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Vil

ERTREMELY (MPORTANT TIPS

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

1 Please review this seclion before coloring the book. The short ime
required to read through these tips will enabie you 10 get the most bensfit
from the book, After 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 o occasionally review these noles until such time that
you teel completely al home with the colaring format,

5 Look aver the table of contents. Note the arrangement of plates,
organized into introductory, gengral body organization, systemic and
regional organization, and specific syslem lopics are organized according
to body system (systemic anatomy). 1 you are unfamiliar with the study

of anatomy, be sure to color the plales on terminalagy (1 and 2) and
introduction to systems and regions (13-16] first

4 Turn now lo any plate of the bock and nole the tollowing

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

b. A glance at the front or back cover will lllustrate the basic principle
of this coloring format: each "itle” (a term in colorable outling lelters)
followed by a small, letlered subscript should receive a different color,
After coloring the titke, you should then search through the illustration(s)
and color any structure identified with that subscript, using ihe same colar
as the fitle. Unless you run out of colors, you should nof repaat that color
for any other subscripted litle or struciure. Occasionally, fitle subscripts
will appear with a numbered superscript, 2.9, A', A2 and so on. These
titles and relaled structures get the same color because of the strong
relationship between the structures.

. Take care to color the titles first. In many instances the subscrnpt
identifying a structure is embedded within the structurs. If you use a dark
calor for the siructure, you may obscure the identilying subscript This can
be avoided by simply ccloring the title first, and then the related structure,

d. Related plates (cross references) are noted under the plate number
in the upper right comner ("'see .. ")

4 The mare colors you have at your disposal, the more effective, as well
as enjoyable, your caloring will be. A minimurm of twelve colors, including
gray, is essentiel. Lighter colors are preferable because they are less ikely
ta cover up surface detail or identitying subscripts. Gray is an imporiant
color for column headings and miscellaneous uses. Whether you use falt-
tipped pens or colored pencils makes no ditterence, 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 (o choose
from a lighter range, as well as provide the opportunity to replace
individual colors when they are exhausted

L
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5, This book does not have 10 be colored In any spacific order, but the
Individual chapters (indicated by Roman numerals, |, 1, and s on) should
be colored in numencal order, This 15 because there are times in which
you will be asked 1o repeal colors used on previous plates, creating a
color-coordinated sl of interrelaled plates on a region or structure.
However, you may find that certain piales deal with material the technical
nature of which exceeds your needs; in these cases, you may wish 1o
skip the piate(s),

8. Generally, you will be able to choose colors as you wish, Occasionally,
wou will ba asked 10 use specific colors recommanded for structures thal
are universally colored ona color in atlases: red for arlarigs, blue for veins,
purple for capillanies, yellow for nerves, and green for lymph vessels and
lymph nodes. It is usually preferable to employ lighter colors tor the largest
areas, and darker or brighter colors for the smallest areas.

7. Dark outlines provide the boundaries belween areas receiving different
colors {identiflec by different subscripts). In some illustrations, there are
repested identical structures; for exampls, numbers of cells, vessels
lohules, and so an. Nol every one of those structures may ba labaled

You should, however, color all of them unless otherwise indicated by the
“don't color” symbal. In Those plates with a lot of detall, the identification
of ditferent subscrpted areas/structures and "no color” areas will have
to be pursued diligently before coloring, lo prevent mistakes.

8. Symbols used throughout are:
-~ = don't color # = color gray
NS = ot shown = = color black
SOPR = outline of a structure s=en below the surface of another

9. In the laxt and litles, the following abbraviations may precede or follow
the namas of the struciuras identified, eg, POST AURICULAR M.,
BRACHIAL A, SCALENUS MED. M.

A, = Arlery
Ant. = Antenor
Br = Branch
Inf, = Inferior
Int. = Intemal
Lat = Lateral
Lig. = Ligameni
M., Mus, = Muscla
MWed. (preceding term) = Madial
Med, (after term) = Medius
M, = MNarve
Post. = Pastlernior
Sup = Superior, superficial
Sya. = Syslem
Tr = Tracl
Vo= Vain
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IWTERBYETION

ANATEOMIC PLANES & SEETIONS

GN: (1} Colir the our body planes and eiated seclions
of the body i wery light colors. (2] Take cere not 8o colar i
areas matked By "da mal colar” -] symbols

Study of the human body (analomy) requires visuaiization
of internal regions or parls. Dissection (dis, aparl; sect-,
cul) is the name givan bo preparing the body for intemal
nspection. One method of dissection permids consistant
wesuial oresnfation by cutting 1he body inlo parls or sec-
lions along fxed lines of reference called pranes. Two of
these planas are orented along the long axis of he body
ar bedy parl, one perpendicular 1o the olbher (lorgiludinal
sactionz} The third plane = orented perpendoular o or
aorass ihe long axis of the body or body parl [cross sec-
then). Swch planes have application in medical imaging
sludies, such &8 compularnzed lomography (CT) and
magnatic resonance imaging | MAL) Here the body nte-
fiar is imaged as compulerized “slicas” of tha body in
zagittal, coronal and Iransvwarsa planas.

Amiuner G

Sagitlal gection through Lha thofax

MEBOE)~

The midiing, lengitudnal plane diveding the nead and forso into ight/1eft halves
The presence f (he veriebral column and spinal cord s characleristic of the
madian plang of the tarso The median pians is the middie sagittal plana

SASITTAL:

The longituoing! plane dividing the body imo beft and right pans. 1| s paraliel to
lher median plane and may be applied to the head, lorso and limbs

CEROMAL, FROMTAL-:

The longitudinal plane dividing the bogy into equal or uregual fram and back paris

In T and MR, 1he term “coronal” is usad by radiclogisis.

CROSS, TRHANSVERISE.

The transvarsa plana dinding the body or body pads into upper and lower sogmants
This plane is & cross section perpendicular o the longituding! planes. Transversa planes
of the body, called axial or fransaxiad sactions by radiologists, are commonly Sean in

CT and MRI studies of the body

Coronal saction through the head

ArTinrin

Cross seclion through the abdomen
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 (NTREDVETION 2

 TERUS OF POSITION & BDIBECTION o

M (1) Use bright or dark colors for emphasis
12] Color the amows bul not e ifust=alions

Tarmg of pogihon ard direction degcribe the
regtionship of one organ (o anoiher. usually
alang ona of (he thras body planas dlustiraled
in the previous plate. To avaid confuson, these
tarms are ralaled toihe standard analomical
posifion body standing erect, limbs exlended
palms ol tha hands forward

CRAMNIAL, SUEERICR,
BESTEALA

These tesms reled 10 @ struciure being closer

i the head ar higher than anothar structure of
{re Dody. See 1he quadruped in the right comer
ficr a related application of the lerm “sranial "

ANMTERBIORy VEMTERAL:

These terms refer 10 a structure being more in
frord than anoiher struclure in the body The lem
“antenor” & prelerrad See the quacruped for
another applcalion of the farm “waniral

PESTERICR; PORSAL:

These lerms refer 10 8 SITucture Daing more in
back tnan anoiher siructure in the body. The lerm
“postenor” £ preterred. See the quadruped far
another applcation of the tam “dorsal

MEDIEL:
Tnis term refars to a structure that is closer ta the
rrasdian plana than another structure in thio body.
‘Wedal” is rmr synomymows wih “median

ABTERAEL:

il Thig tarm refers 10 a structare that 18 further away
irom fhe median plane inan another struciure in

ihe body,

PRELSIMAL-

Empicved enly with reterarce 1o 1he [imbs, this
term refers o @ struciure being closer 1o the
mediar plane or rool of tha limb than anothar
shucture: in the limb

BISTAL:

Employed only with reference to the limbs, this
term reters 1o & Struclure being furiher sway from
tha madian plane ar the roal al the limb than .
ancingr siruetune in the limi

CAVPAL, IMNFERICOR: £e-

These 1eams refer 1o a structure being closes

i ihe faal or the lower parl of the body fhan
anoiher structura in the bedy. S2e the quadruped
lor a related application of [he lerm “caudal ™

SUPERFICGIAL DERERE:

The term “superficial” B syrofymous with exher-
ral, and the 1erm "desp” with imemat. Aelated o
fe referance poirt on tha chest wall_structure
closer to the surtace of the body i supericial
structure further away iom the surface s desp.

— e

-~ A -\
u——'ﬁL %

quFanEE paoir

é.r » |l'.l|'
@ e,
(= |
|
) |

¢ ./ QUADRUPED “—
== Th drupad presants four poirts of directi
IPSICATERAL: COMTRALETERAL. Printjmerinnrlatyromiadmbiaieninicendg

The berm “ipsialeral’ maans "on (he same ade” {ventral), back sxde (dorsal). In the biped e.g.
(in his case, as the ralerence paint); “conira- human}, the ventral side i& also snierior, the dor-
Igleral" means “on the opposite side” (of the =gl side g also posieriorn, the cranial end s also

iefierance point) suparion, and the caudal @nd is inferior
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o @RGBAMIZATION CF THE BEEY

THE CENERALIZED CERL

CH: Coler gray ihe vanaty of cell shapss al uppar & Liae Nghtest ool
giglor 4 B C. 0, Fand G (1) Small circles reprasanling ribosomes (H)
arg found throughoud the Syloplasm (F] and on the rough ondoplasmis
reficuiLm {51y, color those largur @neies, including i dbosomes, lirst,
and then color over fhe ribosomaes agasn with a darkar coloe Each
organalio shown is just one of many found in the iving cek

CELL SHAPESS:

Fibrobias! - LA

2 carlilags caly

Ephetal

Wil mloan

CREANELLESS.

CELL MEMEBBANE-
MIEREWILL]=

NWYELEAR MEMBRAME:

MVELEGFLEASM:

WUELECLVS:

CYTE@RPLASMW -

EMRePLASMIGE RETICHLUM

FHIEESERNE

EFELE) EEMEPLEZ!

MITECHENBRERIGR.

VAGCUELE /PIN@EY TOTNS
VESICLE-

LYSESCMEL

CENTRIGLE

MICRETUBMLEx

MICHE FILAMEN T

CELL (WELUSI®M o

Thiz cabl e 1he basic structural and functional unit of all lning things
Living things are characterized by the abiity 10 reproduce and grow,
melaboliza (transiormalan of production/ corsumption of energy], and
adapl ic imited changes in (hair iMamal and exlemal envronment. Body
structura lacking these characienstics, sush as connective issue fibers,
s not considered ta be “alive.” Bedy struciute more complex than a cell
cangksts of @ collection of cells and their products

The activilies of cells constitule the ke process, and include ingestion,
assimiiation, and dygestion of nuirents, and excrefson o the resido;
respiraticn; synikeais and degradation of materials; movement; and
excitabilty or respongs i0 stimull. The impaioment or cassation af (hasa
activitiea in normal cells, whether caused by Irauma, nfeckion, fumaors,
degeneration, or conganital defects, i3 tha basis of & disordarad or
EBSa5E IOCESS

Tha chemical composition of & cell is gensrally aboul 15% prolgin, 3%
lipids, 1% carborydrates, 1% nucleic acids and minerals, and B0% water
(b veluma). These compounds are integrated logether inlo onganaiias,
the working comaonents of the call. The basic function of cells s to
produce protemn, the siructure of which ig determined by DNA, The
manitesiation af {his aciivily & the chanaclenstic functon of the call
{e.g., bormatkan, repair, and breakdown of structure, secralion, absorption,
comtraction, conduction of seckochemicsal inpulses, and 50 on)

Cell mambrang: the limiting membrane of the call; retains inarnal
structurs; permis exporiation and imporiation of materisds, Compesed
prirmafily of ipid and protein, Brd 8 smaller amourt of carbohydrale,

Micravilll: tingar-IIke extensions of the cell mambrane coverng the
tree surface of certain epitbetial cells, they increase the surface area of
the call, enhancing seoretion/ absorption

Mucigar mémbrane: parsus Membrans of similar consiniciion 1o lhe
call membrans: the limiling membrana ol tho nucleus, Separating & from
the cyloplasm; regulales paseage of molecules.

Mucieoplasm (he ground substance of tha nuclgus, containing the
chramatin or thin throads of genellc malerial {DNA and related proton)
During call division, 1he chraomalin ransfarms nlo Ghramasoemes

Muclsolus: a imass of lagely RMA (and some ONA and protein) in the
nucleus producing unds of ANA which combing in 1he cyloplasm ta form
ribos0mes.

Cytoplasm: the ground substancea of tho call less the nuolaus.
Conlaing arganalles ang nclusions lsted Delow

Smooth/rough endoplasmic reticulum (ER): mambrang-fined tubules
16 which fbasomes may be atlached (rough ER; fialtened tubules) or not
(smoath ER; rounded tubules). Rough CR is concamed wilh ransport of
protein symihesized at the ribosomes. Smoarth ER synthesizas complex
molecules called steroics in some cells; stores calcium ions in musc,
preaks down 1ons in liver

Ribosome: the sile of protein synthasis whare aming acds are
atrung in sequence a8 direcied by massengar BMA from the nucleus.

Golgi complex: flatlened memorane-lined sacs which bud off small
vegiclas from the edges; collect secralory producls and package Ihem
for export or cell uss

Mitochondrion: membranous, oblong struciure in which ihe inner
membrans i convoluied ke 8 maze Energy lor call oparaliones &= gan-
eraled here through a complex safes of reactons belween oxygen and
products of figeshon

‘Vacuoles/pinocytotic vesicles: membrana-lined conlaingrs which can
mesga with ons anather or othar mambrang-lined sinoture, such @ the
cell membrane, They funciion as franspor] vehicles.

Lysosome: mambrane-lined coniainer of enzymes wilh greal capacity
10 break down structure, especally npested loreign substances

Cantriole; bundia of microlubules in the shape of a short barral,
usually seen paired, perpendicular 10 one anothes, They give nsa 1o
spindies usad by migratng chromatids during cell civision.

Microtubule: microlubiules ame formed of prolein and provide struciural
support lor (ke cell,

Microfilament: microfilaments are supporl siruciures lormed of pratein
diffarant fram that of microtubules In skeletal muscla, the grotains actin
and myasin sre sxamples of thin and thick microfilaments

Cell incluslon: aggregation of malerial within the cell thal iz not &
functional part jorganeda) ol (he call, 8.g. glyoogen, fal, and soon
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0, ORGEAMIZATION @F THE BB 4
EELL BIVISICN / MITESIS b
£M Lo e cors you used on Plate 3 for ool going on 1o the nexl. (2) Gofor gray he nama af
mescrbrane, nuclear MEMDIENN, nuoiecyus, and Sem aach slage and |ke aporopila: arrow of progiesskon.
irighe tor Hoss Nlles on thie pate, dven Thaugn he M fhal In interphasa, the covomalin matena
prewinis Etier labels may ba diffarent Lise conbrast-  wdiiin fhe fuciear membrane 15 08 Ihenad-Hae
ing colors tor E-E and E-F2, gnd gray tar 0-D'18 stifla: cobol ovar Ine entire arsa with thi appropriats
distinguish ihe [atter from 1hasn Wi the confrasting  colar Nots (hal the staming chromalin (0" in inker- :
cofors (1) Begn wilh tha call (0 interphass, reading  phase) is colored diffarently in the daughber oalls .'“ {
the malanes lext and compleling esch cell bafore (B2, F2E Wl b3 the same chromain \_J( la" U@?@@@mﬁ]@g*
| =9
RERDBERANE, N/ e

@E=

WUCLEAR MEMEEBAWE:

WYELEGLUS: :

EHEREMETIN:/ o "

BMEOMATID:/CHFRCE SOME- v
CHEEMET I

RNEEMETIR:-/CHRBR@MEC SOMIE-
EHEOMEAT I

CENTROMERE-

CENTRICLE:
ASTER:
SPINPLE

The atilty to reproduna ils kind i3 8 charactenstic of living things. Cells
reproduce in @ process of duplicatian and division called mitosis. Epithelial
and connectve cells reproducs frequently. mature muscle cells not so fre-
guently; mature nerve cells ranaly i at all Owaractive mitoses may resull in
{he lormation of an encapsdlaied [umor uncontrolied milDses, assocEIEd
with invasiveress and melasiases, is called cancer,

As (he main coflular changas during mitosis occur 0 the nucleus and
surrounding area, only these parts of the cell are ilustraled here. We ars
showing here how the nuclear chromatin (ETuse nestwiark of OMA and related
prolein), onoe duglicated, ransfomes o 46 chromosomes which divide mio
paired subunits (32 chromatids), and how (hose chromalids separate and
mave inta cpposite ends of the dividing cell farming ihe 46 chromasomes ol
gach of tha newly lormed daughter cells, For clarity, we show anly 4 pairs of
chromailds and chromosomes. Tha phases of thi phearded nuclear changes
during mitosis are

interphase: the longest pariod of the reproduc!ive oycle; the phase betwaen
succeasive divisions, Duplication of DKA {in chromatin) oeours during 1his
phase. The dispersed chromatin (0% oo is @ nalwork of fing fibrils, nol vis-
e B8 disorets enifies 0 the nuciEoplasm The call membrane, nuclews, and
nucleolus are intact, The cenirioles are paired and adjacent fo one anothar &l
one pobe of the call

Prophase: the dsparsed chramatin (0®) thickens, shofiens, and coils o
farm condensed chromalin of ChromMosomes (0"} Each chramasome
consists of 2 chromatids (€ and F) connacled by a cantromerns (3} Each
chromatid has the equivalen amount of DA Of a chromosama In ke latiar

part of this phase, the nuclear membrane breaks up and dissolves, as doas % : w© = "
\he nucleotus. The centrickes, having duplicated during inerphase, separale, \ﬂ D‘" E} %*::.‘-'—
sach pair going o oppusiie poles of the coll, Thay project micsotubulas (?IJ{E i
nallad asiers @tﬂ J?

Metephasa: strands of spindta ibers project across the call center from
paired centricies. The chromalids attach lo the spindie fipgrs af the ceniro-
mare, and line up in the center, hall (48) on one sida, halt (4B} on tha ather

Anaphase: tha cantromeres dvide, aach daughter centromese attached 'o
one chramatid. Each cenfromete is drawn 10 1he ipsilateral pole of the call
along the ack of the spindle fines and tgking its chramaild with iL. The sepa-
rated chromalids now Constitule ChenmOsomes Anaphase ands when the
daughter chromosomes arme gl thilr respactive poles (46 on sach side)

Telophase: here the call pinches off in the certar, icrming 2 daughtar cels,
gach idantical i the mother cell. The cytoplasm and organsiias had duph-
caled earlisr and are segregated each inio their respective newly-forming
cells. Ag he nucleus is reconstituted, and the nuclsar mambrana and
nucleolus feappear in each naw cell, INe ChImOsMeTEs tace inlo dispersed
chrematin and the cenframere disappears. Completa cleavage of iha parenl
cal into daughter calls terminalas the milDlic procass Each daughtar cedl
enlers infarphase 1o star The process amew The process of cell division

gerves (o increase call numbars, not changs cellulal coniant {w@mm@ @@&&@r
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0 OREAMIZATION OF THE BODY?

TISSUVES:E ERITHELIVRD

M Use wery bght colors Inmughaout, (1) Golor the arows poring 1o the location
@l 1he apithebal BEsUEs 0 1R DAY afgans

There are four basic issuss ol (he body, epthedial, conneciiva, musale, and ner-
vous Epithalial lissues (epithetium) form the body's surace (skin), the surfaces
of the body's cavitles and their contained viscera glands, and all fubular organs,
8.0, ducts and vessals. Neuroepithels COrvey SEnsations Ephheip are armangad
inta single {simple) or several (stralified) layers, theer calls are baund togethes by
spacialized tibere and substances (e.g. ihe basemant mambrane). Epithelal tis-
sues ane generally sensilive bul avascular, and receive thair nutrithon by diffuson

SIMPLE EPITHELIVRY-

Suriace lissoe funclioning in fillration. diffusion, secration, and absorplion

SELAMBUS:
Simple squamous epithelia fine the hearl cavities and he inlemal surfaces o all
blood and lymph vessels (endothalia), the eir celis of Ihe lung, filtration capsules
and thin lubules n the kidney, 2nd the major body cavities (mesothelia). Rapid
diffusion of gases in solution are chamcteristic activilies in these cells.

ClUIBONE AN
Simphe cuboidal epithelia ars generally secrelory celis, and make up glands
ihrcughoul the body, lubuies of the kidney, tarmingl bronchiolas of ihe lungs,
and ducis of ihe reproductive riacls

BELMMMIAR -

Simple columnar epithelia line 1he gastrointestinal tract and are cancemed with
saprafion and absorplion, Their free (apical) surface may be coverad with finger-
ke projactions of cell membrans ca‘led microvill, moeasing fhe ceil's surlace
area for secrelion/absorplon

FPSEUROSTERATIEIED COLUMNAR:
This tissue congists of simpa columnar cells bunched logether with ireguiarly
placed nuclel giving the appearance of mulliple cadl layers. Howaver, each of
tha calls s atlached 1o the basament membrane. This lissue lines ducts of the
reproduciive fracts and ar conduction paliways of the respiratary fract. Theay
often exbibil cllla on their free surfaces and contaln unicellular goblet shaped
isecretory) cells. Tha cilia collectively mowe surface malerial by virue of undu-
aling power slrokes

STRATIFIED BRITHELIVRD -

S:rafified epifhelia are generally resistant (o damage by wear and fear because
ol ready replacement of cells Pagzive diffusion Inrough these |ayers is slow but
not mpossiblie

STRATIFIED SQUARMCUS:

Thiese layers of cells ling the shin. aral cavity, pharynx, vocal folds, esophagus,
vaging, and anus. The basal cells are columnar and germinal. The outermas!
layers of skin epithelia are fiorous-lika, Nal, desiccated, non-nucieatad celis can-
[gining Keratin (& sclaropriieing

THRANSITICMADL

Mubligle layers of cellz lining ihe urinary tract, In the empty (centracted) bladder,
the fibromuscular layer s contractad dus o resling lension of muscke cells, and
the surface layer of rounded cells i3 closely concenlraled, creating a bumpy sur
fxoe, With distension ol tha beaddar, all the cails sireich out 1o form @ smaooth, Lhin
surlace The Bladder can store valumes of uring un to 1000 milliitars or so

GLAVDVLAR EEITHELIVRD «

Glandukar ceils produce and secreie exciebe materals of vanying composilson,
g.0. sweal, milk, sebwm, ceruman, hormones, enzymes, Bnd 50 on Spacialized
contractile epihelial cealls {mynepilhadia) encourage discharge af the glandulai
material

ER@ERIMNE -

Exparing glands (eg. sweal, sebacenus, pancrealic, mammary, and so an) arise
&5 oulpockatings of epithalinl lining lissue, retain & duct to tha free surface of the
caaly o skin, and excreta/ secrale some subsiance Seoretary portions may he
one af several shapas (lubular, coiled, Blveolar) connaclad lo one or more discts.

EMDEOERIME «
Endocring glgnds arige as epithelal outgrowths but iose their connections o the
surlace during devalopment. They are inlimately associalzd wilh a danse capil-
lary natwars and seorele their products imo them, Sea Plate 128 for examples of
these glands

Marsmary

Basament
Supporling

MAMmErana

CONNECINE
ligsmae

“Tiachma
"
%

Gasiminiestrs
far:
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0> CREANMIZRTICON OF THE BOEY &
TISSUES:E FIBREVS TISSUES

CN' Lise yellow for © end T and red | (1| Begin with
fhi lusiration af middie istt, and 1ha relalod tiles (A

thrmigh K). The lifles and bordeds of the mechascopic o
geelions of dense regular/jeragular o1 (P F) receive \
the ealar ol callagen (F) as that s the dominanl s3nio- —|
lure in poth tissues. |2] Do nol color the malri

The conneclive lissues (ot ) connest, bind and supper body struclure, They Consist
ol variabla numbers of calls, tibers, and ground sunstance (fluid, viscous sol/ gel, o
minaraiized). Al the microscopic level (here Hlusirated at about 500 x magnification],
connacive lissyes range from blood (cells/ Tuid), Through 1ne fibrous lissues (cells)
fibers [vafiable matri) to the more stiff supporting tissues (cells/fibers/ densa malrx)
of cartilege and mineralized bone. Connective tesue can be sean al visitle levels of
bady organ zation as well, in fascil layers of the bocy wall, tendons, ligamants, bong,
and o on The plale introduces the fibrows connective tsswes [C1 proper)

CELLS S~ FIBERS:
FIEROBLAST:. GOLLAGER-
WACROPHAGE:. ELASTIG:
FET CELL: BEUTICULAR:
PLeSMA CELL

LTSl HE [ -

ST CELL AT B
Seifei, SUBSTANCE: g

GCAPILLARY, j

o BREE@LAR Golo « ABRIFPESE

e —— Lsage, arectar conneciive issee |s characlenzed £ 7 pr—

; i I’f A___;-___ ey
*

by many cells, a loosa, imegular arangamen of
fibaars, ana & moderataly viscous fuid malrix L k
l‘h'-’z e

Fibrobigsts secrote the libers and ground sub- i
starice of this tisswe. Mobile macroohages ergult
cell debns, foreign maller, and microorganisms
Eat celis, storing lipids, may be saan in small
numbers or large (adipose lissue). Plasma cels
socrale anlibodies n responsa 1o intection Mast
cells comain heparn and other secredory piod-
ucts, same ol which indiste allargic reactions
when ralegsad Mumarus othar calls may ransi

e lpose librous ssues, including while blood ceila (leukocytes). Coliagen (link- Aggregations of fHf oeNs, supported by reticular and col-
ages of pralein axhibiting grest tersile strangih) and elastic fibers (made of the lagenous fbers, and elosely associaled with bolh Diood
prolein elasing ame the fibrous suppart elements in this lissue. Retcular fissue is 3 and lymph capiilarias, constilute adpose tsswe, The sior-
amalier lorm of collgen, forming Suppartng networks around call groups of the age/relsase of fat in/from adipose Hss0e S regulatec by
bipod-forming fissues, the ymphoid issees, and adipose lissue. The matrix (con- hormanes [neluding nutritional factors] and neroues
sigting largaly ol water with glycopsolains and ghoosaminogiycans in solutian) 15 shimull, It ks a source of lued, &n insulalon mechanical

the interceliutar ground substance in which all of the above function: it is fluid-ike padding, and stores fal-zoluble vitamins Adipose liss.e
i the throus lissue. Numerous capiliaries rogm throughout this lissue. Loosa can- is lncated primatily in the auperdicial fascias (lamgely
nactive tissue found deap to (he skin g callad superficial fascia, subculanaous breas), bultock, anteror abdominal wall, arm, argd thigh
tigsue, or hypodermis. It 18 found deap 1o tho epithalil (issues of mucous and yellow marrow, and the surface of serous membranes

sarous membranes of holow argans

EENSE REGVLAR Golo PEYSE IRREEULAR GoTs

Dense, parallal-amanged, massas ol collagenous/ elastic ipers form ligamenls
and tendons thal are powerlully resisiant 1o axially loaded lension foreos, yet
parmitting some streich. Tendona/ligamants comain few cetls; largely fbroblasts.
Elastic. dense regular ligamerts are found in the posterior neck and batween
yertebran; (ha tondocalcaneus i the largest elastic siructure [lendon or (iga-
meni} in the body, stofing energy used in gal

Dienee, rregularly aranged masses af inlerwovan collapenous (and some slas-
iz} fibers in @ visoous matri: form capsules of joints, emvelop mugcle tiselus
|deap tasciae), ancapsuate carlain visceral organs (lver, splesn, and others)
arnd largely make up the dermis cf the skin. It is impact resistant (bearing siress
pmnidirectiaraly), contains tew cells, and is minimally vascularnized
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0 QREANMIZATION OF THE BORY 7
TISSUES: SUPPORTIVNG CONNECTIVE MISSUES

CM: Lise Be came colors a8 wsed on (he previous plate foF coliagen  Use light colors ko A, B, G. |, and M, Complets tha uppor malerial

(D &nd Elastic (E) Pters. Liae a light tan or yellow for F and red for L

CARTICABES:
LACURA-
AT <
GOLLAGEN FIBER:
ELASTIC FIBER:

BENME
PERIOSTEVRM-

COMPAET &
HAVERSIAN SUS:8-
%ﬁﬁ@&&ﬁ@ =)
CSTERCYTSE!

LACUNAS:

CANALIGUILD.
VELEMEM CEATE(L « the stress imposad on them. Uniike cartilage, bon is wall-vascularized, bone

belore colaring ths bone saction

The supponing cannective Hssues consis! of candage and/or bana
Microscopic sections of cartilags Essus reveal calls (chandrocyies) m small
cavities {lacunas) surraunded by a specialized, hard bul lexitle madix
consisting of water electrochemically bound 1o proleoglycans and very fine
eoliagen fibers. Cartilage Is avascular; It receives ils nutrition by diftusian ]
generally does not repair well gfter injury bul does replace ilsalt with wear, i L
a5 on joint surtdces, T~
Bona is unigue for s minaralized mairi (average bona is 65% minerl, 35%
organic lissue by waight). Bone forms 1he skeleton of the body, il is & reser-
walr of ealcium; i acts a5 an anchor for muscles, lendons. and fgameants, ||
harbors many inlemal viscesa, including the cenlral nanvaus system: il assisis
in the mechanism of fespiration, and & a centes of blood-torming (hemepol-

alicy) activity and fal slorage. ‘L ‘:
HVALINE CARTILAGE: ) &
Hyaline carfilage |8 & Naxible, avascular, insensane, compressible carlilage. ‘:;::ﬂﬂ ]J

characterizad by tiny poses, lis major significance is covering bone ends al F -|—~
synowial joinks (aricular cariitage). Joint movement enhances nulrtaon of the
1-3 mm 1rick articular carfilage, by pushing synovial fiuid through the pores.
Hyalire carilage also supports 1he nose, coatributes fo fhe nasal saplum, and [
i5 the main struciural support ol the larynx and lower respiratory iract. [t lerms  Bod = };J [
{ne cartilage modet for some bones in embryonic! lelsl cevelopment; 11 15
often a part of the intermediata framawork (Callus) 0 1ha healing process ol
racturad bome hon-articular cartilage is generally ensheathed by pefichon-
drium, A vascular fibrous fissue

CLASTIC CARTILAGE:

Etasiic carfiage is essentially hyaling cartilage with elaslic fipers and a
glighlly difteran! type of codagen. Il supports the extarmal ear and conlribulas
io tha suppor of the laryns (eplglotiks). [t is remarkably floxdole; est || on your
exiarnal aar

FIBRECARTILAGE:

Fihrocarfiage |5 densea fbrous lissus interspersad wilh chondrooy1es in &
reduced amounl o imerceliular matris 11 s found inintenwariebral Ciscs, the
sacToiliac joinl, pubic symphysis, and in sevaral 5125 of ligamantous altach-
mant 1o bone. Fibrecarilege enhances resislance 1o tensile and impact iorees.

Microscopic seclions of bone coneist of esteccyles In lacunae, supporied by
collagen liners in a mineraliced {calcium hydrosyapatita) mair. CHiher bone
alis (not shown) inclade bone forming ceills {(ostamrogenitorn cells, ostas-
lasts) and bone-absarbing cells (asleoclasts). Compact bane & Iha outer,
imipact-tesistant, weight-bearing ghall of bone [ is surrounded on its ouler
surface by a fibrous, vascular cellular periosteum. The maldix of compact
bone accurs in two pattems: concentric layers (lamelze) with & central canal
(haversian sysherm/ canal] armanged m columns; and layers betwoen and
ground hayersian systems {circumbarential Systam) The canals ara inleroon-
nected by volkmann canals; 0oth conduct blood vesseds. The bone imemal 1o
compact bone i frabecutar, characierized by iregular and nterwoven buny
baams (spongy bana), These beams are canstanily recrianting in résponse Lo

colle reach tor vaseuar nuirition by muftiphe long cellular processes {hreading
through small canals (canatcwl), giving ihe cells an insec-like appearance

Cwrmbcremiial Haversan

L oh  aysilem
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0. CRGAMIZAT ION BF THIE BBV 8

See pisg T

TIgSLES: ENROCHONPRAL @OSSIFIGAU UL

G Use ine same cors as used on the prévious plale lof hyaling
garilage (A} pariosieal bone (B) which was compecl o on Plale 7
ard andochandral Bona (£ which was apongy bona. Uise md jor 0
Camgplate esch slaga batore gaing 54 1o this naxl Do no color the
percrbewn which appears adjacen! (o periosieal bone o step 3 and
onbnueg 10 ine and Cokor the small shapes (E) 1hal appear o (ha
epipyEEE and, 10 @ lesser Bxtent, (he daphyses (views 5-8] They
sepresant spongy |cancelious) bone of ensochondral arigin

Bowe development ocours by intramembrancus and/or enda-
ghondral psaification. Here we show longiludinal sections of
developing long bone, demonsirating both lorms of eesiticabion,
bt amphaszing endochordral bone growih

The endochondral process Deging af about 5 weeks ol post-
ferfilizaton age wilth iormafion of cartilags madals (bong pro-
fotypes) from embryonic conrecliva Lssue, Sunsequently |over
the nexl 16-25 years), he carfilags is Ergely réplaced Dy bong
The rate and duraticn of this process largely datermines a per-
$an's sianding haight infremamaranous bone developmean
pegns in embryonic connective lissue (membrang) and does
nal mvolve replacemant of cartilage. Tha f1at cranel bones. the
clavicle, And (he bone collar surrounding the shaft af cartilage
medals cevalop in thes fashion

Endochandral cesilicaton begins with a hyaline carilage model
{1} A5 1he cartilage sustune grows, As central parl debydrabes
The cartllage cells Ihere begin to degenerate: erlargs, die and
gaxiy (2). Concurranily, licod vessels bring borme-fanming calis
to the walst of 1he cartiisge moded and a coliar of bone is

famed araund the carlilage shaft (2} within the mambranous
perichandrium {iMramembranoue ossilication). This vascular,
pelluler, librous mambrans asound 1he bone collar is now called
periosteum. The new bone collar {perfosteal bong) becomes a
supporting fublar shall for the carllage madel, with & core of
deganarating, calzifying carfilage [3)

Elood vassels from [he fibrous peniosieum penelrate the bone
codflar, enter the carfilege moded (penosteal bud), and proliierste,
eonduching periosiesl osieobiasis imo (he cartilage madel (4)
Starfing at about B weeaks past-teriilization, 1nese bone-tarming
pills Ime up along pennsulas of calcified cartiage at the
exdremmas of ihe shafi [diaghysis) and secrete new bong (). The
ealcfied cariiage degenerales ard |5 absorbed nha the Blood:
erdochondrel bona has now replaced the cartilage. The twa
giles of ihis actvity ara called primary ceniers of ossitication (5}
The direchion of growth al ivess sites i3 taveird tha ents of the
fevioping Done. The calcified carlitage and some endo-
ghondral bore of 1he digphysis s subsequently absarbed,
forming ina madullary or mamow cavity (5) This cavity of Ihe
developing fubular bone shaft bacomes filled with geiatingue fed
martow |n he felus. Prodiostive orimary (diapmesal) cenlers of
pasification are well established at birth

Beginning i thes fins! e years after birth, secondary cenlers
of nssification begn &t 1ne ands or piphyses as blood vessels
pensiraie the cridage hers (6). The healthy cartilage batween
lhe epiphveeal and téaphyssal canlers of ossfication becomes
Ihe epinfyseal piale (7). 1L is the growih of this cartiiage that is
resporsible for bone lengthening; i ie the gradual replacament
ol this cariilage by bona cells in the mataphysis (7) thal Lhins
$hig plate and ullimately permils fusion of the epiphyseal and
digptyseal pesification ceners [8), ending longitudinal bone
growth fal 12-20 years of age), Densa areas of bone at the
fushan s1a may remain into maturity (epphyseal ine). Epiph-
yegal bone @ less struciured (iregular beamsa) than (hat of

fhe diaphyess [organized columng or osteons), and In maturity

w called spongy or cancellous bone (recall Plate 7)
[rramembranous ussilication of the diaphyseal shaft (bone col-
l6r ta compact bona) |8 respongible for the widening of daveiop-
ing long bone The ossification process is egulated by growth
harmane [from the pluitary gland) and the sex hommones

ALL VEEWS AHE
LONGITUDIMAL

MVALINE CARTILAGE, =
PERICSTEAL BOWE:
CALEIFIED CARTILAGE:
BLOGD VESSELs
ENDOCHEMDRAL BONE:
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0, ORGAMIZATION GF THE BODY g

TISSUES: MUVSCLE

Muscle tissue, one of he four basio liesus ypoas of the body, cons:sis ol mus-
cle cadls ("fibars™) and their fibrous connective lssue coverings There are
thres kings of muscle tissues: skelatal, cardiac, and smooth, Musola lisgus
shorlens (contracts) in response 1o narve, narve-like, or hormonal siimulatior
Depanding on 1heir glachmeants, skelatal muscies mMove Danes &t joints, con-
siricl cavities, and move 1he skin, cardiac muscle compresses & heaarl cavity
or (rehestralas (he sequance of cardiac musch contraciion and smoath
muscle moves the contents ol cavliea by riwihmic contractions, constricts
vesgais they surmound, and mavas halrs/ closes poras of the eXin. The sur-
rounding conneciive hsspe iransbers the farce of contraction from cell to ced),
and supports the muacie libare and (he many blood capilaries and narves
That supply hesmn

SKRELETAL/STRHIATER MUSELE- GELL-

SHRBCOLEMIMDE -

Skelstal muscle celiz ara long, sireled, and mull-nucieated, formed of
mpofibeiis, miochondvia, and ather arganalies within the cylopiasm
{sarcoplasm). Each eell is enveloped in cell membrane called sarcolemma
Collections of muscia cells make ug the baily of 8 muscka. Tha Righly Yas-
cularzed skelelal muscles contribule greaily o the size and shape of ihe
pody. Skoletal muscss attach to bones or athar muscles at their lendinous
ends, Aetween bony eltachments, muscles cross one or more joints, moving
them. Muscles always pull . they never push. Sketetal muscle contractons
congist of rapid, Brigd sharlenings, atten genarating considerable force Each
canlrachng cell shortens maximaly, Three kinds ol skelelal muscle fibers are
tecognized: red [small, dark, lang acting, siow conlracting, poglural musole
fibers with ccygen-rch myoglobin and many mitochondra), white | relatively
Iarge, pale, anaerobic. ahorl acting, 1aat contracting muscle fibers with few
mitochondria), and intermediatae libars, With exercise, fas! libers can convert
1o siow. siow Tibers can conven (o tasl Confraction of skeletal muscle
reguires nenses [Innenation ). Witkoul a nerve supply (denarvalion), skoletal
muscle cells cease o shorten; withow reimendation, tha cells will die. A
denarvated porliar of musclo loses its lone and bacomes flaceid. In Gme, ihe
anlire muscie will become smaller (atrophy) Muscle confraction |5 generally
under voluntary comlrol, bul (ke Brain ifrvaluntardly maiMaing a degres of
sonraction amoang the body's skaletal musclas (musche tang), After injury,
skalatal muscle cells can regenarale (hom myoblasts wilh modesale lunc-
fonal significance; such regenaralion may also ooowr in associalion with
muscle call iyperirophy (M responsg o raining / exerciss,

CARPIAGC/STBIATEE
WUSCLE,: GELL «
INTERCALATER RISE:

Cargiac muscie cells maka up fhe heart muscle. They are branchad, siriatad
callz with one or two cenfrally localed nuclel and 2 sarcolemma surrounding
Ihe sarcoplasm They are connecied (o ene another by junciional complages
called inlevcalaied oiscs. Their struciure is gimilar to skelstal muscle, bul less
mgenired. Cardiac muscle is eghly vascularized, its coniraciions are rhyth-

mec, sireng, and well regulated by a special sel of impuise-conducling muscle

cells, not nerves Reles of contraction of candiae muscle are mediated by the
aulgnomic {visceral) nervous system, the nenves of which increase/decrease
heart rate, CardiaC musche is probatiy nol capable of regeraration,

MSCERAL SMEOTH MMUSCRE,:
CELL

PLASRIALERDMDA)

Smeolh muscle cells are long, lapered cedls with centrally pkacea nuclal,

Each cel is swrrounded by a plasmalernma (cell membrane). These cells are
smooln (non-strialed). Myclibrils are not seen; the myofilaments nlersec! with
ong anciner in a pattam kess organzed than that saen in skaletal musche
Smooih muscle cefls occupy the watls of osgans with cavilles (viscera) and
senve o propel the contanis along the langlh of those cavilias by shoow, Sus-
tained, oltan powerful rhythmic contractions (consider menstrual or inlastingl
pramps) Smnoth musole cells, onanted parpendicalan 1o the bow of tubukar
gonlents, act as gates (sphinclars) in speciic sites, regulating the flow as in
delaying the flow of urme Well-vasculsrized. srmooth miscle fibers conlract in
mesponsa lo both autonomic narves and harmanes. They are also capable of
gpontanecus contracticn. Regereration of smooih muscie, 10 same exten, is
possanle after injury.

Red fiber

CN! Use rad lor © and your lightest colors ber B E, G and | (1) The
sarcolemma [F), which covers sach skeleial and corcine muascie cell
Is oolweed only &l the cut ends. The plasmakermma (F7 |, wiich covers
each smoolh muscie cell, s colorad only 8l the cul ende [2) The
nuela ol aasdiae and smoolh muscle calls, iocated desp wilhin the
calls, are 19 be colored anly al the cut ands (A}, (3} One of the Inter-
calated discs jI) of the cardiac calls hes been saparated to reveal iis
structure [schematcaiy). (4) The cellular views Gre microscopio

CONNECTIVE TISEVE.
MITEEHEMRRERICW »

Myadibris
=] HE

Goalroinlcsane)
IFREY
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I, OREAMIZATION CF THUE BELEY 10

TISSUES: SKELETAL MUSCLE STRYCTURE
CN: Lise tha same colors usid on Flate 3 for sarg Al ELET? 2

and mitochondrion (D) L:as Ifni;ﬂﬂ enlor used :E::;;un;lmal QG? @% m@?@m @{gﬂ'& ke

musoln call |:|r|||‘1|:| lrlyﬁ;ﬂl'l IEdﬁ:ErE- Use :'IF: c:idm: 1-?:1(5 and @@& Eﬁmmfmﬁ

J & dark colar for M, and wery derk codors Tor Fa i gisll ="l 1 e I

MU ELE |5 Nl Shown :uru (1] Begin with the drawing of the aﬁ@g& @L@@MU@ @E?U@m&m‘ﬂ

arm (2] Color 1he parts of thie muscie osl i ihe central llus- ﬂ%@mm{g W@m @W@‘Oh

Ealion. nolo the prasence of milochonda (D) belwesn the 0

myolibrils {2) Color the parls of the exposad (lowest) myalibnl muw @Dﬂ@mm" @@L‘

andl thia color-related iathers, Bands, ines, Mol ek b -

cul ond of this rn:ailbrll FEK'.:I\‘E'E the :dﬂ?r:gr Iﬂinll‘lcnlv; o Eﬂ@m{j& .

purpeses, and iz part of the A band of the sircoTens ad|scan %MF

%0 1ha one (0 be colgied (4) Golor the relaxed and traciad

sarcamers, N8 I-Hm::;s.“ s MEhaniam ?cll-lr ccui:ar:-um g “mﬂD"

noting thie calor relationship with the myofibal and ifs pans m D&:ﬂ Eﬂ.u &ﬁ@'ﬁgi—]‘. &Q@ TD[I‘EDJ G

A part of & sketetsl muscle cell is shown with the sarco- = LOE =

e opened 10 reveal some cellular conlerts. The C:j .&@,@‘_

mosl visible of tha contents are ihe myafibrils, the con-

wactite units of the cell. They are arveloped by a flat Wﬂ@[}ﬁ’ ﬁﬂ&@bﬁﬂ]@@ﬁ f@ﬂ'ﬂ@

fubular sarcoplasmic reficulum (SR thal, in parl, regu- @G; @:‘_ E g

iates the digtribution of caleium ions (Ga* | into tha OSS BRE0 = ;r.\S Muscle
myolitelis Inward tubllar extansions of the sarcclemma, g Vi Sundie of 1iars
calied the fransverse lubuls sysfem (TTS), Tun rans- | Wusgio ke

| e
/

yargaly across the SR, al the lzvel of the Z lings of the
Wyl

myotibrils. The TTS, cantaining slores of sodium ens
[Na™) and calcium iong (Cat), conducts electrochemical
excitation Lo the myofiords from the sarcolemma.
Mitochandria provids anargy for the call wark

The myafiorils consist of myofilamants: thick Maments
{lergely myoein| with heads that projecl oulward as cross
bidges, and thin flameans (largely agtin) composed of
140 interwoven sirands, These two filament lypes 2re
arranged info cosilractile units each of which is called 8
sercomare. Each myofibril consisie of several, mdialy
aranged sarcomaras Af the end of sach Sarcomens, the
thin fMamenis are permanently atiached o the Z une,
which saparates one sarcomere from the next. The rala-
wve arrangament af ihe thick and thin filamants in tho
sarcomera crealas fght (1, H) and dark (A) bands/ rone
and 1he i line, all of which contribute lo the appearance
of eross siriations m skelelal (@nd candiac) muscles

Bhortering of a myolibrl accurs when the fhin flamenta
slige toward Ihe conter (H 2ona), bringng tha Z lings
cioser togethar in sack sarcomere. Tne filaments do nol
shortan; the myosin Blaments do nof move. The close
fetationship of the TTS todhe £ lines suggests that this
s is the “irigger area’ for induction of ke sliding meah-
animrn. This sliding motion is induced by cross bridges
theads of the 'mmovable thick fitamenis] thal are con-
aetied Lo the thin flaments. Activated by high anargy
sands from ATF the paddia-like cross bridges swing In
poncesr loward the H zane, draweng the thin ilamerts
#ih ihem The sarcemerz shorlens a2 tha opposing thin
filgmants meat or Bven overlap al the M line

Cecurring simultaneausty in all or most of fhe myohibnis
ot a muscle cell shartening of sarcomeres transkales 1o
a vanizble sharenng of the resling krgih of the muscle
cell Repeated in hundreds of thousands of condftioned
muscle calls of a protessional athiete, the resutant con-
tactile force can pull a baseball bat through an arc
gufficient 1o sand a hardball 8 hundred Maters ar more
through the air

'L_F'Eﬂﬁ@ﬂﬁ? E’JE@E@@E U s
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o CREAMZATION OF THE BORY 1

Sae 13

TYRES CF MEVRCMS

rISSUES: WERVEOUS

GN Use & light color for A, Nole tha small armows

which irdicale dirseion of Erpuiss conducion The
raurang o Ihe periphecal nervous syslom shown al
lower it ara llusirated in the arontation of the okt
EEpEr Wb, alihough mgnly magnified

—

WIFP@LAR. ;

Tl e Tt 52 e et
e i I — e
ol ™ .
B PELAR
| - i

WEVREW:

CELL BORVA

PEOCESS(ES)
BENBEITE:
A OINIE

Mervous fissue consists of newons (nerve cells) and pewoglia. Neurons

-—

MULT] POLAR:

Meurong fall into thrae structural celegaries based on numbers of pro-

generate and conduc! slectrochemical impulsas by way of meurcnal (cel- cesses | “poles"). Processes that are highly branched (erbarized) and
iuar) processes heEnglia &re the supporting. non-impuiss ganeratng,) uncovered are called dendrites, Skender, long minimadly branchad pro-

conducting calls of the nervous system Tha mair, nucleus-bearing parl ¢ ceggas are callad axong. Wikin each calegory, Ihere (s a greal varnsty of
Ihé nEUron i the cel body. Its cylaplasm coniains 1he usual cell organ- shape and size of neurons. Umpolar neurons: feve or appesr o have

efes. Unigualy, the endoplasmic reticulum ocours in clusiars called Nissl [pseudounipalar) ore procoss which spiils near its ce’l body info a central
substance Meurons do nol undergo mitoes afer bifh, compromesing thew and peripheral process. Both processes conduct impulses in the same
hility [0 regenesale alter injuiy, Meuronal growlh consists of migration and direction. and sach is termed an axon [$2e (ke sensory neuron 8l lower
arborizalion of processes, Meurons are the impulse-conducting cels ol lefi), Bipofar newons have two (central and perpheral) processas, called
fia brair and spinal cord (cenfral nerous sysiem of GRS and the spinal axnns, canducling impulses in tha same direction (see Plate 131). M-
#nd cranial rerves (peripheral rervous system or PNS) pafar reurens heve three or more processes, one of which is an axon (see

PHS motor nauron al iower laft, and CHE nawon at lower right)
PERIPHERAL NERVOUS SYSTEM (NS .

CENTRAL MERYOUS SYSTEM (CNS)

FRETEORPLASHIC ASTROCYTE:
FIRREOVS ASTHROCYTS:
CLIGEEENEREEYTE:
= gy

W0EEHEE@LIA.
\Most axons are anveloped In one or mara (up 1o 200} layere ot an
insulaling phosphohpid (rrvalim) thal enhances impulse congucton
rates. In the CNS (lower nighl), myalin |s produced by algodendrocyhas
in the PNS (lowes lefl), by Schwann cafis. All axons of the PNS ane
ensheathad by tha cell membranes of Schwann colls (meurilamma) but
not necessadly myedn. Tha gaps batwean Schwann celis are nodes
af Ranwier, making pesaible rapsd node-lo-node impulsa conduchon
Schwann calls make possibie axonal regeneralion in the PNS. Sigif-

. icant axonal regeneration n the GNS has not baen observed
e £ Meuroglia exist in both the CNS and PNE (Schwann cells), Profo-

Sxatelal plagmic astrecyfes ocour primarily in gray matier (dendrites, cell
maasle @@u{!ﬂ Wﬂ@@ﬂ‘ bodies) of the CNS, fibvous asiocyies in the while matier (myslinated
axone). Theor processas atlach 1o bolh nawrons and blood vwassels and

BN el @@M@ﬁ?ﬂm; may offer metabolc, nubritional and physical support. They may play a

' — rale in the blood bram bamer Oligodendrocytes are smaller Ikan astno-
EL{E?&'UE!}E cytes, have fewer processas, and ang sean near neurons. Microgia

@@&j E’Fl*'i'{ﬁ'_‘hﬂﬂ}ﬁiﬂ @@Uﬁ& F ara the small scavanger colls of Ihe bramn and spinal cord
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L ORGAMIZATION OF THE BOBY 12
PDTECRATICON OF TISSUES

I pile haS one goal [0 &id you in visually inlegrating the four basic ]

18 o somalic (Body wall] and visceral [r_‘awily—mmairﬂ_ﬂg Organs) E:“ ::_::I‘::';";rl::ﬁ :':T':L.'ﬂ:‘::;r:;i"T;E:’:\E:‘emin

Concertrale an how the four hssues are arranged in gach i 1hEsa liasues —ariehen and vains ahove, and arenoles. von

plie 0f body atructe. Considar the general function of each uley, capliiaries, dng hymgh vessals balow—are nol 1o be col

g528 |0 ihe: ovacall lunciion of the part/crgan. Thare are an infinile gred, @i they are made up of more then one basic tesus. Mot
fiber of funchionally relaled variations in the way ihese lour tssues 1hat wilhin ceep lascia. arieries are genarally pairgd wilh viing

discrale consiruction ol the soma and viscera of 1he body, ATy

*-@‘Fﬂ@ @?ﬁ&@@?@@@
BRITHELIAL TISSUE «

S CUTER LAYER)A
CWVEETIVE TISSUE «
SN (BEERE LAYTER):
SUEEHREIGIAL FASCIA
PEEPR FRASENA - B
LIEA MEN Te

BlONIESS S
L PERICSTELM i
P USELE TISSUE -
BHEELETAL MUSGELE-
IFERVOUVS TISSUE.
ERIES :
g slruclure, making up the skn-covered musculcekalelal rame of fcal fagc (loose conneclive and adipoze lisaues), conl@ning culaneous

gy, & concermad with stability, movement, and profection. s con- nervas, emall vessals, and occaskanal large vaing Deap lascla, a mara
n pefbecis fhese lunclions. The ootermost covering of e body wall vascular, senslive, dense, iregular fibrous lissue. ensheaths skelatal

2 |3 & prolectve keratinized sirahfied squamous epithelal muscle (myclascial lissua) as wall as the supporiing nerves and vessols.
i, conatiluting the outer iayer of skin (epidermis). Cther spithakal Ligaments {densa regular connective fissue) bind bone 10 bone by way of
BUBs T somistac siruciure are the inner layers af blood vessels, and the periasteun (vascular cetlular dense, irmegular, fibrous lissue), Skelaal
g8 (nol shown ) Connective tissus layers of ihe body wall mcluda the muscies and their merves are packaged in groups, separaled by slippery
igper of skin (dermis), consisting of dense, irmegular fibrous comnec- sapla of deep fascia seawring neurovascular structure The fibrous invest-
¢, and the sub-adiacont, variously moblle, subcutancous Super mants of skelelal muscle converge (o form tendans ol the muscle

VISCERAL STRYETURE

WTHELIAL UVISSUE «
MUYEESAL BIIME@E
BLAND -
m@@@ (EWTER LERER »
CONNMECTIVE TISSUE.
mam FROEPOE -
E@Eﬂ M@O@@ &7
3 (IWER &&T}a@@a
m@@@&@' TIESUVE:
SEETH WWSELE:
@@@W@ TISSVE:
WERVE CELLS

o'

Yiscaral structure (s generally concemead with absorbing, secrating, trap-
png. and/ or moving food, air, secrelions, and./ or waste in fis cavities

Epithedial tissue is the innermast layer {mucosal ining) of the thin and presant) ks a thin smooth muscle layer moving finger-like propections [villi)
phabie wisceral wall It faces the lumen (Cavity of the viscus), it s olten of the mucosal surface, Deap 1o the MUCosa is 8 dansa fibroue (ISsus |Sub-
@ smgle layer of cells (asoghagus, urinary tracl, and reproductive ract mucosa), repleta with large vessels and small nenves/nenve calls (inframural
wrcepiad) and ceals with 1he conlents of the visceral cavily. Glands, um- ganglia) supplying 1he mucosa Deeper yal, two or threa [ayers of smooth
cediular or larger in the mucosa or submucosa. are epithelial, as are the muszsle (tunica muscutars), innervaled by local narve calls, move tha

innar \ayers of blood and lymph vessels The mucosa includes a sub- visceral wall in peristaiic contractions: The oularmost layer of 1he gasiro-
epithetial laver of loose fibrous lissue (fBming propriE), suppartng mobile intestingl tract is the slippery serosa: an ower SECrelory simple SSUaMOUS

peds glands, vessels and rerves. The despos! layer of the mucosa (whan epithalial layer and an inner supporting layer of hight ibrous liseus
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B

- antisodies, and teyers of cells and keralin ressting

00, SYSTEMS ANMD BEEIOWS 13

SYSTEMS OF THE bl A

G4 Use light colors on this and tho naxt plate.

Calor tha enline skedaton [A) ondy ihe knee [ont and showlde
joirt Rhow [nint capsudlas (A') Color (e endire masculRnm [B)
wown Colorall tha vesseis and hear! (C)) artenaes and haart
mi voing bwe Calor all lymphabic vasga's (D) green, Color all
e perves. &5 weil &g ihe brain ang spnal Cord (E), yebow Do
Wl colnr th ACHErOUng Of [ RCTAAQEAr NSNS repmesanting

e endocnng syalem (F), Chooss & skin color for 1ha imegu-
mant 5yaiem (3]

Caollections of samilar cells constiute tissues. The lour
bagsic lissues arg inMegraled into body wall &nd viscaral
sructures/ organs. A system s a collection of organs and
sliruciurés ehanng a common function Urﬂﬂﬂ:ﬂ- and siruc-
lures of a smgle system occupy diversa regions wihin
ihe booy ang are nol necesearly grouped logether

SHELETAL SYS:a
ARTICYULAR S¥Sen

The skeletal sysiem consists of the skeieton of bones

and thair pariastaum, and {he ligaments which securs (he
bones &t jaints. By extangion, this syslem could inclisde
e varied fasciae which ensheath the body wall/ skelatal
muscles and contribute fo the body's structural stakility
The arficular sypsfam comprises the joints, both movabla
and fiwed, and the related siruciures, including joint
capsuas, synovial membranes, anad disces manisci

MUSBULAR SYS.. (R T B,

which move the skeleton, the face, and other structures, ﬁ':;';:: 8
and give form 1o the body, the cardias muscle of the | al viscus

neart wadlls; and the smocth muscle of the walls of vis-
sars and vessals, and in ihe Skin

EARRBPICVASCULAR SUS.: gif
Tha cargiovascuiar sysiem cansists of the 4-chambared
heart, artedias conductng Dlond 1o the tissues, caplllares
Ihigugh which nuinents, gasas, and molecular malerial
paszs o and Trom the lissue, and vains relurning Dlood
fam the tiesues 1o the heart. Broadly inferpratad, the
cardiovascular systam includes (he iymphatic system

LD PRATIE STSeo

The lymphalic sysier 5 a system of vessels agsisting
Ihe vaing in recavarng the body's lissue fluids and
rellnng nem o the hiearl. The body i aboul G0% waler,
and the vams alone are genarally incapable of meseting
B demands of tissue drainage. Lymph nodes filter

Iymoh ard ara located throughaut the body,

=
WERVOUS SVSc- |
The mevvruss system consiats of impulse-genamiing/con-
ducting tssue organizad nfo a central narvous systam
|besin andl spinal cord), and A peripheral nervaus system
Inenvas) thal includes the wiscaral (aulanomic) narvous
spaiem involvad in involuniary “tight or flight” and vege-
lalive responses

EUDECRINE SYSar

The endocume sysiem consisie o glands which secrele
ghemical agents (hormaones) into the tissue flusds and
Bood, alfecting the funclion of muftiple areas of (e body
Msny ol Irese plands are under some cantrol by Ihe
train {hypolhalamus ) Hormores kelp maintain balanced
metaoalic functiona in meny of the body's systams

N TEGCUMEN T S7Ses

The integumentary Syslen is 1ha skin, repleta with
gends, sensory receplors, vessals, immune cells and

rmonmenial factors Rarmiul o ihe body,


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

0. SYSTEWS AR BEEICS 14

STYSTEMS OF THE BeDY (@) o

CN: Use ditferent kg oolors roem thoye vigd on iha pre-
ceding plate

RESPIRATORY SVSo0«

- The rasaivalary Syslem congists of the upper (Nose
through leryma) and lower resoiratory fract (irachea
Ihecisgh ihe air spaces of the |ungsh Most o (he rac
Ig airway; only 1he &ir 3paces (Alveol) and vory small
Eronchaoles exchange gases Detween ahweoli and the
lumgy napElaries.

PIGESTIVE SVS0:

The digestive sysiem is concarned with Ihe break-
eown, digestion and assimilation of foed, and
eacration of the residus. its ract beging wilh Ine
maulr, confinues down bo 1he abcomean wheran [
{akes a cormaluled course 10 opan again &t the anus.
hssncialed glands inelude the Iver and pancredas,
meluding the bikary system (gall badder and relatad
discts|

UERIWARY SVYSo-

The yrinary sysiEm is concemad with he consena-
fior of water and mainienance al & nesulral acd-base
balance in the body Muids. The kidneys are the main
hncliraries of thig system, residual tuid (urine) s
mcrilad through weters 1o the urinary bladoer 1or
wtention, and discharged 1o the oulsida through he
urEhra

IMEVE /
CYPHEID SVS0n

The iyrmphaid sysiem consigls of organs concemed
with body defenss thymus, bone martow, splean,
mph noces, tonsils, and smailer aggregales of Lymeh
ymphoid lissue, This sysiem, includmg o diffuse
grangement of immune-relatec cells throughau the
body, is conuarmed with resisiance o iInvashe micro-
grganisms, and the removal of damaged and/or .
_oherwise abrormal celis -

REPRODPULETIVE
SVS:/ FEBMALE.

The lamale raproductive system |8 concermnad with
he sscision of sax ormones, produclion and frars-
poriation of germ cells (ova), receipt and transport af
\ mala garm celis 10 the fertdization site, malmlenance

o he devaloping emberyo/ lelus, and irbal susle-
ranca ol tha newbom

REPHEDUESTIVE
SVS./ MELEwM

 The maie reproductive system is concerned with (he
seeredion of mabe g&x hofmanes, formation and main-
enance of germ cells (sperm), and ranspor of garm
gells i tha lemale genital fract.
i

Uml!"

Liyinary= i
Binoos!

Feminal
vosiche . Ducius
g e

QI o it

Lvaths /Ponis
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0. SYSTEWS AND BEEIOWS 15

BEEICWS @F THE BePY

CN: You wil meat likely have 1o ropeal colors
wnong the arows shown here Consider & colming
patiam based an major regions (shades of red for
head and neck, Bluas for upper imd, Brown for iwer
limby, #rg 52 on)

NEAD/ WEEETE

G WAL A

CREITAL:

FARGIAG:
MANBIEWLAR -
CERVICAL:
SUPEBAGLAVICULAR

VRPEER LIRB:-
BELTEID

AP0 LLAGF .
BEEACHRIBL,
GCURITAL .
SNTECUEBITAL «
AWTEBRACHIAL .
ERSHEPAL v

THORELIE-
PECTORBAL
SCAPULAR.

AHBLEMINEPELVIGS:
ABEEMIMAL-
PELVIEa

IEVIMIEG =
PUDEWEEL:

BAG3S
THERACIC

GURBERGS
SRERE@ILIAE v

L0«
BLWTEGELw
FEMICQRAL
FPARATELLAR
PeRLITEAL:
CRUERAL:
MALLEOLAR:
TARSEL -

Regional anatarmy is the organization of human siructural pars
by regions. The study of regional analomy | accomplished by
dissaction ol body parts in an embakmed cadaver The sludy and
awaraness of reqional anatomy is fundamental to hends-on heelth
care providers who Bxaming and avaluate [he human Dody. Wilhin
gach region, thare are usually sub-divisions or sub-regions, 2.9,

#inin tne cranial region, there are fromal, panatal 1@mparal, and

oacipilal sub-regeors. Characterstically, each regeon is composed

} of structures represening several Eyelams.
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0. SYSTEMS AP BEGICWS 16

Sae 65, B3, 109

CAVITIES & LININGS

B Excepl tar H, use light colors throughaut. {1 )Mok rsal the lrengs o closss body
eavities are &l colored grey (2) n the apan veceral cavilses shown beldw, the inngs
medie a darker color {H), and 1he clased cavilies have Thair nings omitted,

CLESEPR BEPY CAVITIES: -
CRAWIAL/ DURE MAETER 4«
VERTEEBRAL/BURAE MIATER:
THERACIE: /PLEVRA <+
ABDOMINCEPELVIC: /PERITONEURY o'«

Closed booy cawikes &re not open io the ouiside of ihe Body. The
oraval cavily | located in the upper part of the skull and houses
ke arain and ralated structures. Il s continuous with the verfebiral
Gavily [canal) within the vertebral column. The vertebral cavily
containg tha apinzl cord and related vessels and nerve rools. The
fough, fiorous tayer knng the cranial and veriebral cavities is called
Ehe dwra maler Partions of the dura envelop the brain and spnal
core; oiner parts ane fodded o form dividers (dural sapla, nol

shown| separating parts of the brain

Tne thavacic cawly & locateg in the thorax, surrounced by the nb
cape and related muscles, its postanor wall is (he veratral column,
An foor is the muscular thoracic diaphragm. The tharacio cavily is
diviced by a central sel of siruciures (mediasiinuem) info el 2nd
night cavities for the lungs, These cavilies are lined with a thin layer
of simple squamous, sacretory epithalium supporad oy fibrous
fissue. Such a lning secreles a watery (sarous) fuld and is called a
ERrOUS Memorane oF earasa. The eeqasa lining the (horagic cavilies
Ior the lung= Is callen pleiva, & subject 1o be developed In Plate 95
The abcdominopaivic cawly is incaied antesior to the posterar
abdominal wall I & surrounded anteriorly and laterally by muscle
Wyers, the lower ribs and ralated muscles, and the bores of the
oelE |15 upper and lower Doundaries argé muscular (respiralory
and pelvic) diaphragms. The abdominopelvic cavily containe the
abdominal and pelvic viscera The abdomnal cavily is largaly lined
wilh & serous membrane called perdomewr, 8 subyect to be
devedopad in Plate 102

Thare are a number of clher cavities within the body that ane

giosed, ncluding the [oinl cavities. heart, vessels, vantrickes af the
b, cavitios/ducis of the eye and internal ear, and the polential
cavilies craated by the icldings of serosal membranes (Plales 65,
85 and 102)

OPEN VISCERAL CAVITIESS
RESPIRATORY URRGET:
UBIVARY TRAET
RIBESTIVE TRAGCTs
MUCECSA «

Opan cavities, located within closed cavities, are open to the oul
sude of (he Dody, They ane gerealy iubalar cavities of viscera: (he
figaciive, raspiratony, reproductive, and urinary fracls. The digestne
Iract opens &l the mooth supernorly and al the anus inlenorfy, The
taspraiony traicl opens at the moulh and nose. The reproductive
Iracts (ot sheown) open al ke parirsum; the unnary irect opens at
the perinaum as well Not included in this categary are glands ol
the skin and viscara whoss ducts opan on (o the surface of tha skin
& vanably-thick membrane coverad with MOCus |Mucows mem-
prana pr mucosa) Enes opan cavilies, |8is continuous with Skin al
oillices. The mucoea is the warking membrane of open cavities
[secration, absorplion, prolection), dealing wilh molecubes placed
balore if (locd. air, flud, and 86 on)
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000 SEELETAL SYSTEM
ANATOMY OF A LONG BOWE

M Use light blue for ©a "bons” color for O, vary ligrt cobers for € ana F yellow for |, ang red for
4 Th titiee red mmaeo (M) i5 ol 10 Be colored 8s he red mannow 61 1his Bone is nol shown, having
2een replaced by yaliyw marrow during maturity. Only part of the yollow marrow in the medullary
canslis shown

Home 15 a living, vascular structure, composed ol oiganic tissue (cells, fibers, axtra-
Cefilar malrix, vessels, neras—apoul 35% of a bona's weight), and minaral [¢alcium
hydroaya palite—aboul B5% of a bong’s weight), Boni funclions as a supporl struciure,
i si%e of altachment 1or skaletal muscls. igamants, lendong, ard [6inl capsules, &
saurce of calzium, and & significant site of blood el development (hemalopoesis) for
Ihe anfire Eaty. Hers wa show a long bone, specifically ike femur, the bane of the thigh

ERIPH SIS
The spiphyss is the end of a long bore or any part of a bano separated fram Lthe main
body of @n immalure bone by cartilEge (1 is formed from e secondary sie of ossifica-
lan It i5 2rgely cancelious hone, and It ariculating surface is lined with 3-5 mm of
fyaling (arficular) cartiage The epinhysis is supplied by vessels from the joint capswea

BIAPH PSIS:

The ofaphysis 15 the skalt or cenatral pari of a long bone. |1 has a marow-filled cavity
imeduffary cawity) sumounded by compact bone which is [ined extermnally by perivsleum
and intarnally by andosteum (mot shown). The diaphysis is formed iram one or mone pri-
mary siles of ossification, and is supplied by one or more Aurent arenies.

ARTICULAR CARTILAGE:

The only remaining evidence of an adut bone’s cartilaginous past, arficular cartilage is
amoath, slippery, porous, malleable, insansilive, and bloodless, It is messaged by move-
ment, permitling absception of synevial fluid, oxypen and nulribion. Ariicular (hyaline)
carlilage is also nourished by vessals from the subchonoral bone. Bares of 8 synovial
jpird mak= physical coniact at their cariilaginous ands. The dagenerative process of
arhrits nvolves 1ha braakdown and fiorllation of erfculer carfilage.

PERBIOS TEU »

Perinsteuim |5 a fiorous, callular, vasoular and highly sensifive lile support sheath for
pane, proniding nutrient bood for bone cells and a source of asteoprageniion cells
throughout iife. it does not cover artcular cartilage.

CANCELLOVS SreN@EY) BEME «

Canceous (spongy) bone consists of inferwoven beams [trabeculae) of bone in the
gpphysas of lung bonss, the bodies of the vernabras, 2nd other bonas withoul cavitles
The spaces amang |he lrabacudas are filled with red ar yellow marrow and blood ves-
£als Cancellious tone loims a dynamic laliiced fruss capabie of mechanical afieraiion
{moriantation, construction, destruction) in responsa lo the streases of weight, postural
change. and mussla lension

COMPACT BEMEF
Compsci bone iz derss bone characlarized in long bones by microscope hallow eylin-
it of bone (haversign systems) inlersawen wilth non-cylindrical lamelise of bone i
{erms the siowt wallz of the diaphysis of lorg Bonos and the (Rinner oular surfaca of
olher bores where (here is no articular carlitage, e.g. 1he flal bones of the skl Blood
vassels reach Ihe bone cells by a systom of integrated canals

MEPULLARY CAVITY:

Thit ecillery cavily is he cavity af the daphysis || cortains marrows red in the young,
Jurning to yallow in many long bones o malurity, 11 s ined by endosteal tisswe [Thin con-
neclive lissue with many osteoprogenitor cells)

. BERD MARREMY -

Red marrow B a red, gelatnous substance composed of & red and while blcod cells
navanely of developmenial lorms (hematopoledic issue) and specalzed capilares
|einuzaids) enmeshed in relicular lissue In adulls, red marrow is generally limitad 1o the
s=mum, verebras, ribs, hip oones, clavicles, and cranial bones

YELLEON RIARBRSHUI:

Felow mamow (s latly connective issue and no longer productive of ood cells, It
Mplaces rod marow in Ihe epiphyses and madullary cavities of long bones, and can-
~callous bone of oiher Dones

WOTRIEGMNT ARBRTERY /BRANCGHES.

The nutnent arfevy is the principad arlery and major supplier ol oxygen and nutrenis o
he shall o bocy of a bone ils branches snake through the labyrinthine canais of the
“haversan systeme and other lubuler cavilies of bones

ANTERIOR VIEW
{Latt famur)

Coronal seciion through proeimal epiphysis
and disseclion ¢f medilary cavily

Arlicular

Greatar
frochanier
A
|
B
- Nutnant
Iarmman
A
-
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0. SEELETAL SYSTEX »
REIAL, APPENMNBICULAR SKEELETEWN

G Use kight bul contrastng oolers for A and B Bones have a variety of shapes and defy classification by shape, yet such a classifica
{11 First calar the axial skelaton A in all ihree vigws tion generaily sxisis. | ang hones are clearly longer in ong Axis than in anather, they ae
D it £l IME IMBFO0A1A| SRACES characlanzed by a medullary cavity, a hollow diaphyss of compact bone, and ai lsas

¥ Colior tha apoandicular sk&aton B
Nicte ihet the bones labelod A aro drawn in G Fghtor line than 8
|3 Cubor the ariows dentilying bone shepe/ classitcation

w0 epiphyses; &g, temur, phatanx. Short bones are roughly cube-shaped, they are
predominanily cancellous bona with a thin cortex of compact bone; ne cavity, 0.g. car-
pal and tarsal bonas Figl bones (cranial bones, ribs) are generaly more flal than rauno

@&gm&m end irreguiar bones (scapula, vartabras) havae two or more diffaren? shapos, a.g, the

e £capula, with a flal surface, and imegular-shaped spine. Bones no specifically long or
@5 3 NS oF short fit 1his latier category. Sesamoid bones are devsloped in tendons (&g, palelar
E@'ﬁﬂ‘@r fandon); ey are mostly bone, often med wilh ibrous lissue end carlilage. They have
5@@@? & canilaginous articular surface ‘acing an articular surface of an adacent bone; 1hey
o gy b parl ol a synovial joint ansheathed within the ibrous joinl capsule. They ae
E?%@?E generally pea-sized, and are almost always found in certain tendens,jaint capsules in

Dﬁﬁ@@@ &@ﬁ; = hands and feet. and occasionally in ciher articular sites of the upper and lower limbs.

The largest is the patela, n the tandon of quadnceps femoris. Sesamoid bones resist

@@g@@@g@ = Inclhion @nd Codmpresgwn, annancs joant moveamenl, and may 3IEBIs] local creulahon

Cramium

Facinl bones ol _'.' LI
Pastoral

Dlazie

"“}._-Snapula

§
e Humerus

Vertebrai

1'l'\lsl:llum'l
h

Matacarpal i
none

AU
SRELETE@N

Tha axial skelaton s 1he gnncipal suppariive
siucise of the body and & arenfed along ils
median longludinal axis. Il includes tha skull,
werlehiae, stesmum, ribs. and hyoid bans. Much
ol the mability of the toreo & due 1o the mullipia
ariiculations thioughout the vertetral column

APFPENRICULAR
SEELE 5

The [oinds of tha appendicilar skilelon make pos-
shle 2 considerable degree of freedom for the
uppet and lower lmba The appendicular skedelon
mncludes the pectoral 2nd palvic girdlss and the
Bones of ihe arms, forearms, wrists, hands, thighs,
Iegs. and feel, Fraciures and dislocations are more
camman in thig part of the skelslon, bul mons
SAr0US in the axial s2lsion



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

==

| moleciing the brak). Except lor ihe lemporomandibular joint (a synovial joint), all

00 SEELETAL SYSTEM i
BRWES OF THE SKUed @
CRAMIAL B)8.
EEEIPITAL (Ih FARIETAL (&) FREN TR (1)-
TEMEORAL (B). ETHMOID () SPHEN@ID (1)-
FRGIAL T8
WASAL (B): VORMIER (1) LACRIGIAL (&);
EVEE@MATIE (B), PALATIWE (&)« MATILLE (&)
MEAMDIBLE (T IWEERICHR WASAL COWGEHE (B

CN: Wars wilh this plake and e nexl ona al 1he same lime Sava (ne breghiest codors for
Iha armalle®! banes, use bghl colams on bones wilh surteoa datadl. Work one bone & a
B colaring o where o appeart inany of 2 T vews ahown on this and the nexi plale
11]in he ardarior view, do nol ooler (he darkenad arsas i tha srails and nassl cavty,

Cexonn
Bufure

Supraorbital
foramen

Zygomatic
Fhy~ arch \
- Suptnor Mirsal Y
oitala| cavily
limgura

= : W Asmerion
. ﬁr:: By . = . e 7 imiracehdal n:;;i:

loramesn spng

i tyinkd Mastoid process
process , EXEMEl audiony maatle

Temporormandibuiar |oint

LATERAL
VIEW

projuboranes

Sapgittal

The skiull is compased af cranial benes {Torming a vault for the brain) and facis! . Buture
‘bones [givang origin (o the muscles of laciel expression and provdieg butiresses

fones are connecied by generally mmovatde Rbrous sutures.

The ardit (5 compesed of 7 bones, has 3 signilican fiegures) canals, and 2 home
6 ihe eye and relaled muscles, nerves. and vessels. The mosi delicate of the skul
‘Bones = &l the media' arbital wall (1), The extarnal nose i lasgaly carigaginous
#nd |5, theretore, nod part of the boany skull.

Istratamparal
fogsa ™

Bagital

AU Mater Lambdodal

BLBLrE

Extannnl
pooipilal
proiubarance
Masioi
ProCusEs

Lateral{ medial
prarygod plates

/ Lambdodal

Dypomatic = - = suturg

SUPERIOR VIEW POSTERIOR VIEW
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00, SEELETAL SYSTEM 20

THE SGCVLL ()
CRAMIALS « CEEIPITAR: PARIETALs FROMTAL-:
TEMPORAL BTHMEIRD: SPHRIEN@ID-
FABIALS: WASAL: VOMER BYEEMATIC, PALATINE:
OAKEILLA. INFERICR WASAL GRUGHEY  , i e sme cooe s

wirri usad aon Plane (8 (1) Colar
tha thram views simulbarsousy
{2)In 1he iower views, pay close
nmentian o tha many forerine
that ara bl uncabarad. (3) Mokice
b don’l oeler the small drawing
Lelow Ihat Identili=s the lamge
laagas of ine siull imarior o 1S
&l Try to visualize ihose fossan
in thia larght v,

i Palroys Toge

Intornal auditory moatus
— [Crmmal nerves ¥ WHE

Petrous porian
al the temporal bona
{rrecidie M| ST

Sphenoidal
BiNUE

T=Qeripitsl conyls
Eu.:l tar part of gocipial bone

(Extorior view)
Tiritmrios vidw ) ‘o are looking into the intericr of the righl side of the skull. The vomer and
BASE OF perpendicular plate of the ethmoid coniriode aignificantly 1o the nasal seapium BASE ww
SKULL and hide from view the conchae on the lataral wall of the nassl cavity SKULL I -\‘Q i;
Cifbritarm plabe I
fesaral nana |

"L"N‘_ ..f
Inferor arbithl fisswa
|eraniml merae ¥

Ogeic canal

{eranial matae i

Bupenior cibitnl fissure
L igmnial rarves Bl WY W
I b Posierior rasel

Sollg (urdica ¢ apertang (Ghoana s
|MwpophyEiE)
Lateral plerygod

Fin@mer rdunoum plate

. 1A
[eranisl nerve ¥4 - Medinl plarygand
Foreman ovale i
erafval nerve ¥1i
i a 2] Mandibular EDEs8

i
i Fataman INEETLIMm Fararmar ovile

'IL =
F{H‘ﬂlﬂlll‘l l&Emram

M EpHNDELT-

al
1""’:'_":‘;""“" Ut Caratid canal
fIrgrnal carobi
aiter
Il audirory L
mealies * Biybaig
Foramen prEcass
.t.Hﬁm.al Inramfn megnum F
il paguibier v ; Magioid
L ksl rervag 100 X1 IOCERE
| :
| Hypogiossal canal - Ocoipital
fermmink narve X1l condyia
Supetion
nuchal lire

Caternal
ecoipital prolubaranoe

The occipital condyles artlcuiate with the facets of the atlas or first
carvical veretebra The musmilar pharyngeal wall altachas around

You aee kooking inio the crandal cavity from above. The anterar
panigl losea containg the ronial lobes of the carebrum (Draink, the

. gfectory tracts lie over the cribrilorm plates and receive lhe olfac- ey 0 the pestariar nesal aperures The laleral pterygaid plate offers
* oy nerves: The middie cranial fossa embraces he temporal lobas gitachment for certain muscles of maskcation. The foramen mag:
i the cerstirum; nole the rumerous loraminal canals for cranial num trenamils the lower brain stam /spinal cord and e vertebral
- hervss and vasaels which antar/exil the cavity, The posferiar arieries. Much of ihe pociplial bone posienor (o the iomEimen
pranial lossa retains the cerebalium and the brain stem, along with magnum &5 @ 5ite of attachment for large muscle bundies making

ekated cranial nerves and vessals which anter! exit the cavily up the postaror cervical {paraspinal) musculaiure,
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000 SHELETAL SYSTEM
VERTEBRAL COLUMG

CN: Usa gray for O, yellow for B, and iy oolors for the rest A
aapacially G, T, L 5 and Co. (1)Begin with regions o {he colummn
and the three a:amples of veriebral deorders al wwer lalt. [2) Colod
Ihe mofion segmant and its i in liexion and exiension. (3)Coelo!

S 2223

e werlobral loramina and canal (4)Color the exampla of a pro-
truding inbervarisbral dise pressing on a spinal nane

The vertebral column bes 24 indivedual vertebrae
arranged in carveal thoracic, and lumbar ragicns;
the sacral and cocoygeal verlebrae are fused (sacrum/

REEICNSS-
BERVIGAL:

W@QMD@T caceye). Mumbers of variebrae in each region are re-

E;@Eiﬁ] ELE) [7“13-_ markably constant; raraly 5_1 iy be free or LS may be
G\ EIE ":\[1-. = fused o the sacrum [transikanal vertetrae), Tha seven
=il AGiR AL LS mabile cervical verliebree suppar fhe neck and the 3-4

@@J@@W@E{:ﬁlﬂ—, Ca kp [6-8 ) head The caracal sping is normally curved
{carvieal lorgosis) secandary to the development of
posiural refiexes aboul three months efter birth, The 12
{horacic verlabrae suppart the thoray, head. and neck
They artioutala wilh 12 ribs bilaterally, The thoracao

£ping s congendally curvesd (kyphosis) as shown

forso. and low back, The column of these verlabras

s -curved (lumbar icrosss) oue (o e onset of walkng
&t 1-2 years of age. The sscrum is the kayslona ol a
weighicearing arch invalving the hig bones. The sacral/
coccygesl cura is congenital. The vanably numbared
1-5 coccygeal verenras are u=ually fused, although
Ihe first veriebra may be movable,

Veriebeal curvatures may be affected (usually exagaer
alad) by posiure, actvity, cDesily, pragnancy, iraums
and/ or disesse; these condtons gre named fhe same
as tha normal curves, There mey normally be & slight
lateral curvatuns (o the spine often due 1 dominant
handedness, 8 significant, possibly disabling, lataral

The five iumbar vertebrae support the upper body, cure {scaliasis) may occur for many reasong

Pastesior
ongiudinal 4 I_Juf:“‘"“:_ﬂupsr-ur
" articuly

Mocess

METICN SEEMEITE e
VERTERRA. gt
JOINTSE:
INTERVERTEERAL BISEA
PESTERIOR (FACET:
LIEAMMEN Tox
VERTEORA.:

VERTESRAL FORAMEN:
VERTERRAL CANAL:
INTERVERTEERAL FORAMER-

Each pair ol individual, unfused wariebrae conatitlles a motkon
segment, the basic movabie unit of the back. Combined move-
manls of motion segments underlig movement of the neck,
middle and low back. Each pair of vertebeas in a motion seg-
menl, excapl C1-C2, i attachad by three joints: & partly
movable, intarvariehral disc anteriorly, and & pair of gliding
synowial facet (zygapophyseal) joints posteniory, Ligaments
gocure the bonas fogether ani encapsulate the facsl joints
(imint capsubes). The vertebral or noural canal, 8 sanes of e
tebral forsmina, fransmils (he spinal cord and reletad covorings,
vessals, and nerve rools, Located bileterally batween each pair
of vertetral pudickes are passageways, each called an e
varlebral foramean, transmitting spinel nafves, their coverings/
vegsels, and some vessels fo ihe spinal cord

INTERVERTEBRAL DISE-
ANMVLUS FIBROSUS 4
WYCLEUS PULPEESUS:

SPINAL WERVE

The inlervertebral disc consists of the grnuius fbrosus (con-
cerfric, intenwovan collagenous libars integraled with carlilage
cells) altached ta the veriebral bodies above and balow, and
ive more cantral nuckeus puposus (8 mass ol degenedaied
collagen prolecglycans, and waler). Tha discs make possible
movement batwagen vertebral bodies. Wilh aging, the discs
dehydrate and thin, resulling in a loss of height. The carvical
and lumbar discs, particularty, ara subject 10 early O8QeNerE-
tiar from ane or mone ol & number of causes Weakening and,
or tearing of the annulus can resull in @ broad-based bulgs o
g localized (focal) protrusion of the nucleus and adjacent annu-
lua: sUch Bn evan! can cOMPIEES A Spinal nerve rool as shown

| TS
518" “LORDOSIE" "SCOLIOEIs"
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00, SHELETAL SYSTEM -
CERVICAL ANMD THORACIC VERTEBRARE o

SEW s red for M and use the sams colors a8 were used on Plate 21 J t‘—x_._.h__.--""‘#
-

]
i £ anc T. Uiy gark colors foe N, 0, and P (1) Begin with 1ns gars o
psrvieal varinbra Celer the allas and axig and nole They have Den
oy Beparela colats 1o distinguish tham o othisr carvieal varisbras

EEBVICAL VERTEBRMA- c2
T -
Transverse y = Facs: tor veriebral
loramen., - ocoipital condyle Ry

THANSVERSE PROCESS: ;
i @ﬂ@@&@@ mﬁg@@” 'Jarlat:rnl_
FRCE T foramen
LA 0E: . \
SRINEVS PRECESS.

SUPERIOR VIEW

Fostanor arch
Pamarior lubarcis

prominens

Transvarse Tﬂ@@ﬁ@@m@&
MOV EMEN T« ARTERY

= .
MROTED) . D ALY
SN

o o T % H
(Y

/ & /

W ||

#H:_‘.‘l..\ gliﬂ’ = ||I

Bifid spine
AOTATION FLERIONENTENSION

TYRICAL CERVICAL [C4) VERTERRA
The small seven cervical verfobirae support and move the head and neck, suppored by Fga-
manls and strap-ike paracervical (paraspinal) muscles The ring-shaped atizs (S1) has no
body; thus there are no weight-bearing discs betwean the aceipul and C1, and batween C1
and G2 (the axis). Head waight |s ransharred to C3 by the laige arficular processes and facals
of C1 and G2 The atlantoocaipial joints, in conjunetien with the C3-CF facel joinls, parmil &
rermarkable degree of fiexion/ exiension | “yes” movements). The dens of G2 progects into the
anterior part af the C1 ring, torming & pival joint, anabling the head and C1 1o mtate almost &0°
(e miwements) Such rotationsl capacity is permittad by the retatively horzonts! o Eon
of the cervical facets. Tha 03-06 vartebras are similar CT s merrrkable for its promiren
spinaus process, easily palpatod The anteriorly direcled cervical Curve and the extersive
pargcervical musculatue preclude paipalion of fhe other carvical Spinous processes. The
varlebral arterias, arroute to Ihe brain stem, pass fhrough faramina of e rEnsvense ro-
cesses ol the upper Six carvical veriebrae, These vessels ane subject 10 siratehing imuries
with exireme cervical rotation of the hyperextended neck. The cervical vertebral canal con-
ducts the cervical spinal cord and its coverings (not shown), The C4-5 and C5-6 mation
segmenis are fhe most mobile of the eervical ragion and are par icularly prone 1o disc Mace

degeneralion.

The twelve Ihoracic verfelvas—characiarized by long, slander SpinDUs processas, hear-
shaped bodfes, and nearly verticaly orienied faeels—arhiculate with ribis belsterally In geraral,
eanh rib korms & synovial joint with two demifacels on the bodies of adjacent veriebrae and &
single facel on the transverse process of he lower vertebea. Varstions of hese coslovertabral
joints are ssenowith T1, 711, and T12

TYPIGAL THORAGIC [TE) YERTEBRA

Superior
fian  THORAGIC VERTEBRA:
BERY

FAGET:
N\ v DEMIFACET,

e THANSYERSE FAGET:
: KB
LIBAMEI) T+

Intervarisbral vartanra|
toramen

TEET -
coslal Transwarss,
demitacel costal

y— Ctling
af rib
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0. SHELETAL SYSTEM -

LUBAR, SACRAL, & COCCYSEAL VERTEBRARE

DN Use he same colnrs 35 wede used on the previous two plates tor The Tve jumbar verrebrae are ihe mast massive of all the individua) vae-

LTLEFRA S andCo (1) Bagn with the threa Inrge views of lumbar tabraa, thair thick processes securing the attachments of numarnus
wrebrae. (2} Color the difterent planes of articuar facels. () Color ligaments and muscles/terdens. Signtficant llaxion and extension of fhe
e four viaws of the sacrum end cocoyx SNole that the cantral parzian |umbﬂr Hnd lumnmﬂur I'nﬂllDﬂ Bﬂ.‘.gmﬂl'lls. D‘B”lﬂuﬁﬂ"’f at L‘_LE BI'1I:I
[t meciarn secton raceliad Mo wemabmatoanal color (L) L5-51, are possible. A abayt L1, the pinal cord terminates and (he cauda

&M@m m@m N equina {bundle of wmbar, sacral, and coccygeal narve roots, ses Plale 21)
i begins. The lumbar intervertetral foramna are large. Transiling nerve
| W@Eﬂ‘ﬁr’@ﬁ}ﬂ, ﬁ@@@ M@E roots /sheaths take up only abaul 50% o the volume of these loramna
W@@ﬁ,@& @@ Em@& g Disc and facel degenaralion is common in the L4-5 and LE-51 segments;
i - - reduciion of space (or the nerwe rools increases the risk of nerne root
v W@Eﬂ&?@@mﬂ%& m‘a@ﬁ'{] F irritation / compression (radiculitis/radiculopalhy). Docasicnally, the L5

vertebra is partially or completely fusad o the sactum (sacrallzed L5)

| ﬂﬁﬂﬁ'ﬂEﬁ}ﬂ?@@ﬁ%@&- @DQ@A The 51 vertebra may be parfially or wholly non-lused (lumbarized 511,

resullng in essertialy six lumbar veriebras

PLANEGS GF
- Boey ARTICGULAR
I Tearisiin FAGCETSS

CERVICAL: (=
g THEERACIS: Y
B LUGDEER .

process
Lamina L1
/ sy L The planes (oriertation] of the artieular lacels determine the direchon
SUPERIOR VIEW  Suparior procees  mfenor and inluenca 1ha degrae of motion segmeant moverrsnt. The plane of
s \ ;’:ﬁg:; the carvical facets s angled coranally off the horizonial plane about 30°.
,'-Hrm:ut ) Considarable freedom of movement of the cervical spine i parmitted (n all

planes (sagifal, coronal horizonlal). The tharacic faeela e mare vertically
in the coronal plang, and are virtually non-weasghtbearing The rangaof
maolion here s significantly imiled in all planes, 'Bss soon otatkon The
plane of the lumbar Ecels is largely sagittal, resisting rotation of the lum
bar spene, ransitioning 1o a8 mare coronal orentalion L5-51 The L4-L§
facel joints permit the grealest degree of lumbar moticn |n all planes

~Body

=R ¥
(e >
Infarior

/'{ FLEXION i,_:\
l\ ( i‘L N
e\ 5 ] {
\ Y \ )
o =t 25

fmraming

Aunculer - R e FW # Auriculnr
SUMECE i Ve T LY E surtRco
fiow iliac bone ] [ L) e 0 ey for lliac bona

foramen

COGEYES -

The sacrum ang the ilia of Ihe hip Dones orm &n arch lor the frans-
mession and distribution of weightbearing forces 1o the heads of ihe
femora. i is a strong arch, and the sacrum is 25 keystone. Tha coory
consists af 2-4 liny individual or partly fused, rudimentary veriebrae
Tha first coceypeasl verlabra is the most complately devaiopad

S2crurn cansisis of fve lueed verlebras, the inferveriabral ciscs

largaly raplaced Dy bone. The sacnal (vertebral) canal canlains the
snal sac of the dura maler [dural sac, thacal sac) to 52 and the

jeral nerve rools, wihich transit ihe sacral foramina. The sacum |Cins

i the dium of ihe hip bone al the auncular surface, lorming the

gEoroibac joinl
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BOWY THHORAR

N Use 1he same colors a8 were used on Plate 22 for true ribs, thor-
‘it vertetrae, demilacets, and Iransvarse process faceta Lise boaght
solrs 1o A-C (1) Golor et anlerise wesw O Tl Dony Thoras. Cobos
meh b comipoealy Belona gomng on oo e net, (2] Colar i posterion

M, SCELETAL SYSTEW

24

Zep 22

vigw in the same marmes (3] Color the laleral view of ihe bany thorax
{4} When colorirg the drawings of a rik snd the sifes of articulelen,
rde thal et rib lacels {drawn with dotied kees) gre 1o be coigred
Bl thouph thay are on the undesida of 1he rb

BTERNMWUEDS
AARIUEBROMED.
E@EYs
HIPHEID FROBEES.

L

12 RIBSS.
7 TRUE.
5 FALSE-
&R CLOATIVE)-

COSTAL
CARTILAGE H@-

THERAGIE
VERTEDRA (1)

”
J' Verlshen prominans
3 Ilf' ]

i - T
; Intm;?;:_eural Castaver tepral - i . . Olavicle
; ' fasirt i —_-_."_wauum
e = ?
Costophondral ] 2 e by
Y ot ".’I"_ e t\.I
s .' | \
Slemcogalal g |
|aint f !
| |
| !
o |
B
i £
'mm Fhorsdg POE
| VIEW apafriure VIEW
e bovry thoraa 15 the skeleton of the chest, representing a fairly Neck  Hend
imabike 501 ol struciuros iImportanl 1o respirabon and hnrn-nrmg I i ' FaBLs 1
fearl, lungs, and other signdicant organs. The supenar thoracic Kiigii - '-;'SITEht;El body
; H

Eerune (thoracic inies; often incodractly termed Ihoracic autlet in
acimcal contexi) fransmits the esophagus, Irachea, nerves, and
“mpaniant ducts and veseels. The infenoar tharacic aperture is vir-
aily sealod by the thwagic diaphragm. The space betwesn 1ibs is
8 nlercostal spece, and contains thrae layars of muscle and fas-
e and irercostal vessels anc nerves. Collactive rib mowament is
maponmiblie for about 25%: of the respiralory sffort,
ke fibrocariitaginous: oint betwean the manubrivm and the body
thi srernurm [sternal angle, slerromanubdial joirt) mases subtle
Mngs-like movemenis dunng respiration. The xiphoid makes a
Brocariilaginous (xiphistermal) joint with the body of the stefnum
| The sternum |s largely cancallous bone contalning red marrow. The
PosiE cariages, representing unossified cartilage madels of the
| aterior ribs, articulate with the stermum by gliding-lype syrovial
e slemacostal joints; excepl for the first joint, which iz not
aynovaal]. All nbs form synovial joants with the thoracic verlebrae
feostavertatral [oints). Within aach of Iheee [aims, tha rib (2 through
ks a synowial joont with a geymifacet of the upper varlebral
gy and with a demitacet af the lower body (costocorporeal
paks. I addlion, fhe jubercle of the rio artculates with a car-
IEgrcus facel al the tip of the rensverse process of the lower
WA (costalransyerss (oint) Ribs 1, 10, 11, 12 each poin with
imz veriebra Insiead of bwo; ribs 11 and 12 have no costolransverse
jonts True ribs |1-7) arculate directly with the stepnum. Ribs B-12
e called faize nbs; ks 8-10 arficulate indirectly with the atermwm
[y cartilages connecting 1o the 71t castal cartilage); fibe 11 and 12
dilso calied Moafag rbs) end in the muscular abdoming: wall.

H
. Facal for
[rENEwWares promeas

Chnnmt

arid
- Transvarse
SeueEt Lf processE
ihoraoic
apariure Costn-
ErSwErse

®IB CRACET:
DEMIFACET:
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Humrus _._‘_'.-" 'jl
Oiecranan

100. SHELETAL SYSTEM / VRPER LIMEB | |

FOREARM BEONES cxpouen (e
m‘mmﬁ ::;Iﬁ':;ler i' =
i [ﬂﬂ@ﬂ'@?@a (dotted aneas|

Rzl
L O4 Though the hurmenes (s not colored, the tilkes and amrows [(C) nalch
il perflerct ite participalion in this slbow joinl should e orloned wilh e i
B8 sime colar The Bione rceivad on Plata 25 (1 )Colat 1hi lwo ra;?:m’;:r

| lige viees, mciuding the inferosesous memrans (gray). (2) Cobor
-Ihw views of the elbow joinl. [3) Color the ligaments of the region

b

I|| *Uinz
e pesance of lwa bones in the loreanm make possible the | uberosay
sa movarnents seen al the elbow and refiacted in hand
fion. The Litna, he majos, stabilizing forearm bone &t the
i, narrows distally o form an inconsequantial |aint with
e radius {distal rackouinar |oint; synovial pivol-type) The
g smielier above, widens and thickens distally to form
major joint a1 the wrist (radiccarpal joint, synavial, biaxial,
pecin-typal. Al the elbow, the ulna forms & hings hpe Syn-
il hurmarowinar jounl with the trochlea of the humerus, and
CIhe Faiis forms @ pivot-lype syrovial ragiomamaral (ol with
hecapidum of the humerus. These joinis ahars the same
SR capsue with the praximal radiaulear il (synovial, prol
(Iypet bebween 1ha radial nolch ol the ulra and the radial
Uhesd The fhres oinks congtitule tha aibow (cubital) joim.
“Rataton of the radiusal the efoow {involving twa of the
e jcnts at e albaw ) rotaties 1ha foreanm, wist, @nd hand
wehout mowing the uina. Movement of the hand 1o a palm-
@it (up) posdion & supination: movemant of the hand
g i paim-tEnk (down ] position & pronalion
B coloring and sludying fhe supination/ pronation and
\Boow mavernent diagrams, 1ry thig: place the lingers of your Ukl i
Nl hand on your right olecranan (buimp 8t postenor slbow),

o feaee 50 fhat the palm ol your right hand 1s up . Diistal
Miuping}, Now rofate (pronete) your ight hand $o your palm ;:EE;”H m‘l‘;:r“
e away from you. facing oown Move your rght hand of redius

ek and forth in this manrer feeling 1hal (he olscranan srgég;
g2 0t miove during thesae motions. Further, stare at the f::mﬁl"_. Lunate R
aiinid process af 1ha edius af the base of the right thumb
30 note thet || rotates back and lorth with the thumb, You Saaphaid..

e st demonstrated that the radius movas around the
:4 na cufing pronation/ supination, and thal joini movement
--. & &t the radinhumeral and proximel radioulran oinls

ANTERIOR VIEW POSTERIOR VIEW
4. Humdrus {Fight armj)
B Lataral
H | Bpicandyle
- wpitutum
/ @Uﬁ]}ﬁ'@ Laberal l' Hum:qf_wi -
w :nnu‘ I 1
m 5 Arficufar capsule. 3 epicandyis

GlHITH
BEMS
RURMERI©@=:
S WLAENFRA
A E=e

Radal I
o Lingr
coilatars!

I|;
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WRIST AVER HANPD BENMES

CH |50 fwio light colors ofher then those wsed on Plates 25 which demansirase mosvemenis at the joinks, (Z)Solor the

#d 25 bor | an J (1) Colar each bone, af Bana prowp, » oongg and kgamen ol Ihe carpal lunnel ¥ou may wish o
fres major views simullanecusly Nobe 19 hend drawings  color those bones in their [season in the hand 1o the fefl

BARPALS (88 -
" SEAPHEID: LUNATE: TRIQUETRUM: PISIFORMs ki by
TRAPEZIVM: TRAPEZCID- ERPITATE: NAMATE! e rowa

METAGCARPALS (8): PHARLANMGES (141

ANTERIOR (PALMAR) VIEW
{Fiight hand)

POSTERIOR (DORSAL) VIEW
{Fight hand)

Distal
phi e FINGER

ABDUCTION

Maddlg
phalan= |

Basc |

Prosimal
pralany 1|-

Y Head
 [knuckle]

.Inlwphalur;'qal
1) jourd
|

\ Mslazarpo-

i phalangaal

\ {MAP] jivirn

. iterreetacarpal
L} {184} jong
Capo- % % ! =
molicaipal - i oy
ICMI il / ;
Intercarpal :}___ ./ (.’.("J" . Vd e
iIC1 jain < ";" T
\1 -‘.' Styloid "'*.". ot
Fadiocarpal =7 process :
{wrigt} joint | e of uina ADDLGTIEN ABDLUCTHON
\ h Rt . A
FSI_LT;':'S; . L 4 \ ! > Articular disc Ulira—17 !
of pdais | | | AT )
| Al '

ke hann s & mosl remarkable, ighly evolved, mectanical device, Movement of h}f;:\
e hand and wrist 15 made possible by the architecture of the pinls among the R
Hbenas: The wrist jaint & ferrmed by the distal articulas suffaca of the radiug and the E#?EEIFEIN . I-';-— '-L \,'_,m -
datal suriace of the articular disc (just distal 1o ihe ulna) with the praximal articular E:—L_.-—"" MEDIAL VIEW o E“FN?{,'H,,
Wrigcas of the scaphodd, funale, and frigielrum bores, Forces Iransmilled from a — (Pronaed right hand/wrist) —

gl on ihe hand io the whist pass largely through the scaphoid, lunate, and radius;

Bis frciures of the scaphoid and distal ragius are common.

ieng 1he wrist banes between the hook al the hamaie/ pisiiorm and tha

Wbescd of Ihe apesiu scaphoid bones, the thin, broad trensverse carpal

gnl (flaxor retinaculum) creales a carpal tunmal through which pass Iha

kg flexor fendors o the Tngers and thumb as well as the medlan nerve

Gompeession of the nerve thera can cause numbnass in the radial ihree lingers
wiih, index, middls | and some weakness in the thumb (canpal tunnel syndroms)

waing yair own hiane, nole that the inlerphalangeal [IF) [cints are limited 10 mave-

f- ol Mexion /exiension. Tha metacarpophalangeal (MP) joirts permil the added

; 5 of finger adduction/abduction. Of the carpormetacanpal {CM) joints, the

st (thumb) has excaptional movement (seddle type. synovial), when moving the
b ioward the litlks fingar in an arcing motion, note that ke thumbna| rolales

j1®, retlocting medial rofation of the first metacsmal on the frepesiom
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- I SHEELETAL SYSTEN / YPRER LIIB [ % 28
| BOwES (I REVIGW & L —

|| LN For il of these pnnes, acsRRl INB carnaia (F), uRe The sema colnm @ #t | A}

|4 P ised for them on Plales 25, 26, 27 Selech & new, lighl coier | i \ 5] BOMNE

If & F 1 }Color ine arrows pointing fo places whane et J'I oty i suRFACE
: ieea bones can e 99N of palpated on the e i E} = ! Y MARKINGS

| b BartRce of (ne body (2]You may wish o i

| 4l pour knowledge of jonls by writing
| Be names in ihe speces provided
Bew. The answers are |isled

ine kppandia

ELAVICLEA
BEARPVLES
HUERIUSE

The upger limb |s remaskabie 1or k3 mobiity
The machanism for this bagins with the
scapula which is dynamically tetherad by
muscle 1o 1he posternion thoracc wall. On
vourself, reach aver your shoulder to pal-
pale the scapular sping and agromion
{rescasll Plate 25} Looking inio a mimor over
your shculder, move your showlders up and
dowrn, wrap your arms around yoursell ang
stretch them oul. reach upward then down-
ward to ses he scapuls mova

The humarus can be palpated easily just
distal 1o the shoulder on down to the slbow
Thore the medial and [aleral epicondyles.
as well as tha alecranon, can be fell, Gan
you feel the ulnar nerve under the medial
epcendyhe? Feel hard enough and [ might
“speax” to you, all the way down 1o your lit-
tle fangart Startang with ihat litls lingar and
warking to the thumb and up, move each
jaint ol the uppar FmD hat you can. identify
if, and 1est ila range of malion

VIEW
{Right upper limb)

i1z
R+
L%

013
&

REVIEW
O
JEINMTSy

(=L = - LT
|

(S appendix for grawers)
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0. SHELETAL SYSTEM / LOWER LING
EONAL BONE, PELVIC GIRDLE, & PELVIS

CM 1 VColios the Two seesws 0f the coxdl bond wih Bghi
cobars. Ther color the views ol tho pehic gindie. (2)Use

2 new codor T bones of the pelvis [D) which inciudes the
SBCIUM &nd coccys Then color the (e lgamens, and
mii the ligamanis a hght gray color

Auriouler surlocs
[E@Croillac joed |

Taianor superio
o ping .

, <\ Ardgrior suparior J i
J!"ﬂ\'.: spine

Anterior afenor
- |hag sping

" Graater

A iy -~
g e e :
s CEZREAL A arester
BEWME - S
(iraaler
Enilic hoben ! =il
L Superior spine
il b= pubia ramugs -
S it ~ Lesser
- i siilin
E-Inrl."ﬂth Fanercie nalch
«  InPasisr
< publc rEmis
Ischial i Arcuate
muborasiy Anetabulum Dbbwratan lini
laf@men
LATERAL WIEW MEDIAL VIEW
{Right bona) [Right bona)
Baocral
promaoniory
Sacrolias - L Pailvic
o Q) Pt
- | L >
N Palvic
«f brim
PRivEC
Outied

PELVIC
@

RBDLE «

The coxal boae (hip bone, innominale bone, 05 coxa) Consists
of three fused banes in the aoull: the Num, the schium, and
pubis. The paired coxal bones constilute the pelvic girale, The
Iwo somewhal-twisied coxal bones torm a waightogaring arch
with the sacrum and the famoral (1high) bones, accommodatng
the body wesgh! and foices imposad veilically up fraem he les
The twa hip bones and the sacrum conglilute the pelvis. The
pelvic inbel (superion pelvic aperture; from sacral promontory
around tha arcuale line al the palvic brim) saparates the rue
[lessar) palvis balow fram the (alse (greatser) pelvis above The
pelvic oubei [inferiar pelvic ape-dure} is bound oy the same
structures as the pesineum (ses nexd plate),

The sacraibac jont is a movabia, parlly synovial, panly fibrocar-
lilagirous joirt The articular surlaces are flat but roughened
Note the larger posterior sacrolliac ligaments (compared to tha
anlenor igamanis). thay resisl downward displacement of the
sacrum. The sacrospnous and sacrotuberous ligamenis secure
the apex of the sacrum (o the pelvic girdle, resisting the efects
af weightbearing and gravity cn the sacroilfipo joint. Still. sacra-
Hiae dyslunclion is commaon The Hiolumibar ligaments are oftzn
Invelved in poslural low back pain. The symphysis publs (pubic
symphysis, inlerpublc joint) is a parily movable, cartllaginous
joimt composed of a Tbiccartilaginous disc inlerpceed betwean
carlilagmous arlicular surfaces.

§1n lumbar
=

By
r‘_h—i" 'T:"'I [} Sacrum

s Y Al

Posterior supenic
hac Fpine

Pastariar smlerion

- = A Hive mpine
7 ‘-i:d; Goxal (hip] o
S L { s tschial
e Meck ol = : i
L ) "| I femur '
l /e ‘;\J ischial
# ‘!\, i _i' Femur | bk i b iy
! [ u |
mphy s pubis Pubic! / UL
mlaligzhi: aac; lubercie ! | d Catyn =[]
ANTERIOR VIEW POSTERIOR VIEW
Anderiar Aty lumiar
longudinal g . #
o Foslanar  (liolurmtar lig ==
Arttarior sacroiliac ligs . e
] sacnolliae ligs o e AR S
I & ARAW |

Sacrotubarous lig
Sacrosginous g

inguinal fig

@F THE-

o
(# Pubolemnoral (g
I

Obturstor } |
mambrang

Buparor pubic g

ANTERIOR VIEW

. LBAMENTS

x

L — litemarl lig ]
h‘P _":5\ tiatamoral kg, |

A\

Ischie‘emaral lig

A Bacraspinous Iig
Sasroiubarous lig
POSTERIOR VIEW
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H LE E!ﬂ &? m @@ﬁu@@ CN. Do rof use the color used for the (bum on Plate 26,
.r = ﬂmﬁ. ?G.UQE . Usw light colars and & Brgnt eoisr for F (1] Gocr ine we largs
limb. (2] Nexi color the famur and the sx
ED@&@C wigws af e iowar (

direchional arraws for tha hip oirt (3)Golor the edension, Desion
FPAVELLA.

virws of the knee joim (4) Color the two views of the majo
ligamenms ano the mesc of he ones joint

WI_HIGH VIEW I POSTERIOR VIEW
{Fuight fimit) {Right high {Right limb)
T
= / ﬁmlﬂ'l _l}',f -'_'F/ 4 l
Ak urtinn J —:L I:IJ 1 \\.I
Al i Y
Extengann 2 'Ji 2 ] ?_ -I Ehaal .'f- |
@ . @Mmul reftion J4 3 _.Lﬁl - \
Lalzial rmmn l ’_:,"J -~
The hip (coxal) joint {mulbaxial, ball and socket synoval joint) i f‘ i A |
concarmned wilh ihe transmession of considerable weighloeanng _"i* r’J \ A |
, By

ﬁ“'““”'“"‘ forces; the head of the femur is particularly subject 1o pathologic
changas wilth any signilicant alleration of blood supply (avascular

necrosish, The greated trochanler is the sile of attachment for sev- i
aral imporant musclas crossing the hip joint, l It T.::?mw L

By e
| Irochanier

Tendor ol
- — uuul:ru:fm Burmoeis
D (Pt knee) ]

m WNEE
IBONT-

" MEMNSEUS-
LOE EMERI T+

'EXTENSION FLEXION l
The knae (ganual) joint consists of lwa condylar-lype Synovial |I
(tibratemaral | joints betwesn the condyles of the femur and the fat, |
plateau-like arficular surtaces on the condyles of the fhie The '
principal movemenis al thase oinds are flexion and axtension. The '
knee joint includes the saddle-1ype synavial (patebolemoral) joinl
betwean he pafaia and lemur The deep surlace of the palella is
cartilaginous and exhibits medial and lsteral facats (note pateliar
surface of the femur]. Premalure wear ol the patelizr carfilage |s
common (chondromalacia patelias). The patella is a sesamoid eancyla

Madial Eane which develops in tha lendon of (he quadriceps femons mus- Infercandyla: |

FPIEINNIE ol 38 such, Il resists the siress Imposed on that tendon during SR

|'I knes mavamanis
|| Anterior
III bordar

| PaiArian
| foramen -

1 Linea _
| L L

| Intercondyian
I'l.-!!u':l

\
Lateral
'-' contdyk

Madial .
spesndyle Medial

Fesienor
g, crucaln lig

¥ Anleror
coliaiai (1g | T i crucata lip

Laleral
menistus

= |

inlEresse0E

Tinni
mamibrang

The stability of 1ne knee joirl comes from figaments and the mus-
cles crossing the joint. The colkaleral igaments resist sideward |
displacement and rolalion. The cruciale (crossing) kgaments resist MIHE‘"'..E
Myperextansion (aniaror cruclale) and hyperfisxion (postenor eouci- T :
ale] of the joint. The C-shaped meniscl (the madial larger than the W™
lataral) despen the artoulating surfaces of the tibial condyles. Oflen

lorm by misuse of the knea joints (rotalion and adeuction/abduction

wilh weightbearing), the manisci can often be repakred by arthroscopy.

Latarn
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. SELETAL SYSTER / LOWER LINE g
'm & CN: Usa ditfarent colors inim thoss
BRSALSS (7)x NETATADBSERLS (G et . oun ans et
TALUS: EALEANEVS: EHALANGES (ﬂ@u Plale 30, (1} Bagin with the talus (A):

codor that bona wharever it appears on

@@G@c &ﬂﬁ%ﬁ?ﬂ@@p Lﬂ'.] the plste. Fallow 1hsl srocedure wih
CUNEIFOEMS (e LICHMERN TS s

N A,

PLANTAR (BOTTOM) VIEW
{Right toat)

Distal
phalans .

Riogle
phalan

INVERSION  EVERSION

i
|’#-:':| E%}
\ ‘ /
J y TranSvEraa
Ur'fl f J" tarzal joini
| f
[ Sustentscuium
SuntaElar lak
R joim} POSTERIOR
EW PLANTARFLEXION
Ewiiln r
ko o ImEoaBeous T 1 { ;. /J ) \
.. mambeane ! | / . ]
.- Ao y (‘ e g
| W LY i i -
§i. ot Tiiohisutar . o e 4
$ Ledoral ==
- il ldsdiE i ke FEuln
L :r = ek al mailecia | \ ik i
By Posi & Anl infeniod ¥ "? ““":‘f:_*mm“’ Ak il el | | (R hallus
- 1 A

) seakbulaf ig

Euulurl::w:l.luu 5",:::;-'

100l i & mobils, waightbaaring struclure. Tha ankie joint {Mnge-typae hgamantous supporl. The ralatively high frequancy of Invers:on soraing [bearing
joni) retwean tibia, foula. and the tafus Torms a morlise. permitting  the laleral ligaments) over eversion sprans seems bo refiect tis fact

i flexior: |plantar lexion) and extension [dorsifiexkon) hera. With exces- Thi bony architactuse of the fool includes a numiber of archas thal are
paoian of 1is joint, charaeterstic fractures and toon Igaments occur raintorced and maintained by ligaments and influenced by miscles. The
_: cen adiust to walking/running an liked surfaces by virlug of (ha medial longriudinal arch tranamits the force of body weight ta the ground

filir ({alncaicanaal| ano ransverse tarsal (falocaicanecnavicutar and wnen standing and io ihe great ing in lncomofion, creating & geanl [ever tal

freocuboid] joints. Here inversion and eversion mavements occur, The  gives saring to the gait Belh longudinal arches function i atisorting shock
b has sirong medial igamentous (deltoid ligaments) and weaker isteral  loads and balancing ine nody

y @3
e 4

[ '

R

TRANSVERSE
ARESH« LEMGITVERINE L AFREH
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000, SHELETAL SYSTER/ LOWIER LINE

BOWES IV BEVIEMW

G Lisn thit gama oolors for 1hese bones
hat yau usad 'or them on Plates 26-3

In the case ol lhe ol bone (&), usa the
codr given 10 the [Furm on Flete 2%, 1or
e tarsal bones (F| usn any one ol ihe
fareal polore |1 Color e bones of e
lower lirnb, their sudace markings. and
ha caraspanding bones an 1he hna

limb of the dog. (2] Coder the rames and
Eanas ol the upper limb and tha forslimb
o thi dog, Theclavicla ol e dog & not
shmur i RS v

CORAL 4
FEMMR:
PATELLA:
TOE0A,
FIRULA.

TRRSAL:

Shouldar
|@int

EHALEES:

Fatelivlemaal ,.’II

|k N

Tibiotemors|
it

Froximal
lmsrlinuiar poir ]

SEAPULA .
HUMERUS = \
WLIE)

FODITS: ous
Eﬁj @@{'ﬁj&-‘: psilisuias joint
METAGCARPAL:
PRIALAMR

ELAVICLE, '\

Anxia joint
,

A infertarsal gint

LOWER LIM®S

METATARSAL:

Nt
| Tarsomeaiaiarsal pori

Thee structure ol & part rellects an adapiation lor function
The truth af this statement is Boarme oul in comparing the
bones ol the upper ard lower limes in 8 biped (human) wilh
thase of a guadruped The pecloral girdle provides a basis
foe mobility; thie more sturdy pabac girdle provices stability in
both locomation and wesghl bearing The limb bones of the
lowaer limb ara large and salid, consiglent with weighi-bsar-
in; the related jaints are structurally secure, exceol the
knea, which gives up slability for flexitility. in the wppar imb,
the bones are lIQHlEl'. and the jpints aré more flexiola and
capabhe of grealer ranges of molion (comparne shouldar wih
hip. albow wilh knee, wrist with ankle). Although forearm and
lewg each have iwo bonas, thare s litlle lunctional correlalion
between those pairs of bones The foot i3 clearly acapted for
Incomotion and weight bearing, the hanc (especialy the
thusmibk for mobility &nd desderity

Thie quadruped (in s case, the domestic dog) uses ooth
larelimbs and hindlimbs far supporting body wesghl and
locomodion, Tha girdie (coxal/ scapular) DDNES ara adaptad
for locomation, and ane not as ditferentiated structurally or
tunctiorally @s they are in humang Tha caning scapuls hae
miucch less scapuloihoraoic moation than (he Bumsan scapuls;
the caning coxal bones do ol camy a disproporlionate
welphl, Bz does (he human pelvic girdle. The animal bears
waight on the heads of the melacarpals and melatarsals, &
conditon thal s pertculary sultable lor acosls@tion

OUADRUPED
(Dog)

Most mammale wals B
on 1hair “lingers” and “ites
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IV ARTICYVLAR SYSTEWM 33

See 14

CLASSIFIGATICN @F

Bones are connegted al joanis (articulations), and all are movaments ooour at Ch Lise a light biue for 0, and dase golor for F and geay for B (1100 not
joints. Joirds are structura’ly classifiad as fibrous, carlilaginous, or synavial. They are color tha bonas in the uppar Fall ol the ptate. (2) Below, colar the arrows
funictionally classitiad a& immovabie, partly movable, or fresty movanlie The most pointing lo the locahon of e jonis &5 wall &8 iha omd reprasamakons
secura jinls are immovable; 1he most vulnerebie are fraely movable. The architec-
ture ol frealy movabila joinls detarmines thair diractions and ranges of molion

FIBREYUS H@IT -
IRMOVABLE. /PARTLY I@VRABLE

Fibvous joints, whene bone 18 connecled o bone by librous Ussue, are immovable or
parlly movable Sulures are immovable ibrous paints; 20 ars 1eeth and their sockels
Syndesmoses, here reprasenied by the migrosseocus ligament of the lorearm, are
parily mavable fibrous joinls

Sulum

CABTIEAGINEVS JOINT- o
(DRCVABLE:/ PARTLY MEOVABLE- sutyses

Carfiaginows joints, whare bone i connaciad (o bone by carlilagnous or fiorocar-
fitaginous lissues, sre smmovable or partly movable The epiphyseal growth plates
are immovabie cartilaginous joints, replaced by bone at skeletal maturity. The inter-
vartebral discs are parfly movabie fibracaniaginous jointe

SYWOVIAL IOIVT (ZHEELY WOVABLE), /
ARTICVLATING @m@g " '
ARTICULAR CARTILAGE:
SYNEVIAL METRERANE:
SYWEVIAL CAVITY (FLUID)-
JOINT CAPSULE o

EURSH CAPSULE
COLLATERAL LIGAMENTix

Symowial joints- gre all freely movabde within in the limilstions of he bony archileciura

Articudar bormes are capped with aricwlar carflfage al the joint irerface The joint Iniarveriabeg!

cavity is lined internally with vascuar syncvial membrane (excepl over 1he arlicular gt
carli2ge) and secrales 8 nutrient, ubricating synosvial g, The librows, sensitive Burss

Jjomnl capsule & renforced by fgaments. A cushion of synovial membrane reinforced ™ Aamche tendan
by dense wregular connective tissue can be lound interposed betweaen bone and a

maving siructure (tendon, muschka), Such a devioe (burss) taciliiaes friction-res IR W7 Y IDEALIZED
movament . il * 2 JOINT

TYPES OF SYWOVIAL JOINTS::
4—5«_? @@&& & & ,_

"y g L i
l f’r_ ) g @‘Q} %ﬂ% ) M lll.'""'?? .i,w";'r, V;.'J C‘--Ir* =

Tra ba'l and socker joint 18 best seen at the hip
And shoulder joinfs. Movesmenis m &l aneclions
re parmited

A hinge (oinl parmels movament in anky onga plana
Fheyon J exteresion. 1 e be sean ol e dnke
Interphalengeel, and sipow |umaroinar) |oinks

The saodie {aaliar) jmnt has twe conpave sutinces
wrlrsuliling with one anather The carpomatacamal
il Al ina Ihareh (= e el Beample of ihis o

which permits 8l movamanis bul Folulon

{;\ ELALIESEID. ST BPOVETY & o
R\\\\\ 2" \. F

@&ﬂ@ﬂﬁt‘)@u

& giivetng jainl eanssts of generally et surtaces
gliding across one anathar during movemeant, sJoh
a5 [he lacel pints of (he vertebrag, acromoclanmsu-
lar. pngd intercRrpel fintsriarsa oinks.

Tha allipeadd (candyiold condylar) joint s a8 reduced A ning of bone |C1 wertebra) rolating about an axla
vall and sockel conhiguration n which significan rolation ol bane (adomoid process ol 03 veriabra) s a pivel
o inrgedy wacludeg, fpg, e Dicondylar knas and joint {AtiAntoaxisl joim}. Also the rounded humeral
ipmparomandibylar joints, and diocerpnl (W) joints capilulum and the radial haad [radinhumars joinn
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. ARTICVLAR SYSTEM
IBRMS OF MOVERMENTS

' Colar the Brrows ponting 1o the jointe demansirating the
s movamants ol bady Mole thal inversian (K] arg avarsion (L)
gocur arong bores of e feol, nol al the ankie

ERTEVSIC®)

 DeRSIFLEXRICN:

-:-'_"L ggﬂ@fwg_
PLAMTERFLESEI®0:

[ @ ﬁ @@E

R @Eﬂ@'i?ﬂ BIUS

EIREULMPUVCTICHN] =

PHE WETIE.
WYEHS0@R0-
BYERS1CWM.

lpvements of bones ocour a8t jonts. Terms of movemant are
marelore applicable 1o pints, nol bones (flakion of the humars
Wic bresk it Ranges of molion ame imited by 1he bomy arch-

| e of @ poind, refated igaments. ard the muscles crossng
fral joint. 1l i3 from [he anatomecal position Ihat specifc direc-

& of movement oan he cleady delineated and ranges of

meiion measwred

Extension of & joint is 13 ganerally steaghien il In the are-
ical posilion, mast joints are (N refaxed exlensian (neutral) In
glafion 1o the anatomical position, movemsants of extension are
poiee in thie sagitial plane. Extrame. evan abnormal extension
palied myperaension. Al IRe ankle and wrist joinis, exiension
i darsiiexion

 Flexion ol a joini is 1o bend W or decrease the angle belween
e bones of e (oint. Movemenis of llexian are direcied in ihe
sagiial plane. Al the ankle jont, fiexion s also calied planfar

i

':_Ml.mluﬂ of a [ain moves a bone toward the midiing of the

gy (or T the ocaze of iha fingers ar loas, loward e midiine of
e hand or Icot). In retation to the aratomical position, mave-
pts of adduciion are cirected medially in the coronal plare
Spduction of @ jain moves a bone away trom tha midling o
e biody (or kand or fool), Movements of abduction are directed
ity in the coranal planes.

Citumduction s & circular movement permitied at ball and
socket conchylar and saddie joints. Il consisis of the movements
ol fieion, sbouction axtension, and adduclion perftarmad in
sEqEnce
" Aotathon of & il 5 (o turn the movieg bone about s axis
Belakan 1oward the body & miernal or madial ratation; ratatian
gy from ne body is extenal o lateral rotation.

&lplnmlun 15 an axternal fodation of ihe radohumersl jon

.f [ focd, | ks the combined movements of invarsion, adduction
C wound & vertical axis, and piantar flexion

| Pronation is an inernal relation of the radionumearal joind
it foct, 1L b5 the combined movements of awerswon, abduction
= #round 2 vertical axis, and dorsiflexion. The joints involved in

dh supinabon @nd pronalion are the tarsal and ankka joinis.
Inwerzion luins ie sole of the fool nward 50 1hal the medial
gr of the ‘ool = alevaled

~ Eversion lums the sola of the foot outward o thal s lataral
 burder (s ebavatod Both inversion and eversion ooour af sittalar
[Ekecaleanaal) and iransyverse larsal |oinis.

£ } P
k%ﬁﬁmﬂw ‘@Snmn -'J Emr:r{?,‘
)
f

ﬁ@, [~ @““\\ .
werm@s| Y|
Knee M”E@\\I { 11 (I \{I 2

T | ) | v
= <) i
AMATOMICAL
o i T —
i _5\" i =% e
i{:)]? Shoukger LE_,'@
B S 1%
Vo + % L ¥
( .'I i | S S | j&—
Haﬂﬂdlﬂl}- II - Hadiouinar ~ o 38 ,J- g : : )
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a:-y. II'L _z’ "'.,' /\ \\@ _I. _/I r‘r R i é:;lj
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b AR Y | ]
LN :'. 2(\13 o '
R ; { 'Ill.l-ur'I 1 Ih L;E I-'r I‘L-I' /
'y '-,_I y ‘ .’ll Y — __.r".|: ‘JL;-‘
I"'I ,||“||[ rJll | IJJrlr Ir
1- .51»'}l *f, il A
|I '.{l | ll i "I | |
l\ Ilv .r’ll II / ) "II
\ ‘| | el
| ( £ (
} Fef :
fud;L_a_;;h:“ t r_ L‘i’:—-—é
ANATOMICAL
POSITION
Firke Firger \%\':\’ﬂ Wit (_:r =
Y i T LN £ )
m# R R 2, ey - I\,efl}lf Wiisd
Fingir
Finger -l' ;-., - _‘_l“"rh- e r.r_l,,".‘_‘.".‘l._.
e S0\ 7
Cﬂ{h 5 \ﬂ'll Iu + R ’ _'}ii'i
i P A



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

V. MUSCULAR SYSTEM
IWTRERVETIOW

N LU light colors Yor A-E |1 1Begin with tha muscle belly and lerdons in
e Lpper (lustrakon (7} dnan connng ha nemow boaders ol the endomysium
(L) in the enlarged saction. || is recommended 18l you &lso color owss e
susci= Mper ends (D) with the vary light ondamipsium saicd and than go back
v Ehe fibee ends with @ darkes color (2). Do nol color the neurovascular
berdia, or The Gul snas of Blood vessels and capitlanes. |3 Color the kewer
Murslion

BRELETAL MUSELE::
BELLY:
FRASGCNAS-
ERIMTS LMW
PERIMYSIVRD:
ENDEMYSIMA:
MUSCLE FIBER GELLr
TENDEM-

A named ske'etal moscls (eg., bicaps brachid], suroundad by a layar
d deen fascia (Epuimysium), consists of fasciclas or bundies of muscle
& smvibopad in thin fibrous bssue (perimysivm). Each muscle call &
suraunded by & thin sheath of fiorous tissue (erdomysivm). Each of
fibrous layers is importart 1o muscle structure and funcling,
providing supporl 10T NENves ang vessels (neurovascular bundles),
ensaring uniform distribubon of muscls lengon durng contraction, and
‘meintaining the elashiciy of muscle, parmitling i to recoil 1o iig resling
lgngth foliwing stratehing. It i (e mesging of thase liorous layers al
he ends of 1he muscle libers thal form the lendons which integrate the
‘muscle to ilg atlachman silas), such as perosteum of another landon
Broad, Mzt lendons are called sponsurpsas, The mass of the fasciae-
‘arveloped contractiie cells is called the belly of the muscle |t s the
muscie belly that shortens during musele contraction. The belly may
be shaped one of a number of ways depending on ils tendinous

: gament and attachments. Skeletal muscles are namad n redalinn
o |heir altachments (2.g. hyogiossus), shape (2.0, rapezius), numb.er
o heads (2.0, cuadiiceps), funclior (s, adducior magnus), and
‘position (e.g.. brachisls)

MECHAMICS

BOF MWEVYERIEIT &+
FULERYMr D@IMT) ~
EEFFORTr (MUSCLE),
RESISTANGCE: (WEIGHT)«

187 CLASS LEVER .

ha 15i class lover, the joint lizs belween the muscla and the load.
This i the mos! efficient class ol lever. Sy flexing the neck and pos-
faring thie head forward and downwerd, the load (G') is appreoiably
mereased, and tha muscular altart (A) io hold thal posiure mery
Induce muscle pan and stitfneas/tghiness (ovarusa)

BRYD CLASS LEVEGG

Ina 2 class fever, the load s between the joint and the pulling
muscle. This lover system operates |n fifting a whaslbarmow (the wheel
& Ihe fulcrum] as well Az kfting a 75 kg {185 |b) body enlo the mela-
{arsal heads at the melatarsophalangeal pints. Thig is a relstivaly easy
18k ‘or the sirong call (tnceps surae) muscles, bul try standing on the
‘heads of vour middie phalanges |inoreasing he distanca F'-G')

BEP CLASS LEVER-

Ina 3rd class lever, the muscla les batwaan tha |oint and 1he (oad and
ks & poor mechancal advantage here, Consider the diffenance in
muscular effor required o carry a 45 kg (100010} bag of cement in your
Renos with flexed sbows (elbow joint. 3rd class lever) and carying
Jjour 75 kg (165 Ib] body on the heads of your melalarsals (2nd class
lpver @l (he matatarsophatangeal joints), it is &ll A matier of leverage

Sea B 10

MEURCVASCLILAR BUNDLE
{nerve. artery, vein)

gy
JEPLS
et
=Ty
T
EaE

MUSCLE BELLY
{ungle o lascicles)
FASCICLE

{single cell)

Swslplal muscles amploy s'mple machinas, such as lsvers, 10 increass the
efficincy of thair cantractile work aboul a joinl. Mechanicaily, the degrea
ol musowar affor? required to ovarcome resisfancs 1o movement at a joinf
{futerum) depands upan (1) the force of that reaistance (weight, G (2) the
ralative distances from the angtomical lulcium to the aratomical sites of
muscuiar etforl (P -Ak and the analomécal stes of resiglance (F'-G')

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

of imposed koad determines the class of ihe lever syetam in use

£ \\'
B _: l." jl"\,_r"}“l
__,_--""___-.,--"' 1 ' "’A_".IFT
= iy \ b1
\ AT

' |\- |
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: MUSCULAR SYSTER

MNEVREKMUSCULAR JOWET

Ch: Use vary light colors lar A and €, a%39 a dark calor "or F
|1)Begin with Ihe ske'etal muscla liking the heel of the loat and
compile B moton unil @nd the enlarged view of the neuro-
musouler unchon [2)Color canatully 1he molor units and refaled
lilles &8¢ tr2 botiom ol the plale: enly the dischargeng motor unite
[ dark cutline) aré 1o be colored. Mole thal The word “parial” &
ol colorad under thie exhmple of parlia’ conl@action

1

SHELETAL MUSCLE
MUSELE GELL
METER BD PLATE:

METER WERYVE.
Re3@e

ARON BEANCH, Far.-

AR TERBRIIWEE

WEURGIMUSICU AR
JOMETICN -
A3 TrEHRMMIMAL =
WETER BE PLATES:

Gap —
Acalychding
Sarcatermma

MICROSCOPIC
VIEW

Skeleial muscle consists of innumeraole muscle cefls {libers). Skelelal
muscle requires an imact narve (innervalion) 1o shorien {Cantrac)
Such & nerve is callad a molor nerve, and consists of PUMErDUE axans
of mator neunans. A moiar neuron (recall Plata 11) is decicaled solaly
io stimulating muscle fibers 1o cantract. Each single muscle cellin a
shalotal muscle is innervaled by a branch of an axon. The Micoscopic
sile al which the axon branch attaches to the ske'etal muscle cell is
cilled the newomuscutar junclion. Each nouromuscular juncion con-
sists of an axon fermingl closely applied to an area of convalutec
muscle call sarcaolemma called tha mohar end piate. There 5 a gap
patwisen 1he two suraces. When a skeletal muscle cell i3 about to be
stmulated, a chemical neumotransmitier, called acalylcholing, 5 e-
|2aged by the axon ierminal nlo the gap. The neuratransmilter

induces a change in the permeabdity of the sarcciemma 10 calcium,
which iniliates muscia cell contraciion. & muscle cell can only con-
fract maximally (“all ar none” law)

CEWTRAGTIOW.:

CONTRARCT IO

36

Saa 11, 131

0N/ MOTRR WIIT

WWOT 8+

AR

AN BRAENMEHE

WEUGBOMVSECULAGR
JUNETI@N -

MUSECLE GELL,

An axon of & sngle motor pouron, |5 @xon branchas, and 1he skeietal
musch calls wilh which they form nearcmuscular junctons constituts
a matod wril. Within any given skeletal muscle, the umbor of musche
callg inmervatad by @ single matar REuton [angaly determines ihe spec-
ficity of contraction of thal muscle, the fewer ihe rumber of muscle
cells ineach mator wnil, the more salactive and refined the degrae

of contraction of that skelalal muscls

Givan the tact of "2l or nona” confraction by individusl shelstal mescle
cells, grades of contraction of & skeletal muscle are made possible by
actrating @ number of molcr units and nal aclivabing OMMErs. In maxi-
mal confraction of a skaketal muscle, all motor unis are diecharged, In
a pariial confraciion. only some of the motar units ane activaled. A rest-
ing muscie discharges no mofor units Gluteus maximus consists of
skeletal muscle cells having & nerve 1o muscie rafio of 11000 ar more.
There & no possibility of controlied, refined contractions from this mus
cha, Tha facial musclas, an tha other hand, héve a much lower nerve ko
muscle ralio, closear to 110, Here small numbers of muacle cedls can be
contracied by implemanling ane or & few molar units, genaerating very
fine contral on ihe muscular eflect {lacial axpressson) desired

CRAPES OF COWTRACTION: -

[
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% MUSCULAR SYSTEM

WTEGCBATICN OF MUSECLE AGTICN

G Use a bright oolor for A and & kght ona for E {1)Color the
smal arrows and the lange letiers of orign | O} and maertion (1)

afincant to e examples of contrected and strefched muscles 1 @
(211 1 lowee llusiration. color e porians ol pranator [aems Boapuis e
and pronator quadratus Bl s outlined by dofied bnes. These
parts of the musches am rormally concealed by the radiis in
1nia IWlEral view.

Whan a skaletal muscle shortens {contracis), a joind is
moved, and two bores come closar logethar, isometnc
contraction oxcaptad Muscias naver push; they always

pull. In &ny grven movemenl between two bones, one bone
I penesally fored, and the olher moves. The muscls aftach-
ment al ihe likoo bone is the origin; the attachment at the
moving bone is the inzertion. In complés maveirents
whare if is dithcull 1o identity a “fixed” bone, 1he origin

ol the muscie (& 1he more proximal artachment

Wren & muscle contracts aCross a joinl, other muscles
crossing thal jaind are afiected. No one muscle acls alone
i joint movament, In flexion of the abow pinl, for example,

hicaps brachil (snd brachialis, not shown) confrac, whils am @@@&Eg =

Yiceps brachil is siratched Gonversely, in elbow exiension,

Wrceps (& conlracied, and Ihe biceps/brachials mussias EOWTHBESTIER «
are siretened. In neutrzl, Al brag ane relaxed (al rest) oY F

Tonse { coniracied) muscies can offen be ralaxed by @@&@EE@D e

genite stretching @ﬁ@@ﬁﬁ@m@@ C

ACTORS IV ELBOW FLEIOW

WITH SUERINATICN ve. PRONETION

Mo muacke acts alone in the movemant of a point. In the movemanls shawn al right,
various muscies are funciiongly miegrated n the simple @ot of iting an object, with the
forearm supmated in ihe firsl case, and pronated 6 the second casea.

PRIME MEOVER (AE@OMIST)

The primary muscks affecting a dasired jont movement (s oalled (he porme e
(mgarist), There may be more than ono; in elbow flexon with the lerearm supinated,
trachiaks 2nd bizeps orachil are hoth prime movers, biceps atds signfcantly to the -
g power becausa of the added work in supinating the radius dunng slbow Hexson With
tha forearm prorated and supination resksled, the biceps loses hal Supenaling power,
and brachialis. unaffecied by a pronated lorearm, becomes the prima mowvar

AN TASENIST:
Myscies which polemtially or aciually oppose or resist & certain moverment are called

anfagonists. In the lawer dlustraiions, irceps is tha antagonist n the acl of elbow teskkan,
aven though it is being stretched and s not contracted in the case illusiratad

FIRBATER

Fisalor muscles stabiiize the more proximal jaints duning wekghtbearing funclions of
e mare digtal joints. Here the rapezius musdle contracls (o stabilze (immaobilize) ihe
scapula, creating a rigid platiorm (the scapula) for operation of the welghibearing
ipsitateral Hmib

VEUTRALIZER SYNERBGIST) -

In undlertaking & desred and specific movement, undesired movements are resisied by
newitalizers {synargists). During Nexion of the elbow with & pronated forearm, pronalors of
ine forearm [pronalor quAcratus, pronalor 1ares) conlract 1o /esist or neutralize supination
of the foraarm. In this aslion, the pronalars are synergishc with 1he dasirod movement,

Globally integrated and harmonious muscle functoning makes possible painless,
mythmig, and dynamic movemants, bast revealed 0 Such aciivilies as dance, spons,
und exerciss Jonts affactad by terse or wisak imeraciing muscles, induced by mechan-
ically disadvaniaged posture/gall, can be subgect o painful and limiled movamants

37

See amd 35

Biceps trachi
schuRvER MATIMUMm
coniranien wilh
supination aof
the forearm

Conlraction of
bicers brachi
1% limited when
supinanon of ihe
{oreanm s resisiad by
pronators lams) quadiatius
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U, WUSCULAR SYSTEW/HEAD 38
BELES @F FRAGIAL ERXREHESSION odciind

LN Lise your Pgnins: colars 199 O and O
e wivtm and chearhul cobois for the muscles
poducing a smile (A-Hi. Calar the muscles
selizcing sadness | |-0) with greens. bluss,

wa grays |1 )BEagi with the smiling side, and
celor anly the musclas dentifiod by Hillkes A H
hlan coor thosa musces in he protile views
el (2} Repeil the process with the sad soe
Mats ihal a poriion of fromlalis |1} nas been

tut awiry (o revesl procarus (J) |3) Color (he
s al the Dotom &g (he relsled muscs an

- e lower view Incuns ihi partions ol tha guric-
Ul musles thal digappear beansath (he sar

FRENTALIS:
CORBUGATER
SMPERGIL0,
QREBICVLARIS
@RISE
PEPRESSOR
AWEUL] CRIS.
DERPRESSER LABID
IWNFERIORBISH
MG TALISN
PLATYSMA o

ERBICULARIS
@EUL[-
WASALIS:

LEVATOR AR
SUPERICRIS
ALRAEQUE WASI.

LEVATOR LAGBI
SUPERICRIS:

LEVRTER
AWGUL) ORIS-

ZNEEMATICVS
MG

EVECMATICUS
MWIWCE.

RISERIVS,

The muscles of facial expression ate genaraly thin, flat bands arsing mﬁfj"ﬁr E:ﬂ;.:ﬁ',
Irom & facial bone o cartilage and nseiling inlo 1he dermis of the skdn o

Ihe ibreuE fisswe envaloping the sphinctar muscles of the orbt or mouth

These muscles are generally amanged into the following regional QroLps

i) Bpicranial group (occipitofrontials moving tha scalp); [2) the orbital

oup (orbiculans ocul, corfugalor supercii), (A) 1ne nasal group (rasais,

ocarus ], {4) he oral group (arbiculans onls, Fygormehicus major and

imnoy, the fevators Bnd e depressars of e lips and angles aof 1he mauth,

fiEois, buccinalor, and part of plafysma), and (8) the group moving the

#afs (auriowar musclas) The general function of each of ihese muscies s

o move the s%n wherevar they insert. As you color each muscle, Iry con-

Fracting it on your sell while 0oking inla @ mirron, and see whal develops. 5

Ortecuseris ocull and oris ate sphincter muscles. lending o close 1he skin
over the eyelids and tighten tha lips, iespestivaly. Conlractions of ihe
cheek muscla buccinator makes possible rapd changas in volume of the
oral cavity, as in playing a frum gt or squirting walar Tne nasalis musele
has bolh compressor and dilator parts which influence the size of the
anlgrior nassl opemnings

Postanior
S, aoniear

mastiond

GALER APONEYRETIEA \ NN 71 oo, e
EEEIPITALISk cimase WL TN AR~
AVBICULAR MUSCLES- I\ \

PReOBERUS Detoid
@@?@@ﬂﬁﬂ'}@ﬁ@ﬁﬁ P Pectoralis

majgr -

-l‘rn"_ L

'ri

|
AN

\
_1\ A\ 1A
_"“:"-.{.:--.
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I MUSCULAR SYSTEM /HNEAD

MUSCLES @F MASTICARTI

‘LN Use a brghil yellowesh colar lor the man-
dizle () whoch sppears 1 &l the lllusirabons.
iliBagin al the upper lefl and work your way
frcugh tha various movamants of (he mandible
\&in eoioring e lemporomandibuliar joint, nobe
Rl the supetion @and inkenos join spaces (1, 1)
s colodod Biack

MUSCLES:.
TEMRPCRALIS.
MASSETEm:
MEDIAL
PTERVEEIE.
LATERAL
PTERYE@ID:

The 8ol of chewsns s called mastication. The musches of
masiicainor move the lemporomandibularn joint and am largely
respansble for alovalion, deproasion, prolrusion, retraction, and
igiEa modion of the mandible. These muscles lunclion bilat-
arally to effec! movemants of the single bore [mandible) at

I [oints,

The famparais and masseler muscles ara aften conlracied
unconacicusly (cencreng teeth) whan siressed, giving riae o
mmlalhr severs bilemparal and praauncular headachas

The muscles can sasdy be palpaled when contracied,

The madial ang ateral plerypoids are in ihe infralemporal fossa
and cannod be palpated In 1he |lowast drawing al nghl. nolc how
the two heads of the lateral plerygoid insert on ihe anterior part
gl the articular diss. During mouth opening, the muscle pulls the
Ericuar disc forward 88 the mandibular haad rotates farwand n
e fossa. On mouth closing, the muscle relaxes, permittirg the
dsc b0 move postanody, Repkd, forced jew opening may distupt
e arficular disc

TEMPEREMANPIBULAR-
(ERANIMANEIGULAR)
J@IT 8-

JRINT CAPSULE-
ARTICULAR DISE
MEWISEVS)«
RBETHEDISCAL PRDy
SUFR JOINT SPACE:.
INFE JEINT SFACE:.

Tha mandible has bwo condytar processas (el and right) each of which
artcudales with a mandibular fossa ol the temporal bare. Two lemoorns-
mandibutar joints are conneciad by one bone, hence the allernale lerm

head of the condyiar process i3 a fibrocarblaginous, movablke oval plate
cafled tha arvieuiar gige or menioos The disc embodies two (arteror an
postenor) avascular fibrous bands, thalr long axes directed in the coronal
pane The hwo bands are separaled by & (hinner iIntermediate zone, Witk
closad mouth, the mandibular head rests against the postarior band, with
full opening [35-50 mm batwean upper and lower incisors), ihe head les
against the anterkor bend. Posterion 1o 1ha disc is the relrodiscal pad, a

erersomandibutar joini. Infervening belween the mandibular fossa and the

@©n

= ﬁj.
. 'Exigrmal audiicry canal
| Styioid process
Mandibular fossa

™ Grealer wing
of aphanad hone

MANDIBLE:
MEVEMEMNT=

Fos|orinr
]

Gonayim
procass

RETRACTION .

tSagitial section}

twa-laysrad (balaminar) region of lcose fibrous, vascular, sensilive connec
five tissue from which the disc gals e nutrition. Medaily and laterally, the
dise: Is altached (o the condyle of the mandible. The mandibular head, the
disc, and the lossa are anclogad By a joint capsule The disc divides he
jmint spacs inlo 1wo compartments, one above and one balow the disc.
The dise may ba structurally ncomplata from birth, even pedorated. (1 fre-
guenlly tends to fray with aging. Disc displacement may ba responsibe
for clicking ang imited range of jaw molion

[i]
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¥ MUSCULEAR SYSUEHK/ WEGH

&
LATERAL MUSCLES

N Excepl{or B and £, use your ighles! coors throughout 1he plale (1]Bagin
wilh 1he dingrame ol 1ha :nanglnr. ol the reck and thet slomopicidomastiod (A

8, C}) Color over all the msches wihin the inangles [2) Then work top and botiom
NMhustrations simultznecwsly. coloring @ach muscle in a3 many views a8 you can
tnd it Nole the relalionship belween muscls name and alischmaent

The reck is & comples lubular region of muscles, viscera, vessels, and
nanae surrcunding the carvical vertebrae, The musales of the neck
ae aranged in suparficial and deep groups. Here we concarnats on
suparticial muscles. The superficial posterior and posierolateral mus
ga of the neck is rapezius (Plate 46), The deep postenior muscles are
coverad in Piate 41. The most supadicial antanor muscle of the neck is
patysma (Plate 38 The antarior and lateral muscle groups are divided
o tiangular areas by 1he sternockeidomastox muscle

ANTERICOR TRIANGLE:

SUPRANYCIE MUSCLES
STYLEHYCIER: BIGASTRIGC
MYLeHYEIR» HYeELOSSUS::
GENICHYO[ B

el BEWE.

WFEFRAKNYOID MUSCLESS-
STERU@HMYEIED @O HYE@DIDE:

TRHYBEHYEOIR-STERNC THYREIR~

The arlerior region of the peck is dvided In the midline, eaach hall
danma an anterior (rangle Thie borders of (he anterior Irangie of super:
Seda) nack muscies are clearty illustirated The fyord bone, suspendead
Jom e styloid processes of the skoull Dy [he stylohyoid ligarnwnls.
dwides each anterar triangle oo upper suprahyord and lower
mirRfyoid regions
The syorahyoio muscles aree from 1he ongue (glossus), manaible
Imyla-, ganio-, antenior digastric), and skull {stylo-, posteriorn digastnc)
gnd rgert on 1he hyoid bong. They elevato the hyoid bone, influencing
e mneeerds of the Hoor of (he mowth and Ihe langue, espacially
during swallowing. With a fed hyowd, the suprahyoid muscles,
epecially the digastrics, depréss the mandible
The 'riranyoid muscles gensrally arisa fram the stermum, thyroid car-

L Mlage of the laryns, or Ihe scapuis [omoe-) and insart an the hyod bone
- These muscles partially resmsl elevalion of the hyold bone duning swal-
Howing, Thyvohyioid sievalas the Eryms during production of high-

b pilched sounds, siermolyoed depresses the laryne to assisin

) production of low-pilched sounds

POSTERICR TRIANMNGLE-

SEMISPIVALIS GARPITIS:
SPLENIVS CRAPITIS
LEVATEOR SCAPVULAE

SCALENYS:E AT llERePEST -

The postevior riangle consists of an array of muscles coverad by 2
Inver ol deap (invesing) cerdcal lazem jus! undar the skin batwean

- slernocleicomastond 2nd trapeziue. The bordars of the angle ara

- cleary illustraled. Muscles af this region arse leom the skull and
perzal varlebrae, they deacend Lo and insarl upon tha upper two ribs
[scalenes), Ive upper Scapula [omohyoid, ievalor scapuae) and 1he
garvical [\horacic vertebral spines (spiemius capiis, semispinglis
papiis). Visualizing thea altachmenis, these musches” luncllon
bacomes claar

Sternum _h___q_F

Acromion

31
STERNMNOGCLEIDOMAS
The sfernocieidomasiond musclz, acting undaterally, filts the head
laterally on the same side while simullaneously rolating the haad and
pulling {he back of the head downward, liftirg the chin_and rotaies tha
fronl of the héad lo the opoosile sde. Both musclas acling togethes
miwe e head forward {anteriorly) whike @xiending the uppar

[E) &

cendical verlebrag |illing the chin upward

Poaisnice \"-‘
torder N
» \
A g i
o, DO ¥
e 5 i

—. Artardr
Borgm —

T T
MEAILE 5

h=Y's
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¥ MUSELLAR SYSTEM/ UPRER LIRS 51

See G0

@? @ é}@mﬁ:@ {UEBF@UMB@@} G- The ealrinsic miusclas which move

the wrisd and |rr|1]a4' |r.|r'.15 WErE Cowersd un
Plaie 50, and thair lendons afe shown in

oy . dark line and abaled hene for (danlilicalon
) \ .
:'11 J‘I /=™ Exenzor and siudy, bwi 0ed ‘or coloring | possibile
expansion ; It il 11 Gk
| = ] S Wl | ,F o uge difamni colors an mis plete. (1] Gk

e muscies of 1he we BMERor ViEws.

as wall gs e Bexor relmaculum (groy)
[2yCalar the postenion vew. (3)In fhe
Hustraton ol linges Abouction (at the bot
iom| note 1nal the liske linger = na) moves
oy the doisal ierosseous (U]

| = | ||-' |"Y . J!'II:}_F . shaath o
=y ."/F‘ A f f/_-"\; Base of \ X
. o Y |"I ",f middie phaian: (T\\ Py
& b -____.-d' \

. /

{
i L
I -
| :

zrﬂ"-
f 4| i,
-?L ¥ | Pronoml
a a7 PRElEnE e tmcarpel

slips
1Pzt st
phElers

Palmar
g
- o
arica) £ .I'
fhax” MY f
N :!" 1 4| EXTENSOR
I - | RETINACULUM -
| RETIMACLILUM |

| > - .-. [Trareverss canpal lig )
Ty '1!&[

e _ v e
POSTERIOR (DORSAL) VIEW

P i prachcencialis
ANTERIOR (PALMAR) VIEW

fHih AHETIOMS OF

THENAR ERHINEMCE (."7-.“" < IWMTERINSIE MUSCLES:

EPPEONEVS PEOLLIGIS: 1
ABDYETOR PELLICIS BREVIS:
FLEROR PELLICIS BREWIS:

Mole the palpable bulgs ol muscle (thenaramingnce) just proximal kg the tnumb
an your own hard. Imegrated with the action of the alfwer thumb movers, thesa
ihies muscles make possible complox movements of the thumb. The thenar
musclae arisa/ingart in the same generml aea 85 one another, Nowever, their
difierent orentation orders different funcbans

HYPOTHENAR ERINENCE. [\
SPEONENS DIGITI UMD~ [\

ABDUCTOR DIGIT) MIMIRD0: * P
FLENOR DIGITI RINIRN BHREVIS.

Thase muscles move the Sth digit, they are complemantary o the thenar mis-
ries in aitachment and funciion The lunction of opposition is basic to some of

{he sampley grosping lunctiens of the hand

DEEP MUSCLES 8-
APBUVETER PELLIEIS:
EALMAR INTERCSSEUS:
RERSAL INTERESSEUS.
LUOMEBRIGHALY

Adductar potiicis, in concert wilh the first dorsal interossecus muscle provides
greal strenglh in grasping an object betwsen thumb and index finger . try 1t
The interassed and lumbrica! muscles insarl inlg expanded finger exlansor
hendons {exlensor axparsion, See postarior view| farming a complex mechanism
for lizxing tne metacarpophalangeal joinis and exending tha inerphalangsal
joints. By their phalangeal msertions, {he inlerossel abduct/adduct certain digils
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NUSCELES OF THE GLUTEAL BEGICW }ﬁ\

"
i
N Male i the lwo superhcial wews (hat he upper part of the (lotibal || F‘ g-\,\)
it (), Hille i the lolt, lowes carned), normally covering gluteus madus ( {r_} i
8 nas haen out away. (1) Coke sach muscle in ool vews, including e i (| ¥ | b \]
@euct onal srrows, betora going on 1o (he nexd one The site ol arigin of the { \

pritormis muscie (E) on the anterior sacrum cannol be asan & lawer right
Tha prigin of 1he obfwralor mdernus |F) on the nghl cannol be seen, but the
mngin of the muzcie on the coniralateral side cen be colored. See pale 44
Ror adaitional views of these muscles

BUVTELS
A0 MVS-

BLUTEUS
DS

BUTEYS
TENSOR

FASCIAE !
LEATAE { ol

6 DEEE, (=== 40 NV LT Y S

LATERAL : \ ischatier
rsass,
PIRIFREMISE -

EBTUVRATER
WTERBNUSE
CBETUVRATERE
ERTERMUS -
QUARPRATUVS
FEMO®EIS -
BEMELLVS
SUPERIGE!
CBEMELAVS
WEERIOREY

The gluteal muscles are arranged in thoee layers: the
most suparficial is giuteus maximus. The large sciat
ferve runs deep to il 85 every sludent Nurse has
lBarned well. Itg ihicknpss varies Glutaus maximus
exlends the hip jeint during running and walking up-
hit but does nod act in relaxed walking. The nier-
mediately placed. mors lateral glufsus medivs is 8
major abductor of the hyp ([eint and an impartant sta-
 hikzer (kevaler) of the palvs when the opposile lower

~ limib is lifted off the ground,

The deapest kyor of gluleal muscles is the gheus

- minimus and thie faleral rabators af e hip jonk. They
-~ pover up/fill tho greator @nd lesser sczatic notches
Thezs muzcles generally insar al the posieriar
sspect ol the greater trochanter of ihe femur The iy
gulaal muscles (less gluteus MaxImLs) comaspond » ~ £ FLEXION
| losoma degres with the rotator cull of the shoulder g A

joirt: kateral iotalors posteriony, abauctor (Qiuleus
madius) suparory, mecial rotelors (gluteus medius
ard minimue, lensor lesciae lstas) ananony

ILI@TIBIAL TTRERCUY

The iintitwal fract, & thickaning of the deep fascia
{lmscia lola) of ihe thigh, runs from ilum o tibia and
helps stabilize (e nes joicl Eterally. The muscle
fensor laseima ke, a frequanily visible and palpadle - JEDAL
Pexor ano medial rolator ol the hip poird, inserls nlo
hes Fbrows Dand. 1ensing it

"™, Suparior glules!
| arlary

Interiar glutesl

ISFAE
Iubercisity

Shaf
of femur

Anileriar
SUPEIN
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Ih WUSCULAR SYSTEM / LOWIER LIMIE

EN [1)Colar eBCh
XN vISCE in
e daep uiow Dainre
fing on 1o Iha super
e Then color the
gram ol Hention
Blwagan
[BColar gray the
ol he mus-
s i (N drawings
Lt apper right,

)

BLERORS
OF TIE
BOEE ST

The muscies of the postarior thigh (called hamsiringe sfter & procadure for cutting
the tendons of hese muscles in cerain domeshic animals) are equally effective al
both extensicn of the hip joint and flexion of the knee joind; contraction ol amaganiels
can isolate one or the other joint movemani. Unlike the hip exiensor pluless maEx-
imus, the hamsirings are active during normal wa'king In relaxed standing, ihe
ramstnings (and gluleds maximes) ars inactive. In knee leon, the hamsirings act
In concert with sarloriua, gracilis, and gaatrocnemius.

Reduced hamairing stretch (“tight hamatringa") limits hip flexion with the knea
mianoed; fexion of ihe kneae permits Increasad nip texion. Try 1his on yoursall, Tight
hamstrings, by their ischial angin, pull the posterar peivis down, lengthening the
Bracior spinae muscles, and flattening the umbar lordosis, polantzlly comributing o
limitation of lumbar movement and back pain. The long tendona of the hamastrings
can ba aagily fell just above tha partially Hlexed knea

= '
v iR _-._'

HVSCLES T000@E)

RAMSTRINGSS » SEMIRIEM BRANOSUS.
SEMITEMNRDINOSVUS. BICERPS FEMCRIS:

S
A

R

b5

POSTERIOR
VIEW

z II_
by
[y
]

a I

] -

by
Gy
QW

¢

1t til
wact

Sartorius

Papiteal

lo=sa

24

Tight hamstrings limd flaxion ol hip
wihin knaa jainl i axbonded

Londolic

CUfY0 =

Poivg

|
Thp‘rr. namistrings (a1 rghl|
i1 pehas backwerds

Natening loraotic cure
of lywar back

I\

Gudnir
AT

o
el
Eil-r‘;
Ir:_'r

Powariul exiensors
ol he hefr joinks

EBRTENSORS
CF THE
IR JEIMT
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I MUSEULAR SYSTEM / LOWER LIME
NUSCLES OF TG

PECTINEVES. cooupy e f:;}
EDDVETER BREVIS: - . %)
ADDUECTER LOWEUS: _ n\m .-
ADDUVETEOR MAGNUS: | ﬁ "\ X )
CRAGCILIS: k ,,;3” Mo
PBTURATEOR EBRTERNVSF . SN Rrs
AT W)

AR

Oh. Galo one muscla at @ time in the five main views |
bsforn ging 0 the next ona Node thal he allachmen siles ( I
k L

o ine podladiar surtace of the tamur ara represantad by h
gatted lines )N r-'____'_\ W

ANTERIOR b
EW

PRl

pubia  Oblurator
ramus |aFarmEn

1A

Bduchor
hialus
for femaoral -

Adductor
lubgreie
{on poskerior

) suriaca)

Krire —~
foints, Palstia
Masariicn of
nrll;rn,.l,‘. s
[ T3 -

The medwal vgh muscles consel of the hip joint
agduciors (A throwgh E| and ofxfurator exlermus. &
lateral rotator of that joint. Tha latler was colorad on
Piate 53 as one of the teep gluteal muscies, as ils
tendon passes into thal region However, it is com-
partmantalized by tasctas m ihe madkal thigh, covers
the extarmal suriace of the ablurator foramean in the
deep upper medial thigh, and receives the same
innervalion 8s tha adduclors. The gracilis is the long-
egl of the adductor group, crosses the medal knee

Leaser
trochanisr

lsaz ores
Psoas,
FIviEGF
Anberior [ - Wi
guparior L (1] B Hiagus—#
lligc gpine gl e
G | ——  llop=oas
|r§n:|-‘|.ll
Groalar | ligEmani
irochanior i
aneor
lascins
Eilae
Saroeius
Vaslus
|ateralis

Vinglies

{fexing it), and inearts onky an the medial fibia, its
lendon joing the lendons of sarfonus and semilen-
dinosus W form an insartion shaped ke a goosa's
foot {hence called the pes ansernnus). The adouciar
magnus is tho most massive of tho group (see pos
tenor view), In its lower hall, adductor magnus fibars
give way 1o the passage of the lemoral vessels
(adductor niatus). All the adduciors, except gracifis,
imert on the vortical rough line (inca aspera) on tha
postenior surtace of the famur.
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I MUSCULAR SYSTEW / LOWER LIE
MWUSCLES OF ANTERICR THIGH

BARTERIVS,

PVADRICERS FEMORISE:

BECTVS FEMERIS:

VASTUS LATERALIS: GA: The: patoo (oot () s ks
w&@ﬁ@ﬂ@ D W@@ E’;’a@@ﬂ@@n ?:;l;u:ln wllrili':! HE::p W;H al ko itigh
VASTYS MEDIALIS: R

LICPSLAS- o B e

EClinn dagrams song 1he rght margin.

RCAHEN T Mo

DEEP
Antorior
suparar
lae - ’, Paoas
sgEne g misgor
Wi ihacks _._Pmﬂi
Anberor 3 0 minor
[TglEsie | 2
i ke Ingumal
A _ ligamant
;‘, llopscas
h Panbneus
ﬂ.[;ljlll:h:r
longus
Gracilis

al -~y Tidnal
esula | |||'Iub-'.|ml'.l

Mok itag!
rach

ul Tetnetans at
1 graciis,
T '—"""'J.-'-.x_,_ 1ar15|:‘lT-1mulwa
Nt e,
LATERAL VIEW
The sarforius (“tallor's” musele; so-called because of the role The tandon betwean the patalia and the tbial tuberosity is
i his muscie in enanling & crossed-legs siling posiure) is calied the patellar fgament Mecius femors 5 & Strong hip joinl
s fexcr and latersl rotator of the hip joint, and a llexor of the flewor, and |5 the anly mamber of quadriceps 10 cross that joint
wnes joint, as you can infer from fs illusirated altachmenis Quadricens lemoris is the only knee astenson The sanif
Tha quadiceps femons muscle anises trom lour heads The cance of s role bacomes crysial chear 1o thoge having ex:
“etfus mechialic and fateraiic arige from (he linea sspera onthe  perienced & knes injury; he muscles lend 1o atrophy and
poateror aspect of the lemur; the vasius inferrmedius arisas weakan rapidly wilh disusa, and "quad” Bserciges are assan-
o the artaror famoral snat, Al four converge on 1o the tial to maintain structunal stability of the joinl
wiperior aspect |base) of the patella to form the palsikar The Hippsoas is the most powartul tiexor ol the hig,

tendon. Some tenden fibers continue over the patellar suface  having a broad thick muscle belly and attaching al the
40 join thiz ligament below A1 the inferior aspect (apex) of the |esser trochanter al the proximal end of the famaral shafl

palelia, the fendincus libers cantinue o the tibial fuberosily Racall Mate 42 for 15 posternior abaomingl crigin.

See J0, 54, 55

FLEHCHS
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B NUSCULAR SYSTERN / LOWER LIRIE &
PUSELES OF AWTERICR & LATERAL LEG =

Begin with the attachment sies of (he anenor eg. Note thal ihe muscles &, BanraC
a8 rovm e imierossEous kgament as well as the libis and the fibula. Do not color the
manl sies ot fhe thagh museles [in small dalics) Alischnens siles on the plactar
Psiiece of tha foal are ehown al upper nght

[ | e |
a muscles of the keg are aranped ino antenor-lateral, laleral end postanar fevnoris iyt Ilurluléra
Lpmpartmanrts. The bory ridge (antarar margn| ol tha libia creates two oblique SEmimambranasus
utaces the anterolateral of which relai=s o i anterion eg muscles: the =
‘Fiemmedial surface i3 bony (ouch!} and devoid of muscle. The Fataral com-

ment musckas largely anss from the fbuals and he inlerosseous ligament
Haad

Paiedln

Paiellar
gamanl

SEtwean tibia and libula ol | Tlhluli
fibatka s
BANTERICOR LE@:- ] %
HEIALIS AT EEICREA MG
] Iil
ETEUSOR DIGITORYVM CONGUS: ...\ L M
ETENSOR NALLUGIS LOWGYS: o T
PERONWEVS TERTIVS: i Bues
of the anterior lag muscles are corsllexars (Extensors) of the ankie, axfensars P— '“""““"“'E-
allucis and digitorum longus are loe extensors: titialis anierfor is an invertor of iAchulies)
e suialar joints s woll, and peroneus entivs {ihe Sih tendan of exiansor diggi- fandan Al A
prum| & an everior Due 10 rofaiion of the lower [imb during emiryonic develap- VIEW
rweil, {hese Extanisors are aREROF 1o the bones in the anatomical position (unlike M L___,J
s upper [imb wrist extereodg), Tibale antaricr is particuiarky haiptul in lifGng he PLA
1 | i ikirg the loe Supariar ViEW
Yool L riuring 1hie swang phiase o walking to-avoid strikieg the 1oes - . exansor .
paranaal & rabnacutum
\ i tinacul
[ i IL::..I;?I AV AT (et S i 5:1 irasios
Y ah / , - |ansor
_pEt S ¥ AL | . |ndarior "
1 b “}L" l 1 Eﬂéjrun of ¥ ' R ] IET'”“"TW patiripiulum
) Sy quadncers SRS T i rEimE Ul
-y ). 'L jl lemuoria ,-v"r
Ao [l " | G Biceps i Fes II
s h # g q AN
| .'I o =! | Seminadncsss Fansiiar - i > ] -
| figament M M Gasroensmius E m-elalufs.al 2
h s

LATERAL LE@:E+

. PERONEYS LOWEUS:
- PEREOWEYS BREVIS-
The perareal muscies are principally evertors of

the foal, and are espacially active during plamar

~Titeal
Tubsrasity

Irigrossaous
ligament

Anberce

| TG
:tk_.! llemion, #s in walking on the 1oes cr pushing off
", s with the greal foe Paroneus lorlius arises in the
Tibia peroneal comparimant but & actually part af
{ extensor digitcrum.
| ANTERIOR
VIEW
{Aight
i i Solous
( 3)
L s
| [
CHMES | DEEP SUPERFICIAL N y
5 i

T Medial E
malluulu1 -
Suparior ~ ¥

AKTANEN Br
Baas refracuum {
of Sih e \f
] rmedataraat Infarior J - I
exienss Tl 1
retinaculum

@ﬁ

INVERSION Evswsmu DORSIFLEXION
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MUSEULAR SYSTERD/ LOWER LIRDE B
NUSCLES OF POSTERIOR LE@

= Che Thi o ba calovad theg 1 Intsabad G-A4
! ﬂEE'D@ ILD@ mgﬁ:ﬁmﬂo@ G oiher m;:r:::?nmu hi::::—;:mn F'[: 35.5? HN": from P &%) :E-
% identificalion onl d s muscles showd be lefl urcoleed. Yo
g LEROR DIGITOBUR LOUWGHIS: et o e e e o
&@Eﬂ“ %@E&@@G@ &@@@ml plale. {1y Color one muscle al & ime in each of the poelenor views
Nate (el ihe plantaris (=], e soleua (L) and ina gastrocnemiua (W)

all rpserd inlo ihe same lendon | lendocalcansus) which raceves
The codet K {2 Cnlor Thi ippar and lowst modial viows

_@&@.‘@@L
CASTHREBHEMIMVS .

POSTERIOR
bl '.n'uLuP:
irightleg) fateralis
W Beceps
ternaris
“Popliteal
SELH]

HE'EI!

PLANTARFLEXION

Sami-
e AnEES

? InlBrossaaks
ligameni

_Lateral
malleolus

Pateilar = b§
ligamant

(=L | Tubsnogiy
¥ » | il libin

ke
= phalens {4

Anlenon
Distal meangin < i
phalars ol ks

KHEHIIHT SITES DEEP VIEW
Supenar
aRfenaor

Th muscles of the posterion Bg Tonm wo groups: 8 deep growp of fowr mus- oA
tles, and a superficial group [gaskocnemius, soleus, and planfaris] The two

gomparimans are separated by a lascial seplum (deep ransverss Eascia, not EI:::::’:I
ghown). The fascisl comparimeants sra lairky non-expandable; musche swelling nedinaculum

sacirxiary ho vasculad insuflicncy may resull in sernous mescke compres-
#on/ muscle death [compariment syndrome) wilhout tescal decompression
The major call muscie is gasfrocnemivs which flexes the knea and, with 115
o iiows, plandariexes ine ankke joinl. In knes laxion il £ alded by popy-
Bus which alsc rotetes the tibia medially. The oiher deep llexors plantarfiex
e aniklie |Qint (DO to@ and greal 1oe hesars and Mibiahs postacion, lax the Q
Iess [the fiexoes), and inverl the boot (thialis postenon) ;

Medial
malloalus

F emr fEb.ﬂ‘Ill!ulLlﬂ CalcaneLs



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

I, WUSCULAR SYSTEM / LOWER LB 59

k- Ses 57, 58
NUSCLES OF THE FEET ((WTHRIVSICS)
B Feal lvee 1o use the colors wsed for the lefto labels on plales 57 and 58 | EXpanEDn

fhosn liers are presentad hees or denlificalion, and the muscies they mtar
mol meant o be galored. Also nate thal plantar suraca attachment siles
Fose exinnsc feol muscles hove been cmified n ihe lllustalion of the

in layet Ut can ba-‘ound on he two precedng plales. (1) Begin with he o
i layer and comoeele each |lustration belore gossg on 1o the nex DORSAL - T 1 &

dorsal infrinsic muscles of tha foot (those that arlse and inser fRight 1act) |
Ihin the dorsum of the fool) are limited to two smell exlensors of tha Nl

s shown &l right, most of the sxiensar funciion being derved from ERTENSOR |
g DIGITERUD
%2 intrinsic muscles of the plartar region of tha focl are shown hera @Q?D@H

fenif layers. This piantar interossel waoged betwaen 1he melatarsal

gnee. constilute the deapest (41h) laver, Thay adduct toas 3-5, lex @E@F@m@

metatarsophaiangaal (MP) joints of fhese toes, &and canirbue 1o 1
‘mienzion of the intorghelangeal (IP) jonts of these lees throwgh the E@&&@@ﬂ@
mechanizm of Ine exiensor expansion The dorsal inferosses abduct @[E’@MU@ 1] .

ol | _Base
l'I al 3th

: A
\bes 3-5, and facilitate the other aclions of the pianiar inlerossei. c=1 8
{.f" matafars

e fhird layesr of muscies acls on the greal loe (hallux) and Sih digil

ggil minim:). The second layer includes fhe Quadralus planiae, inderion
serling inlo (he iateral bordar of the common fendon (H] of fexor exiEs0r
Wgharum longus (FDL). i essists that muscle in flexon of the toes. The rafinagulum
mbvicais arise from the indasdual tendorg of FOL and ingert inio the Wadial
bmedial aspec ol the extensor expansion (dorsal aspect), They flex the
W joints, and axtend tho IF inls of foes 2-5 via the exlonsor expansion

e superficial (first) layer consists of the abduetors of the 15t and Sih Py Soparcr
\Aplz, and e Maxor digitorum brevis. The plantar muscles are coverad | 5= e I
Ly e thickened deep lascia of the sols, tha plantar aponaurosis,

parnding from calcaneus 1o the fibrous sheath of the fiexor tendons

Latemal
rmalesius

ABDVETEOR
FLER. MALLYEIS MAOLLUVCIS ..
BREVIS: ABPUETER
| PLAMTAR LDBWVETEER B0@&0T0
ITERESSEN MALILVEIS: QUABERATYVS nalifeulilna
e CERISAL FLES: B0E0TD PLAWTAE. FLED. BIGITE@RE,
ITERESSE(l: MININDI BREY: ¢ LUMBRICALS, BEEVIS:

<H

AT Plewor
i},‘mmunu
el

iy
o
et /-" Wavigutar

Shoal
pantar
kg

Lo b Coaniral L=
o plantar
i Suslentacum 4 |
1 SURFACE ﬂ i)
Wb B [Right foal) s m TR
S U

FOURTH LAYER THIRD LAYER SECOND LAYER FIRST LAYER (superficial)
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_'.a:-u MRERY OF MUSCLE @ IJ!E
3'-13 @F THE 000Rx itiiglob b ool
mﬁ@ﬁ@ﬁﬁ‘@ @F TME KiEs gaing on 10 the newl, Mast of he

infrinsic maschas of e ool (K) ans

-' @%Gm@ OEE ?Lm@ [}SD@E on Ihe plartar surface and ara nol
EXTENSEmS OF THE (90 ahown e
f:L OF THE BWEE-:

mg@&a@ OF THE BVEE:

BLANTAR CLERCERS OF ANKLE & FOOT:

PORSAL FLENERS OF AWRLE & FeOT:

WYERTERS OF THE ONGLE;

BERTERS OF THE AWKLE.

IWTRINSICE MUSCLES OF THIE FRE@TH

‘oma of the muscies shown here Gross (wo Joints ard/or have mare than
e funciion; the prmary funcions of the muscles are labsled here, 88 in Plate 52
ary of upper limo muscles)

Al
|||||||

Head
al fibula

Tanda
calcanaus

et =

Sadial
malinalies
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I HUSCULAR SYSTEM / SKELETAL MUSCULATURE o

BUONCTIOWAL ®VERWVIEW)

RADTDUCTOR:

,'P- Em@@ﬁ- CH U= light colors inroughou Upon colaring thess lunclional groups, rate the spalial relationship of ad-

5 a (aspecislly for & and 8). Deepar duciors to abductors and evertors 1o invertore, Take particular note of the
EMaTR ﬁﬂ@@ @B muscles are tol ncluded in the 10rge  axtensors and flexors. Recall that extension of weighibearing joints is an anti-
B DB TR Hiugtrations, {1)Calorall of the mus gravity function, and extensor muscles of Ihese [oints lend 10 keep the standng

E1 QIOUES i e aMERCTIEw DRICE oy eieally sirsight. Note the line of gravity and its relationship Lo the ver-
going on o iz posterion view at rghl o 4
tebral, hip, knes, and ankle jointe. The cenler of gravily of an avarage numan

¥ Only the las ne side af the
:_I'] m?@ﬂ:i:‘# R T B A : being standing wilh perfec posture is just anterion 1o ihe meton segment o

ligure have bean labeled As you

S‘C @E@ @Jm[ﬁg R R e e 51-582. Flexian of the neck and torsa moves the canter of gravily lorsard, load
= U&-ﬂ@-@ﬁﬂ cpposite. (2 Calor Ihe small ing the postarior cerdoal iharacse, and lumbar paraspinal (extensor) muescles
] B gagram bakow The actars moving (ne vartebeal, hip, knea, and ankla joinls make possible erect

BYERITCR:
Y ERTOR

standing and walking/ runring posture

Diaitoidd

Pectorslis L

Foplitesl
fossa

el

sbhdomita

Ersciol spiia ;
AN CREper MuScine

fibiile

Tiblk- CENTER OF |

GAAYITY

[
Gilueus
mpiis

&
Haitalring .-

Tisals
Lyl

Gasimonemms
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. CARRDICVASCULAR SYSTEW

Calor thasa subscripts: DP = dark purple, LP = ghl purple, O =
ange. P = pink, FA = pale ue, PO < paje orange, A= red, and T =~ tan
fhesa cobors match the stains usually employed o observe hese colls
i Color the test tube (use any colar lor B ang C). (2)In the eosinophil ang
aahil {poftom iaf}, lirsl cobi (ha cyloplasm and then stipple n the rest

ERYTHMRECYITES-

HED BLOOD CORPUSCLES) B-Bpm

Enihrocytes (AACS; approximately 4.5-5.2 millon per milliiter of blood
I men; £-5.5 million/mi in woman) are formed in the bone marrow
where they Inse thei nucleus and most of heir organelles prior 1o

¢ redease inio the periphesal blood, Recenily Freleazed mmature
wntocyles (reticulocylas) may retain some ribosomal ANA in theis
\eylopiasm; these granuies appear dark purple and raticulaled whisn
mined. Narmally maxing up about 1% of the ABC population,

seyies may Increase n number during chronic oxygen lack (&g,
L ot prolonged high allilude). The circuiating RBC (withaul nuclaus

' organelles, i i iruly a corpuscle and not a cadl] is @ non-rigid. o)-
goricave-shaped, membrana-lined sac of emoglobin, & largs iron-
‘eontining protedn. Hemoglobin (12-16 grams/decaliter of blood in
Women: 14-18 g/ dL in men) has a powertul atlinity for oxygen, and is
e principal carriar af oxygen in the body. plasma fa the olher carrien
ryihrocyles pick up oxygen in the lungs and release 1 in the capil-
Bhad 10 (he tissues/ cells. ARCS circulate for about 120 days until
efective, and are Ihen taken out of the blood and broken down by

palls of the splean

U ~BF
THROMBOCYTES. - 3%%°
[ALATELETS)

Tvombocyies or platelets (150,000-400,000/ml of blood, 2-5 wm in
dameter) are small bits of eyloplasm from giand calis {megakary-
gcytes) of the bone marmow Circulaling in the blood for a lifetime of 10
days or 5o plalelels sohere lo inured endoihalium and play a gignifi-
=ant roie in limiting hemorrhage (aggregation of platebats, blood
magulation/ clotting, and ciol removal)

._

CRnp=am
| Micieus
! Qransiss

SERANVLRE
MEVLTRE PHIL

Segmented newrophils (55-75% of the WBC papula-
tion) arise in the bone marrow and live shor lives m
the biood and conneclive tissuas (howrs-4 days)
immature forms (band newirgphils, 1-5%) may be
seen in thi biood: their numbers often increase in
atute infections. Nautrophils rapidly angull foreign
glements/ callutar debris; sireng enzymes in specilic
granules and lysosames destray Them {phagocyasis)

EeSIN@CC0L -

Ensinophils (1-3% ol WBCs) exhibil coloriul granules
when properly stained. Ecsinophils are phagocytic in
[mmurie reactions. They &re involved in the iate-anaat
phase of asthmatic attacke (sunsaguent bronchial
corstriction), possitly enhancing cell injury by increes-
ing cell membtane permeability in the pronchial
mucosa lo allergic subsiances They also appear 1o
Hmit 1he expression of mast coll degranulation (hie-
famine falease and effecig) during allergic reaclions.

BESERHIL -

Basoptiis (0-1% of WBCs) contain dark-slainng
granules Basophils are known to degranulate in
allergic raaclions, releasing hisiamine, seroionin,
ard heparin. Such cegranulation induces conlracton
af emcolh muscle, increases vascular permeabilily
{rbancing the effects of inflemmation]), and slows
down movement ol white blood cells in inflammation

BLOGD AND BLECD BLEMENWTS

— T | 62
See 83, 54
PLESMA BSh)-
WATER ©%s -} | |,
FPRETEIVS (B% = T

ACIDS,; SALTS @h)-

FPORMED
ELEMCWTS

@F vHWE ot
BLEOD @S%). |/
GRYTHROCYTES @9k
THREOMBEOCYUES (0uE=1.0%).r
LEVHOCYTES (@.2%) -

All consfiluents of the bicod that can be observed as discrele struc-
tures with tha sid of the light microscope are called formed eiements
of the biood. The rest of the bload |8 a protsin-rich Nuld called plasma.
When blood s allowed 1D ciot, the cells disintegrate (hemolysis) and
a thick yellow fluld emerges called serum. Serum i€ basicaly plasma
lass clotling alements. I! whole blood is cantriluged in a est lube, e
RACs wil salike to the bottom, the lsukocyfe frachion will form & bulty
coal an top of that, and the plasma, baing the lightest, will take up fhe
upper 55% of the 1otal wolume. Packed RBC's in a test tube constitue
a hemalocil (40-52% of the Dlood volume in men; 37-47% in
wamen), The diffarence in Dlood values DeIwWean men and women is
probabily redaled lo iron storage and metabolism differancas (man store
up 1o 50% more kon than woman), A low hematacrt may be assoc)-
aled with anemia or hemorhage.

LEVIQCYTES:

(WHITE BLOOD CELLS)

LrPHEEYTE

Lymphacyies (20-45% of WBLCs) arise from ihe bone
marrow, and reside in the tood as woll 8s the lym-
phoid fissues (lymph nodes, ihymus, spieen, and 50
o). Lymphocyles penerally corsisl of about 20% B
cells {shor-lived cells fram the bone marrow and
concarned with humoral immanity, ransformaton
jnto plasma cells and the secretion of anfbodies ar
immunoglobulins) and 0% T cells (long-kved cells
from the ihymus. may be cylolowie, helper, o
suppressor cells associatad with cefl-mediziec
immunity}. Lymphocyles with neither B or T surface
anligens (less than 5%) ame called nalural killer calis

MEWREVTE:

Monocytes (2-8% of WBCs) anse n e bona marmow,
mrature in the blood (about eight hours], Ihen leave
e circulation to enter the axtracelkilar spaces 25
macrophages. They are critical 1o (he functioning of
[he immune system, a3 they present anfigen 1o (ha
immung cells, secreta SuDEIaNCeEs n mmune reac-
lions, and destroy anligens [see glossary). They
phagocytose cellular and miated debris in wownd
hvealing, bone farmatior, and mullipie cther cellulsr
activilies whara breéakdown 0Cours.
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V. CARRIOVASCULAR SYSTE

EEN: Liag blue foe A purpha for B, rac for C and wary light colors tor D

b and E. (1) Color the hitles tor gystemic and pulmonary ciroulabion, the
Iwo Nigurees, @nd [ bonder s Drackelng 1he lange |ishation Also colar
b purpte (ropresaring the ansilions sinle Detwean dxydenaiion and

| deaxygenaton] ihe two capillaries, demansiialing the difleranca
petwean capifary lunction in the lungs vessus the body. (2} Bagn in the
right atrian of this heart and color the flow of cetxygenaled biood |Aj

L iato (o lungs. Atler colorg: (nd puimonary capiiary network (B, calor
ke oxygenatad blood (C) thal re-anbefs the heanl and |s pumped Mo
] (hrowph [he systemes circuil

Carban gowice
wasle pioducls

e
Epies --_L
Dy

niktigrds

E PULMONARY
CIRCYLATICN:

Garten dicaine

Cirzulation ol blood begirs with tha hearl which pumps blood
Inte arienes and eceves blood from weins: Arferes conduct
Blood away from the heart regérdless of the amaunt o axygen
“{meygenation| in that Diood. Veins comnduct biood foward tha
haart, regardless ol the degres of oxygenation of the biocd,
Capiiaries ara natwarks ol exiremaly thin-walled vessals
throughoul the body lissues 1hat parmil the exchange of gases
#nd nutrients between the vessel intenar (vascular space) and
Ihe aned exbernal o the vessal [exiracellular space) Capllianes
ecewve Dload from small arfenes and conduct blocd to small
VEINL

Theve are two circuits of ood Now: (1) the pulmonary crouill,
which conveys deaxygenated binod from the right side of the
Feart to the lungs and freshly sxygenaled biood beck o the el
side of the haart, and (2) the systemic Girouil, which conveys
caygarabed Dlood Trom the ki bear o e body lisswes and
relums decxygenaled blood o tha right heart The color red is
used univarsally tor oxpgenaled Hiood, the color blwe is vsed lor
deoxygenared bioog

Clearfy, nat &l arterial blood is oxygenated [in (ke pulmonary
oanulation, arlenes conduct dedaeygenated blood 1o the ungs).
and not all venaus blood is deaxygenated [pulmonary veins
canguct oxyganated Diood 1o 1he heart)

Capiliary bilood 18 mixed, it iz largaly cxygenaled on the arfanzl
side of the capilary bad, and i |s largely decxygenated on the
VINous sidn, as & consaquence. of delivering onygen to and
picking up carban daoxide from e lssues it suppies

COné capiltary network generally exists betwean &n ariery and a
wain; an exoopiian i ihe portal slrculalion charactarized by two
capellary seis bemwean artsry and vein. The vein betwesn tha
Iwa nedworks is the portal vein. Such can be seen betwean the
msiminteslinal fract and tha liver

BCHEME @F CIRGULATICW

BEOXTEENATERD BLEGD 4

CAPILLARY BLOLD:
ERYBENMATEDR BLOE@D -

—

CEpllanas
of the Nead. neck
and uppaor limbs

HEar
" miassie

L vanmioin

—~]

Thitacic &nd
abdominal wall

Gastrainiaaling

fract

Pelids and
parmem
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V. CARRDICVASCULAR SYSTEM
BLEGE VESSELS

LARGE
ARTERIES,

Elasic
g CONCUCling vessale

VEINS

Capacitance o
RSSO FER5EN

Musouiar
cistribuling vessals

&

SMALL
J:@E} E‘@@ U@fl @}A‘

Regigtance vaseas

Y  MNEDIVM -

A WICAOSCOPIC
o~ WIEW

£ LB EARILLARIES:

Largor capiilaries aro sisaids

All vassels damonstrale a simple squamous epithaiial (endathafial] lining
{tunica imterna) supported by a thin layer of fibrcus tissue (not shown). Maost
mednim vairs of The neck and exiremilies have a sares of small pockels
feemied from ther endcihseial layer. These valves are pared and paint in the
directicn of bloog flow Though olering no resistance io biood tow, ihey

will bend into and close off the lumen of the vein when the flow of blood is
fevarsed. Valves resisl gravity-induced blond poalng, aspacially in the Iower
limb vessels, Venous fiow here is enhanced by the contraction of skeletal
musches the bulgas al which give an anbi-gravily baost 1o the mavamant ol
bigod The imternal elasiic aming is a discreta layer only in medivm-sized
artares and assisls in malntaming blood pressura; this hissus i5 mare diftuse
in ather vassels Tha lumca media congists of concentrically amanged
smoolh muscle fibers 1 s well developed n medium arienes, s developed
i veons. Medium arteries use this layer in distributing tkood from one field 1o
another, In areroles, reduced 1o anly one of bwo lavers, ke smooth miuscls
can literally block blood flow iro capillary liekds The exiernal atashc famina
eusts 55 8 dsorels layer only in muscular arteries. The (urmca exlernd
fadveniidia) is tibrous liseue contiguous with the fascaal layer in which the ves-
sal is located, wilhen 1nis [unic much smaller nutrient vessals (vasa vasonem)
and malod nerves [nervi vasorum)| are found

64

CM: Uss red for &_ purpie for B, blue Ios ©, and very hght colors for 0

F and H {1} Compiete ihe upper ef diagram, begrmang with e age
artenes (2)Colof the oo vessels ard ther INes &1 12 Dottom of fhe
plale. Malo (hat Bhe vas and nervus vassiom in (e Nbrous iesus [y (H]
are nol colored. [3)In the diagram of venous valve aclion, the bigod in
bath wein and artery is oolored gray

Large arteres (elastic or conducling artanes|, such as iha aorle or
common carmtid, contain multiple layers of elastic issue They &re
rawghly the size of a linger. Megium arlenes (muscular, distribating
arlerigs). averaging the sze of 2 pencil. are genarally named (e.g.,
brachial), Diminulive branches of medium areries are called small
arlenies |affenc/es). unnamed, Iney contral the tiow of tlood Inlc
caplllary beds (resistance vessals) Capilanes are unnamed simple

endolhalial libes supparied by hin fibrous issue Microscopic in
dimanaicn, some capliaries are larper (Sinusoids) of more spE-
cializad than others

Vaing gal prograssively larger as they get closer o the hean Veins
have liibutaries: except In porial circulalions. they do nol have
branches. Varwules (small veins) ara lormed by the merging of capil-
laries-and are basically of the same construction. Venules mergs io
form medivm veins and these are the trbulanes of large veins
{capacilancea or resar/or vessels) Cartain spacialized large vams,
as in the skull, are called sinuses. The walls of these veins are (Sin-
ner than thase af thair aflerial courtarparts, and 1hesr lumens are
genarally largar Large vains can sirefch significantly. becoming
virtugl reservoirs of blood

STRUCTURE:S-
TUWOGEE NMTERGRIAS «
EUR@UHELIN »
WTERNAL SLASTIE LEMINA .
TUNICA MEDIE:+
SMEATH WUSELE-
EHTERNAL BLASTIC LAMIRAE -
TUMICA EXTERMA -
FIBREUS TISSUE

& Be I7

Ve
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W0, CARPICVASCULAR STYSTERY

65

MERIASTINVM, WALLS & COVERINGS OF THE NEARYT

MERIASTIMVRD
REGICNSS «
SUREREBICF
IREEFRICRS -
ANWTERIGR
MIPDLE:
PEOSTERICR:

Adoreibream

STBVETUVRBESS ~

PERICAREIVAL-LIMNEE HEARTE:

GREAT VESSELS:
SUPERIOE VEMRA RV
PULRWRRY UYL -
PULMEMERY ARTERY-
PULMEUARY VEIR-
AGRTIG AREGH
THEEAGCIE AHRRTR -

THY VS v+

TEBAGHER

ESerHNAGUS.

VABUS WERVIS «

PHRENMIC WERVE.

COROMAL SECTION

WALLS OF THE

HEART/PERICARBDIVMG -

EWR@GEABRIMR

MY EGARERILND v

VISCERAL PERICARPIVA
PERICARDIAL BAVIT Ve«

PARIGTAL PERICAREIVM o

FIRROUS PERICAEBIVD:

M Use blua for F red fer G and your lightaat colors for A-D (1] Bagin
wilh the regions ol the mediastinum at upper lehl and color aver all 1he
siruckres within the dak cutline. (2) Color the major structures within the
megkasinam in 1he aneanor viek Note 1nat 1he lungs. not being in lhe
meckasinem, remain uncolored. Mota thal 1ha Imiue, which can B sean
in the sagitial view, has Desn deleted hore o show The groal vesesls cov-
ared by il. (3 Frmally, cokor the walls of the haari and layers of pericardium
&l lower I8 The paricardial cavly has heen greatly exaggeraled oo
coloring, It & narmally only a poloniial space.

|
A comman cardlid | \ _ L eammon camta i

ra

A istamnal juguar

-

AL bEAChOCEDhFL
e =

Brachioeghalic n ™
——

o

’1"
-

i

'_‘g_m;"#_ e w-_-—.—.r,__._ 1
Inmtenor =y T {;__J

¥ vana il = i

cave e i

ANTERIOR YIEW
{Lungs retracted 0 wisualze deeper Siruciunes)

Tha medastinum (median septum or parlition) is a highly populated region
betwaen and excluding tha lwngs. A variety of passagewsys, nemves, 2nd vessels
enler, pass theough, and xil the mediastinum, For descriptve purpeses, the
mediastnum |s divided Ino ihie subdivisions {regions) luestrabed The Sogenos

mediastinum (s remarkable for the array of greal vessels of the heart, and the fre-

ghea, esophagus, vagus and phremc meryas. Al the level of Iha T4-TS verebrae
{superior finferior mediastinal border), the traches bfurcales inlo the main bron-
chi [sea Plata 85) postarior (o the greal vasseis, and the aorfa makes is arch
Thie posferiar megiastinum includes the infericr continuaton of the esophagus
ambraced by a line felwork of vagal nerve fibers. the tharacic dudt (see Mae
B3}, and ihe descending (thoracio) aorfa, The floor of the mediaatinum is tha
digphragm penetraled by the Ihoracic aois, esophagus, and IManor vena cava

Tha heart wall consists of an inner ayes ol smpie squamous apihetium (ando
cardium) cverlying a variably thick myocardium (cardiac muscle), External o the
myccardium is a threa-layered sac (pencangium). The innermost [ayes of [h's sac
i& e wsceral percandium (epicardium], clothing the: hearl. At the onigin of the
portic arch, this layer lurns (reflocts) cutward lo become the parielal percandium
(imaging a fist clutching the edges around the opening of @ pEper bag now push
the fisl into the clased bag sl lwching the edges: as you do £o, note Ihal your
figt bacomes surmoundad by two layars of the paper bag, yel is nol nside the bag
jimell). The relationship of your fist 1o the two layers of the bag ig the relationship
ol thie heart to the visceral end parielzl pericardium. The cavity of the bag is
emply—ihe fisl s notin the bag (f you did it right!]. Similarty, the gercardial
cavily batwaan the two pericardial layers s emply as wall, axcepl for sarous
fluic {hat makas for fnction-fres movement of the hearl in its sac

Thea librows pericardium = the outer surface of the panetal pericardium if i
fibrous and fally, and is strongly attached Io the starnum, the great vessels, and
the disphragm. |t keeps the (wsting, contracting. squeezing heart within 1ne mid-
die madiastinum

Sop 24, 47

y



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

V. GARBIOVASCULAR STETEM

CHAMBERS OF THE NEART

CH Use slue lor A red for H. and your lighteal colors lor 8, C. |, and J

{11 Begin wilh 1he ‘0w chambars af the heart, and follow the drection of
miood How as you color your way down 1ne lstal tilles. Also celor the direc-
fioral arrows Blus (datted) and red, their ies 3 an lnwer ngnt. (2)Color
the cirgulalian chari bobow, begnning with numaeral 6ne [1] iR ke right
atrium. Color e grows accondingly. along with the laur numarais. Do nol
coior the charnheds of The veEsElS

See 63

L&t comman carolid arbery

I z? Lat-subclavimn arkery
vt 3 =

Brﬂ:J'HUI:l;pha'II:- amary

SURPERICR GAVA- ol i
IVFEERIOR VEWR SRV e 7
BIGNT ATBIVRD- N,

RIGHNT YEMNTRICLE-
AY TRICUSPID VALYE:
CHORDRE TENBINEAE:
PARILLARY MUSECLEF

PULMENARY THBURMGT.:

From*

Fossa

P, SEMILYDAD VALYE: " [iF
PULe. DRTERT Conary ' &
PULMENAEY WEI- ' -
w @Tﬂ:ﬁﬂ@mf Valvg_
cusp

LEFT VENWTRICLE.
A=V BICUSRIE @ITHRAL) VALVE:
CHERDAE TEMRIMNEAE:
FARPILLARY MUSELE

ASCENMRING AGRUR
ACRTIC SEMILUNAR VRLVE:
ABRTIE ABGEEH
THERAGBIC AE@EBTRH

The hesrd s (he muscdlar pemp of the blood vescular syslem. )
contains lour cavilies (chambers). two on the right sice [pulmanary
haart), twn on the eft (sysiemic hearl). The pulmonary “heart”
inchudes the righl alrum and right veniricis. The thin-walled right
atrium receives deoxrygenated bicod from the Superior and the
inforior veng cava, and from the cafonary sinus |dramning the hearl
yessee) The thin-waled kil alrium recaivas oxygenated biood
from pulmanary viins. Alrisl bloed |s pumped at a presture of aboul
5 frit Hi into the right and [efl venricies simultaneousty (hrough
e mrioventrizular orfces, guarded by the 3-cusp WCuspid vive
on the right and tha 2-cusp Bicuspid valve on the lefi. The cusps
are llke panels of a parachule, secured 1o the papilary MUsCiEs

in the vanirickes by 1ardinous chardse lendim@ae These muscles
contigct with the veniricular muscles, 1ensing the cords, and resist-
ing cusp ovar-flap as ventricular blood bulges ko inem during
ventricular confraciion (systole]. Tha ventricles, significantly more
muscular [kan 1= fellow atria, pomp deoxyganated oleod 1o he
iLngs wia the pulmenary frumk at 8 prassurs of aboul 25 mm HE
{right veririche), and inle the ascending aorla at a pressune aof abal
120 mm Hy (lefl ventricie) simullanacusly. This pressure difference
& reflecied |1 1Rke thicker walle of the left vertricls compared 10 the
right. The pocket-like puimonary and aoric semiiunar valves guard
the trunk and aora, respectivaly, A5 Diood 1alls back toward the
wantricie from the frunk /aorta during the resting phase {dastole),
these pockets 1, closng off thair respective oriices, and prevent-
g rallu o the venirches

>

the lungs i :_': =
ol iF -,

.‘ﬂ ;':

b=

g AL L

\ Mpocardium

arveriricular
sApLILIm

Trabmolis
G Mg

ANTERIDR VIEW
OF HEART CAYITIES

CIRCULATION THREUWGH
THE HEART:

CRVYBENATER BLEOGR C>
PEORYEENATED BLOBD>
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V. GAZRICVASEULAR SYSTEW o
CARPIAC CONBUETION SYSTEM & TG BCE

CN Use Bhee loe © and red tar O (1§ Begin with the conduclicon siysbem in tha
farge illusiration. {7)Color he waves of the ECO charl and Ihe comespanding
deawings |lstrating SmullEnecs avenis in tha hran The T wave roeves bl
e and red 85 il ruprgncnlﬁ'lhl! mtilEng of 1ha stna wilh oecxyganalad (nighi)
and coygemabed blood [lef). Be swe 1o color e large lallars a5 wol

o
CEONDUVLETIEN SYSTERWS «
SR (SIVOAUTFRIAL) WEBE-
INTERBWEORAL TREGT
AV (ATRIDVENTRICYLAR) WEDE:
AV BUNBDLEs = —F — %
PURKINIZE PLENRVS. Al — WA e LEFT
Confraction of cardiac muscles ocours withoui molor neres. Groups ; LB [ 2 ; :
aof speciatized muscle cells conduct slectrochemical impulses among AIGHT
{ha cardiac muscles Thesa calls constitule the cardiac conduction
sysiem. They are more excitahle than their candiac muscle courtar-
parts; hus hey are capable of controdling and synchronizng cargiac
muscie contractan o pemit the movemant of blood from atria o ven-
frickes amd oM ventncles o the palmanary trenk/ascending aorta yislve
The most axcilable colls of the sysiem are n the sincatral (54 node.
It iz callad tha "pacemakes” as il =e1s the pace {or rate) of impulse
conduction: the artificial rapitacemant for a diseassa, dysfurclional 54
node is also called the pacemaker. Impulses frevel the imlermodal achs
thraugh the atrial wal to the afrioveniricular (AV) node located in the
|ewer interatrial seplum, than thraugh the atriovenfricuiar fAV) bundle in
the interveniricular sepium 1o and thraugh the Puikinie plexls supply-
ing the vantricular walls, The B node fires aboul 45 imes 8 minule.
Esch oyola of impulise conduction infiales a sequence af enardinated
pumping actions by the hear cavilies. Gontraction of the ventricular
muscies constilutes the hear beat, e rae of which i3 mediated by
nerses ol The AuUlonomes mErvous S:I'EIEI“

orlkc sarmilunad
3 walkve

i A-N bicuspid
& vAlE

DEORYGENATED BLOOD: sy
PRYEENATED BLOCE> &

ELECTHCCARDICERAR
(E{CIGIER

@ WAVE

BRS WAVE (EeMFELER):

T BAavE:

The aotivity af 1he condiuction system generales electncal activity
aboul ihe heart, and fhis acivity (specifically vollags changes) can be
monitarad, assessed, and measured Dy eEctmcardiograph machings.
The recorded dala (vanous waves of varying voltage over timsj from
such machinee constituse the ectrocardiogram (ECG). To gain these
data, electodes are placed on A number ol body poinls on the skin
Wher fhe SA node lires, | cavses the baseling voltage to drop
{deputarize) over bath atria, and this is reflected in the ECG by an
upward defleation of the bassline voltaga (a line produced on an
peoiiinsoope or ana moving paper tape). This upward deflection is
calied the P wave, which cauges the right and lef atriat musculaiure o
comract The AV node takes aboul 0.1 second to excilé the AY bundle,
which then conducts fhe impulses 1o the Purkinge plexus. The slactrical
evenls hare conslilute he QRS complex of waves As a resull, the ven-
Iricles depotarize and the venlricular muscles confracl. The | wave
rapresents a penod of recovery of baseline vollage (repalarization)
following which the afria fill with blood fram the vena cavas and the
pulmanary veins, The ST eagment (s an aspecially important indicatar
of heart muscie tunction/ dysfunction in ceran elecirode canhgura-
tions. Theshape and directon of wave defleclion are dependsrt URpon .
ihe spatial refationship of ihe electrodes (leads) on the body surface @4 @ﬂ@l @n@'- @0@ v @0@4-
SECONES .
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COROVARY ARTERIGS & CARPIAC VEINS

G Use your brightesi colorms for A, D, and L (1 ) When eainming the araries
include [he braken lires whch repragent vessels on the postoron surtace of
the heart. (2100 1he same wilh the veing. (3} Color the artary in front of he
plEque in1he crcind view, color he vessa’ atter the plague & lightar shede
o iha same colar or do ol eolod @t all

Lat
A SIS
{Posteriar]
N

ANTERIOR
VIEW

CORBONARY ARTERIESS: | D
BIGHT CORONARY ARTERY : 2 =\
MUSCULARB BRAMSHI s .' =E/

MAREGINAL BRAMENs |
POSTERIORH IWTERVENTRICULAR  \_sumo
(PESCENDING) BRAMEGH: —3

aartic sinus

LEET CORONARY ARTERY: (ot |
ANTERIOR INTERVERNTRIGULAR /-
(BESCENDING) BHANGLH:
RUSCULAR BRAMEH:
CIRCYMELER BRANCHF

The coronary arfenes 10im an upside down coown (L covona)] about or jusl
deep io the surtace of the hearl The arleries jie in grooves of sulcl. cfien
covered over by the apicardivm and somatimes Ine myocardium as wall
Bath et and right arleries anse from small 0perings (aortc SiNUSes) just
above the two aoriic semiiunar vaive cusps Ganarally, e lell coranary
arlery iz somewhat larger than the right: the flow rate through the: left 15
grealer in most people than that theough the right during the camiac oyole
Thare may be considerable vanation in the anastomolic pattern of tha loh
and night arterial branches These branches terminale in mulliludes of
arerioies supplying Ihe vast capiary network among he muscle fibars
The apparent mulliple communications amang ihe lefl and right coronary
arleries notwithsiandmg, varying degrees of vascular insufficency oot
when thera is significant obstruction of one or both coranary arleries. There
1% some sxira-caoronary arteral supply 1o the hear fram the epicardial vas-
sals [branches of intemal thoracic aneries) and aortic vasa vasomnem

Pulmangry
artary

Leh

MYECARRIAL
IWEARGTION «

Ingutficient oxyganaticn {hypaxia) of the myocardium occurs with signifi-
antly reduced blood flow 1o the muscle (ischemia), often inducing sham
arushing chest pan (angina pactoris) Aboul T5% o more obstruction by
atherosclerctic plague (thrombi) can cause myocardal damage (myocardial
infarctian), Significant plague in the artery 1o the sinoatrial node (not shown)
can cause arrhvihmias in the cardiac eanduction system, aften necessaal-
ing the installation of &n anificial pacemaker in the ches!

CARPIAEC VEINSS -
GREAT CARDIAG Vae
MIDPLE CARBRIAG Wan
RDARGINAL Vor
ANTERBICR CARDIRAEG Vb
SMALL GABEPIATC Wer

CORONARY SINUS.

The cardiac vars iravel with ihe coranary arlenes, but incomalelely, Vasl
anastomases ol veins accur throughout the myocardium, most drain inioe the
right atrium by way of the coronary sinus. The anterior cardiae veins con-
duct blood directly into the right atfum, Other small veins may drain diracily
inta the right atrium as well. Some deap (artaricsinuscidal] veins drain
ditecily into the atria-and veniricles. Exiracandian venous dreairage can

also ocour through he vasa vasonum of the vena cavas
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V0, CARPICVASCYULAR SYSTEW -
RARTERIES OF THE HEADL & NEGHK

CM g rsd Ar A and dark o Diighl cobors for BLand L (1) RAAT deipa vassais (2 Do he same (o (e rluhl COinrme
Bagn with the brachiccephale (&) and the ngh subc'awian canotid (L) and iie branchee. (3] Color the amows pointing to
(B} &rg ts branches Color (he Broken ines which eprs- the four sites whers the ertenigl puiss may be palpaled

BRACHICCEPNALIG.

RIGHT SUBCLAVIAM- RIGHT COMDOR CAROTID.
INTERNIAL THOBRGIG: INTERNAL CARGTIDx
VERTECRAL: ORHITIIALICH
THYROCERVISAL THROMR. ERTERNAL CABOTID -
INEERIOR THYROID: SUPERICR THEYROID:
SUPRASCAPULAR: LINGUAL «
TRANSVERSE CERVICAL: FRCIAL
CESTRCERVICAL TRUNG: @EEIPITAL s
DEEP CERVICAL . ARER AR -
(IGCHEST INTERCOSTAL ALVECLAR BRANCHES:.
[ iy (a0 SYPov!
e e MIPPLE MEMIMGEAL
PESTERICR AVBICULAR
SYPEREFICIAL TEMPORBA «
TRAVSVERSE FAGIRLY

il gmﬂ \ The subclavian arery i the major source of biood 10 the upper
branch o, M | limity, and cantnbules vessels 1o e lateral and postenos neck and

i ! ! shoulder. On fha righ, the arlary springs from ihe brachincephalic;
on the lalt, the arlery comes dirsetly aff the aorlic arch as does the
common carotic {Plata 73). The verfebval artery dives deep into the
neck o find and enter the transverse foramen of the Gik cervical
veriabra It supphies vagsels 10 he spinal cord, brain slem, and cer-
ebellum, The thyocervical runk anses just meadial 1o the antenio
scalane muscle (see Flale 40] and immediately gives off itz
branchas, tha destinations of which are oivious by name, The
subclavian artery ends and the axillary artery begins al the lataral
bosder of the lirst rib

The comman caratic anely ascends the neck enshaalhad wilh the
internal jugular vein and vagus nerve (nof shown), Befween (he
hyoid bone and the upper thyraig Cil‘tltagi, thie arlary bifurcales
inlo interral and external carold arteres. The intemal carofid
passes into the skull, gives off the ophitnaimic arfery to the aroital
regon and joins the circulus arteriosus (Flate 70). The external
carcld arlery and Hs branches supply all of the visceral, musculo-
shebatal, and dental structuies of the weed and reck less e orain
and orbil. The external carotd divides inle maxillary and superficial
femporal arigvies. The maxillary artery is a major source of binod e
the deep skl cavities, the orbil, leeth, the musales of mastication,

o
.f"'-.

3

IE;I'lurlfillllll'l ah
of carolid — 1}
{ f

Ascording ; i
caracal 8 anda the dura mater (midahe mamningeal aiery),. Tha middle mean-
B, 3 ingzal artery on the dura mater immediately deep 1o the temparal
Pt et ' bone 3 a potential sile of rupture with a hard fall on ihe side of
i =t tha head (epidural hematoma)
J Jreat i.
q-‘,;..'..

Euparhosi -

| == '-""I
e
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Vi. CARDIOVASCULAR SVYSTEM
ARTERIES CF THE BRANN

CM Use red lor & @&nd dark or bright colors $for F and G, {1 ) Degn
wilh thie inbernac canctid (4] &nd related arieries. Calor afl ilesira
tipng imultanaously 35 you procoed through s iles. [2) 0o 1ha
same bor [ha variabral arfory and s branches

IMNTERBNAL GRABETIR -
ANTERICR CEREBRAL:
ANTERICR COMRIVMIGCETINGS «
MIDDLE CEHBEEBRAL:
PESTERHICR COMMYAICATING

70

Sea 60

VERTEEBBAL -
BASILARSs
CEREBELLA® (&)«
FESTERICH CEREGBR®L:
ANTERICR SPINAR

{Anterior)

Oefactory

Dipnc
chiasma

Lanticulosiriabe & A

Temporal lobs
[oul urfacs)

ﬂIHCUé-Ui Labyrinthineg a.
fCarcis ol Whlliz)
L " 5
(¥ EI:==I:|1- !
jeul surtece)
Splnal
oord

The paired internal carciid arferies pass up through the carolid canals
ol the tamporal bares, curve within e base ol the skl { patrous par).
fravel through the cavernous sinuses {cavernous part), anc divide into
the anferior and middle cerebral arferes st Bteral (o the cossing of
the optic nerves (cercbral pard) - Small lerticulosiriale artenes come off
the middle cerenral al right angles, supplying the baga! ganglia. These
“stroke areriges” ara commonly the ruptured vessels in infraceretral
hemaorrhage, oftén resulting in a1 least partial paralysis of tha limb mus-
clas on |he side of he body coniralaleral o the hemorrhage. Nole tha

(Antariar)

LATERAL BURFACE
[Lal hamisphens)

MErve :
) ! -
i L =
oL A y ™, e
1 % e 2 - r
» ] ¥ N = i [
— - _,‘ S }&‘
i 1 | e e
o’ IIF ':'J - 1 =R S _F.-" g
£ o e T e T
i ek .
e ot
- T
-ﬁ""' catoi A~ 'L:_J
.y Hypaghysis g
il L corvmon - g
1 W amtid a T
e AR j—
- i i o
. in = L subciavian & 5 F A
gN o H Supanes g -
;"""_#, cerebellar o ;h.l':é"—’— j_ﬁ :
3k -

Vik
cranial Fiefui

b AaiErege infes o
cergballar a

W Postanor inferioe
cargbalar m

VIEW FROM BELOW

araslomosis parmitling biood from the internal carolide 1o mo with thal

of the verlebials. Note how these vessels form an imegular vascular
cirgle (circulus arleniosue, circle of Willis). Thara & considerable vara-
fkars in the size of ibe commuricating vessels, casting some doubt on

he functional significance of these Mlerconnackons of Ihe artenal cir-
cle. Mote ine vessels semving the brain siem. You can see thal cersbral
hemorrhages usually irvobve the carctid system, while brain stem

intarcts relate o Ihe veriehral systam. Note thal & majar suppier of the
spinal sord lamenor sodaal ariery) comoes off tho vortebral arlsnos as well

Corpus
A EE T

MEDIAL SURFACE
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V. GARDICVASCULAR SYSUTE™M 4

ARTERIES & VEINS OF VPPER LIMB .
Lﬁ@ll—.@@ Comman Extarnal jugular v.

CM: Una resd o A (uncdar thi tille

catofid a
j@ 'FQ'H aries o bhog lor 1 (undier he
Clruitia ___.--"" Bl vEing ) ¥ou can mpsal coltr
P '_mm‘ o ’ ,h bul do not uee the same color for
Groar 2" ot JT' an griery and its corraspondng
Caraooid - = il vein, Golof the arlenal pukse pomd
process E Ly '|‘=.\ 3 arrows grey. Broken ines represen
# i -'\\I "5 't‘ veing on the posterior surfane
H-Jlr-erusl?g___ < F . 5

==

3;- The arterias here are major ones, beir mulliple branchings are not shown
io avoid visual congestion Although the basic arlerial route from the heart lo
AN the fingers |s incomplicatad, the existance of collateral rmoutas of flow should
g be appreciated. In the event of subclavian or axillary obstructon er ligation,
_____ I S blood can still fiow o the distal extremilies. The scapular anastomoses
I gt AL {from suprascapular and superlicial cervical branches of the subclavian
around the scapula o the subscapwlar branch of the axilary, seda Plale 689)
do provide an alternate means of getting blood 1o Ihe Erachial artery, Nole
Ine eallaleral routes abow the neck of Ihe humearus, the albow and the wist

| < ARTERIEGSS-
| BRACKHIOCEPHALIGH
| SUBCLAVIRM:

/"E) ASSILEARY:

| SUPERIOR THORAEGIG. |

THERACO-RECROMIAL & BRANCHES: | |

LATERAL FHORACIC i

SUBSCAPWLAR.

AN/ POST: CIRCUMFLER NYMERAL: |
N | BRAGHIAL: i
RAIAR)  PROFUNDA BBAGKI & BRANMGKH: (()

T SUPERIOR VLWAR COLLATERA. |

Nl INFERIOR VLNAR COLLATERAL. ||
. ’J | BABIA Ly : s

A BAPIAL BECUVRBEMT il
At | VLRAR.

e | AWE VLWAR RECULRBENT:

[ POST VLVAR BRECURRENT:
|/ COMMEN INTEROSSEOUSE
|/ SUPEREIGIAL PALMER ABEHs
| pEEs PabmEn Aken

B u
VEINMSE:~

o PERSAL DIGITAL: & NETWOREE .
[ ANTERIOR BASILIC:
dll | [Righi limb) @E}E@U@ﬁﬂ % @Eg E@WEEWEEC .
L | CERPMALIC, s ) /§|
MEBIAN GUBITAL: 17 4
BRACHMIAL: /§/\
RARILLARY : |/ g
SVBELAVIARN-
BRACHIQGCEPHALIG: |;

Thi veing of tha woper limb are quite varabie in their number and pattern, as are mast | gt

vaings. Thera are generally two sals af veins in the imbe: ceep and superficial, The despeat | '
faliow the arteries and are not shown In the anledior aspecl of the lorearm and lower anm. ¢ ¥

Thesa dasap veins offen travel in pairs [venae comitantes, not shown) The supericial vaing [. e

of the hard and !orearm (many observabla undar the skin) ae drained by e basilic and "

cephalic veins fhal ravel in the superficial fascia. The superficial veing of the elbow

ane frequant sies for Diood sampling and adminstration of INiFavenous medicaton

i
E

Recumer! .-
injarosaR0uE A °
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Ve CARPICUASCULAR SYSTEIM 72

ARTERIES OF THE LOWER LIME

O Use red for A& (1 )Work both views of [he lower imb i

simultanenusly, Color the parts ol 1he genicular arery '_E "_'}'lfr:,_. J |
(M) @3 || lorms @ pattam around the knes jainl. Also part J e |
ol thal anastomesis, bul nof o be calored, are (he i Wi ﬁ) n. il i
cumilea fibuliur and the anfeie libal recurront arbees A, | s \
(@1 The ook in 1ha poslencr vinw g planiar ilexed wih i ",i i 1
fhe sate showng (3)Color the thres palsation points ! "l ’

RIGHT CeMmiUEN ILIASs
INTERNAL ILIAG:
CBTURATOR:
SYPERIOR GLUTEAL.
INEERIOR CLYTERL -
EXTERNMAL ILIAC:

FEMORAL
FPROFUNMPA FEME@RIS:
PERFERATING ERANCHES.
MERIAL CIREUMFLER FEMORAL. |
LATERAL CIRCUMELER FEMORALL |
GEMNICULAR@

PEPLITEAL
 AWNTERIOR TIBIRLe ‘
" DERSALIS PEDRIS: i
ARCUATEx e A
DERSAL METATARSAL: g T
PERSAL PISITAL ;

POSTERIOR TIBIAL . i 1 Nt
™ ) PERDONEALY [ ull
{ | Imernsseaus mg@ﬂ@& @&&mﬁw
Y| = CATERAL PLANTARX
b PLAVTAR AREE |
PLANTAR METATARSAL:
! FPLANTAR BISITAL 1. \

Iflaid geetus |
membfana I|

f K =

Cinby 1he majos srieries are shown hare, The ariery of the thigh (fernaral l

l/ f; /v \ ]

|
AW ey
branches extensive. Male how the circumilex arfenes coniribute 10 the anas- ‘ Ll y i

| arievy) pierces the medial muscular compariment (adductor canal) to gain
| access (o the back of the knes and leg. Due to the considerable muscle
mass in the postanar thigh. the profunda femos artary is quile large and its

lomeosis aboul the hip (femoral bead and reck, hip joint). Tha ood supply (o [Beh Lateral W Y
the hip joinl ares can be compromised due o congenital ancmakes in the hig -' '_i:i i [/rafesius i I-_
angslomosss, as well 8s degeneralive and laumalic processes: Gravitational H - I, ,;-.-"
| and weightbeanng factors can be importanl medialors in hip joint pathology o
4 Tne genicutar arleries form a significant anastomohic patiern aboul the knas "% POSTERIOR
{ jaint, and can be an important sowce of blood Tow lo the knee and below Al \
with an nastruction of ihe popiieal arfery. The posteriar tibial and peroneal W e Y [Right limb)
arferes nan in a fescial compartment deep io the gastrocnamius and aoleus g
muscles. The amenor fitval arfery exiis ihe postenor By comoanmean hrough
the inlerossaous meambrane and descends on tha membrare’s anterier surface
.-T Fixcd i
= planizr
j P
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Vi CARPICVASBCULAR SYSTEM 3

Zpe 42 14T

ACRTA & PRANCRHES; INTERCOSTAL ARTERIES

CM Use red for A and wse Bghl, onghl colors for B, | 1 and L {1]When
COEgeEng the poabethar mercostial arlerias (K) wndsr the (horacic aoriic
RECTON, noionr all 1he ArlAfaE sean hoogh anly & fos are labalad (Zjin
tha abdoman, nole the locaten ol ihe inlanor phrenic, supraranal, mid
dia sacral, miarnal dise, and exiarnsl liss erarieas, none of which are bo
e colored Algo node (e nfedior vena cava {slippled) which echoes
thie shege of (N Andominal pesra

|. Esophagus.

RORTIC ARBEH - -.
COROMARY. S
BRACHIPEERHNALIC: 7
COMMEN CABOTIE: i
SUBELAVIAM: st S
U@?@@@ﬁ& m@m&@ﬂ@r .F-'BI:‘.‘EH?II'IE r
MUSCULO PHRENIG . -

{ Trachna et

&gt

< inlercoanl

lf

SUPERIORN ERICASTHIC: i LT I e
GESTOCERVICALTRYMI: sy Aoy =

CNCHEST IWTERCESTALy = il
m@m@ﬂ@ @@mﬁﬁ Jl:EéE:ml . T L
BREONEGHIAL : |

ESePRAGERAL ..

FPESTERICR INTERCOSTAL:

ABDEINMAL ACRTA (i
CELIAGC THRUMR. g
LEFT GASTRIC oy (
SPLEMIS ,
SOOI HNEPATIG
SVEERICR WESENTERIC: %
BENA(Ls -
TESTICULAR / @UARBIAM TR
LUMBAR:
(NFERIOR MESENTERIC
@@ﬁmﬁﬁ}@m D&ﬂ@@,__ bug:ﬂrznm:

The branchas of the aortic arch are unpaired except for ihe
coronary arlenes/sinuses The branchas of the thoracic dorta
are paired. Tha bronchial arferes supply the lung Hssues with |
oxygenaled blood. Branches of the abdominal aoria are usually iFaiar |
described as visceral and paretal The visceral arleries are vana |
bait single and paired; nole the vessels to tha gastromlestinal cava |
fracl are unpaired. Panatal branches al the abdominal aorta f
(iwmbar arienies) are segmental and bilateral, in registor with the |
segmental and bilateral postericr infercostats and subcostals of { | E -
the thoracic aorla ‘
There are 9 intercostal spaces anteriory (not shown), and 1 |
postarorty (due 10 the floating ribs 11 and 12, not shown ), These

speces are supplied by bolh anierior ard posterior infarcosfal |
artaries, The posierio intarcoslals for spaces 1 and 2 gre
branches of the highest (supreme, supenion) infercostal arlery
from the costoeandeal funk. The paslariar inlercostals for
spaces 2-1 come direclly off the thoracic aorta. The subcostal
arterias (nol shown) run inferory 1o the 12th rio, posterior 1o the
diaphragm. The paired lirs| lunbar aneriss (nol shosn) eave
Ihe abdominal aorta immediately below the diaphragm. The
anterior intercosatals arise fram tha el thoracio artery for
the first 8 ntercostal spaces; Ihen the ketler arfery bilurcates
Mo supenor epigasine and muscwiopfiranis branches. The
musculophrenic arlery supplies the ower 3 intercostal spaces

(Of body cavilia)
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V. CARDICUISCULAR SYSTEW o

ARTERIES TO CASTROINTESTINAL ==
& RELATED ORGANMS

CM: Uge red for A, and uee the same coos fa caliac (1] Bagin with the large (lustration. Mobe that the fwo

\runk (B, supenior mesenienc arlery (L} and infefiar pancrealicoductenad arlones (H, H') receve e sama f (&) A a .
mesenigric artery (G thal you used or those struclures  calar (21 GO e upper ilustration which summanzes ." = . ke
an Plale 73, whene they had differer] subscnpls i 33 sources ol blood Supply to e digeslive sysiem

Livnr _{"‘ o \ .' I_’T‘uuunramr.

@@m ?ﬁ“ Gal|

T Somich

CELIAC TRV : B =  Ser
m@@@?ﬂ'@g @@M@ﬁﬂf;{&@ﬁﬁfl}aﬂ@ﬁﬁ . u:::fuz o Smal

e Inasiie

BIGHT GRSTHIG

GCASTHRORYOBENAL: o -
. BRSTROEPIPLEIEF ‘{ -

L. BASTHREERIFLEIE: e+ T i
PAVECREATICODUCDENAL SUE: 1

CAVESTII G
LEFT BASTRIG.
g@&@wg@ 14 —__ DICESTIVE BLOOD SUPPLY

The cekac trunk, the hirel single wecaral arlery off The /./I'—
abdominal aoria 15 a very short vesse! that divides /
immediataly irla artaras o the [ver, sploen, and stom o
ach, Only 1ne major branches of thesa hree artenes are i
shown hare Note the anastomotic patlern ol areries 1o /

{he stomach. The blood supply to the pancreas can be

balter appreciated n Plats 123

i,

‘\\P‘ilﬁl:l Hith

= ﬁ,r iy — Py

g@@g@ﬂ@@ I;.'I':tmlur 78 i
MESENTERIGC. .
FPRANMNCREATIEE=
PY@REMAL (DMF)« ,
MIDBLE EOLICH e
ED@E}S? @@&G@m Pancress

Transverse

ILEG®>CERLIG o s
BRANCHES Ul SALL
(T ESTIWEF

The supernor mesanfernc arfary supplies most of the
emall imestine, head of the panoreas, cRoum, Bscanding
calon, and parl ol the transvarse colon. It travels n the
commaon mesantary Naotice the collaleral circulation
betwesn the celiac and superkor masanieric areres in
thiz curve af (ke ducdenum. The superor and Infenor
mesenienc arfen=s also interconnect wa a marginal
artary thal runs aleng 1he lenglh of the lerge inestine and
is fag by both thase arteries. The arieries to the ibaum/
jeunum [cul shorl) run in ke common mesantery.

E: ] Pariotal 4
|- pErtonouET W
- B

/ / Sigrmanid ., "
L. mesocaion

Agcending

DEEREIOR -
MESENTERIC: ") AL
LEFT COLIG- ) 4
@D@m@ D@ @@@Qﬂ @Gﬂ@@ 5 M?wu: |:1g.r.rfnl
SUPERICH RECTAL e

The intarior masentarc rfery supplies [he Ensverse sligmoid mesacalon " §
colon down o the reclum, 15 branches e, for the most Imerngl .jl
part, behind the parsoneum (retroperioneal); ihe vessals pudpndaiae iy

R oy —

b T I? Ractum
m"* b |
el -

l.. Il_! ":“.: .,I' ] - !_-
_

Fy { -
‘{ Lk _ = _,.;___,_...xﬂ-__&nrnmd

colan

he 31 colon run in the sigmaoid masacolon. Nate Middlo =~ By =

to the sigmoid colon run in the sigmaid motate 13 i ANTERIOR VIEW
{he anasiomozes Detween branches of the supeior recial \ : {Diagrammatic|
arlery and those of the middle and inferiar rectal artarias It -]

recial &
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V. CARPICVASCULAR STSTE 75

?@@ﬂ’@@ @[E' F’M{E [E’IE{LE!?U@' & @@[ﬁﬂﬁg@m S 44, 45, §9, 72

Middle
sacial 6

CHI Lise a bgh calar for &, |1 §Calor the medial vews of both paives simud-
ranaousky Oy thin diggnsinnn of reproduciive organs and [helr vessels vares fnarts
In tharge b views. (21Calor beth halves of Ihe digsected parnaum soan Insm
betow The nemas of the male wass0ls can o sean in the medial viow

A. eomman _

m‘yn@g x llae &
INTEDBVAL ILIAE
POSTERIOR TRV oy
1L0@ LURIBAR: o\
SPERIOE CLUTELL. e
LATERAL SACRAL: i, T 5
ANTERIOR TRVRIGE Lo N
UREBILICEL (FETAL: \
SUE VESICAL /B0 T0 VAS BEE.-
ﬂ@%%ﬂﬂ%%%m@ﬂ@@& Elu::::f’ = "h_ N BTN coersann
Jd - - e PR V|
FERLE RECTAL, bowme [ AP i P
INEEEICE GLUTEAL, oenns {1

The iriterial fae arlery supplies the pelvis and paringum, wih some col-
aterals rom the inlerion mesanteric and femoral arlenas, lis ranches are
usually organized inlo postaror (parialal) and antefior (visceral) divisions

==
MALE PELVIS
{Modified medial view, right sade)

Grealst |
scialic
foraman

' vascular pattern here s varable; the ona shown i characlerisbc, sorotal a [ .
Froem the: postenar frunk, the supenor glitesl passes thicugh the grealar s '
saiatic foramen above pirdormis The infarior gluteal and pudende! urg':g,'.l *
arigries, from e antenior trunk, depar ihe pelves Brough the lesser 8oi- liec

Brench

als loramen below prilormis Proxdimal 19 e formalion of these lallsr two
vegsals, the anienicr irunk of the internal ilkac gIves off four branchae n
Death rrabe and bernale e lirst s he suipecsr vesical (arising from tha
proximal part of (he fetal umbilical arlery, when the umbilical cord s cut,
the cisial pan ol tha argary almphlus. larmy ng the medial umbilical |Igﬂ-

manl fhe remainirg umbilical artery becomes the superior vesical arlery, Merdia)

=UpDlYing [he uppes tadoer and dustus defarans), The secand is the i e dl

edlwator artsry (o the medial 1nigh region. The thind is the wierine arfery, i i '.; (74

in the male, it is the mierior vesical arleny The vaginal artery comas off T B - |
Ihe uferine arlany. The arleries io the prostate and seminal vesicles (not 1 by e '

shown) come oft the wmienor vesical Tha fourlh s the midole recta), i Lk

| : Liarus
FEMALE PELVIS
[Modified madial view, right sida]
Pt
Pemnaal = A
. PERINEUWS »
lschiarectal 7 1 CURERNEEL m
ooEm._

U [ﬁﬂ@@ﬂ: i ;’@ﬁ}@ﬁﬂ}@&f ESy
INFERIDR RESTRLo

Q| The extarnal garital strustures are supplied by the infermal pudenda

arferies which pass (nrough the pudendal (tasc-al) canal alongside

the inferiar pubic ramus. Tha arleries (and narves of 1he same namsa)
Gidsus N : enter the perineum just medial 1o tha ischial tubarosities. The perinesl

frasEmILE m d - arferies are sgnitican! in thal they provide the vascular basis for

o SO i e erection of the penis and ciftoris m sexual stimulation

(Male) PERINEUM (Famala)
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V. CABDIOVASCYLAR SYSTEM
REVIEW OF PRINCIPAL ARTERIES

CH Usered for A Usng ihe precetng pleles as reference where necessary. and ars
reading e hext or thie plate. color each arlely dertified by SUBSCrOT BNG Wrla e nema !

,,

in thai codar in the appropriale space & ekl (| you are using peng with tpe too broad 1o
parmi iegible writing, write the name of the artery In pencl and circle the subscript rext
o IF vl Thee reiehed color

R hosary 7 ine BACK Ol e Lok e Srdwers

m 00 | e

ZEF®RE=TXT O

& [~ {50 BN i B3 O = | |

GRIElE™

Onty the magar arteries clearty viaible trom the antenor aspect are shown on this
plate. The arlerios an duplicated in the limbs Dot not elsewhere. The metacanpsl
arteries, ihe plantar metatarsal end plantar digital artedes of 1he foot are nol shown

Thears is one pas of anastomolic vesseks shown here that may be unfamiliar to
you. note the internal iharacic arfery bifuncalas INlo ke muscufapfvenic anfary
and the more medial superficial epigasiiic arfery. This latier vessel descends in
the sheath of the rectus abdominis muscle to anaslomose wilh (R infaror ep-
gaslic artery, a branch of the external llac artery. This collateral path from the
heart |indirectly) to the lowear limb represents an impartant allernzate roube for
biood in the evert of a sefousty abstrucling aorfic Aneurysm
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V. CARPIGVASCULAR SYSTER

VEIWS OF THE HEAR & WECH

CM: ot the coder of Hlkes and their indentations. We begin with
lite= of fribulanes, indanting 1hem aboue The vein with which ey
menge ar jgin This onded o o the dirsoton of flow. It will hold lor al
pates o the vainz. Use ighler colors for he sinuaea (A-K), repre-
sented i ihe el view by broken fines. (1) Begin with the senous
pinusas When ooloning 1na fals and ienlonum gray. color ighily
o the vassels conlained wilhin (A, B, D, and E) Do not color the
suparipr cermbral vens which join the superior sagdtal smus (A}
Tnea ocaiptal sinus (K) s shown anly in the laleral vew

Supanar
carabral v
s (Hricging v

uguler
T Tomame

Conlisenco  E
of Binuses

VEINS ©F
HEADR & WEGHK S«

PrEETYEEaID PLERUS.
RORIB0LLAR P
FHETHOMANEPIEBULAR
SURPERFICIAL TERIFORAL.
PESTERICR AURICULRR
ANTERICEK SUBYULAR -
EXTERNMAL JUBULAR

ANEVLAR s

DEEP FACIAL
FREIALY
LINBEUAL
SUPERIOR THVREID w
MIPELE THYRE@ID «
IWNTERWAL JVSVLAR
PEER CERVICAL =
VERTEBRBAL 1
RIGHT SUBECLEVIARN =
RIGHT BRACHIQEEFPHALIE

The iniernal jugiiar weins ara the principal vesseals draining the venous sinuses;

gngular vains (draining the superfor ophthalmic wains) and the plerygoid plex-
w5es assist The iributaries of the intemal/exfarmal wgular veins gre varable
Thiz nternal jugular vain frevels with tha commaon/infernal aarotid arteras and

Ini vagus nensa, while the external lugular vein can often be seen in the super-

ficial tascia al the side ol the neck

7

e 20, 142 143

SINUSES OF

DURE METER: -

SUPERIOR SABITTAL SINUS
IWFERICR SAGITTAL SINUS:
CREAT CEREBRAL V-

STRAIGHNT SINUS,

TRANSVERSE SINUS:

SIGMEID SINUS-

SVPERIOR CEATHALMIE 12
CAVERNOUS SINUS
SYPERICH PEFEOSAL SINUS
INEERIOR PETROSAL SINUS.

EEEIRPITAL SINVS

This vains draining the brain are tributaries of large vanoue channals (cranial
dural venous sinuses) in the dura males. The external cerebral {"bridgirg”)
vaing drain tha cerabral surface and marge with the superior sagilial sSinus
They are krown 1o rupiure when sxcessive inartisl loads are imposed on (he
brain {subdural hematama). Two indernal carebral veins form the graat care-
bral vein, these drain the desper hemispheres [subcortical areas). Tha con-
fueace of merging sinuses (occipifal straghl, ard supefior sagiltal) is vari-
able. Tha cavernous sius offers signiicant collateral drainage of blocd from
the brain. Other collalenal veins include the diplosc and emissarry wens
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Y. CARPICVASCULAR SYSTIEM (2 ) 78

CAVAL & AZVYGCEOS SYSTEMS e )

CM: Usi blua for the suparior and inforior vonag

cavaa [H. H| Note thal g large segmen of the ——
Isiter has been delated 1o "eveal the ATYQOR vein o ; s “*._\ "?-T\?.
[N). Lima gl aolong for the el poEienor inbsr. (10N r * po, 1) 1
castal (D) and internal tharacic (F) vains, both I\-.H 0 l\_ / k\\__/'. |._]'_', ‘I !
of which drain into the trachocephalc m_,__-'l = : \.I I_H_ ._T__.--1 Lj—’
= \-[ j o \ E i -‘I"I;;:;"uﬁge
SUPERIOR VEVA S AL ¢
@&Q?m m&a‘ | A " E j.(\ F A i Thyrold
s &IHHHI‘L 2 el ij T gland
SOPERICR TAVEROIB A juguar- L 1“}

MIPBLE THYROD. - i
INTERNMNAL JOGVLER-. subokvian ¢
187 POSTERIOR INTERCOSTAL ; ~—
IWEEHICR THYROID:
INTERWAL THOREEIE- _
R & L. ERACKIOCELHALICS P
SUPECRICR VEWR CARAVA: el A
AZYBCS e
SYSTERS e T S
POSTERIOR INTERCOSTALy |
SUPERIOR IWTERGCOSTAL: |
WRBAR. | e
ASCENDING LYMEBRR: =
HEMIDZVEOS (ACCESSORY. |
HEMIAZETEBOS v 2 | =
ABY®OS. | KL

IWFERICR VEWA I\
SYSTES s oo LA
CoMmeny ILIREG, Citedssl | pillz
TESTICULAR /@VARIARN - Phesnic v 1 By
REMAL: | %7
E’Eﬂ@mm@ R Sf.mramnal- W
INFERICR VENA CRVA:

Tha superior vena cava drans the head neck, and upper limba. In
addbon, it drains the inercosial and lumbar regons By way ol a
remarkabile bul imegdar and variable collection of veins called the
arygos system In conjunclion wih the veins of the verlebral canal
{veriebral varmous plexus, nol shown), the azygos system (ezvgos.
ACCessory Nemazygoes, and hemazygos vens| provides a8 means of
returming blood 1o the heard rom the lower limb and trunk (o the event
of oostiuchon of the inlenor vena cava '|
Tha arvgos and hemiazygos vesng are derved from the merging of the e = [}
ascending iumbar and subcostal veing The anterior intercostal waing Ilﬂ. \ Iy '__ o P r;'
{rol shown | dran inlo the internal thoreois veins. Tha infarior vona lll-. 3 |||:||; W, A __./
caval [and avons) Syetams have no major tribuaras draining the gas- f
tronbestiral iract, gall biacder, and pancreas, These viacera have hair
own venous (portal) system (see Plate BO). Howevar, nota that the liver
16 drained by fepaic veins info the irfaror vena cava (IMC) just balow
the diaphragm. The renal veins antar the vena cava al nghl angles;
nale that the lafl lesiculan/ovardan veins merge with ihe lell ranal

i,,/ [
S S ,.,.H
wain and thal such I8 nol tha cass on the nght = HH_ o
( mn;mun -

[0 body cavities)

& IFibarnal
Famrs ¥ o iiac v

==
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V. CARPIOVASCULAR SYSTEM
VEINS OF THE LOWER LIMES

L. gurvnon
lEeE &

3" DEEPR VEINSS.

h

e
| Inguinal 1 oy
|I'P|'|.I'I'IEI""| ¥ e

) MEDoc / LAT: PLANTAR
A POSTERIOR TIBIAL:
' pomsAL.
S ANTERIOR TIBIAL-
{| PORPLITEAL-:

PROFUNBA FEMORIS:
FEMEERAL
ERTERMAL DLIAE «

TURATOR
(W TERNMAL OLIACH
BIGHT COMMEON (LIRS o
IWFERICR VENA GAVA -

SUPERFICIAL VEINS::

DERSAL VENOUS ARGCH:R
LATERAL MARGIMMAL:
MERIAL MAKBEIMAL
CREAT SAPHNENOUS.
SMALL SAPHENCVS.

The flow of blood in the deap vains of the lowear imb is gan-
erally an uphill cowrse, In concernt with gravity, prolongoed
horizontal positicning of the fegs (ard ofher condions) can
result in slowed low (stasis) in the deep vens resulling in
vienous distention and mflammation (phiebitis]. Formatan of
clois in these wems (Ihrombophlebitis, deep vair thrembogis)
can resull in clatted fragments being raleased into the cir-
culation (ambol) Thase embali continee up the venous
palhway of ever-increasing size, easily pass inlo the nighl
heart, and are pumped into he progressively smaller vessels
ol e lung and becoma sluck (pulmonary embelism)

While deep veins generally follow the arleries (verae comi-
tarias), superical vaing do nol They ravel with culanaous
nerves in e supericial fascia and many are easily visual-
izad in the limba The blood in thess long veins has 10 ovar-

Medial
s i

ANTERIOR [ come gravity for & considerable distarce, and their valves
VIEW often come under waightbearing stress. Happily, there exisl
[Dioraum | a number of communicating vessels (perlor@ting veins, o
of faa) AT periorators, nat shown ) between supariicial and desp vairs,
Lateral ') parmittng runatt info the deep veins, significanity oftsetting
malleolus | the affect of incompetent valves, Incompatent valves lead to

pogting o blood and swelling in the lower suparicial veins,
with polensial inflammation In the chronic cardition, the
saphanous veins and their tributaries can DRCOME pEMME-
nently determed and dystunctional {vancosities)

GN: Use blue for P and bght calors fer A O, this deap veing. Use dark colors for
e suparfcigl vans 13-, (1)Begin with the deop veans and work bath viaws

simullanaausly |2)After compiating the supedicial veins. color the s ones in
aach of te emall ilgstrations. but nol the ing lines represanting thee (nhutanas

PLANTAR RIGITAL:/METATARSAL A
PEER PLANUAR YEWCOUS ARCH:

LAT+ (MER: CIRCUMFLER FEMERALY

SUPERBICE./INFERICER GLUTEAL .

DIGITAL:) WETATARSAL «

| / l IFbutaries ."-,l
Tl ,_.Isrdafr:rihw; I'I
II f |I -.I' i

Greal
saphsnous
vEin

@i

| Medial
Q- mateuius

Lateral
mallasiys

WU poSTERIOR
’ VIEW

\, (Foat in planter

A {Bexizn)

caphenoug vain
and tributaras
(poetariar bea)
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V0. CARBDIOVASEULAR SYSTEW .

NEPATIC PORTAL SYSTEW

CH Uees bloe for | and @ dark codor for J (1 1Color 1ha weing dreining the inteshines, paronegs,
gall badeer, ard spiaan, Mole that ihere are bath isft and right gasiro-egipioio {0, 0) and
gastric (3, G') veins Color the darkly aulined directional ermews adjasent 1o blood vessals
e £odar ol na bieod vessal (2§ Aler coloring the derior vena cava, iis htaries, B Inbu-
tarias of the suparnor vena cava, and directhinnal aifows gray. color e thres arge ardws
identiying anastemotic siles [noiude the sEophages! veing passng posteriar o M bilart)

HERATIC PORTAL SYSTEMS -

SUPERICR RECTALL A
IWEERICRE MESENTERIG -

PRANCRERUIES «

b BRASTRE-EFIFLAIE o

SPLEWNIC:

B BASTRE-ERPIPLOIG
SUPERICR MESEMTERICF

R BASTRIC:
g SIHCE
PORTAL:

HEPATIC Vo & TRIBUTARIES.
IR0 VENR GAVA «/ TRIBUTARY

S, VENE CRYA/ TRIE+*

ANASTOMOSES SITE

L

Organs of iha gasiroimestinal tract, the nall biadder,
pancreas. And spleen are drained by tricutaries of the
hepatic portal vein, Within the (ivar, pranchas of thig vain
{like those of an artery) discharge blood into Gapllares
(sinusokds| surrcunded Dy liver cells. Thess cefls remove
dpesied [molecular) ipids, carbonydrales, amino acios
witmrmins, incn, elc. from the sinusoids and store tham,
alter thair siructure, and for distribute them 1o the body
fissues (and in the case of unneceasary moleculos of
degraded remaing of [owc substances, the kKidneys)

The: disiribullon process beging with the selactive releass
of molecular sizbstances fram the liver cells into the small
irbiaries of the three hepalic veins. The hapalic vains
join the infericr vena cava (IVC) immedalely below the
diaphragm

The parial sysiem of vains is so-called becausa |t rans-
port's nutrients and ofher moleculas fram the first capil-
lary natwark in ihe nestnes directly o the second
capillary network (smuzoids) of the liver (without geing
through the heart first). Consaquently, Hood in the porial
system passes (hraugh two capillary nelwarks instead

ol ore

n cortain diseases of the liver, tha formabion of scar
timswe hlocks How heough the sinuscids. As & resull
Bload beging to bacs up in the porial sysiem. In e
ohranic condition, the veins enlarge significantly The
alood, soeking the patn of least resistance, finds colal-
aral roules to the heart, enlarping fhem (varices) These
roules {nated by efrows hers) ooour by way of anas-
|omoses betwean vans of fhe portal systam and veins of
ihe Infetkar caval, supetor caval, azygos, and varlebral
vanous syslems. Other anasiomoses exist Wi & mumoer
of redroperitonaal veins and the umbilical vain [nol
shown] Ir he [aner vassel, irmegular vancose vains

can appear on ke suffaca of the abdominel wall (caput
Medusae, see glosgary)

HEART

-

GALL
WLADDER

Ascending
colon
i

: b~
5 1 DiEssEnding
et A el g
T ;

i 7 LARGE
S NTESTINE

Middis Sgmok

reClal v colon

Inferior g
racial v

ANTERIOR VIEW
{Diagrammatic)
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V. GARPICOVASEULAR SYSTEM
REVIEW PRINGIPAL VEINS

CN: Use tlue for the eupption and inlens: venaa  ward {3) The supericial veing of the [imbs are dis-
cavas [K and ') (1 )Using preceding plotes of  played on the ligure's ght aida, ihe desp vains.an
Ihe vanous sysiem fof relarence, color sach ine jeft sime On tha right. ihe broken lines represeani
vain and write its name © (ke appropriate iet- superficinl vens on the postersar sade. 10 BOR e

teerd numbered space with the saMe colors, Or and lawer limbs, the palmar/plantar wens ame

wrilis it i el [mob pEn—you may change youl  drained by deep veins, (4)Nole in the thorax, the
mind!) and circle the letiar/numbear with the A¥EIAMIC waing ara shown only on b Fgune’s g
colof used for ine vassal, (2)Mote thal the Figura  sida, The inberral IRoraoic and anlendn intercisel

I in thie anglomecal poslion, palms ‘acing lor- vaing ara nat shown

S RSy I (T b o e ook Ao Swars

= e = T 5} [T G (0 (B

wRig < S|-O MDD MOEZ EF

| =&

2

61 R =

it .
=

TR Wl

Vieins are exiramely variable in size and Iocation, Phiebotomists know thal only
too walll Deep veins run with aneres of the same rame (though the direction of
ficw is opposite); ir the limbs, the veins are often paited (venae comilantes).
Super!ic@l wins havs no companion areriss (our evolulionary progression
would have baen severaly shartened it this wera not 50) they do ftend 1o ravel
with culaneous neneas, In reviaw, it should be clear thal artenes have branches
portal veins have branches, but all ather veins have Inoulanes

Mole the intemal thorzcic vain and its ribulanes ase not llustreted. Note tha
thaoracospigashic vein (P} betwean the laleral thoracic vein (trioutary of the axii-
lary vein| and the superficial epigasinc vein {tibutary of the temoral vein), 1z a
significant roule of collateral tiow ler bicod refurning 10 The Rear from ine [ower
limb i the presance of an obstructed infarior vana cava.

FETRERELLE s e

.;ai‘ﬂ"’”:”a

-

=
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Vi. CARBRICVASCULAR SYSTEWW

FETAL CIRCULATION

PLACENTA A
ERVYEENATED BLOCR T

LABILIGAL VEIN =
PUCTUE VENOSUS

PDECRYGENATERD BLOEE e

DECK: & @K BLEED e
FRRAMER BYALE-
PUGTVS ARTERICOSUS:
WMBILIEAL ARTERY =

The fetus in the ulerus doss nol Dreatre air its lUngs are daflated. This
plate reveals how the fetus pgets oxygerated bicod 10 13 gystem {in the
absence ol brealhing air) and gets deosygenafed biood oul of the body

The placenta (numeral 1) is an argan in the Weres of a pragnant
woman thal provides gasecus and nulritional support for he fetis
The placenta communicates wilh 1he fetus by an umbilical cord (2),

The vessel taking mxygenoied blood from the placenta 10 1he felus is

he umbiical vein (2) which runs to the unclesside of The fiver (3) 1o join
the portal vein. Here the oxygen-rich Slood of the farmer s mixed with

ihe deckygenaled olood of (he laler A vein sxisting only 0 the fetus
{riur:ius venosug) diverts the blood directly to the hepatic vein bypass-

img the livar sinusoids, The mixea Dleod then enters the inferion veana

cava 10 1ha right hean The binod is direcied (o the kefl (syslemic) side

ol the hear by two means: an opening in the interatnal wall (foramen
cvale: 4) and a shor vessal batween (he pulmanary trun and the
gescending part of the aorbe arch (duclus arteriosus, 5). Only a frac

tion of mixed biood gets pumped fo ke nar-functioning {but fiving)

lungs. The mixed blood lesves the hearl via lhe aorla (8) 1o reach the
body tissues. The axygen-carrying capacty of felal hamoglobin is par
ticularly great in comparison with that of ihe adut, the tefal lissues get
sullicient aoxygenation fram mixed biood (o permil remarkably rapid growih
Paired uymivical arieres, ansng from the ntarnal iliacs, retum [he deagy-
penated blaod fram the f8lus (o the umbiical cord and placenta. After
birn, due to atered hamodynam-c pattermns asscoiabed wilh boaall |in|;|.

iha circulation in the fatal umbilical vessais and ducts of 1he newbom
dimmish significantly and Ihe vessels soon thrombose, The umbilical

veln alrophiag (o pecome (he igamentum teres in the falciferm ligamant
(P, 106); the umbslical arteries become the madial umbdlizal Igamants

{Pl. 754, the ductus vanasus bacames the ligamentum vanasum; revised
cirguistion 12 the jungs induces closure of the foramen ovale: flow
{rcugh the fuchus arerosus trickles down, Ihe vessel closes, and
hecomes a ligamentous strand (ligamentum arlenosum; Pl 56)

Branetes of
v arfery ‘*‘V

Bao &5, 75, 108

CN Use red tar 8 {oxygenaled bibod, representad by & doftad armow) and
B [umbibeal vein), Lisa blue for O (deoxygenabed blood, regreseniod by a
lighd-linad arrow). Usa purple lor b (mixed cecxygenated and oxygenaled
blood, reprazenied by a dab-ined arraw) and E' [umbikeal artery) Use
oright colors for ©, Fand G, [1)Color the placena and 1ha lango rember 1
45 wel a5 1ha sniprgen reciangular porton of (he placents magndiod fo
ahow oapiliasy exchange belween fetal End malermal vissela (2 Color the
large rumbets whils calerng rolaled structures and biood Bow amows

{31 ol tha plasanin and components ¢ the umbdlicel cord in the uierus

al lowed |efl.

_i. Carbon dloxida
' & wasie products

Capdiary axchargs ol substanoes
neEnurs n pliEcenta, wihout gy mixing
al maternal and latal blood

\
\

\
/

/

FETAL
CIRCULATION
{Diagrarmmatic)

[ ]

T Descanding
| AOHA

Fepalc

T portl wesn
f

C A "II
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Vil LYMCHATIC SYSTEM S W il

LYMPHATIC PRAINAGE g

. indarnal B

5 LYHPNOCYTE CIPCULATION
-‘

Bubclavian
trunk

Che Use blus for H, red for |, purple tar L and grean lor M, {1 Colar over the light . f{é’ﬂi’.‘ﬁa.
lines representing panphzral isuperficial) ymph vessels (Al (2) Color 2ach large F.subclavian v . frank
slap numaral in the disgram oelow wih the resiad ties, inthe botiom dsgremn, do Superor J r ’ _ 5 g

nal colar the lpmphocytos Sireulating 7 and belwean e binod and iymph capdiaries yena Rave. ( ! iy }L\'.,'

SUPERFICIAL PRAINACES R e ; L a
@B{}E@@& LR VESSELS: “ - il =2 3

@@F’B s APS0LLA T e b
éi:}&’ @@@%B anea dreined Lﬂf (
Wm mea. |
LWYRMPHATIE TRUN |
CYSTERGNE CHYLIo b
THORAGIC PUET: g
BIGHT LYMIEN DUCT: { |

The biody Is about 60% fuid (by volume), filling cells, vessels, and spaces i
Flukd requires circulation. Same of the fiuid of the biood, as well as some [
lymphocytas, leavs the carculalory system and amar tha lissue spaces | II|' ]
Some of thig fuid, ipeds, and lymohocytes (lymph), are recovered by (hin- I
wallad vessels (lymphatic capiiaries) thal form in ihe loose connective \ J'J R
lissue spaces, Untke the closed-loop biood capdiary netwarks, thesa tiny | . l.-' [
vessels are closed al are end. They merge 16 farm progressively larger | [ ,'
lymphatic vessels thal dran inlo large veins in the reck. Thesea vassels [ | / ]
constiute ihe ymphatic system: Cerlain pmphalic vwessels anter and [ | (j-f £ PN [ |
Ieave lymph-filtering stations called lymph nodes | 11 AR T‘ i [ 4|
Region-draining fymoh trunks converge info & dilaled lymph sac [eysherma A SUPERFICIAL mn DEEP
chyli] lying deep lo the abdammal aorta on the first lumba: vertebra. The LYMPHATIC DRAINAGE

thoracic duct begins at 1he upper end of the sac, ascends Ihe anteror

surface ol the vertebral column, and drans inkg the (et subciavian vain &t Superion

its junetion with the intemal jugular vein. The right Jyrmeh duct termingtes vana cava Thoisa @E Eftarani

simikarty on the opposile side. It drains he dolled area, ,P__ _j’“f' b ’ 'rl""FI"IEII:{
- - il R

G B B i M o REENED . ENAEEN
o - £ B el = -

LYPHOCYTE S ER'ECan Al
CIRCULATIONS « e s o
CENERATIVE CRGEAMs ~4) f 2\ s ]
VENOUS BLOGD - \ |/ Ry M. 32 £
ERTEHIAL BLEED: | =
LYPHEIR TISSUE Bane i R - & ed
PERIEHERAL TISSUE e I s.82
CACILLARY WETWOR. e (220 A =2
LYREH VESSELS 2= il /
LYMPH WEODE v = — LI, BT

. SCHEME OF "
Lw,'ml::hut:',.-r.ea are one of the principal cells of the immune system. The L?MPHGC'I'I';'E CIRCULATION :;.I_Ir:;zaﬂw:
circuiation schems reveals the primary pathway for the dissemination A N i wessel
of lymphocyles rom their generaive organs (bore maraw, thymus) ino e f' e e Heripharnl
the lymphoid fssues and organs as woll as organs and lissues in general and b i o st tissue cel
(permpheral lssues) Such a circulalion patlern pravides for masmum . *
exposute of lymahocyies o microcrganisms and subsequen! bady = (2 &
delense operations (IMMUne responses) :
Forrmed and devalopac im the bons marrow and thymss (1), lymphocytes i

Ileave with the vemous blood to anter tha ciroulaton. By way of artanial
bicod (2], lymphocytes enler the capiiary nefworks of the lympholg
tissues {3) and other paripheral tisswes (4), The lymphocyles may remain
in or magrate from the lymphoid organs/ peripheral isswes, entering blocd
capillaries or lymph vessels. From lymph Capiltarias, the lymphocyles fhow

wiln Iha lymgh tiuid inlo regional lymph nodes (5) Here they may Decome < ) - e 1
resident or they may depart the node and merge with ather lymph vessals '-lﬂr-ou-; e o '_ ,._a:,__ i IT-,E:;E

1o jmin the lymah ducts (8) thal connect with the biaod cirgulalory systam end | = AT e 2 'q. =| sapiar
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CH. Use green for O, the same cobars fof bona marrow (A} and thymus (B used
on Piate B3 and wery Sghl coiors for H-L. (11 The struciures cepecling mucosal
pusoeiated lymphoid issue (E) are genaraliralions, more BCCUMENe nepresantElions
par be seen on Plate B (2| Tha e lymphotyla 1ypes hove identiying latleis
diawn imo their nucks Color over the entira cedl m all casas

PRIMENRY 8
BOME MARRONWY 4
TPHYMUS -

The lymphoid eystem is the anatomical component of the immune syglem,
and funciians in defense agains MICroorganisms antarng the body as
well a5 the desiruction of calle ar call parts no longer recognizable a5
“smil.” Lymphoid tissues and organs Rre predamirantly collections of ym-
phocyles and related cells (see below) often supported by a mashwork of
rofaular fibers and cells

The red bons marrow and thymus are primary lymphoid orgars. The bors
marrow conkains ke precuraars of all lymphocytes and disbursas ympho-
oyles into the croulation. || consists largely of greal vanelies of binod cells
in various E1ages af maluration, phagocyles. elicular calls and fibers, and
fal cells. Some of ihe lymohocyies malura and unoargo structural and
Bigshemical revison (diferenteation) in ihe bone mamow 1o becoms B
ymphocytes. Some undilletenlialed lymphocyles migrate vie the biood 1o
the hymus o beoome T ymphocytes batome re-antenng the circuiation
Oihigrs oecorma large lymphocyles, enler the circulation, and migrate Io
secondary lymahoid organs

The thymies ks located in the supenior and anteror (inferior) medisslingm
Il receives uncommilled lymphocylas from the bone marrow The fiymus
is ctively sngaged in T lymphooyle prallem@ton and diferentialion durng
embiryonic and fetal lila as well as the firsl decads of exirauterine fife. The
thymus bages 16 undergo deganeeation |maoiution) aller puberly

SEEOMPARY 8% i
SPLEEN - CELALSS+ e
LYPH WEDE » & P HEOEYTEH
MYEESAL ASSOCIATED PLASME CELL:
LY7MmEMOID TISSVE LALIR: TALYMEMOCYTE.
TONSILST / ABENEIEDS - LARGE LAMCHEOEYTE «
LEPERDIE: EHABOCYTEL

Becondary ymphoid organs sre siruclures predominantly populated by Activated B lyrmphocyles (B, bone marrow-derved) diffar-
mphacytes thal megrated lrom the prmary lymphaid organs. The sirc- enfiate along spacific lines, ena of which 15 the 1rans-

fural arrangement of these organs ranges Irom encapsulated, complex formation into plasime cals Both cells secrele profen
siruciures, (ke the spiesn and fpmph nodes, fo a diffuse dispesition of malecules, called antibodies, into the lissus luids, Anli-
mphocyles throughout the loase conneative lissues (MUSosSE associ- bodies imeract with and snhance ihe dastruction of

mled ymohoid lissus). Thase secondary organs reapresent salellile sies elarments 1hal induced thair activalion and synthees.

lar lymphocylic activation whan challanged by antigens. The spleen pro- Such elements are caled anfigens. The larm antigen s
cesses inoaming binog. 118 wmphocyies and phagocytes rmact rapidly 1o resiricted bo those elemants (malecules; oells. micro-

the presence of migroorganisms and aged red blood corpuscles. Lymph organiama) that induce aclivation of lymphocyles (immuns
nodes sorean lymph from incoming (atferamt) ymphatic vessels, much in respansa). T mphocyies (T, thymus-derived) differantiate,
the same manner as the spleen procasses Slood Ofuse ana nodular upon sfimulation by antigen, inlo one of 8 numbaer of difterent
masses of lymphaid lissue In the mucosal lining of open cavities con- activated cells. one of which stimuiaies and regulaies spa-
shiltle mucasal asspcated lymphoid fissue (MAL T). Such lissus in- cific ang non-specilic body detense operalions {halper
cludes fonsifs and adenoids situated close ko the epithelial layer 8l porials function, T, call),

ol eniry 1o certain open (nasal, oral, and pharyngeal) cavilies They are Large, granJlar ymphocyles (natural killar or NK cels)
aciive in "marking”’ incoming manoorganiesms for eubgequent destruction. desiroy lumor palls or palls infactad wilh virus. They can be
Unencapsulaled masses of lymphooyles and rsdaled cells ocour in vary- acivaied by T lymphocytes (0 lyse largel calls. as in graft
ing concentrations throughout the mucosa, farming distinct masses réjection. Mononuclear phagocytes are cells thal destroy Oy
{gittuse lymphoid tisswe) The vamifomm appandic incorporales mullipe phagocylosis antigen as wall as particles ihal do nol induce
lymphoid follcles in ils mucosa, The density of tnese cell collections an immune responsa They presant antigan (o lywphocyles

warnes With the dagree of immune rEsponsnly requinec {antigen-presenting cells) lor idenfificalion and destrughion
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CN° Usa pirk for E and fhe same colors yse on Flate 34 for cells D, P. G, f
and ', Radial linas surrounding & cedl indicale kv All glamerls shown i _1.-]'
e been magnifiod and schamalized ar cofcnng. (1) Bagin wilh the Tk T
ITCTRY GErTAT W INE wppar Tight o

MATVRAG IRRAVRIT S «

AWATEMIC BARRIER -
CEOMPLEMENT
PHAGRCYTIE v
IMNELAMMATORY RESPONSE -

Immuwnily is an amatomic and physislogic state of sacunty agamsl
digeage Nalpra lI'I'lT‘luF‘lll'!,' exigis indepencent ) HITY 5[.IEI1.':I|IE ITGTO-
arganismal imeraction with a ymphoaybe. Shorlly befors birth and
following, one progressively acquires & specilic immuniy foliDwing
auch lymphocyte's encountér with antigen and resulling activation.
Phagocyles participate in both naiural and acquired iImmunity; ympho-
cyies parlicipata in acquired immunly and enhance natural Immunity

HWatural immunity operaias indisoomiralaly &ganst microonganiems smu““;
anc degenerated cells (cell pants Anatomic barmers (1], such as shin  fibous fissae
of MUCous memoranas, physically resisl microosganismal invasion
Fhagocyles approach her prey from Ihe blood (2) or connective
Issues (31, engull iham (4, phagocytosis) and destroy them with
Iysosomal enzymes (5) Complement is tha name given 10 saveral Sol-
uble protaing fourd n tha body fluds which when activaled allach 1o
micraoeganisms, énhancing their phagocytoss. Tesue imlaton, &g,
digruption by & splintar, induces an inflammatary esponse which
imvoivas bolh nalural and scquired Imamurmty.

ACQUIRED (WRDWVNNTYS «

Aoguired immunity nvohsas diverse but specific lymphooyte responses 10 (he presence of
antigan. A speciic kmphooylic rzaclion o antigens (mmune responsa) is charactenzed by tho
activation and profifieration of lymphocytes followed by 1he dastrection of antigens. Two kinds of
goqulned immunity are possinle based on rmphooyta ypes: hwrnoa) fnmeniy and cellizr .
nify. Irharent in both kinds of immunity are: speeificity and diversity of response, retention of cellu-
lar memory of anlkgen, snd th ability 1o recogrize self from non-sall among the hody's profeins

N e o beprndh e -

e T LYME00 ;

PLASHIS CELLe ; NELPER CELL (Tw)-
ANTIEOBY- - CYTOLY TS CEL e

MCRO=
OREANISIa

HUMORAL IMMUNITY &

‘ \

INFEETED EELL.

Humeral (fluld-related) immunily |5 characterized by 8 lymphocytes T nelis differeniate info fedowr T limphocyies (T and cyiafylic T lrmpho-
being activated by antiper {1 |, proliferating, forming memary (M) calls eytes (Te CTL). Helper T lymphocytes (2] enhanca humoral imimunity by
geceling antibogy (2), and forming plasma calis (3] which secrata ani- activating B cells, augmenl the inflammalocy response, aclivale phaqn-

hody (4), Antibodies are complex proteins formed in response 1o a specific  cytes with stimulating factors (lymphokines), and form memory (M) calls
antigen and attached to It at the antigenic dstarminant site (5), taciltating Cyichylic T lymphooyies (3 bird 1o and deslmoy infected cafls. and form
ils phagocytosis. mamary calle. Momory cells recognize specilic struclural charactaristics
Cellular immunity is characierzad by T (pmphocyies being aclivated by of the anligens encountered ("mamory”') and lacilitate rapid immune
anfigens attached to anligen presanting cells [phagooytes, 1), Activated resporses on subseguent exposure 1o those antigens
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THYMUS & RBREP MARROMW)

L
CN, Use red for H, bive for |, green foe J, and the same color g8 used :’ i
on preceding pleles formalune T lymphocyles (G) (1 1Golor Whe mile- | s J
rial on rad rarsow ol 102 bottom of the piale Than ok tha red MmO ot Fo {%)
{K| portion ef tha nowbarn's arm bane Calor the thymue secton and T
e diagrammatic dascription of ymphocyle maluralion in the Thymies. Teryroid W JE'" ¢ Tracten
Wete ihm 1he borders of (he digram rapresant the codles and medulla Ty :
of the thymus. Then color the schematic cvervew of thymic funclion L - ; '
{2} Color tha lowast drawing assscialed wilh rad marnw wo Bls ,n;ﬁ-: X T

< L
NEWBORM Mo

YIUS -

CIBREUS SERTA = —_—
CORTER: =g
UWEIEFERENTIATED LYmPHOEYTEy
(WHATVRE T CIPHECYTS «
MEDULLE -
MATURE T LRIPHEGYTE:
ARTERIAL VESSEL.
VEMOVS NEGSEL |
YN VESSEL.

The thymius soeds Ihe enfre body with T lymphocytes, the protago-
risis of cellular immunity 1| consists of wao lobes of glandolar HEsus n
{ha anterior ard supenor medastinum. The thymus is funcionsl and
relaiively erge in the laie felus/ newbom (15 gms|, continues o grow
and function during the pre-teen years, ard declines in size and
ectivity in the following years.

The functional thymus conssls of microscopic lobues partiioned by
fitvaus sepla contaning biood vessels Each lobule has an outer cor-
Iex denaa with kmphocyles and a much leas dense contral meduia
The epithelial cais of the inouiz farm & structarally supparting “retic-
lar" netwark., Distinctive concentnic rings of keralinized apithelial cells
(Hassal's corpuscles) are saen in the medulla; alihough assocated
with degenerative signs in aging, they may supparl lymphocyls differ-
entation, Arferal vessels bring undiferantialed lymphocytes into the
cortex. The calis migrale imo the medulla, showing signs of difter-
enlating il T calla Inthe inner cortes, the calls sre largely immalure
{out committad) T cefls. The medulla containg largedy matwe T Cols.
These cells leave the thymus by venules (venous vessels) 1o anlar the
systemic crculaion Some T iymphocyies amear fymoh vessels des-
fined for mediastingl mph nodas end beyand The thymus also
produces 8 number of faciors (hommones) stimulating rmphocyte
cilterantiation

Hassal's
CalpuRCie

RER MARROW
WIMPHEEYTE PRECURNSER] .
GREWTH FRET@R M
LYMPHOGCYTE o
SINYSEIP

Aed mariow (recall Plale 17) is densaly populaled wilh a greal variety
of biood cells in varicus stages of developmeant The supporting frame-
wark of marrow i reticular fibars and cells, Fed by artericles from the
riudrient artery of ihe bone. the capdiaries within the marow are
enlargad to the exlent of baing small sinuses (sinusods] They revesl
(ranssnl cvippkasmic “pores  for the immediate passage of calls nio
the ewculation. Amaong the developing blood cells are lvmphocyle pre-
cwsars. These are sfimulsied io divide by cerlain growth faciors. The
progeny of these cells are mostly small and somea large ymphocyies.
Fragumably, B lymphacyts meturation oocurs in he btarms g,
whereas T lymphocyle maluralion sccurs in the thymus. The ympho-
cytes (large, undittarentiated pre-T, and B) enter ha sinusoids anc the
venous outfiow 1o be distilbuled body-wide
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SFPLEEW

CMN: Use red o E. purple kor F, blue foi G, 1he same ooborg a8 pieviously
used for M|, Koamd L, the cokr s on Plaie 85 for arigan (M), and very
fight eclors for C and O, {1 )When coloring he schamalic representation of
aplesn siruciures, ol e undarlying breckals which designels \ha slruc-
tures libng within the while pulp s (ed pulp regmns

SELEEW
ERAPSULE.Y
TREBECULAE:
LYY ROEHENE FRLLICGLE
EEh PULE:

BLOOR VESSELS:S +

A e en =
ARITTI=LR (LIS

vENoUE SINMUSeEr
YVENULE:

WE0 e

CELLSE«
T LYMPHEEYTE « 7
B LYMEPHeCYTE!
MNTETIE

RN 2 OIGVETER)
PHACRECYTE
PLASIIA CELL .

The soft, blood-{liled, dark punple spisen lies postariory in the upper
{eft apdominal quadrant, (st above the lefl kidney, 81 about the level of
the 111k and 12th rks it s generally about 1he size ol your clased figt
The capsue of the spleen projecis iInward exlens:ons (lrabecwae) 1hal
supporl the argan and incoming/oulgoing vessels The microscopic
view ol the spleen is comphcatad by the endiess sea of lymphocyles
and phagecyias, and in this organ. red Diood cells

Small, downstream branches of the splenie arfery traval in the librous
rabecular; branching artenicles bacorma anvalopad m lymphocyles
[perarlarialar shealh) and braneh among lymphoid fodicles. These fal-
lictes, the arteriples, and their celiular sheaths consfitule the white
owlp These lolkclas enarge wilh anbganic stmutation, large miohic
lymphocytas (in varlous stages of cell division| begin io appear in the
cenitral part of each follicle {germinal center) following siimulation,
crealing 8 1one less denge than 1he surmounding, cell-packaed area.

As ihe straight (pencillar) artencles leave the white pulp, they become
inad wilh phagocyles and dilale 1o form vanous sinuE0ids (closed
iheary. llustrated). An alternale “open theory” holds thal the vessels
apon into large spaces drained oy ihe sinusaids. Cells (reticular calls,
plasma cells, phagnoytes, and some B ymphocyles) form long, inregu-

Siomach - o
(= -"I J
|

Fancrans f

mRmar

~

]

= LRAgE

Panceealc

3
i
B
H
\-i
b
.

Penicdlar
arterioles

(e = THE TR

lar gallular slrands {splenic cords) amids! inlerconnacted sinusouds;
Ihese are collactively callad red puip The sinuscids drain iro venuwies,
lorming tributaries of trabacular vaing, these form the tribularies af tha
SDIEMC Vein

As blood flows (Mo the arerices, antigans and old red bood caills

are greetad by monanuclear phagocyles end myriad T lymphocyles,
setling ol cellular mmune ReEpoRSes In 1he panareroiar sheaths
Snakineg into the folliches of the white pulp, the vessels are surrounded
by B lymphocyles, antibodies ara iormed and atlach Lo anbgens which
are isolated from the circulation and phagocytosed (humorzl immu-
nityl. The lumens of vasgals 0 the red pulp are “slrained” by tha lining
phagocybes; old red tlood cells are seguestered and phagocylosad,
and anligens ara mel by anlibodies, and 1heay ane phagocylosed.
Clearty, antibody produchion and phagocylosis am major asiivites of
frhe splaan. Although antibody and complement anhance phagocyosis
of red blood cells hers, tha splenic phagecyles are no! dependant on T
calis and antipody to function, Systemic infection markedly Increases

{he cutput of vmphooyles, causing paloable splanic enfarpomont (spieno-

magay ) Femoval of the spleen [splenectomy) is not & bernign event,
as the body absenl a spleen may hawe reducad immuna capabilllies.

Sew B4, B8
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LYRIPH MODE

LY ROEN WEDBE A
EAPSULE
TRABECULA:
REVEVLAR WETWER .
CCRTENG:
LYoo FOLLIGLE:
@EEERMIMAL CENTZER -
MERDMLLA -
GORITIE0 -
LYMPH VESSELS:E «
AFFERENT WIEH VESSEL:
ISFER) SINVS .
EFFERENT LrmEH VESSEL+
BLEOR VESSEL38: 8
ARBUTERY
WEN W/ VERWLEW

CH Use red tor L blue lor M. green far B (iF you have addiloml
greens, use tham an I-K), 1he sama colors 85 previously used for
ti=R. e ligh! colors for O-H. (1) As you color the regians al lhe
Iymipn noce. UER IME SBME Dor on the [arge numerals BoCmpany-
ing et ingats idondifying thi dominant call in thal rageon. In Mo
pracaries, note ihe small circles representing venules (M')

LAMPHCID CELLSS:
PHAGOGCYTEN
T LY RMPHECYTE o
® LYMPHOCTTE P
MITETIC LAMIPHEEYTE
FPLAS

& CELL«

Pasiirabaciilisr
BINUS

EBee 83, 84

L IECe
AWTISENT

C-P'fr.-rl;-" : b ] ‘E.I:I:I.L:H.:.IIHH
5, | gty
u / peer
NODES = = W NODER
- . Thamese

-‘.I-_'- [
1

)
b

signginal
(gubERpEUEr]
| HiNUs

[}
o

The iymph node has a lbrous capsule from which frabaculas imvace
tha ongan, dividing it incompletaly into compartmants. Fing reticular
fibers and cefls spraad oul from the abeculae to form a thicket of
interwoven branches fkroughout the node (reficuler nefwork), This intri-
cale weave of fibars suppaorts the dense populations of moocyles
throughout the node. Lymph percolates through pans of the relicular
network called fymph sinsses (only the margiral sinuses appsaar 10 be
endolhelial-lined), The reficuier fibers in these sinuses (1) form & spa-
tial framewdrk from which phagocyfes can readily engage antigans in
e Iyrnph o

The node interiorn is characienzed by an ouler corfex ard an inner
megulls. Tha corex reveals a group of particularly dense massaes ol 8
Iymphocytes (2, lymphod foficles) existing among & Mare Sparse amay
aof largely T fymphocyles in the mterlolbcdlar areas (3). Inibe presance
of significant amoums of antigen, the olicles develop geningl cen-
ters: here are saen mitolc [ymphooyles in varying degrees of mitosis
{4). The outer part of the meduls (paracories) has mone difuse
srrangements of phagocyies, T cells, and some B cells [5). Tha
andoihalial calls of the venules in the paracoriex: are specialized and
provide ymphocyls homing receplors thal influence the localization of
T ang B calls within the node. The medulla contains & concentrated

Tl
e mlﬁﬁiﬁ‘rﬂ_ﬁ__,.r—'

SECTIOMAL VIEW

array of IMlerconnecting sinuses, with phagooylns and plasma calls

in signifcant numbars (6)

Lymph enlers the nodes by afferent vessels with vakes contralling
umdirectional iratlic. As the lymph mesanders thraugh tha thrangs af
reticular ioers in the sinuses. phagocyles pick off the anfigens and
pragant them to the T calie in the inMerollicular areas. Activated B celis
ir the fallicles. faciitated by halper (T, cells, fransform o plasma
calis and memory calls. The plasma cells and B cells secrele aniiboay
with recepiors which bind a porfion ol the anbgen (anbganic determ-
nant}. Binding af antibody 1o the antigen facil#ales destruction of the
artigen. Majar stimuius promotes formalion of The geeminal centears.
Further immune actily socuss o the paraconical and innar madullary
araas. Lymoh leaves the medullary sinuses and the node by way of e
alierent vessels, Lymphocyles also anter the node by emall arfares,
these calis can migrate into the sinusas from the venules while the
remaining blcod leavas the node by veins

In summary, the lymph node is the site of bath humaoral-mediatad (B
cally and call-mediated (T cell) mmung responses 10 artgens in the
Iymph. Paipable enlargement of cervical iymph nodes dufing an upper
raspiratory infection, for example, gives lastimany to the axstence of
such mechanisms oparative in the face of microorgamsmal invasion
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Seefd, B4 39

MVCOSAL ASSORIATED LYMEPHEIP TISSUE (WalaloTs) 105

CH: Use geeen far G, the saime coIDrs 88 previous’y used fer E-J and use
light ealers for A and B. (1)Bagin wilh the representations of pormal and
imflemed Bonsiks, using pirk and red cobors, respestivey. (nelade the croy
\&r insets idanityirg ing domineni calls within e follcle and germanal
ganier, Coior fhe antigans (1) aclivaling the follicla at centar right, and
refated follicls parts, moiuding insots. {2)Color the lowes (Ilustrations

PRIMARY FOLLIGLE »
GERMIVNAL CENTER -
CEFERENT LYMRH VESSEL -

T'M PHEID CELLSS-
MRITET IE LYMPHEECYTE -
PHASCEY T (ZE.:

B LYPHRCY TS
T LYMPHOCYTE:
PLASWWA CELLA

Unencapsulated lymphosd tLigsue, consising o lymprocyles, plasma
cells, and phagocytes (often tarmed “inflammatary celis”), not bound
by fiorous capaues and ranging throughout the loose cannective
tiegsasg of the mucosaa in variabla densiiies, is called mutosal assn-
cialed lvmphoid lissue (MALT) or difuse lymphoid tissoe. The oells
el his lissue are s mobile loL, and can Increase in nuambears rapidly in
response bo the presence of microorganisms. Ofen, in the setting af
chroric antigen exposure, well onganized lolicies (also called nod-
vies), simiar 1o those seen n lymph nodes and (he spleen, may form,
Seme examples of MALT, are shown here,

Magszag of primary lymphoud foificles surrgunding infoldmgs of the
pharyngeal mucosa are called fonsils. Toneis have no dafinitive lymph
sinuses; howevar, lymph capllianes can be seen draining into efferant
Iymphane vessels With anfigenic stimulataon, infammation of the onsi
oocurs (forsillitis), A commaon evant. an inflamead 1onsl is swallan, rad
(aften with streaks of vessels ranging 2cross the mucosal surfRce),
anc painful. As the fallicles are activated, germinal cenfers are lormed,
numbers of 3 and T {mphocydss incresse, phagacytes and plasma
cefls appesr, and aribody is produced. Considered a cullurally
accepled "rite of passage” n tha pas!, lonsilleclomies are accom-
plished now only lor good cause (obstructec ainways, chronic
intectipng]. These organs respond quickly 1o Ihe presence of
I'I'IK.:rL!'JrgH.I"!SI'IIS.

PEVER'S PATCHES.

Apgregates of lymphosd folliches inthe submucosa of the distal lewm
are called Peyer's paiches. Seen sporadically (hroughout the intestine.
lymphatic folllcles are more concentrated hers, With antigemc slimula-
tion, thase follicles iNGreaass in much the same maEnnar as lonsiis

VERMIFORM APPENDIE3:

The wvarmiinem appendii is & thin, ubwilar extenson of the cecum
{large iesline), |t contains a numbear af lymphod follicles which
mland from the submucosa up 1o the epiihelial lining of the
miscosa. Thie mucasa of the appendix experiences faldy froguant
ingults {tomats and chile seads, popcorn kernels. and ingestad
forgign matter) and inflammalory events are fairy common
[appandicitis). The streciure swel's, reddens. and is often quite
painful Classnal mmung responses occur (formation of garminal
geptars, and 50 on), Due ta the thin walls of 1he appendix, inflam-
mations indueced by acule infecticns can rupture through (o the
pardoneum (perloniis), Surgical removal of the appandix (appen-
dectomy) is common There 18 no evidence that depressed mmune
activity occurs following appendectomy. neighboring infestinal
ymphcid ssues can apparently fill any defense voids created

by appendectomy

INFLAMED TOMNSILS
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W00, IMMUNVE LYMEHNEIE) SYSTEM

Sow 83-50

HIV=-IMDYCEDR IMMMYNOSUPPRESSION

CM. You afe advised nol o cobor 1his plate untll yau hove colofed
the previous plabes o0 the Immune System, See the glossary ‘or
paplanalion ¢ new larms. Use the same colors used an the pre-
vious pleies {with different suscripts) for B T. B PL. Ab, &g, ano (A
11 ) Bagin witn tha HIV infection and work your way 10 ha activation
stage. (21 8ot that the broken lincs indicate the costruction of T
ymphocyies &nd fhaend o reducton of 1&ir inlkeance on other
cells or processss. The downward-poanting ammows akso raflect thal
nagaliva afact, the only apaard-pomling arow relales 1o an
increase in enbgen popuation

WY IWFEETIONS «
Ty LWRRPHECYTE
WiV=1 VIBUS,
PREOVIRUS .
PHRACEECYUEr

ErPFECTS

OF AIDS @A 3«

T WNPHOCYTES -
ERIORY

LS
EHACOCTTOSIS:
IFLAMRETORY
ST
WEVROTHANSAITTERS:
LYMPHOCYTES »

MEMORY CELLS »
PLASMA CELLS »
ANTIBODIES
LARGE LYMEHOGYTES
MITOTIE BESDLATIOM w

Al thes lime (early 1993) a calasirophic dissase, callad Acquired fmmuna-
Daficiency Syndrome (AIDS), |5 being experiencac (hroughout the world,
characierized by a marked reduct:on of lunctions by immune ceils
(immunosuppression) The disease @ caused by an nfection of pha-
goevies and lymphocyles wilh human immunodaficency virug (HIV), Tha
virws is transmitted from one person 1o another vie body fluios, maknly
plooe and samen Transmission is effeciad by male homosaxieal /bisexual
activity (70%|, intravenous drug use with ahared, biood-contaminatad
syringes (1%}, helercsexual intercoursa with HIV-infoctad partners (4%,
infravenous blood frarsfusons (2.5%], intravenous use of bood producis
for clotting disorders (19%), and transmissaon from inecied mothar 10 felus
by HIV transler across placental membranes {7%),

Oncz in the body huids, HIY surface molscules (glyeoproten ar GP 120)
attach 1o specific {CD4) receptars on the surtace of the cell membranes of
Ty ymphocytes and mononuclaar phagocyias. Fusion of tha virus 1o the
cell and endocyiosis of the virus (infection) usually foliow. The HIV then
converts itg genelic material (ANA) into DNA By means of an anzyma
called revverse transcriptase attached 1o the viral RMA. This new viral DNA
segmeant is then incorporaled inlo the DNA of the host cell. This inegraled
DA = called proviral DNA. 1L is capable of producing viral RNA which pro-
vidas the “blueprint” (ingtruciions) for the synithesis of viral preteins in the
hesl cell, and the subsequant consiruction of infective virus (visal particies,
virions). Al ary poimd prios to or after formation of the viral protoins, the pro-
dutiion of pro-wiral materials may ba suspended (laiency!, or al east
progression of the manfastalions of the disease scoms to slow, Two lo tan
years may pass durng which the normal activities of cally living can be
carreed o0 withoul (he symploma/ signs of lfe-hrealaning immunosuppres-
=sion, When infecied cells disburse the viral particies 1o other T celis ang
phagocytes, or when those infected cells cease responcing 10 antigenic
stimuli, the diseasa becomes acfivaled (AIDS),

Immune funclion = inbally suppressed due 1o the destruction of T Jympno-
cyfes by the inlecthve process (1) and the rapid depression of cellular

Wira|
AM&
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veil pralain
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BAMiciES

et
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@

' Dlvrseng
CRNCEFCE|

%@w
& f\ﬂ

@s@g
@@@@@@@@@@@

& OPRPORTUMISTIC INEECTIANS.

immunity (2-123, T memory cofls dechine n numbers, and related anfigen
memaory is impaired (2). T cef-enhanced phagocyloss s teminehed (3)
and inflammatory responses are limited (4], parmitfing an ncrease in ant-
gen numbers and aciwly |5). Phagocytes of ine brain and spinal cord
[microglin) ars particuary prens fo HIY infection, resulting in defective
newoiransmiter iunclians, mamory loss and olher neurslogic daficils
[encephalopathy) (6] B fymphocytes fail 1o prolilerale in response (o anti-
gen (71 due o depleted T cell-related stimul, sharply reducing their rum-
ters and hose ol B memory celis (B). plasma cells (9) and andbodies | 10)
Large (ymphocyles are reduced bath in number ard activity [11), disabling
oo reguiaion {(12) and pemmiiting formation of neoplasme {cancer)

The global affect of mmunesuppression is microomgansmal access o

Ihe unprotecied booy fopporunisfic infections). Many of these infections
ihemsalves ara immuenosuppressive, Early in the course of AIDS, it is not
unusual 1o see the lymphoud cells respond rapidly to these mtections wilh
increased immune oell and antibody production; unfortunataly. many of
thase activated cells aré thamselves infectad. In summary, HIV riecton
leads 1o decreased numbers and lunclions of hedpar T celis and phago-
cyles which, in turn, adversely affect many aspects of acguined and natural
immunity, resufling in Infections, lumors, neuralogio dysfunclion, and wasting
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5% BESPIRATORY SYSTEW / L3

CVERVIEW [ |

G Uise resd lor Loend light colors inrodghoul (1)Begn wilh the
sructras of e respiraicey sysiem (21 Golor the cross seclion of
thve trachaa (D), Meloding the respirstory muccss (1) (2pColor tha
anlergemani ol the mucosa in Tho lowas! e

Cirophanyng

Laryngapnaryns

MASAL CAVITY _..
EPHARI M= Enigiots |
LEARYWES . \
lmwighe
TRAGCHEA: e
PRIMARY BREMEBHD >
BREWCHIAL TREE-F [
i e 1
[Be LUNGgs be LUNE s [ /<&
BIAPHRASM (f )
The respiratory racl concucts air to the respiratory units of / -
the lungs whera || can rmadily be absorbed by he binod, snad [
it mrnicves carbon dioxide-laden air from the ar cells and ex- |
hausls it lo the exterral aimosphare. || develope and refines \
sounds into potentially inteligible vocalizalion, ard belos msain- '
tain acid-base balance of ihe biood by blowing off excess acid
in thi form of carbon gioide. Nowhare in the body does the out-
side world, with all ts crealures ol mcroscopec dimension, have
such gasy access o the profecied intaror cavikes of the body
a5 it do=s at the ar/Blood ntedaces of the lung The respira-
tory Tract has both air-conducling and respiralory (Qoas ox
change) parls.
The air canductkon tract includes an upper (nasal cavily,
phar e, ey and lower tract (frachea, prrmary bronck and
bronchial free), The upper iract is lined with respralary Mucoea
aeapt in ihe lower pharyre where it has @ siratilied squamous Tractalls
epithelial surface. Except for the nose and pharyns, the skaletan (smaath muscie) of
of thie respiratory (ract is cartilaginoue dewn to the smallest alr- i
ways {bronchiokes) whers 1he carlilage is replaced by smoath
muscle. Those parts associated with gasecus exchangs are the Cartilage
smalies] bronchioles and alveoll (respiretory unis) and fake up
much of the lung's volume
The muscular daphragm prowides much of the force recessary
fod irepiration and experabon of aie Ore quarter of thal forse is
generaled by the ntercostal muscles moving the ribs

RESPIRATORY
TRACT
[Anierior view)

RESPIRATORY MVECESA: <\:.‘1 ey
PEEUDOSTRATICIED

CELUMNVAR ERITHELIVRY .
LARIMWE PROPEI®~

Blegh VESSEL.

@LERNIE v

The mugosa of the respiratory tracl is largely psevdosiratified
columnar and (m {ha bronchioies) cuboidal epithela with
mucus-secreting goblel (unicellular gland) ceils and ciim. Here
axcraled mucus traps foreign particulate matter, inhakec alr 5
mydrated [mikad with water) putiing ceygen in selution. and the
ar s heatod from underlying vessels These epithekal cetls are
supparted by & Ioose fibrous, plandilEr, vasoular laming progara
sapkate with Nibioblasts and oells of the lymphoid syslem, Deeg
o0 this coannsctve lissue layer is the supporting fissua (bone in
nasal cavity, muscle in the pharyr, hyakne carfilage in the tra-
chea. larymnx, and bronchi, smooth muscle in the bronchiodes,
and thin fibers supporting the air calls),

Gohlet
[ urLs-sraEling |
s

(Mioroscopic section)
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083 BESPIRATCERY SYSTER)

EBRTERNAL NOSE, WASAL SEPTUM
& NWASAL CAVTY

CiN' Lime wery light coltrs far A and | (1 Eagin witn e s
Wugtration (2) Coler e nasal saplurn and (15 Siueiure i Tha
nagal cavibes dagram (3] Color the elemends ol ihe lalaral wall
ol the residl cavily and relalions m ine lowest Musiralion

ERETERNMAL WeSE:- =
NASAL BOME - . EXTERNAL
CARTILAGE @F WASAL SERUTWM:
LARATERAL WASAL CARTILABE

ALAR CAHBTILAGE v

FIERe-GATTY TISSUE:

NASAL SEPTUM: -
CARTILAGE GF NASAL SEETUM /U
ALAR CARTILAGE: Al
PERPENDICYLAR PLATE

OF EVHMOID BONE - A
VOMER BOWE - e

NABSAL CAVITY & BELATIONSS
WASAL BEXNE,
FRONTAL BOME 4 PR
SPHENQID BENE: Yoo o S < -, |
CRIBRIFORM PLATE OF ETHRAID g '
VESTIBULE OF WOSE v N
SUPERICR CONCHA . rad \RECONDS O
MIDDLE CONBHMA « b
IWEERICR BEOMEHA .

HARD EALATE v -~ e
SOFT PALATE ==
LATERAL WALL ox

The nose i a fargely carfilaginous affar external 1o 1he skull proper. s
onfizes (nares, or noetrils) apen inlo (he nasal cavly o the skull which
iz-a bony tunnel divided by & partly carlilaginous nesal sepim. The
nagal cavity opens inkc the muscular pharynx through two bony-walled
posierior apertures calied choanse The nose, siusled as it is in front
ol five facs, ofien receives the brunt of & facial impact. In such avanl, it
iz noi unuseEal tor ine carfiage of the nasal sepium (sapial canilage) o
break off from the perpendicular plate of the athmold. The “dewvaled
sepium’” may absiruct @ir ftow through the narrowed hall of he Cawly
The skin-linad vestibuls ol the nose has long hairs {viorissae) [hat
SEMVE [0 CisCourage enlrance of foreign bodies. The nasal cavity is
carpeled with @ mucosal lining characianzed by cilialed apithalal cells
that secreta mucus and whose cilia sweap small particulate maller
down nio the nasaopharyrme. The bony conchae (20 called because o
thair resemblanoe. in lontal secfion, to the conch shell) increase the
surface anea of the nasal cavily, significantly boesting the local lem-
perature and moisiure cantent The inferiar concha on each side is
attached io the ethnoid bone by an mmovable joirt (suture); the su-
pariar and middls conchae are parl of tha ethmoid bane: The spaces
wndar the conchae (mealusas) are opan 1o paranasal snuses (air-
filked cavities), Ihe subjsct of he resxt plale. Nole the ool of the nasal
cavity (cribriform plaie) trangmits the afaciony narve fibers, resting on
or near this plate are the frontal lobes of tha brain. Nole that the Hoor
of the nasal cavity 5 1he pafare which i also the rood of the oral cavily
The =off palale is a muscular exlansion of the beny palate, and plays

a rode in-swallowing

~, PRighl chaana

A Lidt choeng

NASAL
CAYITIES
[ Dimgramimatic)

4 ~Led
warll
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052, RESPIRATORY SYSTERM

PARANASAL ®IR SINVSES

CH: Us# the same calors far the bones A and B, end conchee 7 G, and H
thal werz usad lor those sireciures on Plale 82 (1 )Color the sinus draineges
slEg in e lmecal wall of (he naes! cavly, Inclede 1Ma edges of the conchas
which have bisen eul away 10 reveal (he meatuses and rolated drainags sitea
{2 Calor the caronal soction. Hole (hat it 1s & compasile wew, showing opan-
ings inla 1he nasai caviy that do nol sppear in amy om single coronal pless
Evien 50, 1hig v cannod show Ihe refalions of (he sphanoid sinugs 3nd
opening, nor thia mastoid air cells and the auditory lube, (3) Calor the (owar
drawings. Mole lhat nasolacrimal ducl and the ducl of the tronfal sinus

are shown on ane sideanly

AR SINVSESE -
FHREMTALA
SEHENMEID=.
EriHm@iEe

DA ILLARY -
MASTE@IRE

MASGHL CONECHAES «
SUPERICR -

MIBDLE =

INFERIGR «

CRPENIVG OF AMRITRRY TUBE:
MRSELACRIMAL BUET.
WRSAL SEPTLIR «

WASAHL CAVITY L+

The skull has a number of cavities in it. You are familiar wilh some of
them (mouth, nose, external ear, orbids), but perhaps nol so familiar
with athers. The frontal, sphencid, maxillary. ethmoid, and lemporal
pones have vanably sized cavities, all of which directly or incirectly
cemmurecale with ihe nasal cavily. These are the paranasal aiy
sinuses, 1o be gistinguishad rom the venous sinusas of the dura mater
Thesa air sinuses sarée to lighten the sxull and ihey add Hmiaoe Lo he
voice. They ara lined with respiratory-type spiirelium, which is conlm-
wous willi Ihia apithelium of the nasal cavity. The muous sacralions
from these epitheial linngs pass down canals and enter (he nasal
cavity just under he conchae (maatuses). Their specific drainage
gites are ndicated by tha amows. Should these passageways become
biocked by inflemmation and sweling, tha pressure builds withn the
sirmes o & poinl where considerable pain can be exparenced
{sinusitia, sinus headache). Agants thal consine! Ihe BIo00 wasEels
{dacongestanis) heip to reduce the sweking and reesizbish praper
drainage. The mastoid air calls, In the mastoid process ol he lemparal
bona, drain inio the middle asr {lympanic) cavity, commiunicating by
way of ihe sudifory (pharyngotympanic) tube with the nasopharyns ust
postaron o the nagal canity. The nasniacrimal ducl recaives secelions
from the lacrimal gland whech funcbons 1o keep the oovering (con-
junctiva) o the eye globe moisl. These tears arain inlo slies at ine
medial aspect of the eyelds, which open nlo sacs that nasow into the
nasolacrimal ducts, These ducts pass downward along ihe laieral walls
of the nasal cavity and open into the mealus of the inferior concha on
each eida—ard thal axplaing how i iz that one Blows one's nose afier
O Cries

|

Middle
maalus =

Inferice
meallE

T '.J' &
Hard Falato =¥

A
W
s
SINUS DRAINAGE SITES
[Right intmrm wall of nasal cavity,
rasal conchae remaved)
Ji J Antariorn

L
.H.;'.'

i 'J'.;\-__‘ =
w a

e

521 cranial inssa

et
e g

]
Intenor
i s

PARANASAL SINUSES

(Dipgrammatic, comaasita,
coroms seolion)

PARANASAL SINUS AND DUCTS

Sae 32 094

Widdle
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083 RESRIRBATERY STYSTEMN
PHARYWES & LAMYNIES

N Use dark of bragnhi colors for N, 3, and Q. (1)Begin with the

owarviow diagram in the upper right corner. (2jCompiate the large
comgasile sagitial secton. Take nole of 1he surmaunding structune
5 E 'rRme of relerence (not 10 be coiored). (31 Color all six laryngeal /

Frontal
SIS

Sphonoidsi
sins

Tuksail

diws SiImulansousy, Nole thal ihe il 1or tha Jarynges! caly (M)
3 al the lower rignt of The plale

PRAFRYNIEIS A a,
MASERPHARYE - bie
PHARYNEGEAL TEMSIL «
CROFPHARYTILS »
PRLATIVE roNsIL :
LARVYNEPHARYNEE «w

The gharymx 5 an incomplete tubsa of moslly skeletal (constrictor)
muscle and Yiorous issus, appeanng io hang from ihe edges of
the choanae (posterion nasal aperiunes ) al ke base of the skull
Posleriory, it iz supported by fascia in front of the sphanaid bone
and (he wpper six canical vanebrae. L ks the postenar and infadior
caontinuation of the nezal cavily, 1 is open 1o the oral cavity
anmeriarly. Inferiordy, Il continues as the esochagus behind and the
farpnx in front. Mot of phanyng is lired with stratifisd squamous
apithelium excegt the nasopharynx (respiratory lining). Coordinated SAGITTAL )
museular activity in the pharyne underies the mechanism of SECTION [
swallowing (deglusition) {Compoaita view] | gryngaeal

Masses of partially encapsulated lymphod tissue mocompletaly SRR * 3

ancircle the nasal and oral openings info the pharynx (Waldeyer's g ,_,‘@h\t"{
g}, i, &l the opening of lhe auditory lube | lubal tonsils), ool %‘h s i ﬁé-:luhauuh
o Iheé nasopharynx (adenoids), belween the palatoglossal and Thyroid 4%

palatopharyngeal pellars |palatne ionsils, oo Plate 99), and the gland

postenor (ongue (kngual tonsis). See tonsll function in Plale 8%

- Meaural
cariil

Eﬂi?@ﬂ@ g 3 ml:rﬂlﬂl-\.‘l.l'l' IHII"II-_'JI:.TI.‘LFIIEEFM POETERIOA VIEW
LARIFMNIESS g \
ERiGLeTTIS:
THYREIE CARTILAGE.
THYRENYEID MEMBRANE -«
CRICEID CRARTILAGE .
@@ﬂ@@ﬁ&ﬁm@ﬂ@ LIGAMEMTw \ |
ARTVTENEID CARUTILAGE «
?@@@U@%@F@ @@@Fﬂ&@@@ 0 )
VESTIBULAR FOLD-
VOGAL FELE a
ROMNE) BLET TS « »
TRARCHEAs CARTILAGE:

The larynx provides a machanism lor sound praduction, manipu-
Iation of Round waves, and protection from inadvertenl aspiraiion
{inhaling) of sobd malter. The taryns is supporied by a lramework

of hyaline carilage connected by ligamerts Although associated
wilh the larynx, the hyoid bone i3 nal a laryngeal strectune.

The itrowd carifage s composad of twe laminas which together
arg V-zhaped when looking at Ihem from atove. The anencid car-
flages articulate with the top of the encod, pvoling on it The voca/
fofgs are mucosa-lined Bgaments siretching between thyroid and
arylanced cartilages. They are abducted/adducted by the move-
mer of the aryiencid carlilages. In breathing \hey are abductad,

in coughing, they are moamentarily fully adducted [closing the rime)
permitting intrathoracic pressure 1o build opened rapidly by abduc-
tion of 1he folds, ihe nma experences huricane-lorce winds from

SUFERICA
POSTERIOA YIEW
P hcsna iy
Vel duke poduotsd

LARYNEGEAL
CAVIT

the deplhs of the resperatory airsay (explosive cough) During BUPERICH
phonatian, the vocal lolds are generally adducted, varying somea- Fﬂﬂ;:f;lﬂ:“\rlm

whal with pitch and volume, The vesfibiular folds (talse wocal folde)
ana fibrous and mowe only passivery

Wooal Tgics apducied
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083, RESRIRATORY SYSTEM

LOBES & PLEVRAE OF UK

LE®ESS -
@D @@E‘@@A (fis MU@@F"@B 'E-%n &@w
Lo UREERY L LEWERE

PLEUVRAES
VISEERAL PLEVRAF

PLEURAL SPRACE +
PeERIETAL PLEURRS.

GN: Use argn! colars tor A-E, very light colors for Fara G, and a raddish-
s colar Sor H, in ol of the ilustratians the thickness of the: plauras

{F and G has bean snlarged 10r CORMING PUTPOSES 11 Bagin with e
anterce view Mote thal the nbs and inforaaaial muselas have Deen
ramoved (e Plale 42). Seclions of thes plourae heve been strippad away
and separated. The patentaal pleurdl gpaca is Detween hese laryers, n ihe
~oronal and cross seclions, [his Space (& drawn 45 8 dan tnie and not &8
2 stuciun b be colored Similary, e tiwe 18 glaa defl uncolored. A small

£5
Siee 4, 47 ES

LNES
ERe

saciion of the pariatal pleurs has been cul And puilud @wey (0 revenl the —
urehaesying viscersl peurs and & portion of thit postodiRphragmel C Iecess
belew the lung supertcial 10108 diaptwagm. (2} Color the GORDNG] e, Baptarsan
mating the ket arue of the daphragrm, and the cardiac notch of the lefi lung CROBS SECTION
(3] Color the Gross saclian of the ung |obes and peURIE [BE BeEn {ram TThmugn T
atove), noling the vertebral level. anvd e rocs of the lungs i
LT _*I'.u
\I|I|: 1 |'I':'."
TRAGHEA I‘F’ _5- .ﬁ.p;ﬂ:
o T
-/‘_'_,_,_,-o-""' al ‘\x\_\‘ .-of uing --.,_‘__HH-
(- P g Y | Madiasiinal e
== 2V RN
/ ,,: s ] o - . -- g F;; PLELIFAL ™
/ N/ -'f'. - g I; TR e \\
{ i A = \
| — |+ jiHuieomal (i o\ Y 'III
II ! figsure i3 ol lung 1
Sarpsal surlgces C'I_:?::E
tamng polental
plewral Epace
oaligus
T hEEUTE
SECTION
VIEW
Righi siduj Qibligia - {Laf sice|
HESUrA
|:'
5
Cosindiaphragmalic ""
recess ol plours
. _ Costodiaphragriatic
Iﬁ‘rﬂu i recess of plaura

ristiaation

EIAPHRAGSM

The labes of ihe lungs ars largely enveloped in visceral pleura, 8
thin seiosal membrane which lums [rellects) off the lungs al thei
rools 1o become the parieral plaura which lines the: inner surface
of thi chest wall, the iateral mediastinum, and much of the dia-
phragm. Thesa gerous membranes ara in comact with sach oiher,
saparated by a thin layer of serous (walery, glycoprotein] tud

The inerface of these mambranes s patenilally & cavily of Space

(| pavral spece cavily). With cerain ciseases, fhe space |s capabie
ol expanding to accommadale Increasing wrnounis of Ausd (pleural
altusian} at the expense of 1he lung. resulting ina reduction ol lotal

kidney

lung capacily. The serous fluid maintaine surface lension belwaon
the pleurs| surfaces [resisting separation od wisceral and parketal
layars In contac! wilh one ancther) and provents trctienal ifritation
petween maving plaural mambranes.

During quiet inhaiakion, the inferlor and anterior marging of the
visceral-plaura limed lungs do nol quite reach tha paristal pledra,
leaving & Namow ERACE OF TECHES, |8, the costomedastinal recass
butwesan the rib cage and the madiastinum (nat shown), and the
cosiodiaphragmalic racess batween rib cage and diaphragm (£e6
coronal section al lowar Fight)

e —
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1%, RESPIRATERY SYSTEM

LOWER RESPIBATERY TRAST =

SECHEWTAL TERTIARY) BRONGRH0:- |
9 ARICAL BPOSTHE BANT: 4 LAT (Boly 2 SURF, (0.0 |

S MEL(Folld B INF:(Gald B SUP, 7MWED. BASAL

B AT BASAL ©LAR BASAL 10 POST. BASAL

—

: Trachea ) s |

-~ F, ! =

LOBAR ELERE \ T
BRO NIZ-:E‘ILEAHII L BUPERIOR "= BRONCHO-
LOBAR (SECCONDARY
BRONCHLES | SEGMENTS

s, Lpar

%, ohE

o LEFT
1 4 LUNG /
A MIDDUE /
LOBAR [ SECTNDARY ) )
BROMCHLS i |
F.Il:.H Ilﬁmﬂgﬁml
i~ () [,
* 14 i BRCHCHUS {
S5 \ b
= |
-~ A MEERIDA \. A
LORAR |SECOMDNAY | | o
g8 BACKE LIS %
¥ g i -1
aequ.im-l- % . B LEFT LATERAL VIEW
L]
CN Sawe biue for E, purple for F end red for G (In ihe respiralory Jnil balow) (1]Use ten N ;
eterent colors for bolh lungs. and key those calors 1o the 8n sagmantal branahi of each b r

Jung. [2) Below Lga tha sama eodor ag above fof ihe Tin seymeEral oronchus. Uss one
light ealar for the alvaali {D') and the alveelar sace (D), Male o [he jas exchange diagram
that rac i calls inthe purple cagiflary [F) recgive three diffenent colors based on iheir
stage of ouyganalion

F

Lipgar
A Inbes

. Rocl
| e
The lower respiratory tract consisis of the rachea and tha bronchal res, inciud- I 3 » -
ing the respratory units which Are engaped in gaseous exchange. The lungs are ‘!\ \,‘
divided by cornectlve tissue septa inlo trianguiar-shaped, surmcally - resectable | \
aralomical and funclional unils called Bronchopulmonary segmenis, each |
served by a segmental bronchus, supplied by a segmental arlery, and drained | :
by segmantal veing and lymphatics Segments are of special significance 10 Lo
those imarpreting ng sounds by stelhoscope (auscultation) o listening 1o {he lobe
sounds coming from the lungs when the chest wall is tapped (percussion). By

such mathods, sites of alveodar dysfunction/diseasa and lewels of abnarmal
accumulations can ofien be determined,

— Ella 5il
idiaphrafpretic
surtacy

LEFT MEDIAL VIEW

BREOWECHICLE A

RESPIBATERY BREOWECHICLE s
ALVECLAR DUET .

ALVECLAR SHEG: & ALVERLYSy

POLMENARY ARTERICLE:
CARPILLARY WETWEEIG-
PULMEMARY VEVVLE s

Within each tronchopulmonary segmernt, a sagmental oronchus branches into sey-
gral bronchicles (less than 1 mm in diameter, supparted by smoolh muscle nstead
ol cartilage). These bronchioles give off smaller lerminal bronchioles, characterized Conliguaus
by cikated cuboidal colie without giands, The tarminal bronchioles represent the end " “™E
of it air-conducting pathway. Each terminal bronchicle diides info two ar moms
respiralory Bronchioies, characierized by occasional alveciar sacs on thelr walls
Each raspiralony broncholke supplies a respiratery unil which is & discrets group of
#ir celis (ahveol), arranged In alveolar sacs. fed by siveatar duets, Extanding from its
source bronchicke, each respiratory branchiole has more and More alveolar sacs,
terminaling as an alveolar duct opening into alveolar sacs, Tha walie of tha ar calis
composed of simple squamous epithelia supported by thin nierwoven layers of elas-
fic Bnd reficular fibers, are susrunded by capillaries which aree rom pulmonary
anarickes and become the wbutaries of pulmonary vemules. The walls of these capil-
Iaries are lused lo and structurally similar to those of the alveoll. Cxygen and carbon
i rapidly diffuse, on the basis of pressure gradients, through these walls

Terliany
wagmeTlil
IEE LS H
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See 2 47

MECHANMICS CF RESPIRATICR

CN: Lise kgl colars throughoul, sxcept for @ brght or dark
color tor E. (11 Begin wilh the lustration at ter eft (inspeation):
noky that the Inceacic wall (&) s shows only in [he tar righl

THORACIC WALLE-

RIB & COSTAL CARTILABE:
STERNUND

THEORACIE VERTEBRAS,

MUSCLES OF
1WSPIRATICMS «
EOAPHRAGM =

ERTERWAL INTERCECSTAL -

B LSRR &0B
I EﬂJ@WF i £
.II 5 __H\| ) |:I
| 'y tmosphane
| If 2o ), o \
N P e ) iy '
2 g |
1 i Sty !

.~"_E-;rj,-ni |

Y,

INSPIRATION

The mechanism af respiration makes possible braatfung wioch
conasts of inhalation (insprration) and exhalation (expiration)
phases. The physical principle undertying air movament (n/oul of
the thorax is the inverse refaticnship of pressure and volume (as
ana goas up, tha otner goes down). Volume changes within the
thowax alter 1he intrathoracic pressure 1-2 mm Hg above/ below
aimospharic pressure (oulside the body) in quiet breathing,
enough of & change o move about 500 mi of air with aach breath
The iharacic diaphvagm accomplishes aboul 75% ol the inspira-
tary effort, the extemal infarcosials 25%. Expiralion is largaly
diaphragm and exiernal inlercostal relaxation/ strelch, and

lung elastizity, with scme hefp from e iiilecmnal vilercoshas.

In inspiration, contraction of the diaphragm faltens the muscle
and lowers the floor of the fhomax, moressing he verlical diman-
sion of the tharacic cavly. Contraction of the external mteroostals

diggram. Color iho daphragm, ils locatlon represanted Dy
proken lines: [2yColor the expaation |lustiabon and B buckal
nandie anaiogy. (31 Finish with the llustation al far rgil.

MUSCLE OF
ERPIRATICON  «
IWTEBNAL INTERCESTALL -

\
3 S g
5 [
3 A\
I : T80

| mmHg |

AL inspration

- —
Al sxpirslkn
&

P

Ciaphragm
a1 forcad expiration
5,

)

! ¥ WA
_,fE ..-\_'\-J- e

;‘?/I A1 inspitalon (

F THORAGIC WALL
AND DIAPHRAGM

elzvales the nibs, swinging the starnal body slighily outward at the
glarnal angle This increases the fransverse and antaroposiarior
dimensions of (he thoraoic cavity, These actions collectively
|noraase the intrathoracic valume, momentarity iowerng tha pres-
sime within. Given the relatiwely higher atmosphenc pressure out-
side the head, ar is induced fo entar the respiralosy tract 1o find
lower pressure The aclhon of 1he buckel handle demonsirates
the hinge action at the sternol angle and relatad nb elevalion

in expiration, the relaxed diaphragm forms “domes” over fhe
yndarhying lives and siomach, degraasing the vertical dimension
of the thorax. Recod /descen of tha ribs decreases ihe transverse
and anleroposierior dimensions. The thoracic volume is thus de
creased, momeniarly iIncreasing the infrathcracic pressure above
almospharc. Air escapes to the oulsde, aided by tha natural elas
tie recoi of the lungs,
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03, DICESTIVE SYSTEM 98
OVERVIEW OF THE SYSTEW s

=N Wher caloring the Brgans that overian each oifw use your ightes) e X
eoiees for 0, E. T, W and W Each ovedapping porlicn racalas the color ol
both slrueciuree. (1) &ttar coloning the alimeniary caral, raviey e giruc- f

furas blors omplating ha accessory organs. Thi ceniral seclion ol

1he trensvorse calon [J) has been removen [0 ANow deeper Sinstunes Almantary Cane
15 likez W hiole
n a daughnul
.

ALIMENTARY CANMALS« Hard
OREL CRAVITU paiwe
PHIEERYNES 5
ESOPHABUS
STOMASCH p A
SMALL (INTESTIWE S
BUEeLEMLM e
JEIUNUM -
ILEWW s
LADGEE WTESTINES- A
@@@ WD Trachea
VERMIFORM APPENDIZS «
ASCEVIRDING GOLOM 1
TRANSVERSE GCRLOW.
PESCEWBDING CELEW «
SiEmweID ERLEOWL
BECTWR »
ANAEL CAMEDLIN

ACCESSORY CRGANS &+

TEETH.

TEMEYE -

SALIVARY BLANDSSE
SUBLINGUAL
SUEBMAENDIBULAR -
PAROTID s

LIVERr

GALL BLARBER v

BILE DUCTS v

PANCRELS w

T
e

Epiglos

The digeslive systam consists of an alimeniary canal wih
aocessory organs, The canal beging with 1he oral cavily. Here
e f=eth pulerize ingesied ood whila it 5 sollensd and partly
digested by salivary and secralions. Tha ichgue aids n
mechanical maniputation of the food, and lilerally fips ihe

faad into 1he tibromuscular phearyrix dufirg swallowing.

The escphagus moves he balus along 1o the starrach oy
peristallic muscular confractions. Here the Bolus s realid 10
mackanical and chemical digestion, then passed into the highly
coiled small infestine for more enzymatc and mecharical
digasthee processes. Small molecular nudrients ars extracied,
ahaorted by lining cells, and iransforred ta capillarias. Liver-
produced bile, stored in the gall bladder. is discharged inlo the
duodenum by bite oucis. Digestive enzymes from the pancieas
anter e dusdesum as well, Tha jarge intestine is mainly can-
permed with abeorption of water. minerals, and certain viamins.
The pon-nidrifive residug of the ingesied polus ks moved
thraugh the reciim and anal canal 1o (he outside, Nulnents
absorbed throughout the tract are transported o I Wver by
ke hepatic portal system for processing and distribution 1o

h@ body's cetls
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M, DIGESTIVE SYSTEW

ORAL CAVITY
& TeONCUE

CM: Use pink fos K and wary lignt colors for A8, T. U
and v D i color the teath: (1)When calonng 1ha
moulh, §is0 color many of (hxse slnuciures hal appear
i the sagittal view ()11 15 nol nECEsSary o colo all of
e papilles of G and B

EREMNVLLVM EF OB
GINEIVR (BURY)e
MAERD PALATE:
SEET EALATED
WVILEE -
EALATE ELESSAL
A RIGHE
ARERMNARYNEG
EALATEORNARYN
GEAL ARGM-
TONSILLAR FOSSA:
ERALATING TEMSIL.
TOEMEWE «
BUCCIRATEE MUSCLE.
BUEGAR FAT"

See 14, 20, 39, B4

T
=

Mandibie
Laryngophad v
yneal gon

ERIGLETTIS ¢

LINGUAL TRWSILe

PAPILLAES
CIREUMVALLATE:
EILIFERMDS

| FUNGIFCRM-

TRSTE RECIONSS:

BITTER

The human mouth ig concamed with vocalization a3 well as mastication and @@@@ T
swallowing (deglutitian). ts antenor hel!. including teath, muscular langue and

ielated axinnsic muscles, salvary grands, hard {bony) palate, and buocinsion ]Lifl 4
muscle in the chesk wall, is concarmed wih welting, macerating, and pulverizang SWEETy

ingestad material, Thousards of mucous glands n the siratified squamaus
finad mucosa of the mouth assiet in thase UNclions, as do 1he mudtiple, micro-
scopically-imwering papilias on the surfacs of fhe tongue, the lalter forming an
abrasive surface for mechanical dgestion The femporomandibular (eins parmi
a fgirty wede range of (ower @w molion and moulh opaning (35-50 mm irarin-
cisal ranga in the adull). The posteror hal! of the mouth, incleding soff [muscular)
pefate, longus, and lonsis petwean the muscular arches, is conterned with

i mune defersee and propsiling the mechanically treated feod into the pharynx
Sanse receptors {iaste buds) buried among ihe papillag on the longue surtAce
ano responeive (o chamical stmull dissolved in tha saliva. These recBplons ang
arranged in & patiern reflecting spaciic sansitivity 1o molecular vanalions, L&,
bitter; sour, sait, ant sweet 1astes

SHLIVADY GLANEDS?S«
SUBLINEGUVALw
SUBMANDIBULAR
EaReTIEY

( I,
SR TS =
</ \I, \\ Maszsaiar | |,__J \\nll\‘l

|
5 J T‘“EIU L™ '-] / Salivary glants secrete 8 mixed waler /muUcUS
\ Mo s B i J [~ enzyme-ccrtaining fluid inlo the mouth during periods
2nd motar T e EE ! 4 ol eating (or anticipated eating), Specialized muscle
‘|.=NJ e A m {myongithelial] celis at the base of Ihe giands stimu-
[ gublingual |yt / lale secreton into the ducts tollowing stimulation by

¢ mutoromic nerves. The sutlingual glands ars the
/ emollest o) the three pairad glands Ther ducls open
an 1o the floor of the mouth, a8 da 1he ducls of the

s

Y
|
= '..h

W a g i / submandibular gland, The parolid giend is the largest,

oo At ¥ ! Iy sending 15 duct across tha masseler muscle, throwugh

amn“m:m}' f.l f __,/ ! the cheek, and into the oral cavity opposite the uppar
duet et e ookEo- 2nit maolar ioodh

| masiod muscle
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Sew 13, 00

. DIGESTIVE SYSTEM
ANATOMY OF A TEOOTH

OM U yallow for £ md for G, biue nr H.and light colors tor A, B, and L

{1 Bigr with the aratomy of 8 tocth Color gray the {Rlas &nd armows bands
arranged veriically. (2)Use anly light colors on e taadh below Yol may rapeal
galare usad on ine upper Hiusiralicn Note that 1he idantiying letiee and mum-
ber labais are thaes used By [he damal profasson

ﬁ@@&n P T
@fgmﬂ'ﬂ@ B e ‘é A
PULE CRAVITYe d 3
BOET GAWAL» /\|
PULPe

- WERVE- ARTERY VEIH
CEMEN TURU
PERICDENTAL MEMBRHRANE
G0 BIVA «

ALVECLAR B@IE L

The toath le 8 hallow core of sensitive. mineralized denfin iled with

a lncse fiorous, vasoular pulp, capped wilh insensiive mineralized
priame! projecting above the gingiva (gum), butied within the bony "
F

Bt

F

I

il

RS E e

sockel (afvealus) ol tha mandible/maxlla and gecured to thal pei-
odanitel-lined bone by cemenium, The bulk of the tooth &5 roated in
bone: the neck of the tooth (s a1 tha gum line, The crcwn is dantin cov-

ared wilk 1-1.5 mm thick enamel. Ename! is 1ha hardesl subslance in .
tha body, weighing in at 99% mineral content. Il consists of crCular Fplcn R R T S
; R R, v O,
s arranged in @ wave pattarn stuffed with hydroxyapatte (hone) el pC A S T L T G A
mineral crystals. During development non-mineralized enamal (i gHL SAGITTAL SECTION
[FET molar i one)

mineralizes laier) s secreted by cells which arg wam aff the enamel
surface when the looth arupls and becomes exposed

Dantin = & boae-| e material (70% mineral by welgnl) seorsted in
tubidar torm by cells at the derlin-pulp unction. Win aging, lhe pulp
diminishes in valume, replacec by dentin. The pulp cavity 1s fiiled with
an embryonic connective Hssue supparlng ferves, arlanes, and veins
kst supply the tooth Pulp passes through & oot (o pulp) canal o
reach the apical or roal faraman, The pulp is continuous with the pari-
odanial memprane, a dense fibrous tesue similar 10 penastaum
Camanium is like bane, mineralized with a significant content of col-
fapen fbers It serves as an intemmediale lissus DEtween dentin and
ihe perindontal membranea, wilth many of it fibers buried in alvealar
nome, The gingiva, lined with keratinizea stralified squamaus eni-
ihalium, i= pan of the mucous membrane of the mouth, BNo BUTOUNDS
the neak of each tooth The gingival epithelal cells are altached 12 he
tnoth surface. The gingiva is finmly anchored 1o the periasteam of

ihe underdying alvaclar Done.

. Ansniar
#~  bone

Mardibhe = ———

ADYLT/SHILED BENTITION: T

CEMNTERAL IMMEISOR ¢ 3 4 = 6r0p 1N OCCLUBION
LATERAL INCISER 7 10 1s,z6,0,64.8
@iﬁ)ﬁﬂﬂmﬂﬁ G 11, P2, 2T, C 0 H MR

JST PEEMELALR 512 21,28

D PRENMOLENS 4,12 20,29

ST MOOLERS 514,19,%0, B, 1,15

E[—J‘Lﬂ@ M@&@:ﬁ 2,75, 18,81, A, 4 KT

RED MELER (WISBERD) 1, 16,17 5

“wo sels of testh devalop within a Iletime. The lirst sal are deciduous
{milk taih), Thara ane 10 i each aw The incisors are usually the first
w0 erupt &l abou & months, the rest follow within 36 manihs after birth
Pressure from the permarsent 1Beth induce ostecciasic resorption of
{he milk teath foots, and subsequanlly Ihe remaining crowns diskodge
and fall out without pain or pesding in the permanent sel, the first
moiar or cemlral incisor erapte first (ol ebout & years). The second PEAMANENT TEETH
molar enupts around 11 years of age: the third molar genarally emerges GRS Ty
apout 18 years ( wisdom tooth™)

*
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2. RIGESTIVE SYSTEM Lok

See 04

PHARYI ESeRHAGUS
CN: Usa :.1r£?| L3 HIGD?W%&P Iw-er Hiigstralinng simultansously, In e @@WHWE

parsterior view of thes intesied of Ine pharynx, the posteriar pharyngaal wall is m @E T

dridrd And reirected 0 yoJ Can nole the relstonship of inlarmal pharyngest
abrelurs i Be constricior musclas (&, B, G and 1he subdivisions of he pharyms
{0, G, I} Calor gray thie boluses of hood In DAt UDPEF and middie ower viees, aod
e lithes &8 uppar rght. (2] Follow the texi when colonng (ha dagutibon disgrams

MUSEULAR WALL
OF PHARYNESS
SUPERNCR CONSTRICTOGR: Baiale
MIDDLE CONSTRICTER -
IWEERICR CONSTIRHETER
INTERIOR OF PHIABYRKS: i
MEASERHAERYIS » el
SEFT PALATE 9
WYWLA -

e TR o

Qs H 1& pharynx |s & complex fibromuscular, mucosa-| c, opan Io the nasal
%M@@@MEWEE’I :au.-ri:rlagm. tha araiﬁv-‘::t:; fromt. a:'ld the Ia:rru.;?:i Tsamﬁ; bL!hEn»w Like
@MJ three stacked pals, the consiriclor muscles of the pharyngeal wall overlap ona

anoiher posierory and posteralaterally. Saveral small muscles (nol Shown) ren-

mm Wﬁ & torce thi constrcior muscles structurally and functionally. The pharyngeal mus-

‘ﬁ’@ﬁﬂ@@@ cles are primarily concerned with deglulition. Swallowing bagins with pushsng
¥ the food balis from ihe oral cavity inlo the ompharpas (1) This is done with the
voiE BENE.L Iongue sssisted by the suprabyoid muscles pulling the hyaid bone and Jarynx
?W@@U@ (CEE] D&@@@ ™ upward. The unlrt pails (lsvator palati) then elevales and the superiar conslric-
. farg eonfract, clinsing ofl 1heé nasopharyns, Incarceraied in the ol phary s,
@@U@@ﬂ@ @DN l% ﬁﬁ]ﬂﬂ@an' unable to retumn (o the mouth or enler ;JII"-B reasal cavily, tha bolus shools inlo the
R AGHE e laryrgopharyrx (2] with the sid of the rmidiile and nienor constriclors, past the

Bﬁiﬁ@@& @@Wﬂ‘ﬂ’?ﬁ’* chnzed larym (pinched off by the aryepigottic folds) and nto the sgophagus
=0 TS a
%@W@Eﬁﬂ L;:ralll?l Tensos

L) i
1.“;*1| _H-‘:%— P
F] L= | W '

Pharyngobasilar | Alaohas Ik
laeCis ’-"‘ plerypomandloular
¥ j aphe

v .""'"

i
A} / BueeinRior

Mratyngobasilar
T| muscle

ARCIE

Thags
consincions
allach o
pharyngaal

L raphe

’J_B'I'I-IIII.'IIH'

Graater

'?r" Hyoglossus

T 1}
Fryoid pona 115 Mendible
([T 1]
s
Thyrakyoid
lipgmeni

.. Grigiotfry roid

POSTERIOR LATERAL
VIEW VIEW
{Sehematicy |Praryngeal wall oennd (Schamatic)

o 2ee inlerios)
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PERITONEYMW

Wik tha antencr abdomnal wall gpuned (NFoug
i% daapes) [paialal pantonedl) layar I lver,
sinmach. and 1hea 1ally grealer amentism are
generally &ll that can be seen with Ihe contants
indisturbed. Littng Iho Bver exposes the (asser
amenknm, @ double-pertonaal layor betwean
giomach and (wver 1t is ihe snienar wall of the

2. DIGESTIVE SYSTEM.

Wit ihve greater omanium [itted, tha double-layened
ransvarse mesooolon belween Fansverse coon
ana e parintal petiioneum can be sean. Relractng
I intewtings 10 one Sida fesRils INe CamTI Mes-
pniery betwaan most of the small intesling sno ihe
panatal panionaum onhe postenior body wall The
sigmeoid £alon has B MaEsEniEry [sigmnid rmeso-
codpnj 88 wail, Abdominal streciures posieriar io

102

Boe BF

Abcominal

neria
irginopaiicnsalh

The panetal perionsum of the postens body wal
|8 sean whan all strusiunes excepl iiopenionaal
onas (Aora, rleriar vens cava, kidnieya, uretarn,
pancroas, durdanum, ascending/ dascimaing
cobpnb ara removed. Many nefved ard vesseR
wavel in this mimpeniloneal space AS OI0ENS
omerge Iram the peritonsum, ey devsion a mas-
sntery (o suspend thom. Tha out layers ol savessl

omenta! bursa [E], The graatar omanium conneois

the fransverse colon lo [he stomach ot them can be seen (. D, F G and H)

Inese measnleries/ omenta are rsroperitonnal

CN: Ui @ wary light color for & and | 1) Color (e upper fwee diagrams in rumerical
arder Mot il 1he digestve organs ane aovarad wilh visseral parsorean () (2pColar

fhee sapiltal view. Lise & darker gray of biack for he omantal bursa (E] Thaa space of

e petiloneel cawly (B] hae Dean greally pragyarated lor clarity of paritoneal MEmDrares.

PERITONEAL STRUCTURES:?
PARIGTAL PERITORNEUMA
PERITOMEAL CAVIT Wex
LESSER @MENTUR
OMENTAL BURSA .
GREATER D
TRRANSVERSE MESCEOLOMW- \
CEMMON MESENTERY )

Tigngwvenss
fiitil]

SIGMOID MES©EOLOW: _ -
VISEERAL PERITCREUM : TEl e
Paritoneum ks a serosal membrane of the abdominal cavity. The disposition of the ’ '. \Hl:“ -_1 "-:r it

peritoneum is simiter 10 that of tha sar0s3| layers araund heart (percardiom) ard
lunge (pleura) partoneum attached o the body wall is parielah perieneum atiached |

1o the outer visceral wall is visceral. Structures deep 1o the posteror panetal il
parioneum are retroperitoreal. Periloneal layers suspanding organs are called \ \] Y
mesenteries. those suspending sn organ from another organ are called omenta of \ ‘I!p' |
ligaments. When coloring the sapitial view, the canlinuity ol ihese peritoneal mem- \ 15} \
branes can be appreciated. The cavity of the peritonaum is emply, i can fill with fhuid Y ;f'“' : )
in dicaase and trauma. The view al right shows inlestines separated aparl from one | ; "
another: in lile, 1hey are as close logether as sirands of colled wel fope. Vassals/ B ||
narves to fhe inestnes gnd stamach iravel in the mesenteries/omanta, they do nal o {
penetrate periloneal layers, The source vessels are retroperitaneal The omenial mectim [
Dursa is 8 pentoneal-ined sac crealed by rofalon al the stomach during letal life. Ubans i

¥

It s apen on Ihe right al he epiploic foramen betwaan the [Esser omenium and (he ( k - =
parietal peritansum. Here the omental bursa (lesser sac) communicates with the , .\\ ) M
collapsed, emply peridoneal cavity (greater sac) (L
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- e
%, DIGESTIVE SVoTeM [ % -
STOMAGH > : '

CN: Use light calors Tor E-4 and O (1) Color ike regions of the
momach (21Coke simwdlanecusty (he larga view ol ihe stemach and
I gRction of the siomach wall The leyers of the will in T large view
have Boen snlangsd (o laclitate celonng Note the oblique muscle

(655 doas not reach the dusdenum (3) Colst he lowar diagrams

REGIONSS ¢
CRARDIA

FONDUS s

BOLY-

PYLOBUS 7
WALLS »

MUEESAL SUFHELCE (RUGRE): i

SUBNVCCOESEF

MUSEYLARIS EBRTERMAG

EEBLIGUE Wiloe

@mﬁ@@m@ &I’:Jnﬂ

LEONGITUDIIERL Wo:
is[gu o J

The stomeach is the liest part of the gasiroiniestinal
tract, It acidifiss ingested food to enhance prolesn
digesfion and kill microorganisms, Secretas protao-
[ylic anm mes (pepsing, mechanically manipulates
digesting food, and induces secretion of bile and pan-
crealic enzymes. The cardia is the area of ihe gastro-
esophageal junclioe; though there is cireular muscle
here, | rekakes during swallowing. The pworus is
thickened with circular musala nesr the duodenal
unchion (pyloric sphencler). lis regulatory funclion
nes basn quesiionad

While cobaring nole carafully the organization of he
siomach wall the mucosa is consicered balow. The
fiorous, vesoular submycosa provides some suppon
e i karger vessels and merves iraveling in this Eaper
When ibe slomach s not full, the mucasa ang sub-
miucosa are often thrown inlo a seres of imegular
folds (rugas). The diflerant onenatons of the mus-
cularis extema fayer privice complex and effective
parisiaibic movements durning dgestion

The mucosa of the stomach, lined with simaole col-
umnar epithalial cells with microvilli, contains & sup-
epithelial, vascular, [oose, fibeous lissue layer (laming
propria) supporting ine gasiric glands. 11 condains
numarous fibrobiasts and parficularly dense messes
of ymphocyles (lymphoid follicles; s2e Plawe B4) The
fundus and body reveal lubular-shaped gastnc glands
that axhibit deap gastic pils, 8 nack (largaky MUCOUs
clig) and & hase conlgining mMucous cells, pavisla
celis secraling mydrochlont aoid, chief cells secral-
ing i profein-lysing enyme pepsin, and enlend-
endocrine calls secrziing gastrointesinal regulatory
hormones The panetal cells also secrae infrinsic
facion a gycoprotain which binds with vilamin B, and
permils the latter's absarplion in the leum of the small
infesting, Makatsorpton of intrinsic fastor leads 1o
vitarun B, daficiency whch induces abhomal
enythrocyie (REC) developmeant and subsaguent par-
nicious anomia The pelorus containg largely mucous
glands as well as enlercendocrine cells sacreting
gesttin, @ polypaptide. i stimulates secretion of pep-
gin &nd scid in the slomach, and augments gastric
muscle contractions {increased molllity). The smoolh
musche thers of the thin musculans muscsae particl-
pate |r the mechanicsl digestive procoss

Esophepgus el | i,

branchas

Aarls L gesirica
?ulluc
rurk

Common
hepatic a.
F

Gashno-
dundanal a

Superior L
{188 paii)
duodenum

ind

inctor SIS
]
F

.: (=%

A pestroepipioic e iy

STOMACH WALL
{Longuedinal section)

MUVCOSAES «
ERITHELIAL LEYERS -
MUEYS GELL
EARIETAL GELEA«
CHIEE CEAL L i
EBUTERGENDOERINE GELL,
GASTRIC PITs |
LAMIMA PROPEI®: &
MVSEULARIS MUBLSAE -

Solaary
lympheid folliole
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T

N DIGESTIVE SYSUEM
SMALL INTESTINE

PUE@REMUWMIS: .
SURERNEE fﬂ@% BRART:
DESCENDRING @) BPRFET:
HemizamTAL (B3R5 FRRU:
ASCENDING (4-TH) FART:

JEININUM -

ILEWM -

IRMNTESTIVAL WALLS «
MUEESMEs--

PLISH CIRCULARE (OLD):

Lt H*
LAMINA PROPRIA: )
l MUSCUVLARIS WUCGESAE
LWATIPH@IE FOLLIGLE,

SUBMUCESAL
MUSCYULARIS ERTERNAS -

CIREBULEAR o m

LEN@ITUVRIMNAL Mo
SEROSA o

Ok Use graen bor K, med for B, purple fae 5, 2ue for T, pellow for U, and a very lght
calar for H (1) Bagr with the ihroa divsions of the amall intesting (2 Caolar the paris
o Iha duadenum eno ing seceon of duodenal wall, Tha iwming peogais {1 & idantified
and colarsgd aaly in he aniarged viaw of 1he vill bebow

The small intesting is 8 highly conveluled, thim-walled tube thal wvnderlakes much
ol the chamical and mechanical digestive process and élmos! the whale of 1he
ghsorptive process of the enfire gastromiestingl fract The first part of the diso-
ganum |5 suspended by (he IEsser omentum. The second and third pans arc
retroperitareal. The fourlh part emerges anteriorly lo become ambraced by lhe
commaon masentery, pulled upward /suspended by a band of smooth muscle at
thie dundanajejunal junchion, The jefunum is highly colled, suspended by the
common mesentery balwaen the peritoneal layers through which travel iks Diood
ard nerva supply and draning veins The thinner but longer lleum i1 also sus-
pended by Ihe commen meseriary, It opens into 1ha cecum of the large intestine
The mucosal suface of the jsjunum {and o & lesser esient the ducdenum anad
iium) ks characterzed by circular folds (picae circwiares). Wyrlads of conical,
finger-shapod wili (leal-shaped in the deodanum] project from the surtace ol tha
[ajurum, these diminish in number in ihe ilsum Among the epithelia lining the vill
are hormone-secreling enferpendocrine celis (see gloasary). The loose, vascular,
fitrous faming propra suppon the il and ils confents, ncluding tymphatio capd-
lari=s (lacteais) and muscle fibars from the musculais muecosae. Lymphan
Joficies axigl in both laming progria and submucoss; they noease in number in
ihe lleum where they lorm aggregales (Payar's patches) AL the base of tng villl
aro fubiutar infestingl glands, the ducrs of which open inlo the infervilious spaces.
The submucosa of (be small intesting is ibrous and vascwar, and CONAINS
gangkn of aulonomic molge neurens, the axens of which supply the musculars
eriarna |n the dusdenum anly, mucus-secreling glands occupy the submuoccsa.
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(SAnuciures common 1o a8 vili gre shown saparaiely )
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e DIGESTIVE SYSTEM
LARGE INTESTINE

GM: By uging the sama otdors lar 1he pans al e inlestnal wal you used on
Ihe meceding pdaie, you can demonsirale the similarily botween the structures of

InA 1w infeafines The apithelum/ mucous glands [N should recaive the same color
a6 thm willi {H") of Pinie 104, and [ serssa n bolh plales shadld recedvs IhE saime
colod Uge a vary light coker Far B (1) Bagin wilh (ho saafion above

LARBEE INTESTIVES -
GEEUNRIE .
ILECCECAL VALYE s .
WERMIFEEN APRPEMDDES
ASCENEING COLEW
TRANEVERSE COLEW =
PESEENDINGE COLEM-
SiEMmeD (PELVIG cOLEW s
RECTWIY
EWERL GERIEYL
IWTERNEL SEHINETER Em
ERTERNAL SEHINCTER AR «

TAEWIR GO0
APPENRDICES ERPIPLOICA v

!I}!)“J'{E ALLE

WEESES
@@Dﬁ%ﬁ'&ﬂﬂﬂﬁlﬂ G S]

B EOEEIA
CEMU0R0E - 0 o
MUSEULARIS MMUEESAEe

SUEMUECRSA a )
MUSCELULAGRIS EEIUERIAS
EIREVLAR Mo w
LOWMSITURINMEAL @ ¢
SEHESA s

The large intesting = characterzed by aige sacculatons (naustras), siips
o fongifivdinal muscks in the musculans axiama (faemna colf), and fat pads
lappandices epiploica ) alteched 1o 1he serosal surface of [he ascending,
ransverse. and descendng colon (only) The large intesting beging at tha
eocecal valva with ihe cecum, usually suspanded by a mesentery, in lhe
right lower abdominal quadrant, Tha lunclion of the valva is not clear. Tha
vermitorm appendis vanes in length (2-20 cml, d may lle ameriorn, pos-
teror, of intenor to the cecum. The sscending and descending colons arn
reloperitoneal; the ransyerse colon is suspended by & mesentary (irans-
viige masocalan), Mate the colic flaxuras and Ihair ralalionships. A1 the
pelvic inset (not shown), the colan s medially, gains 5 mesantery (sig-
maid masocokon), and & named the sigrmoid cofon. Vanable i its axtent
g shape, |t becomes the rectum & tha level of the 53 veriebra. Here

I hausirae, (ke appendices apiploca, and (he lasnia ars no longer sear.
Apaut 12 om long the rectum kas a dilsied lower pan (ampulia). Feces
enorng tha rectum shmulate the dasire lor dafecalion: thus, the ractum

s not a long-term storage sie. As the rectum narrows nferiorly, it be-
comes the anal canal surrounded by sohincter muscles

The intestinal wall of the large imestine s characieristic: mucosal surface
withaut villi ar plicae, undarlying vascular subvmucoss, and two-layerad
musculans sxterng lined with periicneal ssroza The eplihelial lining s
simple columnar except in be anal canal where @ becomes stralified
squamous. The glands am tubular and mucus-sacraling. Lymphaid felli-
cles are seen in the lamina propna. Al the anorectal junciion, about 2 cm
above the anus, a remarkably karge number of veing can be sean in tha
lanming. propika (nol shawn), Varcose dilatatons of these veins (rectal or
hemarrhodal plexus] arsa called hemosrhoide, The larga inlestinag lunations
in absarpion of water, vitaming, and menerals, and he sacretion of mucus

Dpanirg of
|MEM|HI;'%IHHJ

lhexure (hapanc)

ILEQCECAL
REGICM
(Anlerior porlion of cecum remared)

Recial b
Iransvarse
foid

i

A colig

| lhaurm

~ Qnhoe
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5. DICESTIVE SYSTEM " _toasre—meatamangt 106

LIVER b

CM Use blue tor ), red for ), and yeliow for K. Use veey Tign! : -

eolorg for &, B, and L. (1] Color I ta0 UPDEr Views SimLitanecusly e 1 [r.A

{21 Color ihe group of [abules. and thon The entaigameni. Bagin wilh ¥ W

i Birancnes of tha portad vein (1} al the bofbam of 1he saction

3] Bagin ihe ovenaew of biod and bile with the arterial llow POSTERIOR/ANFERIOR
VIEW

(Waceral surinca)

Ligamanium

T T Fepaka Bare amen
] H B peanperiloneal)

LOBESS - o
RIGHT LOEBE A VIEW nr S
[L@Eﬁ &@@@ B - 7 uéﬂmzl::-u
%ﬂf&a@@ ATE LEEE ¢ i #o _ :
Al B LeBE -ttt § [y gt .
LIGRAMBHTSE » T G S
CORONARDY Lo« ~ -yl ,.
TRIANEVLAR Lor ~
LESSER CMEN TUM
FERLEIEEEM Low
PORTAS «
PeETAL WEIU 1
HEPETIE ARTERY
BILE RDUBT«
LIVER LWLBULES.
"By o0 po
SWEY OF PORTAL Vs r
BRAMCH 6F HERATIE Bo Y
BILE DUET
SISO
HERETIE GELLLY
CENTIREL VEIW1®
TRIBUTRRY 0F NEPATIE Vo rt
The liver is the angesd gland in the body. Wedge-shaped (rounded upper border,
hin, sharp infenor border) when sesn from the side, 1he (ver occupies the whoba
ol the Lpper gt quadrant of the abdominal cavity, Weighing abaut 1.5 kg in
nealth. i1 can wesgh cver 10 kg when diseased (chronic cirhams), 1 s ralativaly
huge in young chidren, hence the profuberance of the upper abdomen in such
parsons. Tha lives is envaloped in visceral pariloneum except for a part of the
fight posterior surface which = flush aganst (he fascia covering the iaphragm
|bare area), The viscersl pertaneum around the bare area tume or ratlects up-
ward {coronary Mgamenis) on to the disphragm to bacore panietal perftaneum

The adges of ke coronary ligaments are called the frianguiar kgamants The two
anterior leaves of the coronary ligaments |oin to bacome the faicifanm fgamenr,

he twor posleror [eaves become the (esser omantum which encircles the porta :
of the lhver, Hera the hapatic portal vein and the healic ariery approach the \ a . L
i - ] .

Gall Dupoonal
Ligamerbim 4
e biaads

{Rcuind lig )

visceral surlace of the liver and branch, and the comman bile duct receives the
common hepato duct and cyslic dust The wo-Eyarad iBssar omentum de-
goends 10 suppor the pylenc end of the stomach and the first part of 178 duo-
denum The talciform ligament is continuous wilth 1he parietal penioneum of 1he
amernar apdominal wall (rsapheagrn —gd
Connactve tesus septa divide the e celis/issus (parenchyma) info iregu- /
lar polyhadral lobules. Wilkin each lobule, 1ne cells 1omm ragially arrarged
cords; on two surtaces of these conds arg sinusods that conmverge onta 8

more or less cantral vein. M tha eorners of these lobules are the hapatic
ariary and poral vein branches, and bide ducts (called a iriad). The portal vein

manches feed into ihe sinusoids; the hepatic anery ranches supply the blagder
cefls; the tyke ducts drain the bile dustules formed from liny canabicull (nol —
ahim) surrounding the cells, The (iver cells decharge their products into (AT I duct

lhe sinusoids {excest bile), and shsorb fom Ihese Same Sinusaids various T
nurienis and non-nuliients as well. Liver cefls stare and release profeing, (AR @m& : %
camohydratas, lipids, iran, and certain vitaming (A, D, E. KJ: they manutaciure EBLGOD. |- -
urea from amino acids, and bie from pigments and salls; they detoxity many w@@@@@

harmiful irgested substances. Bile is releaszed from the cells into tributaries of
ple ducts The central vains ane Wibutanes of lerger veina which merge 1o @lln@ I

farm thres Fopalic veins ai the postarior, supanor aspect of the [var Thase w
yeIng join the infesior vena cava just inferior o he diaphragm EG[L‘E [F&@'J i
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PIGESTIVE SYSUTEW
EILIARY SYSTEM & PANCRERS

CN: Lss the same cokws a5 ware used on the preceding plale Tor
{ha naatic cells and bile ducts, ara o very light color hor M |1 )Galor
simulianaously the diasgram o bile farmation/ raneport and the arge
canral liustretion. (2)Cobed ihe diggram describing bile siorege

&Dﬁ?&’éﬁ? HERATIC CELL

'\.

Bec 8 L. HERATIC DUBT:
eeMmfen) NERETIE BUET v
@SALL BLAPDER:

E8TIE BUETF i
CeMMEN BILE BUET: :
PRANCHERS «

ERNCERERTIC UG
DUGRENAL AMPULLA.

Duocdenal |
wall 1

Huac)

ANTERIOR
VIEW
[Blemach ramoved)

N

Vigzoral sunaca Ll bk

of lver

I:Iuvu‘danmai-,u'la-
llaxura

The bil@ry system congisis of an armangement o ducks transporl-
ing bife from ihe dver cells that manufacture it 1o the gad bladoer
and ta the second pan o the duodanum

It ig worth repeatng bile is farmed in the liver (not the gall biad-
der) I = a llud consising largely of water (57%), and bile salls
and pigmants (from 1ha breakdowr products of hemogiobin in the
spleen), Onee loimed, hle © dischargad from liver cells into sur-
rounding Ble canafoul. Thase small canaie marge 1o form bile
duciules that |oin ihe bie ducts wnich travel n comganmy with the
branches of the portal vein and hepatio artery, The bile is brough
ourl of the liver Dy the rght ana ied! hepanic dects which mesge at
ihe porta to form tne common hepalic duct which descends

belwaen the layers of the lesser omanium and receives the 4 cm-

Iorg cysho duct from the gail bladder, The gall bladder is pressed
againgt 1be visceral surface of the right loba of the liver, covanad

Sphinctar
@l ampulla

107

Sa= B8 106,129

Bila
canaliculus

with visceral peritoneum. The comymon bi'e duct (cr just bile cuct)
is formed by the cystic and comman hapalle duct. Abou B om
Innp, il descends betind the first part of the duadanum, desp 1o of
thraugh the head of the pancreas. I usually fins with e main
pancreatic duct, lomming ar ampulfa in the wall of the second parf
of the duodenum. Here the dugt opens ine the lumen of 1he duc-
denum. Thare can be vanations i fhe unicn of these two ducls

The gall bladder sarves as a storage chamber lor bile discharged
from tha liver Bils is conoanirated here sevaral limes. & faol
refiecied In the muliple mécrovilll on e luminal surfaces of he
simpla columnar epilheial cetls 1hal absorb waler rom the dilute
bile, In responee to the gastic or duodenal pregencs of 1ot
secrelion ol cholecystoknin is nduced which stimulales 1he gall
bladder 1o discharge its contents inlo the cystic cucl Peristalic
confractions of {he duct musculaiure squirt bide inlo (he duodenal
[urnzn thraugh tha ampullary sphincten Bile saponifies and emul-
sifies fats. making Ihem water scluble and amenabie 1o digestion
by enzymes {lipases).

The pancress ia a gland in the retroperitoneam, congsting o

g head, nack, body, and 1ail. Most of the pancieas consists of
mxocrine plands thal eecrale en2ymes irto 1he pancrealic duct
tributaries and on into the duodenum al & iate of aboul 2000 mi
par 24 hour day. These enzymes are responaible for @ major part
ol chemical digastian in the small intastine |lipasas for tal, pepti-
dases lor prolein, amylases far carbohydraies, and ofhers)
Pancraalic secralion i reguiated by harmones (primarkly chale-
ayslakimin and secreting from antero-endocrme cells and by ho
vagua narves (acelylchaling) The endocring partion of the
pancreas |s coverad in Plate 129
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230, URINARY SYSTEM
URINARY TRACT

VRINARY TRACTS «
WHIPWEY
URETER .
UEBIMERY BLADDER:.
WERETTHRE b
FresSTETIE U MAaLEy
MERMBRANCWS Us(0ELE)
SEONEY Us (MELE::

RIBMEY RELATIONSS
R i

S R

LIVER -

EM@@%M &

TRBANSVERSE
COLOM -

SPLEER

I

PANCRERS «

SEIHURWED L

Dpaning
al wselar
Lkaly
lacalian
ol sinnas

= |rogenitl
ot disphragm

Estarnal
urathral orifice

The wrinary wasl conglzts of pared kgneys and wreters
in he retroperfongum, a single urinary biaoder, and &
urethra. The urinary tract represants a pathway for tha
alimination of matabolic by-producls and loxkic and other
non-essertal molacues all gissobved in a small voluma
of waler {uring). The kigneys are not simply instruments
of axoration; they unction in the consarvation of waser
and maintenance of acid-base batance in the blicod. The
process s -a dynamic one, and what (s excrelad as wasie
in one second may be ratained as precious in the nex
The welers are ibromuscukar lubes, lined Oy transiticnal
gpitholium Thres areas of the uretars ara ralalively nar-
row and are prone 1o Deing obsimucted by minerélised
concretions [“stones”} fram the kidmoy {so0 armows)
The fibremuscular urinary bisdder lies in the frue pelvs,
il5 supernior surface covarad with pertoneum The
mucosa is lined with transiional epithelium. The bladder
can conlair as itle as 50 mi of unne and can hold as
much as TO0-1000 ml without injury; as il distends, il
rises info the abdominal cavily and Dulgas poslenory
The mucosal area balween the two ureteral orifices and
the arathral orifice |s called the trigona
The lioremuscular, glandular wathra, inad with trans)-
thional epihelium excepl near the skin, 18 larger in makes
{20 cm) than temales {4 cm). Hence, urethrilis is more
COMmmAan i men, cysilis is More Comimon in wamen
The urathra is dascribed in ihree parts in the make
(prostalic, membranolus and spongy). Tha mamora
nous uretira is vulnerabla (o ruplure 0 1he urogenial
diaphragm with frauma to the [ow anteno: pelvs.

Sew 108, 113

Ch Use very Iight coboes for Coand E-L

(1) Colar tha theoa viaws of the unnary tracl
sbmiullanendsly. Mole thal he kidnays al Bhe
lop of he plels gre b0 be colored acoordng 1d
areas which are (n coract with ather argans
Also nole that the uraters peneirale The pos-
teqice wall of the urinary bladder. and thal these
openings receie @ coler [2)Color 1he arierior
ralabione of 1he kidneys which gne ghown a5
shaded silhoustiea. Color gray the arraws mark-
ing sites of potenbal obsirucin by “shomnes "

ANTERIOR RELATIONS
OF THE KIDNEYS

Irtar

e

nica

DOpaning
ol webar,,

LItEciE .1

fagina
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£30. VRIVARY STSTEM
HIPNEYS & BELATED

RETROPERITONEAL STRUCTURES

CM Use red ‘or 8, biue lar L and & vary Ignt coboe tor X {use & color, nod
gray) {1 Calor the vanices slructures in fhe abdominal cavilty. Pan of the

paribanaam |} whoae fitle 15 armong [ha uppor diagrams, s shiwn coveing
mueh of the right side (2141 this upper nghl, note he relationship of he retro-

parilgnaum 1o Ine panetal parlonaum

RIPNEYA
URETER A
URINARY BLAPDER &
AHOMTH &
& BERANCHES: -
@@E‘zﬂ@@ Iﬁﬁe @ D c
SUPBAREMNAL Ao
SUP. WESENTERIEG Ro:
REWAL Ao
TESTICULAR Ras
IWE: MESENTERIG Ao+
CoMmMeN ILIAG Ao
INTERMAL ILIAG &od I
ERTERHAL ILIAE Ao«
VENA CAVA .
& TRIBVTARIES:
IMNTERNAL LGS Vi m
ERTERWAL (LIAE Vo
oMM 1LIBE Wbo
VESTICULAR Ve
RENAL Vg
SUPRARENAL V-
HERPATIC V.=
CREANS & RDUECTS 3+
EBoPHACYE
SUPRARENAL GLANDU
BEETUM v
PUCTUS (VAS) DEFERENSW

The paired kidneys and welers lie posiedion (o the

o~ 109
/_,.' N See o2
i‘. 'f
--‘1 '
Hie al _.-"ll \
peronaal- ¢ A
Prerienal tAuscie Vel : III
e L
m;a; / i y -..rglun?:m N Dlu.:}: E¥l |
Padarmnal | 2

CROSE SECTION THROUGH ABDOMEN
(Sehamatic. wewed from DElawh

FARIETAL PERITORNEVRY

RETROPERITONMEUNDr st
L3 %y { lg_,.::.-_
Dhaphagmalic
: : PR anEun o

Wi s,

L & Quacraliug
| " ILmDoram m

pariaial parifoneum of tha abdominal cavily, they are,
theredore. m the refropentorawn, Dunng felal devalop-
mant, somo abdominal structures arise in the ratro-
periioneum {e.g., kidneys), and some bacomea refno-
peritoneal as a resull of movement of visoaral organs
(&g, ascencing/desoending colon, pancreasy The
abdaminal aorfa and Iis immedisle branches ang the
interior vene cava and #s immadiate ributares are all
retroperitoneal. Arterias and vaing travel batween layers
of perioneum o rasch the organs they supply/drain
Lymph nodes, lumbar trunks, and the cysternal chyli
{nal shown) are all relroperitoneal. The ureters descend
in thie retropeslonaum and undser the parietal perio-
mEum to reach the pastanior and inferior aspest of Ihe
biaddar Palvic viscera and vesssls lie desp to the par-
ie1al periloneum

The kidneys are encepsulated in periranal fal. secured
by an outer, slronger @yar (renal fascia) Esch kidney
ancl 1% fascia are packed in pararenal fal These com
partmerits do not commonicale between ket and right
Such a support ysiam permits kidney movemom dur-
ing respiration but securas them againgl impach forces.

Y ABDOMINAL CAVITY
I 'f : ? [Anterior structures remaeed)
i
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230 VRINARY SYSTEM 110
KIPNWEY STRUCTURE S

GN' Use rag fer B biun for | yeliow for K, and very light colors lor B, E.
E @ and J [1)Begn with the largs illugiration sro nobe that 1he thick-
nass of the rensl capaule (A) hag boon greally aaggeraied for oxorng
purposes. Color thie cul edges of bived wessels in the corlex (B], Also
Eoior the titles and arrows reliacting Dioco and urine fow. (2) Complebe
Ihe owerview dipgram al 1ha jop of the plala

PERIPHERAR PARTS «
REMNAL CAPSULE A

CRRTEN s
MERULLA (PYRAMIB) .
PRRPILLA »

IWNER CENTRAL PARTS «
MINER CRLYES =
MAICE CRLYEF

HILYSS +

et sme.
CORYEENATER BLOOD:

BE@AL VEIR 1
PECITYEENATER BLEOD 1

BEVAL SINVS. e

URETER « roe
VRIVE «

1800 mlL/miny (> (f

{inla bath kidreys)

1299 mlL /FiR: &0
00Ul of Doth hﬂﬁ'ﬁfﬂi

Mircr and Major -~
calycas are cul opEn

The kidney consists of filtaring capsules, tubules and blood ves-
gals tighty pressed together into whal (s called the parenchyma
The paranchyma al the kidney consisls of an ouler corlek
covered on As surface by a thin fibrous capsule, and an Nne:
meduiia consisting of pyramids of streight tubules. The cortex
reaches down belween the pyramids (renal columns). The cor-
1ex consists of convoluled tubules and fillering capsules. The
apas of each madultary pyramid farme a papdia which 118 inio
the small cup-shaped funnel called the mnor calyx. These
funnels, numbering 8-18, open into threa much larger major
calyces all of which open into the cavity called tha renal pealvis
In the concavity of the kidney (the hilus), inan area called the
renal sinus, the renal peivis narmows o form the proximal wreder,

sharing the area with the renal arlery and vain &
FAenal bleod fow (the amount of blood flowing through the &
kidneys) is abowl 1300 mL per minuta (both kidneys), About @n? m{L f[ﬁﬁ.l{][ﬁ]ﬁ'

125-130 mL of plasma & filtered Into the renal tubular systems
sach minute. Less than 1% of thal fillered plagma {eboul 07
L} is actually excreted es urine. Clearly, the kidney is in the
weler consarvation businass!
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£30. URIWARY SYSTERM
VRINIFCERCUS TUBULE

CH: Lo ried if B ymlkw lor K, and 1hi sama cobics usid on (he preceding plats A-D
{11 Complata ine drawing ebove. (2)in the enlarged wedge-shaped section, one urnd-
ermus ubule 15 shown, sctually, thousands are pached in gach such secton Color ail
dewation arrows e color of e adjpcent vessal (3) 0 (he dagram below, colar thi
capsits epace gray Dul not iha Sows represanting e

KIPWEY SECTICN: «
CRAPSVLEA
CERTES:
WMEDULLE:

PICLA

WEFHBENS -

BEVRAL CORPUSELES -
@LOMERVLYS =
SLOMERVLAR EeWmiAWS)

CAPSULES-

PARIETAL LAVERF

MSEERAL LAYER (PODOBYTES)-
CAPSULAR SERAGCE Fx

PROZIAL TUBVLES? -
CONVOLUTER PARTSs
STRAIGHT PRARTS

LORR OF NERILE «

TUBYLES :
STRAIGHT AIRT:
CeNVeLUTEDR PARTT

' COLLECTIMNG TUBYULE.

' ViRIE «

BLEOD VESSELSS «

INTER LEBULAR ARTERN
AFFERENT AR TERIOLE
EFFERENT ARTERICLE:

Tha {unctional wnit of the kidney is thie naphron (one million per kidney). Each
NEGHron and 8 colecling Iubwe sorsitdle & uwriniferous (renal) 1ubule: sach
nephron consists of a renal corpuscle and tubules leading 1o a callacling
Iubule The ranal corpdsclas are in ke corfex; the lubules are in both the
corex and the meduly. Each corpuscle consists of & glomerelar capsufa
Invagenaled by a clusier o specialized capillary-Fe wessals (glomeruius). The
vessel leading inlo each glomerulus is an alferary arfeviode, a downstream, Sth-
order oranch of the renal artery [ts enirance info the capsule is the vascular
pole The efferen arferio’e deparls the vascular pola, its blood destined for the
lubular capillary plexus (raxl plata).

The capsuls ia shaped like a soft, rubiber, partly flal holiow ball pushed in an
o side so thal i has an outer and an inner aver 1oL The inner layver (of cells)
i called the wisceral layer, the ouler layer the parielal layer, the interior is the
capsular spaEce which opens into the proximal fubule (unnary pole). The vis-
ceral layer is infimalaly and complexly interwoven with the giomerular vessels.
Each call in ihe [ayer has ihe shape of 8 centipade, with a "body" coniaining
the nucleus, and mulliple “l2gs” (cell memarane-lined cytoplasmic exlen-
sians caded primary processes). Thage processes incompletaly ancircle the
glomesular vessals, leawing siits {interdigiationa] among the processes. The
“legs” have “feat” (calied lool of secondary processes) which attach 1o the
porous vessal wall in such a way as to leave filiration spaces among tnem
Thasa highly modifiad, gimpla squamous apithalal cefls of the visceral layer
are called pooocyies. Plasma escapes tha glomerular vessel through the
pores, then rushas through the liltalion slits o amter the capsular space.

This non-callular plasma lirale enfers the prosimal lubule

Wi contirme wilh (e struciuse and lunction of the parts of the urinilerous
fubule, ir conjuncton with the vascular system, in the nexi plata

——

m

Seallz2

= Wt
iy

e

Ronal Calv
SECTION 1.

rmary
pole

Agnanding
limk

Descanding
limb

Primary
rocess
Podocyle :Fllimlf-mr

Podocyles

Glomerular  (yiscaral lnyar

Capsuls
(Perigtal layar)
b

7
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¥l UBINARY SYSTEM
REMNAL CIRCULAEATION

G LUse red 1or & and blue for i, and a very ight color for F (1§Color

e major oo wessaks (A-0) notng th INe coresponding neins
recaive only ana celor [blua) (21Celor the Pephrans in B larger lustha-
lan gray. Mobe thal the glomendar capadles have boon opened 1o roveal
e geameruli (F] Allarows recaive [heé color of ihe adjgcent vaseeds.

-

}
4 Paslonor -fl
: segmiental 3 o4

i
The nephron consists of the renal corpuscle and fubulas less
coliecting tubules. The ranal carpuscle was considered in Plale
111 Baber ta lhal plate as necessary lor the following paragraph
The proximal fubwe close 1o the capsule of angin s highly
cunvesuded. The pyramical-shaped cuboidal cells of 1his fubuls
ahsort B5% of the vilaming, aming ackds, small proteins, giu-
cosa, sodium chiorde, and water that came in with (he plasma
liltrale. The siraight part of the tubule descends to become ihe
fop of Hianla, the celg of which absorh (arge amounts of water
The cells of the distal ubue are relalively impermeatis o water
bud nal o mirerals. Here the fitrats tends (o become diluled
The reabscrplion of sodium (Ma') (s facildaled by aldosiemnes
from the adrenal coflex and by dietary resinction of gall. The
cells ol the collectng fubuie are parmeable to water (taking it
oull of the lubule) in the presence of antidiurelic hormone (ADH,
vasopressing, it is significantly iess permeabia in the absence
of ADH, and even less 30 in the presence of diureto medicalion

The renal vascular pattam axplains how the tubular cells can
recovar large amounts of fuid/sclute trom the fHiltrate and
secreta il into the periubular capillary plexus. to tha exient thal
only 1% of the plasma fillered by the glomerular capsule reach-
&8s the calyces at amy one momen] Follow the roule of blood
fram the renal ariery to and through the glomernull 1o the afierant
arteraies. The efferen] artenode in the upper and maddle cortax
branshes inlo a perffubulsr capilfary plexus thal is intertwined
araund the convoluted bules. The plaxus is drained by imfer-
labuar vewns which conduct the blood loward fhe renal weia,

Ir nephrans claze jo the medulla {justamedullary naphrana), the
afferam arteriode (shown without ks glomearulus of origin} may
glve of! siralght vessels (vasa recia) thal "descend” inlo fhe
medulla adiacen! o the siraight tubules, These vessels con-
fribule o a separate perilubular capillary plexus in the medulla.
Medullary vessels leaving ihe pedlubular capillary plexuses
form o conlrioule o “ascerdmg’ vasa recta which generally
lermirate by joining the arcuale veing, The relalionship of the
vasa recla o the loops of Hande |s a crifical tactor i the suc-
cess of water reabsorplion. The circulatory pattern amaong the
urinilerous tububes & a vilad lealue in lhe preservation of body
watar and the mainienance of chemical neutrakity throughout
1he Dody.

BEMAL R 4
SEGMENTAL &Eo A
IMTERLOBAR &o -
mﬁ?@ﬁﬂ&ﬁ?@ Boc
(WTERLWBULAR Ao o

GLEMERVULUS

VASE RECTA-

INTERLOBULAR Ve :
ARCUATE Vo r
(WTERLEOBAR Wors
SECMENTAL W
RENMAL Vot

G rularn
[Bowman's} ™~

e, s

Pasrlubidlar | || |
capliEry (RO
plaxus L gt il
| i |’IA I_ 1 I| !!lnlll I|'|'|" ||" | |
IL' ﬁ"li'|!|||||'.-. | --'HIH I
; BLOOD SUPPLY

L TO THE NEPHRON

EFFERENT ARTERIC

B,

PERITUBYLAR CAPIL: P

12

See 171

AFFERENT ERICLE =

I
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00, REPRODUCTIVE SYSTER 2
MALE Um M?m See 79, 41, 45

G Lise ved oo L, biue for M, and very light colors e A, J and K The male reproductive system consists of the primary organs, tha lesfes (1asticles),

{1 Calor the upper views simultananusly. in ihe sagiital view, only suspanded within @ sac ol skin and thin finromuscular fssue [Ihe scrofum), & seres of
the urelhrm is shown in tha madian plane. (2) The cowenngs of e ducts: and a number of glands. Devalopmeani of the male germinating colls (spermy} in
spermit'c cord In e (estration below actually cong:s! of saveral the 'Esles requires a shightly Iower-than-body temperature (about 35* C or 85® Flthis

\ayers (reeall PMate 43) Color the parts of K and L seen deep 10

ig asheved by thair separation from (he warmer body cavilies Tha tamparatura within
the pampnitarm pledus (M)

the scrolum can be adjusted elightly by the contraction / Telaxaton al smooth muscle
{dartos muscie) in the scrotal wall, tightaning or laosening the lenson of iha wall about

the lestes, Mature sparm are siored in the epidymis; with stimulus, sperm cells ae
%@?m.ﬁ nduced o move into and through the docius [vas) defarans by ihythmic canlractions
TESTIS: of the smacth muscle in the ductal wall. Within the ductus deferens, the sperm pass
(=) wmﬂg Ihrough the andominal wall (via the inguina: canal) and patvc cavily lo enler Ine
£ prostatic uraffiva via the pencil-point ehaped gaciatory dwc!. Hema tha nutrient-rich
BCHT S @g‘?@%? E[ﬂ]@ 1] seoretions of the prosmars gland ard seminal vesicles are addad 1o the population

SEMINAL VESIELE « u;apml\; |rL:h;§r§atI::jc u:?;r}m:zn%;qmer;hmrllul!':m -aig:ae%ma snm:nd
(Ej@culation), ulbowrethral glanas add secrations [0 the urathra The panis &n
@D@@@%@T@w @@@ﬁf sorolum canstiute ihe external ganital organs
@Gﬂ@ T}DG}E} & g Enlargemeni of the proslale & common (prostatic hypartrophy /hyperplasia) n men &0
@m Eﬁ@@ g ENA[E),  veers and older The glands and connective issues sirraunding Ihe wrathra are subjac
(==
@@@)@Fm @@mﬂ@i tor thiokening and blocking urins fivw (benign prostabc fypertrophy). Maoplastic growih

(prosietic carcinomal is less common [5-15% of men with prostatc hypertrophy) and
PERNIS - Becurs i the more paripheral tissues of Ihe prostate

Liginepry
bladder

1§ i / R 1 \
Wi H \
| b.\\ i\ \, [ I|I - ; & |
\ Regtum a;l-fj II W\ H %2 e ! I&I:Iaﬁ::g"m
Tl D :
b \x p [ c b
N | £ :
N : f
|
‘\-\\_ \ - .
\
ANTERIDR VIEW
Pamgeniorm
WEnDUE {Schemalic)
Funditorm g plaxus
ol penis =
.‘h_
&
Suparicial o
imgunsi g SEPERMATIC CORMD:

CEOVERINGS «

b, CONSTITUENTSS -
i DYETUS DEFEREWS »
TESTICULAR ARTERY.
TESTIGULAR YVEIWm

[he leskicular arery and vein, and some nerves and fymphatics. |oin e duchus del-
arens just before enlering the deep ring (intra-abdominal mifice] of the inguinal canal
I'ne coflection of these form The constituenis of the spermalic cord. Passing through the
inguinal canal. ihey Decome invesied by @ reprasentalive tayer from gach of the abdom-
ircal weall kayers |Iees recius); these are the coverings of the spermatic card and teslae

Daros - {hete represeriad as ons layer; see Plale 43). In a vaseciomy procadure, (ke duclus

mugcla BT deferens is idarihed within the cord and It alone is dvidad. A numter of lechnigues
LA (ligatures, cauterization, folsing and burial and 50 o) exist to prevent fhe nalura] en-
|With eard disssctd) dency af the fransecied duct sections (o recurElize

e ———
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300, REPRODVCTIVE SYSTEM

TESTIS

CM Lise thw oolors employed for the lesis epididymia, end dudius dal-
granE on Ihe prasinus piate wilh those same siucturcs hore (A, E, and
1 Uso red ber L. and light color lor G H. | 5 and T {1 iMote thai tho
spermalogenic epithallum ik colored grey In thar Brogs sECHz Ihrough
thin lubuies above and thal the iubular lusean |6 nod 1o be colored

TGRS ALBYGINER A
SERTUM A
SEMINICEROUS TUBULESs
BETE TESTIS ¢
CFEERENT DUETD

ERIDIDYRINS HEAR: BODW: TAIL::

DUETYS DEFERENWSF

SPERMATOBEMIC ERITHELIVMS «

SEPERMATEOEOMIUMs

PRIMARY SPERMATOCYTE «
SECONDARY SPERMATDCYTE!

SEFERMATIR
SEERMATOZOOMN «
HEEEE-
ACROSOME.L
WU ELEWS
TALE
WEEHS «
MIERLE PIEGCE o
MIITE GHEMBEICH] »
PRIVEIEALPIBEEs
ED PISCEr
SERTOL) BURPRERTING) GELL:
BASEMENT MEMEBRANE »

IWTEBSTITIAL CELL @F LEYRIE)r

BLOGD VESSEL.

Thi lesies (lesticles) anse on tha poslerar abdominal wall duting
fistal pevelapment: as the developing bady lengihens, ihey Bppeal
to "descend” nto cutpocketings of The antenior abdominal wall
{seroium). The testes have iwo principal funilions: devalopment
al male garm cells (sparm or spermaluia) and ihe secnalon of
legiostarana, Ihe mals sex normans

Each testis has & dense, librous oulsr capsule (luniza altuagimmea
fren which septa are direcied centrally to compartimentalize ine
tesils inlo looukes. One to four highly collad seminiferovs fubules
exisl in each lobule. Theoe [WDLES CONVENge towarc the postenor
ige of (b tesis, straighten (tubuli recti), and joen a natwiork of
epithelial-ined spaces (reis teslis), E {farant ducis leave tho rels
1o foerm the haad of Ihe epididymis. The convolutad apidicymel
duct (head, body, tai) & lined with psaudostralified calemnar
apilhedium, one type ol which conlains ong, immaobila cila
{steraccilial At the lower portion of (he epididymis: the tubule
turns upward to form he ducivs deferens. The epiddyms pro-
vides Autritional suppor lor immatute sperm cells and stores
sperm, The wall of the duchus deferens, lined with peoudosirattied
colummar epitnedium with slereocilia, comains significant smooth
muscle, tha fhythmic contractions of which drive spamm Ioward
ihe proslate gland during amission

Each saminifenous tubule consists of a lurmen with walls of com-
pact, organized masses af calls {apermalogenic spihena and
supponing/ {Sertol} calis) encapeuiated by & thin fibrous, base-

Connaclive .9
lissue

Fibrobiast

LINING OF SEMINIFERDUS TUBLULE

ment membrane Tha mosl immalure of 1he sperm-devalopng
cells are the spermatogana. Thess divide and thi daughter cells
are pushed out ioward the luman of the tubule Thasge colls dittar-
anfiate into primary spermalocytes, Ihe arges! ol the developng
garm cells. These divide o bacome secondary spermarocyies. at
which lime the chromesome number is reducesd from 48 1o 23
(meiosis). Each pairal nievely formed sacondary spemMmelocytes
rapidly dividas again 1o lorm four spermatids. Thase amall cells
mature by devaloping 1ails, condensing 1newr nuclsi and oyla-
plasm, and daveloping acrosomal caps (with enzymes (o break
diown [he wall of the ocvum and permii penetration], The mature
spenm cell (spermatozoan) consists of @ head of 23 chramao-
somes (nusleus) inciuding the scrosame, a mddle plece con-
taining mitachondnia 1o power cell movement, and the rest of

the tail (fibars containing microlubules; e and piecs is 88380
tialty 2 single {lagelum) whose llagellations provida the call's
mctive farce Mature sparm are driver oul of the tubules through
the jubrular netwark ito the highly conveluled epididyimis,

The intersiifal calis dispersed in the vascular loose oonneclive
lissua around the tubules include fibroblests as weill as ihe sedre:
lory celis (of Leyag), which are known o produce ang sacrole
lesiostarons Mo ad@cen| capiliares. This male sax normaons
stimulates the developmant of ducts and glands af the reprodus-
five fract at puberty (generally between 11 and 14 years of age)
a5 well as secondary sex charactesislics



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

115

T — Spe 45 113

MALE VREOGEMITAL STRUCTURES | ..
|

fLibig
B

CN: Use Bluo for |, red for J yallow lor K, and very highl cobors 167
D, E and & (1) Color the two upper views simultansoualy, noting
{hal thi Supericial anc deip fscla (G H) have bean omitied from
tha codanal view [2)Calar the structucnl vigw and the cross section

Fundiform | 47
ligament __ |« 8

WERET o ¥
ERESTATIE W
MENERANCOUS UWe
@@@EE}@W @n G
PEMIS?S «
EERERVS CAVERNESUM o
ERUS 6F PEMISY
CoREBISESECUGIEISUNE
BULE EF PEWIS
GLANS PENMIS:: _
PREFVEE (FORESKIW) -
BELATED STRYCTUVRES: ki | A oy B
SUPEREICIEL FRASEIR « j . L Al 5,{_,._
BDEER FEASEIA sl | W\ R
VEIN: AOGTERRY. NERVE-
SUSPEWSORY LI@a.
LEVATER &0
(PELVIC @IRPMRABHD) M
WREGEENITAL DIAPEGRAE)N

L
e Extarral anel
W ~  Ephinmerm
Bulbospongasus m

Trigone of
__urinary bladdar
e = - —

lanhiorecial

BULBOURETHRAL GLAWD fossa

The wrathra in the male has an exiensive 20 cm ligarnants. Deep to the skin of The panis s a layar

{or s0) course from the necs of the bladder lo the  of superficlal fascia The erectile lizsue congists ol

extamal urathral arifize al the end of the penis, lakes of vains (cavernous sinuses) bound by fibro- ComeRAL 11« W2k
The prosiatic weifra receives unne from fhe uri- glastic tisaue and smoolh mussle. These sinuses |Schomatic) =y ';f i .i
nary bladder, sperm lrom the eaculatory ducts, are led by arteries in the sectie hodes. Duwing - EEJ N =T
saminal fluid from the seminal vesicles, and se- seaual activity, ihese arferies dilafe secondary 10 gin '} Do lER 151 £ _:
oretiors frem (he prostale via severdl ducts, Reflax  increased autanomic mator activity and the vol- = =
contraction of the bladdar neck muscles prevent wme ol bleod entering the |nuses NCTEESES, = E

waiding ! uring during the expuision of samean, expanding the erectile lissug, AS a rasull, the veins L

The urethra conlinses Ihrough the paivic dia- &l the perphery of fhe srectile bodies daap 1o the b

phragm and into fhe thin, fiklomuscular urogen {unica albuginea are pressed aganst ihe capsule , |
fal diphragm && the membranous uratira The {unabie 1o drain blood) and the penis enkarges '

spangy urethra passas hrough tha penis. Numer-  and becomas rigid (ereclion). Tha glans remains

ous mucus glands exist in the urethral MUCosa. nan-figid

The panis congists of threa bodies of erechie

1550, ensheaihad in two layers of fasciae The A el

corpora caverncsa (the two lateral bodies) anss umlu -

frar tha aseanding rarry of (he pubic bones. the
CENial CoNpLSs SpoNgIoSUm arisas as a bulk sus-
pandac from ine inferior fascia of the wogenit
dhaphragmm (penneal memorang). Each body
consiEls of erectile lissus with a fibrous capsule
{lunica afbuginea); the CHPUS SPoNQEOSWT Qon-
fmins ho urelhra sz well The thres bodies are
pound rogelher ina dense stocking of deep per-
ineal fascia and hang a8 & unil suspended by 1ne
doap suspensory and more superficial lundiform

Doep
dorsal

Tunica
plbugnaa

Extesnal
urethral
onhgg
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M0, REPROBDUCTIVE SYSTERM _1e
FEMALE REPRODUCTIVE SYSTEM
B

CH. (1YColor tha two (upped) wivws of 1ha Eiermal reproduciive A
struciutes simufisnsously In fhe sagital view coior N2 dolzie 1&
ling reprasanting e penionsum in gray, (2]in e lewar i
drawirgs, cobor (he vaslibule (N} Orey afier calonng thao ather ﬁ.
sifuchuses located in that area (L-P} (3jIn the deseclad viaw
of [he exteiral struciures. ake note of he surraUnding mus-
causmiure, none of which s colored

Anierior
wagrm| wil
HEEVED

MEDIAL VIEW
{Right aide genitourmary slruchires)

IWTERNAL STRYCTURESS -

VAR A gus,

VTERINE (FALLOPIAN) T
e sy AN

UTERUVS - ALY

VAGINE

The arimary crgan of the lemale reproduclive system IS

Phar G

ihe avary which produces the female germ cells (ova) (4
anc sapratas the hormonas estrogen and progesienng %3\{
Each avary, like the leslis, arises on the posienor abdom-

inal wal (adjacent 1o tha kidreys| durng eany lelal davel-
ppmant It alse descands along Lhal wall, ke the festis, : \ e
ks inderrupied early in 1S joumney oy 8 ligameni and Wirslcoutering e, st e 1, , L Aprioutarme .I
is ratained in the palvis. The uterus semes as a gile lor o O e = A W

implantation and nourishmen! of the embryo/fetus, The Urinary = T A e Fomix
wharing fubes provide a conduit for 1he freshly ferilized pladaar ~ N f N Ak eum
or unfertiizad owum enroule to the uterus. The vaging, a Ui, Wy W !
fisrmuscular sheath, racelvas iha semen fram the pans Public o f‘f

and tranemite il to the viards and acts &s a birth canal
from the ularus 1o (he outside far the newborm.

BRTERNAL STRUCTURES: «

LABIUM MEIVS: CLITERIS: BULE BFE THE VESTIBULE.
LABIUM MINYS: E@LANS: VESTIBULAR ELAND/RUET
FRENULURM BOBW VESTIBULE S v
PRERPUGCE, CRUS« VRETHRAL ORIFICE:
VASINAL OBIFICEr /[AYRIGH?

. 2
The lemale external panitais collectively constilule tha ﬂ;p:ifm‘h

vuiva, They are locabed within the parneum The labia ©
majora are fat-filled lolde of skin largely ohscunng 1
cavity/space betwesn them (vestibule) that contains tha
urethral nd vaging! orticas. Madial to the labia majora
ari 1hin foids of skin (lei¥a minoia) which approach the
cilforis anteriofy and sglit around i, forming the frenwum
and prepuce of tha cliices. Like the penis, Ihe clitoris has
a crus [pl. crura) arising from sech Sohicpubic rAMUS;
jha Two crara join in the midiine 1o form the body o
rorpus The body is capped by a skin-ooverad, vascular
sorsiive glans. These clitoral componants cenlain efec:
tile tisuwe (less in the glana) enclosed in fascial covar-
ings; their enaction of rigidily s accomplished by fthe
game mechanism oparative 0 the panis. Tha ellorns,
unlhe the penis, doas nol ncorporale the unethia The
vestibular buibs ara homologous 1o fhe bulb of he penis,
Bt saoarated into iwo arsclile bodies, Thay are covared
by the bulbospongiosus muschs, and profrude inlo the
vagina during sexual simulation. The vaginal orifice s

complately or Incompletely covered or surreunded by EXTERHAL ~ = - SURFACE
a rim of mucosa caled fhe hymean. Remnants of | (as i T {Sumu:mulmm s"mm & 7 1.: WIEW
showr) are aften retanad in the sexually active female. Exgmal |r; ! 4 L g
gphanmar m=~T || ‘ AnuE
T'r' | | ol ﬁg .
AL | !
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2300, REPBORUETIVE SYSTER
QVARY

GM: Usa iha colass from the preceding plate bor the owvary (Af gnd olenn: Tbo

M), Use fed Tor K and R, yellaw fer L, blue for § and very light colare for C-J M

0 anid P {1 )Color the developmunt of 1ne female germ cell in bolh upper and lowar
viaws ol 1he seetioned ougry. The aocyls (C) 18 oolored through ovatation. in fe
Ierge liusiraiion, color the beckground stroma (B] Giay; 20 ROl Color hilong
varsgdls i Ihe stroma

OVARIDN STRUCTURESS «

ERITHELIVM / TUMICA ALBUSINER A
CONMECTIVE TISSUE STRORA &+

BEGCEMIC EPITHELIVME-- .
COBYTE / OV ¢ 4
PRIMERDIAL FOLLIGLE:
PRIMARY FOLo:
SEEOMDARY FOL:
METURINS Foloo
MATVRE GRAAFIAM) FOL.+
ATRETIC (FOor
RUPTURED FCo.

DISCHARGER QYU

CORPUS NEMCRRBHAGICYM:

YOUNG CORPUS LUTEUM) .

MATURE CORPYS LUTEUM

CERPUS ALBICANS -

RELATED STRUVCTURES 3+
UTERINE TUBE./ FIMBRIAE
BREAD LIGERMENT v
MESESHLEINR0
MESOVARIVRD »
SUSE. LG, OF CUARY:
CVARIAN Rer/Vas
YUTERINE A/ Vbs
OVARIAN G

Cut
ol masasa

UTERLUE AND OVARIES

Tubnl Branen

Branchas af .
ovarian a. and v £ .

POSTERIOR VIEW
[Scharmatic)

[pvelopment of femase germ cells and the secretion o the hormanes
astrogen and progestarnona are tha functions ol the ovary. Confined Dy
thi thin bul dense librous tunica sibuginea, lined with epithelivm, many
nearian folicies in various stages of development can be sean in the
gannechve lizste shoma A follicle consists of an immature epiiheial
germ cell (cocyle) surrounded by one of more layers of non-garminat
ing calls These germ cells ware seeded in the ovary early in devel-
opment—aver 400,000 of them. OF theze, only 500 or so will mature,
the resi slopping short in thair develepmeant and degenarating with
fheir tollicutar calls (arelc folicies)y, Devalopment of an ovum starts
with ike primeroial (oliizle —an oooyle with ona layer af lolicular cells
Ihe oocyle increases in size and maturity 83 the follicke cells ncrease
in numbar In secandary folficies, a small laks (antrum) filled wilh lol-
licular flulg sppears. This antrum continees io Norease/expand at 1
axpanse of the lollicle celis, which are pushed away from the oocyls

LUTEAL (SECRETORY) PHASE

17

Soe 178 |

56
£ Crulation
= W]

FOLLICULAR (PROLIFERATIVE) PHASE

OVARIAN
CYCLE

[Poalorios vies|

of warnna

arlery and vain .

ol mescvarium

sxcept lor a layer of cells (malure foffcie). Those cells in the dutermost
part of ke lollicie secrote estrogen durirg the proliteralive phase of the
raproductyve cycle On aboul the 14tk day of that cyola, the ovum [Sur-
rounded by 2 giycoprotain coal, the ona pelluokda, and some follicular
pelis) bursts from the foflicle inta the wailing fingers (fmbrize) of tho
wierine lube, Tha rugtured folicle nvalutes, and soma Gieeding and
clotiing goes on (corpus hemarrhagicum) as the lollicle calls ransition,
characierized by accumulatng large amounts of lipld. This newly
farmed struciure {(Conpus ifeom) seoretis estrogen and pragestenona
during the secretary phaso of the cycle, ard in the evant of preagnancy,
will guppor the devaloping embryo/fefus for up 10 three manths with
these secrations. Should pregnancy nol ensue, the corpus luleum will
imalute and depenerale &5 1he compus aibicans. Follicles or corpord
albieana/luter collectivaly relating 10 two or three ditfarant bul so-
guential cycles can be seen in the ovary al one lme
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2300 REPBEDUCTIVE SYSTEM
UTERYS, UTERINE TUBES,
& VAGINM

CH. Use ted for N, tiue far O, and light colors 'or D E and & (1]Begin win

the lmft bt gl the large ilustralion Oaly padis ol lhe ovarian and ulanng vaing

are shown, Merms and lymph vessals that may accompany arenos and veing
are ned shown, (2)Color he o views of ihe antobloed and e retiofiesad wens

MisnmEtrium
_ [Birowd lgamant)

Wb eaalpning
| (Broad kpaman)

a
o Cervical

UTERUS
FONDUS

GERWES ¢
UWTERIWE GAVITY

;H chily

i = D I'.I

(ENDOME TRIVM) > \ AL /
RO METBIWRD oo i I 5O
Elacder | D ™ mcum —]

VTERINE TUBES.
ISTERUS, e
AWPULLA e bt aetats
EIRIBRIA -

VAGINA :

FORM0E OF VAGINA .
RELATED STRUCTURES:S
CUARY s

OVRRIARN LIGo. |

SUSPENSORY LIG. OF OVAG Y«

QUARIARN ARTey VEIR.

REUWD LG: OF VTERVS:
VTERINE ART: v~ VEIW.
BROAD L1 PERITONEURa

Tha ovarias, ularus, Utering lubes, SN vaging make up the iemal organs {refroflexfon/ retroversion) af the ulerus s not uncammon, paniculsry

RETHOFLERICON
(TIFPEER) e

o B

ol reproduction in the female. The ovaries are suspended on the posterior i women who have given birih. The retrofiexed ulenus predisposes bo mild
layer of the broad ligament by a partoneal extension [mesovarium). and sipaing inlo the vagna (prolapss) when the utarus is mone in the axis o
supported by the suspensory lgament of the ovary (8 (Elaral extansion of Ihe carvie/ vaging Such an event is generally resisted by the pelvic and
the broad ligamant and mesavarium), the o¥anian igament, and ihe round uregenilzl disphragms, the perireal body, and numerous fibrous ligameants
Wgament {iram tha lataral wall of the ulerus to the medial wall of the ovary).  (broad lgament, and candensations of the palvic fasciae, not shiown)

In this view, the ovaries have been broughi to the horizomal to batter clar- miodiring the Literis and its lubes o the pelvic wall and sacram. Tha wall
ity ihedr relationship o tha utesine tubes. The utering tubes, suspenced in ol thes ulerus is largely smooth musche (myometnum| lined with a glandular
a part of (he broad ligament (mesosalping), 2re fateral extensions of the surace leyar of vasiable thickness (endomeatium] 1hat 15 -axtremany
uterus, linad with cisled columra epithelum supported by connective sensitive io fhe hormones esirogen/progestarane

tissun and smooih muscie, Tha rhythmic contractitne of this muscie aid The vagina |s an olashc, libromuscular lube with & musccsal lining of shrad-
the ovurm in its trek from ihe lmboae tothe utanne cavily and the lining ified squamous epithelism: The amersor and posienor mucosal surtaces

cells support || nulribonally, The tube shows three rather distinct parts: the are normally in contact The anterior vaginal wall incosporates the shart (4
distal fimbrige (fingar-like projections) whech “caich” the discharoed Ovum g urethna. Remarkably, (he mucosa of (e veging Iscas giancs, secndory

and whisk it info the lubular lumen; the amawlla or wides! par of the (ube; activity during sexual slimulation is darived from a fransudate of plasma from
and 1he isthmus whose lumen narfaws as i1 enters the ulenne wail/ cavily the local capillaries anad from glands of the cenvix The vaginal linmng reveals
The Uierus is @ pear-shaped struclure whose neck (cenie) lits inlo the few sensory receplos. Where the cenvix fits info the vaging, 8 circular meal
apper part of (he vaging and whose body/fundus is bent Janteffexed) and ar treugh Is formaa around It {formix, fornices|. The fibroelasiic posherior fomix
fived (ameverted) anlerorly over tha bladoer, Backward banding /Liting m capable of sgnifican! expansion Cunng intercourse

F I——
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2300 REPRODUECTIVE SYSTERM

CH: Use yeliow for B, red for G, and & vary fight gofor fos A [1]Cotor the ime bar
ol (ha mansirual cycke 8l 1he bofton of e main diagram, Golor the arrows © and
[ in the drewing on hermong infusncas above. Then colon (he hormonsEl G ves G
and 0 in iha main disgiom, ollawed by tha diffarent lallicular stagas of 1R cvarien
ey (A, B, noting now these hormones influance the follioular changas. (2) Coke
Ihe arrows E and F and ine andormsnum in the diagram above. Color the ourves

E and F in the main ciagram, foliowed by 1he uberine structores i he menstiosl
cycle, notirg hiow These namones inliuence endomelin growth and mesnstrualion
Golor only tiwe mpithets: surface. glands. and wisaels of tha endometrium. (3) The
dvye indicelsd an appocimate Tna hormonal curves refleal relative plisma
harmons (evels and am 0o abeoiuts values

CUABIARN CYELES «
PRIMERDIAL FOLea
FPRIMARY FOLo
SECOWDARY F@leas
MATURE FOLos
QVULATION A+
CORBPUS LUTEUR -5
CORPUS ALBICANS:"

MeRMOEMAL
FSH:

Lo
ESUTROEEN=

—

FEMALE REPRODUCTIVE CYELE

19

See 117, 1M 1286

[ Mynmsiream
of wlenun

Adenohypophysis
Anl pAuilary Q&N

PMASES:S
MENSTRVETICN
PRELIFERATIVEH
SEERETORY:

EWDEMETRERIVMS

ERITHELIVM

GLAND

SEIREL Yo

CYCLE S+

ONARIAN CYCLE

B

U4
?I‘@',Eg}

ENRDOMETRILR «

THIEKWESE OF
WTERINE

:

G

| !ﬁmﬁ\- 2 " EE.“‘.J | = I
FOIRNKT| A=Y, VKRS
> ‘fﬁi{ﬁ i RA @ﬁ E

ERe-

This 28-day human female reproductive cycla, inliated and maintained by
hormones, involvas signiicant atterations in ovarian (follicularn) and ulering
jemdomednal) strecture, The eycle is characterized by a period of endo-
metial breakdown and discharge (menstruation) which begins at aboul 12
wears of age (menarche) and ends al about 45 years of age (menopause)
Thie progressive changes thal occur in the ovary and ulerus durng each
cycie sarve o develop and relzase the lemale germ cell for possible
{ertilization by (he male gesm cell and 10 preparne the saoometiiam for
molantation of ihe fertilized ovem

Thie rensirual period constitutes the first five days of the cycle, Note the
jcks of endometrial tissue and attandant bleeding during this lime. Endo-
mairial regrowih begins on about the 5th day of the menstrual cycla, and
is pracipifaled by hormonas fram the ovarian follicies. The dvaran cycle

£ regutated by hormones from (he adenchypophysis {anlarior pitultary
gland), specifically folicle simualing hormaons (FSH) and iuteinzing hor-
moma (LA During the lasl hew days of the previous cycle and the first
savaral days of the pexl, these hormones stimulate follicular developmeant
Az {he selecied follicle develops, il beging 10 produce esrogen on aboul
i@ Tth day Estrogen enters the circulation and influgnces andomatrial
growth (croiferabive phase), On aboul the 14th day of the manstrual cycle,
tha combined “spikes” ol inoreased concentrations of FSH, LH, end
gstrogen indues cvalahian I;lu1st:ng af the mature follicle and relaase of
tha immature ovam Nk the fimborae of the utering lube. Afier ovulalion,
the burst talbche undergoes signfiaant raconstruction (corpus iuleurm|

imfluenced by L. On about the 21t day, this body secreles progesienons
as well as esirogen; the combinalion ol which have remarkable influence
on endometnal glantular development (secrefory phasel, This phase is
characterized by the development al numerous secrefory calls n the
gnilhelum, 8 conneclive lissus siroma edematous willy Secretions from
daveloping glands, and spiral arleres taking a loriuous course aboul the
many glands: a condition conducive o nutriional suppor for-an impiantesd
tertitzed cwvum, |1 ‘eriilzation ocours (on about day 16), the corpus luteumn
becomes the principal soures of hormones supporting devetopmant of the
embryo and will continue as such for the next 30 days or so or unlil the
placenta ks capable of producing i1 own hormones.

in 1he absence of fertilization, on about day 26 the corpus luteum beging
o inwolule [lorming a covpus alhicans), and estrogen/ progesterons kevels
drap Lacking hormanal stmulation. the endomeltium expenences re-
duced glanculsr secretion in the presence of continued fluid abscrplion by
the lacal veins, and the tissues collapse. The spiral arterias ane Tlexed by
{hese evants, rupture, and hemorrhege with consderable hydraulic force
expithalial linirg, glands, and fibrous lissuas are disrupted and INe Sinuc-
tural imtegrity ol the endomelrium s iamgely desioyed The vassels rapidy
constrict, and bleeding is genarally limied. The broken bissua {menstrudm
maatly glandular fiesue and secralions), Biood. and One of more rler-
tilzee ova gravilaie toward the vagina. After 3-5 days of menstruation,
only about 1 mm [ir height) of endometrium (s lett for regeneration Thi
avary will gitend o that
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8200. REPREOBUCTIVE SYSTEWM e
BREAST MAMMARY GLAND) N A

CN: Use vellow for E, pinks, [@ns, or orowns, 8ar J and . ana light
soiormfor A, D Eoand G (1) Colon (he iwo [lusiralisns of Ihe braast and
uderlyng breast siruciules, simultaneously, (21 Cokor the arrows indi-
cating tha direction of iympn flow, and the ymph nodas of the chest

i you wish, you may color aver the netwans of lymph vessels (3)Color
ihe disgrems of breast sovelopment. (4] Color the enlorgement of
grands and ducls in ihe lower rght conmer

BB BLAVIELE ~
NTERCESTAL MUSCELE:
PEETORALIS MIAICR Risc
BEER FASGAr
;@'@(@@G‘Eﬁ@ﬂ@ﬁ: EASElRE (EAU)=
SUSPENSERY LIGAMENTF
GLANDULEAR LEEBE -
LACTICEREOUS BUETH ,
LEACTIFEROUS SINUS \ 55
MIPELE . 1 -
ERERILE « FROM THE BREAST .

LYMPEHATIE BRAINAGE . L

ThE breaal (in both males and females) s an area of laly (adipose and loose Earilage
arealar] fibrous tissue, and associaled narnes, biond and lymphatic vessets in

e subculenens fascia overlying ine pectoralis magor muscle on the anlarior

chagt wall Tha faity lissue 15 supporied by axiensions of Ihe ceep fasoia over-

Iying the miscie {suspensory dgaments) and funclions most arominently in the

voung, wall-devoloped, post-pubescent (ater puberly) female breas). Packed

within the adiposs fissue s a collection of branching ducts (lactiferoys ducts) SCHEMATIC
In tha mala and in the nan-pregrant (nan-lactatng) lamale, these ducts are un- SAGITTAL VIEW
developed, There atafew or no glands (ahweoi) asscekaled with these ducls in {Lue pregnunt of inclamng reas!) .
these populations. Al puberty. the increased secretion of estrogen from the \
owaties (and perhaps the adrenal glands) influgnces an anlargement of the
nippie and areold In tha temele, and a generally markeo increase in local lat
pralileration. As a resul, the breast enlarges 1o some degree (highty variabla)

In the: early siages of pregnancy. the lactiferous duct system undergees profound
prolileration, and small, inactive lubular and alveolsr (fubuloalveolr) glands fom,
opening irfo alveular ducts. A fobwle consists of & number of these ducts and
glands; a lobe [of which tharé ara 15-20) consEts ot 3 numbser of Iobuwles and

an interconnedting inerobular tuct The inleriobular ducls convergo to form as
many as 20 lactiferaus ducts. These ducts dilate to fonm iachiferous sinuses |usl
ghor of ther nipple, and then narrow agan within the nipple. These sinuscs proo
ably funclicn a5 milk resaroirs durng laciation. The Aipple consists of pigment-
ad skir wilh some smiooih muscle fibers 521 in fibrous tissue. Ereclion of 1he
nipple may enhance flow of milk through tha ducts. Tha aircular redla, also
pigmented maore higly than the surrounding $kin. containg sebaceous glands
{hat may act &5 & skin ubrcant during periods of nursing. In the latier stages o
pregrancy, the alveolsr giands undergo maturadion and begen to farm mil<. Milk
production peaks afier delvery of the newbom, and is tha resull of the action of Biand izpuies =
several hormonas inlluencing tha gand cells Thi [Btdown and excretion of mik [Contain atvaoli)
ressults from 8 newroendoerine rellax mechaniam thal is initated by the baby
sucking he nipp'e

The lymphatic vessals are an importart par of the biesst they drain lhis fal
portion of the milk produced during lastation, and they transfer infecied material
or neaplastc (caroer) calls from the breas! lo mora distant parts. The pofentis
lymphatic avenues for melastass of spread of iection ans showr above

| ks \ UNDERLYING
'} i 1 BREAST STRUCTURES
<4 (Post-pubesdand, non-pragnant,
| ] nan-lzctating)

Apicslfailary

Section al
deep fascis

Ly Pathway 10
opposile breast

!

DREAST Imieriabuie
EMT | J duri

n

ADLLT

| apoLezoEnT
{Mre-gubescant| | Past-pubascanl)
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2300, @@@i’f‘ﬂ‘&?@ SYSTEM — tene 121
EMBRYONIC DEVELOPMENT & .

SN Lse gt colads theougnaut (1) Foiow (ne avenis fram laciilization 1o implariation

T'ne number of days cilad in this and the tolowing two plales are days alter (post-) Ulwsiiie
terfllization. Farbilealion occurs aboul 14 days after (he laat day ol mensiniaikon .
pivysicians dabe fetal age by time since last mensinal period (LMWP) Thus, leial age

gocarding io LMP 18 14 days earsar than Wrud |post-tarlilizalien) aps

Dwiry

PELLYCIDA spam-- | s
FERTILIZATION ST STAGE)S«
CEMALE PRONUCLEUS: i3

MEAD OF SEPERM
MALE PRONUCLEVS -

BLEASTOMERE
CLEAYABGE) STAGES -

2oGELLP

&oBELLEe

MSR WLE s s
BLASTOGYSTS:

TROEMNOBLASTY o

IVVER CELL MASSH

e Eiviby

4'}'& / 1'. :ﬂm R "\".

N

mbra
a8 -

| '-II‘:;.:

i

¥ !r\l

% Cwuiation
Fison S
ol rucke :

._'\ o

r I"

/. b
Emdormalfidrm

)

—

Sptnn head
Deganeranng
lial

Deveioping
Carvily

G—
Byl sl I:rl.'rl'll:ll:ll!ﬂ"

of endomotnium

m TETION .

Folicwing owulation, the owurn enlers ihe uterine tube and procesds (oward chromesoases [oin up in ine metaphase stage of ihe first mitolic diasion )

the wernss It reaches the ampulla of the tube in about 30 minuies. If of the ferilized ovum The zygate is the name given 1o the first call of 1he
sperm-laden semen nas been deposited In he fornices of the vagina in naw (mdividual

the preceding several minules 1o sevaral (24)] hours, several hunded ol Thie zygole undargoes division (cleavage stage) 1o form two Diasiomerss,
the origmal 50 million or more sperms will successiully reach the ampulla Civer ihe next two days or 5o post-fertifizalion, within the resfraints al the
Ower a panod of several hours, the sperms becomea activated and with the zona pallucida, the cells divide ta farm & four caN Blasiamers AN again
ald of sperm-produced ensymes, ong ol the sperms will panetrate the car- I form eight cells, and S0 on, unll & ball of cells (movwis) & formed. After
ora radiata (retalned iollicier cella) and zona peliucida of the owum, fuse aboul five cays, the cells within the morula disparse enough 10 accommo-
with the plasma mambrane (eaving is cell membrane aflached o the dale progressivaly anlarging Hukd-lilled caviies. Some cells are pushed
ovurt's plasma membrang), and enter the ovem. This event is callad 1or- aside 1o larm a paripheral rim of calls (frophobizsl) enclosing a large sir-
Nlization, A% the lail brasks down and disappears, the head of the sperm gle cavity (hisocoes ) somea cells form an imer cell mass within the
erlarges, and farms the male promucleus. The nucleus of the ovum blastocoele. This mulicellular strusiura is called the blasiccysl The

15 the fermale pronuciewus. The (wo prorucles approach each ofher, fuse hlasincyst enlers the ulerss and implants in the endometium on aboul
nuclear membranes. and farm a single nucleus. The male and famale the 7ih day posi-tertiization
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2300, REPREDUYBTIVE SYSTEM
EMERVYemIC DEVELLPMENT (&)

GN' Use Ihe sama color as on ihe provious plate lor irophoblest () ;
and nobe thal 1he syneyliorephoblast {0) s now given & separale colot Endoenatriem
s yliow lor F - Gomplsta éach drawing selare proceeding 1o he nexl

2 LAYER CRMBRYOMIC BISGS
EEIELAST
EYPEBLAST: a

TReRPNEBLAST-
SYNEY TIOTROPHOBLAST »
EMMIED: AIVICTIC CAVITY:
TOLKY SAC: PRIMARY, - SECONDARY-

BIROCOELOMIE MEMCRANE:
ENTRAEMEETYONIC MEM BHANE «

CONMNEETING STALK -
ERTRACMEBEYOMIE COBLEOM

D LAVER BMBRYEONIEC RISGE-
MESEDERM A
ENCCRERM «

Laguyrar -

O day 11 post-leridizatior, the inner cell mass gives nsa 1o L“"’F e an/ar-.r Chorion
: ey

@ flal embryonic dise, consisting of a layer of columnar celis e i nad willug ”.._.#_'51;

[eorblasr), and an ad@cent [Ryer of cuboical celts (ryobiesl) [Saction (Mough eenbryonic dies| —
The epitlast wil develop almost onfirely inlo the embrya The e e )
amniahc cavily cevelops amonyg the ophoblasi calls adga-
cent fo the epiblast; the rool ol the cavily is called the am-
rran. The emoryo and subsegquent fetus will devalap within
thiz cavity The trophaoblast also gives nse 10 i0e grinmary o
sac; ihe colls kning this sac are conlinuaus wilh thosa of the
fypoblast, Though it has na yolk, iha sac probably has a nu-
tritional functon fof the embryonic disc. Cells of the tropho-
ciast torm an exbraembryanic mesodenT Hssud (memarana)
thaf largely flls the cavily oncs known &5 the blastooyst

By day 14, the primary yolk gac diminishes in size, reptaced
by & secongery yolk sac. Cavibes within the axira-embryonic
mambrana form a sngle cavity (il looks paired, bul the cor-
nechion betwesan yolk sacs does nol creale lwa cavities)
This cavity (|} surrounds the amnion/amniolic cavily and the
yolk sac excepl whare {he ammon relains a connecting stak
lo the troproblast layer

By day 16, he epiolas! undergoes signiticant changas The
primary yoli sac is gong. Cells emenge from the epiblast and Ryl L
migrale into the area betwean the epiblast and hypoblast i

and info the hypoblast itsell The cells Detween are embry- -:rinrmmr ? s -f:ETW"UH
oric mesoderm calls; the cells migrating inlo 1ha hypoblas) iy I.mamam'u

fmyer form embryonic endoderm The remaining eplblast blood vessel

cells become embryanic eclogerm, The earlies lao-layarad
ambryanic diss has formed inlo & three-layered ambryons
disc, These three layers are called germ layers and give nso
to the cells and issuas of the body From eclodarm forms
the skin and redaled glands, nervous system, the hypophysis,
I&ns of 1he eye, and 1he irmer sar. From mesooerm forms
pones, muscle dnd the connective tisswas, lymphald organs,
Bhood, the urogenital system. and serous membranes. From
andodarm forms the apihelial part of the gastrainlestinal
system ard respiratory system as well as tha epithelia of the
pharyns and thyroid

By tay 24 post-fertilization, the once Hat embryanic disc has
rodnded 1o farm within the amniolic cavity an embryc with s
delnitivie haad and and (Rl end, secured o the chorion (G
0, H) by the cennecling stalk. As tha lalceral lobde of embry-
oric mesoderm encircle the vantral (anberior) part af the
amaryd 1o form the antero-lateral absaminal walls, the yolk
sac 2 pinched off and formation of the primitive gut begirs
By lhe end of ibree waeks posi-lertikzation, (he gastroinlest-
nal fract, brain, @nd neart have begun their cevalopment,

Emby %E!, '

P
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2300 REPRODUCTIVE SYSTEM 12
EMEBRYE/ FETUS COVERINGS see2 12

O Use she same colors for Sliuctures B and C thil were smoolh
Qivan o thim on [he precading pate Lisa the codor given 1 aRarion
'vonnpsting slalk’ for the vmbilcal cord (A), and use tha :
color givan 1o “Trophoblest” for chodan (3], (1 1Golar the
embryonic covenngs The ulerns cavily is colomnsd gray,
InaLgh it 15 actsally Ined st e decidua capsufans (E)
Nota thal the ammiolio cawry (CY), chavome cawvity (D7), and
ihe ambrya/ helus, sre kel uncolored. (2) The umbilical card
# gompased ol differenl Woed vessels Dol receives one
calar (&) The band representing ihe ulering wall (Deiow)

18 polored wilh Btk G and H

EBRBRERYES -
VMEBILICAL CORD A
YOLK SAEs
AW & CGAVITY - L
CHORICMN:/ CAVIT W/ WILL: \ -
VTERMSE--
EYDOMETRIAL DECIDUAS«
e
Be BARIETALIS: UTERIVE
ROVE AE TERUIRD - CRVITY
GERBVIR: ious

Amniatc
cavily

Placants
fetal part
—ﬁ'—-_maiern.n; part

EMBAYO
[B weaks)

FETUSS -
WanBILIGAL CERED «
AN [CRVIT T
CHORIIE NSV

The developing embryo (called the fetus aflor aighl waaks ol

devalopment) lies wikin and Is supported, nurtured, and - s e =

tecied by mambranes end sacs. These coverings have both _:_--’ sk -

matarnal and fetal origins Siafach s y. e il - Diaphragm
These af letal origin include Tha amnon and charon choneme -'_'f_.&__=-= g ? o

witl, the pmbilical cord, the yolk sac. The chorion lormes a sac i g i L_;;_‘_ = it Lt Bipieon
around the early embryo: the cavity of ihe sac s the charonic Rt e

cawvily [recall Piale 122). A5 the ambryo grows, tha chomonc sag
Is ablieraied and ihe amnicn and charon fuse [amnochenonic
membrang) The choran axhibits willi circumterantially sarty on
(.. 24 day embiyo); in lime, maost ol the villi are absorbed
excep! for those inthe develaping placenta [aight woek
embryo), crealing @ smooth choron around the amnicn and

& buehy ana {the will and an Lnderlyng choronic plate) in the
fulure placenta. This is the siuation wilh the letal membranes
al lerm (49 woeks] as woll

The covarings ol matemal origin (ihe deciduall are thickered,
fairly distinct layers af 1he werine mucosa (endomedrium) in
which th blastosys! implanted. Looking a1 ihe esghl woek
embryn (ghove): the decidus basais s imegratad with he fatal
willi ta form the placanta Thi docidua capsulans surrounds the
embryo and its mambranas The deécidus panelais lines the
ulanne cawly, suparicial to the myamelrium

The parigtaliz (s continuous with the capsuians as shown This
1§ the situation with the matermal membranes al eght weeks.
When Ihe felus grows to the pon! of pushing the decidua cap-
sulars against (he panelals, (he ulerne cavily is oblieraled
The capsulans snon degenarates, leaving onty the parislaks
{lewar Hlustration). This Ewer will be atained alies birlh as the
pasal endomatrium The decidua basalis and chorianic il
|placenia) will be discharged afler birth

The fetus develops witkin the [uid-tilled amemaic cavily, The
plagma-ike fusd ghves ireedom to the embryo lo develop ils
lorm wilhouw mecharical pressure 1 also acis as @ waler
cushion ansoroing shock farces. Just prior to birth, the amnio-
chononic mambrane surrauncing (he fetus bursls serding a
hal! e or mare Tuid into the vagina and to the oulside (break-
ng the "bag ol weters ™), Parturition (chilctirth} generally oocurs
about 280 days (40 weeks) afler ‘artllizabon

Limibilical
JESSEE
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2000 ENDECRINE SYSTEW
INTREOVETICRN

O Usme s vary light color for C, and & dadker one for D (aciu
ally loeabed on posterior suttace o thyroid) (1 jAfter colonng
andocrine glands and Eed3s, colar e schama al wer ki

EFHNBPOCRINE CLANDSS
WNYRERPHNYSIS (PITUITARY)
PIWEAL =

THYR@I®-:

%‘%ﬁgﬁ’ﬁﬂ@ﬂ@f Jo
ADRENAL (SUPRABENMAL) &)=

ERANCRERAS «

PVRARY @)

TESTIS @)

BHPECRINVE TISSUEBSS:
NYEETTALAMUS .

HERART «

BIBWEY @) .
GEASTREINTESTIVAL TRACT

PLACENTA

Endocring glands and lissues are discrele massas of secretory cells and
their supporting fissue, &nd neighbaneng canilanes nto which the calls
secrels iheir hormones. These glands ane withoul duots. Some endocring
secrelary cells exis! in non-endoarine oegans; they may be diffusely dis-
frinuted (eg., enteroendocring cells of the gasiroiniestinal fracl, nterstitial
celiz of 1ha lestis), or they may ocour 28 microscopic “islands” (8.0, par-
preafic isfats), of thisy may be & growp of secretary neurans in the brain
{mypethaiemus), Oihars form single organs, the principal function of which
& 10 secrete hormones (e.g. fhyroid, ypophyss, and 50 on). Homones
are chemical agents usually effective among cells (largel organs) some
distance fram thes source. In concert with the nervous sysiem, andocrine
orgEns tissuas integrate and harmonize the aclivilies of vared and some-
timas seamingly unrelaied organs and their aclivilias by negative and
positive leedback cantral mechan:sms, resulling in growth, reproduction
and ralabed activity, and matabolic stabilty (a condition of the body's intar-
nal enyiranment known as homeosiasis)

Less well-known enoocring activity is seen in fhe feard (secretes ainal
nalriurelic peplide or ANP; increases scdium excretion and inhibits
smacih muscle comraction), the kidney (secretas renin which = involved
in the ‘ormation of substanrces that causs vasoconsirclion and raise
blood pressure; and arythropoietin which stimulates red biood corpuschs
development), the gastroiniestinal trac! (produces numerous polypeptide
hormoenes thal regulate gasiromtestingl motily and enzyma sacration),
and the placents (secreles human charionic gonadotraphin or HOG in
suppoet of embryonic growln during the first 20 days posi-tertilizaton, also
sECTRIRS REITOgEn, progesierons, ard a kectogenic and growih-stimulating
harmone)

F

SWDOCRHINE GLAND .
NOBMONAL SECHETION:
TRAREET GRGAR -

"B

Lamge
sk

EAGITTAL
¥iE

W

Thyioid
cartilags

—— wiCaled on

, Bropan | -i".l

124

Sae 5

"~ posteriar surlace
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22000, EMNDOERINE SYSTEM
MYPERPMYSIS &
NYRPETHUALAMUS

CH: Lime red for H, olue dor K, gurple tor | and & very ight color jor S
[1]Begm wih the anlarged wew of the hypophysis and nypathelamus

NYPOPHYSIS (RITUWITARY GLAND)Sx
ADENE NYPOPHYSIS 3

PRARS TUBERALIS.

PARS DISTALIS (DN LOBE)s

PARS INTERMEDIVS o (
NEURELYPORNYSISS:

MEDIAN CAMINENCE

INEVRNDIBULAR STEwe

PARS WERVEOSA (POST: LOBE)r

HNYRETHALAMUS -

The hypophysis (pitutary gland) is suspended fram the hypolhalamus of the
bram by the nfundibulum and fits into & bony recass of the sphenoid bone called
the salis lurgica. The hypophysis is aboul tha siza of fowr paas. The gland is
darived from an upward axension of the developing root of the mouth (adeno-
mypophysia) and 8 downwerd migration of the floar af the hypothalamus of tha
orain (peurohypophysis). From above to below, the neurohypophysis includes the
median eminence, the idundibular stem and the pars nervasa [ posienor lobe),

It &5 contiguous wilh the hypothalamus. The adenohypopiysis includes the pars
tuberais which ambraces the infundibular slem, the pars disials [aniedior oba),
and the pars infermedius which is redimentary and appears o secrele no signifi-
cant levels ol hormones

chinsm

ADENMOHYPOPHYSIS
{Anterior loba)

APENEHYPERPHVYSISS - -

MYEOTHEL., SEECER. NEUREN /@RI NE &

SUP. HPPeENSERAL ARTERYH

MYPERMVSEAL PORTAL SYSUEMs:
GARPILLARY/PORTAL Vi SINUSEIR?

SEERETEORY CELL./ HORMONES.

I HYPERHYSEAL VB0«

Th pars mslals ol the aﬂﬂrﬂh‘!.'pﬂ-[:ll‘l.lﬂl's canlains calls that secrele one ol sev-

eral hormones (ses nex| plate), These cellz are stimutated by hormones from

secrelory neurons in the hypothalamus These hormanes reach the pars distaks

by way of a vascular portal systam: capiiaries in the median aminence form long

and short porial vens ihal enter [he pars distalis and farm sinuemas around he

secrefory celis Secrations rom thess cells enter the sinusosdal vessals whoh
are drained by mnfenor hypophyseal vains

(Postasion nh)

WEURE@HYPEERHYSISS-- ~
NYPOTHAL 05 /7‘/
SUERAGCETIS_WUEL:/ HORNONE s {0
 PRBAVENTEIG: MUCL: (KCRMIGMNEs / /
CABILLARY PLERUS. |
HYPCPHYSEAL YWEI « 0l

Ther pars nervasa ol the nesrolyoophyses bas no secrelory cefls of ils own
Axons of secralory newrons in tha supreaphic and paraveniricular nuclzr of the
hypothalamus extend down (hrough the nfundibulem o capliary networks in the
postenar lobe. Thers these axon larminake raleass oxytocin and amidiuralic hor-
Mg Mo (he circulation (see naxt plata)
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23000

HNYPEPHYSIS & TARGET QRGRANS

CM Use @ wery light color tor L and ihe color from the previous plale for hypolhalamec hormones

|A) and secreliong [A'). (1) Begin wilh the armows and circlos reprasenting those hormones and soore
lans including the penelmalion of the cells of the anlerion iebe (2) Coler Ihe hypophyseal hormones.
[3Colar this rrows repraseming ths TN oiGAn anmonas parfanming their esdbacs uncion

NYPERHYSEAL
NORMEOMESS-

FOLALICLE STIMUWLATIVNG (M. (FSH)a

LUTEINIZING (Lo (LEHE)«
THTYREIE STIMULATING K. TESH)o

APRENOCERTICE TREPIE (M. (RGTH)

GREOWTH Ho (@H)-
PROLACTINs

@RV TEEIR) «
RANTIDIVRETIC M. (ADK):

TARGET CBEAW
HNERMEONES S
ESTROGER
PROGESTERONE.
TESTOBSTERONE
THY BOIIR) «
EBRENAL CORTIECRAL (so

——
Hypophysasl —
ARy

@E@@BH@W{

Ginusods

THYRDID

@u

CWVARY

4

s K. IHII”.J y
ﬁﬂéh |

—

Sae 125

Capilanes

Saaratary
nauron

Hypaptysaal

Wi

TAREET
ONRNSEW)

&
BOME BREAST

KIDNEY

I’ amenr omeam monmones:.

STRUCTURAL/ FUNCTIONAL BFFEET/ FEEREASK.

The hypothalamus has been sean in the previous plale 1o be
inimaiely connected to the hypaphysis by Blood vassels and
sacretory axons, Hem we ook at hypothafamic ireleaging) for-
mones. hypophyseal (pituitary hormonas, their targel organs,
and the harmones of 1he target argans. The secreicry (glancu-
lar) zalls of the pars distalis (anigrior lobe) @re slimulaled by
hypothalamic hormanes which are released by sacrelory axone
inio the hypophyseal portal system m the meadian emnance
{irfundioulum). The secretions of these cells are ade
nohypophysesl hormones whaeh anter the circidation and
madiale the activies of a number of targel argana. FSH drives
avanan fallicular growth and secralion of astrogen and testiculsr
spermalogenesis LH stimulaies tesiosierone secretion, ovuls-
tan, devalopmen! of the cofpus luteurm, and estrogen
progesiarons secralion. TSH stimulates secration of fyrexin, a
hormone of the thyraid gland. Adrenocarficoffopic harmong
(ACTH, corticotropin) stimulates the secretion of adrenal cov-

hcal hormones, ACTH also has malanocyle-stimulatirg prop-
erlies (dispersal of pigment in the skin). GH stimulsles body
growth, especially bone. Proiactin mediaies milk secretion
Oxytocin and antidiureric rormone (A0H; vasopressin) are
products of secratory neurons in the supraoplic and para-
wantricular nuclal of the hypothalamus Thess harmanes are
frangparied cown long axons 10 be ralgasec among capillares
in the pars nervosa (posterior lobe) of the neurchypophysis
Oxylocin induces ejection of milk and slimulales dlerine con-
liactions, Vasopiessin causes ratention of body water (aml-
diuresais) by the kidneys, given exogenously, vasopressinis a
significan! vasoconstricior

Control of hypathalamic and hypophyseal seorelions is acoom
plished by feedback mechanisms. Negative feedback confrol is
reflectad by the reletionship of estrogar lo FEH; as astrogen
conceniration in the plasma Increases, producition of F5H
diminishes Posilive lasedback responsas are lass common
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£300, EMNDEOCRINE SYSTEM
THYRCIR & PARATHYREOID CLANDS

GN: Use red for H., bilue for | tight colors lor E, F G, amd 8we seme colors @3 on
Flete 124 for & and 0 (7] Coor he fwee Upper views simullanecushy, 1aking nots of
Ihe arleres and veings at penatrale (he thyroed (2) Color Ihe microscopic secions
ot wypoactive and hyperactive thyroid follicies, narmal lissues lles betwesn he lwo
extremes. |3 Color the dagram o thyroid and parathyroid funclion

THYREID -
THYROD FOLLIGLES -
FELLIGLE CE0Ls
CRLLOID <

FHYROKIR , -
PARBATHYRAID ) — e |

PABATHORMOME wmm SO
RELATED STRYCTURESS: ol Gyt Y

THACHER - D
PHAGEYMWES -
EECRHABYS :
ARTERIES
VEINS 1 \

i

Tha thyroid gland, coverng the antenor surtaces of the 2nd to dth racheal
rings, Is bound by a librous capsule whose posierior layer encloses the four
parathyroid glands. Tha Ikyroed gland, composed of right and laf lobes con-
nectad by an isihmus, conssts of clusters of folicfes (lixe grapes) supportec
by loose fibrous fissue rich in blood vesselz. A microscopic sacton through a
tollicle revaals a single layer ol cuboidal epinedial cels torming the follicukar
wall. The follicke contans colloin. 8 glycoprotein (ihyroglobiling, producad by
the fallicls calls. Thess celig take up Inyroglobulin and dismanila 1| 1o forma
number of hoemones, prmarily fhyroxn (T4, tetraiodothyronine). Thyraxin is
then secretad mio the adjacart capilaries Thyroid hosmones contain iodide
{a reduced form of inding) which s absorbad by the follicle cells fram the
pleod. Thyroxin formation and secretion is encouragec by thyroid-stimulating
normong (TSH) from the hypophysis. The ralalionship oparates on 8 negative
feadback mechanisim mncreased secrations of iyroxin inhitil terther secre-
tion of TSH, Thyroeon increasas oxygen consumplion in practicaly all lssues,
and thus mantaing the melabolic rmte | s involved al many levels in growih
and developmenl. Excessiva secrelon of thyroxin ganarally resuils in weight
loss, extreme nervousness, and an slevaled basal metabolic rale, Congeanital
Ihyraid insufficiency & manifesled by dwartism and maenial relardation, in late
onsed, manial activity s dminished, the voice changes, and accumulation of
mucous matenal in the skin and fascia gives a pully appearance.

The parathynoids consist of small buttons of highly vascular tesue containing
twin call types, one of which secretes perathovmone. Parathormons mainisins
plasma celcum levels by inducing osleoclasiic activily (bane breakdown),
freging calcium ions. Normal muscle activity and hinod clofting depend on
normal calcium levals in the plasma Reduced parathyrold fwnction owers
caleium ievals and below certan levels causes muscle sttiness cramps
spasms, and camadsions (tetany)
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25000, EMPDOCRINE SYSTEM e 128
ADPRENAL SURPRAREBNAL) GLANBDS s ARG

A Use rad lor F blue or G, yellow for H, and & very light color tar E (1 ]in the upper

wia, only (hose yeEsAlE wWin subscopis ane o be coberec. (2] Cabor 1he cross saction
through the adrenal, and relaled arfows o NOFMonRS. (3] Loor e vaarious organs
associaled with the "hight or light” reaction, noting tha listed elfects

Infgrior
A= nhrenic 4

Hegatlc vs

APDREMNAL GLAID A
@@@ @ML@ A
CORTELI: -
ZOME GLOMERULOSA:
ZENAE FASCICULATA
ZONA RETICULARIS
MEBDUVLLA e
ARTERIES::
SURPERIOR SUPRARENDL Ao v
MIDPLE SUPRARENAL A
INEERIGR SYRPRARERNAL Rer* Fight

VWEIWSSE = s
(oo & Lo @ﬂ_. Wh et

SUPRARENAL PLERBYSS: | § 3

CREATER SELEANCHHIG W e 2

CELIAE GRNELIOM::
FLERUS «»

Suparior
mieacnisric &

Latt
Kidrey

Inferior

warng cava -

e

HORMONES
OF THE CORTEX v

ALPOSTERONE: <€ ——
CORTISOL: <—
SER STERCILS:) &——

OF THE MEDURLA {} ERIMNEERMEINME:
NEeRERINERPHRINE -

The adrens! (supraranal) pands llein the relraperitoneum within the renal fascia on
the superiar and medial espacts of each kidnay [T11-T12 veriebrzl levels). As with

eihier endocring glands, the adrenais are abundantly vascularized. The adrenals are EE" th

pwn diffurent giands encapsulated as one: the oular corlex and Ihe Innar medulis. Mleringss | .

The adnenal cortex 5 organized into thres regions: 1ha outer Zona OMeruiosa '?' 'p._nl;',.'.:,,
{sucrefing hormanas dealing with [iuid/elecirolyle balance, such as aldosterone and Vst F

other mineralocoicoids); and the zena fascicwala and 200a relcWans {Sacreting in ms;:m _'..' = L_h

hermanes influencing carbomydrale metabolism, such as carfisol and other gluco- Mo g gt
coricoids. also low levels of sex tormones). Hypophyseal ACTH etimulates - ___:.\ Branchialar
gacretion of the glucocoricoids, Aldosterane & secreled in response 1o cerlain = 1 s
enzymes in the binoe (anin-angiolensn systam). All these hormonas play roes | e

imvolving a!l aspecls of protein, carbohydrate, alectrolvte, and waler metaboism.
thus the acrenal corex s nacessary for life.

The medulle consists of cards af secrelory cells supporied by reticular tibers, and
an abundant collection ol capillaries, Fibers of 1he greater splanchnic narve (fom

Taghycardigs

r Ebsaian
Dlogd sugai

spinal cord sagmants T5-T10; 2 major preganglionic narve of the sympathatic divi- Par gilistal

i vasaconginciion nnd metuhenc il
sion ol lhe gulonomic nervous system) pass through the celiac ganglia without

synapsing 1o emer the adrenz| giard. These fibers terminale on and stimufale tha '__h.llr

mduliary secretory cells, 80% of which produce and release epfnephring the rest Ficacr i \I

secrate porspinephrne. These secreory cells are, in facl, modified post-ganglionic on digeEsan “FIGHT OR

neurcns, Thest secrations alici (ke "fight or ight” reaction in resparse 10 lite-1hreal-
ening sduations as diagrammaltically represented at nght.
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23000, EMNDOCRINE SYSTEW
PANCREATIC ISLETS

CN Liss purpie foe M, and sghl colars for 1€and L. (11In colofng 1ne uppor
grawing inciude e bioken lines repregenting arlgrias wilhin ar an the postanarn
gurface of the pancraas. () Color the microsoopic seclion ol the pancreas and the
enlerged view ol an jsket, Coior the arws and the diagram rislkscing the = of
giycogen and insulin receplors in er celis wilh respect 1o ghucoss And gycogen

ARTERIES T THE PANCRERASE-

EASTREDUREENAL & BfHSha
AT PANCERER/TICE>PVEDos
PESTh PANCREATICE>DUEEac

SELEWIC & BRS>
PERSAL PRNCREATICE

IWEERICR PRANCREATICF
GREAT PANCRERATIC:

MESENTERIG

NG PANCREATICD-EUGCD. 1

The pancreas s suppied by numenus arienos fram sources springing
from the celiac and supaerior masentaric arteres The exiensive caplilary
natworks of the pancreas are drained by Irbutares of the hepatic portal
vein which conducts the secrated hormones of the pancreaiic islels 10
the liver and bayond for peneral circulation

Crgesbons

Thic istands [isiels) of endocrine tisswe (and their capilfanes)
in the pancreas are surrounded by masses of grape-like
elusters/follicles of exocring gland cells. The secratians of
ihese cedls enler dicts that are inbulanes of the pancrealic
ducl{s) opening ima he ouadsnum.

The lsbets are characterzed by three or four different csll
types. Alphe (A) cells, ganarally located in the parighery ol
{he lslen, secrete glucagon, & palypeptide hormane thal binds
to ghycogen receplors an lvar call membranas. Glucagen
induces Ihe enzymatic breakdown of glycogen to glucoss,

a orocess called glycolysis. Glucagon also lackilaies lhe
farmation of glucase from aming acids in the liver, & procass
called gluconeopenesis. A% a resull of Ihese processas
bload glucose kevels iNCresse.

Bela (B} cells, constiluting 70% of the islet cell popusation
acoupy The ceniral part of the islal and secrele insulin, &8
polypeptida, primarily i responss 10 increassd plasma IS
of glucoss, Most insulin is taken up by the liver and Kicingy,

CUGDENLE

L T

Ca 000 ¥ia”
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SEe 107
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= R _'araal P Lo iy BLO0D STREAM

. _—naé?i‘?_

Ergyms
aohang

BLYCOREN

= 15 syriihass )j,
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Lo bl susgar conditiona) (Mg B0 Bugarconditons)

kot almost 2l cells can metabolize insulin. Insulin expedites
ihe removal of glucosea fram the circudation by inCreasing the
rumber of protens that trensport glurose across cell mam-
tranas (glucose carmiers, not shown) in muscle calls, fat
cells, leukocyles, and cenain olher cells (nol including Fver
celis) Insulin noreases the symhesis of giycogean from giu-
cose in llvar cel's. Uptake of insulin is faciliated by suln
recepiars (proteins) on the exdemal and internal sutfaces
of many—bul nol afl—cell membranes. Decreasad insulin
gecrelion of gecreased numbers or aglivity of Ingulin recep-
tars lmads to glucose intolerance and /or diabetes mellitus
The efiects of msulin activity are far-reaching mediating
electiolyle iransperl and the storage of nutriants (Caroo-
irydrales, proteins fa1s), laciiating oedlular growth, and
antancing llver, muscle, and adipose lissue matabalism
The islets also reveal iwo other secratory cell types: O and
F calls {nol shown) These cells are in the patiphery of tha
islel, and conatitule aboul 5-10% of 1he islet cell populaton,
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B0V, VERYOUS SYSTEW 130

CRGANIZATION

CM: Usma very light colors far A and C. (1) The spinal
cord has bean placed Bohind (he vertebral colume in
rhe main (llusiraion io ahow tha longlh of 1he cord ano
coeresponcing spinal cond reglons in rofation to the

igrgih and regions ol fhe varlabeal column. Nole fhe )’
descending Spinal nerve rools [arfows COMIng all 1he

roird) in Ihe wmbar regons and balow. (2)in colaring #
thi spnal nerves and hee penpheral branches al lower

right, color over thi lines reprasenting them, {3}Color

ihe milor gangha ol (he auloromic nervous Eystem

(L and M) in the kwer right gréwing

CENTRAL ECHS)
NERUOUS SYSTEWS « -
BEREIE-
CEEEERWM -
BRAIVSTEM
CEREBELLYM:
SEIVAL GeRD:/ REGIeNSEN
EEEWVae TR on LVRe: SEE GO

The nervous system consisis of neuwrans aranged Ino & highey
inteqretec coniral part (caniral REMVDUS SYslem, of CNS] and bun-
dles of neurnnal processes (nerves) and islands of neurons (gang-
I} largaly cutside the CNS making up 1he peripharal parl (periph-
eral norvous sysiem, ar PNS), These neurans ars supnorted by
reurogial celts and a rich blood supply, Neurens of the CHS ara
interconnested 1o form canters (nucled gray matter) and axan
bundies {iracts: while matier}. The brain is the certer of sensary
awaraness and mevement, emotions, rational thoughl and behavior,
foresight and plannng, memary, speech. language and intarprata-
tian of Enguags

The spinal cord, an exiension of ihe bran beginning &t ihe foraman
magnum of the skull traffics n ascending/ descending impulses,
and is a cerver lor spinal reflexes, source of motor oommands for mis-
cles below tha head and receiver of sensory input below the head.

PERIPHERAL (PRS)
NERYOULS SYSTEMS
CRENIAL NERVES (2 PRI
SERINAL VERVES/BRANMCHESF
CERWIGCAL @
THERAGIC (1123
LAOMIBRER (&)
SHCRABL S«
CeBEYEEAL (L)«
AUTONERMIG NERW:SVSoex
STRATHETIE DIV,
EAEASVMEPRATHETIC BDiVon

The PHS consials largely of bundies of SENSOry ano Moo

axons (neTves) radiating from the brain {crarial narvas) and spinal i D“ﬁﬁ?ﬁ"'
cond [spinal narves) segmentally and Baterally and reaching to all

parts of Ine body {visceral and somatic) through a clageic paftarn of YERTEBRAL COLUMN
distribution. Bramches of spinal nervas are often called peripheral AND SPINAL NERVES

nerves. Merves conouct &l sensations fram the body 1o the brain
and spinal cord, and conduct mofor commands 10 all 1he skeiatal
muscias ol the body The Sulonamic Neous Sysiem [ANS) i

a =ubser of ganglia and nerves in the PNS dedicaled to visceral
movement and glandutar sacretion, and the conduction of viscaral
gansations [0 the spinal cord and brain
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21V MNERVOUS SYSTEW a1
BURNIBTIONAL CLASSIFICRTION OF MEVRONS

GN; Usaa light colors thraughoul thi plate,
Do nol color e sumimary diagram al the lop

CENTRAL

o 1he page until camplating e rest of the glale. \:‘LHS!FE[M& ! PERIPHERAL RERVOUS SYETEM [PNS]
]
i) r
Neurons ganerally funcion in one af three modes: they conduct impulses | AFFERENT (SENSORY] NEURCHS o -Ea"l:l‘"“.‘“
i
]

& Snitekls OF Vizcoml £

from recegptars in ke body to the cantral nenous Sysiem o CMS (sensory
or aHerant neyrans); of they conduct motor command impulses from the : T -

CNE fo muscles of the body (motar or efferent neurans), of ihey form a
niatwark of imareonnacting neurons in the CHS betwesn molor and sen- Yilg g -
sory neurons {intemewrons), f the sansory or matir neurcns retale o s = .t ¥ Emanin
muscuioskeletal siruciuras or the skinand lascia, the prefis “somatic” R ey

may be applied {(somatic attarent/ somatic effarent], |l thess neurans are r}'
relatzd lo argans wilh hollow cavities (viscera), ine prefo “vigceral' may Spinal cord | i {!u'm;lfn e

be applied (viscaral afferent/ viscaral efferant) Lor eaim |

CNs | PNS
e ;
f— =) Axon
it o, BrAnches

e

RVSE =
SENSORY NEVReN. .
RECERTER iy B O

G=s'

Epi@n) Sensory Neuons condJct iMpuIsSes from sensory receplors (0 Synapses
— in the CHS The receptors may be senailive o fouch, pressurd, pain. |0inl
ﬁ} i-“ [2]
{@@@ﬂ g@% EHO.C gﬁﬂ position, muscle lension, chamical concantration, light, of other mechanical

m @c etimulus, basicalty providing infermeation on the exlernal or internal anviron-

mand and related chanpes. Sensory NEUFONS are UNIPOEr Neurces wilh car-
tain exceptions, and gre charactarized by peraiera (ocesses {"Bxons"),

EESEH0
L@@Tﬂ?ﬁf’b& @@@@@%ﬁ g cell bodies. and cenlral processes ('axans”),

Sholatal
muscle

CME | PNS B [aftecian
e P e —ad |
RNSE :
o i
SORIETIC METER Wox A
!
e
@@&& @W': j #otor neurons conduct impulses from cell bodies located in ihe CNE, inrough
@-m (& axons that eave the CHS and subsequently divide mio branches, each ol

METFEE: EWm m@ﬂ’@ P which becomes incorporated into the call membrane of a muscle call (mator

and plate). Here the nedran releases its neurolransmiller (hal induces the
muscke call io shorben

AUTONOMIC

mml}@ Mﬁ'@@ E!}u x Autanamic molor naurons funclion as paired unils connected at a ganglion

- by synapss. The firsl or pregangiionic newron Gnses in the TS and ils axon
m@@iﬂiﬂ@&ﬂ@ﬁw@ ﬁﬂ[ﬁ&ﬂ [%@ﬁl] F ambarke for & ganglion located some distance lrom the CNE. There il syn-
ﬁ]mw@@ﬂ@ ﬁ'ﬂ@ﬂﬂ!}?}@ W'E- apses with the cell body or dendrite of @ posiganghonic NEUren Whose Sxon

proceads (o the elfactor organ: smonth muschs, cardias muscle, o glands

o s
INTERNEVRERY Intarnaurons are found mosty in the GNS. They make up tha bulk of the neu-
AR vans of (ke brain and spinal cord. They come in & varety of shapes and saes
{@UM mﬂ}"‘ Many of them are direcily related i incoming (sensory) impulses and others
i autgoing motar commands. Others serve 10 inlagrate sensory or Ascendng
inpul wilh higher eentars lo effect an appropriate malor oulpul



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

K0V MNERYOUS SYSTEM
SYWAPSES & NEVRCTRANSMITTERS

OM: Use light colors for A, 8, and C. (110 the Upper drawng, sach of the syn-
apues shown has lwo parts. Coler anly the onas @belsd wih subsanpts (8, B, C)
Coder 1ha renve impoise e (D) ond ine retaled dieectional amows. (2§ Cotor ihe
numbered steps in the lows: drawing. Mole 1he change of color in the presynaplec
merirane belwoon axocylosis (H) and endacylosis (K)

Heuroglial

shmmlh

BASIE
OF SYWAPSESS:  wempvs

ALESEMATIE:
EREPENRRNTIE:

Connacions batwesan and gmong neurons are calles synapses
They are, for the most part, non-conlao!, chemical ransmissions
batwesan one parl of & neuron and anather, There are other |@ss
cammon types of synapsas (some of which ara not shown) as
well. For example. we Bhow a complex of synapses Detween three
awars and a dendiite, 3l sumounded by a neuroglial shasth (ghom
erulus). Synapses parmil the conduction of electrochamical im-
puises among a myriad of neurcns almast instantly. [0 the smplast
example, a monosynaptic reflex arc belween @ sansory NEunon and
a molor NeLron requires one synapse At the other extreame. there
ara poysynaptic palhways in the brain and spinal cord involving
millione of synapses Cartain naurons are kNown [0 receive mora
than 5000 synapses mach! Muliple synapses greally ncrease
the avallable cptions of nervous activity. The ability 1o integrate,
coordinate; associate, and modify sensory inpul ard memory to
achieve & desied molor command |5 directly related to the num
ber of synapses invalved in 1he pathway

TYRIGEL STNAPSES+ TYPES OF SYNAPSES

PRESWWAPTIC AR

EEESWIAERTIC MEMBRANE:
SYEETIC VESIGLEF
NEURCTRANSMITTER o
FREAGIRENT:
STRRETE GLET
SR AT T
PEOSTSVIARTIE MERMBRANVE .
RECERTOR ¢ i,
K _Narv inpulse

anter awon teeminal

Here we present a typical axo-dendritic synapse. The axon (1) is
prasyrapdic (in front of ihe synapse). Within the cytoplasm of the
axon lerminal are synaplic vesicles (2) trangporting molecules of
meunatransmitter. These vasicles migrate ioward and fuse with the
presynaphc memorane (3} Neurolransmitter s spiled into the tiny
gynephic claft by a process of exocytosis. The neuroiransmitier
molecules interact wih the recepiars on the postsynagfic mem-
brane of tha postaynaplic dendrita (4). Inactivaled neurotransmiter
fragments ara taken up by e presynaptic membrans (5; endo-
cptosis), enclosed in a synaplic vesicle, and re-gyritnesized (€]

132

See 71, 146

Axon

(gl AR T

The neuratransmitier may enhance (facilitats) or deprass (inhibit)
the alecincal sctivity of the postsynaptic mambrane. Sufficiently C_J:::>
excited by multiple taciltory synapses, the posteynaphic neuron will

depokanze and fransmil an imauise to tha next neuron o effectar,
gufficiently inhibited by multipée inhibitory synapses, (he postsyTap-
tic nawuron will not be depalarized and will not fransmit an mpulse
Al of th's aocurs vary rapidly Bnd glebally throughout the nervous
gysiem

ELECTROCHEMICAL TRANSMISSION
AT THE SYNAPSE
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250V, WERVEUS SYSTIEW
PEVELORPMENT OF

CEATRAL NERVOUS SYSTEM

CN: Uge light colors bor A gnd C (1) Bagin with Ine two dorsal
vigwa of ihe 20 diy-cld embrye. Color B well the large arfows
painting o Hhe surtace |scations ﬁlrlmtﬂmﬂu!ﬂ =0hor tha din-
grammana, cross section o s righl. Follow e saime proce-
dure lor ihe later vews of the growing embrya (2] Color the
slages af brain devolapmen in The head and of the niural ube

NEVRAL PLETEA
FELEx

TOE(E a2
MEWEEL &
WEVREL GREST:

The nardous sysiem develops from tha dorsal surlace of 1he
actodermal germ |ayer |fulure skin) of the embryo, |0 the 20-21
day embryo, a longiludinal groove {mawral groova) begins fo
farm on 1his thickenad tayer (newral plate). In the cenfral part

al tha piate, the groove deapans, orming newal 'ofas on alher
sile. Deepening of the neural groove proceeds toward the hoad
and 1all @nds of the embryo. By 22 days, \he dorsal pan of ihe
fesicis fuse in the cantral part of the groove, loming & mewral
fube During this process, the newral tube separates from the
actoderm. By 24 days, leemalion of the newral tube has pro-
gressed fo the extremsa ends of the embryo Much ol the neural
jube will tarm the gpinal cord; the head end of the tube will form
five beain. The newrad crest cells, lormed from the neural folds,
will devalog inlo certain nanse cells of the peripheral nervous
systam and Schwann cells The surcanding mesodanm will
farm the cramium and he verteoral column and refated muscles
Thi rotezhord {a prmitive supporting rod for ihe ambryo) will be
absorbed by the ceveloping verebral column, end remnants of
it well Femain as the core of the intensartabral discs (nucleus
maposus) The endoderm will confrbute (o the development

ol the digestive tract

FOREBRAIN-
TELUEWCERHELON -
DUENCERRALON -

MIBEBRAW
QESEW CEPHNALON)-

F0DERAIN
METENCERHALOM :
MYPELENECEFHELE@W .

SPIVAL !

By the end of three weeks of ambiyonic development, fhrse
regions of the daveioging brain are apparent: forebrain, mid-
brain, and hindbrain. With further growih, the forebran expands
i farm the massive fslencephalon [endbrain, ulure cerebral
namispheres) and ihe mora central gencephaian (" betwaen’
brain; future top of the brain stem), The midbrain refains s
largely wubular shape as the mesencephaion (midbrain; future
upper brain stem). The hindorain differentiates ino the upper
mglencephalon |"change” brain; fulune micdle brair s1em) and
a large dorsal sulpocketing (lulure cerebaliumy), and the lower
myelencephalon (spinal brain, lowes! pan of he future brain
slam). The brain stem narrows o becoma the sownal cord at
the zvel of fhe foramen magnum o the skl

]
WEEKS

DEVELOPMENT
OF BRAIN
[Latars| views)
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RV MERVOUS SYSTEM e

CS: CEREBRAL HEMISPHERES

CM. Use Ia;‘rr colarstor B, E, |, and L (1] Calor the fwo lange hamEphanas
frsl Mate thal the stippled arsas of speciaed function are paris af lobes,
oui recaive their own coomns. Color the arrows dentdyng the major tissures
s swews (7] Color (he comsnal section and postercr portion of he brain
Thie coronal secton of the corebral corax is calored gray. (3) Colar gray
Ina strelched-out corex and the corvoluled cortex dlustrating how tho
laier providas incfeassad SUrtRce ares in & smallar space

CEREBRAL CORTERS +
EROMTAL LOBE -
PRINCIDAL SPEESK AREA-
PRIMARY MOTER ARED
PRECENTHAL CVRUS):
LOBE:
PRIVARY CENSORY AREA
(POSTEENTRAL EVBUS):
TEMPORAL LOBE -

HT
HEMISPHERE

_ Parietooccmpital
sulous

AUBITERY AREA. PosTERIOR
EERIRITAL LOEE e Lunguage

WISWEIL AFEA ,
FISSVRES) 4
SULEUSE« ¥

LONGITUDINAL FISSunE. NI v 3.1 1Y
CENTRAL SULETS. WG T ik /)
LATERAL FISBURE e y A

CORTICAL CONVOLUTIONS: INCRFARED SLRFACE AREA

Tha paired cerabral hermispheres [cersbrum), derivatives ol the embry-
onic elencephalon, consist of lour magor elements (1) &n ouler ceme-
brad corlex ol gray matier, the lopography of which reveals fissuras
{deap groowas), gyr (hilis), and sulci {furrows); (2] undedying whils
miather consisting of numerous tracts destined for or leaving the corlex
and orened along (nree gerersl directions; (3) descrete masses of
gray matter at the base of the cessbrum (basal nuclel) thal subserve
mator areas of the cortex; (4) paired cavities called lateral vaniricles
The cerebral cortéx s the mest kghly evolved area of the brain, Aboul
2-4 mm (roughly 1/8 nchj thick, the cortex is divided into Iobas dis-
fircily borderad by suici the |obes are genarally related to the cramal
bones thal cover them: frontal, parialal, temporal, occipiial. The excep-
ticn Is the bmbic lobe (part of whech s shown), it incorporates parts of
ather {frontal temporal parietal] lobes

Corlical mapping experiments {based on electrical slimwlation) and
clirical / pathologic data have been the princioal methods by which
functions of the cortex have been discovered. All parts of the corex
are concermed wilh storage ol expanance (memory), exchangs of
impulses with other cortical areas (association), and the fwo-way
fransmisson of impueas with subcortical areas (afteran /eflerant
projeclionsy

The fronial fobe |s cancernad wilh intalleciual lunclions such as rea-
scning and abstract thinking, aggrassion, Sexual bahawvion ofaction or
small, articulation of meaningful sound (speech), and voluntary mova-

LEFT
HEMISPHERE

Broca's eres
of spoaach
{Lelt hamispharo only)

menl (préceniral g].rrus} Tha canlra! swicus saparales ha irontal loba
from Ihe panetal lobe The panetal fobe is concerned wih body sen-
sory awarenass, including tasle [postcenival gyrus], the use ol Symbols
for communication {fanguage), abstract reasaning (eg.. mathematios),
and body imaging The lempaoral iobe ig parlly imbic and hare B con-
carned wilh the formation of emolions (love, Anger, ANQIESSION, Com-
pulseon, sexual bahavior), the non-limbec lemporal lobo 15 conoorned
with interpratation of Bnguage, Awarenass and discriminaton of sound
(hearing; auditosy area), and conglilulas a magor mamary processing
area. Tne ocoipiral fobe Is concarmed with receiving, irterpreting, ard
discrminating visual stimuli from fhe cplic racl, and assocating thoso
visual Impulses with other corlical arsas {e.g, memaory)

In @voluliorary erms, he imbic lobe or system |s the oloest par of
the cortex. It is the certar of emalional Behavier The limbic neurons
ocoupy parls of e Infenor and medial conices of each hemisphane,
and some subcorbical areas as well Cerlain limbic areas are closely
related topagraphically to the offaciory tracts.

The ecerebral hemispheres appear straciurally as mirror images of one
anothar; functionally they are nol. The spesch area develops fully only
on ona sida, usually tha lefl. In general, the lefl hemisphero fends o
deal wilh certain higher functions (mathematical, analytical, werbal)
while the righl concentrales on visual, spatial, and musical orienialions
Tha matter of cermbral “dominence” (el hamisphers, left speech
center, right handed) ar vice versa |5 guile controversial,
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BV WERVOVS STSTEM -
CS: TRACTS,/DUCLE!I OF CEREERAL NEMISPHERES ™™

Ch: Use very light codors for F and G. (1) Colar gray the various
sachinnd of cersbial comax wethbul eolonng the corbheal gurlacas
12 JAanong thee many views shown, olor each siruciee wheeves A%

Il appears Daiore going on 10 the naw) e sieesuem £ [ ws

CERERRAL CORUTEEI

o
WYELEDE
CAVDELTE WUCLEVS:
LEWTICULAR MUCLEVS.
LATERAL VENTRICLE »

WITE MATTER TRACTS:-:
COMMISSVRESS = s
CORPUS CALLOSUM=' ane
TRACTS 3 r o
COROME RADIRTA aualiRE
WTERWAL CAPSULE
ASSOCIATION TRACTSs el coopm e
(= i S : =

The subcortical aress of the cerebral hemispheres include the
while matter below the cortex, (he basal ganglla (nuekal), and
the [etaral veniricias

The basal nucisl are discrete islands ol gray matier amidsi a
sea of white malter at ihe base of the hemispheres on ailher
gide ol and above tha diencepnalon {see nexl plaie). The
major besal nuclel are the cautale nucheas and the lentcular
nucisus. Bath are named acoording Lo their shape: the cau-
date, when viewad |atarally. appears to have a head and a
progressivaly narowing and eurving tail (cauda, 1all) anding at
the amygdala (& nucleus of the imbic systam). The lanticular
nucleus is arguably lens-shaped The basal ganpglia have con-
neclions wilh ihe cenchral cones, the thalamus, and nuclai
near the thalamus The basal ganglia are invalved in the plan-
ning, inifiatlon, mamenance, and termination of movemen:
(matar activity), They maonitor and mediale descanding com-
mands frem ihe molor cortex. They are instrumental centers in
maintaining muscls ione and programiming segqueniial postural
movements and adjustimenis

Their influance iz marifesied as appropriataly gated impulsas
influgmcing the lower molor neurons of (he cramal and spinal
narves in thair innervation of skeletal muscle. Diseases of the
basal ganglia incluce dystonias and dyskinesias and, parnaps

most well known of all. Parknson's disease (abnormal gait, 5 g ;
rigedity, lramars) InELE
The whia matier of tha hamispheras consiste of racts ori- T

ented in six general directions. Tracis cannecting lel and right
hamisphares are caled commssures, of which the largest &

the corpus calfinsum. This massive tract spans the two hemi-
sphongs, rooling oves the laleral venlricles. 1| makes possble
commuanications paEtween cerders in ihe pﬂi’ﬂﬂ hEﬂ'.|Spﬂ-El’ﬂs,
Bundlos of white matter, both long and shart, connacting ante-
ricr and pogterior cortical areas, are called association fracts

An emotaral responsa lo a visual simulus is made possibia,

In pEr, by @ssocialion racts,

Perhaps the mast spectacular mass of while matter in he

brain is that projechion ract of myslinaled axons (the coroma A
radiala) radiatng hrom the level of tha basal gangla to and

from all parks of the cortex. I is cominuous inferiorly with the
compact band of libers [internal capsule) passing bolweaeh

and parlly encapsulaling the iwo bassl nucled All motor com-
mands are conducted here; all sonsory inpul reaching the

corlex passes through these fibers. Vary importantly, the m".'.T..':::;,:
thalamus and corlex communicate by this pathway,

MEDIAL VIEW
{RigiT emnapiwne secton|
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20V WERVOVS STSTEM 136

CNS: DIENCERPHNALON o |

CN Use lipht colors for A and B, and a vary bright eoler far C (1]
Cuolaf saoh xiriclung wherewer d appears balom going on 1o the s i
litw i?_lﬁ- Pough not codoned, B neighboring raliations of ihe den-
cephelic siractines ang l"'lpl:lrtﬂl"ﬂ and have bean e ified h'r‘ mama
Thase showd ba pivien Spicaal attention

Caorpua
callosum

BIENCEERHAEALEW S +
ﬁ?ﬂﬂ@h&@ﬁ[ﬁ!ﬂﬂﬂ@a : ;::;':rm
NYEOTHALAMYUS: o
ERITHALAMUS 1
CINEAL e
THIRD YVENrEicLE \

Tha déencephalan, the smaller of the two derivatives of the early \ Hypophyms
forebrain, fits betwesn (ol between] but is not part of the mas-
swve, surraunding cersbiral hemisphenas

It pnsists of massas al nucle: at the lop af {and indaed 5 parl
af} the beain stam, The disncaphalic struciuras are paired amnd
are arranged around thie thin fd (0 veninicle and its infun-

¥ Intarral
Righa
hnm:hphhm Lapain

dibular recess Onesch side, ihe diencephalon consists of he Nl s
thaiamus and the subthalamus inferior to i1, the hypolalamus !

; RIGHT
embracng the infundibular recess of the thind weniricle, and the HEMISPHERE
spihalamius of pineal gland suspanded thom the pestarior wall [Meial view)

of the third veniricle The struciural redpiionship of these stnic-

tures 1o thig whibc matter of the oersbrum, the third ventricla, the Coiriate

basal gangiia, and Ihe midbrain should be canstully studied 1o : E . I:xw';‘l::":_'"* |
ansure onentation et 3t il e .
The thalamus corssls of several groups of cell bodies and pro- HORIZONTAL SECTION

cassag thal, in parl, process all incaming impulses from sen- (il wiew)

sory pathways (excepl oflaciory). I kas broad conpecliors with
the malor, general sensary, visual, auditory, &nd associallon cor-

tices Mot surprisingly, the corticothalamic {corex 10 halamus) Corpus _TH:

fibers contribute significenily to the corona radata. Sl ather callosum

Ihafamic nucle connect [0 1he yoothalamus and othar brain- Lateral

slem nuclel Thalamic aclivity (1) inlegrates sansory expar- vaniicle Do,

minces resulling n approprials molos responses, (2) integrates Caudate .
gpecific sengocy inpdl wilh emational (motar) resnonees (ag. & [T= ‘ |
baby oryving In responee o hunger), and (3) regulates-and main- r b, L

lams lhe conscious slale |awaraness), subpcl 1o faciltaling/ ' =, |

nhiditing in‘fusnces fram the cortex. Sublhalamic nucks) are
concemed with motos activity ard have connections with the e

basal gangha Irlarnal
The hypothaliemus consists of nucleer masses and associated e J
racis on eliher side af the lower (hird vemricie. The hypothala- !-ﬂ"'ll;:l-llﬂf
mis mainieins neuronal connections with the fromal and tempo- s
fal cortices, \halamus, nedrchypophyeis, and brainstam, (s
neurasecrelions (hormones] are also direcied (o the adand-
hypapkysis via iha hypophyseal porlal eysiem. ln addition, the
hy pothalamus s concerred wilh emolional behaver. regulation
of the aulonomic (visceral) nervous system and related integra- b i
fion of visceral {aulonomic) reflexas with emolonal reachons commisns |
aclivatian al tha driva lo eal (hunger) and the subsequent feel- ) o
ing ol satistaction [satiety) inliowing fuliiment of (hal drive. RNTERIOR e T L sushisus
Finally, i medigtas descending impulsas related to bath reflexive ; j -

Saaraaplic - _—
and skilled movement. All of this in an area the size of four peas! - -+ Tubarai
The epitnalamus {pineal gland) consists primanily of the pineal ..., 5 R
body and naleted nuclei and racts thal have cornections with
ihe thalamus, hypolhalamus. basal nuciel, and the medial ol E Mahrruwr?\] [
temporal corex It preduces melatonin (a pgment-enhancing b 3 m‘rurumulun \l:
hormone), the synihess of which e redated 10 diurnal oycles or Hypoghysis |
rhwthms (Dody acthity In day or sunlight as cpposed to dark of 1
nocturral pedode), L may influance the onssl of pubsrly through |

infebiion of testicular/ovarian funclion, Remarkably, the pineal
ig the only unpakred structure in the Brain


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

- T 137

i = See 130, 136
ENS: BRAIN STEM / CEBREBELLUM " awew

v Lisn daneer colors for G, E, M. and the lighlest tor i (1] A3 you color sach J e Epithalamus
glrychure in 28 many views 88 (| s shown |ake pariicular mde of of e oriania Thatamus [ Ly & L
fiom af 172 view (2] Nate that the fourth ventricke i locatad in bodh parts ol the Hipatidhiaiig. - =r |:
himtiorain, wn veceies e same color in bafh parts. The dianceghalon has T— - e
peen prasaniad on 1he previcaes plale and is shown hare only lor orentaton I:-:]'m:;
Mypaphyais ===

RIEMNCERPHALEN
ﬁmﬂ@ﬂm 6B Mng::'l.uu
CERERRAL ARVEEBUET:
g@%@ﬂ@@ @é) @E@@J&[‘D@B' Tegmentum __
INEERIOR COLLICVLLS = e s
SPE. CERERELLAR PERUNELE P
MIMERRBRAEIRIG « i
ST VENTRIGLE
PeWESF 3
MD@: @@@@@@&&m EE[es
ME WL EE 4
[]{..;ﬂ[gﬂ %@@@@MH EEDEr
CEREBELLVM .
ARBOR VITAR: _
CEREAELLAR CRREUER L.«
BEEE CERER. WULCLEYSH

Thee brairsten consists of all porbions of the brain less the cerebrum and

narva) and spanal cord (spinal nerves) below, The deeper tegmenim ctans
nuciel af the retacular formation, nuciei/ racis concormed wilk cranial reres 11
and I\, relay of impulges betwean [owal and highsr cenlers, and other cenlers/
tracts concerned with somatio and visceral molor-relaled impulses: The superior
collicill are cenlers for visual reflexes; the infenor collioul make poesible aud-
lory reflenas (8.0, inYoluntary movements in response (o visual and auditory
stimall, respeciivaly )

The upper hincbrain ks the pons. Massiva sialks ol while matier, the mididie cere-
beliar peduncies, cross the fou th ventricle (pons, bridge) 1o reach the cerebel-
lum The pons consists of (1) racts descending from Tha midbrain 1o iower can-
{ers; (2} massas of cell bodies that synapse wilh cenain tracls of corical ongin
and whose axons constitute the middle cerabellar paduncie (3) nucle thal relate
10 cranial narves VW1 VI, &nd VI (4) several ascending tracts arsng lrom the {Graninl nervs nemovnd]
meduila and spinal cord; and (8] a network of polysynaplic neurans (par of ihe

reticular lormatian) that facilitates nhibit (mediale) somalic and visceral rellgxes

and losm & machanism lor arousal. waketulness, and aloriness - — —
The medulla, continuous with the deep pons above and the spinal cord balow, m?.'r‘fm — L 2

cangigls of much the same onganization as the pons. Lile-susiaining conbrod

carzballum
The midbrain inchudes two columng of fracts (cersbral pedunches) anc mxed Oitaciary
nuckel/ tracts postarion 10 these columns (tegmentum), the cerebral agueduwct, fract
supenid cerebeliar peduncies (carducting tracts from thalamus, midbrain, and ) T ...?ﬂ':"q
medulla), 2nd the mora posterar superior and wEnar colicul (1ecium of the mid- i i P e >
brain) The peduncles cansist ol descanding axons continuous with fhe intemal ?‘% 3 i
capsule above and destined for lower molor REUTORE in tha brain stem {(eaEnil I Enty, ¥

|

Depuasation
of rast tbars

-7 Bpina|
coad

cariers lor respiration, heart rate, and vasomator fUnclkan axist here. i conlaing ‘Eﬁfu':’f‘;::,“;}
nuckel concermed with cranial nerves VL, [X, X, X1 and X1, The iferiar ceng-

bailar peduncie cames tracts from ke spinal cord and westibular centers (head Cevebral ~
balance) in the medulla Two particularly evident bundies of libars are seen on AN

the anterior surface of the medulla. These pyramids consist of corticoapinal
fibars conducticg voluntary movement-relaied iImpuises 1o lower molos NELrons
af the spanal cord, B0% of these libers cross (decussale) to the contralaters! side.

Tha cergbalium cansisis of lwo kemspheres, wiltk a corex al gray mater on is
surlace (cersbeliar cortex), central masses of motor-related (deep carsbeliar)
Aucial, and bands of while matler 1oming & ireelike appearance farbor vitas.
iree of life) whan ihe cersbellum s cul in section. The cerebellum is attachad 16
{he brain stem by the three cerabaliar peduncies. The cerabealum is concermad
with equilibrium and postion sense, fing movement, conirol of muscle tone, and
averall coordingtion of muscular activity n response to proproceplneg inpul and
descanding tallc liom higher centars
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20V WERVOUS SYSTEWM
cEs SRIMNAL CORP

G Use bright colors for A-C {eoep) where Indicalec by esteriss
[#) ar noscodor gymba (<) Lies mednem datk colors foae O-1, and
Iight codors for KM (1]In {hia wppar drewing, colar BT gray over
ihe nerva rogts within the dura maler and outeede fhe spinal cord
(?yColor 1he cord sections {aken al vanows eeis, (J10olorn the
maninges 5 (ke spnal cord What s nol shown (baocause ol sos
limitalions! s Ihg presence ol 1he pia malar, subarachrcad Epacd,
amd srachnoed arcund the neree roals, (4) 0o nol color the stric-
\uras within the subarachnosd space or the cantral Ganal in (he
drawing &t ha teaihoem of tha plEta

SPIMNAL CORD:
MEMINBESS |
B0IA MATER:
FILM TERRUIAELE &
SUEBARACHNEIRD SRAGSE.:,
AFBACHM@ID:
PDURA MATER -
EEIDURAL SPASS:-

Ihe spinal cord beging al 1he foramen magrum of ihe skull and
ends &s the conus medullans at a verlebral level of LY or L2, 1t
bulaps slighily In the lower carvecal and lumbar fadions (entarge-
mants) i redation 1o the presence of large numbars of axons
associalzd wik the upper and lower imbs. Enshealhed n cover-
Inge ca lad meninges, INé spinal cord 15 awash in cerabrospinal
(el (CSF) within the subarachnoid space. The spingal meninges
and relalcd Epaces Inciude, from inker ko outar a thin, vascular pia
mader that ersheathas the cord and nerve rocdiets/ rools, and con-
tinwas interiorky from the conus as the fifum fermanale (o join tho
dura mater al the 2nd sacral vertehra (52 a significant GSF-con-
taining subarachnoid space surrounding cord and nenve roats,
whose larges! porficn i the lumbar cistarm from L 1o the end of
thes dural sac al 52 Hlled with nerve mols {cauda equirak a lilmy
arachnoig, 1ne cansistency of which is simitar (o a dense spider’s
wed; a polenfial subdural space: and the tough, prolectiva, fibrous
dura mater (thecal sac). Batwean the dura and the igament-coy-
arald, perosleum-lrad verlabral bores/intarveriabiral discs io 1he
tat-lilled gpidural spece contaimng & phexus of veina

GRHAY mﬁbﬂ"ﬁ'@ﬁ?p ‘
POSTERICRH HORW:
ANTERIOR NEORBM-
LATERAL HEREW (Ti-L8):
ﬂ-&‘ﬂ&!ﬂﬁ'@ ZIO I ER
COMNISSURE:

Wﬂ'ﬁ’@ MATTER -
PRSTERIORN CUOMICULYS:
LRATERAL FUMICULUS .,
ANTERICOR FLMICULUS

The spiral cord consists ol @ central mass of gray matter amanged
Irvte tho form of an H and a peripharal array of while malter | fumi-
cull) consisting of descending and ascending tracts. The amount

ol while malter decreasas as the cord progresses distally, seen
gspecially well in the sacro-cocoygaal region. The gray posiedios
horrs (aclually eokimns when seen in 1oree dimensions) racove
the central processes of sensory naurons imecall Flale 131) and
directs incoming impulsas to the adjacent white malter fer con-
duction lo other cord kavels or highaer centers. The anferor horns
inchade [ower molor negrons that represent the "final cammon
pathway" for mator commands (o miescle Lateral hovns axist only
in the thoracic and upper lmoar cord and include autonomic matar
neurans supplying emooth muscle {in Yessals and viscera) and
glards. || s m the gray matier fhal spnal reflexes ocour in conjunc-
tiom with fecilitery and inhibitary influences frem higher cemers

138

See {42

BECTIOMS OF
SPRINAL CORD
(AAlEFaL BEAGH Wit

Spingl #
PSrvER

madullans

*l.urrl:nr
w Claloen '|.

L raw-wuna,: !
1Nclwruuls;| LY

—— Irterral
JOTEMOR  Adpoge  vereml
SLCUS - lEsug I?ﬁﬂlf! I}‘QE'I.LIS_
L i
Subarachroid 2 = - [, 2. Eane

trabeoula_ .=

Epl_ﬂl.lld|. Yy
injoction sie

Lumbar # _
punoburd silo= *, - e A :
SPINAL CORD AND MENINGES -

(Cross sactian)
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Liegiral

KV NERVOUS SYSTERM). w7

CUS: ASCENPRING ot

GN° Use braght colors for A-C and a hight color far {1 Coler the pain/tempetatura paih-
Wiy Which |5 Shown on one side only iof vissa simplicity. Hole [l the sensory oortex and
the thalpmus are o be colorad gray (2] In 1he muscle Stréfchf postion sanss PEMWaYE
nobe there afe two diflersn corebeliar poduadies, each recaiving a diffarant color,

Ascanding palhways consisl of lingatly arrangec neurons, the axons of whach
fravel in & common bundle (racl) condugling impulses toward the thalamus,
cerebral cores, of cerebellum. In the examplas shown here, each of the paihways
hiegirs with a8 sensory nouron. These Sensory pathways permit bady Surlace sen-
eations and muscle/tenden streteh [nformation (below the head) (o reach brain
sfem and cerebellar conters for response and corlical centars for awarenass.

EPAIN, TEMRPERATVRE:
SENSERY WNEURGMA

LET. SPINRTHALANIE TTRAGT A
THALAMES +
THALAMOCORTICAL FRACT »
SENSORY CORVEN+*

Bain and lemperalure neceplors on the body surface and elsewhara below

Cal Pogtsior
bty ficem Synapsn

R e ™

peurans |18t orcer neuran), The ceniral process (“axon”') of each sensary <
mweuron enters the postarior hom and synapsas with the 2nd order newron
whose Bxon crosses 1o the contraiazenml side, enlers the lateral funiculus, and
ascands as part of the laleral spinothalamic fract. This neuren ascends 1o ihe
thalamis whirs it syrapses with relay (3rd order) neurmns, the axons of
which traverse the rternal capsule and corona radiste (ihalamocortical tract)
tg reach Ihe postoentral gyrus of the cersbral coflax (“sensory core )

TOVEN, PRESSYURBE::-

SENSORY WEVBEs 2.
0% CUWEATUS & CRACILIS: <)
T ARCURTE FIBERS: ¥
ﬂ m@ﬂg@@g ot Fcn;:lﬁnﬁf nl;ngri.gl_:,q

THALAMUS - o
THRALAMNC CORTICAL TRAECT » ,}4—‘-1_!”
SENSORY CORTEN +*
Touch and pressure recepions below the head ganerate electrochemical b
impulses thal travel 1o the spinal cord through Sensory neurons thal enter the 0
poglerior hoen and jain/ ascend tha postenor fumculus {posterion columns)
{a the medulla. Here thay synapse with 2nd order neurons in the nucike
cuneatis and graciis The axons of these newrons sweep 10 {ho apposite
sidke (a8 infernal arcuale libers) o lorm an ascending bundie [medial tem-
MECLS ) in the Brain stem fhal trrminales i he thalamus Thers these axons
synapsa wilh 3rd arder relay neurans whose axons reach the posicentral
gyrus of the cerabral corlex wia the thalamacontical ract

MUSELE STRETEH / PESITION SENSES-
SENSORY AMEUREN.:
EESTE SEPINW0OCEREEELLAR TRAST ¢t
Dﬁjlﬁu @@@@M@ EEBzo ,C_
AT SEIVEECEREBELLAR TR ¢ o e
= i
SV, CEREHBELLAR PED-« = ¥ wnain
CERERELLAR CORTER-
Impulses from muscle spindies and olher propriocepiorns (recaplors respan- —-x-.__ ;
sive o musce strelch/loads) are conducted by sensory newons (o (he spinal c' S
cord. Single receplar nput & conducied oy 2rdl order peiarons (hal ascend
the ipsilaleral lateral funicwus (posferfar spinccerabeliar fracr) and entar the
coraballum via the infevior carebaliar peduncle. More global propriocaptive
Input ascands (e contralalenal anterar spinocarebaliar fact and enters the
coreballum via the superor cerabellar peduncie. By thesa and similar path-
ways that lunclion in the sbsence of awaneness, [he cerebellum mainteins an
ongoing assessment al body position, muschs lension, muscla overuse, and
movament. [n lurn, (| medialies descending impulses from cortical and sub-
cartical centers deslined ler motor neurons

Andaral
Intarm

ihe head gareraie impulses (hal travel 1o The spinal cord by axons of sersory funicubiy

Stratch
mpulse

Prsgtearilig!
-h:_{._:uwul: 1“

z})\ Bee #31

POSTCENTHAL
GYRLS

GORGINA

RADEATA

_".__‘- T —
(LS Ra—zL, /)
Ve ;
. Pﬂ!\._‘_...,r" 0

Wimcie/ sendan ?.'
gHeion impuiee

AL AL
ok __.ig;-m'ﬁi L
F Bi 7 I 3 | |
D ¥ | L "!I’
WEDULLA | ] 11 HEA
[ || | "oecussamion
il Poailion
| E LU

4
Taugk -_ | |
PrUEELIE e |
T T _J |
_‘_— _ﬂ-!‘ A
i AR . Illlll?ml:‘ﬂ.ll,lll
A j_ T (=TT
> e it
ko
SPIMAL —b— |
coRD | |
I'—l
CEREBRAL CORTEX,
CEREBELLUM, AND SPINAL CORD
[Sehamatc)
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HIV. VERVEYUS SYSTEMW
EISH TRACTS

CM: L light colors for H, |, and K {1 yGalar the pyramidal tract m fhw
sagitial view, [2)Coler the pyramidal sract in (he schamalic cornal sac-
fior a1 wpped right. insuding the percantage fgures. (3} Colar the eatrs-
myramidal gyRtam

PYRAMIPAL TRACT:/ RELATED AREASS -
METRE CORTEN '
CERTIESPINAL TREET A
LA&TeAt/ AN T, CORTICRSRINAL TRACT
MEDULLARY BPYRARIEA* o
LATERAL FUNICULYSe ot T Puecen
ANTERIOR FUNICULYS ¢ < Tmenary
FINAL CEOMMCHR) PRTIWER? S « et

LOWER MeTeR NEULREN
EBEFEETER:

Volyntary movemen 8 imliated in the malor corfex {pre- P
cantral gyrus] on the opposite side whare The moveman is paduncls
degirad. The axons ol ihe corlical melor neunoms (Upper Fans
molor neurens| descend the corona radiala, the internal
capsdie, he careie pRiUNCES, BRd 1he pons—siiiol -
mpse—as he corlicospingl ract in the medulla, 1hess axons
farm the antericr swalings called he pyramids (1hus, pyra-
midal ract). Hera a1 the tacussalion af fhe pyrameds. about
B0% of the fibars cross (o the opposite side and enter the lat-
aral luncwlus, These fbers—and the uncrossed finers on the
same side—iorm the lateral corlicosmuinagl ract The gxons of
the pyramidal tract leave he funiculus at one o many spnal
tewels to syrapse wilh the antenor hom (owar] mator neurans

FYRAMIDAL TRACT
[Sehemetic)

SBuilled | dmcre'®
mRTanS

EXTRAPYRAMIDAL SVSTEMS «
PeONMNTINE @@?E@@&@@E@ﬂﬁﬂ@p& TRAGTF
VESTIBULOSPINAL TRAGT.

N ERINVEURIGIVE

Tre desired. corticospinal-aciumed command 10 the iower

motor neuron is ool influenced by body pOSH0R, MEMOTY,

and & host of other lactars necessary 1o achave the

desirad movemerd at the required momant. These colec-

five inputs from the corabral corex. basal nuelel, cersbel-

lum and alsewhana arrive al ihe approonle [owes moton PARTS OF THE
neurcns by @ number of descending pathways, none of EXTRAPYRAMIDAL SYSTEM
which pass ihrcugh the medullary pyramids (hence, exira- |Schamatic)
pyramidel system or fracis). Two magor exirapyramidal

Iracis ana shown hare: [he reticulosginal iract from this . {:‘
brain stem raticular nuclai; the vestibulosoinal frach from

{he vestibular nuelal ir the brain stem. Olher racts include

the rebrospinal and teclospinal tracts (nol shown, bui aee

glassary), The synaptic conneclions of thesa axons with uu?:-;.u. ]\
aach lowear motor neuicn (oflen by way of nferreurons)

ara in the thousands. Depending on the neurdlranemillor Muscio _J

producad by the presynaplic neuron, (ke Syndpse may Spndin :

{acilitale or inhibit production of an excitatory impulse from
thi kower mator newrnn. Discharge af the lower molor neu-
ro, or miod, |5 depandent upon the sum ot the facillory and
inhibitory impuises impinging on (1 81.any moment Once
generaled, the alsctrockemical impulse moving down tha
axon of the lower mokar neuron reaches the effector with-
oul further mediation Thus, ihe anterior horn motor rewncn
i truly the “final common pathway™ [or he uliimate ex-
prassian ol all nernvous &clivily: muscuiar contrachion

SPINAL
CORD
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X0V MERVOUS SYSTEMW .

CS: VENTRICLES OF THE BRAIY

CN: Usa = ight oolor lar A, (11 Color tha tea drawings of ventricular
development firal. (2)Colar tha Islaral ang suparior views el the fully
deveiopend vartincids (3 Color (e comenal ang moditied segiilal secions
ravad/ing the raiationship of the veniricies to surmunding structure

MEMTRBIGLE
PEYELOPMENTS «
MEWRAL CAVITY
FOREBRAIN A
TELENWECERPHALON
BIEMNCERPHALON ¢
MESEUEERHNALDN,
MNP EFREIN &
METEWCERHALEMN -
MYELEVNCERHMALON e BT eh
SERIMAL H g’ —18

Mbinlsyotiasss s chiol i PDERIVATIVESS «

embryc. The neural cavily undargoes axtraordi Mu?@@@l &@ﬁ'ﬂmﬂ_@&@ Eﬂf&g} I :

;-:; );E.'..'lsrﬂr- n HS:?ZIE:-IIEI‘I n;l: IT;JMID.nrrfurd ulh ﬂfi”f r g ”‘;_j qu %i!;ﬂ"f}ﬂﬂ@@f "H: ﬁﬁ} [5" { d;-. :ﬁﬁ]{g@i
ain regions. The shape & caWily in eac

prain region reflects tha local changes and me- @m wgﬁﬂm@&@“

chanical pressures imposed by the developing ‘:LEL;-' ﬁ:[}ﬂ @E&ﬁﬂif@ﬂ@&@ L

prain, The ventrizles may ba dentilied by name

or by roman numarals %ﬁ@ﬂ, @@@@@m@ﬁm

The: cavily of the developing forebrain expands | 0

remarkably with the development of e walls ino EHE @@2@% by

the paired cershiral hemispheras (lelencephaion) (SEMTTRYE &; (SEMY [Ln'.'}

Thesa cavernous spaces will become the (afaral

{1, 0, leti Lo right) venlrigies. Almast pinched off

VENTRICLE
DEVELOPMENT
{Seramale langitvadnnl seclior]

o ol Ferem

from these cavilies arsl compressed (o2 (hin, Rigra
purse-|ke space by the enlarging hemespheres is .,.:.'..':::L

e cantrally located thed (1) vanincle, connacied
fo the lateral ventricles by small, paired witer-
ventnicular foraming, The derivativas of tha dien-
cephalon develop n fhe walls gl the thind vemiricie
The inferior recess of this ventricle dips imo the

n ]
Luleral

Inlundibulum of the hypophysis (piluitary gland}; - V P A
the hypothalamus develops in the walls of this Mhisnclibiatir g{i/ r
recess The pineal develops in the wall of tha TACEEE S \\.5:: S e
pineal recess. The mesencephalon undergoes the Fplariar —{_ A

leasl physical changes ol 1he early brain regions, :

and Ihig is reflected in 1he shape of the narrow, LATERAL EUPERIOR VIEW

tubular cevetya! aquediect. The fourth (V) veniricie

fzrms in the developing hindbrain and |s particu-

larly affeciad by tha growih of the cerabeliar hami- HigFt

spheres into which it projecis lateral recesses, : B el

The lips o (hesa recesses open inta the sub-
arachroid spaces |lateral aperiures). Analher
opening (median aperiure) is on ke Noor of the IV
ventricle al the cerebellsr level The ventricle rar-
fows progreseively throughou the myelencephsa
lon. Al the medullary "spinal cord junction, the
cavily thing 1o a narrow, o'tan occludad canal
[central canal) in 1he spinal cond

In each of the developing venlicles (ceiabral
agqueduct exceplsd) a highly vascular lissue forms
from the ple mater covering he bran and the lin-
ing (ependymal) cells of tha veniricles. Called
chovoid piexus, thig lissue sacrales censbrospinal
fhaid or CSF (aee Piate 143}

laleval
wenbele
~

CorpuE
caligaum

COROMNAL SECTION SAGITTAL SECTION
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NIV WERVEVS SYSTEM

ES: MENINGCES

CH: Use very light colors. (! | Begin wils the disgram of the
brain and spinal o Nole that he dura mater conceals
the onvalutions ef the bran |2) Color ine upoar o Lus-
tralions depicting e cranial meningss. The subarachnaid
space (D). which & colored gray, can only be saen in tha
enlarged portkan NoR whers the inner layers of he dura
mater (B) converge te larm Ihe lake canabr (BY) (3)Color
the infoldirgs of the dua mabesr in the langs cranial View
pelew Nole (he oulbe layer (4) adjacond (o the skull bones.

CRAMIAL MENINGESSE.
PURA WATERS -

CUTER (PERICSTEAL) LAYER
IWER (MENINGEAL) LAYER:

FALY CEREEBRI:

TEUTRRUM] CEREBELLIE

FALK CEREERELLIe
ARASHNEIB:-

SUBERACHNEID SPRACE ESFx

PIR MATER-
SEINAL DURR MATER =

The brain and spinal cord are envelopad in ibrous cov-
erings called meninges The meninges of the spiral coed
reve been presentod in Plale 138, and ara tha infarior
extant of the cranial membranes prasenied here

The autar meningesl covesing |meninx) is the dense,
librous dura mater. The owler fayer is closaly appled to
the skull bone as penogiewm, The imer myer splits ofl
the cranial roof in the midiine biletarally, encloses the
large venous supenar sagittal sinus, and descands be-
rweEen the carebval hemispheres in the kgdudnal
cerabtal fissure as the faly cerebvi, This sheet of dura is
attached anteriory 81 the crista galli and posieriorly al the
internal occipilal prolubarance. I archas ovar tha corpus
callosum N encioses the inlakor sagilal sinus n s free
border, The postanor part of the falx splits ovar tha care-
bellwm o torm the tenl-like lemfoncim cerebelll, Sepa-
rating the cerebellum and other contents of the posiariar
tagsa from he aocipital lobes The free adge of the len-
torium lorms & notoh accammadating the midbrain: tha
tentaral noteh or inciswa. Given sutficient force, the
Inciaura can incise the midbrain when the brain is rapsdly
lpaded (accelerated) agamst the skull In s&nous hean
frauma. Exiending verically below the tsntorum in the
midling is the falx carebel which saparates tha paired
carsbeliar emisphanes. Mote also the dural ool of the
sella lurcioa (dizphragma selize), anchosing he Mypo-
physis I is perforated lo permil passage of the infun-
dibulem, The mner layer of dura is continwous with 1he
gpinal dura mater

The filmy, vulrerabla rachnoid lies daep o and llush
with the inner dura. The arachnod is separaind from the
doaper pia maler by the subarachnoin space filled with
cerebraspinal fluis (G5F), This space baoomos volumi
nous al varcus locations (cisterns; Plate 143). Tha pia is
a vascular layer of loose fibrous connective BSsWe, SUp-
poring the vessels reaching ihe brain (and spinal cord)
it Is inseparakle from the surface of the bramn and coed,

MENINGES
OF THE BRAIN
[Meditied conornl section)

Dural cowvmag
crarsd fhoor

Irtumdibiiem
i ,
\ //u
S ("
-~ "'\__‘_‘ f
!
= INFOLDINGS (SEPTA

OF DURA MATER g
[Brain and shull cap removec)

142

Sea 77, 134, 143

L iaemtiead
A Coratelia
hemaphees
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BV WERVOUS SYSTEM

CIRCYLATION OF
CEREEROSPINAL CLVID ECSE

CN LUse the sime colors az wene usad on the previous plale Tor the thrae meninges.
Use blus for Land lighl colors fr E thrgugh H, J, and K. [11Calor the large iBusiralion and
{he cofonal gection EETUNERBOUSEY, Eaying close BHenkon to the armows of Gineclional
fiaw. Mole thal both layars of dura (A} afe given ane color 12§ The our cistema, parl of 1he
subarachnoid space. 8l recelve one color (J'), mcliedng the lumbar cistern ol lower

nght {31Galor the medan and lxleral speriures of the IV venincie (4)Complels

tha dllugstration &t ioser night

NEWINGES
PUREA MEATEDH
ARACHNOIDE
P MATER

SCHEME OF
CSF CIRCULATION | /.
{Mndilied sagittal visw) |l| ‘.
latiral

wertnein E

i

COF CIRCULATIONS
CHOREID PLEXYS,
LATERAL VENTRIGLES =

IWTERVEN TRICULAR FORAWEN -

BED MENTRICLE:
CEREERAL AQUERVET.
GUH VENTRICLE =
CENTRAL CAMALK

MERIAV: LATERAL APERTURE:
SUBARABHNCID SERCE !

GISTERW »
AFARCHNNOIE VILLVS -

SUEPERICR SAGBITTAL SINUS «

Carabrospingl Tuid (GSF) 15 &8 clear. argely acellular
Huid secrated by the choroid plesus [ T0% ) and vessels
near 1he vertricular wallks mto the faleral thirg, and
fourth ventricies. About 150 mi of CEF cinculate through
Iha ventricles and around the subarachnoid Speces (in-
cluding cislerns) CSF flow through the central canal is
mmimal to non-exigtent Allkough the fiuid is an ex-
date of plasma trom the capillaries (in the pla mater
gnfoided with epandymal cells lining the vertricles), il
has significantly kess density and profsin than pMasma
GSF draing into he subarachnoid space via meacian
and Isersl aperfares (Ioraming of Magendis and
Luzchka, respectively) located in ihe lourth ventricle
Cislerns are diaied subarachnoid spaces formed &l
flieduros af 1he brain. The mozl notable of the cislems
is the lumbar cisiem [not the central canall) n which

|~ Arachaoid
villizs

gl
it
wenincla -
- L
=

u‘Er{ T P

-hjr?'F

flzal the lumbar and lower nerve rools (cauda equina).
This cistern |s a freguent sile of punclure (&l & level of
about the 4 lumibar vertebra) for withdrawal ard deag-
nogtic 1esting of CSF Anesthetic agants and rafopague
dyes can also be imrodused al this site. Carebraspinal
fluid ie resorad by caulfiower-shapead oulpockalings

of arachnoid calied vilh. These villl progect into the
supariar sagitlal sinus, one of the large veins araining
1he brain

CSF has a shock-absorbing funchion of graal signiti-
cance; tha CHS (lisrally Boals within § Cerebral injury
fram blows to tha head are miligated 1o a high degree by
ihig tluid cushion On the olbes hand, high intracersbral
pressure induced by venincular erdasgement sacondary
o decreased CSF absorplian or venlricular blockage
{hydrocephalus) can cause signfican! brain damage

NN
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Mamillary

RV NERVOVS SYSTEN (00 Jaa
NS CRANIAL VERVES . el

abligue m
v

Citaciory J-"
CW Uss light cnboes Srroughoud (1 ) Beginning wih the first o M[:ID‘IIFEJ_.'
cranial nerve, calar this itle on 1he ket the large Aoman L {
numaral, tha cranal nerve (oulh, and the relaled fenclion
mrrow il lower ki and tha roman numeral and accompany- /,r"'_ "‘“-m,__\

Ing illugiration at uppar Aghl. The llksimalions peneily A
depict tangst argans fareas. (2) Nole carefuly the drection ./ m |

ol the hunclion arrows a1 lower iall (sonsory falleren] s tranch | = Museies
incoming. matar/ eflerent 15 oulgoing) f ol mamicRiko

. -M y
CRANIAL WERYESS .
CLEACTEREY (0 fioues e
@RT0E (00 o
CEULOMOTOR (0 (i)
TRECHLEAR 0V v A
TRIGEMIWAL (W V=
ABDUCENWS (W0)v \
EGAGIAL 0w . _—
VESTIRBVLQCE@EHNLEARM W00y muw
GLOSSOPHARYNEEBAL 028 "™
VEGUS (231
ACCESSORY &30
MYREELESSEL (E300x

r
# II
el - ¥
b

Sensory imlnslira Ll
F? o aar Siere:inon-
I'Ar.:alnta:l masiod m

Here cranial nerves and (heir general lergel organsfarcas are shown All molor nenes
naree include propriocepive [sensory) libers as well. Cranial nerves | and || are desived fram
the forabrain; all oibars are brain stem-derived. Cranial nerve nuclei (neuronal call

o D' iy Al badies) are arranged inte seven longltudinal columns in (e beain stem, Funchionally,
! | ; ”;JSIE'T:;.:' oy ihese columns are ganeral somatic afferent (G54 ) or eflerenl (GSE), general visceral
4 y =

atferent (G4 or efferent (GVE], specal visceral afterent (54) or afferent FSVE), and
special pomalic altaren! ($54). General columns also axist in the spinal cord for spinal
rerves; special columns do nol. Somalic inoludes skin, eve, lascial, and musculoskels-
tal structures; visceral includes smoaoth musche and glands of organs with hallow cavities

| BVA: smell-sensitiva (aifactary) recepors in roo!/ walls of nasal cawly

Il 55A: light-sensilive (visual) receplors in refina of eye

Il GSE: Io axirinsic Bye muscles (exc ki reclus and sup cbiigue), GVE: para-
sympaihetic 1o ciliary and pupilkary sphncier (eye) muscsas wa cillary
gangRan i arbi

I¥ GSE: 1o superior obligue muscie of the eye.

¥V GSA: ‘ram lace via three diwsions indicated, SVE o0 musoles of masticalion,
tensor tympans, tensor veli palatinl, mylohyoid, and digastrie muscles

VI GEE: to lateral recius muscle of the eye.

VIl SVA: from lasie receptors ant tongue. GSA: from exl. ear; GVE: para
aympathetic to glands of nasal/oral cavily, lacrimal gland (via plefygopalatneg
panglion In inssa of same name), submand|bular! sualingual salivary glands
{via submardibular ganglion in region of same name), SVE 1o facial muscles,
stapadius (mid ear), stylobyoid, post. digasing muscles

WIll SSA: cochbear parl is sound-sensitive; vestiular part (s sengilive 10 head bal-
anca and movemen (equilirum)

[¥ SVA: from tasie receptors post one-thind tongue; GEA rom exi, ear and axt
audiary canas GVA: from mucous memaranes of posterion moulh, pharyns,
audiory tube, and middie ear, from pressura and chemical rBoepors in carolid
bedy and comman carotid artery, SVE: 10 sup constrictar m. of the pharyns,
stylopharyngeus: GVE parasyrma to parotid gland (via olic ganglion in
infratemparal lossa),

X SV from taste recepiors al base of longue and epiglotts: G3A: from ex
ear and el aud canal, GVA: from pharyny, laryny, thoracic and abdomina|
viscara, SVE: tn muscies of palate, pharyrx, and laryn; GVE: parasymp.
to muscles of tharacie and abdomingl viscara (via inframural ganglial

XI Cranial root: j0ins vagus [GVA t0 laryngeal musacles), spinal roolt (1 -CH)
innarvales trapezius and stemocledomasiod muscles

ANTERIOR-INFERIOR SURFACE ¥l GSE fo sxfringic and intringic muscles of 1ongue,

[Laf brain, brainstam, and oerebellum)

| 'l
L Qlkactary

A

Bady
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20V AERVOYS SYSTEW

PS: SPINAL VERVES & RORTS

CN: Use very ight cciors Dninrough G 1) Begen with the upper Hlustration
Calor all threa pairs of Spinal neraes 35 ey Bmedge (rom the intErverisbnl
lramens M), [2)Color the cross soclional view in the canter. (3)Color the
sl narva axons and the arrows representing direction of mmpuise llaw.

SEPINAL NERVE RBEETS:E-
FPESTERICR REOTA
SENSLORY A=
BELL BODY:
PESTERIOR RECT GANBGLIGW:
ANTERICH ROOT:
METDR Er3@F
CELL BEERT:

SPINAL NERVE: BAMYS:

Spingl nerves are colleclions nf axons of sensory and matos Reurons
Ipart of the peripheral nervous system or PNS). Thay are formed from
nefve roots 1hal arisa directly Trom the spinal cord, Axons of sensory
newurDns make up the pasterior rmof, and axons of Molar NEUMnEs make
up moast of the anteror reof (I has been reporied thal some 30% of
grisror oolaxons are sensory]. The spinal nervwes and Iheir rools are
arrangad segmantally and bilaterally along tha langih of the spinal
cord, Spinal narves are very short, formad wilkin the inlerverteoral
foraming. they branch [ust beyond into anlarior and postariar rami

The brarches of these ram| ase distribuled bodywide Deiow the haad
and provide & vahicle for aoquisition by the central nervous system
(CMS) of sensory infarmation from exdernal and irtarnal recepiors, and
a means of disseminating motor commands fo skelelal, smooth. and
cardiac muscie, and to glands

Spinal nerves and ther roots have fairly fight quartars. Tha relations o
these narves and rools can bast be appraciated In the cross seclional
wiea Marve roots are viinerable (o irdtation (radiculiis) from encroach-
ing, ypertrophic bone in the lateral racesses (degenerstive [oir dis-
ease), from bukging intervertenral discs {deganaralive tisc dmseasa), o
fram cysls. meningeal lumors, and 8o on. With compression of axons
of blood vessels supplying the axons, functional deficits can result
{radiculopathy: sensory loss, molor kbss, and/ or iencon reflex change),

WERBVE RELATIONSS »
VERTEERES-
EBHEICRTT

LAV

ARTICULAR PROCESS:
VERTERRAL GANALL

LATERRL RECESS L
NTERVERTEERAL FORAMEBMY

The postenior rools of spinal nenves conaist of peripheral processes
{axons) of sensory neurons, unipalar of psBUCO-LNipokar newron cell
bomes {aggregations of which are called spinal or posterior roat gan-
giia), and ceniral procesacs (axons| of geneory neurcns. Tha ganglia
torm obvviows swelings in the ares of the interverlebral foraming. The
awonal endings synapse with neurans in iha gostarar Rorm ol the spinal
cord of @nter the posterior columns (recall Plate 138), The artersr
mols congisl of axans of motar (multipolar) neurons wnoss cell bodes
raside in the anterios horns of the spiral cord. These neurons ang
krivaen as lowar motor newnons or anterior horm calls and reprasent the
final comman pathway for molor commands to skaletz| muscle, In the
T1-L2 ragions of the cord, mater neurcns of the sympathetic daisicn of
[he autcnomic (viscaral) nervous system regide in fhe lateral homs (ol
shown|; heir axoms join ihe anierior roots

145

Bas 21, 131, 138 147,
@ng Appendiy

MERVE ROOTS
{Anierior-|mtesal view)
P i iy ¢ z a"f_. = | &:rlnus *~ Extmrmal R
! 2 . roue- J il procese - vartchral %
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Lea 17, 131, 132

LV NERVOVS STSTEM. |
PUS: STRETEH REFLERES

N Uiz light colors lar A and C, and use the same colors yiu used on FL 15 for sires
fures O-F |11 Galar the uppar two (lustrations simultanagusly, in numencal sequencs 1-8,
inciLtng the arows Thi sl 8rows at ine end of the muscle sagmants indicate can-
iraehion ar steleh [2]0akor his Inwer tan liusations semilary, Mote that the maber neuran g i : .
3 5 . Maurniendinous
syrapaing with the nhibitory imiermauren, and ihe refalad alfecior, are not colored a

MEWESYRARPTIC REFLENS.

STRETCEH

SEVSERY WEVECH « —

SEINAL GORDe

enoRRVEUROLIE
ER PLATE

EEFECT@Rc

SEINAL VERYES/
BEOUTSS i REE

ﬁaﬂm @@@W@D i ? ! : Wewnlendinous
BRANCH- | :

PeSTERBICR ROOU:
@RNGLICN:

ANTERIOR BOCT

A reflex (bend back) & an involumary muscle responss o a stimulus. It s a funda-
mental activity of the nervaus system; most body movements and movement of viscera
ara retiexiva, a.q. hearl rate. respiratory rale, peristalsis of gastrointastingl moton, and
50 on Spinal rellexes involve sensory recepions, Sansary Neurons, irarnaurons of the

spinal cord, motor nelrons, and eflectors Sxialatal
MRS CIE

The simplest spinal reflex is a monosynagtic reflex involving twa neurons and one syn-
apse [myolatic, strelch, or deep lendon reflex). The reflex is activated by stretching the
iendan of 8 specific muscle, such as the tendon of quadriceps famodis at he kree. This
pan be dane wilh Ing sharp 1lap of & smal malial used for such purposes (or with the
Sth-digil-side of a hand). The receplors respansive o such a stretch are tha neuro-
jendinous (Golkgl iendon) argan and The muscle spincle (gpecializad muscle fibers with
marye endings sansilive 10 muscle siretch and Moor Nerves 1o those muscles which
rasist strelch and “unioed” the spindle), Impulses genarated in these receplors (1) are
conductad by sensary nawons (2] 1o the spinal cord (3): these synapse in the gray mat
ber wil thie antesios hom modor mewnens (4). The mator nouron conducts impulses (o the
gnd plates of the elfecior muscle (5), The muscle contracts sulficiently, in the casa of
the knee reflex (jerk’), o axiend the knee joirt momeartanly (6)

Extonsar

PELYSVYNWARRPTIC
(RBEFLENS -
PAIN RECEPTORS

INTERMEVROMS
FACILITATINGE):! |
IEIBITIRNG s A

Folysynaplc rellexes range from simple withdrawal raliexes 10 compiex refiaxes involy-
ing aeveral segments of 1he spnal cord and the brain. In the withdrawal refles shown,
axirema haal applled 1o the hand of an unsuapecting person induces an involuntary
hyparestonsion of fhe wrist j0int by wris| exténsors pesocialad with & simultaneaus re-
jaeation and streteh of the antagonist wrist flexor musches. Obviously, he former can-
not aecur without yislding of the iatler. The main difference betwaern this reflex and the
stratch reflex & the fnterneunon; two fasiitating the wihdrawal, and one infibiting ocn- .
tracikan of the emagonist (Nexors) 1o ha withdrawal Sz ~aL! \ q
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ISTRIBUTION OF SPINAL NERVES

147

oo 42, 145 Appendiy

CN: L& ihe sama Sahans Tar -G thal were wsed for 1hose siruciuses on 1ne preceding plate
Lse sghl colors tor A-C {1} Bagin wilh the nenwe coverings. Note that ths endonaurium (T} is

shown aedy on ihe projecied sxons. (2) Solor the typical theracic spinel nere and |is branch-
Bs in I1he cross sechon of the inoEx, (3 Color the spanal perves and ibell ivanchas in 1he
lowest drawing, lols espacially the difference between intercostal narves (one spinal nerve

mach) arg nerves ol the plexuses and ther branches (combined spinel nanves),

NERVE @éﬁﬁlﬂ@w
ERIGIEVRIDD 4
PEHINEVRIVM:
ENDOUEVRIVM,

TR v

Spinal narves and their branches consist of axons of sensory and /of molor
neUrgns ensheathed in fibrmus connective lissue Indnidual @ons are sur-
roundad by 1hin envelopes of fibrous tissue (endoneunium) conteining nemnes
and capillaries that supply ha lving axon Bundles (lasciclas) of axons are
tound by thicker, more dense coats of hibrous lissus |perfneurium). Betwaen
{and within] the fascicles are relatively large vessals and nerve bundles, Sur-
raunding iho fasciclas ere oroumferenlially arrarged loose amays of fibrous
lissue conliguous with desp or superficial fasce (epneuriurm), These SURpor-
fing lissuas stakiize the neurtvascular alaments and provide a framewars lof
he: narve in its envrafnment

THERAECIC SPINAL WERWVIES «
PESTERICR ROET:
AWTEBIER ROBTF
WEBVE =
mﬂ@m Mﬁ!ﬂmH
LETER®L AWEH
m@@ﬂ@bﬂ: EBREAMEH -

ANTERICR RAMUS

(HTERCESTAL MERVIE]«
LAT. CUTANEOUS BiEoL
AT CUTRANEQUS BlEom

Each spinal nerve Igaves an nierverlabial lorsmen and davides inlo anlerar
and posterar (primary) rami. The antarior rami supply all parts of the body
excap! the deap (intrinsic) muscles and skin ol (he back: thus, the antanor
ramus is generally larger than il posterior feliow The antanor rame contribute
{6 netwiorks of imerconnecting nerves (plexiesas o plexd) supplyng the neck,
ugper limb, pelvis/ parineum, and kower limb. In the lorso, anterior rami form
the infercostal nervas. The distiibution pattern of & typical thoracic spinal
narve s shown in the cioss section of the thorax. Note the rami commun)-
cantes; lhess will De preganted in Plate 161 Note the muscular branches of
thes anlernior ramus passing balwesn innarmost and internal inercosta mus-
cles, as wall as the faferal and anterior culaneous branches and their dis-
tribution in the superfcial lasca, Nole the areas of overlap betwean the oula-
nizous branchas of the anterior rami and those of the postenor rami. This pal-
tern oocurs segmentaty znd bilaterally throughout the thorax; the lower thar-
acic =pinal nerves also supply most of the abdominal wall

The arterior rami of the corvical spinel nerves (and 11 spinal nerve) form
nierconreciing nesworks from which (he nenves o the neck and [he uppe!
limb &fe derived (next plate). The anternor rami of the lumbar and sacral spnal
nerves lorm interconnacting plexuses rom which the narves to the pehas,
perveum and lower limb are derivad (Plate 149). Thus, the source of an intar-
coslal narve can be traced 1o the single spinal nerve forming il, g, TE spina!
nerye, whereas the sourcs of B nerve ta the limbs is fraoed to the cofection
of spinal nervas thal farm if, g, C5-C8 spinal nerves

Erachot
e Muscles

Culaneous
branch

Rami ===

.I 'I_. " --'
;/ “s  communicanies T:
; lust:ulur

4 brancs Sympainetic =

perglion S{.lll'lﬂ.l
g

ihoracic verisbra
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inteseatal m
L ]
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‘mﬁ intersastal m CROSS SECTION
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=N Muszular TransversUs
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i X f T
e 'Ii"’{ z =
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RV NERVOUS SYSTEM e
NWERVES T THE UPRFRER LIME and Appendix
N Usa light colors for A<D (1]1im the upper |llustiEtion, coke the anfire plexus s cojorad gray. [2)As you color each ol

ithe seibers and rumbers idomdymg (ke five roots of e prachinl  Whe major narees ansing from the phasus poler it in he lowal Cervical

wertebra |

fiygiraton as wall As you color esch nerve, iry 10 visuslze
It & your Sin [Emib |.

piexue. Mote but do nol colon tha small brenchos o 1he pladus
a5 you coinr the piaws iMell Not2 in 1he kwer llistratian the

BRACHIAL PLERUS & MAJOR BRANCHES::

DEETSES 5,68
TRWAKE s
ROOT 87~
MIPELE TRVMPE =
REETS BBy T
LOWER TRUNIE =
ARNTERIOR DIVISICON
LATEBARL CE@HBr

OCUTANECUS W=

@B, 70 MERIARN) [o F
MERIAL CeRBY
B3, T0 MEDIRRM Wo -
RIEDIAN Wo -
WLEFRE Wo =

-

181 nb kI
e —
B il hrachial
CislamaIiEs i

I Modinl aniebachial
CUGAMAIUS R

it
‘3‘ 2Ll
! Clavicle s = o
; {eut) \.\AA— WA

ResSTERI@R BIVISI@N« F RIGHT SHOULDER
@ﬁ;’ﬂ@@ @@[ﬁ}@ " {Artarior view| I

AL LARY Mo+
BEPIAL Mo -

The major nerdes o the struciures of IRe uppar limib arise ffom
tha brachial plesus, formed from the anlerior rami o spinal
nerves T5-T1 (olus or minus one Evel), These rami farm ihs
raots of the plexus In the pattern illustrated, further Lranching
snd joinirg of fibers in the neck, supraciaviculas area, and axila
o=t In the formation of the fve major nerves of the upper

fima

The brachial plesus & sunject (o injury iplexopality] from ex-
cessive stretahing or fraction (g, rapid, lorcetul pulling ol tha
upper limb) and comgressien (g9, lang-term placement of body
waight an ax:llary or arm pit cughiong of crulches). in such
injuries, there is great variaian in degree of deficlt, signs. and
symptoms

The musculacitaneaus nerve (C5-T) supplies the anterior am
muscles and s cutaneous in the forearm. Packaged in muscls, i
is rarely traumnalized. C5 ang)/ar CB rerve rool comprassion can

waaknass In thumb movemearil {carpal funrel syndrome). Similar
compiainis can be associated wih 8 CB rene ool comgrassion
The: ulnar nerve (CB-T1; “musician's narve”) supplies cartain
muscles of the larearm and most intrinsic muscles of the hand
it ie subject o frauma as it rounds the slbow in the cubitol tun-
nel, possibly resulling in winar-sde finger pain, hand weakness
ar abrormal Ktk finger postion. Similar complaints can be as-
sociated wih a CB narve root compression. The axillary nerve
(C&-6) wraps around he neck of Ihe umerus o supply deltosd

ard tates minor | is vulnerable in fraclures of the humeral neck,

possioly resulling in a weak ar paralyzed deltaid muscle Tha
raial nerve (C5-B, T1) supplies \he triceps, brachiaracialis, and
posierior forearm (extansor) MUSCIEs moving the wrist and

hand. Il is subject 1o damage &s i rounds the mad-shafl of the
humerus; significant nerve loss here resulls in “wrsl drop” and
ines of abslily i work (ha hand {try moving your fingers with your
wrist flexed hard), A C7 radiculopathy is chamcterized by a

waaken thase muscles. The median nerve (C5-C8. T1, "carpen- : e - \ Y by

tar's nerve’”) supplies the anterior forearm muscles and 1ha thenar San i ﬂ] I “.d.thu i parht[ﬂncp ETION Hte) T L

muscles i can be compressed at ihe carpal iunnal [fecall PL the appandix for listing of upper limb muscias and ireir ! o
nerve supply I}

27}, resulting in some degres o sansory deficit to fingers 1-3 and

MAJOR NERVES
OF THE UPPER LIMB

[Right limb, amtasior wiew)

e
Cubital Madisl
funnal epicondyie

SermnocEdomagiod m
a0 £ e —
- Gﬂ.‘.-ll:.ll.‘ﬂ o
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20V, WERVOUS SYSTER o
PiISE NERVES OF THE LORDE e

CN: Use a bright eolor for A (1)Bagin wilh the antenion vwes

m
| '21.._ Colo tive lumbar and sacral plexuses gray, nola thal they have
itiah i ¥ _l,-' haen doited ior easy identification. ol 1he knges! oranch of
FREWRS . ol » the famoral nisve: saphenous nerdée (2] 0o i pOSIEDDn wew

which includes almaal =niirely the scizlic nerva and s branches

' LYMBAR PLERYS «
il FERIOBAL Wos

. SAPHENEUS M.s
;’f-“ EBTUBATEOR W " L
LAT FEMORAL GUTAM: Mo ™.

Iainguinal n. -

CUMBOSRCRAL TR ) * AdF )\
gﬁm ma?@ﬁwi F“"“"’""' n 4 i Girerien

| POST. FEMODAL CUTAN. or SO R

5 SUPEHIOR CLUTERL W e \aiy
VN wremos ceorsat @ w0 W/ |
S SEIATIG Mor k AU / |

TIEBIAL We
MEDek LEAT: PLAMTER o«
EEMMEN PEROMEEL W
SUCEREIGIAL PEREOW Wowm
BEER PERON. Mo

The nerves to the lowsr limb asige from the lumbar (L1-L4) and . ,r' |
sacral (51-53) plexuses. These plezuses ae formed rom antesion f Ik LI f
rarmi of tha spinal nerves noted. Thie lumbar plexue is located in 1l !

the relropertaneum sgains! the posterior abdominal wall, [t is the
soufce of Two major nerves 1o the ower limb. The femaoral nerve
{L2-L4), grving forth an eflusion of nerves just balow the ingunal
ligament. &nd In company with the (superficial) femoral anery and
veirn, innervales quadriceps femoris and sarforius and |s sensory 1o
tha antarior thigh, Trauma o 1his nene (S most [kely in the palvis as

it permses hiough of near the psoas muschs (hemorrhage. surgical Meidial
mesadventiure, and s00n). The aifuraior nerve (L2-14) passes aural
branch along the lateral palvic wall and through the obluralor loraman to i!-"lri""_“ﬂ:'-"

break Lp inlo branches supplying the adductor musale grou. Like
ihe femorzl, i too is subject to trauma in the pelvia. Comprassions

of the L2-L4 nerva roods can be manifested by complaints in the \
anlerior and medial femaoral region. The sacral plexus gives rise (o Latern
a number al important nerves, the mast significant baing the sciaic sural

CUIRNBOUE
nerve (L4-83). Roughly the sze of your thumb, this neérve passes

narya
deep 1o gluleus MAaxIMUE ING 1ha postanion thigh, IRnervanng the /
‘hamstring”* musoles. Just above and behind the knee, it spiits into
peronesl end tibial components. The common paraneal navve sup-
plies the laipral leg muscles (superfics peomeal) and the antera-
Ipteral leg mussles (deep poroneal). The tibia! nerve supplias the
posiarior leg muscies and the plartar musches (sole of the foot]
Compression of ihe L4-81 nerve rools commonly atfecls tha soi-
alic distribution (&g, sciatica or pain in the lowear Imb along the
soiatic distibution). More significant compression rasulls in specific
leg or foot muscls weakness and sensory (oss 51 radcuiopathy is
charactenzed by a loss of the achilles (tendocalcanaus) reflex ar
“ankle jark,” The scialic can be injured as it exits the greater sciatic
notch or in the bultock. The common peraneal nerve ls vuinerable
as il raunds the subcuianeous fibular neck; trauma 1o (his nerve
may be expressad as “loot drop” (loss of ankle/ice exiansons)
Saa the appandix for [Bting of lower limb muscles and their
narye glpply
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2. NERVEUS SYSTER
PERMATCMES

CN 1 }Ep;n with 1ha dagram e, depicting sansory mnarYalion of an ared of sxin
[dermatome) and fhe degree of overlag among contiguous spinal nerve culaneous branchas

and Ihe d=nmestomas thay supply. Color gray The ihrae spinal nerves and the reclanguiar boiers

of ihe ralated dermalomes. Mate the overiap (2] Use vwery ight colors for the four groups of derma
tomas. Use one color for all dermatorres (represeniod by bordersd spaces) wih the leller C: an
other color for the dermelomes maked wilta T and 20 on with L and 5. Suggestion: carafully out-
ling ihe cosectinn of & dermatomes wiih the color used for G, 1hen color in the enciosed area
Il.l-l:l.nslng af (ho skin areas sorvitad by e related spinal neqe; répeal wilh T, L and 3 darmatomos

SPINAL MERBVE:
EERMATOME:"

o Poslusnr | SO |
b ’_,_ if?-:‘_i' frarl FO |
]~ ce
Aran
BN
overan
e N T L1
i Nipple
I overing
CE

Limbilscus
g

PEBMWATEOMES ©F§ -

GERVIGAL NERVES:
CEREST

THERACIE MERVES:

. Tdl o TiEe

&M;@é‘%@ WERVIES.

A dermatome is an area of skin (cutaneous area) supplied by the sensoy axons ol
g8 gingle spinal nerve, The body surlace is globally coverad by sensory recepiors;
Ihus the enfire surface can be apprecialed as a map of dermatomes (facial “denma-
lomes" suppleag by divisiens of the V cranigl nerve can be seen on Plate 144) This
map was generaled irom sxperimanial, clinical, and surgical expenences. I s cor-
roboraten in patenis presanting with limited spinal cord delicils (myelopathy), nenve
rom daficits (ragicuopathy). and penpharal neme lesions (neuropatiy including
{acial pain (trigemnal neuralgial

Thare 15 overlap among cutaneous branches of naighboring sensory axons of differ-
anl spinal nerves Thus, the bordar zone balwean each pair of conliguoue derma-
tomes 8 covered by lwo branches of diferent spinal madves (n spite of soime dagres
of garmatomal averlap, darmalomal pain or sansory deficits can contribule signifi-
canlly to deagnoses of cerlain neurclogic disordars.

i is importart o realize that dermatomes reflect only culaneous cain and pain
refarred 1o the 5%n (2g, nerve roal rritatkon, wscaral pain). The naurcns ol the sen-
sory cortex of the cerebral hemisphere and the thalamus cannot ganaerally iocalize
myatascial and musculoskelatal pain with strict anatomic accuracy. Such painul
areas usually “rross” dermatomal ines. Commonly. visceral pain may also be affi-
cult 1o localize; however, It may be referred 1o culaneous areas served by the same
spinal nerveds), making the diagnosis easier, .0, the pain of intlamed pleura (imner-
vated by C3-C5 spinal narves) in the lower chest may be tell in the C3-C5 derma-
iomes (shoulder) during deap inspratian

Finally. ncls kel (1) C1 hag no dermaloma becauss il has no sansory roal; (2) C4
and T2 dermatomes cvertap on the chesl wall because the spinal nerves C5-T1 are
commalled o the uppar limb; (3} and the same & lrue in the low back and parirgum
with respect to spinal nerves L4-52 which are committad 1o the lowes limb

L c Arsa ot
| SACRAL NERVES: \gamert
6& . @ D Ganital
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$0Ve WERVRUS SVSTEM ( 151

— (XTI Ses M5

ANS: SYRIPATHETIC PIVISION (1)

CN Tha plale s parl one ol @ 'wo-parl prasanialion of he sympa-
tnalic dwisian, end many siuctures on s and 1he nexl plats with

the sam= tlles and subscnpts should recaive the same coloe (1 1Begin
with IhE schemtic of e spingl cood segmens conlaining the ceil
bodias ol pqm;anullnn-u nEurpnE Thess reurons [(nol shown) leave 1he
apinal cord 1o enter or pass through the sympathelic chan (2] Colod
Ihe sympaihetc chasn and relalions &t upper righl. (3] Color the path-
ways af the praganghionc and posiganglionic neurons below: [4)Calar
tha w=gal illustration

SPINALCORD SEEMENTS Ti=-L2
PRECANGELIEWMIC CELLBORYs
PEESAMELIONIE ARG = SPINAL CORD
WRITE COMMe RAMUS wm
SPLAMEHWIG WERVE: n'ra,Emlﬂ%fm
CREVERTEERAL GANBLION: "™

mmm@ CHAIN -

POSTEAXELIOMIC CELL BCDYs

@G!J@@E]Oﬁﬂﬁ@ mﬁ
@G}ef:ﬂ? GEMMa

SPIVAL WERVE:

I'ha aulonamic nenous system [ANS: also visceral nenous
sysEm of VNS s a part of e pariphenal nervous systam
{PNE) reaponsible for the mnervation of emooth muscle and
glands in viscera and gkin, and epectalized cardac muscle
It iz & motar system uniquely cheracierized by two-nawron
Inkages and malor ganglia (pra- and post-ganglionic newu-
ronsk Sensory impulses from viscera are conducied by
typical sensory nawons nol generally describad wilh the
ANS DUt consderad parl of 1he VNS The sympathetic (1har-
acorumbar) division of the ANS is concarmaed with degraes
of "light ar flight” responses 1o stimuli pupdliary dilatation,
Incraased heart and respiratory rates, increasad blood llow
to braim and skeletal muscles. and ciher ralaled reaclions
The cel bodes of pregengionc nedrcns are restfictad fo
the lataral homs of the Spiral cond segments 71 trough L2
The axons of ihese neurons laava the cord via the anlanior
rools. join with spinal merves for a very shorl distance, and
turm medially io anler the sympalhetc cham aof gangha via
the white communricaling rami (‘white because lhe sxons are
myelmaied ang “white”), The cham is localed bilatarally
alongeide (ke vertebral columr (se2 inzel llustration), Once
in the chain, the preganglionic axons can lake 0ne of more
of lour cowrses (1) synapse with the posigangionic newrmn
al Ir& same level il enfered the chain: (2) ascend and syn-
apea gl @ higher level of ke chain; (3) descend and synapse
at & lower leved of the cham, (4) pass straighi frough tha s !
chair, forming a nerve that runs from tha chain to the from of I . 4l e - ;_:6:? A :

ine vertebral column (splanchnio nervel, and synapse with a A i | T i .I'."? o
posigangiaome newon there (pravarfabval ganglia) Artaiior [ventrah o
The posiganghonic neuran withir (he chain leaves via the rool g
gray commumcating ramues o jom the spinal nerve. There :

gra gray raml bilaterally at every sogment of [he spinal cord, 4
white rami axte: only from T1-L2 Gray rami gre so-called Synapse ; = __,7--_—_—_:-_—_____%‘1
because lhe rasident asons are unmyelinated and colles- : 3 ) =, @ﬁ i
thesty have a duber color Ihan thoee ol the while rami, Fost- &L ' 5
ganglionic axons trom preveriebral ganglia traval in a plaxus-  Abdaminal L
configuration io the visous they cupphy. Plate 152 puts this nacua ' . 2

. 3 = || II_,_,.H' W '_._ ——
divison nto a mare maannghul perspective — ?E"“-_ .: {g}’l},—r— : o

(Behemato)

= He T &
S gl

,_.--‘.'.- ;I' ¥, b

= | -\'I 2 . \ Cey
% = - I/ PATHWAYS OF PREGANGLIONIC F{ e
SS9 L7 AND POSTGANGLIONIC NEURONS

_— (Schwmatic)
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200 NERVOUS SYSTEM it
ANS: SYMPATHETIC BIVISICN (=) '

OH: Lse the sami colons s pou used on the preceding plate for praganglionic neurong (B),
gpianchna: nerneas (1), and posiganglionic neurans {3], 8% of which hove besen gven b sub.
sotipts thoy had on Plato 157, (1)First onam yoursed (o this disgram, Mo the spinal cord in
Ihe center with symgathalic chaing of garglia on alther side net all conneclions ol both
amabns are shown, Hee. tha pathaeys on the el are o the skin, Pathways on 1he g ane o
visoerd [n 1he head and body cavies (2)Start with (e preganglionic naurans on tree lef. ard
color the chain Bd ralates parts an (ha left, Then mad 19 relrted lexl. (3)Color tha pregan:
glionic megrons o (e rignt and 1he splanchnec nerses o ihe abdominal vischr (4] Color (b
posiganghionics 1o the heaad end o, and than he poslganghonics frem the prewerloboal
ganglia 1o 1he abdoming! and paleic/perines| organs

PREGANGLICMIEC

WERURBOWS = | iy
SPLANCHWIE @ iR Cooon e )
PESTEANGLIGNIC 3
NEVRONS?E -

TE MEARD & WEEGCK &'

76 THERACIC VSECERE

Te siin -
SWELET GLANRS ¢!
ARmBEETER PiLls?
BLOCD VESSELSe

e ABDEMINAL VISCERR:* i S J /
70 PELYIC/ PERINEAL VISGCes 24 P

garvical
\gangl-cn

ol | [

1
Sympathatic innervation ol skin {and viscera as weil) begins ] llllnll'-Hl
with the preganglionic neurcns In tha thoracolumioar par of | \
the spinal cord. The axans leave be card va the anterior i ll'\ \

ramil of spinal nerves, ertar and leave the spinal nerves o P \0 o
join ihe white communicating rami These rami orng the I"-. Y\ ‘4,-!.. ;
gxone ininihe sympatheto chain, Axong fram ihe upper L
theracic sord ascend thie chain up to the highest ganglion \ o
[supsties earvical gangllon &l the leved of the first carycal = (i
vitibra), Axons from the lower thoracic:and upper lumbar  SECR

cord enler the chain and descend as far as the lowesl gan- 3

glion (ganglion impar at the level of the cocoyx). Al every Wb

Jeval ol the ehain (roughly caincidan! with spinal com seg- p
mgnts), the pragangiionic axons synapse with postganglionie ‘;,
newons. The posigangionic axons loave the chain via the

gray cammunicating rami, enter the spinal nerves fram C1 e
thraugh Co1, and reach this gkn via Culaneous DrRNGNE: (J

of thesa nenves, These axons induce secredary activity In W
sweat glands, confraction of armector pili musdles, and vaso- e
constrichon in skin artaral vessets, s
Pastganglonics fo the head (vessals and glands) leave the G

superlor cenvical ganglia and entwine about arternes enrouta
to the head [in the absence of spinal nerves) to reach their
targal oigans: Posiganglionics to the heart and lungs ‘eave

{he upper ganglia of the chan, readhing INBSE argans via !

cardac narves and (g pulmonary plexus. These nednons 4 R

acl on haarl muscle and Ihe cardiae conguclion system 1o nommunicating | e il T

incraase hear rate: (hey induce relaxation of bronchial == |- rami AL ¥ 7

musculgtune, faciltaling easer oreathing. 2 ’ 5 j
3 — Ty fileting g

Freganghionics to abdormnal 2ma palvie viscera leave 1 ” i ’ sommunicelng s \ i

cord at Iavels T5-L2, anter the while communicating rami P J fami gangin SO |

and pass through the sympathetic chain wilhou! gyrapsing. ] | 1 !

They lorm thres pairs of spianchvic nerves between 1k =k II A _}

chain and the preveriebral ganglia on the aora. Thesa .‘{_ t."ﬂ' f

anans synapse with the postganglonic neurons in the pra- : f

wertebral gangia The awons of these neunans reach for ,.1,—!- (45 l\l I|

smooth muscle, inducing contracion at sphincters and ; '|,h [

decraasing ineslinal motility, refaxing biadder muscle and _% / -~ Ganglion

constrictng the uinary sphincter These axans stimulate the = \ /! IFrgaar

adrenal madulia o secrete mosily epinephrine and some
norepinephrne, siimulats sacrefion of glands anao sl
cantraciion ir ihe male genital ducts (ejaculation), and stim-
ulate Ldenne confraclions.

Symipeihaiic Syirpalheic
chain chain
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200 NERVEVS SYSTEMW 153
ANS: PARASYMEPATHETIE DIVISION o

CN. Confinue wusing the same colors you used an Plales 151 and 162 lor subscrpls:

SCHEME OF THE

B, D and G Use a bright cotor for B This drawing shows ihe parasympaihelic scheme

nr oo side of the body only (1)S1Er i he preganglons nevrons i The head and PARASYMPATHETIC DIVISION

wark frrolgh 1N posigangeonic neurons, Roling the siructures innenated Note par- Citiary

lizuaity the Bulennive gallom associalod with the vagus nerse. |3 Conlinue with the muscie Pupilary
i

sacral preganglionicsand postganglonics, noling the terpet orgars. (3] Coor the dia-
@am descrikng ganglia iecation in the o ANE divisions

PRECANGLIOWIC NEUROWSS: B
V00 CREIIAL (e 158 SRRMIAL R o
g o2 _ 0 gs Cel ;
£8 GRmINIALe Mm:::: @ ol o gy
PELVIEC SPLANCGHIIE W p e N i "
@RAN@LIAL: CILIAR Yy PTERYED> -0 i Sublingus!
FRALATINE: SUB (AN IBULAR: ) : (
BT RAMUGAL o= Y
FPOSTEANGLIGWIC WEURBOIADE-
TE: BYExASAL/ABARAL Ea\e Spinal e somandbuis
TIES SALIVARY GLANES: e -2 I pand
THEEDEIE/ACREMINAL MSEuge* ;
FELVIG/PERINEAL MISCERE

Lagrirma!
gland

LOCATION OF GANGLI&
IN THE ANS
SYMPATHETIC MBATHETIC
DANEI0N DIIZION

iAzion funciors) [Vl hinclinr gl

gan
Smoolf muiscle
caltiac muscle

gland

The parasympathetic division of tha ANS is conoernad wilh vegetaiive lunc-
lions, 8.4, eroourages secrefory Botivity on the Dody’s mucous and serous
mambranes, promoias digastion by Inoreased panstalsis and glandular
secredion, and induces contraction of the urinary bladder

The parasy mpathelic pregangiianc newronal call bodies in the hesd ars
Ineated in the brain slem associaled with certain cranial nerves. The pre-
ganghioric axons iaave thie brain stem with their cranial nerve, and synapsa al
ona of (he cranial gangla. The postganglicnis neurons tend to be short, fermi-
nating In salivary giands and other glands of tha nasal and oral cavilies. The
praganghonic: fibers assccialed with the vagws (X cramal) nerve are unusually
lang, oesoanding ihe neok, the esaphagus, end throwgh e escphagasl
hiatus to the gastrontestinal fracl The axons of these newrors extend as far
as [ha descending colon The ganglia ars in the muscular walls of the argan
they supply [niramurdal gangiia), the poslgangionie sxons are very short, ter-
minating in smaoath muscle and glands,

The cell bodies ol tha gaceal preganglionic neurons are located in the lateral
homns of sacral segments 2, 3, and 4 of the spmal cord Ther axcns Ieave the
cord via the anterior rami but form (her own nerves called the paivic splanch-
nit: rarves [nervi erigenies) These nerves project 1o the pelvia, mix with
sympathelic postganglanics in ihe pelvic plexus, and deparl for heir largal
crgans. They synapse wilh he posigangionic reurons in intramural ganglia
in the walls ol ihe organ supplied These fibers siimuiate confraction of reclal
And biaoder musculaiure. and induce vasodilatation ol veseals o0 tha penig
and cliarns (erection),

The parasympatnelic and sympathelic divisicns of the autonomic nervous
SYSIem ane nol anlagoenislic. Ther respealive acliviles are coordinaled and
synchronized 10 achieve dynarmic stability o body function during A brosd
range of lie tunclions such as aating, running, fear, relaxation amd so on.
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BV MERVEUS SYSTENW s
| PUS: SENSERY RECEPTORS =

CN: Use your ghtest colors for A and E. (1) Begin with ihe ovorvew of 8 sensory B
pathway. (2] Coler the geaneral exiarocaptors. NOIE NEl BaCH rBcaptor 5 connicled 1o — : - Ancanding
& sensary neuren (B} ol a diilerent color, (3)Color the propriocaptors in the lower lus- e

fraifinn. Coior over the unline musche sprdie, bul not the surrounding muscle fibers ﬂl- (Ep @C

Molz
mpond

2

Sensory recepiors providd inicrmation 10 1he Brain about iha internal and : L aacending
asternal envirormient of tha bady. Mos! recenions are fransducers: They - AT
convar] mechanical chamical, electrical or light stimull to stecirochamical
imputses that can be concucted by he Nervous sysiam Once ganerated,
informaticnal or sensory impulses fravel 1o the CHS via sansory naurons

ultimalely reaching the thalamus Here mpulses are relayed 1o fhe sensory RECERTE PATHWAY
coriex [consajous interpretation or io molor centers tor aparopiate (raflex- =S A0 A {Schsmalic)
ivaj response.

ERTERCOCERPTORSS |
SPECIAL . '|

BEMERIAL. 4
TeVEk / TACTILE R
THERMOBECEP TR 4
MEISSNMERES ENDINGE*
L?[%@@ @@ﬁ@@ @ﬁﬂ@ﬂ[}m@-—" narm%

Exieroceptors ane lacated near the oody surlzee Special exlercceptions (nol
ehown here) inolude the photorsceptars of the retina (light stimuli), st
fecentors (chamical simuli), and audilory recaptors (sound stimull) General
axteroceplon include Iree nenve endings and encapsulated endings senslive
o fouch, temperalure change, and pain-al the body surlace Touch receptors
include ihosa that encircle hair tolickes and hair shalis, and tactile discs (of
Merkel) below he epidermis, Touch-sensitive Meissmar's endings {corpus-
cles] acour mainy in tnick skin withaut hair, itieg in the cones of dermsl
papillae Thermarecspiors (sensilive (o lemperature change) may be free
andings or encepsulalod bodies. Free nerve endings in the skin can De found
in and teep to he epidermis. They may be sensitiva lo louch, heat, cold. and/
ar pain {nociceplion), Free nerve endings sensifive to a number of diftarant
stimuli ere callee potymodal receplors (sensitive 1o more (han one kind of
slMmulLE]

PROPRICCECTORS:E -
EPACINIAN CORPUSELE:
MUSELE SPINBLE.-

NEVRETERBDINCUS OEEARN e EXTEROCEFTORS
Proprioceptors ang found In despar ssues (superficial fascia, deep fasca, BT
lenidens: lgamenis, muscles, (oin capsules, and 80 on) of 1he Musculoskele-
tal system They are sansiive fo sireich, Movament, pressure, and changes in
position. The Paginian corpessles ang large ameliar bodias acling as mecha- s
romceplors: digtorion of thelr onian skin-like lsmeliae induces generation of e o e T":BES
&n electochemical impulsa, Muscle spindles, sensitive fo strotch, congist of i =ik ;?:cl: i
two types of spacial musche fibers (nuciear bag and nuclssr chain) enlwined _,".l-:'.': o o, P il -

wilh spiral or llower-spray sensory ardngs. Sireteh of Inese spindies (and the
exelotal muscle in which thay are localed) indunes discharge in the sensory
fhers Thess impulses reach the cerebellum. Refiexive molor commands
tghten Ihe special musels libers and increase rasistance of tha sketetal Mmus-
gz 10 sinaich By these spindies. e CNS controls muscle lone and muscia
conraclion. Newrmendinous oigens (Golgi) are nanve endings enclosed in
capsdles located at musce// tendaon junctions or in tendons, They are inducad
. io generale elecirochamical iImpulses in rasponsa 1o lendon deformaton of

&
Spiral

sensary anding
i

‘ INTERCCERPTEORSS ' -

inlerocepions {nol shown) are fres or encapsulaled nerve sndings, often in
assockation with epecs| epithalial celis, Incated in fhe walls of vessels and
visoara, These receptoes include chemoracetors, baroreceplors [pressure),
ard nociceptoes: They generally ang not sensitive 10 Ihe same slimis 1o which
exterocaplors réact
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20V NERVEVS SYSTEM -'- N
SPECEIAL SENSES? e
MISUAL SYSTE (4 Highes

it
" . WEE Fromtal Lievilor
CN Uise yellow lor M, red 'or W, blue *or O, and wery light ] berrice paipakras
calars for © H, |, J and K. [1)Calor the sagiltal seclion ol Latera

e SUPERNIE
; - Superiar

the eyeball and the uppermos! llusiration sTulaeeoeusly
[A1Wher coiorirg tha ratingl layers. color gray (he arows
{in dark aullires) eprecanting the narde impulse traveling
opposite ko iha dirsction of the light rays

EYE LAVERSS: Trsal

SELERE A /CORWER A T

@Eﬂ@m@ﬂc = Eyelid N{ /5 .I

GILIAEY BN/ PROCESS: Cpaih 7} e

Uﬁﬁ'ﬂgﬁa hg |

BETIWA: Canprciva
2 LG

: S B0SEr R
FEVER CENTRALIS 6 Posterion 77 s
B chiamiper rl

;
ﬂ"_"F}BIT”C&J B 0D Siin -
f‘Q@{EﬂLﬂ@ m@ﬁm%[ ﬂ:‘lgﬁl.lﬂﬂls

@@3 STRUCTURESS
L= SECTION

@@GG@D@{E'IJ@W L@k OF THE EYE
=

ORPTIC NERVEw

BEUTINAL BRTERGY: MVE0We

The eya 15 & layer of pholorecaplor cedls and associated neurans (rednal
packaged within a white, fibrous, rubberike protective globe (s2lera) thal is
transparent in front [cornea). The comea, composad of five layers of epihalia
amd fibmws lissue, 15 the chial refractve medivm of the eya, locusing lighl
rays onto the 1etina The lens (lightly packed, encapsuleied non-slastic lens
fibers derived from eaithelial cells) also rafracis light, and up o midola age

can vary i3 shaps (Bnd refraclive index) The agueous humar’.ﬂx‘.muaﬂula:r {L&}m mm%E

Inbesior  PECILE M

obigua m

fiukd) filing ire anterior and posterior chambers of ine eye, Bnd the mora @m@ﬁg i

gelatinous (05% water] witreous humar taking up 808 of the globa's volurna, - M

all lunction as refraciive media. The inner surface of ihe posterior two-1hirms @@@@Lﬂ@@ @@&ﬂu F
af e sclera is lined with & vascular, highly pigmented layer (chorou) thal E’;D[j_'.‘j @;T%E,(L,a
absorbs and praveris scallaring of kghl. The choroid thickans antericrly as @@@ (E_.’[‘é‘{'l,f_L.

Ihe pgmented. ibromuscular ciliary body that surrsurds tha lars. The ciliary - i

body projects oulpocketings (processes) lo which sugpensory igamenis tram @@Gﬂ@ @@&.&. 5

Ihe lens attach. Cn e anterior aspect of the ciiary body. a thin, pigmented, @D@ﬁ‘ﬂm @ﬂ]ﬁ‘m&ﬂmﬂr

epithatial and fibremuscular layer [#i) cFcumsectibas tha hola (pupd) in frent

ofine lens SECTION DF THE RETINA

The refing lines a blt more than the posteriar half ol the globe, lying superficial Light

to the choroid gnd egairst the vitreows, 11 15 a highly vascular membrana, o rl : Fercrur

complaxly compesed of several inleriacing kayers of cells. Al aboul the cenber L | ** .

of ithe refing, & vallow pigmented sras (macula |lutea) with a clearly doprossed ] & mu.g:;g 3 v @] * 1

region characierized by a dense sccumulaiion of lighi-sensiive calls (cones) i—F 'LI" i 3 =

coours Ths sile (fovea canfrais] rapresants the canter of greales! visual ¥ :

acuily (clarty ol form ang color) under lighted conditions. Abcut 3mm 10 the : : i

nose-side of the macula lutea, tha axons of the aplic fract fnerve) and refinal & ﬁ’ .

anerios/ waine stragm oul of tha globe (optic disc). Abeant naurons, it is an

gred fram which no vision is possible (blng: spot). The refina; denved from an ﬁ

gvagination of the diencaphalon, consiets of a deap layer of photorecaptor

celis (cones sansiive to lorm and color, mds with grealest sensitivity 1o Bghl) i al !

that aynapsa with digaler calls {(nourons) that synapse with gamgiien ceils

(meurons) whiose awons foem the optic fract (nerve| fibers. Noi shown ame L

imerneurans and ratated mullpla synapses The visual stimulus iz infllated 3 deta) B 11 o [ 5 E

by light rays iImaraciing with visual purple pigment (rhodopsing in rod cells - alf] |5 - _ : [
|

ard tha pigment iadapsin in cong calls These imMeractions induca an eleciro
chemica’ stimulus Ihal can be conducted through neurans an to the CNS

T ; oy B ;
B e e e e J
o - xt . =
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NIV NERVEOUS SYSTEM

SPECIAL SEVUSESS
MSVAL SYSTEM (2)

CN Uge e sama codas as wern man on (he previous plale (wiih different sul-
achipts) o glrystures L K, LM N and O Use lghl colois lor A, G H.and | Notie
that varcus structures in the cantial (lustmalion alss appear i (ke ([lustration Delow L

ACCESSORY
STRUCTURES: -
LACRIMAL APPARATUS
LACRIMAL BLAND: TER
DUCT
LACRIGIAL PUMBTA .
CARAL>
LACRIMAL SA@.
MHASCLACRIMAL DUCTr
INFERICR MEATUS OF
NMASAL AT Y
TARSAL PLATE/GLAVD |
CONICMESTIVE :

Fluld {rsars) Interfacing the confunctivae ol the eyelid (palpebsa) and the
comaa facilitate easy mavamand of the lids over the cormea without inducing
[rritation Tears also function as & vehscle for moving epinelial cebris and
mirroarganisms fram the cornesl surlace and undersurface of the ayelids into
the rasal cavity via the lacrimal apparatus. Thus, Theng is an anatomic basis
fior beowwing your nose after a good ory The absence of ears Can Cause re-
riatkable pain end even blindness. The principal gland for ears is the

I lacrimal gland, Iocated in the antency, superior and lateral (lempaoral) aspect

ol the orbit. Other glands and sources of lears include unicellular (gobiet)
glands of ke conjunctva and farsal glands of ihe lids. Episodic bnking (Fapid
cyche of lid approximation and retraction) maintaing a film of tears on the con-
[uncliva and resisis “dry eye.” Houtine closing of the lids ocours with muscle
rataxaton, anargetic ciosure requires the orbiculars ocull muscle Relracton
of the eyvelids is accamplshad by smooth musale fibers (tarsal muscle of
Muller, sympathetic imnervation) and the levatar palpabrag muscle in ihe
upper lid

SECECRETION/ DRAINAGE

OF AQUERUS HUVMGR: -

FLEW OF AQUERUS HUME®mS.
CELERA/CORMEA
CILIARY BOBY. PROCESS.
%@aﬂ%ﬂ@@ CHAMEBER
CRANAL OF SCHLEMM VEINy

VITREOUS BEBY o

IWTHACCULAR PRESSUAE 0GR

Agueous humoy = a fluig in the anteriar ang posienor chambers of the eye,
sacrated by cells of the citery processes. Fluid and electrolyles also enter by
diffusion from the ciliary body. Aqueous humaot is o clear, plasma-ike Huid
(bul constituted ditferently). It = Sierad inio the canal of Schiemm (scleal
venous sinus), a madified vein filled with fibrous irabeculae, localed al the
sodero-corneal junclion. Fiuid in the canal drains into nearty vains Obstruc-
fian to drainage is ona of several causes of ncreased Mikaccular pressure, n
which [he increasing presgurg in the antenor/ posternor chambers Drassss on
the lens which prasses on (he wireows (89% water). As waler cannol be com-
pressed, pressure s appled 1o the conbiguous reting. Unrelenting pressure
compresses vassels 1o the axons and newans of the reting, damages neu-
rons, and can rasull in blindness (glaucoma)

—

156

See 155

LACRIMAL APPARATUS
AND MASAL CAVITY

palpabiaa m

Dzt of
tarsal glend |

Eyelaah

e

Lans

SusgEnsory g
ligamuzn

Emooih
musCe

MODIFIED SAGITTAL SECTION

Kgarmuenl

Choraid

FLOW OF AQDUEOUS HUMOR
Ratina
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KV MERVOUS SYSTEW 7
SEPEEIAL SENSES: o

MSVAL SYSTEM ()

CHe: Liza light colors for A-F H, 8nd |. Usa cantrasting colars for
< and K. (1) Aleer coloring each aye muscie, color 15 lunclional
arrow in 1his uppar dagram . (2)n thi drawng on ciliary ation
anky calor the contracted ciliary musches (3] Carstully color tha
deagram below, noling thal only the firsf tiles { rswal Neld)) re-
owrvw . @nd K colors. Thie iest ol The libes ang 10 be colored gray,
but use fwo colors on ine skrecilres in ihe Olagram

Levatar
pnlpabrau e
SUpAnioreS m

{ Circiilar
{Brcor

EBHRTrRACCULAR RMIUSELES: «
INEERIOR REETUS BEPR)Y:
LATERAL RECTUS (ABD):
MERIAL RECTVS (ADB)p
SUPERICR OBLIGUE (HOT:Rde
IWEERICR PBLIQULE (ROT Ly)-

The exiraccular (extringic) muscles of the eye provide for g remarkable irack-
ing capacity of the ays, CHE machanisms permil conjugale (binscular) move-
menl of both eves Slowed, incomplels, or ebsent movement of one eya dur- ;
ing rackimg movemants sugoests cranial nernve dysiunclion or muscle/ L 3 e g
{endan incanceration, as mighl ooour in an orbial plate fraciure, The true :
funclions of these MUECISE |5 MoMe compiex [han shown, one [8ason being
eya rofation and forsion reguiring multiple muscle action Deviation from co-
equal alignment of the ayes is called strablsmus

INTRINSIC MUSCLESS
CILIARY =

SEHINCTER PURILLAE
RILATOR PUPILLAE:

The intrinsic muscles are [oéaled in the cilary body [ciliary muscla) and the
ires (pupiltary ditalor ard sphincler). Contracton of the cifiary mscles (1)
whinkles the cilary body fi55ue and puls slack in the processes, giving laxity
1o ke suspansory bgEments (2) and permitiing the lens fo mound up on T\ own
accord (tension in lans fibars| (3] These muscles funclian (by parasympa-
thatic immarvalson) gunng near vigion n whch graater refractivity is desired
The dilaicr pupiifae consists ol ryospilalEl cells that poll the wis owand the
ciliary body, dilating 1he pupil [sympathetic innervation). The sphincier pupil-
lae grcumscrbes the inner e e carlraclion constricls the g, narowing
the pupil (parasympalhetic innarvalion) See the upparmaost drawing

VISVUAL PATHWAYS S «

Visual FIELDR. /VISUAL FIELR «

LIGEHT WAVE ¢k

RBETIME

CETIC MERVEw  CHIASIA «+ TREEGCT v
LATERAL GENICULATE BB s
SURPERICEH COLLICULES s11m

16 RADIETICM)x 8 xe

WISVEL CEOMRTER ¥ w1

Ag you color the lower diagram, nofe inat the asons (K2 from the rafings on
lhe ternporal side of the optic axis do not cross at the chissma. Nate further
Inat an axpanding tumor of e Mypopiys:s s kaly 1o impar visusl aouity in
Ihe temporal visual Fiekds only {“lunngd wisian™). The haamus funclions as a
visual ralay centars, informing muJltiple memery areas and olher cenlers of 1he
slimulus. The supenor colicul are visual reflax canters, making possibee rapid
head and body movemanis. in resoonee (o a visual threal. Finally, nate that the
mmage of the stimulus impinging on the wsual cottex (K/J) is the reverse of
that which was actually seen (J/K). Inegration of visual anc memary cenlers

al the visual cortex makes possinle perceplion of the image as actually seEn VISUAL PATHWAYS
e PV 9 y [Horizontal brain section, schamatic)

/ MUSCLES OF THE
LEFT EYE

SuEpEnEny  oC

igaimanl et
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I
/FNEROY CONVERSION

EEI]EF?: @E@ﬁ?@@@ %L[f@ﬂm : '-.f'_._'..' IM THE MIDOLE EAR Sew 159
@@@Lﬁnﬁ& gg@@@@% . \ '.I'esllbul-ul:,\'?ﬂcl:'urm
AVURITERY &5 it P
VESTIBULAR BVl

SYSTEMS (1)

G Use yaliow for 2, and liginl colgn
lor &, B, G, |, M, N, Wand X The wew
ol tha imernal ear & magnlied n ik
upper illusimation kor coonng purposes.
Color your way Sown e pliete. be-
EiN‘ g wilh the disgram al the lop.

ERTERVAL BARS .
BURIELE « |

BT, 6 UDITERY WMERTUS s
BOMPAGNE MSMBRARE -
MIBDLE BARe:
MRALLEVS,

IELSe

STAPES -

AUDITORY TUBEs

IWTERWAL EAMRS «
BT LABYRIMTE) -
VESTIBLLE:

@UAL WNREWY 4
SEMNEIREVLAR CANALk
CEEH LEAL i

SEALA VESTIBLLI m

SEALA TVRIEPEI0N

FEOUME WiEReOW o
MEUE L
SEACEEULE: /VTRICLE

EDEWRMPHETIE BUETs

SEMICIBREULAR BUETs
CECHLEAR BUET

TEETERIEAL MEMBRANZu

QREAN OF CORTIv

WA CELL w )

SURPRPEERTIVNG GELL x
BOASILAR MEMBRANE v
EREMIGL WERWE Wil =z

. Audilory
™. (Eistachan)

Engihymgh

Spiral
angion |
N =

iz
=

Mrve
imiisn

o vorslong | mechamcsl enegyl

The ear is the organ ol hearing and equilbnum [aodicry and vesibuar bone. consists of 8 senes of inlerconnecling bony-walled chambers

syslems), | s organzed inlo external, middle, and intermal pars. Tha
axtarnal ear includes the auricke (collecior of sound enengy| and the
aimrnal audiiony mealus or canal (a narmow passagoway conducting
sound anargy 1o the fympamve mamévane). This membrane, lined extar-
rially by skin and internally by respirgtony mucosa, canverts sound
anergy iMoo machanical enargy by resanating in response 10 INComing
sound waves

Thia middle ear = 3 small araa liled with much structure, including
three srrall bones (malleus, incus, stapes) jpined together by synovial
jcims, Thesa osscles viorate with movement of the tympanic mem-
brane, ampily and conduct the mechanical energy imaarted (0 tham 1o
the waters of the inner ear al the Haxible, wales-light aval window (mid
die ear/inner ear interface) Al the anterior-medial aspeact of the midde

aar cavity, the audifory lube rurs (o the nasopharyny, permitting equiliba-

tiom of air pressure betwean nasal cavily (outsice) and the middle @ar
The ntarmal ear. carvad out within the pefrous partion of the lemporsd

and passagaways (bany laByrnin: vesiibuie, semiciicuiar canals, and
cochied) lited with pedlymph (extracellular-like) fiuid Within the bony
labyrinth is a serigs af inlerconnecting membranous chambars and
passageemys (membraroes Ebyimill Ssccule, dincle, cochilear duct,
and sermicireuiar ducts), lled with endolymph [intracellular-like; uia
The andodpmphefic ool derived from the saccws. ends in & biind sac
under fhe dura maler near the iniernal auditory meatus (sea Plae 20),
It drans endolymph and discharges it inlo veins in he subdural space
Within the coiled, membranous coshiear duel, supported by bone and
iha fibrous Basiar membraneg, & ribbon ol speciallzed recephor (hEr)
cels exists miegrated with suoporting cells, bolh covered with 8 flax-
b, Nbrous glycoprolein biankeal (el membrane). This devoe
[Crgan of Corti] converis the meshanical energy of the oscillating fec-
larial membrane scrapng agains! the recepior hair calls Nt alecirical
anargy The impulses pararated & condicted along bipolar senaory
{auditary) neurons of Ihe VIl cranizl nerve, Continuéd on the naxt plate
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R0V NERVOUS SYSTEM
SPEBIALSENSESS
AVBITORY &
VESTIBULAR SYSTEM (&)

QUTER

Gh: Titkes with subscepis 1, 2 and 3 requie fnew
eoilcrs; all other subscrioly relsr 1o litles and colors
ugad on ne preceding plate whinh showld be fre-
guently refomod 1o when using those samae cobors
on this plate, (1)Color the Slep numerals gray as
vou Inllow 1he sequence ol @wenis in The simplitiad
diagram 1o the right. Sea the pravious gatae 1or the
mare accurate anatomical structune, (2)Caolor the =
parts of the vestbular syslem congamed wilh e
manterance ol Synamic and sialic haance

e — =
CONVERSICN OF SOUND WAVES
TO ELECTROCHEMICAL IMPLULSES
(Schemalich

159

Sae 138, 140, 155

seniympn  JOURUETRS
E R

Endohmmiph
Haikzarema

in review: the external asr collacts snund wawes and rifles them Lo the iympanic  dow Here . luld waves and vibrations are dampenad. Tha fluid motan in the

membrane which convers the sound energy inlo mechanical erengy. The link-
aga of ossicles increases the amplitude of the energy and Iransmils ine force

1o the oval window of The bony labyrinth af ihe inner ear Vibratory movements

of the sfapes in the window ore fransmtted o the perilymph of Ihe vestibule of
{he bony labyrinth, creating wave-iles motions of the flud. These waves spread
{hroughoul the vestibule, enler and move through the scala vesibuh of the

gcala vesiibull vibrates ihe rool of the membiranous cochiear ducl, crealing
andalymph waves in the cochlear ducl This motion stins the fectoral mem-
brane which rubs aganst and bends (he hai-like processes af the receptor
fhair) cels, depotarizing tham, inducing slectrochemicsl impulses. Those m
pulsss are condusted by the sangory neurons ol the cochlear division of

the Vill cranial nerve. Stimulation af the hair cells &t the base of the cochiea

produces perceptions o high-pilched sounds; stimulabon of the hair calls al

cochiea 1o the helicotrema al the apex of the cochiea (aking hwo and a hall
the halicofrema produce percaptons of low-pilchec salnds.

(urr=), and on around o the scaks ympani which terminates at the mwng win

VESTIBULAR SYSTEM, EEWILIBERIVD «

v (VI SAHCCULE: YTRIGCLE
. RAEAEWLAE-

¥ GEELATINEUS LATER -

@TrELITH -

HAR CELLL .«

MNERVE FIEBER:

Supearior

AMEULLA:
CRISTER-
CURPCLA:
AR GELL W'
NERVE FIBEEE
SUEECERTING
BELLy

F‘n-rllg,lmph._
Endolymph.-
Poslation

. )

SEMICIRRYLAR CAMAL «
SEMICIHEULAR DUET:

i review: the vestibular eyetem is located in (he inner ear Tha Dony sermicioilHEr
canals are oranted al 907 o one angthar. Within 1hese canals are the mem
branous semicicular deels. Directly communicating with the uiricle at one end,
gach duct terminaies al ihe other end in an ampuila, Wilhin the sacowie/ ulrickh
and the ampulloe are sensors responsive 1o Muid (endokmmpn) movement. Each
ampulla has 8 hillock of cedls (crista or orest) consisting of receptar (hair) and
supparting cefls: The hair-lke processes of these receptor cells sre embedded
in a lop-heavy, getatinous cupois (ke an inveried cup). Movement of endolymph
in respanse o kead luming, and especially rolalion, pushes these cupolas,
bending the Bait calls, and causing them o depolasize. generating an slectro-
chemical impuise. The impulses fravel out the vestibular perl ot the Vill nerve

fo ihe westibular nuclel In the lower brain stem. Whan the body is rotated rapicly,
harizoatal, oscillalory eye movements occwr (nystagmus). These eya movemants
are madigted by amplllary Sensory input 1o 1he bramn stem Such mownamenls
represent the brain's atiempt to mairiain spatial ordentation (by momantary visual
fixaiion) during head and/or body rolation. Sengations of rotational movemaenl in
the: absence ol body rotaton is called verligo.

HErve
ImpulsE

N fF E—‘T Wwilhin the utricie/ saccule, hair cells and Ihes supporting celis are covered wilh ) muita
2 f\ﬁ £ LLTJ a gelatinous layer in which are embedded small calcareous bodies {oloilhs). |
it T, P Movement ol the andalymph indures movement of the gelatinaus layer agains! . |
A n the hair ceils, with respanses loontical (o those of the ampullary recepions i' j
{ Ty Receptor activity in the uiricle /sacouls is inlluenced by inear (horizonlal and ir
: z ; ;D ,r"'-j i )‘"'x vertical bul non-rolatioral) acceleration of the bady, Vestibular receptors have ) [
N ' sgirang neural connaciions with cranial nerve nuclel concemed wilh gye move- iﬁ:-l
Fosiurg

mant and with postural molor centers
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- Epiglatiis

280V, VERVOUS SYSTEMW

SEEEIAL SENSES?
TRASTE & COLFACSTION

Gt Lise yellow for H and figh colors for A B CL G, and

1, {1300 mat salar 1hi TREIR Daos in ine circemaliale
pagilize n fhe modihiad seclion al rght. (3]0 e lowas!
\llustration, colar ovar the neurans within the ollagiory bulb

Lingunl 1m

tanail Ses 89 144

ERFILLAE?S « Absarmcn ol 40
GIRCUMVALLATEA e
EM@DE@@ME Saur
FEILIEOE - -

TRSTE BUD-:
PORE CANELE ;
RECEPTER CELL: ek s X SoUSele
SURPRPERTING CELLs Py A Ahal] Nerve
WERVE FIBER: TRk

Tasie recaplars (faste buds) ane located within the o
siralifiec squamous epithalial lining of he sides (moals) sqUamoLa
of circumvaliate, foliate (ncl shown) and fungiform opihedum
papiilae on the longus, and o a lessar extant, on the
soft palate ang lingual side ol the epiglotlis. They are
riol geen in the iny likform papiliae. Each faste bud

consisis of a numbar of recepior calis and thelr sup-

Stratifind | <2

parting cefis. The apex of this oval cell complax fz2ces Bk odetal

{he moat here it opens on to the papillary surtace via a A e

Laste pora or pora canal. Dessohed maternia: entars Ihe |

pare, slimutating the chamarecaptor (gustatory) calls w

The impulges genaraled aré conducied along sensory OLFACTOHY CENTERS
axons which reach the brain stem via the V||, IX, and X IN THE BRAIN
cranial nerves (recall Plala 144). Tagte inferpratatian Impking Crivedarm Frontal lobe =
oocurs al the lower reaches of the sersory COTIES plate DAEH PR SN i
ipost-ceniral gyrus). Basic lastes (sweel, sour, salt, and ,-'"; W Supeior L N omaR |5be
bilter] notwithetanaing, nierpretation of taste, as & prac- [ e nmsal CONCRE. == g - sapal area)

tical matier is & function of smedl, lood texiere, and

%, Sy

temperalure bn assodiation with laste bud sansalions o
- | d
Temparal labs
- S [Pra-pynicem corie )
] . in
! x%* Ll i
N -'4_ El 5| b
Yoy - |

i %,

ST )

i ]
T
. Peziarion
3 nagal
":I aperiure
|

CLEACTICON SMWELL)S «
CLFACTERY CGLAND!

12

eww m@'ﬂuﬂ@'@@@.r' nugﬁ#:um | ‘:*%‘IS(\ |
CLERCTORY WEURGM. AN

Audilory {Eustachian) lube

OLERACTERY HAIR EILIRYR
SUPPERTIMNEG EELL e
OLEACTEEY BULE «
CLEACTORY THRAGT +

Oifactory recaptors are afactory hairs or clia [aciually modified panpheral
processes) of offsckory Diedar (Sensory) neurons: burad in the alfactary
mucosa al the roof of the nasal cavity, The olfactory mucosa also has
tuno-aheolar offaciory gisnds (hal funclion to keep the chemareceptor
endings clean and, aleng with nasal mucous secretions, dissolve the
chemicals that are sensed by these receptors. The offaciony newons
ascand the rool of Ihe nasal cavity, through the cribriform péate of the
@ihmoid bone, and their central processes synapse with second order
rewnans in the offactory bulb. The axons of thase neurons form three
offaciory bundles (stria) as par of the offactory trac!, termirating in ihe
inferior frontal lobe and madial temporal lobe: Here exists the neural basis
for oitactary relationships with memory, eating, survival, sex, snd alher
emotional behavior

Merva
mpulse
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L

NV WNTEGUMENTARY SYSUEM

THE INTECUYMENT

Ghe Use yeliew for &, red lor H, blee for |, 8nd grean far 0 Uss
light colors for A, O F, 7 and Q. |1} Naote that bor @very struciura
shown (heds Bre many morg wilhn gach sechon (2] The sira-

(m bacidum (B) 14 tound only in seelions of hairkess shin

CRIPDERMIS S -
STRETUN BOBIELM A

STrERATUM LUEIBYLM =
STRATVM GRHRANVLOSUIY
STRATUM SPINESLM

STRATVUM BREALE =

(EERMINATIVE LAYER)-

DERMISS

COMNEETIVE TISSUEr
PEEPILLAE:

NERVE / RECEETER:s

ARTERYV. V@I

WMPEATIC VESESEL.

RS ¢

FOLLIELEL
WLEw ROETRE0E
PR PILLAN

ARBECTIR PILD MUS00o

SEEACEEYE @LANWDF
SWEAT GLAND

SUPEREICIAL FRASEGIR:

“There & no magoian's mante o compare with the
skin in its giverse roles of waterproot, overcoal, sun-
ghede, sl of armour and rafrigeralon sensitive 1o he
touch of & feather, 1o iemperature, and 10 pain, wWith-
standing the wear and tear of threa scare years and
ten, and execuling ils cwn running repaies. This vital
organ of the bady, 16-20 square leal in extart (Ahix
child a1 birth has theee $mes the aras relative to the
bidy weight}, hedds the mirror to age and health even
reveaing pensral condilions such as fevar, jaundice,
yphils, deficiency diseases and poisons. ™

The integumen ks variably thick, frem he sole of

the foot with tens of Eyers of keratinized strafified
squamous epithelia o the eyelid skin with aoout four
layers of epidermis. Some skir & Naity, Some s nol
Sorme skin is exquisiely sansitive (faca, finger tips)
and some net (back, soles). It comes in a varisty of
colors Mo makter these varkations, all skin has com-
men struclural characienistics. It has an epidennal
layer of stratifled squamous epidheium with a rumiber
ol different layers. The siralum basala (germanifivum|
i the garminating layer from which all epidermal calls
arise, This is conveniant, for a significant vascular
nemwerk (Aulrtional source) les just deep 1o the avas-
cular spidermis in the dermal cones o papiliae. As
epdermal cells get further away from this nutritional
sourca, (hay defydrate (sirium cormaum)and die (o
be cast off with sweat ar bath, Pigmeni-canaining

'Queie ks, wall’

SECTION OF SKIN

Laaation
al milanin-

proucing|

cells |melankn, carotene) are lound in the slratum
germarilivum [ayer. skin calor is a lunction of the
ponoeniration of thase pigmenis primanky, bt is
influenced by |he number of blood vessels, and he
degree of vasocanstniclion

The dermis & replala with thick buendies af fibrous
pormerlive [Esue, blood and (ymohelic vessels, san
sory receplors and relsted nerves, and glands. Sweal
glanas help siabilze body femperature Dy excrating in
responss 1o excassive body heat Sebaceous glands,
assocated with hay foilicles, sxcrala an oily sub-
stance [sebum) that resists dehydration, Hair anses
from an mgrewih of apidermal (lellicle) cells that
pushad down Inlo the desmis duning devalopmen
The base or battam ol the tallicks is the har bulb
which is invaginated (dermal papitls) and encloses
capiélaries. The fallicle consists of a har shalf (ceniral
medulla, oulsr cartes, oulermaos? culicte] suroundsd
by layers of calls [rool shealns, mambrares)
Mon-slriated arechar ol muscies allach o the hair
follicles and 1o 1ne upper parta of the dermis. | hey
straighten the hairs, perhaps enhancing preservalon
of body lemperature. The skin s contiguous with the
supariicial fascia, 8 more latty, lcose connactve
figgue layer, Sense receptors of the skin are pre-

sented in Plate 154

ressibn, Mo Lecsmarl, A0 Momitan GF
ard Fyle. EW, AMATOAY OF THE HLUMAN BO0Y, #rand, Fadmr
and Faser Pubiiskors Ll Longion, 1065

161

Sea 5 6, 164

SECTION OF
\ HAIRLESS SKiN
A [Sake of foat)
Y
"'\-\.-l

—— &
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"ANATOMY
COLORING BOOK

2nd Edition
Revised and Expanded

2YGOMATICUS W )/
WIS )
RISOBIVS. &

This is the NEW, original ANATONY COLORING BOOK!
The: illustrations have been redrawn, anatomically accurate,
they have a frash, crisp look ready for imaginabve coloring.
The text has been rewritlen and updated, the print has been
enlarged for easier reading. An index has been added for
rapid referencing. A glossary of terms is a new feature, with
phonetic spalling of unusual words enabling you to correctly
pronounce and undearstand medical and anatomic terms.

A new section on the Immune System has been added,
introducing the tundamentals of 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
tormal or informal, professional health care student/ prac-
fitionar ar not, young and senior, 1o achieve a working undsar-
standing of body structure and related funclicns effectively
and thoroughly . . . and find satisfaction doing it through

active involvemment in the coloring process!
ISBEN D-0k-45501L-&

JI
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