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ABSTRACT
The purpose of this study were 1. Compare leaning outcomes of the students before

and after e-learning by using direct instruction and studying in classroom 2. Study the
performance of student that leaning on e-learning by using direct instruction and studying
in classroom 3. Study learning behaviors of the of student that leaning on e-learning by
using direct instruction and studying in classroom and study student’s satisfaction towards
e-learning by using direct instruction and studying in classroom. This research was focus on
2" year student of physical therapy program. The 47 students were including to this study
and simple random sampling were allocate the student into 2 groups: e-learning by using
direct instruction (23 students) and studying in classroom (24 students). The instruments of
this study were 1. Lesson plan of e-learning by using direct instruction 2. Learning
Management Stem by using direct instruction and google classroom 3. Leaning outcomes
test 4. Assessment form of performance 5. questionnaires on satisfaction toward e-learning
by using direct instruction and studying in classroom. The data were analysis by using
computer program and statistical analysis is t-test. The results of this study shown that all
parameter no-significant different, but the learning outcome in e-learning by using direct
instruction group was increased when compared to the classroom group with significant
level 0.001. From the result may be the e-learning by using direct instruction group able to
repetitive study in VDO as much as they want, everywhere and anytime. This study suggests
that the e-learning by using direct instruction is the alternative method to applied in
epidermic situation.

Key words: E-learning By Using Direct Instruction, Learning, learning outcome
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STYRIIRTRIC 1RV e

nsiSeuieunansiieusises anudmlufatussuulssamuagssuuyseam (Fundamentals

of the nervous system and the nervous tissues), @odlngjiaglaeuiwnniasu (Cerebral

hemispheres and Diencephalons) vesiaanenmindatudii o ﬁL%&JuifﬁasJSLE%ﬁaLLUU%LLw
Tngldeiads (X) uazAndoauuinnsgiu (S.0.) uagnageUsn t (t-test WUU dependent) i3
wandoauandunssellil

ANSN 6 HANITUSYUIEUNANI TSI YUNSEUN DS Y uagvduSIuT oA e S UUE

@sutsuuuduuy (online) kasnguinseuluig (onsite)

ATLUU n | ALWUU | mean | S.D. t P Mean SD. |t P
W difference
post-Pre
NINAFDUS Y
online
-Nou 23 36 857 | 269 | -9.62 | <0.001* 11.78 5.88
N& 23 36 20.35 | 559 2.16 | 0.037*
NIVAABULSY
onsite
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(Brain and spinal cord)
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12 ¢ waziduUszamludunds 31 ¢ (Cranial Nerves: CN and spinal nerves)
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/ Y/
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Spinal 4 /:/f / |
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| //z / / < of
/ W7 vertebral
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JUN 1-1 uanslaseasiavesssuuyssamaiunadayseuulszamaulaty wazanuduiussening
SEUUUTEANAIUNANLALSEAUNTEANNUNARUBY 7111: Chapter 2. Development and Cellular

Constituents of the Nervous System. Clinical Neuroanatomy, 27" ed, 2013. Page 2.
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1. szuulszam lwansin (Somatic Nervous System: SNS)

SEUUUSEEM Lu1AnNazyinveng luaee 1asaas1e vodnid 519018 (Na1uile Raviilalay
A A \
LUBLUBNANNE)

2. szuulszamenlul® (Autonomic Nervous System: ANS)

SEUUUSEAMORIULR TNSpusanUNessuUUsTaINaIunatakazsyuulssamaIulany
VMTNTIAIUANNITYINOIUYRY NS U NM5INUYBIiaNsIe 9 n1svinuveseistzaigly

(visceral organs) uagviaamden wendnllfainisleudeyanduludiauesdneig

Tassadrsvesszuuuszamluninsau (Structural Units and Overall Organization)
SEUUUTEAIMEINAIANANS UTenaumie aupanazludumnas (gﬂﬁ 1-2 wag m5199 1-1) Tag
auezuTITyeglunselnandsuey (cranial cavity) iu;ﬂufyjﬁﬁmﬁﬂﬂizmm 1,400 n¥u AnLdu 2 %
yosminfvivun aussady 3 dw anudnuarnoueniveadiu Taed
1. auaslng (cerebrum) Usznaumie telencephalon Wag diencephalon
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Auanes (brain stem) Usznausie mesencephalon, pons Wag medulla

Telencephalon
(cerebral hemisphere)
o Diencephalon
- .
/ > ~ -

Midbrain — <= )
Pons — \__.}
o I
S Cerebellum
gal 1
|
(1

3. @uauan (cerebellum)

Brain
stem

1B
\'\_— Spinal cord

JUN 1-2 anguuanstivdiuUseneuiiddgues suudszaimaiunans Aeauesuas ludu nasluuud
midsagittal 31 Chapter 1. Fundamentals of the Nervous System. Clinical Neuroanatomy, 27

ed. 2013. Page 2.
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Cerebral cortex
Subcortical white matter
Commissures

Basal ganglia

Telencephalon

Cerebrum
(forebrain)
Thalamus
Hypothalamus
Epithalamus
Subthalamus

Diencephalon

[ p—a——)

Cerebellar cortex
Brain Cerebellum

(encephalon) Cerebellar nuclei

Midbrain (mesencephalon)

Brain stem
Pons

Medulla oblongata

Dorsal columns
White matter

z Lateral columns
Spinal cord

Anterior columns

Gray matter

fian: Chapter 1. Fundamentals of the Nervous System. Clinical Neuroanatomy, 27" ed. 2013. Page 3.
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fimunnnfigavesauasuindaionit iedn’ vie gray matter Faduiiogvosiaeaduszam
(neuron or cell body or soma) duiiiseaussdiniinafeglududnvesaussilsogluauesdiua
9717 138077 Wgeawnwndy (basal ganglia) auesdiniiiiuduny (white matter) %Lﬂuﬁaguiﬂuaué’uia
Uszan (nerve fibers) 7 i wdudvrndesnnidunissudiveadudszamidid oludaudy
(myelinated axons) figasluselufuiiiduauaulii Jafududun (Ui 1-3)

duasdlulaauiwnniasu (diencephalon) azUznaulusis manda (thalamus) way
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Neuron nucleus fibers fibers
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Gray matter White matter
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waz NMswenlasssninuduleUszamuasivadnA1quuseaim fun: Chapter 1. Fundamentals of the
Nervous System. Clinical Neuroanatomy, 27" ed. 2013. Page 3.
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szuuUszaIndunany v un: Chapter 1. Fundamentals of the Nervous System. Clinical

Neuroanatomy, 27" ed. 2013. Page 4.
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WS UL guA U EUV‘T' 1-2 7 u: Chapter 1. Fundamentals of the Nervous System. Clinical

Neuroanatomy, 27" ed. 2013. Page 4.
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wanhdeyamarudigwadussamiiioUszananalndyainuszamindrundunuy nsedu wie
gugs win axdansiiinisnevauess dedygnuszamvsedeyaniuun Tusuuuuveanginssunis
LERIRBNKIUTTUUNTEANWAZNA LD uiduranginssufivanseenlaglilagnatunulauaues 3
138071 NSuARERNLNBANYTEN (primitive behavior) WU reflex kagn1snavANBINtITWIINNT
UnAvesaieazmie 9 1 knee jerk 1uN15¥91ULUU monosynaptic Aen1silieuiuTeIERLYad
Uszamuuula 87 uaninid euselaedlouuudf dudeunntunasdvunnlug T uasidunuy

polysynaptic aNalilAnN1LanIoanNiIangRnIsusIg 9

maAuUszamuaznsitensiadeyanielussuuuszam (tracts and Commissures)
maaulszam 3aUseam M"%'amil,%'amfaﬁwiwﬂa;uL%aéﬂizaﬂmimzwﬂszam
drunansaziduludnvazvesnsnunquiveaduleuszam viaisondmafunszualszam
(fiber bundle, tract or fasciculi ) agagwiulaty lwdunds azisenin aedull (column) Taen1aiu
Usramariiiewnasnainaues (descending) wu anaweslug) Uiy vie lodunds B
lateral corticospinal tract ¥iutifithA1ds (motor) a1navedludsdiusng 4 veesente duid
Uszamudoniniulszamundu (ascending) 1@ a7 Todunds Tdauesing o1t lateral

spinothalamic tract vihwiiilunsiheusdn (sensory) Asuidnunduludiaues aziiulainn
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v

PAUUTLENVNTULALVNAIILINAULUIRG (vertical) MNTNISNIAUINIINAUNTS bUTIDNAU

fal & (%

wils 3end Adaem (decussate) Snfunismaduvesiduszamanaazisonin uewmesaaaied
(motor decussation) dndunismaduvesiaussamuniuasiioninausesfdawdu (sensory
decussation) weniniifsiinsdeudesuviodsiiutoyavessruulsramamnanssznine@ndeiy
Fnvan Wunmsdeuseluwuivey Benipeudawed (commissures) andregradu pelaunaladu
(calpuscallosum) idumilouasnudonseninvaues@ndrefudna

ssiuldauesdinis deurefunatsdiurialunayndu lidnasduanavesasnd lodu
s aneslufianesios anmadeudevarsfiamsiiowilidnldinszuudssam Tdfunansedu
Afidnunzuansaiuanseuiiams Jaulanasenuisieiy é’qﬁ?ué’ﬂmuzLawwuaqwq@ﬂﬁmﬁﬁm
AevAUBIfoA LA IURsEAeRUlUR e (WU sVsin AuRsivesndmie wavmsideulmi
audunsau) IsEnsdin1sanfadUsamiuanaety wndinsyhanesyuuUsraminius
faudemeiussuuUsramundiufazdsmanenisyimtniinssiud sowuty fafussndudes

=% [l A o v é{ o o (3 d' o P 1
Hnayesdunvihhnguunyhauwmuiigadussamitgniangluiieanueg sen

msauqaﬁaaaﬁwwaeizuuﬂizmw (Symmetry of the Nervous System)
anwasiallvesssuulszamgnasslindeadsiunazauuinsiuisaesdn Auiulade
PN 2 1al | < . v = Y o &
Nanfe auadlvgfignuussanidudn (hemispheres) ¥3uazdne faudasdauauiInsveaNeng
40970 WANIFNNULUANATY LHUNTYY ALgNAIVANAITANBITNTIWILNTY wananilludiuves

Y] o U A MY v & A = 1% °
Auauadazlvdunds Alile dadudnAazlinuaunInsnIanIunIsyingIu

ASNINYIUVR9INUSZEM (Crossed Representation)
mMsmadulugsilsmsidmvesmaiulszamarwialsezunled 1dein "decussation”
iieeBuneAtmaiuUssayvidessuumaiuresduleuszamainsuniswesssuulszam (@vide
de) TugsBnsnunils iliauesinurvimiifiauaunisihausesieniedndisuarlunisndui
AN0ITNII8ILAIVANNITINNUYRITNMETNYN Tuvhuedfgiiunisiuauidnainnsdudaniiy
Sounsomnuduandiunissiurinvessreaneas luuszananaluanasug@nde somatosensory
MnmmEFanavilimsuimngleiinedanmiisanmedndis uansidinedanmussauesdn
TN ABANTILANIABIT] (contralateral)  nTeRuiiTesniunIsAIUANLBIMEIYBITIANNY
Hensetafe aussifos vhmihilunisuszauduius (coordination) AIUANNITNTIMN (postural)
way MImuauARIresndaie (muscle tone) luduiReafuusazdnvesavesiios Fondn

dwanmasea (ipsilateral)
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Auvtien1srIuaun1gluauas (Maps of the World Within the Brain)
luanesziduiinisauausemendaay aateiuuruilanfieyluauedlagssduius
Ausguvdinisnsiedeuln Jusendn vewwes leduAaga (motor homunculus) WWuigafiuiuw
A [y Y @ <) = v a o 3 1
Mvessruuiuauiannazdu wuweslaiuAiga (sensory homunculus) mniduasssaiumuln

o A 9

598 (temporal) azdunufiieiiunsiadu aussdludendiinea (occipital) agiunuiiigitoatu

Y

N135UANNIANATUNITHONIAY wWNUTLMELAZISENTT retinotopic is1zlANduTUSAUTng7LE

o

NGB T

"dozls Wusu

NAUIN15VRI52UUUSZE™ (development)

JEUUUTTAMSURAILINIAINE NS ENdT $25a90 (neural tube) AsufDTEATIAADLADY
=Y I3 Y A Ql' o o £ o9 va 9
1H80719ATIAUTEUIUA LA DUTEUUUTEAMA ATUANNITA N TSN AU T LY IT T N9 n VoY
Usgavuaznisainuderiudulssamitauysaldu (myelinated) vilvliidudsyamunibesndnanie
] Y a d{' [ 3 = [ ' d'
dwaliilinnisiedoulmvsauinluassdunsan wezazdnisiauivesssuvyszameasluizes 9luuig
ad a ) v gj 1 1 3 = o aa a
FomafuUszamazilssgzhaiuuinusiegluassduisaiauisengyssunn 20 U 30naau
Usgamisimundudiduusn Ae asdlaaluuea (corticospinal myelinated) asWmuiauysolly

YV IADIVIUBINVDIT I

NIINAILIYDITEUUUIZAMEIUNAN
Suannsthuladuriaves neural groove \Ju neural tube W&IRAILIAN neural tube
1Uu fore brain, mid brain wag hind brain ﬁ'ﬂgﬂﬁ 1-6
- fore brain %Lﬁﬁylm‘ﬁu telencephalon wag diencephalon ¥11l# telencephalon
wseyrelUilu aueslve) ¥3e cerebrum waz diencephalon awtasgyluilu aupsdu
thalamus ez hypothalamus
- mid brain agmnednisiadeluilu mesencephalon waz Wu mid brain auadv
- hind brain %Lﬁwﬂmlﬂu metencephalon Wag myelencephalon lay
metencephalon sz luiluauesdiu Pons uazcerebellum dau

myelencephalon g lUuauesdiu medullar oblongata
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Five secondary
brain vesicles

Three primary N c
Cerebrum
brain vesicles / -

Eye cup } L
—
Telencephalon 5 (7 \d Thalamus, /
N\

——r— Prosencephalon —< hypothalamus, ®
(Forebrain) Dioncephalon — ¥ and epithalamus

—— Mesencephalon ———e Mesencephalon —£ B —L 0]
(Midbrain)

< Pons
Metencephalon Cerebellum
Rhombencephalon —<
0 (Hindbrain) Myalancephalon e Medulla oblongata g
A — | v S -
Lateral view  Three- 10 four-week Five-woek Lateral view
embryo embryo

(@) (b)

U 1-6 Wunmmsuthauansddutuvesimunanedluassfuns dauddunnsiil 3 auisdunmii 5 fun: Betts
JG, Desaix P, Johnson E, Korol O, Kruse D, Ooe B et al. Anatomy and Physiology. Taxus, United Stage: Rice
university; 2017. Page 552.

madulavsenissenvesuengeu (axon) e imudminedeserdunisiauves luana
a Y I3 A aa ' . ~ ¢ & .
MegluveauvatuendiwadUssamn3enisunia guidance molecules (HosAUsznaufie netrins
. | ~ " ] ! ~ . a
way semaphorins) TutasusnaziLenveusanluuaeud19eey unagd guidance molecules %
wwziagasiunsdimsliuengeuasgludadimunelagniaegefiusz@nsnm feafioindu
a v o =i ° = & 12¢ =3
ALSUAUYBINTHAUINNTTUUUTTAMTAgyauduasedis mnuerzeulalulalifadmunefay
gnvianevsedevaangluluga fauwdinlasaiievesanssinunfuneun asisulnswmuinis
Muvendulszam wiluanesiivauiuiudazausausuasusousaelddwindoud

Winnzanlur9sezaLA kAT

szuuUseamaiulane (Peripheral Nervous System: PNS)

syuulsvamdiulang Usenouaie dudssaivanes 12 ¢ idudssamledunas 31 @
wag Yudsgam aslidulszamiteyawdnludessuudssamaiunans (afferent fibers) Vg
Aeafunsuausdn (sensory) wieAdieanainszuuUszamaiunans (efferent fivers) i
wihAenfusEuUdans (motor)

WuUsranurazidurnnlasuuiadu 1semnilnnsulniuressneniy azdanabiiide Ay
aunasevintssuuuaTAnuarsruumuaunnadeulmidulssamiduiulubes Tufiheus
15A WUlsALUIINU %5 Qﬂwﬁlﬁ%’uaﬁﬂw Wioganin Ninasenisvauvesssuulssamazyi
TWananudnuniiiaduls 3endn polyneuropathy Tunsdimand sniinfududssamitlui os

2ivzdIuUany 19 N
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o w ¢ a v
STUNVVDIAUDILAZAANSITILAEIUDY (Planes and Terms)
lunmsanwialassaiisasninfivessevuuszamdndudoadilassurunazArfneianig o

Mmgades ielidearslunamsumedulUluiiamadeniu duandugd 7 1-7 uay an9eil 12

Superior
Coronal

plane //f\

[ = \ Horizontal

Rostral <+—+— ‘*W & plane
N
\

)/ .~ Dorsal

| Transverse
\‘ planes

Caudal

Ventral

JUM 1-7 UanaflelulseuIuAe 9 n9n1uY19909au09@n1 TuluIngenas (midsagittal) wu3v19
(horizontal %38 transverse plane) WWIN19AIUUL (superior) N9AUNEN (ventral) wagianienouly
1997 (Rostral) M#AnN1991 ADUNINIIN (Caudal) AlTUDY 71u1: Chapter 1. Fundamentals of the

Nervous System. Clinical Neuroanatomy, 27" ed. 2013. Page 5.

A15199 1-2 AANIUNI952UUUSEM (Terms Used in Neuroanatomy)

AEw ANUABUATATLNALAES
Ventral, anterior N19AIUNLY On the front (belly) side
Dorsal, posterior NIAIUNAION the back side
Superior, cranial VN9AUUL On the top (skull) side
Inferior N1991Ua9 On the lower side
Caudal ARUlUN194 In the lowermost position (at the tail end)
Rostral ApUlUN19 On the forward side (at the nose end)
Medial wWlnauuanas Close to or toward the middle
Median 739Na74 In the middle, the mid plane (midsagittal)
Lateral #1919 Toward the side (away from the middle)
Ipsilateral FuLAEIiu On the same side
Contralateral FUNFITIU On the opposite side
Bilateral ﬁu’aaaaﬁm On both sides

fian: Faulasann Chapter 1. Fundamentals of the Nervous System. Clinical Neuroanatomy, 27" ed.

2013. Page 6.
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vuUszan

wadUszamlussuulsvamannsauuslimaneuuuluiideznaninisudmudnuas
Tssassvondutszamanansontsldiiu 3 Ussin dagud 1-8 il

1. Unipolar neuron fianwugiusenannwaauszamdufsiwdiuensenidu 2 au wu
NIV FuAW3An dorsal root ganglia

2. Bipolar neuron FdnwamduUszamoananfadTdewuvonTad axwulaluusin
retina, olfactory Wudu

3. multipolar neuron Hanwuziduy Mwaduasiiuvualsramieneananndiwadviaiy

Aenne sinnuluszuuyseamdiunans Wy aued lwdunde auastios Wusu

Dendrites

A8 D Axon hillock

Axon hillock

Cell body Axon

R

Unipolar neuron Bipolar neuren Multipolar neuron

Dendrites

U7 1-8 wansn1suussiiaveswadussaimnulasiasisvauyaduszamlneuvalailu 3 viia fe

unipolar, bipolar ikag multipolar 711: Snell RS. Clinical Neuroanatomy. 7th ed. Philadelphia,
PA: Lippincott Williams & Wilkins; 2010. Page 73.
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a4 vy :
wanuHudszamauUay

WuUszam 1 1du azUsznaulime nssauiumany ¢ nerve fiber Neoninanwaalseay
Weiage 138031 nerve bundle Wagnany 9 nerve bundle TaufuEENdT WuUsyan Auddideny

uUsramaulay og 3 Fu fagui 9

Nerve fibers

Endoneurium

Perineurium

Epineurium

'
P

SUN 19 uanadoandulszamadiuuangdiuiu 3 du fie Wevleuszain 1S8nd1 endoneurium LEe

v

Y4 nerve bundle 138131 perineurium wagid oV ULdUUTEAIMITENT epineurium M137: Snell RS.

q

Clinical Neuroanatomy. 7th ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2010. Page 147.

L?jaﬁ:uauamau?jaﬁ:ﬂ%ﬁuwﬁﬁ (meninges of the brain and spinal cord)
auaqLLazlmé’uwé’ﬂﬁLﬁaﬁmﬁmha support, protective Wag nourishment Lﬁaﬁmamamaﬂﬁu
FundaUszneudng 3 $u fie
1. Dura mater ﬁfuuaﬂqmﬂu membrane NukazLE a7 support @ued dura
mater wisoonidu 2 Fu
1.1 Endosteal layer Lﬁu%uuaﬂqmﬁmﬁUﬂzIwaﬂﬁswz
1.2 Meningeal layer %ulqu
74 2 $u aweginiu ualiusuimazueneanaintu dliAndulnsuanduiiogueden
#1 (venous sinus) mqmauﬁmaﬁ’uLﬁuLﬁaﬂﬁwﬁagjmauamzi%mﬁawlﬁ #1 meningeal layer 9%
Sounaziniluazgnysie mesothelium dauuiianidl cranial nerves 9oMININ base of skull Fu
dura ausdeuifu epineurium vouduUsza ety wazazluideusu pericranium fae AsIUS N

a o

foramen magnum dura azlU@naariu dura ¥4 spinal cord visllaziiunsdiuvestull azAniuuay
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duasluly canium i idudauiusingg vesaues uasvilianesoy AUl Idun falx cerebri,
tentorium cerebella, falx cerebella way diaphragma sellae

2. Arachnoid mater funans fi¥nwiez adnelousag

3. Pia mater dulugnfniiloauesasiulusosdngg vesauos

ﬁaﬁagimﬁasia dura mater 1380 epidural space il fat, vein Wy loose connective tissue
ﬁaﬂ‘ﬁlagjiwdw dura mater U arachnoid mater 138n11 subdural space U potential space Tu
azUnilifiezlsey ﬁa&ﬁa@jim’i’m arachnoid mater iU pia mater 138717 subarachnoid space

fumaeidgsauaiarlvdunds (Cerebrospinal Fluid: CSF) Uss98¢
NISWAILIVDITZUUUSZAM wazn15auleavasssuulssanm
ASNAILIEIUANG ¢ Vo952UU Uszam (Cellular Aspects of Neural Development)
FEUUUSEAMISNAMUINNINTY 10AlaLAN (ectodermal) vosseu wanasgluiduvie

& (neural tube) nasaNTLazRa U duFULUUAN YeamadUseay way lwadaquusyam

Juvasraanlszam (Layers of the Neural)
' o = & o a < & Yy a '
vienaonUsra1nvesiigoudzilatuty (Aegui 1-10) Tulugavesduminienia
ependymal 719g50U%04R5INA1YBIMRBAUTEAMIIUNATN (intermediate zone) LIARINNTUULH
VOIRNYAREIUNUT EIUTUNGY (pia) UAZVIUVDINIBUDNYINAIURELARTUN BN TAAUTZAIN

Tulwy nansdiimmud (U 1-108)

Mantle layer
(cellular: later
gray matter)

Boundary between
mantle and
marginal layers

Radial glia

e

Central
canal

T

Intermediate

zone Marginal layer

(cell processes:

Ependyma later white matter)
A B

SUN 1-10 waneantumnou Tun1swmuveialszam (WWunimdauinaienTaieususazaiu) A;

Y

Uuduneuludaduifvuinvesienaiive) B: Tussuneain A insvensvunaluauyiliitesnais
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ASINANVUINLANAS FunawsaduLLULAa (mantle zone) asiindulutuuengauasnangluiluile
aueddv (gray matter) uvusvaswaaTdunanslenmuudasinisaiadenunanysalziu
duanesdv1) (white matter) 931: Chapter 2. Development and Cellular Constituents of the

Nervous System. Clinical Neuroanatomy, 27" ed, 2013. Page 8.

nsUFuWABUsUMmasnsUSuAuaivanzauvesszuuUstam (Differentiation and
Migration)

wadUszamitvualvgfianuasnsigiundudfuusnfonomedivad dueaduszam
Suarudandueadusramuniadn awiaimunweseade qulsramiianun (glia cells) 9
WSy wadusramiiAetualnlaziinsnszngludnaueaduszamiiiaturey
wiil lowad elial Lf\]%ﬁyfﬁumww/ﬁﬁﬁ’lﬁLﬁuﬂ%ﬁ’]ﬁﬁ%’wmim%wﬂaﬂ@@ﬂ‘ﬂ@\‘iLL@ﬂ"?JE]ﬁVLUEQJ’QLﬂWMM’lEJ
vougadUszamiigndes sgnssentesuengeavesasindurasfifinnedoudefivensad
Uszam Tuauesvesdlungnissenvesuenvoaszduuvuldannnitsenuuunss q waduszaind
Siyduilmiaznedouirvanduiidniigniuluegiuiituiignveaddonauss 9y waduszam

LaN 9 V99 @NDY Liummuuaumaaumwlﬂm UNURILaZTUANAINEIAU LaunIzuIunITiaz

LﬁWUUE]EJING]I@L‘Ll@ﬂL‘U‘LlL’Jﬁ']‘VTﬁ']EJL@E]u(fﬂﬁm’s?ﬁﬂqiﬂaﬂﬂ

waaUszam (Neurons)
waaUsEamMIdaUuanA i UNLInLaEN159uT Aregraay Tuduunsyavesaues
i a a o . I3 L. =g I3
tfosiduiiegvouvadvunidnuaidnadsavuinlnginin nucleoli vesiead Purkinje duluuead
wnvgy Wwaduszamvesamesinazlivunalugningasuszamsuauian wanuszamid
wywaUszame (1Wu Ynuszan wise dorsal root ganglion) Svwaluginiwaduszavmnduvusdu

Flaguit 1-11 uag 1-12
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Receptive zone Transmission Terminal zone

(axon) P
1 @ *e
2 @
@®
A
® ly
|
@, /)
Preganglionic Postganglionic !
B cell cells

U7 1-11 anamidurinveneaduszam A wadUszamluszuuuszaimaiunans (1) lwad
Ussameudduaudluganduniolasnse (2) waduszamiuaudinfiaviay (3) wadUssamiy
ArwdEn Mlvainia B: wadUszamdmluiAnasludnduioifou anfulddn dumimesead
U59a1MuarAl1ue13v8bengeadrdanuwanaafuly 7un; Chapter 2. Development and

Cellular Constituents of the Nervous System. Clinical Neuroanatomy, 27" ed, 2013. Page 8.

Dendrites
/ R Axon from
another
\ neuron
Nissl bodies
L (O) ™ Synapse
Perikaryon

Initial segment of axon —-+, Axon hillock

Oligodendrocyte — Myelin sheath
: # Collateral
= Axon axonal

branch

Node of Ranvier —| Central nervous system

| Peripheral nervous system

@
‘\ Schwann cell

/ Collateral branch
—_—
~

7 1\
U

o =
,J Motor end-plates

JUT 1-12 anguilunmananisenans Nissl veswaduszameus (motor neuron) Beludaulu
JpUU Useamaiunanavzgnainaleg oligodendrocytes wag Tuszuu Uszavdindangazainemin
WA Schwann MNgwndiuaNaIunsaweNseiuna1uiile (motor end plates) vivedsdyayos

UsgamannwadUszamildindadle  gnesiiiiulunimuansiiamsvasnisiinssualsyainiuuy
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dulszam fian: Chapter 2. Development and Cellular Constituents of the Nervous System.

Clinical Neuroanatomy, 27™" ed, 2013. Page 8.

Maiiuvendulszamatndenanesludslvdunaslunsnasiinnueiuseann 2 wa
mnduglngasenuind 4 We udvnaduresdussamasiiszesniefidu wWu madeules
serhaeadUszamiiinunadndumadussamluiiuiifentuasSenindunesihseu (intemeuron)
Tnoiavnziwadoglulvdunds

wadUsramuvusiituoeninandusad Aouenweu (axon) waglaulad (dendrites) lng
waduszamazdifvanenveufsiuaziunsusiionigauazluuanuuusiivinglnaaindawad
Usgan vmihillumniimdseenandusadludaaeussam assudananeuszamilunnuu
9zi38n71 FuwuuRn wesiuea v3e lulawdu (synaptic terminal or borization) uadnduinulas
wiivariduuaniuussous Fugadedne q dulsl vvhilunisihdoyadddusad fediead
Uszaminanedossil laun (soma) WWeSmeeu (perikayon) faigadusyam (Cell Bodies) w3o

17594 (neuron)

fawaausean (Cell Bodies)
& <, ¢ o I3 a
WwaaUseaMduAUINANNITNINAIYDINITUAZENTNUGNIINVDIYaaUTzam Q3UN 1-11
zuleNvUIALALsTAYRwadUTEAMATEANANAULAaaUSTamD o uissdutiasilaLiaU
AU USUNaUSINYDITEUUUSZAW
3 . r.:l' L% 3 U o ) 3
WAAUTTEN AT VUINDE (dendrites) NN52AYIBUMILLAAUTLEINILTUANIAINLYAR
Uszamdu 9 visesukvusvewaaAqulszam (glial cells) vilvidwaduszamgnaseungume

WYLAWAIY Aagun 1-13
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gﬂ‘ﬁ 1-13 fmﬂg‘dLﬂumwmﬂﬂé’aﬁLé‘ﬂmauuamdawaqLezjaa‘ﬂizmw (CB) AoUTOUMBUIUIVD
GutssamyinliuivensadUszamgnunaguiesis synaptic vesmadussamau 1 (S) vidoutus
991988 glial WU 9 I1NNAY WYL myelinated axon (M). CB = @waduszan; N=
HAdsd x 5000 pm iy Chapter 2. Development and Cellular Constituents of the Nervous

System. Clinical Neuroanatomy, 27" ed, 2013. Page 9.

wulas (dendrites)
¢ & 3 A Y & o v o o w A v
wulasidunrusveawadUszamngusenunaindagas vimtilunsiidwsedeya
nagoulugUvesdyaalniiungs cell body (huthfiedeian 91nd) Snduusdus F1uu
1N Fenduesltasinalig (dendritic spines) 37 1-14 Waliniunidudalvinnduvilvsudeya
Iy Wesudeyartiunudineuszdwiadayaludi cell body azfnnsesmdsiiiinuninages

Y Yy
(Y

Aoludiiueadudold Tnslusfufidedn Indlslulusy (polyribosome or Nissl body) Wit uagfu

Y

[ |

ANULSIVBIFY I UAI871T threshold ni3eluluiwaduszamilifl dendrite AzSuteyalagns
14 cell body Jagdunrusgesvannulainsamulasfnauislisuanuauladuedraunnlungu
ﬁfﬂ%ﬁ“faLWﬁwgﬂﬁ'wwaamms}awmmuim%ﬁ%m%waﬁiammLLiwaﬂﬁﬁgfgmﬂiza’mﬁlﬁ%’u UINUYDA
Uanganvesivusgesveanulaiiivunadnazanuaudygassamidianldlifvinfuuinaes
Uaneuvusgoaiaulasiidvualng wasurwgesvaanuladandunuulauninaiunsausuaeu
Ul neauantRfiuiusgesvesmilasfiannsauiuasuldasili isduassadeudedeya
dieflazihlugnszuiumaFouduaranud msvsudsuiiAntueasiatuldnendsnslas
unduresszuuUszamuazenathlugnsivasuutainisyinauvesssuuUszainmdsanlesu

vinduldiguiy Wy ensvingesmaainisuiniurendulszam (UA 1-15)

enasiaeuTein 68321260 Uszamniednamans dimsunmenimintn laee191sduayy @iy Fundamentals of the nervous system and the nervous tissues 19



JUN 1-14 Aslduazuugosvonaulag (dendritic spines) eguunald dvwman = 10 lulasuns

Y

ETRE Chapter 2. Development and Cellular Constituents of the Nervous System. Clinical

Neuroanatomy, 27" ed, 2013. Page 10.

A

5U7 1-15 Mnamdulilasnsuansueusgesvannulasveswaduszamlvdundsdiundsosu anmy
Unf (A) wazanvyfilasuuindurendulszam (B) vunewes Snuiuiiiniuvewvingesnulad uwas
JUT9 uansnsiuveadulseam ung = 10 lulaswns 7in0: Chapter 2. Development and Cellular
Constituents of the Nervous System. Clinical Neuroanatomy, 27 ed, 2013. Page 10.
wanwau (axon)
= v dl Y s | A a = l = s
wongouluduyszamnoenandigaduszamailng i wvusagirenilivad

Uszam uenvauijustamsenszuenunaquaneiuiusulazienlolauin (axolemma) lAs9319v89
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wangauUsenaunledalsilanuy (neurofilaments) uazlulasyya (microtubules) naeAAINLET7
voswonwou Taglilasyya fvthilumsihddslinad lanaemzdmiulszamdnisie law
a8y (Kinesin molecule) aglufuiugafiussgansdeusyain (synaptic vesicle) wazihdss s
\Aeufives adenosine triphosphate (ATP) -consuming iﬂmmiﬂﬂimvya
wongeudulassasfiauiithimdeenandiwadusranmmiothdsdyaalnianuen
goudiuduiiazeanindaeaduszam (axon hillock) lUgtdudasveauensen  Taemseiaed
AruLANAINTIR e Usramarkoneu fo xiuenluauiiivesedluieuloosudoutns
mnLmuqﬁaLﬂumuﬁLémé’uﬁﬂzﬁmﬁwﬁlﬂuw%ﬂmaﬂw (trigger zone) fawduganilnvesdeyeyo
Usgannluguuuuveweatulnmnuiiien (action potential) wdddasalunumnuenIvesuensou uas
uAuanfidutatevasiongau (axon terminal, bouton) U3t axon hillock a¢lalflansitedaiya
duuau (Nissl substance) 910 axon hillock Waufsdmdaieveswenteu ilsusiadie q sUnsie
(cone shaped) wonwouaziiaugNMAIBILIAT UMW ATvunndy WuLenveuvasBumes
fn30u (interneuron) duuanseufifivuine 1wy dussamitoonanludundsluding e
uazrunve iU AU naTesuengauarivuiafiuandstusenly Fudaus 0.1 lalaswns T

una 20 lulAswng

Tuddu (myelin)
wengauuLduazgnUneauetaludd eludduuseneumetuludunate 9 tu lnglu

spuulsravaiulane ludauazgnadieninvinuead (Schwann cells) ) lusyuudsgamn daunan

a

asranledlnaulaslest (olisodendrocytes) Fadurilandsvonwad glial (3Ufl 1-16 , 1-17 , 1-18
way 1-19) Yaenludduwuseoniludiu o uwiavdiwenuseanu 1 dadwnes wavivesinemliileddu

AULAaZAIUTUINEIUSEUN 1 TulASIuAS 158071 Truaeansuile (node of Ranvier) ke luwan

Ly

aa & Ay aAa v oA W aa . A v aa
waunflvundnagluiiludduiy Sendnduludduuawn (unmyelinated) WWeviuludaudauauy

q

3)

¥

Duawulihdslianunsahdanszualihvsedygadszamle duudulszamniibeiuludau
vmtilunsifiuauswesnsiinszualszamluvuwenaay WsznseualsEamazgnin
wuunselan (salutatory conduction) anluuneeisulsnidsludednlnunseniswiends 1Ju

wsnaddulszamniiboludauwiuinhnszuaUszamlmsinindulssamiliiieluudauiy
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Dendrite

Nucleus

Axondendritic

junction

Myelin sheaths

\

1//

gﬂ‘ﬁ 1-16 MngUdunwaudifvensadusyam wulas (dendrites) (1) \Wuurusiupnesnannivad
Uszam filagluswaduszamaziiuedea (3) drusuveenveuiisusenandiwaduszam (2)
wideudeszninaengeuiuiaules 3onin uenlataulasin (Axodendritio) (4) gaidourasyning
wenwauiufwadUszam Sonituenlaleaniin (axosomatic) (5) Weludauiivuduuszam (6) o
WNUATUAHEVBILONTBY Tin: FnuUasann Chapter 2. Development and Cellular Constituents

of the Nervous System. Clinical Neuroanatomy, 27" ed, 2013. Page 10.

Schwann cell nucleus

Schwann cell nucleus
A

Mesaxon

B Inner mesaxon Outer mesaxon
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4

JUN 1-17 A lussuudszamaiudanguengeun lidludauia (unmyelinated) ag3nesitag el

9

Y Y dl

Jodlurnuwad B: iduUssamnilludduiu (myelinated) azgniusigideludiunasiannyinuead
a5 19ludAunvinsauLeNTaULUUEEY 3NN 1-4 LanilunauveIn1sasuteludsd Mdu Yseam
dauuany 91 u1: Chapter 2. Development and Cellular Constituents of the Nervous System.

Clinical Neuroanatomy, 27" ed, 2013. Page 11.

U7 1-18 Mnguillunmannndesdidnnseu uansduveuenveudiiiieviuludau (myelinated) (M)
uar uenweuiilifieludaudu (unmyelinated) (U) Tussuuyszamaraeiiviumad (S) 4
douseuiduszavmiady vieegseuq dulstamilufiludduvivats 9 & uiawenvou x
6,000. Fiun: Chapter 2. Development and Cellular Constituents of the Nervous System. Clinical

Neuroanatomy, 27" ed, 2013. Page 12.
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SUR 1-19 angUuanadsledlniulasles (olisodendrocytes) luszuuussamarunanaivimehil
afadoriludau Tedlninulaseddufeairaderiludaulienseulsvanu 2-50 1 wagnelule
alniulasles dlalananaduiisadndes  (Cytoplasm: Cyt) ledlninulasledavdauvusluiudy
indenseunenevlugiuuuludau viliinsdendefussninadulssamiuiieadues Todlnunu
Toslad FufudnmmranilsiazesureldindefinsuinivuesdulssamlussuuUsamaiunasds
wrlvinsadsluiisautuaniml remyelinationl@lsiress Snvisssmininszinzvedludauusrazey
gnudelmunoevisudefveuensouiinisduiasumeuentaedlaifieludauiy (€5) (&)  #an:
Chapter 2. Development and Cellular Constituents of the Nervous System. Clinical

Neuroanatomy, 27" ed, 2013. Page 13.
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U 1-20 anguifiunimanndesdidnnseu wansidledlniaulaslest (OL) Tulvdundadals 2 @i
Tudauiiu (myelinated)(A1 , A2 ) x 6600. 91N nuengaulu Al wanslnedenegs ssiviuluday
Ju indervesumiusuegseu 9 wenweu dwvedlalamaratuvedlodlnmilaslodaziu senuniile
a$adeludau Jeilrlusaudnnusuniuliih wavduauuliiiseunentou x 16,000, fiun:
Chapter 2. Development and Cellular Constituents of the Nervous System. Clinical

Neuroanatomy, 27" ed, 2013. Page 14.

nsvudenglunenwau (Axonal Transport)
uenmlloannsindyaausra i lunuAILeITOIMINTOULAT NTEUIUNITUUES
dyaalszamanduead lUdusnauengaudiulate (synaptic terminal) luguuuunisiinssua
Uszanlului annafe1fe9nannAeaa L3 80110159 Ud WUULeaulnelsiny (anterograde
transport) Tuwengouazdlusiudidelsluley (ibosome) daulusiufigndansieyid uulsiay
\ndeudeluaglunenvou nsvudseslunengeudmuuanaei T sUSInauare i Ussnauves
nsiad oude Serilianusalunistinssuaussanmldvingy wWunisvudawuuieulnginy
anterograde (Jululasgnesinsa (lans 400 Saduns / Ju) n3e%1 (Wsvanu 1 Dadwas / Tu) s
yuawuUsnsian (retrograde transport) audsegasImiaiiint uluuengeudunsznisvau
yasllas(microtubules) inszseglulalamaraduvesvaduszam
NTUIALILTBIMBNTOUDINAAIINNITYNAANTONIINATIU AMendianlasuuiniduveuen
gou WwadUszamazmevausdlasnsteudoyandy vieiendt uenveuiuendu vie Tasulnlada
(chromatolysis) netialunendsnisuinduveuengeunislussuulszamdintaivanunsasen

Tnileegnasiasa Tuvueiszuulszamaiunatstvunldunazsonlnglale
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a;m%amiaﬂizmw wsan15dsduaur1auUszam (synapses)
N13d970YaTENIN YA UTEAIMABANATIUTIUTUAUUY (synapses) Aeduuiimudiu
‘UaﬂEJ‘UENLL@ﬂ%BUﬁWMﬁﬂﬁﬁﬂsﬁayjamﬂLsﬁaﬁﬂiza’mﬁ’JLLiﬂ (presynaptic side) TUgssunussuves
wadUsvamilvhveinii Sudeya (postsynaptic side) (5U 1-20) Tasnszurunisiinduidany
FudounsaUsinBuduuy (synapse) WiouSaudousovesduduuy (synaptic junction) Aeszylily
an919ft 1-3 nsasdaaUszamainuenseuludruniivesuUszamaulad S wenly
wulasan (axodendritic) fa3Ufl 1-20 3oenvaziTeusiosyninauenveuiuLILI BBvDsIAUlAS
(dendritic spine) ﬁlﬁ%aéaﬂmﬁ%Lﬂumsﬁiqé’ﬁymmﬂiza’mLLUUﬂizéju (excitatory) dunsidouse
sewiwengauiuiuaduszanmidenin wenleleunfin (axosomatic) Fasnavindsdaaalszam
wuududs daumsideusedniianilsiie madeuseszninuenveutuuenveudenin wenleuenls
fin (axoaxonic) Madeusonssuinmldnlnajazgnnssdulitinimdsasdeussamaninaduuuy
fin Lonweu (postsynaptic axon) azﬁ?ﬂuﬁaL%aa‘ﬂizamﬁ%’usﬁayjaa3ﬁmﬁ%’uﬁaaﬂammmﬂma 9

fiavne viliideyaduiuy q deyadadunluiuvaduszamlunanieniu degui 1-22

\

k-
G

Mitochondria

5
g$ Vesicles
/
Presynaptic
/ membrane
PV VN

A~ \

\ Postsynaptic

Synaptic membrane

cleft

JUT 1-21 9nguidunimmang usnadulasresengeuiiinisileusdeu waduszamsadu 7
USINEINUAN8YDILENYBUALIIUTIRANTABUTEEM LTUNINTULLURANLIATAR (synaptic vesicle)
laiAGoufIINeg USIIngALLNUTY (cell membrane) 91ntuIzUdesasaoUsTamMoRNIgIUsIM
a ' a a . % A & v v v o A

3971 FuwuuRniasy (synaptic cleft) udasdoUszamiariuazluduiumsunanzianzaangg
USUNsenIT Swuned (receptor) MSIUTIMINATULUURANLUNLUTUY (postsynaptic membrane)
1 11 Chapter 2. Development and Cellular Constituents of the Nervous System. Clinical

Neuroanatomy, 27" ed, 2013. Page 15.
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a9t 1-3 Types of Synapses in the CNS.

Presynaptic Postsynaptic
Function
Element Element

Axon terminal Dendrite ﬂisﬁu (Usually excitatory)

[
LYY

Axon terminal Cell body gugl (Usually inhibitory)

Axon terminal Axon terminal  Safausnanaaddausn (Presynaptic inhibition (modulates
transmitter release in postsynaptic axon)

Dendrite Dendrite L%amﬁagamwwmu (Local interactions (may be excitatory
or inhibitory) in axonless neurons, e.g., in retina)

17: FanUasann Chapter 2. Development and Cellular Constituents of the Nervous System.

Clinical Neuroanatomy, 27™ ed, 2013. Page 12.

Postsynaptic
cell

» Dendritic spine
Y
- Axodendritic

Dendrite

Axodendritic

a |

Soma

@ N Axosomatic

Axon

Axo-axonal

SUT 1-22 Lan9f s iiani1siinunaseninawangaununulag 15891 wanlawnulasin (Axodendritic)

U

oM adeNsosznINLongaUiuLILSERsvaaulas (dendritic spine) d@ulugiaziimdsneniu

[ 1

N13NIEAU dusutsmaeusoseninsengeuiuwadUssamlinensusonitwanlalyuisin

(Axosomatic) @ulnegasdIaUszamMuuuiugs  NSIReNADIZHINLENTIUAULDNYOU 158N

wenlauanlauea (Axoaxonal) dnvzfinuiiiallitivesduiuuyiviinsusudsunisidalnvesns
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UssyansdeUszameaniuduwadussameasioly Mun: Chapter 2. Development and Cellular

Constituents of the Nervous System. Clinical Neuroanatomy, 27" ed, 2013. Page 15.

a a

iU Tasd g alTEaImMAsIUs nuduLuuRnmesiuea (synaptic terminal) 9%

[

YT BINUNSVUAIETATTENINWTAE MINNTNSAsduNUSTa MAINNwaanielugd niwaanils

A7)

Inensasenindidnfineaduuuy (electrical synapse or jap junctions) wan1sasdeuaIUsyamwuy

Uarlngjagnuludainlaifinsegnlodunds (invertebrate nervous system) waiagnuladiutasly

seuulsvamaiunalsvesdniniinsegnlvdunds ludnindnsezgnludundinmsdedayyrndszaim

Y

drlngazlunuuiniineaduuuu (chemical synapses) aUsHadILUA180MONTOUILTIUTIT

d1980Usz@1 (synaptic vesicles) M11an11a1z39n @158 oUsra MRl s nwugd N uanm 197y

1

ponlUveINTasdyQIUTZAM ATZUIUNTVUAIE Y IUUTZAMLUULATADATULLUIZLINAIN
FukuUANIETAagNUNNIUTRAE a8 YRLBNTBURAILIN (presynaptic membrane)

Magud 1-22 namtesiuwuuinuadidaniansdeuszamusseglugadnagdidludnil (small packet

Y o

A o = ¢ a ) a .
or quanta) Lelin1snszAudygiauszamalnailsgdauiaueatuluvuiiva (depolarized up to

]
action potential) anfsd@iulatsvesuongeu lusugiAvinuazinisivavesaa @sudulans
v a4 o Y a a Y a a . .
wangaunIY eV liiAnnszuIunsWoalns aguesduluUTU (phosphorylation of synapsins:
nsrvuMsaalusAuguLLugy) lUshuguiuuguagyimiidniiegaussgansdeussamianiy
LEATIOAINTEA LT WRIFINTIUTRMEaRuUTMUAeLaNYY LatUdegalsdausan
gaNNBgUTNATULLUANATU UShusesiausavaueaysyamdsdyyinussanuuuiaineady

LUUAZHAIUMAINYA8Y090IUTTYANTaRUSETE M TUNT Az AaN TR 01l ansdeuszamu

(%
v v Y 1

gipazvhuthidudansziu usivimihndugs dregansdeussam azdflaau (acetylcholine)

< = a . ° v a v = N !
unildluwanalaaniiu (catecholamines: ¥iwmiin#insedu) gaussgansdedssamilnsvunivguas
1N U19ga9din1unuIn UegeRsUe Qenfidnvaziul o a3UsIgansdeUsamyuenduds usi
Jugenflvwelnguaznunazussgansdelszamussianuanilaaniu
- Y o a | v A a =
wanmflannsuasansdsuszainainusnadinuatsvesenseuludguuuinasun

o o

991FENITYNUVDILARLT LAY TIN5 Id15EUsEaMANNUatsnanaaulagliudadlduse

S

[

Jusgiunaadonutaztuegifuluianaidesnisuuds (transporter molecule) msauTRMBULLURAA
wn3U TuBonaussuaraussdosiinsrunguuessadussamilvhminiiede q fu vinlmaadudu
yany 9 fusaufudeniandiun (ayer to form laminas) dunssuiaturesnguuessadUsyami
Fmidiedne q fululedunds fMuaues wavudwresdiuady avdeniiiuaiea (nucleus or
nuclei) Tuigad Uszamusiaziivedinisdwenyeusanun (projection neuron) vt tnA&sa1ne"
wadUszamlunuueneou druvesduinesiiseu (intemeurons) 9¢8l Aeglusvuuyszadiunansi

nihTsualiounindgerulszantini (relays) Aeunazdsne Tussuuuszamaiuvaienis
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ufvenguilaeded 1uluuszam3anitunaunde (sanglia) nquuadadUssamiisusiiiugy

RN UNNBUMEMIAAUNARIINNTTINAINUTBengaunslunguisenI1tuda (bundles)

WRISWTL & T - \
N VT N

- 3 X o ] » - “

/}: ol 0 a2

i 1
v Y A

wndunssunguivvesiengeunidyadwiuiiiertuluduanfiiiesiuaziioniiunse (tracts or

9

fascicul) Tuladundmany o unspansiuiusenin aaeaui wie WullAaa (columns or funiculi)
TuanoauunIAvzsunItaulasd (lemniscus) LAlUuNNUNvoaLDIRzdziinISITauADYOLeN
gouluduaulasilivenveulilunuiianisesuengeulunquineiiuvilieniaguenddaani

[

lumilsdslmZeniededeiialsia (neuropil) Fgudl 1-23
Ul 1-23 wamsamanndedlalasaley vihliiunguuesdulouszamedseu 9 egsousivad
Uszamlagagifiunmuenausiiwaduszamidudvnoginduboniduedes  duveadulediiu
50U 9 FuwadfiAnnnisidendesyninwengeutuinulagSenindalsiia ( neuropil ) = x 800 fiun:
Chapter 2. Development and Cellular Constituents of the Nervous System. Clinical
Neuroanatomy, 27" ed, 2013. Page 15.
infelwad vidaiwadanquuszam (Neuroglia)
ThlsindevdeiFeniundewadlussulsramaziidnunnniusaduszam  luaueduas
dulsvamiludundsuszana 10 wh indewadmadldldimhlunshnssuadszam uwillunum
Tunsasadoriuduvszam mstihiiamdidulszamenivlugisiifimsfuumesssuulssam
vt fisnwnnududuvesssiuluumadendiegmeusnivad wagyihmthilunsiietasde
Ussanmiltudnduiinguwaduszam indowadudslfiduassansviavan o Aelilasinde uazuun

1Astnae (macroglia and microglia) #1519 1-4
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mswﬁ 1-4 Glial Cell Type by location and basic function

CNS glia PNS Glia Basic function
Astrocyte Satellite cell ﬁ’lﬁ;a %39 support (Support)
Oligodendrocyte | Schwann cell auuAuANNSoU LLaza%fNL?J'aﬁmﬁuﬂszam (Insulation

and myelination)

Microglia - Judugavibilanuaseguazyiatedsaniaoy

(Immune surveillance and phagocytosis)

Ependymal cell | - a5 vaenssaupILaylvduna (creating CSF)

‘1'71'm: AMLUaINn Betts JG, Desaix P, Jhnson E, Korol O, Kruse D, Ooe B et al. Anatomy and Physiology.
Taxus, United Stage: Rice university; 2017. Page 515.
wualasinie (Macroglia)

wialasinde vianeds wealslesd (astrocytes) uaglodlnaulaslad (oligodendrocytes) 3
wadidenssynnntusalaulugaeiiluduuile (ectoderm) aziwithiliendesiuniseen

Tmlvsadudsean

uadlaslun (astrocytes)

Ay o

wealaleddnlngnidndniaesviinpie WUslanaaila (protoplasmic) wag lda (fibrous)
TWslananadauoalslodduruigosrauiusasuasdnnuludruiedimivesauss diuveslnia
wealaledas dulndatuusliwozflodouiulusianaradauealaledineluwauasiindsluusa
Huesduszneu urusvesnealaledazeanandiwadiifvuiadnluyniianasey o fuwad uay
wrusfivenunvgdousousruulnaisudonresszuuUszamuazaseuaauluaufviauenvosanes
wazlvdundausegmeldduietuaesiitoinie (pia matter)
woalplasiinnudemqulnsaivvoniodoussamuassminiilutefiinswamuives
ssuulsrampeliouiaouadfidsdfiasimaddfumsasaiulnvesuengeu wazyhminily
mMssnwaunadvessziuliuandenlessuieg neusnivaduesasuar lvdunddliiianuimuzan
wonniuealaleddwhnihiiieafunsvudsansieUssanm msvane o sesidousessninugad
Uszamaziimadoudetuwvusessedalaled vliinasenisihaisdeuszamildudvieasde
Uszamilalldldnduidngivad uealnluddsiinmadonsetudiuvoneulnsiidoaead (endothelial
cells) TuszuuUsramarunatauassuduiwaduszamuuulnd §adu (tight junctions) vl du

guassasian1svudsansnivuinlngseninavaendonunines (capillary epithelium) lugaszuy

Uszam JuSsulaiiousnnansreudsriuansnig o seninsssuuluanisudennuiwadussannionin
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USLUIULUSLe8 (blood-brain-barrier) Yilifinisidenansiiazsitudeenludusadusyanidie il
ALY ZELYDIANTNLINRDUADAITVINUTDITEUUUTZEW
TudlaguuldFuins@nunendansldduuinduresssu uussamaiunarsasnuiing
sonlmivenduszamdululdaeudrien Wewnnnlugisifinsuinduusumeswealnledae
fimuteenuAouituseraunAguiiamsidulsramilazsenaenuvistasinlinisdoudedud,
aldndosazifiurueveuealaledlddnan mmnzaeluiealnledaziiusiuanzie indelvuians
058 (Glial Fibrillary Acidic Protein: GFAP) lunsdififunisuniiuisess (chronic injury) avinli
fnsesgreaealaludasudreuinawyilminnisiuduluvs olduwnaduvesuvuaiealnlyd

a ] a = a ¢ .. . . Y o 8§ Yo ' o
Sunilnualedansenduanis (gliosis or glia scaring) waavilidavIen1ssontmivesduuszam

U 1-24 uandlulasnswl wanswealslednelunesuesyuwiuni (A) wazneluasesvesiiioi
duladnfiuSesweiisoounaduliiviuiaou  (8) wasuealalaingluaueswefielsavasnidon
auas ( Q) nuNewe yuaveealalsiitvunlnalasmuntuainnisil glia scaring (A-C) Un$ = 10
Tilpsiuns fiun: Chapter 2. Development and Cellular Constituents of the Nervous System.

Clinical Neuroanatomy, 27" ed, 2013.

Todlnaulaslan (oligodendrocytes)

Toalnelasled aznuldluiloanesdvnvesssuutsvamaiunans TnsasBuurudlulou
souduvatantoukazaziudvededlnnulasndslalanaiadu(olicodendroslia cytoplasm)
Futuuenveuliioasradevuuenvewiliuinuiigniusmedeiusnanliausainssualszam
Ifinszdauantfiduawnliiy fafunssuadszamisansonselanduusudnaiils
uenaniledlnnulaslefduwhmifiAsfunism uisaduszamisluduanimundounaziu
ansomsvesssuulszam Tuledlninulasledudsiaunsafiavduvusiulovsou ldvaieq weon
gourieairadevuluday (Uszanamnnndt 30-40 uenwey) gsuil 1-19 wag 1-20 Tuszuudszanm
duvanedoriludauszgnainsnnusaduazusarynuead ssaiadeludauliliuduongou

a (% ;J/ 14 d' aa 1 (% Yo @ =2 2/ Y !
L@EJ’NN‘U‘Ufﬁiﬁi’]\‘iLEJEJbLQJ@aquiSUU‘Uigﬁ'WIﬁ’JU‘Ua’]EJﬂ’]EJ'M@QI@ITU‘U']@Lﬁ]U‘ﬂQﬁi']\‘il@ﬁ']EJﬂ’lﬂUi%U‘U

Yszamdiunang
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1°! Canadian ed. OpenStax college: Canada; 2013. Page 660.
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{ Temporal Frontal Woddie vemeoral sulcus

¥ lobe lobe

Inferior temporal gyrus
| Parietal f Occipital
! lobe

JUN 1 uanedud19vedanegngensyysed segyuYeaNes fun: (Waxman, 2013.)

Lobes and surface of the cerebral hemisphere usiag hemisphere 3¢ilii8g 3 AU Ao

1. Lateral or superolateral surface

2. Medial surface 'e)ngLLuUﬁ'U falx cerebri

3. Inferior surface 'n\‘lag.juu floor of cranial cavity

1. Lateral or superolateral surface \Juauusznavaulua/ves cerebral hemisphere i
Snwairyu f90sEni3ontn lateral (sylvian) fissure wagdisoadiu q S1uausnifievminfiugs cerebral
hemisphere saniJu lobe waz gyri sina 4 fil

Lateral fissure 13 Uf191n9N196 14 inferior surface AU optic chiasma N19A1U%U" lateral
fissure horizontal, anterior ascending Wag posterior rami @3UWa4 anterior horizontal Wag anterior
ascending rami §uTulunua frontal lobe @auans (inferior frontal gyrus) eonidu pars orbitalis o
niga  pars triagularis 9¢ATINATY Uag pars opercularis 8YNAIAA @IU posterior ramus SPRRIRY
mashuvdalagegjszning frontal temporal lobes Aouudisiolumeiundstsegsening parietal uag
temporal lobes ﬁ\‘lLLamﬂugﬂﬁ 1

Central sulcus (fissure of Rolando) Bufunssuinnseanm 1 au. ndwognRnalsuesueuuy
93 hemisphere u&ivasandludumtinvhyuUszann 70 s furauuuves hemisphere wazdugnadi

usalng 9 AU posterior ramus 984 lateral fissure (laisiafu lateral fissure) central sulcus aglen



frontal tag parietal lobes #ana1nAU central sulcus tag lateral fissure auidusedi dsunianadi
dausesdu q 7 dorsolateral surface fiumiafiogliuiuou unndrsiululuaueswesusazau e
mmﬁuamﬁﬁaﬂmizmw preoccipital notch #i inferior border U8 parietooccipital sulcus flvay
UUYDY hemisphere aglen occipital lobe 88n917 cerebral hemisphere 16 occipital lobe 2%l
Fnwazifusarumdvufiveneg? occipital pole f1a1niduainUatsgaues lateral fissure Tugagn
Anansvenduitannideusening preoccipital notch AU parieto-occipital sulcus duiazuen parietal
lobe 88n31n temporal lobe dloneeu superolateral surface ﬁmmimwﬂ lobes vpsauBIDRN T
frontal, parietal wag temporal lobe ladniau ﬁ'ummiugﬂﬁ 1

Frontal lobes fiaauus frontal lobe oantlu gyri 6ing 9 il precentral sulcus AzagntuaL
Ui central sulcus  Uszneuldy veuluanesumniin wes anterior central gyrus (precentral
gyrus) superior way inferior frontal sulci Favuulufurauuuves frontal lobes U3 frontal lobe
panlu superior, middle &g inferior frontal gyri, inferior frontal gyrus QﬂLLUQaaﬂL“fJu pars obicularis,
pars triangularis W@y pars opercularis A8 anterior horizontal wag anterior ascending rami 84
lateral fissure AIUAINU Iuamaﬁ’m%’mﬁgﬂ pars triangularis Wag pars opercularis Uy motor speech
area (Broca’s area #1598 Brodmann area 44,45)

Parietal lobe il postcentral sulcus Fawuulfiu central sulcus ynsdumtAeliin
postcentral gyrus 398w gyrus ﬁagﬂiwé’ﬁ central sulcus Ingil postcentral sulcus WuUIOULIAAIUNES
intraparietal sulcus (3usunssgaiegmilegansnansues postcentral sulcus lUSaduiiduveuntiues
occipital lobe Iy sulcus dua parietal lobe ﬁauﬁagj%ﬁx‘iﬁia postcentral sulcus a8nLdu superior
ey inferior parietal lobules

Superior marginal gyrus A9a1UY4 inferior parietal lobule %ﬂﬁﬂagjmﬁaﬂmaqmm posterior
ramus V94 lateral fissure @1U angular gyrus ABdIUUDY inferior parietal lobule %ﬂiﬁ@@&jmﬁ@ﬂmaqm
U84 superior temporal sulcus Lageg1aewa supramarginal gyrus

Temporal lobe QﬂLL‘U'\‘iaaﬂLfJu superior, middle Waz inferior temporal gyri A8%83 superior
uway inferior temporal sulci @ inferior temporal sulcus \Jusesilusodemfuwunietu il
AMNUARILMUIEN @1 superior temporal gyrus gruuuvimi i floor ves lateral fissure 98 oyrus
23 §uie transverse temporal gyri (Heschl’s convolutions) Fadusuniwes primary auditory area

Insula lobe (Island of Reil) \Uu lobe ﬁgﬂ"ﬂmgﬁwﬁ’m‘um frontal, parietal kag temporal
opercula 7159 lateral fissure NM5A9zaoaiy insula lobe Foawmn opercula ﬁgﬂamﬁ@@a&gjaaﬂ ALkEna

Tuguii 2



Insula

Central sulcus
i = / Parietal lobe
¥

'\
Frontal lobe —

Short gyri

Lateral fissure // NS
=

gﬂm 2 LEAININYBIFUDITNY 18N BwEAIANDIEIU insular lobe 111: (Waxman, 2013.)

Lon ]
Temporal lobe 99y

Circular sulcus

2. Medial surface ¥@4 cerebral hemisphere @1u13a@NYIRlAluaNBINGNHIAY midsagittal

plane LLazz‘husuaqﬁquauaqgﬂﬁmmaaﬂlﬂmaizﬁwaq thalamus @3uv8s thalamus ﬁmﬁa%gﬂé’au
! = . v | =

uedulag fomix @4 fornix AwgnaeNued@Iulag corpus callosum lag corpus callosum Usenaudu
At commissural fibers MFoNle95z1I9 hemispheres T19918LAZ T4 USENDUAILEIU rostrum
989U inferior Bafiafiu lamina terminalis @3 genu agntin body agmsanasuaz splenium Ju
| P o A ' Ho a . = & o .
drutangnennundsivenslugeenusnainilisl callosal fibers Gaupatudnlutul horizontal plane
N9FUNT fornix  az8RRANU corpus callosum e septum pellucidum  @u formnix Waz  corpus
callosum 7itiuly median section ﬂzgﬂﬁamiauﬁaa convoluted medial surface ¥94 hemisphere 74
wanalugui 3

Sulcus of the corpus callosum fauanslugufn 9 @eginain corpus callosum oanly Az
poilesluiu hippocampal sulcus Tnedpusou splenium 83 corpus callosum 38938 sulcus cinguli
LU callosal sulcus Uszneuiduveulanvassinuuenyes cingulated gyrus JUAWABLTIOEEWIN
paracentral Way marginal rami 1380 paracentral lobule @u precentral kag postcentral gyri il

d‘ ¥ = 1Y ! . . d' ! 4 U

Youlnduufsly paracentral lobule #78 @u medial surface 9849 hemisphere VgnUIRB
paracentral sulcus LLazaE‘J:ffmaﬂliJ%m sulcus cinguli @@ medial surface v94 frontal lobe

Calcarine sulcus Aauanslugun 1 uag 9 BSUAUATITEAUAIAIN splenium Y83 corpus callosum
Alumssnumdsalauanafiusnaunile occipital pole 989 cerebral hemisphere 1antiey  vauvaes
9139983 calcarine sulcus 10U visual cortex n339ANINANITBA calcarine sulcus zilugABUAUTES

parieto-occipital sulcus  FRWULUKAARUlUNIIAIUMEY IUFUgANveULULYRY hemisphere 2



danaiiuin parieto-occipital fissure 119014 medial Aguen parietal way occipital lobe 8anAINU
usimadu dorsolateral surface Jesiflildfussnunliidiudnion

Precuneate gyrus ﬁﬁLLamﬁlugﬂﬁ 318 gyrus #egsewine marginal ramus, subparietal ramus,
parieto-occipital sulcus WagYBUUUVDY hemisphere .01 medial extension Y84 superior parietal
lobule Lﬁaﬁamm?{auﬁastdN parieto-occipital sulcus LazA3 Wdeves calcarine sulcus 1380
cuneate gyrus

Lingual gyrus ﬁ'ﬂLLamﬂugﬂﬁ 3 ag'ﬁzwj’m calcarine wa collateral sulci 1ag collateral sulcus
98’1196 14 medioinferior surface Y84 temporal lobe 1aeg lingual gyrus Agm @ Wi eelufu
parahippocampal gyrus N19AUMIN parahippocampal gyrus ag}'sz‘w’iw collateral uag hipocampal
sulci @9 parahippocampal gyrus ﬁyuqmmaéf’mwﬁﬂmsiﬁaiauﬂmamﬁwwﬁwm hippocampal
sulcus vlsiiAindulaagunzve 1en uncus 1 Ui Wdna31 cingulated gyrus A A Arafu
parahippocamoal gyrus fEaIULAY ¢ 1387 isthmus of gyrus fornicates, fornicate gyrus Usgnausae
cingulated gyrus , isthmus, parahippocampal gyrus Wag uncus fornicate gyrus 28U hippocampus
9u138n7 limbic lobe 199310 inferior surface ¥4 temporal lobe fdnwaeidssialuausan
YOULAT WU ENEONa1N medial surface 14 inferior temporal sulcus 3auaufuldniesduy medial
A28 d@IUVDY gyrus ﬁ'aq'szwa"m inferior temporal sulcus tag collateral sulcus L5un occipito-
temporal gyrus (fusiform gyrus) Feanunszuvsoanidudiu medial waz lateral occipitotemporal gyri
A28 occipitotemporal sulcus @1UY8 4 lateral occipitotemporal gyrus sz oLl aeluiy inferior
temporal gurus @74 rhinal sulcus v us o9l soluann collateral sulcus lun1adrumntin yilwadu

parahippocampal Wag occipito-temporal gyri LeNBNAINAU

Superior frontal gyrus
Paracentral lobule
Cingulate gyrus

Precuneus

Y

Fornix

Parieto-occipital
fissure

\A
\ __—~ Cuneus
7

'\\C%—v
L

7

2\
J
J— Calcarine fissure
|

G

¢ ] T Lingual gyrus

=

Parahippocampal gyrus

7
Cut diencephalon

Temporal Frontal Fusiform (medial
! lobe J lobe occipitotemporal) gyrus

§ Parietal —] Occipital
lobe = ‘_AJ lobe

UM 3 WaAININN19UlUYB9EL 98NN Na1: (Waxman, 2013.)
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3. Inferior surface 984 frontal lobe 584380 olfactory sulcus agﬂﬂmﬂﬁﬁu"fﬁwm medial border
284 frontal lobe Usganey 1 @1, 3 olfactory tract ’J’Nagﬂuiaﬂﬁ olfactory tract azugneenidu medial
way lateral olfactory striae @53U5 1904 anterior perforated substance @2uv84 frontal lobe aq"ﬁ
lateral #i8 olfactory sulcus 1380 orbital gyrus sfidnuwazidunduaouilifiveuwauiueu fuwansly

U7 4

Frontal pole

Olfactory bulb . - Olfactory sulcus (OlfSul)

Gyrus rectus (GyRec) Orbital gyri (OrbGy)

Olfactory tract
Temporal pole
Optic nerve

Infundibulum

Uncus (Un)
Mammillary

body (MB)
Parahippocampal

gyrus
Collateral sulcus

Interpeduncular
fossa (IPF)

Inferior temporal
gyrus

Crus cerebri (CC)
Substantia nigra

Occipitotemporal
gyrni

Cerebral
aqueduct (CA)

Colliculi (Col) .
ingual gyrus

Occipital gyri
Occipital pole

JUT 4 UansinuiInIeeua19vesaNed 17: (Haines, 2004)

Histology of the cerebral cortex safilsinanililumeuduin cerebral cortex \Uud gray
matter flagdnuueniinfunzinandsuy @ cerebral cortex Thludmlngjvesauesdnlumngs 40
Woeswumvesaunsdengluiilevss cerebral cortex Uszneumiy cell Ussanuinuiesauyiadule
Uszam (nerve fibers) Mg azoonan cerebral cortex @ glia cell wazidudonipanuassaLDs

13 [ a v LY & 1 a
waaUszamuaztauluUszamlu cerebral cortex azfinsdnusdiludu q awnsauvssiinues cortex

Wy 3 ¥fennudTaunnisuaznsaniseesiduturesauss lown

1. Paleo cortex] UAULSENI1 Paleo cortex ANNSIASLIAIAILG 3-5 TU WATLIIMUINIT

2. Archi cortex J wnaulagw@nng Archi cortex %’mi‘]uahuﬁdmﬁﬁqm



3. Neo cortex (udnvosanesfiiifaumsanmdssa I@al,awwﬂué’mﬂ?:mgﬂﬁwuu au
neo cortex a1a3gyun neianizluaud adudrudAfivmifid sadestuaiy
\deinann ngAnssuiidudou nisadediny naenuvuusITenyseindlingg veq
1ywd Neo cortex fn1sdniieavessadusyamannis 6 du
wllpfnevearaausyamnlu Cerebral cortex
FuunANgUIENYzIeNYadUsYaIW Cerebral cortex @nansawdadu 5 vlia liun
1. Pyramidal cell
2. Stellate calls
3. Fusiform cells
a.  Cells of Martinotti
5. Horizontal cells of Cajal
Pyramidal cells LﬁuL%aégUmumﬁ'auﬁwmgﬂLm' 10-15 um. wagdlaualvg/ga vuim 100 um.
3un71 Betz cells wulgii motor area dendrites ves pyramidal cells %‘éﬂﬁuéﬂwaﬂ cerebral surface
&1 axons %ﬂmﬁﬁ’mﬁﬁﬂ‘uaﬂ cerebral cortex vimithldiu Projection fibers 13® Association fibers

Stellate cells #30158n71 Granule cells Wuwadguarvuiadnuszaia 8 lulasums M dendrites

waz axons vz usanlululnasindwadidnyiimuniidu interneurons fusiform cells v wiwad sy
3838 119RINRINAU cortical surface sinaglutuianues cortex dendrite vassiu Yaananvaiy

nsraneaasn Iy aunilallun cortical surface Neglutunagiunitdnuatevils dendrite Yasdudn

Y

anusluldlng axon ves fusiform cells g luluarudnvimd1Adu projection , association wag

1% '
a

commissural fibers cell of Martinotti WUIULLMUVJﬂ%’ImJEN cerebral cortex EJm”JJu%mLiﬂﬁagjauw?j@ i
dendrite ﬁ?us] axon vesuhdauluiuiaves cerebral cortexiﬂiu%u superficial & Horizontal cell of
Cajal Wuiu%uuaﬂqmﬁum cerebral cortex @ 3nTEAIYaxon vessiusduluszurvruiuduiaves
cortical surface Lfio3u synapse 7111910 dendrite ¥a4 pyramidal cells fixnannaaudn éﬁ'ﬂLLamﬂugﬂﬁ

5



Horizon! tal cell

Stellate cell N

Celis of Martinotti
Pyramidal cells

gﬂﬁ 5 waninn stellate cell Aawdasann (RS., 2010.)
Layers of cerebral cortex

nsdneanndudy o veusaduszamuazviduleyuszaimlu cerebral cortex (isocortex) ading
Jadnlu 6 9 dwanlugun 6,7 dsil

Y o & & o & & Y . &
UM 1 Molecular layer \utufiaguangn Auitaaletuann cortical surface lwisnagluiu

be

Havnu Nerve Fibers $1uanuannuiedadivie dendrites wax axons Fatuunandudian Toua u
310 pyramidal cells ke g cells of Martinotti 3¢ WU horizontal cells of Cajal iusdguﬁ”l,l,az
stellate cells ﬂizmaagjﬁ"ﬂ,ﬂ doufudu synaptic field of cortex

%uﬁ 2 External granular layer Iu%uﬁwwu stellate cells aﬁ’wmummwﬁ% small pyramidal
cells Tagq dendrite Fululuduiil wavds axons asldluduiiannindedududidanuddy
dusunelviin complexity of intracortical circuits

Judi 3 External pyramidal layer 2wy pyramidal cells ﬁﬁ%m@l%ajsﬁu d1 dendrite Fuly
Iu%‘u‘ﬁl 1 thazds axons aﬂiﬂiu%uﬁﬁﬂﬂ’i%ﬁmﬁu projection , association %39 commissural
fibers

%y'uﬁ 4 Internal granular layer 3gnU stellate cells mmmaiu%uﬁ?fw3151’%’Uﬂ15ﬂ53§jummﬂ

v v

Nerve fibers 11310 Thalamus wag axons 994 stellate cells §95U synapse 910 dendrite

989 Nerve cells NU19NTUN 5,6 AaUconnections MAATUIUTUN 4 FeFUTDUNINUNY LilD

goaunly silver stain Lay weigert method tila@n®1 axons Tuduinuingl Nerve fibers 31u71



innsnevundutudesialutuunuiu cortical surface 13831 outer lines of Baillager Tudu
7 4 waz inner lines of Baillageriuﬁ"mﬁﬂ%aﬂ‘guﬁS fibers md’ﬁfmﬁl’m sensory relay nuclei
of the thalamus (specific) 1l oudunluduil 4 waz 5 fuszunnuyuseanluwuiszuiuiile
synapse 11U cortical neurons Iu“f?uﬁ ﬁﬂﬁguwwu lines of Baillager ¥aLau Tu sensory cortex
&mudt visual cortex 9z138n0 line of Gennari @sasmuniivannauteadiugiendan vieass

= a

UTBNUIIIA visual cortex 11 striate area

?‘?u‘ﬁ' 5 Internal pyramidal layer 9wy pyramidal cells Yuniu stellate cells ag cells of
Martinotti Iuséjuﬁsuaﬂ primary motor area 3gWU giant pyramidal cells (cells of Betz) & ada
axons panluidu corticospinal tract

Fuil 6 Multiform layer azwu fusiform cells {uswaLLNNLAY neurons sUSmanBuUT ez
dana axons adluludruanluidu projection , commissural Lag association fibers

Taasaly Fundamental layer of neocortex Azl 6 sﬁgju Fusundaudl AU 6 ﬂ?yuﬁlﬂl,“ﬂu
homotypical cortex wafiunsdauealinsu 6 Fu Faauidn Senusiaaiuan heterotypical
cortex 1uf visual , auditory uaz general sensory areas WU UR 4 nuran vl oeanil
thalamic afferent fibers L3141 '«Ju%’uﬁ 2 g 5 U1dn maﬂ%’jﬁu'%amﬂu granular cortex
Tuueufeatud primary motor g premotor areas wuui 2 uag 5 wunundesenni
pyramidal cells 410 vnnfaddendu agranular cortex efferent cortical fibers @1ulngaz
\Ju axons 970 pyramidal wag fusiform cells deanlug white matter Tudndnidiovslulu

projection association g commissural fibers

10
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JUN 6 uans n1sdeuvedlasaiiawsiazduluiiloauss A: §aua38 Golgin neuronal B: gaue3e
Nissl cellular C: gpu628 Weigart myelin D: k@nin1mn1sifionsavssgadussamlunnastu

faavlstiuwanItetuvadloauas Mu1: (Waxman, 2013.)



horizontal cell of Cajal

layer 1 molecular

i v e
Xy &y layer
b4 layer 2 external
___& R R granular layer
layer 3
external
i pyramidal layer
EXt?an;'jlll band layer 4
ot baillarger: . internal granular
1 pyramidal layer
_(etzjcell \ | 1 |
fusiform layer 5
X cell _é internal
inner band pyram!da!layer
of Bai”arger _________________ 1. (ganglionic layer)
i stellate layer 6
I multiform
i cell of layer of poly-
. Martinotti i morphic cells
A A Yy VY
afferent cortical fibers efferent cortical fibers

SUTL 7 uans Susih 4 vesauesiiiiadusramuasidulsramioonuandlunsasty
fan: (Greenstein, 2000)
White matter of the cerebral hemisphere
@u white matter 983 cerebral hemisphere 8¢dnn11 cerebral cortex WUl 3 viin Aauans
Iugﬂ‘ﬁ 12 oA
1. Projection fibers WudrusnduloUszam finssuauszamann cerebral cortex as
ugsuansiiegvirdlna (Cortical efferent fibers) v3aiduloUszamiitinszuaUszam
9ndIuans 1Wuan ludunds n3o thalamus NduUT UL cerebral cortex (Cortical
afferent fibers) WuloUszanmmaniavnasdudadaeunaudiiioduusnufuaos
Paaiidndndusaiiyndiuiu iend1 corona radiate \esunisuiian diencephalon
never fibers a1 9z s AuuLazaauLAL 13T internal capsule & 93 155309
Lenticular nucleus Wag caudate nucleus AU thalamus cortical afferent fibers
mm’auawﬁyuqmiu thalamus U114 fibers a¥H 1ua3lUg mesencephalon , pons ,

medulla uag spinal cord Aauanslugu 8



central convolution.
of gray matter

corona radiata °

internal capsule.

corticonuclear.
(corticobulbar)
tract

ons. .
P cranial

nerve
nudei

pyramids
decussation of

. pyramids
anterior.

corticospinal

tract lateral cortico-

spinal tract
RN

gﬂﬁ 8 LANILAUTBY Projection fibers (lateral corticospinal tract) Fadumadiulusuad
naueasngeludunas snlUasann: (Greenstein, 2000)

2. Association fibers {uduleuszamiioussning cortical area vosauadinaien
Association fibers finsrindunazailnena short association fibers 1 auleeszning
gyrus ﬁ'a@j%ﬂﬁ’u waziilasan fibers ﬁnﬁﬂﬁmusamasagjw sulcus BE5ENIN gyri W
a9939in13en fibers sﬁﬁmﬁyﬂlﬂ arcuate fibers (U-fibers) long association fibers 015
L‘%Uaéﬁ’aﬁmﬂuﬂdmL%mimizmﬁa areas #14 9 Y84 cerebral cortex N@uvas long
association fibers ﬁﬁﬂwulé’ua&j 6 ﬂduﬁa cingulum , uncinate fasciculus , superior
e inferior longitudinal fascicule , superior & ¢ inferior occipitofrontal fascicule
Cingulum Jufibers 71 1Houleasening orbitofrontal region iU cortical areas ﬁ’jwm
84 fornicate gyrus Wuagﬂua'awuaq cingulated gyrus Wile corpus callosum uncinate
fasciculus aq'ﬁﬂm'a lateral fissure 13 aaileasEnIng temporal pole AU basal frontal
cortex superior longitudinal fasciculus Wima1n frontal area bU& temporal , parental
, wag occipital cortex Iagw1aNIU insular kag lentiform nucleus Usgnounig short
association fibers $19un1nu181d ouleasend 19 cortex 7 oy Ind A8 superior
occipitofrontal fasciculus Feuleesening occipital lag frontal lobe ffugu temporal
cortex Wag insular 88 8nn31 superior longitudinal fasciculus La¥KkeN3N superior
longitudinal fasciculus 1 @ & internal capsule inferior occipitofrontal fasciculus

[y

Wauleasening occipital kag frontal areas ¥4 cerebral cortex aginilanazlnddaiu



uncinate fasciculus agﬂéf lentiform nucleus ey extreme capsule inferior longitudinal
fasciculus +3aulea5ing temporal U occipital regions d’;uﬁagjmq posterior 9¢8¢
Tn&Tntu fibers 184 visual radiations U19ALAdA fibers nauiindudunisves visual
radiation (geniculocalcarine tract)

3. Commissural fibers \Judulouszamilifiousening cortical area vosauaiiudefy
A1urIgIneiu lawn Corpus callosum Wag anterior commissure corpus callosum
fiolu commissural fibers ﬁimyj‘ﬁ'qmaaaum ﬁ’ﬁLLamﬂugUﬁ 9, 10 uay 11 \Woslesauas
a03d195eWi19usay lobe 1daef i undsaves lateral ventricles corpus
callosum wuatdudaue leun rostrum , genu , body tag splenium @3UU99 splenium
9281 nerve fibers 71 48 oU5E1319 temporal wag occipital lobes WagdI UMY 1283
splenium & nerve fibers 79849 F1UE1UININVBUUBN VD posterior horn of lateral
ventricle ¥t Wufitusewing lateral ventricle optic radiation Senaauiion
tapetum corpus callosum ?jaﬁmﬁﬁﬁmEmaWZ’J’@@&aiwdwaumﬁ’@awﬁwﬂﬁﬁ’uazﬁ’u

[y

(interhemispheric transfer) AidAgylauA

- Learning

- Memory

- Higher tactile information

. . & ! £ [ Aa vy v v 1 =
Anterior commissure Junguiduledsvamuuadn nlduledszamaniuwiuioy
FEMINANDIN 2 Fn egnisie formnix MnTTeNTENIN olfactory structures Uay

temporal lobes 71 2 919 Weusaiuluwsazdu deuanslugui 10

Paracentral lobule  Central suicus
Cingulate suicus Cinguiate gyrus  Corpus callosum

Cavity of

fourth ventricle
Cerebaelium
Cortex of cerebellum
Tuber cinereum o\ Inferior medullary velum

Region of hypothalamus
Mammillary body

. Cerebral aqueduct of midbrain

Posterior commissure

JUT 9 wansnmanestnsunneenuly Aviudiulszneuves Corpus callosum 7iun: (RS., 2010.)



central sulcus
cerebral corte

body of
corpus callosum

frontal__—
lobe

corpus callosum

anterior.

genu of corpus, commissure

callosum

U7 10 wansnwanestnswnenuly ivivdiuusenauves Corpus callosum 7iun;

(Greenstein, 2000)

frontal
pole

cortex
genu of corpus
callosum

cut surface of
corona radiata

transverse fibers
of corpus callosum

medial longitudinal

stria splenium of

corpus callosum

longitudinal
fissure

occipital
pole

JUT 11 Uanan1meUuUYes corpus callosum 91311: (Greenstein, 2000)



gﬂﬁ 12 uana nsideulosvesauadludru white matter 7iun: (AL-Kafajy, 2016)

lateral surface

medial surface

JUN 13 Uanesiumiaves Brodmann 619 9 119014 lateral wag medial surface ¥09a104@nYIN NU7:

(Greenstein, 2000)



Brodmann l#lus cerebral cortex aanidu area @199 311U 52 areas 1ag 81AUANULANAIIVBINTT
Foshmesiigadusranluduine saensuanuunnisuenead fuandlusuil 13

Somesthetic %5 ® general sensory area (primary sensory projection cortex) W‘UEJEJ“'T,‘LJ
postcentral gyrus Ai® Brodmann area 3,1,2 s general sensation impulses fiuna1nsranie
FNTIVUIALNIUNINNY posteromedial ventral thalamic nucleus, posterolateral ventral thalamic
nucleus Wag posterior limb ¥84 internal capsule Imaﬁa’audwqmm area $U sensory impulse
fiunanlund Yesun Yesns Fakuuey posteromedial ventral thalamic nucleus @1ufiinile

[

UaFU impulse NUYU ATYE AB G1FIHATYT ANNAIGU impulse IMNVIWATDTEILINAILLUNG area

D.

= VAl . (% 3 1 Ao . a 1
iog paracentral lobule #19g#1 medial surface AwduNAWILIT area AU impulse ANUSHIAIUNIN
=~ S o~ P a M 1A Y oA Y Ve a < vee
flauarily Jvualngindtvsnady uwansinitlumi dewazily Suanuidnuatevilauaziluauidnd
a ' ] I3 ° ' 0o 9 Y a vee & Y a . a
avdungauldiwaduszamdrauninnittumsviliinauidnty 9 6l werSan1n (lesion) 7 area
Hagyhlvisineiegmunsatnavannuaniiediiu touch, pressure, proprioception kae two point
discrimination @11 pain ka¥ temperature §4ilagifio931n thalamus vimtnf perception i agiiu
somesthetic area 395UAIIUTANVBIT1INBTNATIVIN FIUTIUVBIAUNUHAL 9 VOITNAETNES
ﬂ?ﬁmzygﬂwlﬂusﬁ YU dNBIF U postcentral gyrus %59 Brodmann area 3,1,2 L3817 sensory

homunculus ﬁ'ﬂLLamTug‘Uﬁ 14
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JUT 14 Uanan1 sensory homunculus MUSUBNTIAIUENTUSUDILMUITIINEATIUTIM

somesthetic 138 Brodmann area 3,1,2 ‘ﬁm: (Greenstein, 2000)



Auditory area (primary auditory receptive cortex) Ao Brodmann area 41, 42 aglj'ﬁl superior
transverse temporal gyri Fausznouduveunduaisves lateral fissure Tng superior transverse
temporal gyri a8 Uszaay 2-3 gyri d3u89 gyrus ‘ﬁ'aq'wﬁﬂqmﬁa”ﬂwnguL@'um'uﬁ'aut,?sm
convolution of Heschl auditory area ¥i1%111 7 U auditory impulse 7w 119770 medial geniculate
bodies adneuazam e sublentiform part 499 internal capsule ¥wthiisuaugAniiea v
n9ldBuALIET Lesion 71 area HagvhliinsldBunsanasdn Lesion Winednsdauazann yagvan

Visual area (primary visual receptive cortex) A® Brodmann area 17 aq’ﬁmauﬁgwawaméa
w&wes calcarine sulcus waxdi ventral side ve3p3atwes calcarine sulcus @ visual impulse 210
lateral geniculate body Lsﬁﬁ’sj visual area 1114 geniculocalcarine tract @1 macular %39 contralateral
visual project q' posterior limit U84 calcarine area lesion W aread avvila LA n contralateral
homonymous hemianopia

Motor area (primary motor projection cortex) A® Brodmann area 4 aau' ‘Vldl precentral gyrus
\waaUszamlu motor area @4 motor impulses lﬂmmumiﬁwmuﬁumﬂéﬁmLﬁaaﬂsmaaiﬂaﬂﬂsﬁag%ﬂ
n3etu Tnefl area flegansands motor impulse TumuAuNIsvaLoInd LAy nduniloifeiy

N13AEIRIMT NAULBTINEINUNITNAUNITNA NTHaRdeaNYBIANIANTlUMT IWaznAuLTleAD dIu

Awmiletuly muaunsviuvesiaiie Wwa a1 AUl dIufAIUANNITYINIUYRIYILALLYINBY 7

Y
[

paracentral lobule 7i medial surface 9zdainaLiudn motor area fiAIUANANTYIAIUVDINEHLTlD
1UMﬁ1LLa353ﬁaﬁsumﬂimaj dewnmeihauiivinadifunshauiiasdenseuadududousasans
wuudedldigaduszamaruauinnlun1svinenu

wagusyamluy motor area 1% axons s1udwdu corticospinal tract wag corticobulbar tract
%39 9IUAUTENIT pyramidal system d@1uves corticobulbar tract %éj‘uqmﬁl cranial nerve nuclei
@ corticospinal tract WewNfesEAUa19wBs medulla oblongata Useunad 80 LWasiaud ves fibers ag
wind Uil ansedag (decussate) nanendu lateral corticospinal tract @21 fibers 7 decussate fiu
9¥158n71 pyramidal decussation 1158 motor decussation WU ventral surface ¥09 medullar
oblongata @2u fibers 8nUszanas 20 Wosiwus azluniaduludsnsediu asnanedu ventral
corticospinal tract arazeglu anterior hom cells yadlvdundsiafeItuil us lateral corticospinal
tract ndsa1nwIndusnandensstaudangluduandi anterior hom cells AuiRafuiininuogida
aziiu motor area FamuauMINLYEIINIBTNATITIY Faudnvoswiumising q vessneniefign

muAulagaNeIusInil 138N motor homunculus — fawandlugun 15



premotor cortex
basal ganglia
periphery inputs to

primary motor
cortex

U1 15 Uanan1n motor homunculus UaUaNfanaduiusy oL 19n18ATIUSIM motor
area %50 Brodmann area 4 #111: (Greenstein, 2000)

Premotor area #a Brodmann area 6 8gvti1sia motor area LilanseAuyl area enenseiali

Y Y

yMliAnnisieaaulmivessranemisuiunisnseauaenssualndn 9 area 4 way area 6 Woaulgariu

area 4 @ 18 short association fibers 1o ¢ premotor area 1 connection A'U ventral anterior Lag
ventral lateral nuclei o< thalamus §e@aues thalamus weaestradeuleafusu corpus striatum
ey cerebellum area 5 Vi iAeatu motor function wazllléidudiuves pyramidal system Lisi
Juduven extrapyramidal system 181 area figadostunisviliiAn motor skill wazn1syiliiin
motor complex character 1NNI7inNsaIuYes motor area

Tudniveassnuindieviats premotor area agvilviiin spasticity usdnvinane motor area Vil
\in flaccid paralysis 3991119211271 premotor area 3 suppressor influence 79 stretch reflexes 84
ludunds nanfivihldiiia Lesion 71 cerebral cortex lesion nazAuusiadnireaneiazluranei
motor Wag premotor areas WionAuvinliAA spastic paralysis

Cortical eye field Li'qu?nmﬁmUQaJ conjugate eye movement wenidu 2 d2u Ae frontal
eye field ey occipital eye field

1Ay 1

Frontal eye field 88"n1Ua13U83 area 8 VT’mﬁ’lﬁmUﬂu voluntary conjugate eye movement

Y
[

dnnszdusenseualniniusnad silriinsedeulmanan 2 9 wieudulunismunssiiuiinsedu

'
a o

dvhanegusnlignmiia 2 419 azmanduanauagatuiuiignyinane

Y



Occipital eye field agljﬁl area 17, 18, 19 Feilduloyszamandofuiu superior colliculus Tu

midbrain wWAEAAMABLALAENIIDBUNU RIAREAVDY oculomotor, trochlear hag abducens VINLN9

=

AIUAY involuntary conjugate eye movement nszfulaenIsowLIngIMauAdounlLn

q

Broca’s area A Brodmann area 44, 45 aq'vi posterior part Y84 inferior frontal gyrus #i1ie

motor area @MsUAULATNADNLAY 613 lesion YIlWLAR expressive aphasia (motor aphasia) U7

L]

NIUIIRUEWeINITIENnezls winnoanulumng q Andudaneiunisyadsde

e

v Y

Gustatory area (Brodmann area 43) 8¢l parietal operculum yinihfsusingafiusaams
. P . o v o

Olfactory receptive area 8¢ uncus Waiz parahippocampal gyrs 984 temporal lobe WU
Susnau

Prefrontal area (frontal association area) Apd1uv04 frontal lobe MavsAfiogniisie frontal

X a g ' Y .
eye field, premotor area Wag motor area U5 1251 411919 aulesAyu dorsomedial nucleus U4
thalamus tazil long association fibers 210 lobes $1199 M19%UAVDY cerebral cortex REIGE 1oy
area HilaudAgdmiunsinlidauAne uiia (abstract thinking) Msuesnialna (foresight) in13

v Aa

Andulanaumnauna (mature judgement) NMT3NIAaMAE Wazn1siiAay (tract-fulness) N13aNU1508A
nauwaz3InTrivensul (forbearance) 11i lesion 7 prefrontal area 813t lowNNIALLBIBNYTBLTN
atrophy 3910 syphilis szyibiyaraturinausuiageuludmaulinsevhasly Wuauandsn aez
9Y UBNUUN YAEUNT vignuaY Tidviloumnanuaz IaNaNBuUTUURNRgRRRALIAY
Prefrontal leucotomy L0 un156'a white matter 7 +4 sulo a5y ui g prefrontal area iU
dorsomedial nucleus w89 thalamus 1uisnsananuinninauezeauldauislaluaionoundalad
A ° Y A v
g8Vl

v

Somesthetic association area (Brodmann area 5, 7) agj‘maﬂma postcentral gyrus AnN15AAD
U somesthetic area A8 association fibers W19 LLﬂasﬁayjaﬁlmwm area 3, 1, 2 1A 0ozls
(stereognosis) &1l lesion 71 area ﬁ’/ﬁﬂﬁﬁﬂwlﬁmmmuaﬂlﬁdﬂ sensory stimuli Sufeerls (tactile
agnosia Waw cortical astereognosis) wenngtheldansaimvseuenladidiunngg vessneegly

Fnusle InsEUaUNTEINNEIUTRIT N8R ULazdnV1 (proprioceptive agnosia)

a

Visual association area (Brodmann area 18, 19) AaaIuv89 cortex ﬁagjéj@mau visual area
medial Lay lateral aspects U84 occipital lobe inRanu area 17 A28 association fibers 111119
| a a & A N v oAl Y] . Y a . N
wlaindsueaiufessls LLaswmqumiummmmq (following eye movement) a1tAA lesion %

c’l’o 1 Vi a A & gj = . .
area tihlnldamnsavenlaindsiiutiufessls (visual agnosia)



Auditory association area (Brodmann area 42) YinuthlwUaindiilagumeszls a1d lesion v
Iilaanansailadsngude Wslisises (sensory aphasia, word deafness) §Uagansnsanalafiiing
avlsludne Wesnnldaunsailarnavesmues wuieiiunlddilacyaveday

Wernicke’s area (Brodmann area 22) 11 area fiagdausaudiutatevag lateral fissure 1ag

Y

= . ' & 2 .

area 40 A® supramarginal gyrus @3u area 39 A® angular gyrus Way area 22 A® superior temporal
gyrus 2zt Wernicke’s area Aa@2u parietotemporal area 4n151% oule9i U auditory association
area, visual association area Wag sensory association area 813l lesion 9 supramarginal gyrus (area

40)

v

Urenalallavia o 7 motor speech area (Broca’s area) ¥3auBIdIUNAINANT DA 1NATNAL IR

v
A [

dlilosnigUisliiinanudnguiiosaindeyantaundslisinagynesls 1Sen sensory aphasia

Y Y

Qe e3%p

28
Y

=

614 lesion #1 angular gyrus (area 39) lu Dominant hemisphere fU3gldanunsatiiedeyaainases
1 1 -dld d‘ L% 5 o Y a 14 v A ¥ Y 1 v A ¥ Y
dausneq Ndnswenlesiutuniliiaaudlalunmwiniedela fuisazeruniadeudilaidile
AUYINY B 1uLAlLtla (visual agnosia %30 word blindness) 8nuniladelisaniiosainluiitnlaly
A nifsde ouldle (alexia) Woundsd@onnlila (agraphia) Lt ladaavaruingie o lule
(acalculia) UBnG 182 Wlm'lﬁLaaﬂqﬂﬁm W (Right-left disorientation) lesion 71 posterior part U84
temporal lobe fUagldiamnsafinvoianizduaensivanauld 3un amnesia aphasia
. e aN v A o v . . % & =3 v v
Association area fin17111181904a371n sensory stimuli aas1adunmnatddunaglndla
A L@ A I 0 vy A . Ly = ‘:4'

AUMENEYRY stimuli 1 9 YuIuMuilisenIilnivsertnla (knowing = gnosis) B4n157M3Ea11130
dWlawagsiiunimnadly azdeserdanisineiniuluedauussuiisuivd i nusiuludagu
MREYY MITTERsaTniiounveds1labuyewy Lled91n visual association Yaus1viulad
ag WJusiu

Supplementary motor area 8¢9l medial surface ¥4 frontal lobe @7uil g w16 motor

area N3EAUN area UmenszualilinazilviAinnsiadeulmvasdiudig 9 vassinieinviany area



NegeuazuI wvliAnn1g disturbance U89 posture Wag tonus VaINALLHD ke luvinlilAnSuNIA

'
[

nnautsRuiaiurlsid1Atyres Brodmann asule dauanslugui 16 uagmsned 1

Area 6. ::fnii:al Area 4:
Premotor area motor area Areas 3-1-2: Area 6: Principal Areas 3-1-2:
\ Posteentral principal Premotor area molor area Postcentral principal
Aea8: sensory areas Area 8: Sensory areas
Frontal eye\held Frontal eye field PEp— Ty Areas 5 and 7-
\ A6 4 3 bl Sensory association areas
2 & 1
£ 3 '8 5o
Areas 5 and 7 / 3
Sensory association areas / 3 o __-»—"“.\2\ 7\
/9 & = b )
R, S
"/ S e \
A 33 ity \
Areas 39-40: [ N
Association areas [10 § // o 2 1\ Areas 18-19;
§3 | o / ~ /\ Visual association areas
A (' \ | ( — A
Areas 18-19: ‘ L \ \ &7/ / S \ \
\ N ~0 \\

Visual association areas \ - 4 /
\ P \ ] \
(N \ N P) ‘ A ﬁ BN |
S /> \
Area 17: ———— N 18/
Principal visual N T (A 7/ Nmeaﬂz '
== e 174> Principal visual

Area 44:

Motor speech o (skiate)
; cortex (striate
{Erocas)wrea I ( % / 2z | cortex (striate)
1 %Q» b 2 s A
Area 22 (posterior part): \ 38 9(60 // 19_ 8>
Area 42: Speech comprehension \\ —% 7
Associative auditory cortex (Wernicke's) area - R
Area 41: ~—— Areas 18-19:
Primary auditory cortex Areas 18-19: Visual association areas
Visual association areas

35U 16 wang Brodmann area fi19 9 UoIaUDI A: 19914119 B: Aulu 91u0: (Waxman, 2013)

Y

M1519% 1 agusiunisddny v uaznisidedeiudiueu § vesaues

Brodmann Name Function Connection
Area
Frontal 4 Primary motor cortex Voluntary muscle | Contributes to corticospinal tract
lobe activation
6 Premotor cortex
8 Frontal eyes field Eye movement Sends projections to lateral gaze

center (papramedium pontine

reticular formation)

44,45 Broca’s area Motor aspects of | Projects to Wernicke’s area via

speech arcuate fasciculus




Parietal 3,1,2 Primary sensory cortex Somatosensory Input from VPL, VPM
lobe
Occipital 17 Stria cortex = primary | processing of | Input from lateral geniculate
lobe visual cortex visual stimuli only projects to area 18,19

18,19 Extrastriate =  visual | Processing of | Input from area 17

association cortex visual stimuli

Temporal | 41, 42 Primary auditory cortex Processing of | Input from medial geniculate
lobe auditory stimuli

42 Associative auditory
cortex
22 Wernicke’s area Language Inputs from auditory association

comprehension cortex, visual association cortex,
Broca’s area (via arcuate

fasciculus)

fan: (Waxman, 2013.)

Basal ganglia éﬁ’quam‘lugﬂﬁ 17 uay 18

< ! 3 a | =2 1 a ] a1
Junguveswaduszamiiegludiuanvesaneddug) 1930y1131nduv4 telencephalon ddiuves

internal capsule Wan basal ganglion ®8n31N diencephalon Uizﬂaué’wﬂfjmaq nucleus #3il

[

caudate nucleus tJunguaduszamuuiaing nwinuntives caudate nucleus Fvwn
Tngjudisoaldsduiuslnenasniu lateral ventricle usnan dorsal thalamus Fsegsnulu
A18984 sulcus terminalis ¥lWUS caudate nucleus eanidu 3 d@ufe head, body &g tail
1ny head 985U lentiform nucleus @3 tail lﬂéuqmﬁ amygdaloid nucleus flauandluzy
17

lenticular (lentiform) nucleus gUsnumilou lens Uy putamen wag globus pallidus 1ng
putamen \unguiwaduszamuueluafigauazogsnuuoniigaues basal ganglion 1o
Y9119 external capsule uag external (lateral) medullary lamina d@ulwgjaes putamen 0

;Y

q¥agansie insular cortex WALWENAN cortex UAIE extreme capsule @3 globus palidus
U

81938071 pallidum wadUszamnauildedndu paleostriatum esan globus pallidus ¢



(%
Y

gulusie putamen Fawenandudaeledunfidenin external medullary lamina 74
caudate wa¥ putamen FIufuilanwuzgUsAIBAUY F959uiuEeI lenticular nucleus
Amygdaloid nucleus Lﬂuﬂzjm nucleus Vlagj ne miuﬁzmaﬂsuaa telencephalon aama‘dmmm
inferior horn ¥84 lateral ventricle a3afUd@IUN19UDY caudate nucleus flesaslulu uncus
284 temporal lobe L‘fluﬂfjuL%aéﬂizamﬁl,a‘%igdaumu%u 9 Ya3AUDIEAIU basal ganglion
agtumuin amygdala fledszamifealostu caudate way putamen wihitddyvesvad
Usvamnguiiasfendasiuszuu limbic system fuandluguil 18

Claustrum 8¢9 9 lentiform nucleus Li“jJumj:uL%aéﬂszmmﬁLﬁzymmﬂ%’juﬁﬂﬁum insular
cortex way lenticular nucleus fnauleduiisen extreme capsule fuszming claustrum A
insular cortex %ﬂagﬁmuammz external capsule fuszaing claustrum uaw lenticular

nucleus Fognesnuluniifiveawaiuseamnguiidlinsiuuiueu duanslugui 18

Internal capsule

Tail of caudate

Thalamus
Putamen and globus pallidus

Ventricular outline

Amygdala

ETJ 7 17 UanININYDEIUUTENBUYDIENDIEIU basal gangha LAZLEAMIANUFUNUTTEIING

basal ganglia, thalamus LLa¥ internal capsule fia: (Waxman, 2013.)



JUN 18 A: wansnmdnluluIvitindvesanewisaednuanssiumieed basal ganglion wax
a109dU thalamus B: LAAINIWARUINUDIALDIYNEDITNLAZLARAIAIUNLIUDY basal

ganglion Mu1: (Waxman, 2013.)



Internal capsule ﬁQLLaﬂﬂugﬂﬁ 19,20

(%
1 v

Junguues fibre tracts awnlngiivia afferent Lﬁu‘iﬁﬂizafmm‘ﬁmﬁaﬁﬁagalﬂé’aauaa L3N
ascending tract uay efferent fibers {Wuwitusvamanasainauesasenin descending tract wuadu 3
d1ufe

- Anterior limb LﬁuéausuaﬁﬁﬂszafmmﬁwﬁwﬁLﬁ'mﬁ’m'ﬁﬁ'}mmiﬁﬂﬁw ‘ yees1emeTuly

INGHRN
~ Genu WuiilosdUszneuniitussamantuasanaminaus
- Posterior limb Hudiuiiflesruszneuiodtuszameiasainaues vlvnthilunisieids

Mnansludsdung o vesszuuUsvamaiulany

Corona radiata

Frontopontine fibers
Internal capsule

fibers

Lentiform nucleus

Dentate nucleus Optic tract

Crus cerebri

Pons (cut open to reveal
Pyramid descending fibers)

Middle cerebellar peduncie’

Inferior cerebellar peduncie

JUN 19 uanan neiuved internal capsule Y99aUBINYINNABUIAINAIUVRY corona radiata
W&IHUUIES midbrain Waswdeidu cerebral peduncle dsawuaddin lentiform nucleus zeg

219619 internal capsule 7111: (Haines, 2004)



Anterior horn of lateral
ventricle (AHLatVen) Genu of corpus callosum

Stria terminalis and Septum pellucidum
tsrminal vein 3 Head of caudate nucleus (HCaNu)

Genu of internal
capsule (GIntCap)

Column of fornix (ColFor)

Anterior limb of

Anterior nucleus of thalamus internal capsule (ALIntCap)

Ventral anterior nucleus . ¢
of thalamus ¢ Putamen (Put)
Choroid plexus in third ventricle

Globus pallidus (GP) Insula (In)

Claustrum S ‘ 7 Third ventricle (ThrVen)

Posterior limb of internal :
capsule (PLIntCap) Internal medullary lamina

Dorsomedial nucleus

of thalamus (DMNu)

Habenular nucleus
(Hab)

Ventral lateral nucleus
of thalamus

Centromedian nucleus
of thalamus

Ventral posterolateral

nucleus of thalamus Retrolenticular limb of

internal capsule (RLIntCap)

Tail of caudate nucleus

Fimbria of hippocampus

" g & Pulvinar (Pul)
Hippocampal formation (Hip)

Atrium of lateral

ventricle (ALatVen) Crus of fornix

Optic radiations

Tapetum Splenium of corpus callosum (SpCorCl)

Posterior horn of lateral ventricle (PHLatVen)

gﬂﬁ 20 WART ANEATINVDIELDY 2 Tniiionandiuniaves internal capsule upazdaIu flan: (Haines,
2004)
Diencephalon ({uduiignaussaquliiamun uiseendudiusing q fuanduzud 21, 22 uae 23 1dud
1. Epithalamus
2. Thalamus, metathalus
3. Subthalamus
4. Hypothalamus
1. Epithalamus UsENaung pineal body, habenular, stria medullaris thalami, habenular
commissure U’Nﬂ%&i’m posterior commissure A
Pineal gland ({usauuuadniinasvdoogldimaaiydulnesaind Usznoudeidoibe
Aeuiifidemmidsann ade 4 sUnssnnefiifunsdatudulaeusiniaou Tnensialusunby
flunsaunasneauesdIu midbrain é’]’aLLamaiugﬂﬁ 11 @ug1uvesn1u pineal gland FzAndulnas

auednisandn 39 ventricle dauuugIuveINu pineal gland Aedd1uN1191N habenular commissure



LLaza"sua"Nsuaagm%ﬁaaﬁﬂizﬂauﬁmmﬂ posterior commissure uonani pineal gland gALUS
oonidiu lobes Tng connective tissue septa Adutnluluuenansfiegirdlulusuuuuves capsule ddlu
pineal glandaziliwadey 2 vila Ao pinealocytes hav glial AnwazvawaY pineal wdnTaraNAIY
uistudos q Weogivtunazneludinvowion pineal aglifiwadusvamey uiaziiduloyusvam
Y93 adrenergic sympathetic 910 superior cervical sympathetic ganglia ﬁci’luﬁmﬂwiauiﬁaﬁ’mm

Ayvoy o

sfuvesiaesdnil arsdandefindaain pineal gland N139nA1UA A8 serotonin, norepinephrine,
melatonin, thyrotropin releasing hormone W udu Wi e AeyAo melatonin A Fuasrziunann
serotonin fAuddyen1sUSuiensUasuwUawwenasalsenieainaiuiunaisiy Tag
wasaEIsaEiavIen Ay aUsTamlugs pineal gland Tuliainansdu wonani pineal gland €4
FudsmsvauveseYezduiug ludnidesray pineal gland ¥ABUANBINBAIUTIUYDILES NTEAU
1158%19 melanin pigment Tnan1sifi U3 uves cutaneous pinealocyte tuni1susudvesiali
naunduiudwinde asu auilaufia pineal secretion LfinN1sMas melatonin wAnluifinunus
anauileFuingrisiosunazazanatedsnnileanganas ey 40 I

Habenular nucleus \ungumaduszamidniismiiunsimiludeulumsnundwemiansia
lasuldulseamudnan amygdaloid nucleus ¥4 temporal lobe W11 stria medullaris thalami lng
U984 stria medullaris thalami azwaduluilsmsadnaiielsaudu stria medullaris thalami #4
nsatruFadudrunieves habenular commissure Ing axon 970 habenular nucleus zHdTlUE
interpeduncular nucleus AU amdIn1ve9 interpeduncular fossa F9UszneaufaY tectum wag
reticular formation we< midbrain wagmansla lnenifives habenular nucleus Wiagifeadasiunis
Uszananavesszuunsiuanuianduaunau mssuanuddnveseioiznelu uaznssuanuidnimly
299329M18 drudulsramundranuinaduresauesasiiud1umne hippocampal formation 7

138071 fomix Aauandlugun 9 uag 10



2. Thalamus Auuuazdl stria medullaris thalami kag roof of 3™ ventricle AUAN9ALHENINN
hypothalamus fn83838u & A8 hypothalamus sulcus, thalamus %13 2 979 azAnsaiulae
messa intermedia (interthalamic connection) a1y metathalamus Aa medial wag

lateral geniculate body ﬁdLLaﬂﬂugﬂﬁ 17

Anterior nucleus of thalamus

Corpus callosum

Cavity of lateral
ventricle

Caudate nucleus Stratum zonale

Choroid plexus
of lateral ventricle :;l:lr::l medullary
Dorsomedial
Cavity of third izl

yontiiche External medullary

= [ lamina

Lateral dorsal

P nucleus of thalamus

Globus pallidus
Internal capsule’

Ventral anterior nucleus

Region of midline nuclei
Mammillary body |nterthalamic connection

A
Thalamus
3 Dorsomedial nucleus  Internal medullary
)2 lamina and nuclei
Nuclei of midline
& Anterior nucleus
. | dorsal nucleus
Interthalamic connection
Putviner Ventral anterior
nucleus
Medial geniculate body. Ventral lateral
nucleus
Lateral geniculate body
g Ventral posterolateral
Ventral posteromedial nucleus nucleus
B Lateral posterior nucleus

U7l 21 uansTiundeavesaussdrumaniia A: lunwdinvaiidasumasumthue s
asfar B: Wunmmeduansihuntsesmansidluauesinuuazuansiumiesiindes
A9 9 nelumaniia fiun: (RS., 2010.)
3. Subthalamus figUsepaefiulaudyy 8gn1991U ventral surface 984 thalamus 1agan96i
9g3¥1IN9 thalamus Uag tegmentum ¥edaueddIUw midbrain ArduRusAuiUaNeEIY
hypothalamus 1As3a$1983 subthalamus agAaudadudeu wardinisnwifesfuniii

999 subthalamus deutnees  wwadUszamiinuly subthalamus aslugndugaves



dulszamiiinainanesdiu red nucleus wag substantia nigra (Gadudauddnyiazdense
fuanesdau corpus striatum Tagaziiunumieadesiunismuaunimineueesnduile)
Hypothalamus  fifefiUsvanadesay 0.5 wssSunsveseuesiomn  Wudunives
diencephalon #ifueenunan optic chiasma Wilugawesues mammillary bodies ag/lel
thalamus wazifuiuliiulnasauesdiuwes 3¢ ventricle uenanilfisailudduiituly
magumhdenwszdudiunilsiitusanluain optic chiasma LUET lamina terminalis uas
anterior commissure %Qﬁﬁadamaa preoptic area U3ndauAUTeY hypothalamus azsauidn
udaunils tegmentum TavaNa9491 midbrain 2a9n19s1udvaziliudauans internal capsule 64
g7 22 wihflves hypothalamus AeuANALALAAYEITINERUTEUUUTEaMSATLITR
wazsruUNIYNuveweulivie wasliunumdidglunisaiuaunIsuanteanvaseIstal ua
WOAnTINMSAUE WS Mse  MsAuuS  uazAdngnau iwthiisududmiuuu
NEANTIUAN G]GLﬁL‘Vi?,ﬂSﬁﬂJ(ﬂTMﬂﬁLUéEJULLUﬁQ‘UENéQLL’may’eJanl’jﬂﬂ’]EJs[,ULLazﬂ”lﬁJuaﬂil’]ﬂmEJ i
vihiddnlunsuszandliinanuduiudvemginssusndusonsnuuazadlids
WWUS  nvinay  suprachiasmatic  nucleus o hypothalamus gl
circadian rhythm of spontaneous motor activity YaINMIAULaNISAUNA LU i’JaJﬁ’j\‘i’N%
mMsueundusaznIsiuualufie Wisuaiieu biological clock Uszneude

- Optic chiasma

- The tuber cinereum and Infundibulum

- Mammillary bodies



Cortex of frontal lobe
Genu of corpus callosum

Cavity of septum pellucidum

Head of caudate nucleus
Fornix
Antarior commissure Internal capsule
Cortex of \*\\\
lemporal lobe N Choroid plexus of
Stria medullaris

lateral ventricie
thalami

Putamen of
lentiform nucleus

Interthalamic
connection

Posterior Cavity of third
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Optic nerve Olfactory tract
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Symptoms and signs caused by cerebral hemispheric lesions

11189910 cerebral hemisphere fvualnguazUsznaunle neurons FIUIULINNY AILY Lesion
uaindu lesion MAATUN brainstem 3o spinal cord aznsliliin less pronounced deficits

NSARUATIFILIAUIUBY lesion 228NN lesions TudiuBuvedaues (brainstem & spinal
cord) uazN1T recovery 9z more complete N1 lesions ludiudu winazdunaaauRaUnfveY

1Y P = = a . o o Y | a

motor & sensory 8gte Mbuyulenaazillesandl reorganized ¥a3 cortex LievimthiunugIuNgn
ianely

\oaantiudu extensive multisynaptic arrays 39 susceptible #i® metabolic disturbance fatiu

aa v aX Y . . ! I . ! 9]
N3UEUI88INSAVULEIAIN cerebral lesion (sensory aphasia) wineidu pneumonia wuitAuld
) I . oa

naUNLUU sensory aphasia 8

YOULR & quality gMuuala liLUTAWINAU lesion U89 brainstem or peripheral nerves Lty
AUreidY ulnar n. AUBNYEULIATRIUIINTYLAQNFABY uAkUeTdy primary somatosensory cortex
A2IAMUAIUINIUNITUONAILAUTILEE sensory U 9 fetunsdun ualogsdy 9 91aliaunsausn

Fuviafde sensory tu 9 AsuNsEUN IR 1EY 9 analiiaunsauensue lesion luauesgnsies



Neurologic deficits fiinann hemispheric lesions ffnarlalasiniane (more inconsistent) ety
MInT19919n18013likase 9 Auliuegfunizvesienie wardansedu ufosimansaasameeiali
uagng 9 fuduegiunnizesinniy uardinsgdu Safasdimannadmansaiaiionugndadlunis
REALIN

3618 global deficits 1y alexia FovimszilaziBunineunildelioen wseauiauni
Y9InTUBY WU Msueslumstieusslalivunitliueaiiusinisdelivun (frontoparietal lesion) %38
Teululamszluitnladenisde (occipital lesion)

IMsuanILUUIRETuTiLanseanine1afuRinveulay different cortical we areas fmilaufiuus
Auazd1983 hemisphere wazdadl individual variability 8ndae fefy nsfvussuLazvaUn
994 lesion 1nngueINsAiAd1eAdsTy Felienauenlduuuey Wy nqueinisvesiUleiil cerebral
lesions 7ifle1ns aphasia g1 global aphasia finAandl infarction of cortical area w3 eena1du
l|an"g motor (Broca’ s) aphasia tJufu

Lesion TiAnUTnuAeafureusiazansfienauansonisesnunlsiimiloutuiugiussosinauay
Snwaugresnmmvhansaesdiutiy iy nsdifianesgades neurons 910 infarction WUI1BINNTALTULS
N1 (severe deficits) auasiignianelasiiosondaduognain 1 whsuavesuinaufeatufioy fou
HewenvzdvualvgiliioaniiasiliiAnenis aphasia dau weakness siagnulalunnlunsdives
infarction Tuwazfiagnuldguusslunsdves tumor Astulumsrmunsumisues diffuse lesions s
vildennusislonariuluuiu 9 auiueins acute udremsuansoenenandeilunsdiigniansly
dupsdIULALINUY

Lesions 71v1a1eanIe cortex (1 hypoxic laminar necrosis) 3 WaAI8INIT6199N lesion 7
W1aneLaniIzd1u white matter (191 multiple sclerosis) Snwazenisuwanslunsafidu cortical
lesions A®

- seizures
- multimodal motor and sensory deficits 1% aphasia & apraxia

w37 lesion ¥ane white matter fisnaiiannns aphasia uAszuganseaniie lesion tuanuluis

cortical lesion dnwazarnisuandtunsdiiidu white matter lesions M
- weakness
- spasticity
- visual field deficits

- pure motor syndromes



- Urinary incontinence
Lesions FiAslu internal capsule dnflawinu13n vascular caused fhvzaunieusindivh
wihiith sensory tracts Wianevinliiinens pure motor syndromes dauwasndmiioluniiuas
ﬂé’mﬁaLﬂﬁaulmagﬂmwﬁﬂgﬂszmu (affected) Lauosdndl lesion 7 genu or anterior part of the
posterior limb WwsitNau posterior part gnyianeagyiliiin weakness of arm uagdndumdanves

posterior limb Qﬂﬁ’m’mﬁ%ﬁ weakness U84 leg & visual field defects

agUeun demannsSedluiaded ashlitdndlafdaseains uihil vesauedvguarvauosdn
Taeuenasuliiluedsmvinliaansashlusesenlunisnudenslufessuulvaisudensyuy

Inadeuihndeidesauearladunds uwazszuudy 9 Yasausslazlvdundnaly wonMNideEnTe
ilusierenlunisSeuseivimenmiisamessuutssam 1, 2 uag 3 nszasvhliiandenles

ANUAUNUSN1IPATNLS
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