia in front of the sphanoid bone
'| and ihe wpper six canvical vanebrae. Il i the pastaror and inferior
continuation of the nasal cawvily, i is open 1o the oral cavily
h anleriorly. Interioddy, || conlinues as the esophagus behind and the

Frontal
GINLES

ll|-lli|l|1ﬂ'|l (Eustachian] -

Sphonoidal

Cpening of

I frpnx in front. Most of pharynx is lired with stratified squamous Lﬂmﬁ“"' :

1 apithelium excegplt tha nasopharynx (respiratory lining). Coordinaled SAGITTAL ¥ - - lﬂi by
] muscular activity in the pharyne underlies the mechanism of SECTIOM FRENER LT
f swallowing (deglufition} (Composits view] | sryngeal i q

Masses of partially encapsulated lymphosd tissue mcompletely
encircle the nasal and oral openings into the pharynx (Waldeyer's
reng), e, &l the opening of (he auditory ube (lubal fonsils), roof

| ol ihe nasopharynx (adenoids), belween the palatoglossal and

i palatapharyngeal pillars [palatine lonsils, see Flate 93], and the

P pasterior iongue (Engual tonsis). See tonsll function In Plale B9

L HYEIR BeRME.
: LERYMNSES

.  ERIGLOTTIS:

L THYREID GARTILAGE.

| TIYRENYEIED MEMNBRBANE «
CRICOID CRARTILAGE .

L CRIGHTHVROND LIGAMEMT v

ANTERIOR VIEW

| ARYTENCID CARTILAGCE . L

CEORMIGVLATE CARTILAGE
VESTIBULAR FOLD - o™
L VBGAL FELD
L 506 GLETTIS «»
TRACHEA.s GARTILAGE:

This larynx prevides a machanism lor sound producticn, manipu-
Iation of sownd waves, and protection from inadvertent aspiration
{inhaling) of sobd matter, The larynx s supporied by a framoework
of hyaline carfilage connected by ligameants Although associated
| wilh the larynx, the hyoid Bone iz not a laryngeal strecture.
! The ityroud carifage 18 composad ol twe aminas which logether
#re V-ghaped when looking at them from above. The aryfencid car-
flages articulate with the top of the cricosd, pvoling on it. The voca/
fotds are mucosa-lined bgaments stretching batween thyroid and
arylenced cartilages. They are abducted/ adducted by the move-
mert of the arylenoid cartilages. In breathing they are-abductad;
| in coughing, they are momentarily fully adducied [closing the rima)
permitling intrathoracic prassure o buwld; opened rapidly by abduc-
fiory cf 19 fobds, the nma experances huricane-torce winds rom
the depths of the resperatory airway (explosive cough) During
phanatian, the vocal lolds are generally adducted, varying seme-
whal with pitch and volume. The vesiibiler folds (talse vacal Tolde)
| are fibrous and mowa only passivang
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= "_"nqﬂ (=) H
0630 @@PJQ_D_@EF&J @J‘E ¥ Mcﬁ@mﬂ
L OBES & PLEVRAE OF THE LUNES B
LOBESS - _ r_ﬁ
o UPRPER B.MIDELE: R LOWER-.
B i -
Lo UERERERY Lo LOWER: s,
[= s sle'l nng b iy
PLEVRAES Ve >
VISEERAL PLEVRAF ; :
ELEURAL SPAGCE + A
SN e [ [ B = /
LH%}@ULE{FL#&& @&E@@Eﬁ G g :
CH: Uge Brigh! colors tor A-E, very light colors for Farc G, and a raddien: { 2 I".
brcan colat &t H, in ol of the (fusirations the thickness of the pleuras # G FoN
{F and Gl has bean enlarged 10r CORMNG pUPOsEs [11 Bagin with fhe f
anterce view Mote thal the nbs and inforoosial mMuscies have naen F
remaend (ees Plale 42). Sectiins of ifve pleuras have been sirippad away I,
and superated. The pateniial plerdl spaca 15 netween |hese layers, o iho 1 gl h il
~oronal and Cross seclions, |his space & drawn @s & dirg ine and not &s ] P S Tasume .-"f
& stuctum o be colored. Samilarly, the titse 18 £lao jefl uncolored. A smal \'\ = .a—u.h £FeA=y #
secibon of the pariatal pleurs has Been cul and pailed #wey 10 revasl the —— Thomcic (4 Eeophagus = o
arartying wsceral pleura and & portion of the costodiaprragmalc ecess "‘h-___:aﬂ_ e P e o
halew the lung superfcial 19 1he diaptwagm. {2 Color the COTDNE] i, Pastanal
niting the ket crue of the daphragr, and the cardiac notch of (e toft leng CROSS SECTION
3] Colar he Sross saclian of the ung lobes and pheurEe [BE Bisn Iromy [Thiaugh TS
above), noting the verbehial ievel. and e roos of 1ha lungs i
] i ] _":'i
Sarpsal surlgces
tazng polential
pleurl Bpace
VIEW
{Fight sade il -
BIESLINR
Costodiaphragmalic
recesd ol plours
; ¥ B [11l] - coswoaapnmmgmatic
L4’|=Iillrr|l1|:‘ ! ¢ - -Z“-\.,“'_}___,' il recess of plaura
- o ,ﬂ:ﬁﬂn AN Pancreas ) y
DIAPNGEAGMH et
EXTENT OF PLEURAE
Tha labes of ihe lungs are largely enveloped in wsceral pleura, 8 lung capacily. The sercus fluid maimairs surface 1BnNsIon Detwaen
thin sercsal membrane which Wme [reflects) off tha lungs &t ther thi pleural surfaces [resisting separation of viscaral and parietal
rools 1o become the parietal plaura which lines the innar surface Iayars in contas! wilh one anoibar) and provents Irictional irriaton
of the chest wall, the lateral mediastinum, and much of the dia- between maving pladral membranes.
phragm. Thess sefous membranes ars in cordac with sach olner, During gueat inhalation, the inferior and anterior marging of the
saparated by & thin layer of ssrous (watery, glycoprotein] fud visceral-plaura lined lungs do nat quite reach tha parietal pleura,
The interface of thesa membranes is patenilally & cavily ©f Spaca leaving & NEMOW SPACE OF TRCESS, 18, fhit costomedastinal recass
(| paural spece/ cavily). With certain ciseases, the space is capabie  belwesan the rib cage and the madiastinum (not shown), and the
of expanding io accommodale nCcreasing amours of flusd (pleural cosiodiaphragmalic racess batween nb cage and diaphragm (226
altusion} at the expense of Ihe lung, resulting ina reduction of lotal  coronal section 81 lower Fight)
I
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025, RESPIRATORY SYSTEM
LOWER RESPIRATERY TRAST

SECIENTAL (TERTIARY) BRENGRHI:-

1 APICAL BPEST BANT 4 LAT:Rld &SUF: (G0
S MER(Belld B INF:(LaLs) B SUP, 7 WED, BASAL

B8 AV BASAL ©LAK BRASAL 10 POST. BASAL

3 A l!
T LUNG

A MIDDLE /
LOBAR [SECTMOAMY ] r P

BROMCHLS P

omcn,,
7 LOEAR | SEC
“ @eol BRONCHLE

A, BFERIDA
LOBAR |SECOMARY
BROKCHLUS

CH- Save blug ber E, purple for F erd rod for G |in ihe regpiralory unif balow) (1)jUse ten
atterent colors for bt lungs. and key those calors 1o The lan segmantal bronchi & aach
jung. (2} Below ues tha samae color as above for the TiN segmental bronchus. Uss one
ligh cobar for tha alvaali (DY) and the slvealar sace (D), Male n the gas exchange diagram
tnat rar tinod cails in the purple capiflary (F1 receive three different calors based on their
stage of onygenaion

The lower respiratory tract consisis of the rachea and tha bronchial tres, inciud- I
ing the respiratory units which pre engaped in gaseows exchange. The lungs are
divided by connective tissus septa inlo frianguiar-shaped, surpically-resectabia |
aratomical and tunctional units called bronchopulmonary segmenis, each |
served by a segmental bronchus, supplied by a segmental arlery, and drained |
by segmantal veine and lymphatice. Segmente are of special significance 10
those imerpreting ung sounds by stelhoscope (auscultation) o listening 1o the
sounds coming rom the lings when tha chast wall |5 tapped (percussion). By
such mathods, sites of alveciar dysfunction/ disease and levels of abnormal
accumulalions cen ofien be detarmined.

Spe 05

%, , LAppar
% ohe

- Ela 5il
IHEphrierestic
surtace

EROMNCHICLE A

RESPIBATERY BREOWEHICLE s
ALVEOLAR BUETc

ALVEELAR SEE: & ALVECLYUS:,

EULMENARY ARTERIOLE:
CAPILLARY WETWEREI-
PULMEMARY VEUVLE «

Within 2ach bronchopulmonary segment, a segmantal oronchus branches into sey-
gral bronchicdes {less than 1 mm in diameter, supparted by smoath muscle nstead
ol cartilage). These bronchioles give off smaller lerminal bronchioies, characietized
by oikated cuboidal cels withoul giands, The terminal bronchioles represent the end
of ihe air-conducting pathway, Each terminal bronchicle divides inlo twe or more
respirafory bronchioles, characierzed by occasional alveclar sacs on their walls
Each raspiratory broncheoke supplies a respiratory unilt which |5 a discrets group of
#ir cells (ahveal), arranged In alveolar saes, fed by sivealar duets. Extanding from its
source bronchiole, each respiratory bronchiole has more and more alveolar sacs,
terminating a5 an alvealar duct opening into alveclar sacs, The walig of the ar celis
eomposed of simple squamous epithelia supported by thin niervoven layers of elas-
iic and reflcular fibers, ane sumrounded by capillares which ar<e Irom pulmonary
afteriskes and become the ributares of pulmonary venules. The walls of these capil-
Iaries are lused 1o and structurally similar to those of the alveoll. Cuygen and carbon
disede rapidly difuse, on the basis of pressure gradients, through these walls

Terliary
wagmeTil
enGheds

aus

Lomnligu
b e
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053, RESPIRATORY SYSTEN o
MECHANMICS CF RESPIRATICN :

CN: Use kg colurs theoughoul, except for a Brght or dirk diggram. Color tho daphragm, ils beatlon iepresanted by
ealor tar E. (1) Bagin with the [lustration a1 tar eft (nspeation).  broken lines: (2 )Color the exparation dlustratioen and the buckal
note thal fhe iRcracke wall (A) |8 Bhaws arly in the tar right mandie analogy. (3] Finish with the llustration al far rgid.

THORACIC WALLS-

RIB & COSTAL CARTILAGE:.
STERBNU

THERACIE VERTEBRAE:,

MUSCLES OF
IWSEPIRATI@MS «
BIEPHRAGERM =

ERTrEHAL (WTERCESTAL ¢

MUSCLE ©OF
ERPIRATION : «

MWTERVAL INTERCOSTAL &

B i oou B0R3 P H\‘\
/ / Eﬂ.}@ﬁlﬂi { e LS

,. . \
| et | F -
| A - I o
\ u
\ ( WS T \ fier Ay emmmmy c
L1 T LT | [ 1 =
§ oS 0ow) o0 \ | ui‘% B am vy | -5,
3 ) e MOVEMENT OF
THE STERNUM
AL ingpiralion

s,

AP

Ciaphragm
ol forcad expiration
LS

INSPIRATION

The mechanism af respiration makes possibbe braatfing wiech
conssts of inhalation (inspraton) and exhalation (expiration)
phasas The physical principle undertying air movemeant nJ/oul of
the thorax Is the inverse relationship of pressure and volume (a3
ane goas up, tha olner goes down ). Volume changes within the
thorax alter he intrathoracic pressure 1-2 mm Hg above/ below
aimasphanic pressure (oulside the body| in quist brealhing,
enough of & change fo move about 500 mi of air with each breath
The ikoracic daphvagm accomplishes eboul 75% 6l the ingdira-
tary effort, the exfermal infarcosial 25%. Expiraiion is largsly
diaphregm and external imescostal relaxation/ stnelch, and

lung elastizity, wih some help from the infeinal sbercosfais.

In inspiration, cantracton of the diaphragm fisttens ihe muscle
and lowars the floor of the (homax, meraasing e vertical diman-
sion of the ibaracic cavty. Contraction of the external ntaraostals

glavales the ribs, swinging the starnal body slighlly outward at the
starnal angle. This increases the Iransverse and antaropastenor
dimensions of the thoracic cavity. These actions colleclively
Inorease the intrathoracic volume, momeantarity lowernng tha pres-
sime within. Given the relativaly higher atmosphenc pressure out-
gide the: head, av is induced o antar the respiratosy tract 1o find
lower pressuras. The achon of Ihe buckel hancle demonsirates
the hinge acton at the sternal angle and relatad nb alavalion

In expiration, the relaxed diaphragm lorms “domes” over ihe
undartying liver and slomach, decreasing the vartical dimension
of the thorax. Recod /descan of tha ribs decreases ihe fransvense
and anérgposienor dimenaions. The thoracic volume i thus de
creased, momeniarly increasing the infrathorAcic pressune above
atmospharic. Ay escapes to the outside, sided by tha natural olas
the recoll of the lungs.
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e |
12, DICESTIVE SYSTEM o8
er
OVERVIEW OF THE SYSTEW ,
SN When coloring the rgans that overiap sach oifwe, use your ighles! - ~tu
eaiees for 0, E. T, ¥ and W Eech overiapping poricn racalvas tha color of
both elrseiuree (1) Attar sobiving the alimeniany canal, revies e siruc- l'H
turas bolore complating lha atoRASOTY OMgans The central section ol
Almenkiry CRNE
is liker thve hDle
m a doughnul \

fhe transvorse calan [J) has been ramowed 1o show deepeér SInschunes,
( \id

|

ALIMENTARY CANALS+ b
ORaL GRAVIT s pams
PHIEFEYNES 5
ESOPNABUS
STEMAGH v A
SMALL (INTESTIWE S+
BUEDEHML e
JEIUWNVD -
ILEWRHD s
LAGGEE IWTESTINE: i
@@@ W Trachea
VERIIFORM APPENDITS
ASCENRING CRLOW!
TRANSVERSE COLON.
PESCENEING GOLEM«
SiEm@ID GRLEMWL
RECTWR v
ANEL CAMNADLN

ACCESSORY CORGANS &~

TEETHo

TEMEUEe

SHLIVAGBY GLANDBSS «
SUBL] WEWAELa
SUBMANBDIBULAR &
PAROTID s

LIWER

GALL BLARBER v

BILE PUCTS v

EANCRELS w

L

Epiglone

The digestive systam consists.of an alimanizry canal wih
apcessory organs, The canal beging with ke cral cavily. Hefe
i festh pUiverize ingested food while i s softenad and parthy
digestad by salivary gland secrations. Tha Ichgud aids in
mechanical manipulation of the feed, and lierally Flips 1he

food into the libromuscular pharyrix during swallowing.

Tha asophagus moves ihe balus alang 19 the starrack oy
peristatlic muscular contractions. Hera the tolus s irealed 10
mechanical and chemical digastion, then passed IAlo the highly
coiled small intestine for more enzymatc ardd macharical
digestive processes. Small moecular rulrients are extracted,
apsorbed by lining cells, and irensiered o capillarnas. Livar-
produeed bile, stored in the.gall badder. is discharged inlo the
guodenum by bile oucis: Digestive enZymes Ifom the pancieas
antar {he duodenum as well, Tha iarge infastine is maanly Gan-
cermed wilth absorption of waler minerals, and ceriain iamins,
The mon-nudniive residus of the ingesiad bolus ks mowed
thraugh the recium and ands! ca@nal 1o the cutside. Nulnents
absorbed throughout the tract ana transported to the Nver by
e hepatic portal system lor processing and distributian 1o

ke body’s Cefls
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% DIGESTIVE SYSTEM
ORAL CAVITY
& TeONCYUE

CH Use pink fgr K and wary lighl Gofors foré&, B, T U
and v Do nol color the teath (1)When colonng tha
miouth, aiso color mamy of thoee sluciures (hal appear
in fhe sagittal viow (231t 15 nol NECEsSAryY 0 color all of
e papiles of @ and A

ERENVLLVMN €F (X321
GIHNEIVR (BUR) e
MAFBD PALATEC
SEFT BALATE
WVILEE
PALATE GLESSAL
A RICHE
ORERMARYNMRG
EALATARMNARY =
GEAL ARBM-
TENSILLAR FOSSA:
EALATING TEMSIL.
TONEUE «
BUECCINATEE MUSCLE.
BUEEAL FAT~

ORAL CANITY

Mandibie
Larynguphadyie
Voeal sond

EBRIGLETTIS v
PEPILLAE S+

FlLIFERMW =
FUNGEIFCRNM ~

BITTERs

The human meuth |8 concemed with vocalization a3 widl a5 mastication and @@@m r
swallowng (deglulition). ts anlenor el including teeth, muscular larngue and

ielpted axibnsic muscles, sallvary gfands, hard (bony) palate, and buccinedor JLTJ:'IJ
misake in the chesk wall, 1s concarned wilh welfing, macerating, and pulverizng mv
ingestad meaterial Thousards of mucaus glands in the siratified sguamous

linsd mucosa of the moulh assist in these functions. as do the multiple, micro-
scopically-imwering paplliae on the surlace of Ihe tongue, the [aler forming an
ahrasive surlace for mechanical dgestion The jarmparomandibular |oinis parmil
a fairty wade range of [ower @w motian and mauth opaning {35-50 mm irnlaarin-
risal ranga in the adull]. The postenar hal® of the moulh, including soff [musoular)
palate, longua, and fonsis DEbWESN the muscular arches, 15 concermed with
immune defurse and propelling 1ne mechanically treated food into the pharyns
Banse receptars (laste buds) bured among ihe papillag on the longue surfAce
ara respongive to chemical stmull digzolved in tha saliva, These recaplons ans
grranged in & patiern reflacting spacidic sensiivity to molecular variations, L&,
hitter; 3o, sait; ant sweel 1astes

SHLIVARY GLANEDS S«
SURLINEGUVALw
SURMAONEIBULAG
EaReTIERY

'ur l'

b I\. r"‘:’"’
o 5 A
:‘k \I. Massatar | |5 > {'
| \ muscle Y
L J i Foad | e I-] f Salivar
‘ i ? y glands secrete 8 mixed waler/mucus,

\ oy Parotid ¥ s \ b .f'l )L : enzyme-containing fluid into the mouth during pariods

2nd moter TP A DS FTY ot eating (or anticipated eating), Specializad muscle
T:n’ M et ) JO (myoapithelial) calis al the base ol the giands stimu-

Gty )

lale secreton into the ducts tollowing stimulatan &y
{  aulocnomic nerves. The sublingual glands ars the
/ emallest o) the three paired glands. Thewr ducls open
an 1o the floor of 1he mouth, as do The ducts of the
J/ submandibular gland. The parolid glnd is the largast,
i seending its duct across the masseler muscls, through
> ; ihve cheak, and inta the oral cavity opgosite Ihe upper
S'm:::tmm e . Stemnodaao- 2nd molar taoth
| mastond muscle

{ Sublingual 1
s
felepetis

See 18, 20, 39, B4

{Saghial riewl o Mnsophiryns

LINGUAL TEMS0he
CIREUMVALLATE:

TASTE REGIOMSS:
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2, DIGBSTIVE SYSTEM
ANATOMY OF ATEETH

CM: Lise yallow for £ red for G, biu for H.and light colars for A, B, and L

{11 Bege with the anatomy of a torth Color gray the Inles &nd arows bands
arranged veriically. (2)Use anly light colors on s taadh Below ¥ou may rapeal
colore usad on 1he upper Hiustralion Note thal the idantiying letiee and mum-
bér lsbais are thoes used by e damal profassen

EWAMEL P
DENTOMs i g N
PuLPE CAVITY e

mineral crystale. Dunng devalopmant non=mineralized eramel {it
mineralizes later) is secreted by cells which are worm off the anamel
surlace when the footh enipls and DECOMEs exposed

Dianiin is @ bone-lika matorial {70% mineral by weign!) secreled in
tubidar form by eells &t e derlin-pulp junction. Win aging, the pulp
diminishes in valume, feplaced by dontin, The pulp cavity 1s tiiled with
an embryonic connective tssue sUpporing ferves, artérias, and vems
it suppty the tooth Pulp passes through & ool (or pulp) canal o
reach the apical or roal faramen. The pulp 1s continuous with the par-
adontal membrane, a cense fibrous {esue similar 1o pendstawm
Camaniusm is like bane, mineralized with a significant content of col-
lagen fibers It serves as an intermediale lissue DElween dentin and
ihe periodontal memrbrane, with many of its fibers buried in alvealar
bore, The gingiva, lined with keratinized stralified squamaous &ni-
thalium, is pan of ihe mucous meambrane o the miowth, @nd surounds
the neck of each tooth, The gingival epithelial cells are altached 14 the
1ok surface. The gingiva i& fismly anchored 1o he periasteum of

ihe undedying alvaolar Dore.

= AnEoiar
#~  bone

ADYLT/SHILE BENMTITIO::

CEMTHRAL INEISOR ¢ 3,24 =crap
LATERAL NEGISER 7 1 13,206,649
EENMIME .1 g2.27,6, 4. M7

I1S7T PREMELAR =12 2.2

AR PRENMOLE 4,13 20,29

JST MOLEG » 14,12,%, 8 1,1.5

RUD RVOLEGF 2,05 1% 91,42, KT

BERD MELEAR WISBERD) 1, 1617 %=
Two sels of lesth devalop within a Ifstime. The list sal are decidubus
frmilk tagh), Thare are 10 n sach jaw The incisors are usually the first
w0 erupt al abou G months, tha rest follow within 36 monihs after birth
Prassure fram the permarnent feeth induce ostecciasic resorption of
ihie mille teeih foots, and subaequantly the remainimng Criwns diskodge
gnd fall out without pain or bleeding In the permanent sel, the first
maotar or cenirel incisor erapta first (ot about & years). The second
mlar erupts around 11 years of age; the thind molar penarally emergas
abaut 18 years (“wisdom tooth”)

(AvRDiEr Wllls

Mardible ——————

PEAMAHENT TEETH
1M QCCLUSION

= .l_. - -_=-
=

- ANl T AT =
EEOT CANAL - 7\l i WA=
PULPe ' & ==, ;s E | E; =
o —_— o = = el =
WERYE- ARTERY VEIW: A= =|InlI=
_ | = =
P IOPONTAL MEMERANE. 5| HIES s
y sall—
@00 BOWA « g = | 1t
ALVEOLAR BONE.L = Vi
= 1 H s -
The taath Is & halkow core of sensitive, mineralizad dentin tiked with -4 RN =&
a Incse liorous, vascular pulp, capped wilh insansitive mineralized —= I
priame projeciing above the gingiva (gum), buried within the bony W% -
sockel (atvaalus) of the manditle/maxilla and seeuted io that peu- = Nl |
adanfal-lined bone by cemeniwm The bulk of the toofh is roated in H ; .
bore: fhe neck of the actt (8 at the gum line. The crown is dantin Cov- F.p by s
ered wilt 1-1,5 mm thick enamel. Enamel is the hardext subslance in o T i
tha body, weighing in at 99% mineral contenl. Il consists of crcular e o IS B e ar e
rots arranged in a wave pattarn stuffed with hydroxyapatite (hone) |L,[rT."|'-,ém m...-.-.ﬁ - ".’ﬁ;:@..gf o e S hm St
&h SAGITTAL SECTION

151 molr i bona)

o)
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%o DIGESTIVE SYSTEM 101

Soe 04

IS H
PHARYNR & ESOPHAGUS T —
CM: Una ping far K. (1] Color the hree lower Husiralitng simulianeously. I s

pasterior view of the inlesios af Ihe pharyns, e postaniar pharyngeal wall (s BELUS OF T*

divicird and retrected S0 yoa GEN nobe the reistonsnip of imarmal pharyngeal
atruciurs 1o B constriclar musclias (A B, G] and e subdivisions of he pharynx
|0, G, |}, Calor gray thie boluses of hood in Dath uppers and middle owser views, and
ey lithes & uppar eght. (2] Follow tha boxt when coloning the geglutitcn disgrams

MUSCULAR WALL
OF PCOARYRIS
SURERICR CONSTBICTDR: ma
MIPEBLE CONSTRICTER 3
IWEFERIOR CONSTIHNCTOR: =
ﬂmm @? PWS# b:::-:rrjﬂu - “3
NERSERHARNE o e M
SEFT PALATE (
WYWILR -
OROPHIARYE B
@@&@W{E}@ gﬂ[l’" 16 pharyns s a complex fibromuscular, muoosa- c, 0 o the nasal
&@M@@@M@EWEXI :au.-::rlngua.lma arafﬁm‘:r;ti: frant. a:'rdll:ha Ia:rrr:lm zﬂ:n':;::; hlﬂhenw le;a

: three stacked pals, 1he consiricior muscles of the pharyngeal wall ovedap ona
ESEPNAGUS. 5 P

another posteriorly and posterolaterally. Sevaral small muscles (nol swn) rekn-

mm Wﬁ " torce the consiricior muscles strucivrally and funclionally. The pharyngeal mus-

cles are primarily concernad with deglulition. Swallowing begins with pushing
F@M@@E K tha food balus from The oral cavily inlo the ompharynx (1) This is done with 1he
Myvoll BENE.L longue ussisted by the suprakyoid muscies puling the hyaid bone and farynx
?W@@U@ (EEE D&@@@ M upward. The sofl patale (lsvator palati) then slevales and the: superiar consiric-
. fars confract, clnsing off the nasopharyns, Incarcerated in the ol pharymm,
@@D@@H@' @DN ._% @J@J@aﬂ' unable fo raturn to the mouth ar enlar the nasal cavity, the bolus shools inlo ihe
TEEETHEL o laryrgapnary e (2] with the gid of the middle and inlerior constrolors, pas the

W}l@i@@l& @@Wﬂ‘ﬂ"ﬁ’a cinsed larym (pinched off by the aryopighottic foldg) and into he esophagus
ERIGLETTISq
%@W@mﬂ Lg;r;l?l Tensos

paiat| Madial

-~ P2
Zygomalio
:\/‘ s of the skl T — \ b P
e T " i S e 3 {;l_dl"-.: i i F
Pharyngobasilar o ol e B0 Oy, ™ :.F':-' @ Ay x f \ S Allaches 10
lagcis L T V- Ll L, i ' J.-’ parygamandiouiar
L E ’ o -] o rapnE

LN
] uBEirRIor

Fraryngabasilar
. Ii - muscle

ascin

Thags
COMNSInNclors

atlach 1o Aandinim

Groater !
"g'r" . Hyoglossus '~._|
hynid pona 155 Mancible
e ([=Ti I
Thyrafyoid
lipemar
. Grigiotfyroid
POSTERIOR LATERAL
VIEW VIEW VIEW
{Sehematic) | |Praryngeal wall oennd (Geharmatic)
o 28 inlerior)
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%, DIGESTIVE SYSTEM. o R
PERITONEVMD g =

Abcominal

aeria
irainopaiiorealh

Bard afma

: cayors al
== mitin [, BN muscle

S Ty
S KA

Wil fha antenor @bdomnal wall apuned Ihrough Wilh [he greater omanium [itted, i double-layersd, The panetal perilonsum of 1he ESEES! body wall
ts dampas) (pavielel pantoneal) layar e fivar, transvarse mespoalon BElwsan ranverse coon |s seEn when all shrusiures excepl rptropenianaal
sinmach, and ha 1ally grealer omentsm are and fhe parintal petiianeum can be saan. Relractng nnAg (AOFE, erion vens cava, kidneys, urelerns,
generally sl that can be seen with the contants Ihe intestings 10 one Sida rasials INE CoOmpI Mes- pancroas, dusdanum, ascending descimaing
undistuibed. Litling 1ha bver axposis the fessar anfery batwean mast of tha small intesting &na the cobon) are removed. Many ner/ed ang Vesse
amantaT., @ double-perianeal layer boteaen panatal panionaum on 1ha posterior bady wall The avel in this mimpeanlonesl space A% OroanNg
giamach and lver it (s ihe anienor wall of the sigmaid colon Nas 8 MEsENIENY (Sigmoid meso- omerge rom thi peritansm, By devEion & mas-
omental oursa |E), The greater omantum conneois codon) s wall, Abdominal strusiures posieriar i0 antery |0 suspend thom. The cut layers of savedsl
the transvarse colon 10 {he shemach {rese messnteries omena are retioperiionsal ot them can be seen (C. 0, F & and H)
CN: Use g very bight color tor & and | (1) Color the upper thnee diagrems in rumiefial
srar Mote thist 1he digesive ofgans aic covared will vigoeral parionesm it), (2pColar
the 2apinal view Lise & darker gray of biack lor1ha omanlal bursa (E] Tha space af THEphragnT

i 8

e petilanael cawly (B has bean greatly sxagyaraied for clarity of paribones MEMDIEres.

PERITONEAL STRVUCTURES:
PARIETAL PERITORNEUA
PEBITCMEAL CAVIT Vex
LESSER @MENTUR
OMENTAL BURSA .
EREATER CERITUM »
TRRANSVERSE MESLEOLOMW-

Transvesss
carinn

COMMON MESENTERY- ol
SIBMOID MESOCOLOW: o
VISECERAL PERITONEUM :

Partonaum is @ serosal membrane of the abdominal cavily. The disposition of the
peritoneum is simiter 1o (hatl of the serosal [Eyers around meart (pericardium) and
lunge (pleura) parloneum attached to the body wall is paristah peritoneum atlached
io the ouler visceral wall is viseeral. Structures deap (o ihe pastanor pariatal
parigneum are rmroperitonual. Periloneal layers suspanding organs are called
mesenteres: hose sUSPERding &n crgan from anoihar organ ae called omeanta of
ligaments. When coloring the sapitial view, the contnuity of ihese peritoneal mem-
branes can be appreciatad. The cavity of the peritonaum is ermply, i Can fill with fhaid
in dieaase and rauma The view al right shows intestines saparated aparl frem one
another: in lile, they are as close logelher as strands of colled wel rape Vessals/
narves fo the inestngs and stomach ravel in the mesenteries/omenis; they do nol
pensatrale perlionesl layers, The source vessels are retroperanaal The omesis e 3
bursa is @ pentonealk-ined sac created by rotation of the stomach during fetal ife. ' i Utamns
It is apen on Ihe right at the epiploic foramen between the lesser omentum and lhe o . " o
pariotal perioneum. Heare the omenial bursa (lesser sac! communicates wilh the
callapsed, emply perioneal cavity (greater Sac)
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2. DIGESTIVE SVYSTEMW c/
STEMAGCH ~f

CM: Lae light colars Ter E-J4 and O (1 | Color the regions of tho

wiorach (21Geke simwdlanecusly he large view ol tha stemach and

iy g2ction ol thes ghomach wall The (Eyers of the will in (he large vew

have been sniangad io laciitale colonng Note the abligue muscls

[} doas nof reach the dusdenem (3) Coelor lhe lowar diagrams /

—— B

BEGIONSS ¢ |

BERDIA A

FUNDbYSe

BIEDE

EYLORUS .,

WALLS »

MUEOSALSURELACE RHUBAE): Y

SUEBMVCESEF ESng.

WUSCYLABIS EXTERMAS-
OERLIGUE Woe P
@mﬁ@@jm@ ﬁl(ﬂurl Enm:_nan "uer Eﬁr'n-
LOMGITUDINAL Ro: s S

SERE J PR | gy

L ges=iric &

dundanal a ] .;_.
Thie stomach is the lirst part of the gasiroinestinal < ! ; i—
fract, It acidilies ingested food to enhance prolsin Superion g o {
digestion and kil microorganisms, secratas proteo- J:,:LE:::,:-. o Pl gbics [ f]

ytie anzymes (pepsing, machanmoally manipulates
digesting food, and induces secretion of bile and pan-
crealic enzymes. The cardis is the area of the gastro-
esophageal junclior though there is circular muscle
nere, Il rolakes during swallowing. The pyiorus is
thickered with circular musoie near the duodernsal
unchion (pyloric sphenclar). 18 regulatory furclion
nas baen questoned

. = ¥ J e e 0

While eoloring rote caralully the organization of the inctor e 4 d

stomach wall the mucosa is considered below. The o = "

fibrous, vasoular submucosa provides some suppon 2, g, ,,-ﬂf:" EFG

lar ihe targe vessels and nervas traveling in this Eyar . "

Whian 1rargslamacﬂ is mot full, the mucosa and sub- i a"""‘-h—-m—c u.-'-"‘#".r‘ i
Wrakes bt Hydmonins Papsin

mucosa arg often thrown inlo & seres of imegular i
folds (rugas). The different oncrlalions of the mus-
cularis extema ayer prwice complas and effective
paristaibc movemants duning dgesiron

The mucosa af the stomach, lined with simole cal-
umnar epithalial cells with microvilli, contains a sup-
epithelial, vascular, loose, fibrous tissue layesr (laming
propna) gupporting (ke gastric glands. 11 comntains
nurmerous fibrobéasis and parficuarly dense messes
of ymphocyles (lymphoid follicles. see Plawe B4) The
fundus and bady reveal lubulai-shaped gasinc glands
that axhibit dean gastic pis, & nack (largaky Mucous
esiig] antd & hAse conlgining mucous celis, parneda
cells secraling hydrochlonic acid, chief calls secrel-
ing tha pratain-lysing enzyme pepsin, and enlen- o
endocrine cels sacreling gastrointestinal regulatory {Longg tuedinal section} lymphoid folligls
hermones The panatal calls also sacrate intringic

facion a glycoprotein which binds with vilamin B,y and mm@@@@g %

permis the Latter's absarplio in the leum o the smal| Dﬂ’t}f]@ll—.[}@ﬁu &@mg.r.
inlesting, Makatsorpton of intrinsic factor leads 1o ;
vitamin B, deficienc MUERUS GELLe

y which induces abnoomal
erythrocyie (REC) development and subsaguent par- @D@ﬁ.@ﬂp @@!LG, " a
nicious anemia The pylos containg largely mucows GRS GELL L 8 & 5
glands a5 well as enfercendocrine cells sacreting - = s
gestrin, a polypoptde. i stimulates secration of pep- mﬁ@ = m DoERI [m@ m " J L |
sin &nd scid in the stomach, and augments gastric B2 S TH @DFN! = o=
muscle contractions (Increased molllity). The smoolh &mﬂm E}Jm@@@ﬂiﬁl . == EE
musche fhers of the thin mMusculans Muccsae particl- =
pate In the mechanicsl digestive process W%@@J&@ED@ MWEESAE wwm

h’l—l
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R DIGESTIVE SYSUVEM
SMALL INTESTINE

JEIVURD -
. (LEUM -

INTESTIWAL WALLS «
NGRSO
FLIGA CIRCYLARE (FOLL)-
VOLLOH
LATINE PHOPREIE:
MUSCULARIS MUGESAE
ATIEHNEIE FOLLICLE,
SUEMUCEEEA.L
MUSCYLARIS ERTEBNED -
CIRCEULAR MWowm
LeNEITUBIMEAL o~
SEROSA o

Ch. Use green for K, red for B, purple lor 5, Sue for T, yeliow for U, and a very ligm
calar for H. (1) Bagr wilh the threa divsions of the small intesting. [2) Calor the parts
o ha duadanum ana ihe seceon of duodenal wall, The imming peopeia (1) & identilied
and colarsd anly in thie aniarged viaw ol 1he il Debow

Pancroes. =77

The small intesling is a highty convaluted, thin-walled rube thal wndertakes much
of the chamical and mechanical digestive process and almes! the whale of 1ha
ahsorplive pracess of the enfire gastromiestingd iract. The first part of ihe duo-
ganum 15 suspended by (he lesser omentum, The second and third parts are
retropertaneal. The fourlh pad emarges antesiorly 1o become ambraced by [he
common masentery, pulled upward /suspended by @ band of smoath musscle at
the duodanojejunal junciion, The fefunum s highly colled, suspentded by the
common meseniary batwaen the peritoneal layers through which travel its blood
and nerve supply and draning veans The Ihinner but longer liswm IS 8lso sus-
pended by the commen mesenteary, [t opens into the cacum of the large intesting
The mucosal surface of lhe jsjunum {and to a lesser exient the ducdenum and
ilmum} ks characterzed by circulas folds (picae circulares). Myriads of canical,

[ajurum; these diminish in number inthe ilBum Ameng the epithels lining the willl

are hormene-secteling enlermendocrine ceis (see gloasary). The loose, vasoular

fiorous faming progria suppon the vili and its contents. including ymphatic cap-

fari=s (lacteais) and muscle fibars from the muscwhns mucosae. Lympaham

Jolicias axisl in both laming propria and submicoss, they ncrease in number in i
ihe lleum whars they form aggregates (Payars patches) Al the bage of the will
ara lubiukar intesting glands, the aucrs of which open inlo the infervillous spaces.
The submucosa of i small inléstine is ibrous and vascwar, end comains
gangkn of aulonomic motor neurons, the axons of which supoly the musculzrs
extarma |0 [he duatenum anly, mucus-secreling glards occupy the submuccsa.

-
[

S T Nl s

Wik

ABSEREPTIVE CELL \»

MLEEVS CELLo
ENMERPENDOERIVEICECH
GFELAMDULAR DUGTe-

rymt)

CAPILLARY:
WE0H

o4

LACUTEAL

ASCENDING (&TH) PART: o S

firger-shapad wilk {leal-shaped in the duodarum) project from the surtace of tha ABSTTION ABSORPTION

| ARTERTs e

T &
NERVE, B

104

Il\l

%
[uodenao-
(Ul feeime

%0
S &
4/

NI AT,

-

== I"‘}.: g

=
=

AR AT CERIASS Y e
)

> SECRAETION

5]
.

A
2

-
o

&5

W S L
\’
”

Py

B R iy

"-Hil.‘_h.

WTOR]

WILLI AND INTESTIMAL GLANDS
(Sanuciunes common 1o 8l il gre shown saparainly)
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X DIGESTIVIE SYSTERM
LARGE INTESTINE ot giond

Ch: By waing the same colors 1or 1ho parls of e inlestinal wall you used on
ihe preceding piste, you can demonsirate the similarily befween the structures of

InA twn inleafines. The apithelwm/ mucous glands {N) should receive the same color
a6 thi willi {H') of Plate 104, and [hi Serdsa n 0oih plales should recedda 1he same
ek Llge a vary light color Far B (1) Bagin with the saafion above

LARBGE INTESTIVES -
CECMM a "
ILEDCECAL VALVE
WVERMIFLER APRPENMDOI
ASCENRING COLEW:
TRANSVERSE COLOMW =
PESCEWDINE COLOM-
SIEMEID (PELVIC COLEW e
RECTLED TSR WL
AL GERIEL T
INTEEMAL SEPHINETER AR . .
ERUTERNAL SERHINCTER AT «

TAENIR GOLI .
RAPPENRICES ERIPLEOIGA v

IWTESTIMAL WIALLS -

MUEESEE
ERITHELIVM/ MWEWE
Ty e
LA 0E0E - 0@ o
MIUSEULARIES MVeesSAREe
SOEMOCOSAHa
MUSCULEARIES ERrTEREMEA S
EIFREULAR Mo ®
LeWEITURIMEAL @ ¢
SERCSA

The large IMesling = characterzed by arpe sacculalions (naustrae), siNps
of longitudingl muschka in the musculans extama (fasma col), and fat pads
{appendices epiploica) alteched 1o fhe serosal surface of the ascanding,
wangverse, and descendng colon (only) The large intesting baging al the
teocecal valve with 1he cecum, usually suspanced by a mesentery, in lhe
right lower abdominal quadrant, 7ha function of the valva is not clear. Tha
verrmiform appends vanes in length (2-20 cmi. il may lle anlerior, pos-

refroperitoneal, the ransyverse colon is suspended by a mesantery (irans-
visa masocalon), Mate the colic flaxuras and their ralalionships. &1 the
pehic inset (not shown), the colan ms medially, gains a mesentery (sig-
mad masocokon), ard 13 named Ihe sigrmaid ealan, Vanable in ks axlenl
gl shape, it becomes the rectum &8 tha level of the 53 vertebra, Hare

Ihe haustrae, the appendices epipleca, and the taenia are no longer sean.
Anaut 12 om leng. the rectum has a dilafed lower parl (ampulla). Feces
emarng tha rectum slimulate the dasire lor defecation; thus, the raclum

i not a fang-lenm storage sie. Ag the rectum narrows mfeniorly, it be-
cames the anal canal surrounded by sghincier muscles

The fmtegtinal wall of the |arge inesting & characiensiic: mucossl surlace
wihaut will or plicas, undarlying vascular subvnucoss, and two-layerad
musculans externa ined with perilcneal ssroza The epiihelial ning 1=
simple columnar except in ihe anal canal where |f becomes siralified
squamous. The glands ane lubular and mucus-secrating. Lymphold icili-
cles are seen in the lamina progra, Al the anorectal junclion, about 2 cm
above the anus, @ remarkably Erge number of veing can be saen n the
lamina propria {not shown), Varcose dilatakions of these veins (rectal or
hemarrhodal plesus) ara called hamorrhoide. The laigae inlesting lunctions
In absarption of water, vilaming, and manerals, and he sacretion of mucus
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teror, of inlarior to tha cecum. The sscending and descenting colons are (Amtarior poriion of Cecum remored)
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5. DICESTIVE SYSTEM " _Casre——sesemagl 106

LIVER PR
CM Lisa blue tor | red for ), and geliow for K. Use very g = ige-
colorg for &, B, gnd L. (1] Color I two Upper views Simiuitanecusly e 1k Bedtai
{2)Color the group o (obules. and then the enlaigamen|. Bagin with - ik
thiy Birancnas of tha portal vein (1} al the boftem of 1he saction
(9] Bagin the overaew of bl ane i wilth the arterial llow POSTERIOR/AMFERIOR
VIEW
(Wesceral sirfaca)

Ligamaniuim
VEROEUE L H hopaba awn
VBINE  yanpaditanedl

LOBES:S « ”
RIBHT LOBE 4 AW Ly
LECU LOBE s e
%ﬂf@b@[ﬁ} AUE WEEE leforiar ke
AURATE LEEE,
LIGAMENTSS
@@@@Gﬂﬁ@? E-:ﬂ E
TRIANGVLAR Lo
LESSER OMENTUM s
FRALEIFRRM Lox
POETAS «

PORTAL VEI : NN
m@mﬁﬂ@ @@T_’F@WJ I'HHI:'!I;Ihu:. mressn | CBE

BILE PUEBUx
LIVER LOBULES.

TRIADS#
LR 0F POBTAL Wb «
BRANEH OF NEPATIE BoJ
BILE DUET
SISO
L'-._ BB | I?
TRIBURY 0F KEPATIR Wb rt

The liver is the fargesd gland in the body. Wedge-shaped (rounded upper border, HI":':
thin, sharp infenor bordor ) when sesn rom (he sda, The (lver occupies (e whola
alihe upper gt quadrant of the abdominal cavity, Weighing about 1.5 kg in
health i1 can wesgh cver 10 kg when diseasad (chronic cirrnagas), N is ralatvaly
huge in young childeen, hence the profuberance of the upper abdamen in such
parsons The liven i enveloped in visceral pariloneum except for e part of the
fight posterior surface which = 1ush against ihe fascia covering ine dlaphragm
|bare area), The viscersl periloneum around the bare arsa tums of rallecls up-
ward {coronary Ngamen|s) on to the disphragm to become parietal perfonewm
The edges of Ihe coronary ligaments ane called the iranguilar kgamenis. The two
anterior leaves of the coronary ligaments [oin to bacome the faicifarm fgsment,
lhe two poslerior leaves become the lesser omantum which encircles the porfa
o the |hvar, Here the hapatic portal vein and the hapalic arfery approach ihe
visceral surlace of the liver and branch, and the commean bile duct receives the
eommon hepate duct and cystic duct The two-Byerad iesser omentum de-
goends 10 support the pylonc end of the stomach and the first part ol (e duo-
denum The talciform ligament is continuous with the parietal pentoneum of ine
amenar aboominal wall

Connacive lssus septa divide the lver celisMissua (parenchyma) ino iregu-

far polyhadral lebules. Wilkin each lobule, 1he cells lom radially ararged

pords: on two suriaces of these cords are sinusords that cormvenge onlo &

mode or less canfral vefn. A the comers of these lobules are the hepatic

arlary and portal vein tranches, and bde ducts (called a ifad). The porial vein
twanches leed inta ke sinusoids; the hepatic anery ranches supply the

cefls; the tyle ducts drain the bile ductwles formed from liny canahcull (nol e R
ahimr) surrounding the cells, The |iver cells decharge Iheir products into Mg duct —_ du
Ihe sinueoids (except bile), and sbsorb nam Ihese SBME SINUSOIdS Various

mutrients and non-maltients as well. Liver cedls stare and release profeing, CVEE @ﬂ'ﬁ}ﬂ" 3 %
camohydratos, lipids, imon, and certain wilamins (A, D, E. K} ihey manuaciue L-@ ) [DN : -
uea from amino acids, and bile from pigments and salls; they detoxity many

harmful irgested substances. Bile is relgasm:l from the cefis into tribuiaries of wg@wg

ol ducts The central viins ane iibutaries of larger veina which merge 1o @&@ I
farm thres Hepalic vevis at the posienor, supanor aspesl of 1he livar, Thasa Eﬂ [l'@ [meh'

waing join the inferlor vena cava just inferiar 1o the diaphragm
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PIGESTIVE SYSUEW

BILIARY SYSTEM & PANGCREAS

CM Uss the same coks as ware used on ihe preceding plale Tor
ihe napatic calls and tile dusts, ara @ very light oolor for H |1 Calar
simulianaously the diagram ol bilo farmation/ lxansport and the larga
canml llustration. (2)Coled (he dizgram desorioing bile siorege

BDQ?&EE%IL&JEM‘J‘G@J CELLA

Boc £ L. HEBPATIC DUET:
COMMON NEPETIC PUST» -
GALL BLADDER= a5 g
CVBTIE DUCT* " _
@WQQ@W BD&@ @@J@ﬁ'ﬁ- S O S8 panereatie
'I'PQ @l}?@"

v,

@ﬁ'}@’:}ﬂ@ DU Ctig:
@@DD@@% AMIPOLLE.

Disodenal |
wall 1

[Blomach rameved)

Vigzaral sufaca Lt bk

ot Inaar

Duﬂ':danqaima-
llawure

The bilary syalam aonsisis of an arrangement ol ducls transporl-
ing file from e (ver cells that manutacture it 1o the gal bladder
and ta the second pan o [he duodanum

It ig worth repaatng bile is farmed in the lver (not the gall biad-
der) It & a llwd consising largely of water (57%), and Dila salls
and pigmants (from ihe breakdowr oroducts of hemogiobin i the
spleen), Once (vimead, bile & dischargad from liver cells into sur-
roundirg fe canalioul, Thase amall canale merge 10 form bile
ductules that join the tile ducts which trawel 0 company with the
branches of the portal vein and hapatic artery, The bile is brough
oul o the liver by the right ana el hepanic dects which mesge al
the parta to form the common hepalic duct which descends
belwaen the layers of 1he lesser omanium and receives the 4 cm-
Iorg cystc duct from tha gail bladgder, Tha gall Bladder is pressed
againet {he visceral surlace of the right kabe of the liver, covered

Sphinctar
@l empulla

,,:;-_e; "6-

107

Saw B8, 108,129

Bile
canaliculus

Sy

Sphincter

"*\\_ I:Insug. (f‘

-\\H'.

with visceral partonawn. The common bile doct (or just bile cuct)
is formed by the cystic and gomman hapalle duct. About B om
innp. i descends betind the first part of the duodanum, deep Lo or
through the head of the pancreas. It usually fins with e main
pancrealiz duct, loming an ampula in fhe wall of the 2econd par
of the duadenum. Here the duel apens Mo lhe lumen ol Ihe duo-
denum. Thare can be vanations in the unicn of these two ducls
Ihe gall bladder gerves as 8 slorape chamber lor bile discharged
from tha liver. Bile is concentrated here several imes. a faol
reflecied In the multiple méciovilll on the luminal surfaces of the
simple columnar epilhelial calts thal absorb waler from the dilute
bile. In response to the gastic or duodenal presance of et
sacrefion of cholecystoxnin is nduced which stimulales the gall
bladder o discharge its contents inlo the cystic cucl Peristalic
confractions af (e duct musculature squirt bile info (he ducdenal
lurnzn thraugh the ampullary sphincte: Bile saponifies and amul-
sifies fats. making Ihem water soluble and amenabie 1o digestion
by enzymes {lipases).

The pancréas ia 8 gland in the retroperitoneam, conssing o

@ head. neck, body, and 181l Most of (he pancieas consists of
gxoGring glands thal secrele enzymes Inta the panorealic duct
tribularies and on into the duodenum at & mte of aboul 2000 mi
per 24 howr day. These engymes are respanaible for a major part
ol chemical digastion in the small ir2stine |lipasas tor tal, pepti-
dasas lor prolein. amylases for carbohydrales, and others)
Pancraatic secration s regulated by harmones (primarkty chale-
cyslokinin and secreting from antero-endocnne cells and by tho
vagus narves (acalylchaling) The endocring parton of the
pancreas is coversd in Plate 129
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£30. URINARY SYSTEM
URBINARY TRACT

ChE Lise warry Iight cokoes for C anag E-L

(1) Cobae tha thegg viaws of the unnary tracl
SimiulEnenusly. Mol thal Ihe kidneys al e
lop of Ihe plele afe b0 be colared acoordng 10
areas which are (n corfact with ather argans
Also nola that the urolers penetrate the pos-
tericr wall of the urinary bladder. and thal 1hese
opRRiNgs receive & color [2)Color 1he gniarfor
ralations of 1he kidneys which gne ghown as
shaded siihousties. Color gray the arraws mark-
ing sites of potental obsirucion by “shones"

WRINARY THRACTS «
FIDWEY
URETER s
MEIMAERY BLADRER
VRBETHRE
FPRESTATIC W, @ALE)
MMERMBRANCWS W, (NALE)?
SEPEONEY Us (MEALE)::

KIPMEY RELATIONSE
SUPRARENAL

A s
&ﬂ@?@ﬁﬂ F lcliﬁllnv 1l
@m@@gg}g;"u&mﬁ of u.'lnnakcs:_
TRANSVERSE

COLOR « B
@P&.@Eﬂﬂl Prostalg ) ‘iﬁ m"} :ji:’ﬂl
STOMACH: (B
W@EE&@ W =
JEIUNUGY L

ANTERIDR RELATIONS
OF THE HIDNEYS

dpaning
ol waler

= Lirogenitel
ot diaphragm

5

Estamal
urathral orifice

@ The wrinary racl consigts of pared kidneys and welars
/ in the refroperfioneum, a single urinary blacder, and & |
urethra. The urinary tract represents a pathway for the
alimination of metabalic by-products and loxic and other |
non-azeartal molacutes all dissolved n a small voluma | ;r' )
of waler {uring). The kidneys are not simply instruments / S TRy
af excretian; ihey function in the conservation of waler rl.-
and maintenance of acid-base balance in the blood. The Irl
] process is a dynamic ong, and whal s excretad as wasle
in one second may be rafained as precious in the next
X The urelers are bromuscutar lubes, lined by ransiticnal
gpitholium Three areas of the uretars ara ralalively nar-
row gnd are prone 1o being obsinucted by minaralised \\
poncretions (“stones”) fram the kidnay (soo amows)
The libromuscular urinary bisdder lies in the frue pelws, /
its superior surface covered with partoneum. The
mucosa is lined with iransitional epithelium. Tha bladder /
can conlair as litlle as 50 mi of unne and can hold as
much as TO0- 1000 mil without injury, 85 il distends, il
rises info the abdominal cavily and bulgas postanomy |
The mucosal srea balween the two ureleral anfices and
the urethral orifice is called the trigone \ e
The lioremuscular, glandular wrethra, lined with transi- Opaning
tional epihelium excepl near e skin, is larger in makes ol weter,,
{20 em) than females (4 cm). Hence, urathrilis ks more
COMMman in men, cysilis i more common in wamen
The urathra is dascribed in Ihree parts in the maks
(prostalic, membramous and spongy). Tha mamora |I %
naoLS urethira is vuinerabia (o ruplure 0 ihe urogenilal
diaphragm with frauma to the low anteno: pelve.

Opening
il nirsies Lledine Sy

-

Vagina
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£30. VRINARY SVSTEM S, 109

f % See 102

HIDNEYS & RELATED /)

RBETROPERITONEAL STRYCTURES /
CM Use rad for 8, hiue e L and & wiry Ight cobee tor X use & color, mol -:I.l \
gray] {1} Calor the varees siructunes i fhe abdominal cavily. Pan of the S al

paritonaam | X}, whoae fitle is smong %8 uppor diagrams, is shown covwering ""I':I?::"" ! b
muich of the right side (281 the upper nght, note the refalionship of the retro. Mnal’"'."l',"" Muszin stvcaies / " 1
paribonaum 1o Ing panelal panianaum o b by i |

% e

RIPNEWA
VURETER
URINARY BLARPDER & | ;
& BEANCHESS - ¢ > il
GELIAC G & BiSoc
SUPRAREMAL Aor GROSS SECTION THROUGH ABDOMEN

o 5 (Snnamatic. wewod from Delow)
%g&ﬁggﬁ?mﬁm@ For RRIETAL PERITONEYRM:

TESTICULAR Heas BETROPERITOWEURD v THRGUGH TANK
JF. PIESENTERIE Ror -
BOMIMON 1LIAG Aot (o) " (o,

WTERMAL ILIAE Bes | e |

'E%ﬁ'@[ﬁ'ﬁﬂ@& U&ﬂ@@@u H ;. 3 PEIEE T .
VENA CAVA . AT

® TRIBUTARIES:

IMNTERAAL ILIAE Vam

ERTERWAL ILIAE Ve
COMHOM ILIEE Voo

VTESTICULAR Ve

BEMAL Vs a

SUPRBARIENMEL Vi

HERATIC VS.s
CREANS & PUECTSé+
EE8ePHACYS 1
SUPRAREVAL GLAND. S |
m@'_@ﬁmmf |- B | - = Al ‘ .-‘. \ 3 .
DUCTUS (VaS) bEFEREVSw |- b W T AT |

R lobe

G l'_'lu-adraru.s

|\ Iumboram my

The paired kidneys ard weilers lie posierion o the
parictal parfoneum of the abdominal cavily; Ihey are,
theredore. n the reiroperitorawn, Dunng felal cevelop-
mant, =ome abdeminal structuras arise in the retro-
periioneum (e.g., kidneys), and some become reira-
perflaneal as a resull of movement of viscaral organs
{eg. agcencing/desoendng colon, pancreas) The
abdominal aoria and Ifs immedisle branches ang the
inferior vena cava and #s immaciate iibutanes are all
relroperitoneal Arterias and veina travel balweoen layors
of perdoneum to raach [he organs they supply /drain
Lymph nodes, lumbar trunks, and fhe cystemal chyli
{nal shovwn) are all relroparitoneal. The ureters descend
in the rebiopesilonaum and undsar the parietal perifo-
neurn (o reach the pasterior and inferior aspect of the
biaddar Palvic viscerns and vessels lie desp to the par-
el penlanaum
The kidneys are encepsulated in pariranal fal. secured
by &n ouler, sifonger Eyed (renal tasecia) Esch kidney
and 15 fEscia are packed in pararenal fat These com E: 5
partmerts do not communicate betwesn ket and right _' J.r" S ABDOMINAL CAVITY
Such a support system permits kidney movemnen dur- - R \‘ ' 'f.{ it SRS
i

ing respiration bul securas them againgl impact forces.
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320 YRINARY SYSTEM & &
KIDWEY STRUCTURE o —

CM! Use rag ter M. blue tor | yelkow for K, end very ight colors lor B, E. \
F G, and J [1)Begn with the large illusiration ard nobe thal the shick- m
nass of the renal capsule [A) hag boan groally exaggerated lor coorng

nurposes. Color this cul edges o1 biood vessels in the corlex (B, Also T
eoior the fitles and armows maliacting biocd and urine fow. (2) Complebe

Ihe owerview diagraT al 1he lop of the plala

PERIPHERAL PARTS: + K-
FRENAL CAPSULE A

CRRTELS =
MERPULLA (PYRAMIB)c
PARPILLE D

INNER CENTRAL PARBTS «
MINEOR GALYES = s
MEICE CRLYES

HILYVSS »

REWAL PELYIT ¢

BENAL ARTERY
GRVYEENATED BLOGD

REMAL WEIM 1
BECIIVYEENATED BLOOD i

SIMWS. i

VRETER « res
VRIS «

1800 miL/min T (]

{Imlo bath kidreys)

1209 mlL /mim: <D
(Ul of Doth hﬂ“fﬂi

Mircr and Major -
calycas are cul opeEn

The kidney consists of filtarng capsules, tubules and blood ves-
sals lighty pressed together into whal (s callad the parenchyma
The paranchyma af the kidney congists of an ouler corlex
covarad on 18 surface by a thin fibrous capsuie, and an Nner
meduiE conststing of pyramids of sireight tubules. The cortex
reaches down between 1he pyramids (renal columns). The cor-
tax consisls of convoluted tubules and filtering capsules. The
apex of each medulfary pyramid farms a papiia which 118 inic
the small cup-sfuped funnel called the minor cafyx. These
funnels, numbering B-18, open into threa much larger major
calycas all of which opan info 1he cavity called the renal palvis
in the concavity of the kidney (the hilus], inan area called the
rénal sinus, the renal petvis narmows to form the proximal wrefer,

sharng the area with the renal artery and vain &
Fenal bleod thow (the amount of blood flowing through the ™
kidneys) & aboul 1300 mL per minuta (both kidneys), About @l m{L ,"[ﬁﬁlﬂ[ﬁ]ﬁ'

125-130 mL of plasma & filtered into the renal tubular systems
gach minuta. Less than 1% of thal fillered plasma {ebowl 0.7
mlL} is actually excreted a5 urine, Clearly, the kidney (= in the
weler congarvation businass!

110
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220, URINARY SYSTEM et
VEBIMIFERCUS TURBMLE -

GN: Usa red By E yaiiaw 1or K, and 1hs sama colvs usan on ihe precadng pate A-D
{1)Complata tne drawing ebove (2] In the eniarged wadge-shapad saction, ona urnd-
arus ubule 15 shown; actuslly, thousands are pached in gach such asoton Cofor ail

dewational arrows i ook of e sdjecen) vessel, (3) 0 he $agram balow, color thi ariiey
capsiss space gray bul nol the arows rprasanting firae

FIPNEY SECTICNS «

g%g%%}&@ﬁ S oo
18 s secriow 12 4
MEDULLA 5 ORIOHET

PAPILLA ess

WECHBORS - —

RENAL CORPUSELES e
GLOMERVLYS =
BLOMERVLAR BEWMANS)

CAPSULE:-

PARIETAL LAVYERF

VISCERAL LAVER (PEROBYTES)-
CAPSULAR SFRAGE Fx

PREBZIMAL TUBYLES -
SONVOLUTERD PARTS
SrRAIBHT PARTs

LOGR &F NERILE -

PISTAL TUBYLES : i
@Fﬁmw? @?I ! Ageanding
@@@iﬁ@ﬁa@ﬁ@ @@@ﬁr | / .. lirmks

' COLLECTIMNG TUBULE,

' VRINE

Eﬁ@@@ ng x Descanding
INTER LeOBULAR ARTERL = HE

AFFERENWT ARTERIOLE
EFFEREIT ARTERICLE:

The lunctioral wnit of the kidney is the naphren (one million per kidney). Each
nEphron and 8 colecling Iubule corsiiule & winiferous (renal) ubule; sach
nephron consists of a renal corpuscle and tubules lrading 1o & collecting
lubule. The ranal corpuscles are in ke corfex; the lubules are in both the
cortex and the medula Each corpuscle consists of a glomerwar capsuie
Invaginaled by 8 clugler of specialeed capillary-Ike vessels (glomeruius). The
vessel leading inlo each glomerulus is an alferen arfeviole, a downstrean, Sth-
order oranch of tha renal artery. [ts enirance info the capsule is the vascular

Prirmary
OCEES
Podacyle :Flllmfmr

pole The afferent arferiole departs he vascular pole, its blood destined for the Chomsrlar \I"'N“'r"ﬂﬂ
lubular capillary plenus (naxl plata), Capsubs (Wiscaral layar]
The capsule is shaped ke a soH, rubber partly flal holiow ball pushed in an (Pusiested lwyer)

ong side 5o thel i has an owler and an inner Eyer (ol The inner layer (of cells) . “F’

i called the visceral layer, the ouler layer the parielal layer, the inlerior is the
capsuler spsEce which opens oo the proximal lubale (unnary pole). The vis-
cural layer is infimalely and complexly interwoven with the giomerular vessels.
Each call in the [ayer has (he shape of 8 centipade, with 8 "Dody" comaining
the nucleus, and mullipls “l=ga” (cell membrane-lined cytoplasmic exlen-
sians caded primary processes). Thase procasses incompletaly angirche the
glomesukar vessals, leaving slils {interdigilationa) among the processes. The
legs” have “leal” (called lool or secondary processes) which altlach 1o the
porous vessel wall in such a way as to leave filiration spaces among 1hem
Thasa highly modifiad gimpla equamous apiihelal c&lls ol the viscaral laver
are called podocyies. Plasma escapes the glomerular vessel through the
pores, then rughas through the lifiralion slits ta antar the capsular space.
Thig non-cellular plasma liirale eniera lhe prosimal iubule

W confirme wilh (ne structuse and function of the parts of the uriniferous
fubule, ir conjuncton with the vascular system, in the nexi plata
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¥l. VBINARY SYSTEM
BREWAL CIRCYLETION

CM Use red lor A and blue for |, and a very ight color far F (1) Colar

M major Hood vRssale | A=) FCHInG M I8 COmespnnEng weas
receive only ana colar |bluaj, (21Color the nephrorg in e larger FusknE-
ten gray, Mobe that the glomensdar capsules have boen opened 1o roveal
P ghrmeruli (F] Allanows receive [he colar of the adjacent vaseels.

—

E;I:Ilf.-l/""" " :1} i f

A\
B _Z:f. 2l

e

The nephron consists of the renal corpuscle and lubulas less
|:|:|JI'EEIII'Ig tubukes. The ranal corpuscle was considersd in Plate
111 Rafer 1o (hal plate a3 necessary lor the following paragraph
The prowimal fubwle close fo tha capsule of angin s highly
ronvoluted. The pyramical-shaped cuboidal cells of 1his fubule
absort B5% of the vitamins, amine acids, small proteins, giu-
cosa, sodium chiorde, ano water that came in with he plasma
liltrale. The straight part of the tubule descends o become 1he
loop of HEnle, 1ha celg of which absorb large amounts of water
The cells of the disfal fubule ara relalively impermeable to waber
pud ot fo mirerels. Here the filtrats lends to becoma diluled
The reabscrpdion of sodium (Ma’) (s facildsled by aldosiemns
from the adrenal corlex and by dietary rastnction of gall. The
cells ol the coilectmng tubuie are parmeable o water (taking it
oul of the tubule) in the presenca of antidiuretic hormone [ALDH,
vasopressing, it i significantly less permeabia in the absenca
of ADH, and even less g0 in the prosence of diuretc medicalion

The renal vascular pattarn explains how the tubular cells can
recovar large amounts ol huid/ sclute from the filtrate and
secrete it into the perilubular capillary plexus, to the axient that
only 1% ol the plasma fillered Dy ihe glomerular capsule reach-
835 the calyces al any one mamenl. Follow the roule of blood
from tha renal arery o and through the glomearull 10 1he affsrant
arteriaies. The efferent arteriode in the upper and middle corex
branches into a perifubular capifary plexus thal is intertwined
around the convoluled lubules. The plaxus is draimed by ffer-
labular vening which conouc! the blood loward the ranal v,

In nephrans close lo the medulla {juxtamedullary nephrans), the
afferant aferole (shown withoul its glomearulus of ofiging may
give off siralght vessels |vasa recia) thal "descend” into the
medulia adjgceni lo the siraight lubules, These vessels con-
fribule (o a separate peritubular capiltary plexus ir the medulla.
Medullary vessels leaving Ihe petilubuksr capillary plesuses
form on contribule o “ascendmg” vasa recla which generally
lerminaie by joining the arcugle vefns, The redationship of the
vasa recta 1o the [oops of Hanke (5 a crillcal lactor 0 the suc-
¢33 of water reabsorplion The circulatary pattern among tha
urinilerous tububes i€ a vila! lealuie in the presarvation ol body
water and the mainfenance of chemical neutrality throughout
ihe body.

RBEMALL Ao 4

12

Ses 111

SEGMENTAL & A
IMTERLOEBAER Ao -
@ﬁ?@%ﬁ ﬁlafﬁ

INTERLOBY
AFFERENMT

RENMAL Wor

Glomerular
[Bowrmans} ™
—  CApSuk
~

‘%

1

N
i

T
*
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&@@ I@n K
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EEFERENT @@F@@U@&E%‘ &
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200, REPREDUECTIVE SYSTER 113

MALE BREPROPUCTIVE SVYSTEM

CH Lise red os L, biue for M, and very Ight colors for A, J and K
(1) Colar tha upper vews simullanamusaly. In tha segiltal wiew, anly
e urelhia i shows in 1na madian plane. (2) The cowenngs of the
spermiEle cord in the ilestrstion balow actually oonsist of saveral
|ayerg (rcall Piate 43) Golor the parts of K and L seen deep o
ihe pampnitorm plesus (M)

SCERETUM) A

TESTIS:

ERIDIRDYMIS
PEFERENS »
SEMIVAL VESICLE -
EIACULATORY BUET-
URETHRER o

BULBEURETHRAL GLAXD

PROSTEVE GLAND:
PENIS .

W
"\\'i bt
L i |

i

\ Rectum -r"{
\ e B
RLCh L
% 1 »
,
Pamgeniarm
WENTUE
Funditorm kg plakus
ol paEnis il TR
&
Supariaml
nguingl mng

Darlos
muacia CEhat
ANTERIOR YIEW
OF SCROTLUM

[Wdah mand dssocind)

“-

fee 29 41 45

Thi male reproductive system consists of the pimary ofgans, tha lesles (lesticles),
suspendod within a sac of skinand thin fiormuscular lesus (ihe scrolwm). a setes of
ducts: and a number of glands. Development of the male germinaling cells (sperm) in
Ihe tesles requires & shightly Iower-than-body tlemperatune (abdut 36* Cor95° Flitha
is aohived by thair separation from Ihe warmer body cavilies. Tha tamparature within
the scrolum can be adjusted elightly by the contraction /Telaxaton of smooth musche
{dartos muscie) in the scrofal wall, tightening or lacsening the tension of tha wall about
ihe lestes. Malure sperm are slored in the epididymis, with stimulus, sperm calls ane
ndueed o move into and through the decius (vas) defarsns by riyihmic conlrmotions
of fhe smacth muscle i the ductal wall. Within the ductus daferens, the spem pass
ihrough the abdominal wall (via the inguina! canal) and pelvic cavity lo enlor ine
prosiatic uretfira via the pencil-point shapad sjaculatony duct. Hare ha nigrienl-rich
seoretions of the prosiale gland and sevninal vesicles are addad la the population

of sparm in the prostalic urethra, larming semen Priar o the release of the semen
{ej@culation), the bulbowrethral glands add secretans [0 the urathra The panis and
sorolum constiute 1he extemal genital organs

Erlargemen of the proslale & common | prostatic hypariroghy (hyparplasia) n men 50
yaars and eldor The glands and connective tissues surrounding the wathra are subject
i thinkening and blocking urine fiow (benign prostalc hypertrophy). Meaplastic growih
(prostatic carcinoma) is less common [5-15% of men with proetatic by pertrophy) and
pocdrs in the more paripheral tissues of 1he prostale

Urpgeninl
diaphragm

P
£

ANTERIOR VIEW
i Schemalic)

SPERMATIC CORMDS «

COVERINGS «

CONSTITUENTSS -
DYETUS DEFEREWS -
TESTICULAR ARTERY.
TESTIGULAR YVEIWH

The lestcular arfery and ven, and some nerves and fymphatics, |can e duchus del-
erens jusl befora anlering the deep ring (intra-abdominal orifice] of the Invgiingl canal
I'ne collection of these form the constituents af 1he sgermalic pord. Passng Inmough 1he
inguinal canal. they become invesied by & represantalive ayer from each of the abdom-
inal wall layers |less recius), these are (he coverings of the spemalic cord and leslss
{here represertad as ons layer, see Plate 43). in a vaseciomy procadure, (e duclus
daferens is idarihed within the cord and It alone s dwidad A number ol techniques
(ligalures, cautenzation, lolaing and burial and s on) exist to pravent fhe naturzl 1en-
dency af the transected duet seclions to racanalize
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200, REPROPUCTIVE SYSTEM

TESTIS

car Use the oolors employed far the 1eshs, epidicymis, and ducius def-
arans on Ine previous paie wilh those same siructures hers (A, E and
F £, Usg red bor L. and light colors tor G, H. | 5 snd T (1) Note tha the

sparmalogenic epithallum & colored gray in the CIO8s SBCHN Ihraugh
thi Tubules abowe @nd thal the tubular lumen Ig nl 10 D Colored

TURNES ALBUGIMER A
SERTUM A
SEMINICEROUS TUBUILESs
BETE TESTIS ¢
EFEERENT DVEBT

RUETYS DEFERENWSF

SPERMATEBGEMIC ERITHELIVM: «

SPERMATOGONMIUIM:

PRIMARY SPERMATOCYTE
SEEONDARY SPEBMATDCYTE!

SEERMAUIR .
SEEEMATOZO@MN «
HEED-
AGCROSOME.L
WL ELEWUS m
TS
WECSH «
MIEBLE RIEGCE «
MITE CHEHBERICH] »
EEIVCIEALFIEEE
D PIEEEr
SRERTEL) BURPRORTIVG GELL:
BASEMENT MEMEBRANME »

IWNTERSTITIAL CELL @©F LEYRNG

BLEER VESSEL.

The lesies (testicles) arse on tha pasleror abdominal wall during
fetal gevalopment. as the develaping body lengthers, ihay appes
i "deseend” into culpocketngs of the anteror abdominal wall
tseroium). The lestes have wo principal funetions: developmen
al male germ cells (sparm or spermalosna) and fhe secrelion aof
jestostarmna, (he mals sex hormane

Each tesis has a dense, librous outer capsule (lunica albugimmea)
fresm which gepta sre directed centrally to campartmentalize 1ne
tesiis inla looukes. Ore to four highly colled semmierous fubiues
axisl in Each lobule. These twhiles converge lowarc thi postenor
side of b lestis, straighten (fubuli rectl), and joen @ natwork o
epithelial-ined spaces (reie [esiis] Elfarant ducls leave the rele
io toem the head of the epigidymis, The convoluted apidicymal
duct ihead, body, iail) & lined with pasaudostratiied columnar
apilhelium, ona type ol which conlains ong, immabila cila
{steraccilial Al the lower portion ol the epididymis the tubulz
wurns upward to form the ducius deferens, The apiddymis pro-
vides nutritional suppor lor immatute sperm cells and stores
sperm, Thia wall of the duotus deferens, fined with peeudostratfied
colurrnar eptnefium with stereocilia, conlains significant smooth
muscle, the fhythmic contractions of which drive sparm Ioward
fhe prostate gland during amission

Eact saminiferous tubule consists of & lurman with walls of com-
pascl, organized masses af cells {apermalogenic epithena and
supporting/ {Sertol) calts) encapeutated by a thin librous, base-

ERIDIDYRNS HEAD: BOR: TIAILe:

Connaciive go
LT o

CTIONAL VIEW
OF A TESTIS
{Genamalin)

LINING OF SEMINIFEROUS TUBLLE

rrignt memibrane The most immature of fhe sperm-devalopnn
colls are {he spermatogona. Thess divide and the daughter cells
are pushed out toward the luman of ihe fubule Thase cells gitter-
anfiate Wto primary spermatecites, Ihe larges! ol the develaprg
germ cells, Thase divide lo become secondary speymatacytes at
which lime the chramosorme nember 18 reduced fom 46 1o 23
(maiogis). Each pairof niewly formaed sacondary spermalocytes
rapidly divides again 1o form four sparma rds Thase small cells
mature by davaloping tails, condensing 1nekr nuckai and oyla-
plasm, and davelopng acrosomel caps (With enzymes to break
down fhe wall of ihe ovum and permil penatration), Tha maturs
sperm cell (spermatozoan) consists of & haad of 23 chrami-
somes [nucleus| iInciuding the actosome, & Midi'e Hece Sn-
taining mitnchondria o nower cell movemeant, and the rast af

the tail (fibars conlaineng microiubules; the and piece IS es3an-
tially 2 single flapelum) whose flageliations provide the cell's
muotive force Mature sparm are driver oul of the fubules through
the Jubdlar natwork mto fhe highty convoluled apldidymis,

The intersfiial cals disparsed in the vascular lpase connecliva
fisgua around the tobules includs broblests as wrll as [ha secre-
lory celis (of Leyofy), which are Known 1o produce ang sacrete
(esinstarana imo ad@cent capillanes. This male sEx nonmone
stimuiatas the development of ducts and glands af the reprodiec-
ive ract at puberty (generally Dalween 11 and 14 years ol ags)
as well as secondary sex characiarislics
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2300. REPRORUCTIVE SYETEW
MALE VBCGEEMITAL STRUCTYRES |
|

CH: Uso Bluo for |, red for J yaliow bar K, and vary gl cobors 1o
0, E and @ (1) Color the twn uppar viows similtansoualy, noting
{hal the Auperhcal anc deep lascla (G H) have been omitied fram
Ihe cosanal visw [21C0lor thee structumd view and the cross seclion

WERETHRAS «
PREOSTATIE Ws A
MEMERANCOUS Uss
@@@U@@W {mn G

PEMISSE «

CORRPLS CAVERNOSUM »

CHUS 66 FPEMISY

CORRUS SPEAMGIESVM e

BULE @F PENIS e
GLANS PEMIS::

PREPVEE (FORESIIIN) -
RELATED STRYCTYRES: -
SUPERFICIANL, FRSEIR «

DEEF FASGEIA «

VEIN: ARTERY: WERVE:

SUSPEMSeRY LS.
GCEVATEOR A0

(PELVIG BIAPHNRAGED)
VROGEMITAL RIRAPEERASIN
BULEBOURETHARAL GLAW®D

The wrafhra in the male has an exiensive 20 cm
{or 50} course from the necx of the biadder 10 the
extamal urathral anfice at the end of Ine penis.
The prostatic weitra woeives urine from fhe uri-
nary biadder. spesm Iram the ejaculatory ducls.
saminal fluid from fhe seminal vesicles, and se-
gretiors from [he prostale via several ducts. Raflax
eontraction of the bladdar neck musclas prevent
I.HZII-‘.'III'I@ of urne ﬂu."m the HEPLEBIGN 1]' Samean,
The wrethra confinues through the palvic dis-
phragm and inta the thin, fibremuscular urogen
tal dinphragm a& the membranous urethra. The
spangy ureihra passss hough the panis. Numear-
ous mious glands exist in the urathral mucosa.
The penis congisls of three bodies of ereclie
t5sise, ansheaihad in two layers of fasciae. The
corpora cavernosa (the two |ateral bodies) anss
from the ascending ram of thi pubic bones, the
gentral corpus SpOAQIOSUM Brisas a5 a bulb sus-
pandas from e nterior fascia of the wogenita
diaphragim (perinaal memorans). Each body
consicls of eractile lissus with a liorous capsule
flunica afouginea); the CpUS SPONEOSWM Qon-
fming 1ha urethra 3z well The threa bodies are
pound together in & dense slocking of deep per-
ne&l fascy and hang as a uni suspended by 1ne
doap suspensory and more superficial fundiform

115

Soe 45 13

Symphysia
fubis

h

f o VEBIciE )
L7 Plustale’ -

.__f.
Extarral anel
«f Eephiamerm

3
Bulbaspongiasus m

Trigone of
__Wrinary bladder .
— = -

ligarnents. Deep 1a the skin of 1he penis 5 @ layser
of superficial fascia The eréclile lissue consists af
lakes of vains (cavernous sinuses) bound by fibro-
glastic fisaus and smooth mussle. These sinuses
are led by arteries in the erectile bodes. Duing
seaual activity, these arierigs dilate secondary 10
increased autonamic molor activity and the wol-
ume ol blood entening he Snuses NCIEESES,
gxpanding the erectilc issus, As a resull, Ihe keins
&t the perphery of the ereclile bodies daop 10 the
unica albuginea are préssed against 1Ine capsule
{unabie 1o drain blood) and the penis enkarges

and becomaes rigid (ereclion). The glans remains
nan-rgd

Joep
dargal

Tunice
albugnaa

Exlesnal
urathral
onlga
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%00, REPRODUCTIVE SYSTEM

116

CH: (1¥Calor tha two (upper) veiws of 1he Eiermal repraductive
structures simulianecusly n tha cagital viow, color 10 doubie
line reprasanting e penionaum in gray, (2]1n the |ovear
drawings, coi he vamiibule (] grey alter caloning tha alher
siructuses located in that area (L-P. (3jin the deseclad view
ol e pebeiral struciures, take note of the SUrraUNHAInG mius-
eutaiure, nome of which & colorad

FEMALE REPRCORYETIVE 'lf'f?lEi]

IWTERMAL STRVCTURESS «

IR N

UTERINE (GALLEEIAN)
TUBE:=

UTERUVS

W@@GE S8\D

The primary crgan of the lemale reproduclive SYstem 15
the ovary which produces the lemale germ calis (ova)
sno ascrates the hormones Bstrogen and progesterons
Each ovary, ke the teslis, arises on the posteror abdom-
inal wal (adjacent io tha kidreys| durng eary telal devel.
opmant It alse descands alorgy Lhal wall, ke the testis,
ot is inlermupted early in ils journey oy a ligament and

5 fatained in the palvis. The Uterus serves as a gile for
implantation and nourishment of the embryo/feius, The
utsring trbes provida a conduil for 1he frashly fartilized

ar unfertiized oeum enroule to the aterus. Tha vaging, a
fitsrmmuscular sheath, receivas the semen fnom he panis
and transmite it to the vtarus and acts a8 a birth canal
fram the uisrus 1o (heoutside lar the newborn.

Sew 45 175

] vt MEDIAL VIEW
P {Righ? sida. genitourinary sirugbiree)

Fostariar
abdaminal
wall

Suspansorny
g of ovary

ik

1L Recioutarne !
¥ . pouch ||

Vesicouterne =

Unnary
bluddar

NeTiN ) e
a2 >4

/

EBRTERVWAL STRUCTURES: «

LABIYMD MAIYS: GLITERHIS:
S VESTIBULAR GLAND/PUCT

LABUM INUS:  GLAW
FRENVLURN BORYW
PRERPUGCE. CRUS«

The lemale external ganitas collectively corstilute the
vulva, They are located within the panneum. The labia
imajova ane fat-filksd Tolds of skin largely nbscunng he
cavity/space batwesn fhem (vestibule) thal contans tha
urethral Bnd vaging! ontices Meadial fo the latia majora
arm Thin toids of skin (lzida minoia) which approach the
ciltoris anteriory and split around i, fcrming (e frenwm
and prepuce of tha olificrs, Like the panis, the clitoris has
a crus (pl. erura) arsing from sach Sohicpubic FAMUS]
(i w0 crura join in the midiine o form the bady or
porpus. The body is capped by a skin-covarad, vascularn
sarsiliva glans, These clitoral componants Coniain enec-
Hle tissie {|E5S in the glana] enclosed n fascial covar-
Ings; their arsclion of Tigdaly & accomplished by he
same mechanism oparative 0 the panis. Tha lilons,
unbke the panie, doas nol incorporale the uréthia. The
vestibular buibs ara homologous 1o fhe bul of ihe panis,
bl separated ino two arsclile bodies, Thay are covered
by the Bulbosponpinsus MUSCES, and prolrude inlo thi
vagina during sexual stimulation. The vaginal orifice is
compiatedy or Incomplelsly covered or surrcundad by

a rim of mucosa called fhe hyman. Ramnants of (1 (a3
showr) are oflen retained in the sexually active female.

PDF created with pdfFactory Pro trial version www.pdffactory.com _

BULE O THE VESTIBULE.

VESTIBYLE: s
VWRETHRAL ORIFICE-
VAGINAL @RIFIGEY /ATRICIP

Bymphysis_
pubis ™
L]

Isehiopubic
ramus "r :

ASpose

VIEW i
Esilaanal Ir g

EpranTar m T—v‘.""



http://www.pdffactory.com
http://www.pdffactory.com

2300, REPROBDUECTIVE SYSTEM)
QVARY

CM: Usa |hd colads from the praceding plale bor thi ovary (A} and Ulenne ube

M, Use red far K and R, weliaw for L, biue for 5, and very light eolors e C-JL M

0 and P {1 )Color the developmenl of ine lemale germ cell in bolh upper and |owar
views of [ha gectioned overy. The oocyts (G) 18 oolored ihrough ovatation. In e
|grge llustration, color the beckground stroma (B] gray; 22-nol color e niong
wirsgsls i The stroma

OVARIAN STRUCTURBESS «
CONMECTIVE TISSUE STRORA

CEEBYTE /eOVIUIRA
FERIMECRDIAL FOLLICLE:
FPRIMARY FCLo e
SECOWRARRY (FOLar
MEATURIN® Felos
MATYRE BRAAFIAN) F@L+
ATRETIC PO
RUPTURED FELo
RISCHARGER VUM
CERPUS HNEMCRENAGSICUGD:
VUG CRRPUS CUTEMM L
MAETVRE cRPUS LUTEWRT v
CeRPUE ALBICRANS

RELATED STRUCTURES S«
UTERINE TUBE./FOMBRIAE Y
BROAD LIGRMENT v
MESQSELEINRo
MESOVARIVAD - 200,
SUSE.L0E.OF CURARY: |
CUARIAN Ber/ Vs
UTEBINE A/ Ves
OUARIAY LGoT

POSTERIDR VIEW
[Schermalic)

Development of femaie germ cells and the seceslion of the hormanas
estrogen and progesterone arg tha funclions ol the ovary. Confined oy
{he thin bl dense lbrous lunica sibugines, lined with apithalism, many
owanian lolices in varous stages of devalopment can be seen in the
gonneakve lissue stroma A follicle cansists of an immature epithedial
germ cell (cocyle) surroundad by one or mode |ayers of non-garminal
ing calls These germ cells ware seeded In Ihe ovary early in devel-
opmeni—over 400,000 of them. OF these, only 500 or so will mature,
the resi slopping short in fheir development and degangratng with
{heir follicular calls [arenc folicies). Development of an owurn starts
with ke primersVal lolicle—an oooyle with ona layer of lollicular cells
I'he oocyte increases In size and maturity as the follicke cells mcrease
in number In secondary folfiches, a small laks (antrum) filled wilh fol-
licular fiuld appears. This antrum continues (o Noease/ axpand at tha
axpanse of the iollicle celis, which are pushed away from the cocyls

ERITHELIVGD / TURICE ALBUGIRIER -
COCEMIE EPITHELIOME: o

UTERLUS AND OVARIES

Tubml Beranen

arlery and vain Jf.

Branchas of
ovarian a. and v, f

LLTEAL (SECRETORY) PHASE

"7

Soe 178 |

FOLLICULAR (PROLIFERATIVE) PHASE

CWARLAM
CYCLE

(Primlnriod viim|

ol wlanna

ol mEsovarum

mucept lor a layer of calls imature folficie). Those cells in the autermost
part of ihe lollicie secreta esirogen during the proliferative phase of the
reproductve cycle On gboud the 14th day of that cyola, the ovum [Sur-
rounded by 8 giycoprotain coal, the zona pellucida, and some follicular
celis) bursts from the foflicle into the wailing fingers (imbriee) of tho
uterine fube, The ruptured folficie myvolutes, and somea bleeding and
clotiing goes on (corpws Mmarhagicum] as the lollicle cells transition,
characierized by accumulating large amounts of lipid. This newly
formed struciure {conpus hfeum) secralis esirogen and pragestening
during the secretory phaso of the cycle, ard in the evant of pregnancy,
will suppont the devaloping embryo fefus for up 1o three manihs with
these secralions: Should pregnancy nol ensue, the corpus luteum will
invalute and depenerale &s the corpus afbicans. Follicles or corpora
albicana/lutea collectivaly relating 10 two or three diftarant bul so-
guential cycles can be seen in the duary a1 ona ime
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2300 REPFRORUETIVE SYSTEM!

UTERVS, UTERINE TUBES,
& VAGINA

CM, Use sed for M, tiue lor O, and ight colors for 0 E and O (1]Begin win

[ [mf haalf @l thea large ilustralion Daly paris ol (he ovarian and ulanng vaing
are shown, Miznves and lymph vessals (hat may accompaay arlanos and weing
are nel shown. (2] Colar ihe baen views of ihe aniotiesed and 192 relioliesed werus

UTERIWNE CAVITY

(EHEEMETRIVRD)
MO METTIWN
VTERING TUBES -
ISTHMUS -
G PULLA
FIRIERIAE
VAGIWA 1

FEER0E3 ©F VASIRA J
RBELATED STRUCTURESS «
@UARIYs

OVRRIAR LIGo.

ARl Eide NEsecies
I cormnal plane;

SUSEENSORY LIG, BF QUAGR VW

@VARIAN ATy VEIWo
REVUMED WG ®F WTERUS e
VWTERINE ARTzy VEIWy
BEROAD LG (PERITONEVRD a

Thix ovanes, WIS, Wefing libes, and vaging Imake up e iInMernal organs
of raproduction in the female. The ovaries are suspended an Ik posterior
fayar ¢l the broad lgament by a partoneal axtension |Mesovarium |, and
supported by the suspensory Ugamen! of the avary (8 lataral oxansion of
the broad ligamant and mesavatium), the ovarman iigamet, and he ound
hgament (from the |ateral wall of the uwiers to the medial wall of the avary)
In thie vienw, the ovaries have been browghl 1o the harizomal to better clar-
iy thesr reslationship to the utedine tubes: The utening tubes, suspenced in
a part of Ine broad ligament (mesasalping, are fateral @densions of the
uterus, lined with ciialed columna epitheium supported by cannactive
tiasue and smoolh muscie, Tha rhythmic contractions of this muscle akd
the owurm in its trak from the fmbvize 10 0e wianne cavily.and the lining
cells support (| nuiribonally, The iube shows three rather distinct parls: the
digtal fimbrige (fingar-lke projections) which “caich’ the discharged ovuim
and whisk it imo the lubular lumen; the ameulla or widest parf of the (ube,
and ke isthmus whose lumen namows as i1 enters ihe ulerne wall/ cavily
[he uterus is B pear-shaped struclure whose neck (cenix} fits inlo the
apper part of 1he vaging and whose body/ fundus & bent {anteliesed) ard
fived (emeverted) anteriorly over the biadoer, Backward bending/Liting

18

See 116

Masnmetrium
_ [Broad lgament]
'\\ [ Megsaiping
Ay (Broad kgamant)

; Modorninal—
P - cRily

Linraey |
Elagder \

RETHOFLENION
TIFPPEDR)

IR

(retrofiexion /retroversion) of the ulerus is nol uncommen, particularly

i women who have given binh. The retrofliexed wlerus predisposes 1o mild
sipping inlo the vagina (prolapas) when fhe wiarus ks more in the axis of

Ine carvie/vaginag Such an event is generally ressted by the palwic and
urogenilzl disphragms, the perireal body, and numarous Abrous ligaments
{broad Iigament, and condensations of the palvic fascire, not shown)
mickaring fhe utirus and its lubes o the pelfvic wall and sacrum. The wall

ol the ulerus is largely smoolh Muscs (Myametnim| lined wih a giandular
surlace lapar of variable thickness (endomatium) that s axiremaiy
senaitive o the hormones esirogan/progestaranea

The vagina |5 an olastic, libromuscular lube with a mucceal lining of strat-
ifind squamous epithalism: The aneror and posieron mucosal sufaces

are normally in contact The anterior vaginal wall incorporates the shart (4
o) urethra. Remarkably, the mucosa of the vagina [acks glancs, secreory
activity during sexual stimulation is darived from & transudate of plasma from
the local capillaries anad from glands of the cerx: The vaginal lining reveals
few sensory receplors. Where the cervix fits info the vaging, & circular meal
ar trough Is Tormad around |t {fosn, famices| The fibroelasiic postenor lomiz
m capable of sgnifican! expansion Sunng iNtércourse

. - - _4
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2300, BEPRCDVETIVE SYSTERM 19

Sea 117, 1M 126

FEMALE REPROBPUECTIVE CYCLE

CH: Use yeliow for B, red for G, 8nd & vary ight color for A, [1]Calor the tma bar
ol the manstrusl eyels a1 ihe botton of the main dagram. Golor the arrows © and
T in the drawing on hormongl inHusnoes abive. Then color the hormonal Garves C

A Mynmairaim

and 0 17 tha main diagrm, iollawed by tha diffarent lalliculer stagas of e ovarian ,i' ol wierun
cyce (A, B), noling now theze hormones influance the fellicular changes. (2 Cohod G
the arrows E and F and ine andormstrium i the diagiam above. Color the curves A
E and F in the main giagram, hollowed by 1he ulerine siructures. in he mensiooel Fs
cyole, notirg how These namones inliuence endomelrin growth and messtrualion i |
Calor only fiw mpilheiss: surface. glands, and wessels of 1he endomelrum [A)The
doye indicalad am approximate Tha hormonsl curves refleat ralative aisma AdEn Do ! Msnstral
(AL pauilasy QEngi A= i

harmaone [evels and an 09 absaluts valess

CUARIARN CYCLES «
PRIMEREIAL FOkea
PRIMARY FOLo~
SECOWDARY F@lqa
MATURE FOLoa
OVULATIOM »+
CORRPUS LUTEUR &
CORPVS ALBICANS:":

FSRHc
Lo

MNERMEONAL CYCLE o+

ESTReCEEN:
PROGESTERONE-

MEVSTRVAL CYCLES »

PNAOSES:S
MENSTRVETION
PRELIFERATIVEH
SEERETORY:

EMDE S TRILMS
ERITHELIVM
BLAND

ONARIAM CYCLE

SPIRAL ARTERY >

]
== Ill"

EWEROMETRIURD «

THIEKNESS OF

VTERINE

1

N7 H Y ﬁ _

Glnndular 1
3 |

Bauralivns

e A

=
&
]
i

Thez 28-day human female repraductive cycls, inlisted and maintained by
hermonas, irvolvas signiicant atterations in ovarian (follicular) and ulering
(endomesinal) streciune, The cycle (s characterized by a period of endo-
melrial breakdown and discharge (fmenstruation) which begins at aboul 12
wears of age (menarche) and ends al aboul 45 years of age (mencpause)
The prograssive changes that ocour in the ovary and ulerus during sach
cycie sarve 1o develop and relzase the lemale germ cell for possitle
{grtilization by (he male gemm cell and 1o prepane ihe sndomeliiam far
mplantation of ihe fertilized ovem

The menstrual period constilutes the tirst five days of the cycle. Mota the
ices of endometrial tissue and attandant bieeding during this lime. Endo-
metrial regrowih begins on about the Sth day of the menstrual cycle, and
i préacipifaled by normonas fram the ovarian follicies, The dvarian cyche

2 requiated by hormones fom Lhe adenchy pophysis (anlerior pituitary
gland), spacifically folicle simulaling hofmons (FSH) and iufeinizing hoi-
moma (LH;. During the last few days of the previous cycle and the first
savaral days of the nexd, these hormones stimulate lolicular develapmant
Ag the setocied lollicle develops, il Deging 10 produce estrogen on aboul
thi Tih day Fstrogen anlers the circulation and influences endomatrial
growih (prolferaiive phase). On aboul the 14th day of the mansirual cycle,
the combined “spikes” al inoreased concentrations of F3H, LH, and
estrogen induce cvulalion: bursting af the matures follicle and ralsase of
e [memature ovam kg the imbriae of the aterine ube. After ovaalion,
the burst balkicke undergoes signdioant reconsiruction (corpus uleuw)|

miluencen by LH. On aboud the 21st day, this body secreles progesianons
as well as esltogen, the combinalion ol which have remarkable imluence
on endometrial glandular development (secrefory phase), This phase is
characterized by the development of numerous secreiory cells in he
apithelum, 8 conneclive lissua sirmma edemalous with secretions from
daveloping glands, and spiral Arferies aking @ 10ruous course aboul the
many glands: a condition conducive 1o nultiional suppon for an implantsd
fertilzed cwum, | fertilzation occurs (on aboul day 16), the corpus luteum
becomes the principal source of hormenes supporting developmant of the
embryo and will continue as such for the next 90 days or so.or unil the
placenia ks capable of produceng il5 own hormones

in the absance of fertilization, on about day 26 the corpus luleum beging
1o inwolule {forming a corpus alhicans), and estiogen, progesterons levels
drop Lacking hormonal stimulation the endomelrium expenences re:
duced glandular secretion in the presence of continued fluid abscrplian by
the local veins, and the tissues collapse. The spiral arleries are flexed Dy
[hase avants, ruplute, and hemorrnage with consderable hydraulic forme
expithalial linireg, glands. and fibrous tissues are disrupled end he strc-
twral mtegrity of the erdomelrium s iargely desiyed The vassels rapidy
constrict, and bleeding is genarally limied. The broken bsswa (menstruum
mastly glanduler lissus and secralions), 00O, and ONe or more urler-
tiizen ova gravitaie loward the vagina. Afler 3-5 days of menstruation,
only aboul 1 mm (i height) of endometrium s laft for regenerstion, Thi
avary will attend i that
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2300, REPREODUETIVE SYSTEM .
BREAST (MAMMAERY @ll-.@[m@) K A

TN Use yellow for E, pinks, [mns, or Drowns, torJ and K. and light
soiors for A, O E.and G (1) Cobon [he (w'o illusiralians of Ihe breast and
widerly g breas! siuciures, simultanecusly, (2)Godor the armows indi-
cating this direetion of iymnn fiow, and the iymph nodes of te chest
IFyou wash, you may color avar the neheoars af lymph vesaels (3 Coolne
ihe disgrams of breest dovelopment. (4] Coler the enlorgemant af
gands and ducls in ihe lower right conmsrn

RIBs BLAVIELE ~
MTEREESTAL MUSCELE:
PEETORALIS MUAIER oc
DEEE FASGI
SVREREICIAL FASEIA (FAT)=
SUSFPENSERY LIGAMNENTF .
@EL@EHE@@"' LER LeEE s vessel (i
LACTIEEREUS BUET« :
LACTIFEROUS SINUS « :
@D@@&E 5 LYMPH FLOW

AREOLA « B s A ,
LYMPHATIC ERAINAGE . " raciue snesn

The breasl (i both males and females) is an area of lany (adipose ana oose
areolar) fibrous tissue, and associaled marves, blood and lymphatic vessels in
{he subculeneodys tascia averlying ine pectoralis major musale on the amenor
chast wall Tha faity tissue |5 supporied by axtensions of lhe ceep fasoia aved-
Iying the miscle {suspansory dgaments) and tunclions most prominently in the
young, wall-devoloped, post-pubsscent (after puberty) female breast. Packed
within 1he adipose lissue is a collection of branching ducts (Bchifeious ducts) SCHEMATIC
In the malas and in the nan-pregrant {nan-lactatng) female, hese ducts are un- SAGITTAL VIEW
dovelopad, There arefew or no glands (ahveod) assockalad with these ducls in {Late pregnant or ieslasng ure&gl!l__{,
these populations. At puberty, the increased secration of estrogen from the \
avaties (end perhaps the adrenal glands) influgnces an anlargement of the
nippie and areola In tha female, and a generally markec increase in local |at
prolileration. As a resul, the breast enlarges 1o some degree (high'y vanabie)

In the early siages of pregnancy, the lactiferous duct system undergoes profound
prolileration, and small, inactive lubular and alveolsr (futuioaiveoir) glands lom,
apening inta alveotar ducts. A fobuwle consists of a number of these ducts and
glands; a iobe (of which there ara 15-20) congists ot & number of Iobules and

an imarcannedting inerobular tuct The inletobular ducts converge to ferm as
many as 20 |actiferaus duets. These ducts dilste to form igefiferous sinuses |usl
ghort of the nippke, and then narrow again within the nipple. These SIAUSEs prod
ably funclion B3 mik rasaroirs durng lEolation. The fipple consists of pigment-
ad skir wilh some smoolh muscle fibers 32l in fibrous tissue. Erection of 1he
nipple may enhance flow of milk through tha ducts, Tha aircular areola, aleo
pigmented maore hignly than the surrounding skin. conlains sebacecus glands
{hat may act &5 & skin lubricant durirg periods of nursing. In the latter stages of
pregrancy, the ajyeolar giands undergo maturalion and begen to form mil<. Milk
pioduction peaks afier delivery of The nawbom, and is tha resull of the acton of Bland Ixomies =
several hormonas nliuencing tha gand cells. The ietdown and excretion of mik [Conmain atvaolil
reslts from 8 nevroendocring reflex mechanism thal is iniliated by the batry
sucking tha nipp'a

The lymphatic vessels are an importart part of ihe bieast they drain [he fal
portion of the milk produced during lactatian, and they ransfer infecled material
or neoplasiic (carcer) calls from the breast 1o mora distant parts. The poentis
Iymphatic Awenues for melastasis of spread of infection ans shown above

- i, \ UNDERLYING
| o ™ BREAST STAUCTURES

++ 0 | Post- pubmEaend, non-pregnant,
| i nan-lactating)

Apicelfaxilary
nade

Sector al
deep fascia

A Yy i
opposie breast

*

BREAST It kb e
DEVELOPMENT ! durt

n

ADLLT

| ApOLESCENT
{Pre-gubescant| | Pa- plibancanl]
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200, FECRODUGTIVE SYSTEM o wm
EMBRYONIC DEVELOPMENT 4 <

Gh Use g colars throughout. (1)Faliow ine avenis fram lartiization i implanrtation

I'ne number of days cilad in this and the tolowing iwo plales are days alter (posi-§ Uluiiia
terlilization. Fasbileation occurs abowl 14 days after (he leat day ol mensiniakon e
piwrsicians dube fetal age by time since last mensineal perod (LWP) Thus, letal age

aocording o LMF (8 14 days earsar than trud {post-Sariilizalion ) ags

PELLYCIEAEA SPERM 5.
FERTILIZATION (8T STAGE)S « PR
CFEMALE PRONVELEUS:
HEAD OF SEERM
MALE PROWUCLEUS:
BLASTOMERE
CLEAVAGE) STAGES «
ReoBELL
Go@ELLe
E} @&@ P Litedins
BLABTOGCYSTS+
TROEHNERLAST o
INVER CELL MASSH

Voghna

[ TP

%\ CHviy

St haaod
Deganeranng
lai

Deveioping
cani iy

of endomoinum < . —

IPLANTATION.

Fellowing avulation thé owurm enters (e wlarine tube and procesds loward chromasomes |0in wp in the metaphase stage of the firgt mitolic daasion

the werus It reaches the ampulla of the lube in about 30 minwmes. i of the fertilized ovum. The zygate s the name glven 1o ihe first call of 1he
speEr-laden semen has been deposited in he fornices of the vagina in new individual

ihe preceding several minules 1o sevaral (24] hours, several hundsed of Thia zygole undergoes division (Cleavags stage) 10 fofm 1Wo Basiomerss,
the arigmal 50 million or more sperms will successiully reach the ampulla. Over ihe next (wo days o 30 pos|-fertifization, within the resiraints of the
Ower a panod of several hours, 1he sperms become activated and with the zona pallucida, the cells divide to borm & four cel biasfamers and again
ald of sparm-produced ensymes, one ol the spermes will penetrate fhe oor- fo form eight cells, and so on, unbil & ball of cells (morwa) s formed. After
ora radiata [retained follicwer cella) and rone pelfucida of the ovum, fuse aboul five days, the cells within the morula disparss entugh 10 accommo-
wilh the plasma mambrana (leaving is call mambrane aflached io the drle prograssiealy anlargng Nued-lilled caviles. Some cells ane pushed
ovury's plasma membeang}, and enter the oviem. This event is callad for- aside o borm a parpheral nm of calls (fophobdas() enclosing a karge sir-
tilization. As the lail breaks down and disappears, the fead of (he sperm gle cavily (blasocoms) soma calls form an imosr cell mass within the
anlarges, and forms the maie pronucleus. The nucleus of the avum blastocoele. This multicellular strusiure is called the blasiocyst The

15 the fermale promuciews. The (wa prorucies approach sach ofher, fuse hlastocyst enlers the ulers and implants in the endometniem on about
nuclear membranes. &nd farm a single nucleus. The male and female ihe 71 day posi-tedilization
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2300, REFERORDUCTIVE S¥YSTEM

ERERYONMIC DEVELOPMENT (@ .-

GN! Use tha same coloras on {he grovious plate for irophoblest (C)

and nobe sl 1he syneytiorephoblast (0) is now given & sopafsle colot
LIyt lar B Complda sach drawing selare proceeding 1o ihe nexl

2 LAYER CMBRYCWIC BISC:E

EEIBLAST

EYPEBLAST:
TREOPHOBLAST-

STNCY TIOTRCPHOBLAST

A il
B

EMWNICN: AMVICTIC CRYITYE'

oLk 846 PRIMARY, - SECENDRRY -
ElOCOELOMIC MEMERANE:
EXTRAEMBRYONIE MEM BRANE

COMNMECTING STARLK

ERTRAEMERYEMIE COCLOM 1
B LAVER EMBRYONIGC RISCE-

ECTCRER &
MESE DERM
EUCODER «

O day 11 posi-lerilizatior, the inner cell mass gives risa 15
o flal embryonic disc, congisling al a layer of columnar cels
[epibifasr). and an ad@cent lRyer of cuboical cells (fyeobfsl)
The epitlest will develop almast ontirely inlo the embrya The
ammenc cawly cevelops among the rophobiasi cells ada-
cent fo the epiblast; the rodl ol the cavily is called the am-
mon. Tho embryo and subsegquent felu will devalop within
thiz cavity The trophoblast also gives nse 1o e grimEry o
sac; ihe colls Ening this sac are confinuous wilh thosa of The
hypoblast. Though it has na yolk, the sac probably has a nu-
tritional functon fos the embryonic disc. Cells of the tropho-
biast form an exiraambryonic mesodaenm ssua (membrang)
thal largely fills the cavily once known as the blastocyst

By day 14, the primary yolk sac diminishes in size, replaced
by & seconoery volk sac. Cavibes within the exira-embryonic
mambrana farm & sngla cavity (il looks paired, but the con-
nection betwean yo'lk sacs does nol create Iwo cavibies)
This cavity (|} surmounds the amnion/amniolic cavily and the
yolk sac excepl whae ihe ammon relains a connecting statk
Lo the troprobiast layer

By day 16, he epiblas! undergoes signiticant changas The
primary yolk sa< 15 gong, Cells emenge from the apiblasi and
migrabe into the area batwean tha epiblast and hypoblaet
and inlu lhe hypollast isall The cells between are embry-
oric mesoderm calls; the cells migrating into 1he hypobdast
laver form embryonic endodern The remaining epiblast
cells boocome ambryonic eclogerm. The earier lwo-layaraed
embryanic diss has formed into & three-layered ambryonis
disc. These three layers are called germ layérs and give nse
to the cells and tssuas of the body From ecladerm forms
the skin and related glends, nervous system, tha by pophysis,
iens of ihe eye, and tha inner ear. From mesoderm forms
pones, muscle dnd the connegtive tisswes, lymphald organs,
blocd, the urogenital systam. and serous memoranes. Fram
andoderm forms the apithelial pari of the gastraintestinal
system and respiratory system as well as the epithela af the
pharyia and thyiold

By day 24 posi-fertilization, the once Hat embryanic disc has
rodnded 1o farm withen the amnlolic cavity an embryc with 2
gdefnizive haad a&nd and tRil end, secured o the chorion (G
0, H) by the connecting stalk. As the ateral lokds of embry-
oric mesoderm encircle the vantral (anlerior) part af lhe
amarya 1o form the anteso-lateral absaminal walkls, the yolk
sac 2 pinched aff and formation: af the primitive gut begins
By lhe end of Ihree weeks posi-lerlikzation, ihe gasiroiniesti-
nal fract, brain, and neart have begun 1her cevalopment,

3
| Fedal part)

Urnitwlioa]
cord

24,

EMERYD

A ",.-‘-/
E -.
¥

LASTOCYST

GAETRULATION
[SsENoh INMGUGh embiyanic gies|

Aot | sl mzp
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2300, REPRODUCTIVE SYSTEM 12
EMERYE/FETUS COVERINGS e 2,12

CH Use e same colars 1or Slreciures B and C thil ware Smaoth
Qiw@n 50 them on (e precading pate Lise tha codor given 1o aRaron
‘sonng2iing slalk” for the wmbilcdl cord (4), and vse fthe :
color givan 1o “trophoblest” for choran (30, (1 Golar the
embryonic povenngs. The wenng cuvily is colored gray,
inaLigh it 15 acteally ined it e decidua capsufans (E)
Note thal tha amrialic cavy (CY), shadome cawity (D7), and
ihe ambrya/ lelus, sre sl uncolored. (2} The umbllical cord
4 gumposed ol differsnl Woed vessels bol receves one

———

caiar (&) Tha pand FﬂﬂlE'SE'I'I'lll'lg ihe waring wall | beiow) =
is colored wilh Both G and H r..
o
EMWBRYOS -
o Placants
fetal part

VMEBILICALCORE A
W@mgﬁ@ﬁ AR | :i
AMNIEN. & GAVITY - \ ¥
CHORIOMN:/ CEVIT W/ WIRLT: \ .
VTERYSS - '
EYDAMETRIAL DECIDUAS «

B gz enone.

B. EARIETALIS UTERINE ™
VOMETROURD, GRWVITY,

= MAlEfAE part
—4

5 EMBRYO
[B weghs)

Ghnanic
wli

FETYUSSE--

A VMBILICAL COED 4
AR /CRVITYe

CHEGEIRM: / VDLL0s:

The developing embryo (called the fetus atter aighl weaks ol
development) lies wilhin and Is supporied, nurtured, and -
tecied by membranes and sacs. These coverings have both
maternal and fetal origins

These ol letal ofigin inclede 1he amnon and charon, choromc
with, the pmbiical cord, the yolk 580, The chorion lonms a sac
around tha early embryo: the cavity of the sac 1S the charon'c
cavily [recall Plale 122). As the ambryo grows, the choromnc sac
Is abliberated and the amnicn and chanon fuse [amnochononic
membrang) The chorign axkibits willi circumtaranhally sarty on
(. 24 day embryo), in time. most of fhe villi are absorbed
excep! tor thosa in the develapng placenta [eighl woek
embryo), crealing a smooih charon around the amnicn and

a bushy ana [the will and an wnderlying choronic plata) in the
fulure placenta. This is the stuahon wilh the lelal membranes
al lerm (40 wacks) as woll

Tho coverings ol matermal anigin (he decigua ) sre thickaned,
fairly distinet layers of 1he ulerine mucosa (endomedrium) in
which the blasiooyst implanted. Looking at ihe eghl week
embryn (2hove): the deciolm basals s infegrated wilh the tetal
willi ta form the placanta. The decidua capsulars surrounds the
embryo and its membranas The decidus panelsns lines the
ulanne cawly, suparicial to the myamelnium

The paristalis s continuous with the capsuiaris as shown This
1§ the situation with the maternal membranes al egiht weeks.
When Ihe felus grows to the point of pushing the decidua cap-
sularis against lhe pareials, (he ulenne cavily is obliteraied
The capsulans soon degenerates, leaving anvy the parisiaks
(lerwr [llustration). This Eyer will be ratained aller birth as the
bazal endomalrium The decidua basalis and charianic willi
|ptacenia) will be discharged afler birth

The fets develops within the [uid-tilled amaohic cavily, The
plasma-ike fluid grves ireedom to the embryo 1o develop ils
larm wilhoul mecharical pressufa (1 also acls as 8 waler
cushion aosoroing shock farces Just prior to birth, the amnio-
chonone membiane surrouncing he fetus bursls: sarding a
half IHer or mare fuid into the vagina and to the oulside (Break-
g tha "bag of waters "), Parturition (chilcbinth ) generally oocurs
about 280 days (40 weeks) afler ‘erlizabon
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23000. ENDOCRING SYSTER 124
IWTREDYCTION

i Use a very light color for G, and & darker one for D {aciu
ally loeabed on poglarior suttace o thyrsd) (1 jAfer colonng
sndocring glands end limsuss, colar 1he schams &l kwer it

EBDOECRINE GLANDS S
MYReRPMYSIS (RITUITARY)-
PIMEALL =

THYRED:

? %‘gﬂ%’i‘?ﬁﬂ@ﬂ@ CLES
AHPRENAL (SYEPRARENAL) @)
EENCRELAS «

OVARY @)« -
TESTIS (2). j " i
EYDECRIVE TISSUEBSS: (Y

mm& o _lan;l:ﬁ;[rﬂnul.uﬂllcg
NEART « <4y
KIDWEY &) S
GASTREOINTESTIVAL TRACT . \

PLACEBNTA »

Endocrine glands and lissues are discrele masses of secrefory cells and i,
thair supporting fissue, &nd neightorng caoilianes iAo which the calls
secrets their hormones. These glends are withoul ducts. Some endocring
secralary cells exist in non-endoaring organs; they may be diffusely dis-
irisuted {e.g, entercendocnine cells of the gasirairestinal iract. interstital
cebs of Iha lestis), or they may ocour as microscopic “islands™ (8.3, pan-
crealic wwiats), of iy may be & growp of secretary neurons in ke brain
{Mypothatemus ), Cihars form single organs, the principal function of which
510 saciale hormones (8.0, thyrid, iynopbysis, and S0 on. Hormones
are chamical agants usually effective among cells (targel organs) Some
distanca fram (hait source. In concerl wilh the Nervous SYSIem, endocring
0rgans /tissuas intagrate and harmonize the aclivities of vared and some-
timas seamingly unrelated osgans and thair aclivitias by negative and
positive teedback contral machansms, resuiling in growth, reproduction
and ralabed activity, and matabolic stability (a condition of the body's intar-
nal enviranment knowr as homeosiasis)

Legs well-knawn Bnoocrins activity s seen in ihe e (secreles atnal
nalriurelic peptide or ANP, increases sodium excretion and inhitxts
sMocIh muscls comraction), 1he kidney (secretas renin which  involved
in the formation of substarces thal causs vasoconsinction and ralse
blood pressure; and arythropoietin which stimuiates red binod corpuscle
development). the gastroiniestinal frac (produces numerous polypeptide
hormones thal regulate gastromtestingl matilily and enzyme sacration),
and 1ha placenis (secretes human chorionic gonadotrophin or HCG in
support of embryonic growln during the first 90 days post-lenilization, also
SBCTRIES RRirOpen, progeasierons, and a actogenic and growth-stimulating
hormone )

 Bropchi ' '5"'.

Lame
inigsking

Biod
CrcaEin

J% .
g
H@ b

4

SWDOCRINE GLAND .
NOBMONAL SECHETION:
TRRGET CREAM
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23000, ENDOERIMNE SYSTEM
HYRPERHNYSIS &
MYPETHALAMUS

CH Lisa red for H, Diue for K, purple for 1, and a wery ight color for J
[V]Begm winf the anlarged wiew of the hypophysis and prhelamus

Fioar al
hypoihalarmus ™

MYRORPHYSIS (RITUITARY GLAND)Sx
ADENE NYPOPHNYSIS -
PRARS TUBERALISA
PARS DISTALIS (DWT: LOBE)s
PARS INTERMEDIVS
NEURE NYRORNYSIS &
MERIAN EMINEHEE
INEURNDIBULAR STrEw:
PARS NERVCOSA (COST: LOBE)*

HYRETHALAMUYS -

The hypophysis (pitutary gland) is suspended from the hypolhelamus of the
bram by the mlundibulum and ks indo a bony recess of the sphenoid bone called
the salis lurgica The hypophysis is aboul the size of four paas. The gland is
dared from an upwand axenson of the developing ract of the mouth (Adeno-
mypophysia) and 8 downwerd migration of tha floor af the hypothalamus of the
mran |newofypophysis) From above to below, ihe neurohypophyzis includes the
median erminence, the inundibular stem and the pars nervosa {(posienor lobe),

It 15 condiguous wilh the hypothalamus. The adenohypophysis includes the pars
tuberais which ambraces the infundibular stem, the pars distals (anleriorn loba),
and the pars infermedius which is redimentary and appears (o seceete no signifi-
cant levels of hormones

ARLEVCHYPOPHVSISS - B

NYPOTHAL, SEER. WEURCN /HORIONE ¢

SURP. HVPECHYSEAL ARTERYH

MYRPERPHYSEAL PARTALSYSUEMb:
GAPILLARY/PORTAL Vi SINUSEID:?

SEERETORY CELL)/ NORMONES,

I HYRPERHYSEAL VSR«

The pars Mistalis of the asanohypophysis conlains ceils that secrete one al sev-

eral hormones (ses nex| plate), These cells are stimutated by formones from

secrelory neurons in the hypothalamus These hormanes reach the pars distalks

by way of a vascular portal systam: capilanes in the median smingnce form long

and short porkal vewns ihal enter [he pars distalis and form snugoigs around 1he

secreiory cells Secrations from these cells enler the sinusosdal vassals which
are dralined by mfenor hypophyseal vains

NEURE KT PERHYSISS-

YPOTHAL . OF2
SUERACEPTIC_ NUEL,/HORMONE
 PRBAVENTERIC: MUEL: /HCRMIONE:?
CARILLARY PLERVS.
HYPOPHYSEAL VEIW

The pars nervosa ol the newrofyeophyss bas no secrelory cefls of ils own
Axens ol secralory newrons in tha supraophc and paraventricular nucler of the
hypothatarmus extend down hrough the nfundibulem o cagliary netwarks in the
postenior Iobe. Thars these axon larminaks releass oxytocin and antidiuralic hor-
mipnEs N0 (he circulaton (e nax plats)

.

Infunciboisr e P
(L= ] 1 f‘iﬂ&‘ 7 1!5
i # e ; b See 1M
un.-nrnl-nﬂljlf? h: (" i | '-.;-'-.'.
- Ly |I .7‘5 Do _Ililﬂf'll-l'-i-' 'I:tll:l'
¢ J1g! £ ,";-'3' .'~| i ﬂll.'f_il
Sal o i
J Spaandd = Ry
L bone Setta | a1 h
)] buntscn | "l,\ F -
Ii.* e \' SAGITTAL
'} Tuberal
i nLicdaag

chinsm

ADENOHYPOPHYSIS
{Anterior loba)

NEURODHYPOPHYSIS
(Postesion o)

[ (
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53000

QYPORNYSEAL.
NORMOWESS-

BYTEINIZINE e (LH])c
THYREID STIRMULATING K. (TEH)o

GREWTH Heo (@H)-
PROLACTIN s
CRYTEEIR] 4
ANTIRIVRETIC M. (AD):

TARGET OBGERN
HEORBMENES:S-
ESTROGER ~
PROGESTIERONE.
TESTOSTERONE
THY BRI ~
EERENAL CORTICAL (Hee

=]
Hypophysaal -2
Ay

FEEDRAGKH:,

Sinusods

THYRDID

@u

HNYPOPHYSIS & TARGET ORGANS

CM Use a wery light color lor L and the color rom the previous plale lor hypolhalames hormones

|A} and secrelions [A'). (1)Begin wilh the armows ang circlos reprasonting those hormones and soore
thang including the penelration of the cells of the anierior iete. (2) Codor Ihe hwpophyseal hormones.
|3y Colar thit arrows reprasiering this INNgE oigan hanmones parfanming Mheir fesdbasy uncisn

FOLLICLE STIMUWLATING (. (FSH)s

APREMDECORTICO THREORIG (. AGTH) -

=@ AL =T,
— k!..- Fi

—

126

age 125

Capilanes

Sacrabory
nauron

< m

B
I 1
J
TRREET
GRIGOIN)
BONE BREAST

I’ vameev oneam nornmonEs:.

STRUCTURAL/FUNGTICNAL EFFECT/ FECRLEBACK.

The hypothalamues has been seen in the previous plates 1o be
inlimalely connected to the hypophysis by Blood vassels and
sacnetary axons. Her we look at hypoifakamic (rebeasing) hor-
mones. hy pophyseal (piuitary) hormenas, their targef ofgans,
and tha harmones of the targel argans, The seoreleny (glanou-
lar) callzs af the pams distalis (antgrior lobe) @re shimulaled by
hypothalamic hormones which are released by sacrelory axong
inio the hypophyseal portal system m he madian eminance
{irfundisulum). The secretions of these cells are ade
nohypophysesl hormrones whaeh antar the circidation and
madiale the aclivies af a number of targel argana. FSH drivas
avanan fallicular growth and secrelion of @strogen and testiculasr
spermatogenesis LH stimulales teslosienne secretion, ovuls-
tian, devalopmen! of the corpus luteun, and estrogan/
progestarone secralion. TSH stimulates secration of fmyramn, 8
hermone af the thyraid gland. Adrenocariicetfopic harmong
{ACTH, corticolropin) stimulates the secretion of advenal cor-

ncal hormones, ACTH also has malanocyte-stimulating prop-
erlies (dmpersal of pigment in the gkin). GH stimulales body
growth, espacially bome. Proactin mediales mik sacration
Oxytoci and anfidiurerc hormone (ADH; vesopressir) are
products of BBCraleey Neurons in the supraoplic and para-
ventricular nucla of the hypothalamus Thase hormanes ara
trangporied cown long axons 10 be ralsased among capillaries
in the pars nervosa (postencr lobe) of the neurohypophysis
Oxytocin induces ejection of milk ard slimulales dlerine con-
actons, Vasopressin causes ratenbon of body water (anti-
diurgsia) by the kidneys, given excgenously, vasopressin iz a
significant vasoconsiricior

Control of hypathalamic and hypophyseal scorelions is accom
plished by teadback machanisms: MNegative fesdback control is
refiectad by the relationship of estrogar lo FEH; as astrogen
conceniration in the plasma Incresses, production of FSH
diminishes Positive lsedback mesponsas are less common
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2900, ENDOCRINE SYSTEM 127
THYREOID & PARATHIVROID CLANDS Q{ﬁ )

: P 5 1
A |:| \‘ WA
}.\ A / L

& ) : a5 \M—-f s

CN: Use rad for H. biue for |. ight colors lor E, F G, wed $we serm colors es on
Pletz 124 for & and 0. [ 1] Cakor the three upper views simultanecusly, iking nots of

Ihe arlenes and vemns |hat peneirals [ha ihyrosd (2] Color he micropcops sectons ’i
ot wypoaciive and hyperactve ihyroid folliclies, normal lissus lies betwesn 1he lwo Hyaid Y——— = “
exiremes. | 3| Color the diagram o thyroid and pasathyrokd funciion bone - ,l'__/_u
Thyronyoid __ 1" |::p:q,":
membrane
— Sumaini

D@ﬂ Tlmﬂ!l:l )

THYREID FELLIGLES - crenmmes LBl SEAT
FELLICLE EELL: muscla ||
ECOLLOIE c 2 0L

?[HJ??@@EI?H&U A Ir:w; }c,-f‘"

|

- Py
Common
RN &

Pl

A isthmus
= 1 Middie

T q

PRRATHYRGID (&)o g e
PABATNORMOME - e
STRYCTURESS: tsocmni e

THRACHEA -

PHARY -
ESCRHAGUS ¢ -
ARTERIES L)

|r'_ -

= Brachvocepnsdic &
ot Cammon

i 1{F1

A brecRioCaEha i ¥.— el

§ L Dincrscseatnie v

ANTERIOR

VIEW

VEIRS 1 A

m'cn
Tha thyroid gland, coverng the antenor surfaces of 1he 2nd 16 Atk rachea)
rings, Is bound by a librous caosule whose posiericr layer encloses the Tour atliccipd —
parathyroid glands. Tha Ikyroid gland, composed of fight and laf lobes con- 5 L
nected by an istbrmus, consists of clusiers of folicles (lixe grapes) supportec
by Ioose fibrous lissue rich in blood vessels. A microscopic sachon through a
follicle reveals @ single layar of cuboidal epanedial celts forming the follicular
wall. The follicle contans colioid. a glycoprotein {ihyroglobuling, producad by 'I?_::-:-:';-‘::

the follicls calls. Theee celis take up Inyroglobulin and demantla i 1o form a ;|
number of hormones, primarity thyroxin (T4, tefraiodothyronine). Thyroxin is Pl ;
then secretec inio the adjaceri capllaries Thyrold hormones contain iodide e RS
{a raduced form of inding) which s absorbed by the follicle cells fram tha m,';'pﬁrﬁ',d- ERN
bleod. Thyroxin formation and secretion s encouraged by ihyroid-stimulating
horm:ong (TSH) from the hypophysis. Thea relationship oparales on a nagaftive
feadback mechanism increased secraticns of thyroxin Inhibil herther secre-
tion of TSH, Thyrowin increasas oxkygen consumplion in practically all lesuas,
and thug mantams e melabaolie rate |t s involved 8l many levels in growih
and developmeni. Excessiva secrelon of thyroxin genarally resuils in waight
loss, extreme nervousness, and an elevaled basal mefabolic rate, Conganital
Ihyraid insufficiency s manitested by dwartism and menial retardation; In lale
ongied, manial activity iz diminishiad, the voice changes, and accumulation of
mucous matenal in the skin and fascia gives a pully appearance.

The parathyronds consist ol amall bultans of highly vasoular tesue containing
wi coll types, one of which secretes perathormone. Parathormors mainfsins
plasma calcwm levels by mducing osleoclastic activily (bone breakdown),
freaing caleium lons. Normal muscle activity and binod clolting depend on
normal calcium lewels n the plasma Reduced parathyrold lwnction lowers
caleium isvals and below certan levels causes muscle sbfiness. cramps
spasms, and camasions [tetany)

e

HYPDACT IWE ™

FPryniologeal
noaclions
i Ir Thes Bty
Criies gactinng Iq;
g ollces, NACTAN DY) R —

THYROID FOLLICULAR ACTIVITY THYROID & PARATHYROID FUNCTION
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23000, ENMPOERINE SYSTEM — D 128
APRENAL (SUPRARENAL) CLANDS B ey s

i Indgrigr
= nfrenic a
A Lse rad for F blue tor G, yellow for H, and & very light color tar E (1)1 the upper {
i, only thoge yaBselE wiln SubscrDis an 10 be colorec. (2] Cabor 1he cross saclian
through the adrenal, and reliléd armows and horMonAS. [3) Calor tne various organt
associaled wish the "Tight or tight” reaction, noting tha lisied elfecls

Hepallc vs

ADRENAL GLAMD
@@@ @M.L]g Al
CORTERS
ZOWNE GLOMERULEOSA:
ZOWAE FASCICULATA
ZONA RETICULARIS
MEBULLAE

ARUTERIES:-

ﬁ Supariar
mesenieric &

SUBPERIOR SUPRARENMAL Ao ¢ 2|

MIPBLE SUPRARENAL A —r‘- Lt
INEERNR SUEPRARENEL RioF? ﬂéﬂ:l'r .

W{EUI]D@E = Inferior _1\ =

wiEng cava

EE}:G‘ @ E.]::!n @lﬁ@ WEI gt

SUPRARENAL PLERYSS: | £ i

CREATER SELANEHUIE @b e

CELIAG GRMBLIOM:
FLERYS

IU['J'EF

HORAMOMES
OF THE CORTEX B

ALDESTEROWE: i — W iy |- S s W)
SER STERCIES: §—— & ml e | | N S

OF THE MEDIRLA {} ERINERHEIME:
MNERERINERHRIME -

The aavens! (supraranal) pands liein the reroperitoneum within ihe renal fascia on
the superiar and medial sspects of each kidney (T11-T12 variebrgl levelg). As with

elher endocring glands, ihe adrenals are abundarnily vascularzed The adrenals ar ee" .:_||\

iwn differend grands encapsulaied as one: the outar costex and the innar medufi. Alsringes o o

The acnenal cortex 5 arganized into thres regions: 1he outer zona glomeruiosa . '?' p,:,;'..'.;',,r

{seereiing hormonas dealing with fluid/aleciralyie balance, such as slfosfercne and Vo ition [7 oaiston

gther mineralocoticoids); and the xona fascicwals and zona relicwians {secreting i MUECE

hermaones influencing carbohydrale metabolism, such as corlisol and olher gluco- E b g EY

coricoids: also low levels of sex farmones). Hypophyseal ACTH stimulates P f_'..\, Brancaicis:
i .ll Latalinn

sacretion of the glugocorticoids, Aldosterane s secreled in response 1o cerlain
gnzymas in Ihe binoo [enin-angiolensn system]. All these hormaonss play roies
imvolving all espects ol protein, carbohydrate, alectrolvte, and water matabolism;
thus the acrenal coriex s necessary foe e

The medulls consists of cords of seerelory cells supporied by reticular tibars, and
an abundant collection ol capillares. Fibers of 1he greater splanchnic narve {from

—E'\E"
Techycardia

L | st
r Eragini
Do sugai

spinal cerd sagmants T5-T10; a major preganglionic narve of the sympathatic divi- Par i i

1 e | andmetaboic rale
sion o lhe Eulonomic nervous system) pass through the celiac ganglia without : chach

eynapeing 1o enter the adrens| giand. These fibers terminals on and stimutate tha s JII " b

muduliary secretory cells, B0% ol which produce and release spinaphring, the resl P | ]

serete norepingpfyine, These secretory celis are, in facl, modified post-ganglionic i ipEEn “FIGHT OA
meurons, Thest secrations alici the “Tight or [ight™ reaction in resporse 10 [ite-1hreal- RELAIEIEIEN

ening siuations as diagrammatically represented al ight.

A
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23000, EMDEECRINE SYSTEMN
PANCREATIC ISLETS

CH Uise purple for W, and sphi colors for K and L. (110 coloring 1he LippeT
drawing. inciude this bigken lines representing arlerigs wilhin ar an the postanorn
gurface ol the pancmas (27 Color thy microsoopic seclion ol the pancreas and (he
anlerged viow ol an jskst, Cowor fhe arrows and the diagrarm rizllecting 1he role of
giycogen and nsulin recaplors in lver celis wilh respect 1o glucoss And gycogen

ARTERIES T THE PANCRERS?E-

GASTRODUREENAL & BiDSha
AT PANCERER/TICE =>BUEP:s
PESTHh PANCREATICEDUE@Rac

SPLENWIE & BRSa>
PEGBSAL PANCREBATICE

IWFERICR PRANCREATICH
GEEAT PANCREATIC

MESENTERIG

WG PANCREATICY-EUCE.1

Thie pancress is suppied by NUMENUs arienss from sources springing
from the celiac and superior masentenc arteries The extensive caplllary
netwarks of the pancress ane drained by tributares of the hopalic porial
vein which conducts the secrated hormones of the pancreaic isleds 10
the liver and bayond for general circulation

Crgesbone

Thie islands [isleie) of endocring tisswa (and their capifanss)
in the pancreas are surrounded by masses of grape-like
clusters/foilicles of exocring gland cells. The secretians of
ihese cels enlar daels that are iribulanes of the pancreatic
duclis) opening ima the cuodanurm.

Tre lslals are chamacierzed by three or lour ditferant call
types Alpha [A) cells, genarally located in the pariphery ol
{he istel, seorets glucagon, & palypeptide hormaone thal binds
te ghycogen recepiors an Iver cell membranes. Glucagon
induces (he enzymalic treakdown of glycogen to glucose,

a orocess called glycaolysis. Glucagon also laciilales the
farmation of glucose from amino acids in the liver, & procass
called gluconeogenesis. As @ result of these processas,
blood glucose kevels INCrease:

Beia {B) cells, constiluting 70% of the ielet cell popuiation
pooupy the central part of the slel and secrels insuin, &
polypeptida, primarily (1 responss (o increased plasma levels
of glucose, Most insulin |s taken up by the liver anil Kidney,

CUGDESLE

129

Sea 107

b

Abelurminsl
it =7

Commen 1
NEpEIE R paiae ;N

GCELL «
SLYEEAEOW/ RECEPTOR
i BETA GELLL
s INSWLIW o/ RECEFPTOR::
j g Efl—;@ @@ﬂ%w il

4 Sony

025 S
_--mulln e D

E: E
3 oR.
;. % : = Ghycogen
|r L le b
%&i -
Paptain —N
Eyeri g

Erieyms
oohians
-

iy -~
—_— e Fally acid ".n-.._.='-“_rj_|_-E1,-;-}j
S irurue err AT Sl Aol
LIVER CELL LIVER CELL
Lo lood sugar conditions] Hegh beood Eigasr condibons)

kil almost 2l celle can metabolize insulin Insulin expedites
the remcval of glucose from the circulation by increasing the
rumber of protens that rensport glirose across cell mem-
branas (pglucose carmars, not shown) in muscle callz, Tat
sells, leukooyles, and cenain olher cells (nal including Ever
celis) Insulir noreases ihe synihesis of giycogen from giu-
cose in llver cels. Uptake of insulin is faciitaed by fswin
receptors (proteing) on the exdermal and infernal surtaces
of many—bul nol all —cell membranes. Decreased insulin
gecrelion or gecreased nuimbers or activity of ingulin recep-
tors leads to glucose intoleranca and,/or diabees mellifus
The eflects ol insulin 2ethvity are far-reaching: medialing
elecirolyle iranspert and the slorage of nulriants (caroo-
hydrales, protens fals), laciitating cedlular growth, and
anhancing liver, muscle, and adipose lissue melabalism
The iglets also reveal Iwo other secretory cell types: O and
F calis (nol shown | These calls are in the pariphery of tha
islel, and consfitule aboul 5-10% of 1he isiet cell populaton,
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B0V, MERVOUS SYSTEM —
CRGANIZATION -

M Uss very light colors far A ana G (1) The spinal
cord has bean piaced ehind (he vertebral columm in
the main illusiation to show tha langlh of the cord ard
coimasponcing spimal cood reglons in refation Lo tha
iergth and regions ol the verabeal column kole (ha
descanding Spinal nenve rools (arfows SOmiIng all the
rord) in 1he sumbar regians and balow. (2] colofing
thvi spanal nerves B e penpheral branchss al lower
righil, color cver thi [ines repraseniing them, §3)Color
the molur gangda ol the aulonomic REFdOUE Eyslam
{Land M) in he wer righl drésing

CENTRAL CNS)
DERVEUS SYSTEMS «
BRERNS-
CEREERWM -
BREINETEM &
CEREEELLYM
SEIMAL GeRDE:s/ REGI eI SER
EERVue THER o LVMe: SAE.. (G

The nervoUs system congists of neurons arranged into & high'y
inteqrated coniral part {central RErVOUS sysiem, or CHE) and bun-
dias of neuronal processes (nerves) and islands of neurons {gang-
i) largaly cutside tha CHS making ug Ihe peripharal parl (perigh-
eral nervous sysiem, or PNS). These neurans arg supported by
reurngiial cells, ard a rich blood supply. Neurons of the CNS ara
intereannected 1o form cenders {mucle:, gray malter] and axan
bundies (iracts: white matier). The brain is 1he center af sensary
awareness and movament, amotions, ralional thoughl and behavior,
foresight and planning, MEMary, speech [anguage and inkarpreta-
ticn of Enguage

The spinal cord, an exlension af the bran beginning a1 the loramean
magnum ef ihe skull tratfics n ascending/ descending impulses,
and is a cenier for spinal reflexes, sourog of motor gommands for mius-
cles bebow the head and reseiver of sensory input below the head.

arlarEment

REGIONS EYSTEM
OF
SPIHAL
CORD

PERIPHERAL PNS)
NERYOLS L3
CEANIAL NERVES (2 AR
SPINAL NERVES/BRANCHESF
EERVICAL@s
THEREGIE (12
LUOMEBER &)
SHCEAL &) ¢
COCEYEEAL (1w
AUTENOMIC NERWV: SVSeox
SYMPATHETIC DIV,
EAEASVMRATHETIC DIV

The PNS consials largely of bundies al Sensory and miatod [

T 12

axans (nerves) radiating from (he brain (cramal nerves) and spinal (B DU:E;'E =
cord |spinal narves) segmentally and biaterally and reaching o all

parte af Ine body (visceral and somatic) thraigh a claseic paftarn of YERTEBRAL COLUMN
distribution. Bramches of spinal nervas are often called peripheral AND SPINAL NERVES

nerves. Merves noncuct @l sensations fram the body 1o the brain
and spinal cord, and conduct moor commands 10 all 1ne skeaal
muscles ol the body. The autanamic nenous Syshem [AMNS) is

a =ubset of ganglia and nerves in the PNS dedicaled to visceral
movemanl and glandular saeration, and e conduchon ol wigoaral
gansations to the spinal cord and brain

-
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£V WERVOYS SYSUEM

13

EUNCTIONAL CLASSIFICRATION OF HEVBONS

CN: Lias fight cabods thraughoul thi plate
Do nol color the suminary diagram al the lop
ol thia page until camplating the rest ol the plate.

Meurons ganerally function in one af thiee modes: they conduct mpulses

from receptars i ke body to the cantral nanous Sysiem o CHE {sensory

ar aHerant neyrens); of they conduct motor command impulses from the
CNE to muscles of the body (motar or afferant neurans); of 1hey fonm a
netwark of inlareonnecting neursns in the CNS batwesn maolos and san-
gory neurons (imarmauons), If the sansory ar mator newrcns redale to
muscwioskeletal struciures or the skin and 1ascia, the prafix “somatic™
may be applied {somatic atferent somalic ettarent], i thesa naurons ane
related to argans wilh hallow cavities (viscera), ihe prefm “visceal" may
pe applied (visceral afferent/ viscaral efterant)

e, .- CNS L PNS
8 Irﬂanmnnrl":':v ) ma_;g:es @
owSs e (8
SEWSORY MEVRON - &=

See
CENTRAL
“3';“5'-_1;(&1”& | PERIPHERAL RERVOUS SYETEM [PNS
1
(&
il | AFFERENT (sewsonY| WEumows - Frlendl
' & Somats o vizcoml Lo
. Pecapsor

Bamahc /ey
ral goed G
R} oo EFFERENT [MOTOR) MELIRDNS

RECERTOR-
&30

PERIPHERAL PROCESS):
CELL B/

BN
(CENTRAL PROCESS)s

]

CME | PNE

Cansory neuons cenducl impuises [roim SRNEOrY recepds o synapses

in the CMS The receplors may be sensitive to touch, pressure, pain il
position, muscle tensian, chamical concentration, light, of ather mechamcal
stimuliss, basically providing infarmation on the exiemal or intarnal Brviron-
miand and related chanpes. SEnsory NEUNDNS are UNIpoar Neurss wilh cer-
tain excepiions, and ere charactarized by peroheral (rocesses {“axons’,
cell Bodies, and central processes (“awons”),

[

C

RSE

SERVATIE W«
CELL BOEY-

AN o

MOTER WD PLATE:

T

otor neurons conduct impulses from eall Bodies located in (he CNE, inmugh
gvons that lave the GNS and subsequently divide mio branches, each of
which becomes incorporatad info the call membrane of 8 muscle call (moror
end plale). Here Ine neuran releases s neurciransmiller ihat induces tha
muschk call o shorlen

ALUTONOMIC
GANGLION

-
"r

PYS:
AVTONOMIE MOTOR Wo-

PREGAVGLIONIC NEMROG -
PESTEANEGELICMIC NEVRGN -

Altoromie molor naurans funclion as paired units connected at a ganglicn
by synap3e The lirsl or preganghionic fauron sriges in ke CNS, snd il axon
embarke for @ ganglion located some distance from the CNS, There it sy0-
apises wilh the cell body or dendrite of a posiganglicnic Aeuron whose axon
procesds 1o ihe effector organ: smooth muschs. cardias muscle, or glands

(EST
INTERNEVEOR

(ASSOCIATION Mo):

Intarnewrons are found mastly in the CNS. They make up tha bulk of the nau-
yans of (ke brain and spinal cerd. They come in & varaely of Shapes and sires
Wany of Ihem are directly related io inoomang (sensary) impulses and others
10 audgoing motar commands. Others Servee [0 Inlegrate sensory or 4308 noing
inpul wilh higher centars lo effect an appropriate motor oulpul
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RV NERVOUS SYSTEM ..
SYWARPSES & NEVROTRANSMITTERS

GH. Use light colors for A, B, and C. {1)in the Upper drawng, each ol ine Syn-
apses shown has (wa parts. Golor only the onas @beled wih subsanpts (A, B, C)
Coder 1ne rerve impoise e (D) o (e related deectional amows. (2jGotor the
numbared steps in the lowar drawing, Mt 1he cnange of color in the presynaplc

marribrans belwoon axocyloss (H) and endocylosis (K
ngrwllﬂ

eF SYWEAPSESS. WEEVE
EPICENEONNE SIS
EAVEL.S0MET I Es (oo
B EDEN DRI TIR

Conrscions batwean and among newrcns are callec synapses
They are, for fhe mosl part, nen-conlact, chemical ransmissions
batween one parl of 8 neuron and anather, There are other ess
cammaon types of synapaas (soma of which ane not shown) as

well For example, we Bhow & complex of synapses petween three
mears and a dendrite, all surrounded by a rewroglial shaath (ghom
erulus), Synapses parmit the conduction of electrochamical im-
pulses among a myriad of neurcns almaost instantly, (0 the smplest
example, a monosynaptic reflex arc between a sensory neuran and
@ molor Neuron requires one synapse At 1he oiher extreme. there
ara poysynaptic pathways in the brain and spinal cord involving
millions of synapses Cartain naurons are kNoWwn [0 receive mona
than 5000 syrapses rachl Multiple synapses greally ncrease
the avallable options of nervous activity. The ability o intagrate,
coordinate; associate, and modity sensory inpul and memory to
achisve & desired mobor command |s directly related to the num
ber of synapses invalved in Ine pathway,

LDiendrite
spine

FYRICAL SYNWAPSESR TYPES OF SYNAPSES

PRESYNAPTIC A0
PRESABTIE MEMERAME: =
SYNRETIC VESIELE- |
NEOROTRANSMITTER -
AR ABRENT
BROCYTOSIS -
STRECTIC CLEFT:
POSTEVNACTIC MEMERAVE
RECEPTORs
; st

onter axon seminal

Axnn
e e

Here we preser a typical axo-dendritic synapse. The axon (1) is
presynapdc (in frient of 1he synapse). Within the cytoplasm of ihe
gxon lenminal are synaplic vesicles (2) trangporting molecules of
meurofransmitter. These vesicles migrale ioward and fuse with the
presynaphc memorane (3] Neurolransmitier i spilled inka the tiny
gynaplic clall by a process of exocytosis. Tha neurgiransmitier
maoleciules interact wilh the receplars on the postsynaplic mem-
brane of tha postsynaplic dendrite (4). Inactivaled neurotransminer
fragmenis are taken up by the presynaptic membrane (5; endo-
cylosis), enclosed in a synaplic vesicle, and re-gynihesized (E)
The neuratransmittar may erhance (facilitate) or deprass (inhibit)

the alecirical sclivty of the pestsynaptic mambrane. Sufficienlly m
excied by multiple facilitory synapses, the postsynaplic neuran will
dapolanze and frensmil an impuisa 1o ihe next neurnn or effectar,
sufficiently inhibited by muitiple inhibitory synapses, lhe postsyrap-
tic neuron will not be depalarized and will not fransmit an mpulse
All of th's oocurs vary rapidly and globally throughout the nervous
gyslem

ELECTROCHEMICAL TRANSMISSION
AT THE SYNAPSE
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B0V, VERVEVS SYSTIESW

PDEVELORPMENT OF
CENT WERVOUS SYSTEM

ON: Uge Iight colors bor & gnd C (1) Bagin with ihe two dorsal
wigwa of tho 20 day-cld embryc. Color as wall 1he large arrows
painting to ihe surface locations. Smultameously Solor the din-
grammanc, cross seclion o s rghl. Follow Uhe saime piooa-
duro lor iha later wews of [he growing embrye (2] Color the
slages ol brain develagmen in the head and of the nwral ube

MEVREL PLEATEA
FELEN

TUEE 2
MEVRAL GROCVIE:
WEVEBEAL CREST:

The nersous sysiem develops from tha dorsal surlace of the
ectodermal germ layer [future skin) of the embryo. In the 20-21
day embryo, & longiludinal groove (newral proove) begins lo
farm on 1his thickenad layer (newal phate). In the central part

ol tha piate, the groove ceapeans, forming newal 'ojos on edher
side. Deepening of the newural groove proceecs foward the head
and fall ends of the embrya By 22 days, \he dorsal pan of the
folds fuse in the cantral part of the groove, forming & nawral
futre During this process, the neural tube saparates from the
ecioderm. By 24 days, lcrimalion of the newal tube has pro-
greased o the exirems ends of (he embryo Much al the neural
{ube will tarm the gpinal cord; the head end of the tube will form
ine beain. The newra crest cefls, formed from the neural folds,
will devalop inle certain narse cells of the peripheral nesvous
systam and Schwann cells. The surroanding mesodanm will
farm the cramium and lhe vertebral calumn and related muscles
The notochord {a primitive supporting rod for [he embryo) will be
absorbed by the ceveloping veriebral column, and remnants of
it well Femain as the cors of the intervertabral discs (nucleus
pudposus). The emdoderm will confrbute (o the development

ol the digestive Tract

P e T~ = no e
Hotochord

CROSS SECTIONS
(3-dimensional

FOREBRAIN:
TELENCEEMALOM-
DIEN EERH AL -

AN BBRAIN
OIESEN CERHNALOM).

HINDBRAIN-
METENCECHALOM :
MYELETNECEPMALOW .

SPIVAL ‘

By the end of three weeks of ambiyonic development, three
regions af the develoging brain are apparent: forebrain, mid-
brain, @nd hingbrain. With further growih, the forebrain expands
ta farm the massive fslencephalon [endbrain, future cerebral
namispheras] and ihe mora central drencephalon (" betwaean”
braim; future top of the brain stem), The midbrain refains 1s
largely tubular shape as the mesencaphaion (midbrain; future

upper brain stem). The hindorain differentiates mto the upper 8

rnelencephalon |“change” brain; fulure micdle brair s1em) and WEEKS

A large darsa! oulpocketing (fulure cereballum), and the lower

myelencephalon (spinal brain; lowes! pan of the future brain DEVELOPMENT

stem). The brain siem narrows o becomea ihe spinal cord at OF BRAIN
[Latoral views)

the kevel of the foramen magnum ol the skull
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2V, WERVEUS SYSTEM

CM, Lise I.?-rr polarsfor B, E, |, andJ (1] Colar 1he fwa lange hamisphares
frsl Mode fhal the stippled arsas of specia‘oed fundtion ame paris of lobes,
but raceive their own cooms. Color the arrows dentdyng he major fissures
and guweus (21 Colof the consnal seclion and poebencs portion ol the brain
Thie coronal sechion of the corsbral coax is calored gray. (3) Color gray
Ine strelched-oul cortex and the convoluled cartex dlustrating how tho
lalter provices incfeassd SUMRCE Ares in B Smallar spece

CEREERAL LS
FRONTAL LOBE -
FPRINGIFAL SPEEEH ARER
PRIMARY MOTCR ARES
! FPRECEVTRAL CYRUS),
LOBE:
PRIGARY SENSORY AREA
(PESTEENTRAL GVRUS)-
m (' Jinguiate —f
AVBITERY AREA o
@m 'ﬂm 1 |||'|ml.¢1 g;h!
VISUAL AREA c

FISSVRES/

SULCUSS-
LONGITUBDIVAL EISSURE
CENTRAL SULEUS
LATEREL FISSURE y

CORTICAL COMNUGLUTIONS: INCARARED SLIRFACE AREA

The paired cerabral hemispheres [cerabrum ), derivafives ol the ambry-
onic Ielencephalon, consisi of lour magor slemenls (1) an oules cele-
brad corlex of gray matier, tho lopography of which reveals fisguras
{dmap groowas), gyr (hills), and sulel (furrows); (2] underdying while
matter consisting of numerous tracts destined for or leaving the corex
and orengd along (hree gereral directions; (3) descrete masses of
gray matter at the base of the cesebrum (basal nuclel) thal subsarve
motor areas of the cortex, (4) paired cavities called lataral vaniricles
The cerebral cortex s the most highly evolved area of the brain, Aboul
2-4 mm (roughly 1/E nch) thick, 1he eoftak is dividad inlo Iobag dis-
fircily bordered by swic the |abes are genarally relaled to the cramal
bones thal cover them: frontal, parialal, temporal, accipital. The excep-
tien |s the bmbic lobe (pard of whech is shown); | incorporales paris of
other (frontal, temporal paristal] Icbes.

Caortieal mapping experiments (based on electrical slimulation) and
clirical / pathologic data have been the princioal methods by which
functions of the cortex have been discoversd, All parts of the corex
are concermed wilh storage ol expanence (Memory), exchangs of
impulses with other cortical areas (association), end tha iwo-way
fransmissan of impugas wilh subcortaal areas (atterant | eflersnt
projeciions)

The fonial iobe |s cancerned wih intzllactual flunclions such as rea-
scning and abstract thinking, aggrassion, Sexual behavion ofaction or
srmill, articulation of meanngful sound (speech), and voluntary move-

EWS: CEREBRAL HEMISPHNERES

Langitudinai 13‘

_ Parietooccmpial
sulous

POSTERIOR

-

= Language
Erna

Broca's erea
of speach
{Lett harmispharo only)

meni (preceniral g}rrus} The canial swieus separales iho frontal [obd
from the paretal lobe The panetal lobe is concedned wilh body sen-
sory awarensss, including taste [postoenival gyius), the use ol symbols
for communication {fEnguage ), abstract reasaning (e.g.. mathematios),
and body imaging The fempoval lobe is parlly imbic and here 5 con-
carmed with the formation of amotions (love, anger, AQOTESSKN, Cam-
pulswon, saxual bahavior), the non-limbes lemporal lobo & concorned
with interpratation of lnguage, Awarenass And discrimination of sound
(hearing; auditory area), and constilulas a Magpr memary processing
area. Tne occipital iobe |5 concarmed with recelving, irterpreting, ard
discrminating visual stimuli from the cplic racl, and assocating thoso
visual iImpulses with other corlical arsas {e.g., memaory)

In gwalulionary terms, the limbic lobe or system is the oloest pan of
the cortex. It is the certer of emotional behavior The imbic neurons
ocoupy parle of the infanor and medial corlices of each hemisphere,
and some subcorbical areas as well, Cenain imbic areas are closely
related lopographically to the offactary tracts.

The cerebral hemispheres appear siructurally as mirror images of one
anathar; functionally thay are nol. Tha spesch area develops fully anly
on one sida, usually tha lef In general, the left hemisphero ends 10
deal wilh cerain higher functions (mathematical, analytical, verbal)
while the nghl cancentrates on visual, spatial, and musical arienialions
Tha mather of carshral "dominance” (et hemisphers, left speech
center, right handed| ar vice v&rsa |5 guile controversial,
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BV WERYEUS SYSTEM »
CIS: TRACTS/MUECLEI OF CEREEBRAL MEMISPHERES ™'

Ch: Use very light colors for F and G. (1) Color gray the various
sectiong of cersbeal corlax wehoul coloring (he corhical surfacas
12 Aumong the many views shown, color sach siruchee whaneves
Il appesrs balpre gaing on o the naxd e SlE S0

CEREERAL CORTELI -

B-i-
WYELEDS »
CANDATTE NYCLEVS:
LENTICULAR NUCLEUVS:.
LATERAL VENTRHIGLE

WHITE MIATTER TRACTSS--
CEMMISSVRES: =
CORPUS CALLOSUR:
TERACTS S
CERE@HNE FBRDIETE F RO Theea
I TERWAL GAFPSULEF:
@55@@5@?0@@ m@ﬁb@fﬂ -u-u!. 7 . . NEFEpran
. Ft b .:-.-._."_ i =]

LEn
hemisphiors

The subcortical aress of the cerebral hemispheres include the
while matter below the cortex, the basal ganglia (nuckel), and
thez [atearal veniricies

The basal nuciar are discrete islands of gray matlier amidsi a
sea of white malter at ihe base of the hemispheres on aither
eide of and above tha diencephakon (see next plata), Tha
major basal nuclel are the caucale nuchs and the lentcular
nucieus. Bolh are named according ta their shapea: the cau-
daig, when viewsd |alarally. appears to have a head anc 8
progressively narowing and curving tail (cauda, 1ail) anding at
ihe amygdala {8 nucleus of the imbic system ). The lanticular
nucleus is arguably lers-shaped The basal ganpglia have can-
neclians walh ihe cercbral cortex, the thalamus, and nuclal
near the ihelamus The basal ganglia are involved in the plan-
ning. initiation, manerance, and termination of movament
(maotar activity), They monitar and mediale descending com-
mands frem 1he motor cortex. They ane nstrumantal centers in
MaNEaning MuUsCls 10Ne and prograneming sequential postural
movaments and adjustmenis

Their influence iz marifesied as appropriately gated impulses
influencing the lower molor neurons of the cramal and spinal
nerves in thair innervation of skeletal muscle. Diseases of the
basal ganglia mcluoe dystonias and dyskinesias and, parhaps

most well known of all. Parknson’s disease (abnormal gait, B g 3
rigedity, lramars) InALig
The whia matier of tha hamispheres consiste of tracts cri- T

ented In six general directions. Tracis connecting latt and ngh
homisphares are caled commssures, of which (ke largest &
the corpus caliosum. This Massive ract spans the fwo hemi-
sphoros, rooling over the laleral venlricles. 1| makes possible
communications batween canters in ihe paired hemispheras.
Bundios of white matter, bath long and shart. connecting ante-
nor and postersor corticgl areas, are called associabion tracis
An emobaonal responsa o a visual simulus is made possibéa,
In part, by associalion racts,

Perhaps (he most spectacular mass of while matter in he
brain is that prowection fract of myelinated axons (ihe comona
ragiaia) radiating frem ihe level ol the basal ganglia 1o and
fram all parts of the cortex. It is cominuous inferiorly with the
compact band of libers (infernal capswe) passing bolwoen
and parlly encapsulaling the twa basal nucded All motor com-
mands are conducted here; all sonsory iInpul reaching the
corlex passes through these fibers. Vary importantly, the
thalamus and caoriex communicale by this pathway.
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0% WERVEOVE STYSTIEM
CiEs DIENCERHALOW)

CN Use light coldoss for A and B, and & vary bright eoler far © (1)
Color sgch siniclung wherevet i appears belom going on 1o the i
litw. {2 A ough not codoned, B neighborng ralations of ihe den-
cephelic siracteres are mporfan and have bean oendified by nama
Thase showd be piven spocial atlention

PICNCEERHNALOWS -
THALAMDS »
HYEOTHALAMYUS:
ERITHALAMUS
CINEAL GLANB).
THIRD VENTEHICLE:

Tho diencophalon, tha smallar af he (wo derivativas of the early
faretirain, fits betwes=n (o, oetween | but is not part of (e mas-
sve, surrawnding cersbral hemispheras

It cansists of massas af nucle: &t the lop of (and indeed 5 pard
af) the brain stam, The diencaphalic struciures are pared and
are arrangud around The thim thid () venincle ard its infun-
dibular récess On eech side, the diencephalon consists of the
thaamus and the subihalamus inlenor to 2, the hyoolfhalamus
embracng the infundibular recess of the thind wentricle. and the
apilhaiamus or pineal gland suspanded from the pastarior wall
of the third wventricie The structural refptionskap of these sinic-
tures 10 e whitc matter of the cerabrum, the thind ventricie, the
basal gangiia, and the midbram should be cerefully studied 1o
ansure origntalion

The thalamus corsests of several proups of cell bodes and pro-
cassag thal, in parl, process all incoming impulses from san-
sory pathways (excepl offactary). I bas broad connecliors with
the mator. general sensory, visual, auditory, end associalion cor-
tices Mot surprisingly, the corlicothalamic (cortex 13 thalamus)
fibers contribute significenily to the corona radiata. 31l offar
Ihalamic nucles connect (o e yoothalamus and athar brain-
stem nuclei Thalamic activity (1) inlegrates sansory expsr-
iences reaulling in appropriaie molor responses, (2) integrates
specific sensoty inpul with emotional [motar) responses (8g. &
baby arying I response to hunger), and (3) regulates and main:
lams the consclous slale (awaraness ), subject 10 facildaling/
inhiaiting in‘fusnces from the cortes. Sublhalamic nuckai are
concamed with motos activity and have connections with the
basal gangha

The hypoihaiemue consists of nuclear masses and associated
tracts on ailbar gide af tha owsr hird venlricle. The hypathala-
mus maintens neuronal conrections with the frontal and lempo-
ral cortices, Inalamus, neurohypophyeis, and brainstam, |13
neurcsecrelions (hormones| are also direcied o the adana-
hypophyes via tha hypophyseal porial syvsiem. In addition, the
hypothaliamus s concerred wilh emolional behaveor, regulation
of the autoromic {visceral) nervous systam and related integra-
lian of visceral (autonomic) reflesas with emolional reachons
activation al tha driva o eal (hungar) and the subsaquent feal-
ing of satistaction [satiery) iollowing futfilimen ol thal drive.
Finally, i medigtas descending impulsas related to both raflexive
and skilled movement All of this i an araa the sizs of lour peas!
The epihalamus (pneal gland) consists primanly of the pinaal
body and relaled nuclei and fracis thal have cornections with
thi thalamus, hypolhalamus, basal nucel, and the meadial
temporal corex I preduces metatonin (a pgment-enhancing
harmona), tha synihess of which e redated 1o diurnal aycles or
rhythms (Dody acinaty In day or sunlight as coposed to dark or
ncturnal poriods). It may influance [he engal of pubsry through
inhebdion of testicular‘ovarian funclion. Remarkably, the pineal
15 the onfy unpared structure in the brain
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@@gg U[ﬁ.‘.} W@m / &&ﬂ'ﬂ% J_e“fff CEHEHHLAY hh.."-xh_\‘ See 130, 136

Crv Uisn daneer colors bor G, E, Moand fhe lighlest for 1 (1] As you color ach
sirycture in 88 many views 85 || s shown lake parlicalar e of of tha orianta
tiom af 152 vigw [2) Mate that {he fourth venitricle is located in bath parts of the
hiradicrain and veceies ihe same color i bath parts. The diancephalon has
peen presanisd on ihe previoas plate and 15 shown fare ondy 1or orentaton

RIEMCEFHAEERN A
MIEDERERAINE =
CERERRAL ABVERUET:
SUEERIOR COLLICULYS:
IMEERERE COLLICULYS & -
FUP. CEREEELLAR PERUMELEY
MIMPERERAEIRIS «
ST VENTRIGLE:
POWSF )
MD@E @@Eﬂ@@@&&m [.Ehg@n &
MERWLLE +
IWE. CEREERELL, PED.r

CERELELLYM .
DEBOR VITAR
CEREAELLAR COBTER 1«
PEEF CEREED- WVCLEYUSY

The Braimsten consists of all porbions af the brain less the cerebrum and
caraballum

The midbrain inchudes two columns of fracks (cersbral pedunches) ang mied
nuciel/ tracts postarior 10 hese columns {tegmentum), the cerebral agueduct,
supeiy ceebeliar peduncles (canducting Iracts from thalamus, midorain, and
medulla), and the mora postenor supenior and mferior colicul (tectum af he mid-
brgin) The peduncles angist of descanding axons continuous with the internal
capsule ebove and destined for lgwer molar naurons in tha brain stem (oranial
narve) Bnd spnal cord (spinal nerves) balow, The deeper legmenium contains
nuclet of the reticular formation, nuclel/racis concorned wilh cranial nerves (Il
and IV, retay of iImpulges Detween [ower anc nighsr cenlers, and other cenlers
iracts concerned with somatic and visceral molar-relaled impulses. Thia supefior
colicill are cenlers for visual reflexes; the inferior calliculi make possible aud-
oy refienes (6.0, involuniary movements in response 1o visuel and audiory
slimill, respeciivaly )

The upper hingbrain k5 the pans. Massiva sialks of whils matier, the micddie cere-
heliar peduncies, oross the iouth venfriche (pons, bridge) 1 reach the cerebel-
jum The pans consists of (1) tracts descending fram the midbrain to iower can-
(ers; (2) massas of cell hodies that synapse wilh cenain tracls of corlical ongin
and whose axons constitute the middle ceraballar paduncle] (3] nuchsi thal relate
16 pramial nerves V VL VL &nd VI (4) several @ascending tracts arsang lrom the
meduila and spinel cord; and (5] a netwark of polysynaplic neurons (part of 1he
reficular Yormation) thal facilitatas inhebil {medisie) somalic and wiscaral rellgnes
and loom & mechanism for arousal. wakehilness, and alorncss

The medulls, coniinuous with the deep pons abdva and the spinal cord balow,
consisls of much the same organization as the pons. Lile-sustaining controd
carters lor reapiration, haart rate, and vasomator fURCcHan axist here. i conlains
nuciel concerned with cranial nerves VL 13X, X, X1 and Xl The iferor céne-
hailar peduncie camies tracts irom 1he spinal cord and vestibular centers (haad
balance) in the medulla Two particularly evidant bundies of fiters are seen on
the anterior surface of the medulla, These pyramids consist of corticospinal
finars conductirg voluntary movsment-relaied iImpuises [0 lwer Mmoo NeUrons
al ther spanal cord. B0% of 1hese Hbers cross (decussate) 1o the contralaters| side.

Tha cerabalium congists of wo emspheres, with a corex af gray matter on is
surlace (cersbeliar corlex), ceniral masses of molor-related (deep carslialiar)
nuchal, and bands of white matker 1orming & ireelike appearance arbor vikae,
iree of life) whan (ke cerebellum ig cul n saction The cerebellum s attachad o
the brain stem by the ihree cerapeliar peduncias. The cerebellum is concermad
with equilibrium and postion sense, fine movament, eonirol of muscle tone, and
overall coordingtion of muscular activity In rasponse to propnoceplve inpud and
descending traflc (om higher centars
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220V WERVEVS SYSTEW
ciE: SPINAL CORD

G Use bright colors for A-G {ewpepl where Indicaieo by eslerish
(8] or noscoloeaymba (-] Lise mednm datk ooiors or O=1, and
light color tor KM (1)in iha uppar drewing, colar B® gray oved
he nerve roats wilhin the dura mater and ouisede the spinal cord
(#yColor the cord seclions aken al vanous leweis, (310olor the
maninges 5! the spnal cord Whal s nol shown (hocause ol sos
limitaliona! = Ihe presence ol the pia malar, eubarachroad spaca,
and srachnod arcund the nerée rools, (4) 0o nol color the struc-
luras within the subarachnosd spaces or the canlral Ganal in e
drawing ot tha boihaem ol the plEa

SPINAL CERD:
MEMINGESS
BIE MATER-
FILMM TERBRUIELE »
SUEBARACHNEID SFPAGE.,
ARECH OB
PURE AT ER -
ERIPURAL SPAGS::

Tha spinad cord baging al Ihe foramen magrum ol e skull and
ends g5 the conus medullars at a verlebral level of L1 or L2, 1t
bulaes siightly in the lower carvical and lumbar ragkons (entarge-
mands) in recation 1o the presence of lange numbears of axons
associalzd witk 1he upper and lower imbs. Ensheathed n covar-
ings callad meninges, e spinal cord is awash in cerebrospinal
fluid (C3F) within the subarachnoid space, The spinal meninges
end relaled spaces inciude, from infer 0 oular a thif, vascular pR
maier that ensheathes the cord and nerve roollets/ rools, and con-
tinues imteriarly from the conus as the fifum fermingie o join tha
diwra maler al the 2nd sacral veriebra (S2); a significant CSF-con-
taining subaracknod space surrounding cord and nens roots,
whose largest porficn & Iha lumbar cistem from L2 1o the end of
ther chural sae gl 52, Nilled with nerve mols {cauda equirak a limy
arachnoid, ine cansistency of which is similar to a dense spider's
wed; a potenfial subdural space; and the tough, prolectiva, fibrous
durd maier (ihecal sac). Batwean the dura and the igament-cov-
arad, panasleumn-lrad verlabral bores/interveriabiral discs is 1ha
tat-lilled spidural spece conlaining & plexus of veins

GRAY MAT TER:-
PEOSTERICR RIORNW:
ANTERIOR NORM-
LATERAL HEEW Tl-L3)s
INTERMEDIATE ZEMWE -
COMISSURE !

WHITE MATTER -
PESTERICR FUMIEULUS
LATERAL FUMICULUS
ANTERICR FUMICULUSY

The spinal cord consists ol 8 central mass of gray matler amangsd
Imte the form of an H and a periphearal array of while malter |-
cul) consisting of descendng and ascendng lracts, The amount
ol while malter decreasss as fne cord progresses distally, seen
esperially well in the sacro-coccygaal region. The gray posiesior
horrs (aclually eslumns when seen in 1orae dimensions) raceive
the central processes of sensory naurons (recall Flale 131) and
directs incoming impulisas to the edjacent white matter for con-
duction lo olher cord lavels of highar canteds. The anlerar horns
includs Iower moior nearons that represent the “final common
pathway" for motor commande 1o mlscle Lataral Rorns axist only

in ihe thomcic and upper lumbar cord and nclude aulonomic motar

neurons supplying smaoih muscle {in Yessals and viscera) and

glards. || 15 m ha gray mater 1hal spral reflexes ocour in conjunc-

tion with feciitcry and inhibitory iInfluences Fom RIGRCT CeMerns
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CErs: ASCENRINEG otr

GN° Use bragd culos for A-C ang a light color for T 1) Caler the pain/tempetatura palh-
way whIGh |5 snown on o siae only jor visaa: simplicity. Hole ihal ihe sersory gaftai it
the tholgmus are (o be colorad gray (2) In the muscle stréfeh fposition sansa peffways,
note there are twa diflerant cerebellar pedunaies, gach receiving a ditfarent color

139

Eop 131

Azcanding palhways consist of inearly arranged neurons, the axons of which
fravel i & common bundle |ract) conducting impulses toward the thalamus,
cerebral corex, or cerebelium. In the examples shown here, each of the palhways : POSTGENTRAL
begins with @ sensory newon. These sensafy pathways permil bady surlace sen- sl i
eations and muzcladtendon sirelch information (below the head) 1o reach brain
stam and cerebellar conters for responsa and corlical carters for awaranass.

EPAIN, TEMPERATURE:
%ﬁﬂ @@@@@@ﬁ' P?'-E"I'Ir P",‘.’:;:,:"' Synapun
LAT. SPIWOTHALAMIE TRACTs Raw M
THALAMUS « '
THALAMCCORTICAL TRACT 4
SENSOREY CORUEL+*

Bain and lemperaiure receplors on the body surface and elsswhars below

CORONA
TR S e, MADIATA

e

WENTRIGLES ~So-—

Andariar
[Eie o

the head gareraie impulses (hal travel 1o The spinal cord by axons of sensory funicutis
peurans | Fst orcer nauron). The ceniral process (“axon”) ol each sensory o

neuron enlers the postaror hom and synapsas with the 2nd order newron gt

whose axon crosses 1o the contralaterm| gide, enlens the lateral funiculus, and f;

ascands as part of 1he laleral spiroihalamic fract, This neuren ascends lo the
thelamius whers it eynapees with relay (3rd order) newrmns, the axors of
which travearse thi rtarmal capsule and corona radieta (falamocortical frach)
i reach Ihe postcentral gyrus of the cersbral corlix ("seNsory Comad)

TEUVEH, PRESSVBES:

SENSORY WEUGBEM s e
s CUNEATUS & GRACILIS: f%)
T ARCVATE FIBERS: i
I:l m@ﬂg@@gﬂ* F:;:d;;u:? fs:la:é:lﬂl.lhrﬁ

THALAMUS « B ]
THRLAMOCORTICAL TRACT

Wimcle/jandan 'E.!
eMeinn impuise =

SENSORY CORTEN +
Touch and prassure recaplons below he head ganerate elactrochemical b
impulses thal travel 1o the spinal cord ihrough sensory neurans that enter the 3
poelerinr horm and jain/ ascend tha postenion fumiculus {posterion columns)

1a the medulla. Here thay synapse with 2nd order neurons in the nuchke

cunsaius and graciis The azons of these neurons aweep 10 the opposite

side (as fmfarnal arceale iibers) o fom an ascending Dundie [medial fem-

MiECLS) N the Brain stem e termimales i Ihe thalamues Thers these axons
symapsa with 3rd order relay neurans whose axons reach the posicentral

gyrus of the cerabral cortex via the thalarmocontical fract L I |

MUSCELE STRETEH / POSITION SENSE-: -
SENSEERY AEVRON SEINAL —\— |

POST: SPIUOCEREEEILAM TRACT - |

0WEs @@@@@&Ej@ EER ' ,C— Rl S
:"?JWL.FD Q@Dﬁﬂ@ lG'I'.-Jﬂai:.r &7 ._v:.irfl?hl o CEREBELLUM, AND SHHI-I: CORD
SVPE. CEREAELLAR PED:E — ¥ mnain (Sehamate)
EELLAR CORTEN-F LS

Impulses from muscle spindies and other proprioceplors (receplors respon- —-x-.._ - mpsles
sive 1o musce strelch/loads) are conducied by sensory newrons 1o the spinal " S
cord. Single receptor mput s conducted by 2nd order neurons Ihal ascend
ihe ipsilaieral lateral funiowus (posferiar spnccerabeliar fracr) and enter the
carabalium via the infevior carepediar peduncle. More giobal proproceplive Pogiarior -
input ascands (e contralalenl anteror spinocersbeliar ract and anters the Plrofal®
coreballum via the suparior cerebellar peduncie By Lthasa and similar path- \ T
ways that lunclion in fhe absence of awareness, the cerebellum mainiains an N ' {
ongaing assasament ol body posilion, MUsCls lEngion, MUschs overuse, and e, \1 |
movement. In tuen, (| mediales descending impulses from cortical and sub- |
cortical centars destinad lor motor neurcns 25

1 P
= Bninpanaiue
'|_ impuiae

H‘I.

oo

rl t. r"'_L f‘l
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20V NERVOVS SYSTEM
GS3 TRACTS

CN: Usa ||th aolors for H_ |, ana K {1 pCalar the pyramidal ract m tho
sagitial view [2) Caler the pyramidal iract in [he schamalic cornal sac-
tior: &1 wpped right. incuding the percentage figuras, (3} Golar the extra-
pwrAm Rl ByRIET

PYRAMIDAL TRACT:/ RELATED AREAS 8~

METER CORTEN '

CORTICOSPINAL TREET

LATor/ BNT, CORTICOSPINAL TRACT B0

MERPVLLARY PYRARIIEA e ﬂéﬁﬁ&;’i{-,,,

LATERAL FYMICULYS: Tl R ke

ANTERIOR FUNICULYS c R - al!

BINAL COMMORN PRTIWEY S «
LOWER WeTER VNEURPOR»

BEFEETOM:

Valyntary movemen 8 inikated in the molor corfex (pre- mml
ceniral gyrus) on the opposite side whira the movemerl is Pririnptaghd
desired. The axons of Ihe corfical medor neurons (Upper

molor newrens) descend the corona radiata. the internal
capedle, e cerse pRiunciEs, and Ine pons—withoul sy
apse—as he corioospingl ract in the medulla, these axons
form the antericr swalings called he pyramids (1hus, pyra-
midal ract). Hama al the decussalion af e pyrameds. about
B0% of ihe fibars cross (o iha opposite side and enter the lat-
aral luniculus, These fbers—and the uncrossed fibers on the
same side—torm the laheral corlicosmuinal ract. The sxons of
the pyramidal iract laave the funiculus al ane ol many spinal
tavels to syrapse with the antenor hom (fower] mator neurans

PYRAMIDAL TRACT
(Sehemetic)

Suilled | dmcrele
miwATans

L]
ERTRACPYRAMIPDAL SYSTEMIS «
POEMTINE m@ﬁﬂ@@ﬂ@@@ﬂ@@} TRAETF
A )
VESTIBLLESPIWNAL TRACTs
; T
IHTERNEUREL 4
Tre desired corticospenal-aciuaed command 10 the ower
motor neuron is nof infloenced by body posiion, memory,
and & hosl of other lactars necessary 1o achmave the
desirad movamerd at the required momeant. These colec-
fve inputs from the cerabral corlex. basal nuclel. cersbel-
lum and alsrahara, arrive al the approorzle [owes motorn
neurcns by & number of descending pathways, nong of
which pass through the medullary pyramids (hence, exira-
pyramidel system or fracts). Two major exfrapyramidal
Iracls ane shown hare! Ine reticlilosging iract froim the
brain stem raticular nuechei; the vestibulosoinal ract from
the vestibular nuchal ir the brain stem. Qlher racts include
the nibrospinal and teclospiral iracts (nol shown, bl see

Basic

glossary), The synaptic connections of thesa axons with frcvenanis
asch lower mator meuron (oflen by way of infermewrons)
ar= in the thousands. Depanding on the neurolranemitlor Musoie J

T 1
A

produced by the presynaplic neuran, (he synapse may
facilitate or inkibil production of an excitalory impules from  Skeletal
thia kower motor newurnn. Discharge af the lower molor reu-
ron, or niod, is depandeant upan the sum af the faciltory and
inhibilory impuises impingng an it al any moment Once
generated, the alscirockemical impulae meving down tha
axon of the lower motar neuron reaches the effector with-
oul further medialion Thus, the anteriar hofn moles Pewrcn
is truly the “final common pathway™ for he witimate ex-
prassian ol all nenous Sclivily: muscuiar contrachion

SPINAL
CORD
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Lt1

XV MERYOUS SYSTEM

FOREBREIN
TELEWCERHALOW:
PIEHNECEPHALOM:

NESEVEERHALOMN,

VO BRAIN =
MY ELENEECHALOMN .

SRINAL GORDY

The canlral nervous systam develops from a hol-
low neural lube near ihe dorsal surface af (he
embryc. The neural cavity undergoes extraardi
MEry revision N associahion wilh developrran ol
tha brair regiona. The shapea of the cavily in each
Deain region reflacts tha local changes and ma-
chanical pressures imposed by the developing
prain, The ventricles may be dentitied by name

o by roman numarals

The cavity of the developing forebrain expands
remarkably with ihe development of He walls inc
the pairec cerebral hamispheres (felencephalon)
Thess cavernous spaces will become the iataral
{1, 10, lieti to righd) venirigles. Almast pinched off
Tram thése cawles and compressed o & thm,
pursa-lke space by the enlarging hemespheres s
iha cantrally locatad twd (1) veniicle, connactad
fo the lateral ventricles by small, paired mter-
veninicular foramina, The derivalives of tha dien-
cephalor develop n the walls af the third ventricle
The infenior recess of this ventricle dips ino the
Inlundibulum of e hypophysis (pilutary gland};
the fiypathalamus develops in the walls of this
recess The pineal develops in the wall of the
pineal recess. The mesencephalon undergoes the
leasl physical changs ol he early brain regions,
and his is reflacted in ihe shape of the narrow,
tubular ceretyal aquediuct. The lowrth (IV) veniricie
ferms in the developing hindbrain and is particu-
larty affecied by tha growlh af the cerabeliar hami-
spheres into which it projecis laleral recessaes,
The lips o (hasa récesses open inta the sub-
arachnoid spaces |lsteral aperiures). Analher
opening (median apariure) is on ibe floor of the IV
ventricle al the cerebellar level The ventricle nar-
fows prograseively throughoul the myslencepha
lon. Al the medullary sspnal cord junction, the
cavily thing 1o a narrow, o'ten occludad canal
[central canal) in the spinal cord

I each of the developing venlicles (cerebral
aqueduct excepled) a highly vascular fissue farms
from the pla matar covering 1ha bran and tha lin-
ing (epandymal] cells of tha veniricies. Celled
chorold plexus, thig lissue sacrales carebrospinal
fluid cr CSF [see Plate 143}

prok - e rall S T e e e 133, 1385, 136
= T T
CS: VENTRICLES OF THE BRAMY
CN: Use =5 light oolor lar A (1] Color tha thwea drawings of veniricular
development firsl (2)Color the Islaral ang suparior views of the fully
denvsigpend vanincies (3 Color e congnal and moditied segillal seciions
ravadling the ratationship of 1he veniricles o surrounding struciure
PEVELOCMBNTS .
A 2 : VENTRICLE
MEVRAL CRAVIT T veThicie

{Scramalc langiudngl saclior]

PDERIVATIVESS «

LATERAL MEMTRICLE (L&438)r
IWTERBVENTRICULAR FOBAMEN.

SRD VEWNTHRICLE «

ST WEMTRICLE.

CEREERAL ARQUERVET W
CHEREID PLERVS
CENMTRAL CAMAL -

L.

infisndibuine ’\(:i,
TCESE ;
Iteri “{""
hiorn

LATERAL
Hight
saratral
LT T R
Raghl
laledi
st Corpus

calloaum

ol

v ‘L_’:nj’;_,w{'

Hypothalamus

CORONAL SECTION
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AV WERVEUS SYSTEM
ES: MENINCES

GH: Use very light colors. (8] Begin wilh the disgram of the
brain and apinal sord. Nole that ine durs mater conceals
the convelutions ef 1he brain (2) Color (he uaoer twe HIus-
trations deplcting the cranial meninges. The subarachnaid
space (D). whch & colored gray, can only be saen in tha
enlarged poition. Ko where the inner layers of he dura
miglar (B) converga to larm (he laix carabr (BY) (3)Cokor
the infoldings of the dwa maler in tha langs cranial View
pelow Meote the oubsr ayer (A) adjacont 1o The skull bones.

CREMIAL MENINGESS:
m& mm@ E'l"
CUTER (PERICSTEAL) LAYER 4
IRRER: (MENINGEAL) LAYER:
FALK CEREERIs
TEN TR RUM I CERERELLIE
FALY CEREGELL:
ARACHNOID: _
FSUBARACHNEOID SPRACE ESF+
SEIWAL DURA MATER =

The brain and spinal cord are envalopad in IDrous cov-
etings called meninges. The meningss of the spiral cord
mEve been presented in Plate 138, and are tha inferior
extant of the cranial membranes presenied here

The autar meningeal covering {meninx 15 the dense,
librous dura miater, The ouler tayer is closely appled fo
the skull bone a5 penogieum. The inner layer splits ofl
the cranial roaf in the midline bilaterally, encloses the
large vENDUS superior sagittal sinus, and descands be-
e Ing cerebval hamispheres in the lrgdudng)
cenabral fisgure 25 tha falx cerebrl. This sheel of dura 2
attached anteriorly &t the crista galli and posieriorly a1 the
internal occipilal profuberance. It arches ovar tha corpus
callosum i encloses the inleror sagilal sinus in its free
border, The pestanor par of the falx splits over [ha care-
bl 16 form the terd-like tenforurn cerebelll, sepa-
rating the cerebelium and ather contenis of the posleriar
fossa ‘rom the occipital lobes. The free adge of Ihe len-
torium borms & notch accommadating the midbrain: the
teranal noteh or incisurs. Given sulficient force, the
incigura car incise the midbrain when 1ne orain s rapsdly
loaded (acceleraied) against the skull In sanous hear
trauma. Extending vertically below the tantaraum in the
midling is the faix cerebell which saparates the peired
carsheliar mmisphanes. Mote also the dural rool af the \
sedlla turcioa (diaphragma sellzg), enchosing he hypo-

physis 11 is parforated 1o permil passage ol the infun-

dibulum, The mnet layer of dura is continuous with the

spinal dura mater

The filmy, vulrerable arschnoid es deep ta and flush

with fhe inner dura. The arachno'd is separaied lrom the

deaper pia maler by tha subarachngn space filled with

cerebrospinal fluid (C5F), This space besomos valumi

nous al varicus locations (csterns; Plate 143) Tha pia is

a vascular tayer ol loose fibrous connective BESWE, SUR-

poning the vessels reaching the brain (and spinal cord)

It iz inseparakli from [he surface of the bran and cord,

142

Sga 77, 138, 143

Camtwgl
coaries

MENINGES
OF THE BRAIN
[Modified consral saction)

Durnl cgwmrag
crareal floor

Cal e
. Of inmet e

Arhificaly

e }{! atad
_.r#. I::?:nr.ir-ulrn
L D__"

Pl |.

T
’f
.
-~ "\.__‘_‘
/ Leh cevetngd
and cerabelia
!/ hemapheies
" wpgumamm
x_"‘ﬁ-..--""'jt {Brain and skull cap removed)
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RV NERVAVS SYSTEM
CIRCULATION @F
CEREERROSPINAL FLVID ECSE

N Lse the sgme colors a8 wene usad on the previous plabe Tor the thrae maninges.
Lee hiue for L ard light colers for E through H, J, and K (1) Caolor the large (Buskation and
fhe comnal section sErulaneoLsly, paying close atienkon to the arows of cirechonal
fiow. Maole hal both lyers of dura (&) ara givan ans color |2) The lour cislemsa, parl of 1he
subarachnoid space. a'l recalve one calor (J'), ncludng the lumbar cistem al lower

nghi {3 )Golor the madan and inleral speriures of the IV venincie (4)Complele

fha dllustration st ioser nght

N EUINGIEISER
DUBR METER
ARACHNIDs
BB MATER.

SCHEME OF d “'1‘.".1’.1"‘
CSF CIRCULATION | /%
{Maditied aagittal visw) / ‘

Righl
liteial
weniricle =

FAifat
laaral |
warEncio

; I.' I;

| R j
A\

U
)

EHEREID PLEXVUS,
LATERAL VENTRIGCLES:
IWTERVEN TRICULAR BORAMER] -
SEP MEWTRICLE:
CEREBRAL AQVUERUCT.
U0 VEN TRICLS =
CENTRAL CAMAL +
MERIAW: LATERAL APCRTURE:
SUBARAGHNOID SERACE.
CISTERR
AFAEHNNVOID VILLVS s
SUEPERICEK SASITTAL SINUS «

Carabrospingl fluid (CSF) iz a clear, argely acellular fleat the lumbar end lower nerve rools (cauda equina).
Hiid secretad by the choroid plexus [70%) and wessels  This cistem s a frequen sile of punclure (&l & level af
naar the vertricular walls mto the iGieral, thirg, and abiout the 4ih lumibar vertebra) lor withdrawal and diag-
faurth venrtricies About 150 mi of CBF circulate through  nostic Testing of CSF Anesthetic aganis and rafiopanue
it venircles and around e suberschnaid speces (in-  dyes can also be introduced al this sile. Gerebrospinal
chuding cislerns). CSF flow theough the cantral canal is lluid i resorbed by caulifiower-shapad oulpockstings

mimimal to non-existent. Alhough the fiuid is an exu- of arachnoid called vill. These willi progect into tha

date of plasma tam the capillares (in the pla mater supariar sagitial sinus, one of the large veins draining
enfoided with epangymal celis liming the ventricles), il 1he Draimn,

has significantly kess density and profsin than plasma CSF has a shock-absorbing funchion of great signif-
GSF draing imta the subarachnold space via madian cance; tha CNS literally Boals within © Cerebral injury
and lieral apertares (loraming of Magendie and from blows o tha heod are miligated 1o a high degroe by
Lusehka, respactively) [ocated in ihe fourth vemtricle this fluid cushion On the olter hand, high infracersbral
Cislerns are diaied subarachnoid spaces lormed al pressure inducad by vendncular erdasgement sacondary
fhaxuros af ihe brain. The most notable of the cislams to dacreased CSF absorplian of venlricular blockage

i5 tha lumbar cigtemn (nof the central canall) in which {hydrocephalus) can cause significant brain damage
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Ve NERVOUS SYSTEW
FS: CRANIAL NERVES

CW Usa light cxoboes seoughoul (1 ) Beginnang wedh the first
cranial nerva, calar his ille on 1ha L the large Homan
numaral, tha craneal nerve (cul), and the realed fenction
mrow al lower k' &nd tha roman numaral and accompany-
Ing illusiralion al uppar ngnt The |Iksirations pengrally
depict targat argans/areas, (I} Nole carelul'y the deaction

Incoming. mabor/ eilérent I8 oulgmng)

CRAMIAL WERYVESS:
@L (),
@BPTIE (00
BEULEMOTOR (000
TROCHLEAR 0V v
TRIGEMINEL Wy
ABDUCENS (V)
EAGIAL 00w

VESTIBULE COGMLEAR (W00
GLOSSOPHARYNGEAL 053

VABUS (£3)«
ACCESSORY &0x
HYPEBLESSAL E300

Sansory
% (AMarent
-

i ¢ LDIr;-nlnnr \ .
kY4 BT

{ Dlr.-;-,;'.nr-,.-

l'l- ||.\:,

'f.;l Wﬂﬂw

| =

Spllml P

ANTERIDR-INFERIOR SURFACE
[Laf brain, brainstam, and ceraballum]

ol ihe hunclion arrows at lower lgfl (sensory fatierenl s trancn

=t
r.-' V' Y
Ophihaimes )
| —— Muzchey
¢ ﬁ urmaalnwmn
h’llrliln'p ¥ ' M

+
Mandibwlai - ¥

Sugeran
abliue m

lI_,.-"

Srwsll
iiistira

Hierosigitn-
mastod m

Hera cranial rerves and (ke general (Erget organs farsas are shown Al modor ner/es
inciude propriocaptive [sensory) fibers as well. Cranial nenves | and || are deriven from
the forebrain; all oibers are brain stem-derived. Cranial nerve nuclei (neuronal call
bodies ) are arranges into seven longitudinal columns in ine brain stem. Functionally,
these columns an ganeral somatic afferent (G54 ) or eflerent (GSE), general visceral
afferent (G or eflerent (GVE), specal visceral afferent (5%4) or afferent (SVE), and
gpecial gomatic attaman (554 General columns &ls0 axist in he spinal cord for spinal
rerves; special oolumns do nol. Somatic incledes skin, eye, fascial, and musculoskels-
tal sructures; visceral includes smooth muscla and glands of organs with hallow cavities

I SWA: gmall-gengitiva (olfactory) receplorns in roof walls of nasal cavly
Il 55A: light-sensitive (visual) receplors in reting df eye
il GSE: 1o axirinsie Bye muscles (exc. kal, reclus and sup obiigue), GVE: para-
sympaihetic 1o ciliary and pupilkary sphincier (eye] muscias wa ciliary
gangion in orbil
IV GSE: 1o superior abligue muscle of the eye.

V GSA: ‘rom face via ihree disions indicated, SVE o muscles of maslcalion,

tensor tympani, tensor veli palatinl, mylohyoid, end digasthic muscles
VI GSE: to lateral recius muscie of Lhe eye.

VIl SWA: from laste receptors ant tongue: GSA: from exl. ear; GVE: para
gympathatic to glands of nasal/oral cavity, lacrimal gland (via plerygopalating
panglion in fosss of same rame), submandibuler/ suslingual salivary glands
{via submmardibular ganglion in region of same namo), SVE 1o facial muscles,
stapadius (mid. &ar), stynhyoid, post digastne muscles

VIl 8SA: cochlear part is sound-sensitive. vestiular part (s sensitive to head bal-
ance and movemen! (eguilrumy

¥ SWA: from tasie receptors post. one-thind tongue, GEA: from i, ear and axt
audiory canas GVA; fram mucous memaranes of posterior mouth, pharyn,
audilary tube, and middie ear, from pressute &nd chemical eoeplors in carolid
body and common carotid artery, SVE: 1o sup oonstrictarm, of the pharyns,
stylopharyngeus: GVE parasyma to parotid gland (via alic ganglion in
infratemporal lossa),

X SVA: from taste recepiors al base of tongue and epiglotis; GSA: from ext
esr and exl. aud canal GVA from pharyng, laryns, Nomaic and abdoming|
viscora, SVE: tn muscies of palate. pharyne, ard laryme GVE: parasymp.
to muscles of tharacs and abdominal viscera (via intramural gangla)

X Cranial root: joins vagus (GVA to laryngeal muscies); spanal reat (51-C5)
innervales trapezivs and stermocieidomastod muscles

X1l GBSE fo extringic and intrinsic muscles of longue,
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BV NERVOUS SYSTEM e
P SPINAL VERVES & ROCTS o and Agperc

M Use very light coloms Dinrugh Gy Bege with the upper Blustration
Calor all threa pairs of Spinal nerses as [hey emeige from the intervarisbral
loramens (M), [2)Color the cross sochional wew in the canter, (3)Color the
wgeral nErva axons and Ihe Brows representing direction of mputse liow.

. SEINAL WERVE RBEOTS:E-
PESTERICOR HEOT
SENSORY A=
CELL BORDY:
PESTERICR RECT GANGLIGW:
ANTERICR REOT=
METDR AZ3@MF
CELL BehFe

SPINAL NERVE: RAMYSH

Spinal merves are collections of Axons of Sensory and mator PouTons
(pari o the peripheral nervous System of PNS). Thay are formea from
neeve mots 1hat arise directly from the spinal cord. Axons of ssnsory
neurons make up the posterion ol and axons of molor neurons make
up most of the anderior roof (It has been repodied theat some 0% of

| grierior foolaxons are sensory ). The spinal nerves and Iheir rools are
arrangsd sagmantally and bilaterally along tha lengih of the spinal
cord. Spinal nerves are very shorl, formead within (e inferveriebral
fovaming, they branch just beyond into anlarior and posfariar ram

The brarches of these rami are disinbuled bodywide below the hoad

| and provide & vehicle lor acquisifion by tha cantral nervus sysiem
(CNS) of sensory informaton fram extemal and irtarnal receptors, and
a means ol disseminaling motnr conrmands 1o s«elelsl, smooth. and Subarachnoid
candiac muscs, and to glands s
Spinal perves and thair roots have fairly tight guarters. Tha relations of
the=s narves and rools can best be appraciated n he cross seclional
view Marve rools are vuinerable (o irmiation (radiculitis) from encroach-
ing, hyperirophic bone in the lateral recesses (degererciive [oir dis-

=

~*~ Extermnal
N
b ?f:tlllces-s vertobeal
L/ i — WNOUE plEws
¢ Epitul - o pecteriond
Iat'“’_’fg ' mr'i-_ril i

W g
N .~ Rami
fCommunicaEnies

| 'ER': Sympalhsiic
e ganglen

easa), from bulging intervertanral discs (deganeralive disc dsease), or
from cyels, meningeal lumors, and so an. With compression of axons CROSS EE.—.“;ETHM?UGH T8
of blood wesanls supplying the axons, lunctional deficits can result " = Prskaiiol
(radiculopathy: sensory lnss, matar 0ss, and/or tencon refiex change), ,-nb“rﬁ'l:r i s D o
— T -_'_'_'_,- -
Anmarior -, =l - While
o '-nj_ L W mEtsr

WEBVE RELATICONSSE
VERTEBRES
BEEAFT

LRGN g
AETICULAR PRHOCESS: \V
VERTERRAL GANWALL & \
LETERAL REEESS y
IWTERVERTERRAL FERAMEN i\

Thie posterior roois of spinal nenves conaist of peripheral procesees
{@xons) of sensory neurans, Unipalar of pERUdo-unipokar newron cell
| pootes (aggregations of which are called spinal or posterior roat gan- ANTERICR
giial, and central processes (axons| of sensory neurcns. Tha gangilis
torm obvious swellings in the area of Ihe inierverietral foraming. The
avonal endings synapse with neurons in ihe postaror hoem ol the spinal
cord of enter the posterior columns (recall Plate 138). The artariar ‘g

Canral
process

mols cansisl of axons of motor (multipolar) neurons wnoss call bodies
reside in the anterios horns of the spiral cord. These neurons are

knowen B lower motor neurons or anteriar horn colls and represent the ) HE.HS'HEEITILENB
final comman pathway for molor commands io skaletz| muscla. In the i g WALsY  (Bchemntic laleral view)
T1-L2 ragions of fhe cord, motor neurons of the sympathetic dnision of ; -
|he autcnomic (viscaral) nerous systam reside in fhe lateral homs ot "
ghawn; their axons join the aniedor roots }

Paripharal
procass
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|
f 146
Saa 11, 130, 132

LBV NERVOVS SYSTEM.
PUS: STRETCEH REFLEXES

CH: Use light colors lor & and C, and use the same colors yiu LSed on PL 145 for stra
1ures O-F (11 Galar the uppar two lustralions simultanagasty, in numencal sequencs 1-8,
inciung tha arows Thi smal 8rows at ine end of the muscle sagmarts indicate con-
iragfion or strelch (2] 0olor s iower teo Hiusations semilary. Mole that the mator neuran ' ; L -l TP————
syrapaing with 1ha inhibitory itemauren, and the reialad aifeciar, are not colored i

Nusel
it Pateilar

gﬁﬁﬁm i i 1 higaman
SEVSOERY WEVERGW « - ! W @
SEINAL SR s . % &
METeRE WEDRCMN.
ED CLATE:
EEFERTE@R e

SEIMNAL VERYES/

SEINAL WERYVE: i PSS ' e
BRANCH: | |

EeSTERICR RORU:
@fﬁ@@ﬂ@'ﬁﬂe

AMTERICR BEETF

f reflex (bend back) & an involumary muscle responss (o a stimulus. It 5 a funda-
mantal activity of fhe nervous system, most body movaments and moverment of viscara
arg retiexiva, a.q. hearl rate. respiratory rale, peristalsis of gastrointzstingl moton, and
s0 on Spinal rellexes invalva sensary receptors, SONSOTY NEUrCS, IMArMeUrons ol the -
spinal cord, motor newons, and efleciors ﬁ::slu?::l o=
The simplest spinal reflex is a monosynaplic refiex involving twa NEUFDNS and one syn- :

apse [myctatic, sirelch, or deep tendon refiex). The reflex is activated by gtretching the

jendon of a specific muscle, such as the tendon of quadriceps famaodis at the kraze. This

pan be dane with ine sharp 1ap of & smal malial used for such purposes (or with the

Bth-digi-side of a hand). The receplors responsive fo such 8 stradch are tha neura-

fendinous (Giolgl iendon) organ and 1he muscle spincle (specializad muscle fibers wilh

narve endings sansifive o muscle stretch and motor nerves 1o those muscles which ﬁ
resist strelch and “uniged” the spindle), Impalses genaraled In these receplors (1) are P ?:'-l
carductad by sersary nawons (2] 1o the spinal cord (3); these synapse n the gray mat '
ter with The antesios hom molor neurons (4). The motor nouron conducts impulses o the
end plaes of the alfecior muscle (5). The muscle contracts sulficiently, in tha casa of
the knee reflex (jerk’), o axend the knes joint momertanty (6)

Extonsar
muscie

Sreiched
{hasor muscks

PELYSYNARPTIEC
REFLEEL s -
PAIN RECEEPTORS »

IWTERMEUEOMS _
ﬁ%[}&ﬂ?@ﬂ@@{#}a' ; Bon-liniilabed
U@ﬁﬂﬂ @ﬂ?ﬂmﬂ@ (E,] G2 nauEn

Folysynaplc rellexes range from simple withdrawal rallexes 1o compiax refiaxes invoaby-
ing several segmens of 1he spnal cord and the brain. In the withdrawal reflex shown,
axtreme heal applied 1o the hand of an unsugpecting person induces an involuniary
hyparextoneion of the wris! jpint by wrisl extansors, essocialed wilh & simultanecus re-
laxation and stretch of ihe antagonist wrist flexor muscies. Obviously, ihe former can-
not aecur without yislding of 1he latier. The main ciffarence between this reflex and the
strefch reflex & the infernewron: twa fasiftating the wihdrawal, and one infubiting oén-
tracikan of the emagonist (Nexors) 1o ke withdrawak bebyesiof

Estenanr
musclE

u
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NV WERVOVS SYSTEM o mm'
2S5 DISTRIBUTION OF SRINAL NERVES o

CM: Ues the sama solons for E-G that wene used for 1hose struchuniss on Ing preceding plate
Use aphl coors for A-D (1} Bagin with the nervwe coverings. Nots thal the andonaurium {C} is
shown gty on The projecied exons. (2) Golor the typical thorcic spingl nerve and |ts branch- Eracto

BE in he cross sachan ol e noeEx. (3) Color the spral neryes and (hein iranchas in iha G‘::m”s B [Muscles
lowest drawing, hols espacially the difference between intercostal narves (oA SpiRe! e

mach] ard nerves ol ihe plexuses and ther Branches |combined spinel namves),

NMNERVE COVERINGS:«
ERINEUR DG -
PERIVMEVRIVM e
@EB@@ N EWR IR, .

By

lusl:ulur =
4 branch Sympathetic
pErglion

Ihpeacie verlss
Sainal narves and their branches conslal of axons of sensory and/or malor In:'j“"{,"'ﬂ”;‘:l':“

neurons ensheathad in fibmus connective lissue. Indnidual axons are sur-

roundad by thin envelopes of fibrous tssue (andaneurium) containing nernes Irierai
and capillaries that supply {ha lving axcn Bundlas {lasciclag) of axons are = rrpecawtalm CFWHEEEGTID"
f bound by thickar, more dense coats of fibrous hssus |pereurnum) Belwoen Extarnal OF THE THORAX
; = (Vigzera not inludad)
{and within| the fascicles are relatively large vessels and nerve bund|es, Sur- L inbercostal m

rounding ihe fascicles are croumferenially aranged loose arrays of fibrous
lissue conliguous with desp or superfical fasce (epneuriurm), ThEse SURpOr-
fing tissues stabiize 1he neurwasculsr elaments and provide a framewors for
he nerve in its envranment.

THERACIC SPINAL WERVES «

PESTERICR BOOU:

AUWTERIGR BORUF

WERBVE -

| PESTERICR BAMUS -
LEATERAL BRANGH
MEDIAL BRAMER-

; AWTEBICR BAMVS

| HTERCEOSTAL MERVIE)«

LAT: CUTANEOUS BREo.

ANT: CUTANEQUS BRom

Tramsweraus
tharacus m

\ Sternum

Culaneous
branch

Camical

| Each spinal nervs leaves an interveriabral loramen and dvides inlo anlerior i
and posterfar (primary) rami. The anterior rami supply all parts of the body

| excap! the deap (intrinsic) muscles and skin ol the back: thus, the anarior ﬁ;ﬁ"':'
ramus is generally larger than ils posterior feliow. The antenor ram contribute I:Tfl-u
{0 networks of inerconnecting nerves (plexesss or plexi) supplyng the neck, -
uppet limb, pelvis ! perneum, and lawer limb. In the lorso, antericr rami form ;
the intercostal nervas. The distiibution patiern of 8 typical thoracic spinal o
narve i3 showr in the cross section of the thorax. Note the rami communi- :
cantes; (hess will be presanted in Plate 161 Mote the muscular branches of Rt Thoracic

the anlencr ramus passing balween innarmost and internal inercostal mus-
=lgs, as wall as the fferal and antarior cuilaneous branches and their dis-
tribuzian in the superficial fascia. Nole the areas of overlap betwean the cula-

neous branchos of tha anterior rami and thoee of the peslenar rami. This pai- g a ii!}lﬁﬁ}{!}@ﬁ

tefn oocurs segmantaty mnd bilaterally throughout the thoras: the lower thar- € e M}W&"

acic spinal nerves also supply most of tha abdomiral wall . n'.
(1 T : b‘-r

The anteriar rami of (he corvical spinal neres (and 71 gpinal narve) form et @@WU@&& o

nieeconrecling networks from which ine nenves to the neck and he upper e THERAECIC,

limb efe derived (next plate). The anteror rami of [he lumbar and sacral spnal St L
nerves borm inferconnacting plexuses irom which the nares o the pebas, Bz ﬂ:ﬂ:ﬂ P
L 4-3 —
st SEEHAL

2

perneum and lower limb are derived (Plate 142), Thus, the source of an intar-
coelal narve can be tracee 1o the single spinal nernve forming il e g, TE spina
nerve, whaseas the source of & nerve ta fhe limbs is iraoed to the colleckion
of spinal nervas that farm i, g, C5-C8 spinal nenes
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BIV. VERVEOUS SYSTEMW

G- Lisa light colors for A<D [t 11r the upper liustation. ook
i stters and numbers idontdymg (he five roots of e brachinl
piexie Mot but do nol color the small brenches of The pleus
a8 you colnr the piaws iRall Note in 1he kwer [lstratian he

DEOTS C5.,68-
TR0 s
REET &7/~
MmipELE TRYMNK:
MREETS B8y T -
LEWERE TRUMNG =*
AMTERIOR DIVISICR)
LATERAL CERBEr

B 70 MERIERN Wor
MERIAL CeRB:
EBE. 70 MEDIEMN @o -
RERIAN Mo =
ULRAR W =
EeSTERIEFE DIVISIe@N
POSTERICHR CORDs
ARLLARY Wo -
BEPIAL Mo -

The major nerses ic the siructures of 1ha uppar limh arise from
tha brachial plexus, formed from the anledior rami of spinal
rerves C5-T1 (plus or minus one level), Thesa rami farm tha
roots of the plexus in the patter ilustrated, further Branching
and joiring of fibers in the neck, supraciaviculas arse, and axifla
te=ull in the formation of the fve major nerves of (he upper
{ima
The brachial plexus & subjec! (o imury (plaxcpaliy) from -
cessive stretahing or fracton (29, rapid, larcetul pulling of the
upper limb) and comgression (£.g.. lang-tanm placemant of body
waight on axdllary or arm pit cushians of cruiches). in such
in|uries, there is great varalian in degree of delicit, signs, and
symptoms
The musculacuianeaus rerve (C5-T) supplies the anlenor arm
1 muscles and s cutaneous in the forearm. Packaged in muscls, it
is rarely traumnatized, C5 and)/or G6 rerve ool comprassion can
waaken these muscles. The median axive (C5-CB. T1, "carpan-
tar's nerve’”) supplies the anterior forearm musches and the thanar
muscles. 1 can be compressad al the carpal unnael (recall PL
27|, resulling in some degrea of sansory deficit lo fingers 1-3 and

MAJOR NERVES
OF THE UPPER LIMB
[Right limb, antesiar view)

o)

e

PRACHIAL PLEXUS & MAICR o

OCUTANECUS Wo:

NERVES T THE VUPRFRER LIME

tha anlite plexus & colorod gray. | ) As you color esch of

the major nares arnsing from the pheus. ook |t in tha lowil

Nusirstion as wall As you color each nerve, try 10 IEET. Hr i

[t g yaur oin [emb |.

Clavitk e
(o] = gumraponputr n

181 nb )&; &

Medaal Brachial
CoslAM&IES i

I Madinl aMebraohial
CUEAMAIUS

REGION

waaknass in thumb movemenl (carpal funrel syndrome). Similar
compiaints can be associated wih a CB rene ool comprassion
The ulnar nerve (CA-T1; “musician’'s narve’) supplies certain
muscles of the loreanm ang Most intrinsic muscles of the hand
It iz subject to frauma as it rounds the sibow in the cubital tun-
nel, possibly resulting in ulnar-sde finger pain, hana wenkness
or abrormal Ktk lingar postion. Similar complains can be as-
socialed wih a CB nerve roal compression. The axillary Aerve
(CE-6) wraps around the mack of Ihe NuUMETLS o supply deltod

and teres minor. 1 is vulnerable in fraclures of the humaral neck,

possibly resulling in a weak or paralyzed deftoid muscle. The
radial nerve (G5-8, T1) supplies the tricaps, brachioradialis, and
posienor forearm (extensor) muscles maving the wrist and

hand I s subject 1o damage a5 1 rounds the mid-shatt o ine
humerus; significant nerve oss here resulls in “wrist diop” and
Ings of abifity 1o work (he hand {iry moving your fingers with your
wrist flexed hard). & C7 radiculopathy is charactedized by &
weak triceps and loss of the Irceps jerk (deep lendon raflax)
Sea the appandix for listing of upper imb muselas and their
nerve supply.

epicandyle

- =
C. ‘-i ¥ inlareaginl n
| Clavicie R .
{eut) \Eh |

. ———

F RIGHT SHOULDER
{Bnterior view|

148

San 145 147 150
and Appandix

Cetvical
varielra
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| 0. AERVOYUS SYSTEM ..

P NERVES OF THE L0RDB ona

GN: Use a bright color for J (1) Bage wilh the arteson wes
! ol {,L Colot the lumbar and sacral plexuses gray, nola thal ihey have
HiBhypogastnc i = _l_-' haien doied for easy identifeation. Mol the knges! branch of
. -l L the famoral niwve: saphenous nerse (21 Colar thee poSienor wew
o : which includes almanl snfirely the scislic nenve and s branches

L+ LUMEBAR PLERUS »

o CEROBAL W
SARPHEN@US Woe

OEBRTUBATOR W.c

LAT, FEMERAL EUTAW: W

LUOMBCSRCRAL TRUNR: x

W SACRAL PLERUS Frshos

S e POSTH E’@L‘%ﬁ%& @@ﬁmn W

Y=, SUPESRIOR GLYUTEAL W,

A0 IWFERIGE GLUTEAL @Wor

e SEIATIE Mor

TIBIAL We ‘

e | MEDok LAT: PLAMTAR o« -|'“_‘ i f i |

\ | MY PEDROMNEAL WoL [ & W
SUEERFICIAL PEROW. Wow | PR

DEEP PEROW: Won )

The nerves to the lower limb arise from the iumbar (L1 -L4) and | |
sacral (51-53) plewuses. These plexuses ame formed lom antesion f !
rami of tha spinel nerves notod. The lumbar plexus is located in

the refropenioneum agains| the poslenor andominal wall, it is the Co {
spurce of Iwo magor nerves 1o the lower limb. The femaral nerve T
{L2-L4), grvang lorth an effusion of nernves just balow 1he inguanal {J 0
ligament. amd in company with the (superficial) femoral anery and \
vein, innervales guadiceps femoria and saratius and |5 sensory 10 I' : |
tha artanior thigh, Trauma 1o 1his nerve (s most (kely in the palvis a5 \ !
it paEses (hrough of near fie psoas musclks (hemorrhage, surgical Kidial x ’11-;?; | E, L

liairguinal n. -

ety GrEsle]
sclatic
noich

{
" Fomur

I infrepetaliar mesadvanture, and 500n). The i nerve (L2-<L4) passes aural

branch along the lateral palvic wall and through the oblurator leraman to culanpous
preak Lp inlo branches supplying the adductor muscls grou Like
ik femorel, it too s subject to trauma in the pelvis. Comprassions [
of fhe L2-L4 nerve roots can be manitested by complaints in the
anleror and medial lemaral region, The sacral plexus gives rise (o | [ LAerE
a number al impariant nerves, the mast significant baing the sciaic I sural
nerve [L4-53} Roughly the size of your thumb, this nerve passes t [f; c"ﬁfqm
deep 10 gluleus Maximus N tha postenon thigh, innervating the /I

‘hamsiring” musoles. Just above and betind the knee, it spits into
peroneal end tibial componenis. The comman paraneal navve sup-
plies the latera! ieg muscles (superficed peioneal) and he antera-
Interal leg muscles (deap peraneal). The fitval nevve supplies the
pasterior leg muscies and the plantar musches (sole of the foot]
Comprassion of ihe L4-51 nerve roots commonly affects tha sci-
alie distribution (2.0, sciatica or pain in 1he lower ime along the
seiatic distibufion). More significant compression rasults in specific
leg or fomt muscls weakness and sensory 1088 51 radoulopatiy is
charactenzed by a loss of the achilles {fendocalcanaus) raflex ar
“gnkle jerk,” The scialic can be injured as it exils the greater sciatic
natch o i the buttock. The common peraneal nerve (s vinerabla
a3 il raunds the subculaneous fibular neck; traurma (a his nerve
may be expressed as Toot drop” (loss of ankle/1ce exiansons)

Ses the appendix for listing of lower limb muscles and their

narye supply

ANTERIOR
YIEW
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RVe NERVEUS SYSTERND
PERMATCOMES

CN: 1 }E:&;n with tha deigram ol &N, depecting s8fe0ry WinarYalion of an & o sxin
[darmalome) and ihe degres of overlag among contiguous spinal narve culaneous branchas

and Ine genmalomas thay supply, Golor gray he Ihree spinal nerves and e reclanguler borders

of the ralated dermalomes. Nole the overlap [2]Use very lighl colors for the four groups of derma
tomas. Use ane color for all dermatomes (represanied by bordensd spaces) win the befler C; an
othes color for the cermelomes marked wiltha T and 5o on with L and 5. Suggestion: carafully out-
ling ihe coactinn of C dermalomes wiih the color used for C, then calar in the encinsed area
|I.I-I.'I.D‘FII‘IH an |he sxin areas sorvited by M relaled gpinal merye; répead wilh T, L and 3 darmatomes

SPINAL MERBVE.
EPERWMATOME:"

. Poslunor | a0 |

£l

Ean.il-rm Sarmany

[T

Hippla

PEBIATEOMES ©FE -

GERVIGAL WNERVES:
C&E = GChia

THERAGCIE NERVES.
T o USads

LUMEAR NERVES.
L3, o0&

SHCEAL NERVES,
ISPILESIoE

A dermaromme 18 &narea of skin (culaneous area) suppled by the sensory axons of
8 gingle spinal nerve, The body surfacea is globally covered by sensory receplors;
Ihus the entire surface can be apprecaled as a map of dermatomes (‘acial “derma-
lomes" supplsac by divisicns of the V cranigl nerve cen be seen on Plate 144) Thia
map was genaaled from sxperimenial, clinical, and surgical expenences. I s cor-
roboraten in patents presanting with limited spenal cord deficits (myefopathy), nemne
oot daficis (radicuopathy), &nd penaharal nerve esions (neurapathy) including
factal pain (rgemnal neuralgia)

There is overlap among cuteneous branches of neighboring sensory axons of ditter-
ant spinal nervas Thug, the border zone belwean each pair of conliguous derma-
omeas is coverad by lwo tranches of different spinal nerves in spite ol some degree
ol garmatomal avedap, darmalomal pain or sensory daficits can contribute signifi-
canlly to deagnases of cerlain newrclogic disordars.

I s importart to realze that dermatomes reflect only cutaneous pain and pain
retarred to the s%on (2g., nerve ool irritalion, viscaral pain). Tha naurons of the sen-
sory cortex of the cerebrml hemisphere and the thalamus cannol ganerally iocalize
myatascial and musculoskekatal pain with siriel anatomic accuracy, Such painful
areas usually “cross” oermalomal ines. Commanly, visceral pain may also be affi-
cult 1o locahze; however, it may be referred 1o cutaneous areas served by the same
spinal nerveds), making the diagnosis easier, 8.g, the pain of inflamed pleura (inner-
vated by C3-C5 spinal nerves) in the lower ches! may be felt in the C3-C5 derma-
tomes (shoulder) during deap inspiratian

Finally. ncle 1hat (1) C1 has no dermalome becauses it has no sansory roal, (2) C4
and T2 dermalomes overtap on the chesl wall because the spinal nerves C5-T1 are
commalled o the upper limb; (3) and the same & lrue in the low back and paringum
with respect to spinal nernves L4-52 which are committed o the lowes limb

A 0f |
inguinal
spameant

Genital

ANTERIOR
YIEW

—

150

Lir=3

Wa 9)
=3

c3
> [
|
c3 |
e5- ., Siwouldor
c4 CE - Cd .
T

T2 o

T3

- T4 .

Farineum

L3 Pasiorio

thugh

Lajeral |
g

Heel Planiar

swiace

Lataral
oo

[AMer Fosrsler|
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RV WERVRUS SYSTEM (
5: SYRMPATHETIC DIVISICM @) |\

CH The plate s parl one of @ iwo-par presanialion of he sympa-
inetic dedisian, end many structures on this and Ih nexl plate with

e game tdles and subsonpis should recoive the same colo (1] Begin
with ihe schemalic of e spingl covd segmenis conlaining he cel
bodias ol p-mqanpllnnﬂ. fauronE Thess reurons [nol shown| leave the
apinal cord fo enler or pass through the sympathelic chan. (2) Colod
Ihe sympethetc chesn and relalions st upper righl. (3} Color the path-
ways af [he pragangtionic and postJenglionic neurons telow (4 )Calor
tha ngol lllustraton

SPINALCORD SECMENTS Til=0L&8
PRECANGLIGWIC CELLEE
PREGAMNELIONIC ARSCW =
WHITE CORDWo RAMUS -
SPLAWCHWIG WERBVE
PREVERTEBRAL @@&ﬁ@ﬁiﬁe

@'@W@ﬁ@@&ﬂ@@%&@w@ @@EL& EBODY
‘-’EL_J- T .:ﬁsli!}@ Lﬂ@ﬁm (= EEMIE )
BRER? COMMe

SPIvAL NERVE!:

The aulonomes nanaus system (ANS; also visceral nervous
sysEm of VNS) s a part of he pariphenal nervous system
{PNE) responsible for the mnervation of emoath muscla and
glands in viscara and skin, and epecialized cardac muscle
It is a motor system uniquely cheraciarized by two-nauron
Inkages and molor ganglia (pra- and post-ganglionic neu-
rons} Sensory impulses rom viscera are conducied by
typical sensory nawons nol generally describad wilh the
ANS out considerad parl of the YNS The sympathetic (fbar-
acorumbar) division of the ANS is concamed with degraes
of "fight or Hight” responses 10 stimuli; pupdiary dilatation,
Incraased heart and respiratory rates, increasec blood liow
| I brain and skeletal muscles, and other relaled reaclions
The cel bodies of pregangionic neurcns are restrictad 1o
the (&teral homs ol the spinal cord segments T1 through L2
The axons of these naurang laava the cord via the anlanor
rools, join with spioal nerves for a very shorl distance, and
turn medially 1o anlar the sympalheic cham al gangha via
he white commumcaling rami (‘white because lhe Bxons Are
myslmaied ang “white’), The chan is localed bilatarally

SPINAL CORD
SEGMENTE

{ S=hamatio)
With cell bodies
of sympathelic
eparglionic naurons

glongeide (ke wertebral columre (se2 inzel llustration), Once i i

in the chain, the preganglionic axons can lake 008 of mMora ==} 3 ',K | _,/' palll =
of lour cowrses: (1| synapse with the posigangionic Newmn // e o %“‘H-“ JLLTCTS
at the same level il entered the chain: (2] ascend and syn- / /" "‘;'.1;':"

apea 21 2 higher level of 1he chain; (3) cescend and synapse /_— L T
al & lower level of the chain, (4) pass straight through the : 2l # P wg

chair, tarming a nerve thal runs from tha chain 1o the fonl ol il

: 4 : ! U | ”’ﬁ?
ihe vertebval column (splanchnic nerva), and synapse with a K [ gy 2o, b
o g i
posigangiono newon (hete (praveriabral gangia) Aritariorn [ventral o
The posigangdonic neuran within the chain leaves via the roal

gray commumcating ramues 1o jom the spinal nerve. There
&re gray rami bilaterally al avery sagment of [he spinal cond,
wihite rami axts: onfy from T1-L2 Gray rami are so-called

L
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Synapae 7P
becausa fhe resident axons are unmyelinated and colles- : A ! -‘:'H_"\
tivaly hava a duler color than those o the white rami, Post- & ‘_ - _\' | 5= b e
ganglionic asons hom preveriebral ganplia traval in a plaxus-  apdominal E H"——' '"""' et
configuration fo the viscus they supply. Plate 152 puts this _‘L%;':_':i & i II_'_,.A- -
S0 W gninghul T

ey toa mare meannglul perspective :rf - ‘{? {E'IJ},LF’

I.l" = II o

7 o~ .- |/ PATHWAYS OF PREGANGLIONIC

\.\_‘ = - AMD POSTGANGLIONIC NEURONS

== T (Schematic)

(Behemate)

151

Sep 145

HEp T O
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RV NERVEVS SYSTEM P .

ANS: SYMPATHETIGC PIVISICN (=)

CH: Lise the same colors a3 wou ugad on tve preceding plate for praganglionic nedrons (B),
gpianchne neras (1), and posiganglionic Neurans {3), ol of which have baan gvan the sub-
soripts thiey had on Plale 187, (1)First orian ynursed io this disgram, Note tha spinsl cord in
ihi center with symgathalic chaing of gerglia on eliher sidd kot all canneclions al both
smabs are shown, Hee tha pathasys on the lofl are o the sKin, Pathways on e fgne ane o
viscers in 1he head and body caviies: (2)Start with [he plegandglionic nBUrans on tre lef. ard
color the chain and ralates parts on (he kell, Then miad (e ralaiea loxl (3 Color tha pregan-
glionic neurons o (he gt and the splanchc narses 1o the abdominal visoira (&) Cobor (ha
posiganglionics in e head and thorn, &nd than e poslganghonics from the preveriebal
gangla 1o the sbdominal and palic/ pErines| organs

PREEANGLIOMIC
NEVROWS - e

SPLANENIC M niSiEMEOE e .
PESTEANGLICNIC .
NEVRONSE - p
TE NEAD & WEGK &'
o6 THORACIC VISEERA e (
|  Te sime o~
SWEET GLANES &* N o] / +
ARDECTOR PILlc MDe { \
BLOOD VESSELS: el | |
Tite) ABRDEMIREL WISCERB e* LL J \Hnﬂnul-cn

Te PELYIC/ PERINEAL VISGCos* 24

1
Sympathetic innervation ol skin (end viscera as wall) begins ] lllllllll.lL s
wilh the preganrgliome neurons Iniha thoracolumbar part of | .\
ihe spimal cord. The axons leave the card va he anténar | ll'l,

rami of spinal nerves. enter and leave the spinal nanes o L AN <
join the white communicating rami These rami oring the I'". Y\ (=55
awane inioihe sympathetic chain, Axons from the upper e
theracic cord ascend the chain up to the highest ganghion \ «je_"':'.' B

[suparior cervical ganglian a1 thie lewed of the first ceracal a
vertbra). Axons from the lower thoracic and upper lumber  ETR
cord enler the chain and descend as far as the lowest gan-
glian (ganghian mpar at the level of the oocoys). Al evary

Jevel ol the chain {raughly caincidant with Spinal cond seg-
miants), the preganglionic awons synapse with postgangiome
newons. The posigangionic axons leave the chain via ihe

gray communicating rami, enter the spinal nerves fram C1
thrawgh Cal, and reach thia sk via cutanecus Drenches

of these narves, These axons induce secrelary activity in
sweal glands, conlraction of arrector pill muscles, and vago-
gonstrickon in skin aranal vesseks,

Postganghonics 1o the head (vessels and glands) laave the
superior cenical ganglies &nd entwine about artenes enrgute

i fhe head (in the absance of spinal nerves) to reach their

G BT e
SR
a1y A 'f L

o

)
|

le fl1\ o
e s P

[

targal crgans. Pastganglionics fo the heart and lungs seave A=
ke upper ganglie of the chamn, reaching INEsa argans via A G
| cardiac narves and the pulmonary plexus. These neurons o . m
| acl on haarl muscle and 1he cardiae conduclion system 1o J communicating | = i
incraage hear rate they induce relaxation ol bronchial " -—m‘] [ rami il
muscylaturae, facilftating eas er Dreaining. ‘! } s B
Pregangiionics to abdaminal and palvic WECera leave Ihe il ’ communiceErng mubteniic 4
cord &t levels T5-L2, antar the white communicating rami ‘rf_ F J jami gargla y |
and pass through the sympathetic chain wilhoul synapsing. J‘ l [ ,;
| Thay lorm thres pairs of spianchnie nerves between ihe =k I| X,
chain gnd The preveriebral ganglia on the aoria Thess s 'a* \ f
axans eynapse wilh the postganglionic neurons in fhe gra- 4 |
weriebral gangia The axons of these neurans reach for ,‘.;!.- Ay IIlI |I
smooth muscle. inducing cantraction af sphinctars and P 'l\ [
dacraasing imestinal motiliy, relaxing bladder muscie and _% | ~ Gangiion
constricting the urinary ephinciee. These axons stimulate [he o= \ / It
adrenal madulia 1o secrete mosily spinephrine and some \Lr'
norepinephrine, slimulale sacretion of glands and muscle i o Symiahetin
| cantraciian in e make genital ducts (ejaoulation), arsd stim-
u utate Llerne contraclikons
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20V NERVOUS SYSTEM
ANS: PARASYMEATHETIC DIVISION

o CN. Confinug using the same colors you used on Plales 151 and 152 lor subscripls:
11 B, D, and 5. Use a beight coier for E. This drawing shows ihe parssympalhelic schame
! un oo side of the body only (1 )S1Er sl (he preganglonss nevrons 0 The head and

1 wark irrolgh 1Ne pasigangeonie nedurons, reting 1he siructures irmervated. Note par-

f lizudanty thie antensive gallom associaled with the vagus nerve (2] Conlinus with the

|‘ sacral preganglionicaand posiganglionics, naling the teigel ongans, [3] Coor the dis-
ram describng ganglia ipcation in the twa ANE divisions

| PRECANGLIONMIC NEYRBEVSS:
WOT0ES 000 CRANIAL WMo
V00 CRANIAL Wee> 163 CRAMIAL Woes S5
25 CRAMIAL: WOt
EELVIG SPLANCHMIE Woo s
@ANGLIAL: CILIARVye PTERWED
PALATINE, - SUB AN BIBULAR::
OTIC= INTRAMUGBE L I
PESTEANGLIGNIC WEYROUSS- S o+
TEE BVE=WASAL/QRAL GAYF s
TIES SALIVARY CLANDSge: | |
THERACIS/ACPAMNMAL WSGuet [~ |
EELVIGC/PERINEAL MISCERE &

LOCATION OF GANGLIA

IN THE ANS
SYMPATHETIC TMPRTHETIC
DVIEON DVISION
iAckor inciors) [ Vis{Hialnm hnckors)

OEgan
Smoalh mriscle
CAlEsC MUECle

gland

The parasympathatic division of tha ANS 5 conoernad wilh vegetaiive func-
lions, 8.4, eroourages secretony activity on the body’s mucous and senous
memibranss, promeoias digestion by increéased penstalsis and glandular
secrelion, and induces contraction of the urnary bladder

The parasympathelic pregangionic newronal call bodies in the head ara
loeated in the brein stam associaled with cerdain cranial nenes. The pre-
ganglioric axons laave thie brain stem wilh their cranial nerve, and Syiripee al

153
See 144
SCHEME OF THE
PARASYMPATHETIC DIVISION
Cliary
mustle  pPyplilany
g, CONEINCHS!
1) LACtisal
gland

T

Oral and e
MiEsal mucss -

Sublingusl

';:? Bronchus

ona of the crarial gangla. The posiganglicnis neurons tend to be short, fermi-
natng in sallvary giands and other glands of the nasal and oral cavilies. Tha
praganghonic: fibers assccaled with the vagus (X cramal) nerve are unusualky
lang, desoanding the neck, the esophagus, and ihrough he escphagas
hiatus to the gastrontestingl tracl. The axons of lhese newrorns extend as far
as Iha descending colon. The ganglia are in the musoular walls of the argan
they supply (intramural ganglia), the posigangiomic @xons are very shorl, ter-
minating in smaath muscle 2nd glands,

Tni call bodies ol tha sacral preganglionic neurons are located in the lateral
hoons of sacral segmenis 2, 3, and 4 of the spmal cord Ther axcns leave the
cord via the anferiar rami bud form ther own nerves called the pafvic solanch-
AIE: nerves (nervi ergeniesy Thiese narves project 1o 1he palvig, mix with
sympathetic pastganglanics in lhe pebvc plaxus. and deparl for iheir largel
organs. They synapse wilh (he posigangiionic reurons in intramural ganglia
in they walkle of the organ supplied These libers slsmuiate contraction of rectal
and biaoder musculaiure, and indwce vasodilatation of vessels io the penis
and cliaris (erection),

The parasympatnetic and sympathelic divisicns of the autonomic nerDus
SysIem are nol amagonishic. Thelr respective aclivilies are coordinated and
synchromized 1o achieve dynamic stability of body lunction during & broad
range of life tunclions such as aating, running, fear, reloxation, and so on.
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B0V WERVOVS SYSTEM

PSS SENSORY RECERPTORS

CN: Uise your Bghtagt colors for A ana E. (1) Begin with ihe ovorvew of & sersary
pathway. (2] Goler he ganeral esdarocaptors, Node thel each recaptor is connhected 1o
# sensory nouron (B of a dflerent color (3)Color the propriocepions n he owar dlug-
fratin Colnr over the unline musche spndle, bul not 1he surrounding muscle libers

Sensory recepiors providd information 10 1he Brain aboul the intermal and
gytermal enviranment of the body Most recepions are fransducets: they
convar! mecharical chemical, elecircal or light stimull to elecirochamical
impuses thal can be conoucted by the nervous systam. Once ganarated,
informaticnal or sensory impulses fravel 1o the CHS via sensory Naurons
uitimately reaching the thalamus Here mpulses are relayed 1o the sengory
eorlex (consaious interpretation or to motor cemers far aparoprate (raflex-
iva) response.

ERTEREOCERTORSS -
SEEGIAL '

EENERAL. »
TEUEHK / TACTILE (-
THERWMOBECEPTE S »*
MEISSMERE ENBINGS,:
FREE WERVE BMRING

Exleroceptors ara iocated near ine oody surizee Special exteroceptons (nol
s here) include hi photorsceptars of the reting (ght stimull), tasts
recentors (chamical slimud), and avditory recaptors (sound stimill) General
asteroceplors include Ires nene endings and encapsulated endings sonsive
o louch, lemperalure change, and pain al the body surface Touch receptors
irclude thosa thet encircle heir talkckes and hair shafis, and tactie discs (of
Merhel) below Ihe epidermis, Touch-sensifive Meissnar's eéndings {COTpus-
clos] Acour mainly in thick skin withaut hair, iting in fhe cones of deromsl
papillae. Thermarecaptors (sersliva (o lemperature chanoe) may b free
sndings or encepsulalod bodies. Free nerve endings in the skin can De ‘o
in ard teep o the epidermis. Thy may be sansilive to louch,. heat, cold, and/
ar pain (nociceplion), Free rerve endings sensifive 1o a number of diftarant
siimuli are callee polymodal receplors (gensitive 1o mora (han one kind of
slimulus )

PRCPRICCEPTORS:E -
EPACINIAN CERPUSECLE:
MUSCLE SPINBDLE.:
NEVRETENRINCUS @BEAMN::

Froprioceptors ara Tound In deeper lissues {supericial fascia, deep fasca,
tendens, lgamenis, muscles, joint capsules, and go an) ot 1he musculoskele-
tal systam They are sensilive 1o sirelch, movement, pressure, and changes in
position. The Paciran corpesales ang large lamellar bodies acling as mecha-
Fomscaplors: distorion of thelr onian skin-like lamellae induces genaration of
&n electochemical impulsa, Musche spirdlas, sensitive 1o strotch, consist of
two Iypes ol spagial musche Nibers (nuclear bag ano nuckaar chain) anlwined
with spiral or llower-spray sensory endings. Siretch of Ihese spindies (and the
exelotal muscle in which they are Iocated) indunes dischargs in 1he sensory
fhers Thess (mpulses reach the cerabellum. Aefiexive molcr commands
{ghien Ihe special muscla libers and iNCrease resislance of tha skeloelal mus-
gla 1o siraich By these spindles, ihe CHNS conlrols muscla lone and muscia
coniraction. Newolendinous organs (Gowgi) are narve endings enclosed in
capsdles located &t muscle/ tendon junctions or in tendons, They are inducad
1o generale elacirochemical impulses in response 1o lendon defafmaton of
strelch

INTERCCERTECRSS ' -

Interoceplors (nol shown) are free or encapsutaied nerve endings, often in
assockation with specisl epithalial celis, Incated in fhe walls ol vessels and
wscera These recoptors include chemoracentors, Baroreceplorns [pressure),
ard nociceptors. They generally are not sensitive 1o the same stimuli o which
exterocaplors react
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200 MNERVOUS SYSTEM
SPEEIAL SENSESS ape |
VISVAL SYSTEM 4 g

CN Use yellaw lar M, red 'or N, Blue 'or O, and wery light
calars fer C, H, |, and K. |1 Calar the sagittal seclon of Lalerai
the eyeball and the uppermos |llusiration smultamsously
[21'Wher cniorirg tha relingl layers. codor gray 1he armows
{in dark aullires] neprecanting the nerde impaise raveling
appesits ko tha diroction of the light rays

Freeial Lewvilar
. bt paipabas
BRI M

Crrbacudans
oullm "

EYE LATVERS S« Tosat

SELERE »/COBMWED A B 7.

HEREIDs Eveld | | 24
EGILIAER BoEh:/PROECESS me, o

| BETOA Po—"y

L;I' |:‘. E ey I."“““l'il

0E BISCr i ey~

[glr} ﬂ@t;} @:@Emﬁmge Prsterior

n. chamber ¢

VTHECUS BODY. s A
ﬂQ@@ﬁlﬂ@ m@ﬁm%t OLI:ﬁlfmls

@E‘E STRUCTUVRESS
@@G@D@ﬁﬂ@w L@k

OPTIC NERVE

o= 3 e M

@'@Tﬂﬁ@& Mm% .-Wﬂ@ﬂ Maxilary, - * Infarior  PRCALE m

bona =~ - % obiquem

The eya s & layer of pholorecaplor cells and assocraled neurans (redna) Sins
packaged within a white, fibrous; rubberfhe protective globe (sclera) thal is

transparent in front (cornea), The comea, composéd of five layers of epithelia

and fibrows tisswe, 15 the chiel relractive medivm of the eya, locusing hghl

rays oalo the iating. The leng (ighty packed, encapsulated non-slastc lens

fibers derived from epiihelal celis) also rafracis light, anad up o mdole ags,

can vary ils shape (Bnd refractive index). The agueous humor {exiraceliular LAV ERS RIETIWES:
fiued) Tilng 1re anterior and posieror chamoers of Ine eye, and he maors

gelatinous (00 water) wireous humaor taking up B0% of the globa's valuma {Bﬁ@@m'

il lunction as refraciive media The inner surtace of the posterior wo-thinis BRMEGELICK EELLF
of the sciera |s lined with & vascular, highly pigmanted layer (charou) thai EBIEELAR GELLe

\ oY

absorbs and praverls scaltaring of lghl. The choroid Thickens antericrly as 5
ihe pgmented. fibnomuscular cilary body that surmaurds the lens. The ciliary @O@ @gﬂ’ﬂ'“
body projects oulpocketings (processes) lo which suspensory lgamenis from @@Eﬂ@ @@&&. S

epithatial and fibromuscular layer [ris) crcumscribes tha hola (pupi) in front

erinens SECTION OF THE RETINA
The refing lines a bl more than tha posteror hali of the giobe, lying superficial Light

iz the chorald and agairst the vitreouws 1 s a highly vascular mambrans, T o - g

complaxly compoeed of several irteriacing tayers of cells. Al about the cenber i | ** .

of the rafing, 8 yallow pigmented aras (macula lulea) with a clearly dopressed ] 3 mu.g::e . v @) ¥

region characierized by a dense scoumulation of lighl-sensitive cells (cones) F t,f . R o

cocurs Ths sile (fovaa canirals] represants the canter of grealesl visual e :
acuily (clarity of torm ang color) under lighted conditions, About 3mm to the ; : }-'
nose-side of the macula lutea, tha axans of the ophic fract fnerve) and rednal r ! ﬂ’ g .

) )
s ﬁ Mra

area from whach no vision is possiole (blnd spol). The relina; denved from an *

evaginalicn of ihe diencaphalon, consigts of a deap tayer ol photorecaptor

celis (cones sensiive to form and color, mos wilh grealest sensitivity to Fghl)

thal synapsa with bigalar cells {nouraons) that synapse wilh gangifon ceils

artevies) waing siraam oul of tha globe (optic disc). Abeant naurons. it is an ﬁ

(meurDns) whose axans [omm the opiic tract (nerve)| fibers. Mot shown are +} 5 G S ‘. E i
imerneurans and ralated multple synapses. The visual stimulus is indfiated 2 deta] 1 Hald | E 4
by light rays intaraciing with visual purple pigment (rhiodopsing in rad cells I - ERaE= sl8 |4 =
and tha pigment indopsin in cone cofls. These inferactions Induce an slecire ot e .
chemical stimulus Ihat can be conducted through neunons an o tha CNS T _& 1 oA ¥ B Dt 7 T “LE
B ; o i = R R o
d a - g s J -‘_ = ﬁ e
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K. NERVEOUS SYSTEM

SPECIAL SEUSESS
MISUAL SYSTEM (&)

O Lise the same cobys as wera umad on ihe previous plate (with different sul-
scnpts) lor siryctures L K, LM N, and O Uise kgh coiors for &, G, H, and | Note
that varcus struclures in (he cantal llestation also appear e (he lllusirabion Delow (L

ACCESSORY
STRUCTUYRESS
LACRIMAL APPARATUS S
LACHIMAL BLAND: TEAR.
DUCT:
LACRIMAL PUMGBTA
GARIA >
LACRIMAL SAG.
HASCLACRIMEL BUCTr
INFERICR MEATUS OF
WASAL CAVIT Vs
TRARSAL PLATE/GLAMD 4
CONICMCTIVA :

Fiuid {rears) interfacing the confunchivae ol the eyelid (palpebda) and the
camaa facilitate easy movament of the lids over the cornea wihoul inducing
rritation. Tears also function as a vehicle for moving epinelal gebris and
mirroorgansms from ihe cornesl surlace and uncersurface al the eyelids wio
ihe rasal cavity via the lacrimal apparatus. Thus, 1here is an anatomic basis
for Bowing your nosa after 8 good cry The absence of lears can Cause re-
markable pain &nd even blindness. The principal gland for tears is the

I lagrimal gland, locatad in the amenos, supeniar and tateral (lempaoral) aspact

ol the orbil. Other glands and sources af lears include unicelluler {gobist)
glands of ke conjunctva and larsal glands of ihe lids. Episodic binking (rapid
cyche of lid approximation and retraction) maintains a film of tears on he con-
[unctiva and resisls “dry eye” Routine closing of the lids ocours wilh muscie
retaxaton; anargetic ciosure requines the orbiculars ocull muscle. Retracton
of the evelids is accomplishad by smooth muscle fibers (tarsal muscle of
Muller; sympathetic mnervalion) and the levator palpebrae muscle in fhe
upper lid

SECRETION, DRAINABE

OF AQUEOUS HNUMORS:

FLEW OF AQUERUS HUME®S.
SELERA/CORMWEA:
CILIARY BODY. PHOCESS.
POSTERION CHAMBER.

CANAL OF SCHLEMM: VEIW«

VITREOUS BERY o

WTHEHOCULAR PRESSURE (0R):

Agueous humos = a lluig in the antarfar and postenor chambers of The eye,
sacrated by cells of the eliary pmeesses. Fluld and electrolyles also enter by
diffusion from the ciiary body. Aqueous humor is o clear, plasma-ike Huid
(bui constituted ditferently], It & erad inio the canal of Schivmm (scieal
venous sainus), a modified vein filled with fibrous trabeculae, ocaled al the
sclero-corneal junclion. Fluid in the canal drains into nearty veins. Obstrue-
ficn ho drainage is ona of several causes of ncreased mfraccwiar pressure, N
which the increasing preseurs in the antanor/posternior chambers Drasses an
ihe lens which presses on he vilreous (89% water), As waler cannol be com-
prassen, pressure (s appied 1o the contiguous raling. Unrelenting pressurs
compresses vessels 1o the axons and newrons of the retina, damages neu-
rans, and can resull in Blindness (glaucomal

—
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Lewaior
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RV WERVOVS SYSTEW

SPECIAL SENSESS
MSVAL SYSTEM (&)

CHe Llsa light colors for A-F H, end |. Use cantrasling colars for
o and K. (1) Aler coloring each aye muscie, color i1s functional
amrow in the uppar diagram . (2)1n the draweng an clliary astion

I anky calor the conbracted ciliary muschkes (3] Carstully color tha
deagram below, noting that anly the fira tilles (vswal Neldl) re-
owrve J @nd K colors. This rest al The lites aie o be colored gray.
Bul use hwo eolars o 1RE SEEcIUrbE IR 1he diagram

ERTRACCULAR RIVEECLESS:
I SUPERIOR BECTYS ELEV.,
(WEERIOR REETUS (DEPR.
LATERAL RECTUS (ABD:.
MEDIAL RECTVS (ADB.,
|| SUPEmIER CELIGYE GOT.RJ:
INFERICR OBLIQUE (RO Ly-

The exiraccular (extrinsic] muscles of the eye provide for a remarkable frack-
ing capacity of the aya, CHE machanisms parmil conjugate (binocular) move-
menl of both eves Slowed, incomplele, or sbsent movemenl of one eye dur-
ing fracking movemanis sugoests cranial nenve dysiunclion or musche!
I fendon incarcaration, as migh! occur inan orbilal piate fraciure. The lrue
funclions of these MUSCISEs (8 MOMe cOmpéex Than shown, One [Sason being
eya rofation and forsion reguiricg multiple muscle acton Deviation from co-
equal alignment of the ayes is called strablemus

INTRINSIE MUVSCLESS -
GILIARY s

SPHIMNETER PUPILLAE
RILETER PURPILLAE:

The intringic muscles are ([ocaled in the ciliary body [ciliary muscla) and the
irts (pupiliary ditatos and sphincier). Comracton of the ciiary miscles (1)
whinklas the cilary body fissue and puls slack in the processes, giving laxity
1o ke suspensory kgaments (2) and permitiing the lens to ound up on (i own
accord (tension in lans fibars) (3). These muscles functan (by parasympa-
thatic inmarvalson) duning near vision n which graater refractivity 5 desired
The dilaior pupiifae consists al ryoepilhalzal cells hat poll the ids oward tha
ciliary body, dilating 1he pupil [sympathedic innervation). The sphincier pupi-
{ar crocumscribes the inner ire; ite cortraclion constricts the ire, narmowing
the pupil (parasympalhétic innarvalion) See the upparmost drawing

ViISUAL PATHWAYS § «

Visyal FIELD .. /MISVUAL FIBLD «

LIEHT WRAVE st K

BETIME .

CETIC MERVEw CHIASMA ) TREECT: =
LATERAL GEWICULATE BEE s
SURPERICRE COLLICULYES s111m

06 RBABIESUICN): (8 «®

WISAL CERTEIR » w2 9

As you color the lower disgram, note inat the axans (K2 from the rafings on
Ihe tempaoral side of the optic axis do not cross al the chissmea. Mote further
Irat an expanding tumor of the hypophysis s lkaly o impasr visual acuity in
Ihe temporal visuel fiekds only {“lunned wisian™). The thaiamus funclions as a
visual ralay cenier, informing muliiple memery areas and oiher centers of he
slimulus. The supenor colicut are visual reflex canters, making possitee rapid
head and body movedranis. im resoonse 1o 8 visual (hreal, Finally, nate that the
image o the stimulus impinging on the wswal corlex (K./J) Is the reverse af
that which was actually seen (J/K). Imegration of visual and memory centers
al the vikual cortex makes passiole perceplion of the image as actually spen

hd
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IV, MERYEUS STSTEM
SPECIAL SEUSES:
AVUDITEORY &
VESTIBULAR
SYSTEWS ()

G Use yailow tor 2, and lighl colges
lor &, B, G, |, M, N, W and X. The view
of iha imernal gar s magniied e
upper jliusiration kor colonng purposes
Color your way Sown Ihe pieta. be-
ginning with the disgram al re o

ERTEBVAL BARS .
EURIELE » |

%17, GUDITERY WEATUS s
S APRGINE EIBRAME <
MIDBLE BABS:
MALLEUS

IWEUS

ABITCRY TUBE .

IWTERWAL EARS «
BV LARBYRITE) -
VESTIEVLE:

@UAL MNEREN
SENEIHREVLEAR CANAL «
CEEH LEEL .

SEALA VMESTIEBWLI m

@@iﬁ%@ TrRLEEM0N

FEEVME WINBEW o
MEUS L
SEACECULE./UTRICLE

L%@@E%ﬁ?%@?@ BWETx

SEMCEIRECULAR BDUETs
CEEHLEAR PUET

TEETEEIAL MEMBRANEu

CREAHN COF CORTI v

KEVR CELL w

SUPPERTING GELL« 7. |

BASILAR MEMERAMNE v
BRAMNIGL NERVE Wil 2

The ear is 1ha organ of haaring and equilinum [Blrﬂilf'.-l"p' and veskbular
syslems), | is organzed inlo external, middie, and internal parts. Tha
axiarnal ear includes fhe auricke (collecior of sound enengy| and the
aximnal audiiory meafus or canal (a namow passagoway conducting
sound anargy 1o the fympamic mambrane) This membrane, lined exar-
rally by skin ard internally by respirelony mucosa, converts sound
energy imMo mechanical enargy by resanaling in response 10 INcoming
sound waves

Thie middle ear & a smal araa illed wilh much sirecture, iIncluding
three small bones (mailfeus, oous, Sfapes) jcaned togethear by synowvial
jpinis, These pssicles vibrate with movement of ihe ympanic mem-
brang, ampily and conduct the mechanical energy imaarted (o tham 1o
the waters of ihe inner ear al the Haxible, water-light oval window (mic
dia ear/inner ear inlerface) Al the anterior-medial aspect of the midide
ear cavity, 1he audiiory wbe rurs 10 the nasopharyny, permitting equilibra-
hon ol 5iF pressure betwaan nasad cavily (outsice) and the middle o
The internal ear. carved cut within Ihe petrous portion of the femporsd
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Ampihed Weghbulnood hieal
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& -! — vesiibular Gt hiear
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ﬂnfgl = T |

Audilory
 (Eistachan)

_a;'_..-
{47a
?j e

Fupd vorslong {meChafmcal aneegy |

imisn

bone, consists of a sernes of interconnecling bony-walled chambers
and passageways (bony labyrinin: vesiioule, semicircuiar canals, and
cochiea) Hited with perilymph (estracellular-lika) Hiud Within the bany
labyrinth is a gerigs af interconnecting mMembranous chambears and
pRssAgRwEYS (membrarous ety Sscculs, uiricle, cochiear duct,
and sermicireuiar ducts), lilled with andolymph (intracellular-lika) uid
The andofpmphesic duol, derived from the saccwe. ends in & biind sac
under the dusa mater near the internal audtory meatus (sea Plale 20),
it draing endolymph and discharges it inlo veins in the subdural space
Within the coilad, membranous coctilear ducl, supported by bone and
ha librous basiar membrane, a ribbon al specializad recemar [hEr)
cels exists mtegrated with supporting cells, bolh covered with a flax-
b, fibrous giycoprolein blankal (recional membrane). This devoe
[{Organ of Corl] converls the meshanical energy of the oscillating fec-
torial membrane scrapng against the recepior hair calks into alecirical
gnargy The impulses ganarated o canducted along bipolar sensory
{auditory) newrons of Ihe VI cranisl nerve, Continuéd on the naxt plate
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RV NERYVOUS SVYSTER)
SPERIALSENSES?
AUDITORY &
VESTIBY

CN- Titles with subscrpis 1, 2 and 3 requie new
eolcrs, all other subscrols eler 1o lies and colors
used on [he praceding piaie which &l b fra-
guently refomed 1o when using thoss same colors
on s plate, (1)Color ihe slep numearals gray &s
you lnllow ihe seguence ol @wanis in the simpiitisd
diagram 1o tho right. Sea thie previous gate 16f the
more accurate anatomical struciura. (2)Color the
parts of the vestibular syslem congamed with he
manterance ol Synamic and siatic DMARCR

By
| CONVERSION OF SOUND WAVES
TO ELECTROCHEMICAL IMPULSES
{Schematich

membrane which converis the sound anergy Ino mechanical erergy. The link-
apga of assicies increases the amplitude of the energy and Iransmils ine foroe
i 1hwe oval windgow of the bony labyhnth af 158 inner ear. Vibestory movaments
of the sfapes in the window @ra transmetted to the penlymph of ihe vesibule of
IFe beny [abyrintn, creating wave-like mations of the luid. These waves spread
{hroughoul The vestibule, enler and move through the scala veshbeh of the
cochies 1o the halicoirema al the apex of the cochiss (taking two and a hall
e}, and on around to the scals fympani which terminates afl the owad win

in review: the exiernal @87 collects sound wavas and rifles them Lo the fempanic

159

Soe 138, 140, 158

Haikzoirema

¥ oy o
dowe Here , llulg waves and vibrations are dampened Tha fluid moton inthe
goala vestibuli vibrates 1he rool of the membranous cochiear duct, crealing
andalymph waves in ihe cochlear duct This motion stirs the fectoral mem-
brane which rubs agamst and bends The hai-like processas of the receptor
{hair) cely, depciarizing tham, iInducing electrochemicsl impulses. Thase m
pulzas are conducted by the sengory neurons of the cochlear division of
the Vil cranial nerve Stimulaiion of fhe hair cells at the base af the cochiea
produces perceptions ol high-pilched sounds; stimulation of the hair calls al
ive halicofema produce percaptons of low-pitchee sounds
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SEMICIRCULAR CRMARL « .
SEMIGIHEULAR DUET: "
in review: the vestibular system s located in Ihe inner @ar Thea bony semiciculEr A
canals are oranted al 80° (0 one anothar. Within 1hese canals are the mem
branous semicioular duels. Directly communicating with 1he utricle at one end,
aach duct terminates &l he oiher end in an ampidia, Within the secouie/ uiricle
and the ampullne are sensars rasponsiva 1o lluid (endokpmph) movement. Each
ampuila has & hillock of cetls (crista or orest) consisling of receptar (hair] and
supparting calls. The hair-lke processes of these receptor cells are embedoed
in @ top-heavy, gelatinous cupn's (Bke an inverted cup). Movement of endolymph
in response fo head luming, and espaciolly rotalion, pushes ihase cupolas,
bending the hakr calls, and causing them 1o depolarize. generating an alectro-
chemical impuiee. The impulses fraval oul the vestibular part of the VI nerve
10 Ihe vestibular nuchai in the lower brain slem. When the body is rotated rapicly, E‘ 3\

LIMNEAR
M

harieoetal, oscillatory eve movements occur (nystagmus). Thesa eye mavemanis
are mediated by ampullary Sensary iNpul 1o 1he brain stem Such movements
represen] the brain's attempt io mairtain spatiel odentation (by momaTary visual
ficafion) during head and/or body rotaton Seneations of rotational movemenl in
the: absence ol body rotaton is called verligo. (
Wiltiim ire utricie/ saccule. e cells and iher supponiing cells are covered wilh

a gedatimous layer in which arc cmbedded small calcaresus bodies (oloiihs).
Moverment of the andalymph indices movement of he galatinous [@yer against

the hair cells, with responsas identical (o those of the ampuliary recepions H )
Receptor acthvity in the utricle/ saccule isinlluenced by linear (horizonial and || /
vertical bul non-roletioral) accalermtion af the Bady. Vestibular receplons have ']
sirang neural connactians with cranial nane nuclel concemed with eye move- A
ment and with postural molor centers

5 =l
imputea
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- Epiglatiis

230V WERVEUS SYSTIEM

SPECEIAL SENSESS
TRASTE & CLFACSTICN

G Lise yelbow for H and fighl colers for A B GG, and

|, (1§D mat aaler 1hA EEE buds in ihe circemvallale
pagillae 0 ihe modifiad soclion al rgnt. (2] e lowes]
llustration, solar owar tha neurons within the ellaciory bulb

Lingunl 1m

tanail Ses 89 144

@5‘%@0&&@@3 4 -‘;:';:f;"hrl-*ﬂg'
CIRCUMVALLATEA )
EUNW@E)EEEN e
F0o 4

TRSTE BUD®-+
PORE CANELE
RECEPUTER CELLF
SUPERORTIVE CELLs
MERVE FIGBER

Taste recaptars (fasle buds) are located within the —

siratfoc squamous epithatial ining af e sIdes {Moais) SqUATCLS

of circuymvaliate, foliate (nod shown) and fungiform opithadum W @
papiilae on the longue, and o a lesser extent, on the - -
solt palate and lingual side ol the epiglotiis They arg
nol seen in the iny fifform papillae. Each faste bud
consisis of a numbar of recepior calis and their siwp-
parting cetis. The apex of this oval cell complax fzces
the moal kot opens or to the papillary surtace via @
taste pora or pora canal, Dessohed matena: entars the
pars, slimulating the chemarecaptor {gustatory) calls

{ The impallses genaralad até conducled along sensory
genns which reach the brain stem via the VI, X, and X
cranial nerves {recall Plale 144). Taste inlerpratalian

oceuUrs al tha lower reaches of the Sensory cortex plate DAY PR I _—
(post-central gyrus). Basic tastes (sweel, sour, salt, and e T L e . (.
biter} notwithelandng, inierpretalion ol asie, as 8 prac- \ nasal concha * )
tical matier s a funclion ol smell, lood texdere, and

i temperature 0 assoaiation with laste bud sansalions

BOLAMOUS
apdhelium; | 7.

COLFACTORY CENTEAS
|N THE BRAIN

——

Criteiarm Frointal Inbe -

Fromal lobe
= [Gapial &eaj

Temparal lobs
_ [Pro-pyricem e}

CLEAGTION SMELL)S «
CLEACTERY GLAVDI :
OLEACTORY MYECESA -
OLFACTERY MEUREMN.
OLERACTORY HAIR EILIRYx
SUEPERTIME EELL.:

L OLEACTERY BULE «
| PLEACTERY TREGT

| Oifactory recaptors are afacfory hairs or cila [aciually mocified penpheral
processes) of olizclorny Diolar (sensory) neurans: bured in the alfactary
| mucosa af the roof of the nasal cawity, The olfactory mucosa also hat
lunuln-aveokar oifsciony giands thal funciion to keep the chemareceptor
endings slean and, along with nasal mucous sacrations, dissclve the
chemicals thal are sensed by these recepiors. The olfaciory newons
ascend the rool of the nasal cavity, through the cribriform plate of the
glihmoid bore, and thelr centrFal procesees synapse with second order
neurans in the afaclory buth. The axons of thase neurons form three
pifactory bundies (stria) a5 part of the afactory fact, ermirating in ihe
inferar frontal lobe and madial lemporal lobe: Here exists the neural basis
for oltactary relationships with memory, aating, survival, sex, &nd ather
emipticnal behawior

: . Pestarion
' nEEE!

e apariure

2y \{K i

| B AN |
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Audilory {Eustechian) lubs
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NV (INTECUMENTARY SYSTEM

THE INTEGYMENT

Ch: Use yelicw lar 3, red for H, Blwe for | and grean for J Liss
light colors for A& O F, B snd Q. |1} Nobe that for évery struciura
shown, [hefe Bre many more wilvn gach sechion (2] The stra-

{iam kacidum (B) (s tound only (0 sechions ol hairkess shin

ERIDERMIS S «

STRATUM BOBIELIM A
STRATUM LUECIBUM -

STRATVM GHANYLOSUM «

STRATWM SPIESUID

SECTION OF SKIN
TH HAIR

Loaation
af makanan-

L

STHATUM BRSALE =

(FERMINATING LAYER):

DERMISS

ECEmmEETIVE TISSUIEr
PAPILLAE:

MERVE s/ RECEETER:

ARTERYV. VEI:

WYMEHATIE VESSEL.

AR,

FRLLIGLEL
BULEw MATREIZ
PR PILLAN

ARBECTIR PIL) MUS:.0

SEBACEOVE GELANDF
SWEAT GLANMD .

SURPERGEIGCIAL FRASGEIR:

“There i N0 Magoian's mantle o compare with the
skin in lis diverse roles ol walerpraol, overcoal, Eun-
shade, sull of armour and refrigeralon sensitive 1o The
touch of & feather, 1o temperature, and 1o pain, with-
standing the wear and tear of three scare years and
feen, and execuling ils cwn running repairs, Thig vial
organ af the bady, 16-20 square feat in extand (the
child at birlh has theee tmes the ares relative to fhe
body weight), holds the mirror to age and health even
revealng peneral condilions such as faver, [aundice
syphilis, deficiency diseases and poisons™

The integumeant is variably thick, fram (ha sole ol

the foot with tens of Eyers of keratinized stratified
squamaous epithafia to the eyelid skin win anout faur
layers of epidermis. Some skin @& Nary, Some s Aol
Some skin is exquisiely sensitive (facs, finger lips)
and some net (back, soleg). It Comes in a3 variety of
coldrs Mo matter these variations, all skin has com-
micn struciursl characlenstics. It has an epaermal
layer of siratifled squamous epdhetium with a rurmber
ol differsnt layers. Tha sfratum bagaha (germanilivum|
i the germirating layer fram which all epidermal cells
arise, This is conveniant, for a significant vascular
network {nutritional source) lies just deep 1o the avas-
cular epidermis in the dermal cones or papiliae. As
apdermal cells get urther away from this nutrtional
sourca, (hey dehydrate (Siralum gormewm) and dig te
be cast off with sweal or bath. Pgmant-cantaining

colls (melankn, carotang) are found in tha atratum
permarilivum layer, skin color |5 a function of the
ponoantraton of thase pigments arimariy, bat =
influenced by the number of tlood vessels, and he
degree of vagsocanstriclion

The dermis i regleta with thick bundies af Hibrous
ponner!ie issue, hioog and fyrphalic vessels, son
sory receplors and relsted nerves, and glands. Sweaal
giamis help stabiize body tempoerating Dy excrating 0
respense 1o excassive body heat Sebaceous glands,
gesocmted with hair loilcles, excrate 8n oily sub-
stance {sebum| that reaists dehydration. Hair anses
from an mgrewih of apidermnal (lcllkcle) calls thal
pushed down inlo 1he dermis during development
Thia base or battom of the folliclks is the hay buik
which s invaginaled (dermal papila) and encloses
capilaries. The falliale consists of a hai shall (central
medulla, ouler cortes, cutenmost culicie] surtoundad
by layers of cells [rool sheains, mambranes)
Mon-slriated arrecior pill muscies aliach 10 the hair
follicles and 1o the upper paris o the dermis. 1 hay
straighlen the hairs, perhaps enhancing preservalan
ol body lempumiere The skin s conliguous with the
supariicial fascia, 8 more latty, loose connactve
flissue layer, Sense recaptors of 1he skin &re ara-
sanied in Plats 154

'Quoie ke, vl pEmission, ffes Lescsnarl, ALO . Momiion GF
F, AMATE

ard Fyle. DAY OF THE HUMAN BOFY, Franed Fabme
nnel Faber. Fuiishors Lid. Longion, 1085

161
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"ANATOMY
COLORING BOOK

2nd Edition
Revised and Expanded

LEVATOR
APSULI OMIS -

ZYBOMMATICUS
AI OG-

zycomaricus
RIWOD- il
RISOBIVS, i,

This is the NEW, original ANATOMY COLORING BOOK!
The illustrations have been redrawn; anatomically accurate,
they hawve a fresh, crisp ook ready tor imaginative coloring.
The 1ext has been rewritlen and updated, the print has been
enlarged for easier reading. An index has been added lor
rapid referencing. A glossary of terms is a new feature, with
phonetic spalling of unusual words enabling you to correctly
pronounce and understand medical and anatomic terms,

A new section on lhe Immune System has been added,
introducing the fundamentals ot inflammation and mmune
responses in specific lymphoid organs and tissues, as well
as a timely summary of the mechanism and effects of viral
induced suppression of immune functions (AIDS)

This book offers an opportunity to all “students” of the body
lormal or informal, professional health care student/ prac-
titioner ar nof, young and senior, o achieve a working undsr-
standing of body structure and relaled funclicns effectively
and thoroughly . . . and find satisfaction doing it through

active involvement in the coloring process!
ISBN 0-Dbk-45501L-&

i
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