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Topic /lecture 

1+2) Introduction 

I 

3+4) Embryology.~ CNS 

5+6+ 7) Motor pathways 

8+9) cerebellum 

10+11) Basal ganglia 

12+13+14) Sensory pathways 

15) Visual pathway 

16) Auditory pathway 

17) Cranial nerves (5+7) 

18) Cranial nerves (9.10.11.12) 

19) Thalamus &internal capsule 

20) Blood supply /eNS I flpt,1s 1,l 

Recommended book 

1) Neuroanatomy R-Snell 

2) Neuroscience Afifi and Bergman 
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N.B. a · Notice th~t the dewc:~nd1n'3 fibre" in the cnrticoopinal tr;oc-t CRO% 
1
1 

;,t the J.m,•P-r medOJllo oblongata so that the (right cerebral cgrtex! t.•i.lJ.· / 
! 

E~ .. !:.-'?_1_ ~~-~~S:..!.!?~--~- _tl_,_~_}~~-_!~C!_!_f oF the bndy and the lP. Ft ce r~bt·;:~l 

COrtex t.I\]J. Ctllltru} \IIIJ:'lt;lC!'1 ur the 1"\l)ht !tide. Qf the hnrJy. 

b ·- The corticospinal tract is o~.!:__!=_D..!!!.EOnen_t:_ of the Evramidal trclct, tiw 

other com[JOnent is the corticobulbar tract which also begin~ at the 

IIIOtor CIJLf:.C'X but !?PdS at the motor nuclei of certain cranial' .nerves. 

Axons of 111otor neu:fons oF the cerehral cortex f.ormlng the EE!...n_~.S!. 

rodiotr~. 

~-~~. --1r~rrM Cere &r,) 
This lg: thc~nlfl cnp.saul;Jt.,hlch rr.prem:!ntB the~-~.!!. to the' cer~l.Jr<1l 
cor~.ex 1-t'- ~.ll f.h<C. flbrcG tllnt come frnm (l.e. 111otor) nr ~ 

( i.'i-. sens1flry) the c.,ercbral cortex will run her·e~n i §m£act' bundi~J 
f\s 8 result~ in this part of the brain Ce-g. abstructioi1 nf 

thP. h.tonrl ve.~!:iels "''1tch supply thls regi.on hy e-mbolism or t~,.-~bosr~ 
..)-.N 'I.)J,.j_. ,:...; . 

hil.ll !R,ltl t.u l•lid~prcad lii~turbancC9 ~e.g. 1-oemtrle~ia (paralysis or 

·u1e cantralztterul half of the l.Jody e111d hcmianacsthesin (loss' of 

nf"!nr.;atimas in the c.untrala-tert=tl half of the t.Jody) 
-.}-; (;...~..\ 

G Midbrain - Tl=lis l_s a f18f't ef the brB~il&lena wraicla CUIIlains dSCEilcliiig 

(sensory) EIMd de_s_c!'.n_ct.i_nSJ .. <.m.ot!l.!) •.racts. In addi tlon 1 t contains the i 
nuc:lel of th" third and fourth cranial narvea.(£) g~J. EfJ SIAbS~•lnl:i•tl 

(;') l"liA t.b.uJ n ljr-l 
\..6.7 Pons : Thle le another pert of the brain stem which con""til,hB I I 

~sc:endlng and ~endlnn tr~- In Eldditlon it contains the nuclc~ 
--------orflie-5th,- 6th, 7th-andBtii--craii1d nerves:------------------------ ~-------



(RF) 

_e()~\J\;Qt"OJJ.U...' --;;;-.---
~1cdulla oblongata.: this is ·the lm.Jer pRrt of tne brain stem.· I~ ~ 
addi t1on .the ascending anc! descending tcacts 1 t contains the nucl e...i 

of the 9th, 10th, 11th and 12th crenlal nerves. The medulla oblongata ... 

has the following ce:~_t_r4e_!! which ca~_t_!"_o_l _ _:_lli ta_!__v_!_E_Eer~ ~a_c~t_l_v_i_t_i~s; 

C
"-
b. 

~~ Impulses frorn this centre r.un along the vctgus 

nerves and can cause the h2art to beat more slowly or more rapidly 

VHC. · 
~a_s_O!fl_?_l:p_!"_E_~nt!!:_ : impulaF:."l from this centre trovel to smooth 

muscles in the wolls of arterioles and causes either vasaconstrl-~ 

etlan (and a rise in blood pressure) or vasodilation 

(or drop_in blood pressure) 

c. R~p-~_r_a.~_o_r_y __ .E_e_n_t_re : 1 t functions, together wl th the respiratory 

centre ln the pons to reaulate the ~ and depth of breathing. 

d. Other centres : for reflexes ossncieted wl th C::C:I~.9..f).f.!!.9., .:!_0_2,!?3"_i!!!J., 

-~w_a_l_l_o.~~~ And vo.!"} .t_l~nt} .. 

.!!_._8~ Scattered throuyhout the medulla oblongAtl!_, pons _end midbrain i"l 

complex r,:;;;·t~~~k~~f- ~;;-;;-,-~;;lie ~-rve fibreS~ known ~the RETICULAR~ 
~.............. ----~ -.:..-==:;: 

yoRMAT ION. It is connected to moat of the ascendin51 ( se_n_s_or_y) pathways 

as well as to the cere~rum, basal gangliA and cerebellum .. When sensor~ -- -
tmpuloeo reAcll thR reticulAr formation, lt responds by signal1ng the 

cerebral cortex actlvetlnq it into a state of wakefullnes9 (hence the 

name fret1culer activating system} RAS) 

00ut this erous~ the cartex(!'E!malnS unaware of stimulation)and 

~\)) cannot interpret sensory information or carry on thought processes. Thus 
-------~ 

if the reticulAr formation ceases Wfunc~ion as in certain injuries, the 

person .remains unconscious. In addl tion many drugs e.g. anaesthetics 

onEf tranquilizers are believed to hEtve sor'1e effect on the reticular 

formation. 

G 
G 

beginning of spinal cord 

]"_ h_ A}_ ~m.':' ~ : Thlo 1!:1 thP. upner pArt 

part of tt•ls re~1nn is Cell led the 

thalamus and contains many nuclP.l. 

of the @Iencephni~ The lower 

~otha~amus. It lies below the 1 

The thalamus serves as a central / 

!.~_l_a_y ___ ~ ta tinn for !1e_np_o_:_y_ }!'1Jl!J}Ses t;~:~~~~9-upward from other partg/ 

of thP.. nervous aysL~m to thP. cerehral r:nrtex. It receives All senaory J 

lmpulnr.n (except omc.ll) mul send tl1cm to l'tppropriate 

cortex for interpretation_ In ather words it acts as 

regt ono of the 

a SECRETAflY to 

connected to 

concerned 1.o1} t(-, 

I 
! 
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The tlypothalamus : plAys key roles in maintainin~ HOMEDSTASI S IJ1• 

regulating s variety of v1_9_c_e:_a_l ___ a_c_t_ivl_~_i!'!~ ~nd by serv_i_ng __ e_s __ a __ l_int-: 

between the ne_r~~-s- ~[l_d __ e_ndocr_~!'.e. _!;l_y~_t!=!!'"·~· 

Amana th~ many important functions of ·the hypothalamus are the following:-

1. Requlotian of heArt rate a~d r:.rterial blood pressure 

2. Regulation of body temperature 

3. Regulation of water and elect;~ol\;"te balance 

4. control of hunger and regulation of body weight 

5. control of movements and glan.dula:t' secretions of the stomach 

end intestines 

6. Production of nl:!urosecretory subat_encee that stimulate the 

pi tui te~ry gland to release v8r1ou.s hormones 

7. Regulation of sleep and wakefulness • 
• - • ---- -- - ---- --- - -. - - • --- - -- - • - • --- --- - .. -- --- -- - ------ 4 - 4 4 - ---· ---- - •• --- 4 

~ Sensory part of cerebr~l cortex which interpret impulses that arrive 

from various sensory receptorA. 

~ Caud~te nucleus 

~PUtamen l Lentiform 
~Uirluiil ------'!)<-... 

w \i_ '-x:te.r,J 5~Y>\<.tlt 
~ Cl~uetrum ,, ~ _ iTJtt.rnOL! >'-

~----------
N.B. 10+ 11 + 1~ + 13 

Lateral ventricle 

ventricles ~ontain cerebrospinal fluid - CSF~-

- -1 
I 
i 
i 
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Fig.· -1& The gyri of the Laternl surlace of the ce:-ebral hemisphere. 
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Table l. Motor and Sensory Classification of Nerve Fibers 

Sensory 
(Croups) 

Ia 

Ib 

I I 

III 

IV 

Sensory 
and 

Motor 

A a 

A a 

A/3 

Ay 

Ao 

B 

c 

Greatest 
Fiber 

Diameter 
(p.) 

22 

22 

13 

8 

5 

3 

1 

Greatest 
Conduction 

Velocity 
(meters/sec) 

120 

120 

70 

40 

15 

14 

General Comments 

Motor- the large alpha motor neurons 
of lamina IX 

Sensory-the primary afferents (an­
nulospiral) of muscle spin­
dles 

Sensory-Colgi tendon organs, touch, 
and pressure receptors 

Sensory- the secondary afferents 
(Rower spray) of muscle 
spindles, touch, and pres­
sure receptors, Pacinian cor­
pusciP.s (vihrator}' .ser;.:;:ors) 

Motor- the small gamma motor neu­
rons of lamina IX innervate 
muscle spindles 

Sensory- small lightly myelinated 
fibers, touch, pressure, pain, 
and temperature 

Motor- small lightly myelinated pre­
ganglionic autonomic fibers 

Motor-all postganglionic autonomic 
fibers (all are unmyelinated) 

Sensory-unmyelinated pain and tem­
perature fibers 

R~K rt:r~H {vCS'rf/i 1111 usc fc: 5fi ndfe 
~ -r~ fk' 1[ 

(/ ~e_rt{l ~'r/A G-&1~· je-.,} COM cfV(J i/q 

h ---~-:;- j b 

fwo 
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.:[.. c:*.t t\ 'lVI t~ eli c1 Mu-t. :':" 

~ · , ! Six~ 
fr w~~.~ N<ll\~7 ~''1 cervical 

\ ~~{~) '"M~~ segmem 

')( a.. no\: • h~'l'1 ~ -t)(..{'.t"J' lttlhitl.~ 
INCA<Lte ro IJj1(}ed sixr.h 

M fC~f<\)'1 ( t !llllr ,ll'IC 
- I segmcm 

\lll.i t'\ (\It .t' * ?i:!S l . ~ l$l' 1\ } 

Q f (/I.J ~ O'l I" *. 
Abo'lie I& ~ qp-il. 01t 'f I Third 

U,.U'tr\kt l~!(i'·;ll lumbar 
:'I segmem 

~LM bll n ·~:tA jc. 'f: 11 (\ V'lfu i ""'. L ¥ rbst· ..(l.e-y(l} 

foH. ~""\I\")> ~ J t r• c.~Qf' 
f~5(; c.J,w1 ThirJ 

sacr;d 

Posterior 
mcJian sulcus 

Cervical 
enlargement 

ce. rv i cJ. 
~~t~~M 

MA~ ~M. 
~l~t~y.'l.~ 

Lumbar 
cnlargcmcnr 

~ 

I 
I 
I 

Eighr cervical se;;ments ' 

Twelve thur.u:i.: set;lll<'llts 

Five lumbar segments 

. segmem \W'~- J 
tL' l( K.. ~W 

5 
· ~ ~ Conus L ] Five sacral segments 

o/ folf (,..f'(ll medullaris 
<; h elY t f o H · J\n •' One coccygeal segment , 

'" : ~ ; .--... • I . 1 C. 'Lj. L~ >v,....,,i »lA 1.( ~·~ • )\ t>'fOilo.. cJ'l Filum tcrmir.ale 0 

Ct:l\ h U -po $ f,'t - ti /<~ A B -:;:;: 
(•tv, d. 
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d ith cxlcroccptivc sensations, 
1 _ - 1 · 10 1 y are conccrnc w . 
........ m•nae _1 primarily with proprioccplrve 

I - y and VI are conccrncu 
whcrc::~.s am•nac 1·m 1·, L:~min:l Y11 acts 

h h nd to cuuocous s 1 u -
sensations, allhoug 1 _cy 'c:"poand cerebellum. Lamina VIII modui;J.tes 
u a n:.l.:.~ ~tween mid~~~ via I he gamma neuron. Lamina IX is the 
motor :lCIII'IIY. most pro . Y

1 
d IL contilins large alpha and Sm;JIIc::r 

main motor area o( lhc span<~ cor "r these ncurons ~u ly !he c:o:tr:.JfuS-31 
amma mo r neuJns. c axons a . 

g l . r, ........ sc.lt PifsrO t<~ftdr . o\.... lt'\h"l..Tu.' 

' I 

'0' ' . 
' ' .. ' 

V/J 

-, 
u\ 

• 

Schcm•lic diacnm al half af 1he spi ... l card liho ... inc !he loc;~lian of Racd 

·n•c multmcuron.s l,f the spin.-.1 cor-d are :~rr.111ged in 
culumns which supply muscle groups havinr, simil.u 
function.<. Tl•c in~livilluOtl mLLo;dc.s arc .511pplied front 
cell J;rc>uf.s (11uclei) within the columns. Medi.,lly 
p/;~ced cu umn.s SUJ1p/y lhe :~xi;~/ (tnmk) musculalure. 
Lilternlly pl.-l(:CU C'nlumn!'l, preS<'nl only in lhe cr-rvical 
0111d lumh;,r eiiL,rtentcnl!l, supply lhc limb muscul,,­
lureo. Rn.,ll}·. mulnncurnn!l innervating extensor ntu!l­
clcs lie ht !rnnl (1( moloneuruns innervnlinc nexon 
{Fig. 10-l. T01blc 10-1). . 

T~l•ll! 10-1 ~lutar cell cnl"uon~ 

Crll cui""'" A for.c.·.ir-s 

Yclllrumo:oli.,l(:.ll MT.ntn>l.sl 
IJ.:•r~~~:>n~l;...l (TI-1.2) 
V~"lruL\Ic-r.ol (0-8. U-SlJ 
Our:u;•l-,ll"r:ol (C6-:ft.. U-5:11 
Rrtr,.,.r.,.,..,r.,h:-r:-.1 (01. Tl. 51. Sl) 
( .. ,,,., (CJ. L-t. l."5J 

F.u•C1ur 'loi'""C 
lulcrn•tl:ol,. abJranoln011l' 
Annllloi,;h 
l'o•o .. .,ruVIcg 
lf;a, .. ltl' •• .c. 
Ul.rrf'l•ns ... 

Tabk S.l. Cellular Organinlion of Spift.:ll Cord 
Oll.lcr terminology 

Rued terminology 

l;;~min=a I 
II 
Ill. IV 
v 
VI 
VII 
VIII 
IX 
X 

£•u~nsou 
oftrun._ 

Postcromar;in<~l nu1.-k.-u.s 
Substanli.:l .:dalinos.:r 
Nucleus proprius 
f'lcclr. ol push;rior hurn 
ll:t.:~oe 0 ( rosh:riur horn _ 
1 ntcrnll:•lialc z•>n<:, irlto.:nn.::rluol;al<;r;d lull" 
Cumn1issur;1l nudo:us 
Vcnlro~l horn 
(;ris-;;.1 c.:o:nlr.alili 

ll;u>d/ 

-, 
' Aun/ahloh 

fl&- 10-1 Cdl coh.unnsln lhc 5r:ay mallcr. Vuttco.llinc inoJical~' 
Dmlt ul1ra1 rnallerallltn~lcvcl. C. ccnlro:al; IJI.. o.lunol.,lt"r;ol; 
DJ,.I. d1wsornco:IS.J; IL. lnlcnnftllul•lcral (aulon•oonlc); ROL 
rC'frodonobiCTlll (far lnfi'Lukmuscl_n): Vl. wc-ntrubolcr.ol; VM. 
'I'C'nlronwdlal nudcus. 

... - _______ ... ~~-- --------F"...--c---S.:4o. -S~nnlirdi11 1raon ·ol -•loc "lpi"'"h~arct·sfloo•ina: ·~~.un•r..rUIN('OJ~Ifliiii:iliOiti u:r -·--- -· 
....... ~ Joow .. OICUidfttl. 

I 
- i 
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Molecular 

II 
External 
granular 

VI 
Multilorm 

® Mfl.l n +j (le s <J6 
neu..nm s : 
A) P~r~"";J.J. 
fS) 9 Yr'\nt.dc CY 

S+U.IMe cdls 

p~ tiliv,; J:J n<eu.ra-.t~ 
-II 

p~ ""'- ,-JJ. L'!jus 

'i~c4>t- 1 
:;, rn 111 vJ~ cJU.J.s 

-Y 
~ lA kl\ "I'<M .s. ""' 

5 M>IY¥':1 ""-"'" 
(Afi?o U.<t h·m, 

Lf<Y-/ex" 

J>e~ce..,J,~ 
Pllf-/.,wR.lj~ 

.J,. f· 9 

0rf1"1"c...s pi ,.,J' 
fy/ld 

FIGURE 15-1. Histology of cerebral conex Left side layers, right side cells. 

FUNCTIONAL HISTOLOGY 

The neurons of the neocortex are arranged 
in six horizontal layers. The most superficial is 
the cell-poor molecular layer (I) and the deep­
est is the multiform layer (VI). In between these 
layers are alternating extenul and inten1al 
granular layers (II and IV) and pyramidal layers 
(III and V), each of which is named according 
to its predominant cell type (Fig. 15-1 ). 

* I.s o c.,-riel( ( nu.£ey -.'b-) ,...=;> (f.) 
to~- t.n"jc rr-

'J( FtJ.1o4r"Yffl (""$) l~~s 'fo/. ·'!. 4:~ .. 
1!::;:-1> i\.( CD<...crfff ,.. --"' olf tl cf <YY....)' 

A-reid c.rf.(.4,~--'.!" 0,..\fYOCti""PLIS 
-1· -.....<!f·o c.\'Yf<.l( "<:"' "3 - ' ~ "-'1 ~ -r• A 

...., P"-r"-"'-lrP"<""'fM' 9· 
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Fig. 12.1 Cortical neurons. H, horizontal neuron (of Cajal); S, stellate neuron; P, pyra­
midal neuron; M, Martinotti neuron; F, fusiform neuron. 
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Figure 12.3. Schematic diagram of the termination pattern of the various inputs to 
cortical laminae. 
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Figure 12.2. Schematic diagram showing sources of fiber input to the cerebral cortex. 

INPUT TO CEREBRAL CORTEX 

The input to the cerebral cortex originates in three sites (Fig. 12.2). 

I. Thalamus 
2. Cortex of the same hemisphere (association fibers) 
3. Cortex of the contralateral hemisphere (commissural fibers) 

------··----·----· 

The input from the thalamus travels via two systems. l The ecific 
amocort1cal syste originates in spec1 1c a amic nucley(ventra is 

anterior, ventralis ateralis, ventralis posterior, etc.) and projects upon 
specific cortical areas. This fiber system reaches the cortex as an ascend­
ing com nent of the internal capsule. The majority of fibers in this 
system project upon urons m lamina · IV, with some projecting upo"n 
neurons n ami Fig. 12.3). 2) The nonspecific thalamocortical 
system is related to the reticular system and originates in nonspecific 
thalamic nuclei (intralaminar, midline, and reticular nuclei). In the 
cortex, fibers of this system project diffusely upon all laminae (Fig. 12.3) 
and establish mostly axodendritic types of synapses. This fiber system is 
intimately involved in the arousal response and wakefulness. 

The association fibers ·arise from nearby (short association fibers) 
and distant ong association fibers) regions of the same hemisphere. 
The too roJect 1 use m a ammae (Fig. 12.3), but ~mostly in 
laminae I to I The long association fiber system includes such bundles 



OUTPUT OF CEREBRAL CORTEX 

~outflow from the cerebral cortex is grouped into three categories 
(Ftg. 12.5). These are the association fiber system, commissural fiber 
system, and corticofugal fiber system. The association and commissural 
fiber systems have been described in the section on input to the cortex. 
Essentially they represent intrahemispheric and interhemispheric connec-
tions. .....,.-~·--'--'----·--" -_., ____ --~., 

Association I t;bm 0$"'-"-•ti 

Commissural 
fibers 

Corticofugal 
fiber syste 

Figure 12.5. Schematic diagram of the major groups of~j~~~~ 
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figure 12.8. Schematic diagram of the corticobulbar pathway. 
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SPINAl MOTOR NEURONS 

The srinal alrha m0tor neurons innervating an 
individual muscle or a particular group of muscles 
are arranged in. longitudinal columns extending 
for various distances in a. specific part of rhe ante­
rior hom. The medial cell column exrends rhe 
entire length of d1e spina 1 cord and innervates the 
;Jaravertebral or axial muscles. The lareral cell col­
umn, which is found at the spinal cord enlarge­
menrs. innervates the muscles of the. limbs. Within 
rhe lateral cell column further somatotopic orga­
ni!ation exists: the proximal limb muscles are 
represented mediaily and the distal muscles, lat­
erally (Figs. 5-ll, 5-12, 7-l). The mosr disral 
muscles (in rhe fmgers and roes) are represenred 

Intermediate 
neurons 

Long--_j 

ntO~{ dorsolarerally and are limited to the mos[ 

caudal segments of che cervical and lutnhosacral 
enlargemen{S, respectively. 

THE PROPRIOSPINAl SYSTEM OF NEURONS 

All movemenrs require rhe accivicy of lower moccr 
neurons in more than one spinal cord segmenc. 
The number of segments involved in a move­
ment varies. Because axial movements deper1d 
on the activity of muscles chat excend for great 
distances along the vertebral column, the para­
vertebral muscles are mnervated by numerous 
spinal nerves. In contrast, individual finger r.1ove­
ment.s are controlled by me intrinsic muscles of 
rhe hand thar are innervared by only spinal nerves 
C8 and Tl. 

The intersegmental activity required for any 
particular movement is integrated by the ~""~ro­

priospinal system of neurons. Tne propriospinai 

~~~~~~:~s; rubral 
vestibulospinal 

latercd reticulospinal 

!liWtromediii'DPalhs: 
medial vestibUlospinal 
medial reticulospinal 

Figure 7 -I Motor organization of a spinal cord segment in the ce!Vical enlargement 
(A. axial; B, shoulder; C. arm; D, foreann; E, hand; fasc, fasciculus) . 
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system includes chree groups of incrasplnal neu~ 
rons whose axons influence homologous areas of 
the spinal cord gray ma[[er at differenr levels by 
naveling through me fasciculi proprii bordering 
me gray maner (Fig. 7 -I): 

1. The long propriospinal neurons have axons 
rhat ascend and descend in me amerior fascic­
ulus proprius w all levels of the spinal cord. 
These neurons have a bilateral influence on 
the more medial mawr neurons subserving 
movemems of the axial muscles. • 

2. The imermediate propriospinal neurons have 
axons that extend for shorter distances in the 
ventral part of the lateral fasciculus proprius 
and influence the motor neurons that inner~ 
vate the more proximal muscles of me limbs. 

3. The shon propriospinal neurons are limited 
w the cervical and lumbosacral enlargements. 
Their axons crave! in the lateral fasciculus pro­
prius and rermine~t:e within several·segments 
of their origin. These propriospinal neurons 
influence rhe motor neurons chat innervate 
the more distal muscles of the limbs. 
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c,;~--l~tcrol (11~dullnr)l') 
R~tlculo~plnal tr3~ 

SPI~AL CORD 

~- Poncinc (medial) Rcticulospinnl Tract 
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This tract originnCc& from ccllG in the nucleus pontic caudnlis nnd nucleus 
rcciculnris pontis or4lis located in the medin~ t~o thir~~ of the pons (fonti~9 

reticular formation) .. Fibers project to chc ventromedial spinal coLd '\Jhcrc 
they have_a general excitatory cffect*on both extensor nnd flexor moton~urons, 
nlthou&h moximal excitation is on the extensor~. 

C. ~l~n Cl~ tcp l) Rc t I culosp !no I Trac-e 

Cells originate in the medullary reticular formation (nucleus rcticularis 
gigantocellularis) and terminate on spinal cord interncurons in the 
intermcdiata gray. The medullary rcticulospinal tract hns the oppo$itc effect 
of the Pontine rctlculospin~l trnct, in that it hos a ecoeral inhibitory effect* 
on motoncurons: '\Jlth a. ;;yconrer Jnblbltlon on extensor;-;. 
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Figure 33 : The knee Jerk. 

THE STRETCH REFLEX AND 

MUSCLE 'lONE 

What is the stretch reflex ? : 

When a skeletal muscle is(kassive(ilstretched, it contracts reflexly. 
This response of a skeletal muscle to stretch, is known as the stretch 
x·eflex. 

'• .-

N~rvous pathway of the stretch reflex : 

The stretch reflex is the only monosynaptic reflex in the body. 
The stimulus that starts this reflex is passive stretching of skeletal 
muscles. This results in stimulation of specialised stretch receptors 
located in the fleshy part of the muscles known as the muscle spindles 
(see below), which discharge impulses in affer'W-J fibres. These are 
thick myelinated, rapidly conducting (. L"- "'-ffe.rett:t) · nerve fibres, 
which end directly (i.e. without intervening interneurons) on large 
A. H. C. ( = the alpha motor neurons) that ·supply the .stretched muscle. 
These neurons constitute the centre of the· reflex, from which efferent 
fibres arise. These, like afferent fibres, are thick myelinated· (about 16 
microns in diameter), rapidly conducting (group A alpha) nerve fibres 

that supply the skeletal muscle resulting in it~ contraction ~(I.,-1 "ftt-.,,+) 
THE MUSCLE SPlNDLES (intril.fw~ -filsfU} 

Structure : 

These are capsulated fusiform stretch receptors present in the 
fleshy parts of skeletal muscles parallel te theit fibzes. Eacl:lSpfnaie __ _ 
is few millimeters in length, and is formed of 4-10 small muscle fibres 
called intrn.fusal fibres which are enclosed in a connective tissue cap­
sule. The spindles are attached either to the tendon of the muscle or to 
the sides of ordinary muscle fibres, which are called the extrafusal 
fibres. The intrafusal fibres are smaller and less developed than the _ .. 

--- ---extrafusal ·fibres;·aoo--eac:.ti·-consists-· or-a-central-uon-contra"~tik-p-;~t"7- --

called the receptor area, and a peripheral contractile part . .k-



A 

FIGURE 12-7 lo\otor neuron 

A Tht strl!tch refit!X arc runs from muscle: spindle ~trctch n:c.cplOrs in the 
stretched muscle to motor neurons that cxciu: the musde. 
B RC"Ciprocal inhibitiOn in the stretch reflex involves connections il.tnong a£­
[crent neurons. intcmcurons, and motor neurons that simultaneously cli:Citc 
motor neurons lnnctvating the stretch~ musdc (<~nd its syncryists. not 
shown) and inhibit ongoing activity in motor neurons innervating the mus­
cles' antagonislS. 

0Yl ()I\ c J.) r1 r) p h'c ~>' 

( ~'jn<lf h'c ) 
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B 
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1. Nuclear bag fibre.;; These have many nuclei, which are grouped 
together forming a dilated bag in the central parl of the receptor area. 

2. Nuclear chain fibres : These have a smaller number of nuclei, 
forming a chain throughout the receptor area. These fibres are thinner 
and shorter than the nuclear bag fibres, and their ends are connected 
to the sides of these fibres. 

-._.-

. . _...>c.~nnervatio!Y : 
I ···-·-··----

'>' 
(1) Afferent fibres 

These arise from 2 types of sensory nerve endings in the muscle 
spindles, which are ~ti.lllu!a,~_g __ bys~_retcl! of th~_c.entral r~9":ptor area : 

a) Primary or annulospiral endings : These encircle the central 
parts of the receptor areas of both the nuclear bag and nuclear: chain 

----Capsula __ _ 

Dynamic gamma tiber 
Group II 

afferent fiber 

~a a.lleron{i!b;,;:.· 

Static gamma fiber 

Figure 1-52. Diagram of an lntrafusal muscle fiber, showinR Its nuclear bag and nuclear Chain fibers. The arlerenl 
innervation (Ia and II fibers) and efferent innervation (gamma dynamic and gamma static fibers) of the intrafus.al 
muscle fiber also are illustrated. 

intrafusal fibres, and give rise to thick (about 16 microns in diameter) 
myelinated group A (rapidly-conducting) afferent fibres. 

\.. :J:.·a. :.! 
b) Secondary or flower spray endings : These lie on both sides 

of the primary endings and encircle the peripheral parts of the receptor 
areas of only the nuclear chain fibres. They give rise to thinner (about 
8 microns in diameter) myelinated group B (less rapidly conducting) 

afferent fibres. ':..~ 1I;! 

4
(2) Efferent fibres THE GAMMA EFFERENT FIBRES 

The pet1pheral contractile parts of the mfratusal fibres of the 
muscle spindles are supplied by thin motor nerves about 4 microns in 
diameter called(~a~x:;_t<i, e1'~_rent "fibreS\, These nerves are t~e axons of 
small A.H.C. called the gamma motor neurons, and constitute about 
30% of the efferent nerves that leave the spinal cord in the ventral 

-·-·------·-·- _____ roots. __ ···- .. _ ··-·~ ·-. 

' i 
I 

~---1 



··There are Z types of these gamma efferent fibres 

a) Dynamic fibres ( gamma-d fibres) : Tnese supply the nuclear 
bag intrafusal fibres. 

b J Static fibres (ganuua-s fibres) 
intrafusal fibres. 

These supply the nuclear chain 

When the gamma efferent fibres are stimulated, the peripheral 
parts of the intr.afusal fibres contract, leading to stretch of the central 

~ 

~ALPHA. 
MOrORNEUROH 

SPINAL 

C.ORO 

GA~MA 

1-tOTORNEURON 

"l>Oa o:;AL ROOT 
. GANGLiO.t'l 

Figure I H.2. Scl~cmatic t.!i4.1grum u( tin.: -.:ompuu..::nls of lh~.: ~ 

sf' ; .,JJe. 

"""-teA 4htr,Lc.6.e'e.. 
f'ct.u. - i5 h CIY{&l s 

receptor area, thus the primary and secondary endings are stimulated 
and discharge impulses in their afferent nerves, which produce reflex 
contraction of the extrafusal muscle fibres. 

!Uethods of stimulating the muscle spindles 

1) Stretching of the whole muscle. 

2) Stimulation of the gamma efferent fibres (as deseribed above). 

[. The mnscle spindles are silent i.e. not stimulated during active con-

I' traction of the muscles {which releases the stretch of the spindles), 

r provided they are not stretched by gamma efferent. fibre activity. Oii 
~er hana, tiiey---;u.e maximally stimclated when the muscle is 

... / .. ··stretched and'the· inttaflisa:l miiSCle'nbres are·--cCintracfed ____ ihrough- -

, stimulation of the gam=a efferent fibres. 
'---... .. 
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g. 11·5. Response of muscle afferenr..s to muscle con­
.ction widlout and with acdvation of gamma motor neu-
15. During active concr.ac[ion. discharge in afferent 
e:rs ceases in the absence of gamma activation because 
:spindle become.<; unloaded as extrafusaJ mwdes 
J~en. Activalion of gamma motor neurons prevems un­
.d1ng of the spindle, and the di:5Cha.rge in Ute afferent.s 
m the spindle is maintained. 

Th~I;i~~otor neuro§ 
fibn~s are stimulated by 2 ways 

r 

that innervate the extrafusal muscle 

1. Directly by descending impulses from supraspinal centres 
~~ 

2. Indirectly {reflexly) by afferent impulses discharged from the 
muscle spindles ~@ ~@ ¥;1>rt-< 

Alpha.-gaQllila linkage (coactivation of alpha and gaQllila motor neurons): 

It seems that during active muscle contraction, the muscle spindles are 
not completely silent. There is evidence that impulses from supras­
pinal centres stimulate both the alpha and gamma motor neurons, lead-
ing to contraction of both the extrafusal and intrafusal muscle fibres 
at the same time. This has been called the alpha-gamma. linkage, 
through which the muscle spindles continue discharging throughout ® 
contraction, thus remaining capable of reflexly adjustint< the alpha 
motor neuron discharge, 1 . , ._ 

1 . in spite of the change that occurs in the length 

Activation oi iaffimil neurons alone can produce a n:fl.ex 
contraction of the musc:le. Since !!amma motor neurons are 
smaller than alpha motor neurons, they have :J. lov.·er thcesh-::o:--==•'!11• old for excitabili1y than the alpha mOlor neurons. are~ 4£1!1ii------

7 easilv excited. and have higher- tonic discharge rates. "There- ~ 

' 

---------··-·· -·----ro~nirdischage:ofth~-mocor-neumns-may-be----~-- ----------------- ·- ·----- _. 
{i/!) responsible in laJl'e pan for maintenance of muscle lone;, 

--- _1),_.~,... ... ; • ..;.,.. of •h ... ,,.,.,.,""~ .s:r_sr,.rn m:w lt".;u1 to hypc!nonia. 



Function of the muscle spindles 

The muscle spindles and their reflex connections constitute a feeil- , 
back mechanism which ~aintains the length of muscles constant e.g.}lt* 

;f a muscle is stretched, its spindles discharge leading to reflex con­
traction, so th;~ will be shortened. On the other hand, if the 

~ 

muscle is shortened, the discharge ·from its spindles decreases helping 
its reljj(axation, so the muscle will be lengthened. 

:?lfv..or-o.c«.:. 
l_/f) J vL-:::;.-r-6{..1 ~t~ ~ 

When the muscle spindles are stretched, both the prinl.ary (an- ' 
nulospiral) and secondary (flower spray) endings will be stimulated, 
but the pattern of response of each is different as follows _: 

Response of muscle spindles to stretch : 

-~ --------------'"= 
• flGURE 6--'!. Tonic and Phasic 
Receptors (a) Tonic receptor. This recep11.u rype docs 
not adapt at all or adapts slo,.,ly to a sustained stimulus 
and thus provides continuous infonnalion abourlhe 
sti~ulus. (b) Ph~ic receptor. This receptor type adapts 
rap1dly to a suSia•n~ scimulus and frequently exhibtiSan 
oU ~nse when tht! Slimulu:o;; is removed. Thu:s.,lhe 
rece~torsignars changes in stimulus inlensiry rather !han 
relay•ng Slatus qun inlonnation. 

Aeceplor 
potential 

Stimulus 
strength 

Slimulus 
on 

Slowly 
/adapting 

(a) 

Slimulus 
olf 

1) Dynamic response of the prima.ry endings 

Receptor 
potential 

Stimulus 
sltength 

Rapidly 
adapting 

Slimulus 
on 

Time 

(b) 

StimuiLiS 
olf 

- The primary ending§ are rapidly-adapting receptors, so when the 
muscle spindle is stretched, the rate of discharge of impulses from these 
receptors initially increases, but it rapidly declines to the original level 
when the stretching force is main tamed and the length of tlie muse!~ 
stops to increase. 

~ra~ 
Since the /Primary en~ are stimulated only during the stretch­

ing movement (i.e. during actual increase in the length of the muscle), 
their response has been called the dynamic response, which informs 
the nervous system about the rate of change in the length of the stret­
ched muscle. 

This dynamic response is the result of stretching of the nuclear 
bag intrafnsal fibres, from which the primary endings arise. Therefore, 
this response can be increased by stimulating the gmma-d (dynamic) 
fibres, which suJ11y the nuclear bag fibres · 

2) Static response of the secondary endings 

The secondary endings are slowly-adapting (= tonic) receptors, so 
when the muscle spindle is stretched, the number of impulses discharg-

- m _ed f_rom _t_he:;;e endings __ i.Q<:re~es jp_ proporti_on to _the degree of stretch, 
But when the stretching force is maintained, these receptors (unlike 



the primary endings) continue to discharge at a fast rate for a long 
period of time, as long as the muscle stretch is maintained. Therefore, 
this response has been called the static response, which continuously in­

forms the nervous system about the length of the stretched muscle. --- - --
This static response is the result of stretching of the nuclear chain 

intrs.fusa.l fibres, from which the ~~n~arise. Therefore, 

this response can be increased by stimulating the gamma-s (static) 
fibres, which supply the nuclear chain fibres (figure 30). 

·Fig. ll-4. The elements of the monosynaptic scretch re-
flex:, including reci:.e_ror..al. inhibition_ · 

TYPES OF STRETCH REFLEX : 

Depending on the dynamic and static responses of the muscle spin­
dles to stretch (see above), the stretch reflex has dynamic and_ ~?tic 
components, thus it can be divided into the following 2 types 

(1) Dynamic stretch reflex : 

This occurs when a muscle is suddenly stretched. This increases 
the discharge from the primary endings which leadS to reflex contrac­
tion of the stretched muscle. However, such discharge of impulses 
rapidly declines (due to adaptation) leading to rapid relaxation of the 
muscle. Therefore, the dynamic stretch reflex leads to both rapid con­
traction and rapid relaxation of the muscle, and this is the basis of the 

--------~tendon-jerks--{-see-later). _ ...... ____ . ________ . __ 



(2) Static stretch reflex : 

This occurs on maintained stretch of the muscle (during which the {_Cf 
dynamic response disappears). This increases the discharge from the 
secondary endings which leads to reflex contraction of the stretched 
muscle. Such contraction continues as long as the muscle is stretched 
(due to slow adaptation of the secondary endings). Therefore, the 
static stretch reflex leads to continuous muscle contraction, as long as 
its stretch is maintained, and this is the basis of the skeletal muscle 
tone (see below). 

-SKELETAL MUSCLE TONE : . - . '~ ·. 

Definition : It is a continuous reflex sub-tetl!lllic (i.e. partial) con­
traction of skeletal muscles during rest. It is produced through the 
stretch reflex (as described below), so it is a neurogenic property. 

Plain muscles also have tone, but in this case, it is due to a myog­
enic property i.e. it is produced as a result of inherent properties in the 
plain muscles themselves, and not as a result of nervous reflexes 

' ~Mechanism : 

During rest, the skeletal muscles are usually shorter than the dis­
tance between their origin and insertion, so they are continuously sub­
jected to stretch. This stimulates the muscle spindles which send im· 
pulses, mostly from the secondary endings (see above), resulting in re· 
flex partial contraction of these muscles. Since during rest this partiai 
contraction is a continuous process, it has been called the muscle tone. 

Dorsal root ganglign 

Synapse in CNS !':'-

·---. 
Evidence of the reflex nature of muscle tone 

......, .. tch 'P• . I ,_ 
'" f-r<\.r"' fA-t '-LC ut( 

Afferent Path 

Cuttin g the afferent or efferent nerves of a certain 1 1 atonia (= loss f t ) . . muse e, eads to 
·-- --flaecJ"d --:-···-----

1
«? ___ one ....li!..Jhi.s_.rouscle, .which .. will.acconiingly-becorne·· 

I.e. comp etely relaxed. · --- - ---



Tone is present ·in all skeletal muscles of the body, but it is more 
marked in the antigravity muscles, because they are the most stretched 
muscles in the body, by the effect of gravity. These muscles are the 
extensors of the lower limbs, flexors of the upper limb, extensors of the 
back and neck, elevators of the lower jaw (the mandible), and the 

anterior abdominal wall muscles. 

Functions of the muscle tone : 

1. It maintains the erect (standing) posture against the fcirce of· 

gravity. 

2. It helps both venous return and lymph flow from the lower parts of 
.the body against the effect of gravity. This effect is known as the 
muscle pump (refer to circulation). 

Inverse Myol11Lic Hellex (Fig. 11!.3) . -~-- .. ·' '-~'~~ 
~in a muscle produced, by~tv7~il( stimu,·: 

lalc nerve endings in ils ·ten (Golgt tendon organ). Impulses .from 
Gulgi lentlon or•ans travel ia lb nerve fibers. In L)}9~ 
project upon 'nhibiLory neurons.) which ~u~n will[ inhibit alpha motor 

-.-.,..neurons supplying Lhc (nusclc under Lcns•onJ(h~<i-;;S:"moto'r; ---
1Nt-IH31TORY 
INTERNEURON 

SPIHAL 
CORD 

DORSAL ROOT 
GANGLION 

·," 1\, ~,·, t­
............ $ cl. < 
U.MJ.~ 
-\- t,. s j •-YO 

f ( ~<1cJ;t.-~(. ,,,..,t-~"":'sh'c. 
MOTORNEURON , -ALPHA / rV,..,...._x_/t_ / 

\ Fi~~re 18.3. Sch::n:tic di-agram of th~ components_:~_ the_ i~vcrse_ myotatic rdlc<. : .. 

~neurons~. ~he_ ~~ult 1s relaxat1on -of the muscle (lengthening reaction~ 
·· - autogemc -mh1b1t1on}.--At-t-h~-same--tim"• the -Jb-activity-will--facilitate · 

111uto1 I~CUIU~IS that supply ~he· autagonistie· rntuele. This is a preteeti•1e 
mechamsm to prevent teanng or the muscle under ·great. ten~ ion. This 
reflex -~lso underlies the mechanism of the "clasp knife" phenomenon 
note~ 1n spastic. muscles. In such situations; passive stretching of the 
spastiC muscle w111 be met with great resistance up to a point, after which , 

-~ -~- ...... -~b~~~~uscle_g_ivc;s-:~~y__suclcl_~ly._Th~_p~c::!l~':':'C:':l_O_ri__~<I_s ~een termed "clasp 
1 

kmfe by Shernngton because or its similarity to the a:ction-oTaJacl<~----- -
len if,. 



q::p- 'Y Motor neuron 

Group Ia and II -q:t::j ! sensory 

t 
Muscle 

Group Ib sensa/)' 
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Golgi tendon 

Tendon 

Contraction 
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Fig. 11-J. Localiz.Jtion of muscle spindles and Golfi 1endon organs in relation to extrafusal 
muscles. Enlarged view of the muscle spindle illusrr:lles the 1wo types of incrafusal muscle 
fibers and their innervation. Responses of muscle spindle and Golgi tendon organ to muscle 
sr.re1ch and contraction are illustrated at the lower ri,ght part of the figure. 
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Figure I K.6. Schematic diagr.J.m showing lhc mcchanis-:n o! deccrcbr;;tc rigidity. 
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B. pecerebr:a-:.e P.i.gidit:.y {~ id-Coll icular Teen sect i.on) 

T~o brainstern centers that ~re very Lmpor~ant:. to the maincenance of ~uscle to~e 
Ln ~ntigravLty muacloa (p4Lmartly oKtcnocro arc cha pontiac rgticul~r 
formation (medial ce~icu osp~na and Dei~er•s nucleu9 (laceral 
ves~Lbuloapinal cracc). Bach cencer6 have an excica~ory influence on 
ex~ansora. Scimulacion o( cells _in chc poncine recicular !ormacion has a very 
po~erful excicacory effect on exccnoora. but i~a acc.Lvi~y is norm~lly modula~ed 
*~ by cencral (corci.cal} p.cojecc..ions. If 1:.he ifJta.h-l··s-te..m ·is cut. above 

the level of the pont..ine ret.icular focmat:.ion C111id collicula.r), 1:.he inh.ibic.orv 
influence is rem~ved and there is an exagqera~ed activacion of musCle tone in. 
e.xtensors (ant.i.gra.vi~y muscles). This produces .a. rigid posture .,...hich is 
rGfarrgd to ag dececebc~te rigidity. In humans arm~ and lags are ax~ended, 
back i.& a.c-ched, he.a.d dorsiflexed, and feet vent.ro!lexed (curli:-r.g of. toes lif:..s 

_ -~-9~.b.!!.~t: g::::a.vity). Thi.s stiff postur-e does not. perm'it joint.& to be;;d and t~<: 
body is :~:a_~~bi-e-- ·af~&-~""ai1Chng- Up-rignc.. -This --L-s·-very -di.-f-fe.c-en1:.-Lrom .spinal .. __ _ 

cransec1:.ion, .... here extensor muscle cone ~s abo~ished and the body be~omes li~P-
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EXlRAFUSAl 

0 
2.'/) ____ _......-

~Cutting the dorsal roots abolishes decerebrate ri cutting the 
dorsal root& interrupts Ia spindle afferent& that act to excite 
homonymous motoneuron& via the myotatic Gtretch reflex. since Ja 
afferents signal spindle activity. this demonstrates that the 
decerebrate rigidity ~as--primarily-due· to-the hypersensitivity of 
muscle spindles resulting from descending excitation of gamma 
motoneuron&. Removal of the Ia spindle afferent& abolishes the 
rigidity. Therefore. ·decerebrate rigidity is considered primarily· a 
ganvna rigidity. 

2. ~lpha rigidity 

A selective increase in alpha motoneuron activity can produce what is 
·referred to an alpha rigidity. This can be demonstrated after 
reversing decerebrate rigidity caused by gamma excitability (cutting 
the dorsal root&) and increasing the excitation of alpha motoneurons. 
Sine~ cells in t~e lateral vestibular. nucleuo (Deiters• nucleus) are 
normally in.hibited by projection& from the cerebellum. removal of 
cerebellar projections increases the activity of these ceils. The 

rasul t is .an incro.a.sc in dcsccndinp, excitAtion CJf extensors and 
rigidity is restored by alpha moconouro~ (gammas may fire too, but 
they arc inaffocciva ~inca tho dorsnl root~ have been cut). 

- ·-· --··-··-·----·-·--------- ·----------------·- ---- -·----------·- ---· ·-··--··-··----·-----~-
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Figure 18.7. Schematic diagram showing the mechanism or decerebrate rigidity. 
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Flexion Reflex 

AHerents from ----..:,.­
cutaneous 
receptors and 
nociceptors 

F1c:xion refl~x~s are impon~nc in .::J. numb~r of behavioral 
p:..~ucrns: e.g .. ftexion of limbs is part of the activitv 

inYolved in walkin~ One of lhe most obvious functions 
~f the tl~x.ion ~fl.e.<t_ is withdrawal of a limb from pain: 
tul. no.-..:1ous sumulr. H~nc.: the ftexion reflex is roc· 
qucmly called the withdrawal re.ftex. Also, since Hexion 
of the limb ipsilat!!ral to the stimulus is usually ac­
companied by an e:uension of the conu-a.Jateral Jimb(s), 
this reflex is olso referred to as lhe flexion-crossed e...."rten~ 
sion reflex> . ·,{,. ,J, J, 
~c flcx.Jon...rcnc.'t 1s polysynaptic (Fig. Il-7). The affer­

cm hbcrs enter the spinal cord and excite intcmcumns of 
the dorsal hom. The interneuron::~ then :~ct on alpha motor 

neurons through relay p:1thways involving other intemeu­
rons. l11c response is an exciuuion of alpha motor neurons 
to the Hexer muscles ::md inhibition of alpha motor neu­
rons to lhe extensor muscle: of the: stimulated limb (ipsilat­
cr:JJ). In 3ddhion. rhis is frequc:ntJy accompanied by 
c:xcit3tion of alpha moror neurons to extensor muscles and 
inhibition of flexors to the contr.J.Iateral muscle. This be-

havjor is lhe appropriate: response to p3inful stimuli· for 
exa~ple: if a person seeps on 11. sharp object. the inj~rcd 
~ooc IS wuhdr-awn (Ocxion). while the 01hcr limb of the pair 
15 exte~ded. thereby providing support for the body .and 
pr.:vc:oumt the person from tooolin!!. 

The flexion reflex can be initiated by activity in aficrem 
fibers from a variety of sensory receptor organs. These 
sensory receptors may be in the: skin. in muscle. and in 
joints and involve afferent fibers U, Ill, and IV; collec­
tively, these are callc:d(:fiexor reflex affcrcnts (FRA~ The 
degree of flexion response can vary from a flexor rwitch in 
rc:spoos.e to relatively innocuous stimulalion to a complete 
withdrawal of the limb from a noxious stimulus. A very 
strong sti.mulw to the FRA fibers results in activicy of all 
four limbs. This response is mediated via intersegmental 
connections and is sometimes referred to as irradiation of 
the .stimulus; lhe stronger the stimulus, the more extensive 
is the reflex reaction. 
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Four Primary Reflexes , 
--------- -·------------------------· ---!----

Auftex 

Ankle jerk 

Knee jerk 

Biceps 

Triceps 

ja fiber 

' ' / 

a motoneuron 

ig. 4-9 The knee j~trlc 

S1imula1ion ----·~ 

Normal 

Fie 11.0r plantar 
response 

Roots Ne<>ded lor Re!!a< 

51 

l2, L3, L4 

cs. C6 

C7. C8 

Ouadr.ceps 

' 

' ' ' Hamstrings 

--( 
! 
' I 

/ 

~- 11·11 PLantar rencx. showing the Babinski sign- an extensor 
anLar respons-e loa stimulus applird to the sole. 

Muscle Carrying OU1 lhe Relax 

Gastrocnemius 

Quadriceps 

Biceps 

Triceps 

E.xaKJ!.cratcd tcudorr rc/lcxc..o;. These arc seen on· 
th~ alice ted sick; c~cmplilicJ by the km.:c anJ \ 
ankle jerks, anJ :arc Ju•· lO the release of th~.: 

stretch reflex from' . - _ inhihitionh fl.f;~ ...-:e:•d .. u 
4 Clouu.-.. TI1is is the occurrence u£ rhythmic.: : 
contractiuml of mu.!"ch:s when they arc subjccu:J 
to sudden sustained :Hrcu;h, e.g. omklc clonus. 
The precise ~usc of clunus is nut kao· ... ·n. This 
phenomenon is associated with increased gamm.:1 
efferent discharge, occurrin~ :ts a result of th~ 
release of the stretch rcHcx from inhibition. 

;5i9VI 
2.-)( t t.(\) cr( 

r h ..... ,,. .. 
rrs rc...,s 

the plant:H reflex hccomcs extensor~ 
known as a positive Uabinsl<i"s siJ:.tl {i.e. scratch­
ing lhC UUtC( ;l:;pcc.:t o( lht..: foll!c hy 41 hlunt ohjt..:Ct 
rc:-oulu ju ~r:;illcxion u( the hiJ,: toe ;111J bnning 

of the other four toesJ. The abnormal response is 
thought to be :1 primitive reflex that rcappca.rcs 
lullowin • inju uf the pyramidal fibres. 

e Babinski's sign 1S cons1 ere .p ysiological 

during the (irst year of life:, due to immaturity of ; * 
the pyramidal tract, and in adults during sleep, \: 1 

Jcc_r _.anaesthesia or coma, "due to the depressed f 
_a.cuvlly of the ~otor cortc{.t.._r--·-··---·---___......., · 

0 -r_l} iJ.-t_ n. pern cf,·.--
r<--e..m e."' b e r __... -'-'t> oVJ 

rr.Jf-u.ts -triJ..e& r<P-Put tA.pfer 
\v>ot m- Y1 { u y O'tl. J e s i o Y\ ~ -f.,&.e_ -to e 5 

Sh.,u.JlJ d.so be -1bnc:Jt""'J2 t· e 

l.lf-Jc;"'j f-e-es~ ?os . .+i o-< f5 <l b ;M.K'•~ 
Sisn 
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· · -r k · cJI.tYi: c ;JI· ·term · · Yi(f ct1 Si 

s~·0 ns "'o 'Part::;nsuvt~ d;sNsr:: 

Re.~rYI be.r 1{ fl~ Vf ptr tv1 om 11.<'-UrO'r\ esj on ( <J.NtJL 

GCCt.W r)b':( tk. feve)_ db lllom ( PYri!'111;J,<.J.) 
d.<GLV>"<tf>c"n /· <. '" tt-... rnoh>Y Ccdu:: c<Y ittt-ernt<£ 

wJ2 ~ CONT{<..IlL.ATci?.RL -tc 1:4 .5·;c1e 1 fl.._ 

·,J lLs i<Jr. . bJ ~ d 
l'ic:JVJ"-v0- ~~ tLu.. fui """ 1/) (JW ' eCLvnrihc .... 

~ r(AA":" ;. ~ p~;, will k' ird.vu~ "" u....._ siJ;:~) 
'fb ~~~C \·'- curtl.t.., -tL b .. Jq.,\1 ~"ic~ ~ 

"1::, uJ k; k. 1M..\ t(,: r "?:, Sf in ,J <= J) 

lower Motor Neuron·· · 

\ Fl:n:cid weakness or paralysis 

·z Decreased or absent MSR 

5 Signs of muscle Ucncrvatlon; fasciculations, 
fibri ll:u ions

1
U>mioun(] :uroJ?Ii)i) 

&... Muscles aiTcctcd singly or in small groups 
I Innervated by <1 common nerve or 

spinal root 

Upper Motor Neuron 

Spa~Hic weakness 

lnncascd MSR wilh or without don us 

No signs of muscle de nervation 

Muscles affcclcU in large groups, organized by quad rams 
or h~1lvcs of !he body 

. ____ __,_ _______ ··--------
-' ' . :· 

. . . ' - ~ •; ·~ ~-:·· 

Ti-< fa"" l.t-wer n<at.._...... neur~"!.s used -c;:, J.{sijnaic tl-<. 
V e_ (l fY to..1)_ ~ <IY VI C. cJ.i ~ "6 fL...<._ S pj" _J uY J (~ ) 

W O..;c.t ; "r1{cv.t.l._ S f:d!u,\IJ. 'h/lt..lfdu 1, bccR.:J 'G) ~ 
'Nof'm' ncurou eft, ~ &l-<1it1~t~"' we-,·c1, inhcrv<t.h m<A~clcs 
( f•cLi ,c.Q """'-' sdn J ·1-<MJ "'-< ·M.c.rdo , """v.sc.l<s d), (' "·\Y':j "' 'V .f.t r ~ "") 

S"i'r·-U~ 6-j CO"Hi.., cr~n;,,_Q '1'\UVlS 

1)e.Stnnn'.n--. db J...cwu- j'cm 11(Ur.:>1s (LMrJ,) OY tt,c;r tVOMs ·.........--..-
( e ·<j l~ pcl.lorv.jtLti() ~ Loss "', VoLu.M~tr 'V- k-f:/.e.')( 
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A 

B 

Site of Injury 
pqcenlials ·-

--. 
... --... : 

--

Newly expressed 
ACh receptors 

Fasciculations and fibrillations are caused by injury potentials generated at the site of injury to a motor neuron 
axon. A. Injury pot'Wtials_ca~ aJI of the elements of the motor unit to contract simultaneously, producing a 
coordinated twitch 1;1"-~t ~'liat is visible on the surface of the body. B. As the distal axon degenerates, the 
distal branches disconnect. and each has its own site where injury potentials are generated. Because the indi­
vidual musde fibers no longer contract as a unit. the twitches (fibrillations) are uncoordinated among the ind"e 

__ ---~iduaL.musde.Jibers .aad...not.Yisible .. ooJbe.sudace.Jo..additioo..~s...u:Q_I"1Sf!ll!ell!:!~. gf denervation,_tb.!!_!llusde __ .. ______ u 

fibers express numerous ACh receptors that make the musde fibers hypersensitive to circulating ACh. 



I 
Cortex 

Primary 

Areas 4 and 6 

( 
I 

I 

! l.:-tY"-ryr{ ... ;, 
tract --.> ~ .fncic · 

Premotor cortex @ 
The premotor cortex receives its main~ 
from thefiXlsterior parietal corteJS) the\cerebelluni) 
(via the ventrolateral thalamus) and the supple­

(mentary motor a_rea. The main~o~tp~0·.project 
to the l!'~t9E _ c_o_rtex, the b!"~'!?!~n::>. and the 
SJ?~! <;:O_!~ via the ~e:nt'::.al_ C?r_ti"o_spina! tract. 

As with the supplementary motor area, the 
premotor cortex shows neural activity begin­
ning well before movement onset. Th~­
motor cortex appears to be involved in gosh1ral 
p~tion for th__: coming movem~t, as indi­
cated by its input to the anterior corticospinal 
tract. · 

[e...s;<SY\ : c'--((ehi<.nC"< OG <J'"-? 
i2<s(<'Y!Se 7 ~ 

~ fj,U::_ a..-_ ~·~ UJYf(,. 
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~ (}..,1..1-- "'- j e. J ; <'Y\ fJ._;""'; c-J 
1..1? '"G-, otNa 4- -----7-- ~ Q<~Ccl~ ('' r ~is Corticospinal 

(Pyramidal! ract) 
w!..~A "'- lu: <"" c~w·(} &o-t~ ~ 
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t-iu- 10'1. 
I 

;kt...J I 
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I 0 
i 
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Proximal 

Brainstem 

( ~/\.~~,.£ 
Ui'Y1-tCo 

<Jo'f. 
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Spinal 
0 cord 

i 
Distal 
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Posterior parietal cortex ( ':J~ ?) 

The posterior parietal cortex lies posterior to 
the somatic sensory cortex (Fig. 3.7.3A). The 
inputs to the posterior parietal cortex come 

fy"""' ~s~y ~ '1 ctA..e&,J C-'fYMr 
C<'.rr'fd ~;SuM 7 •1vJ.r_fa.r:J ~ Cu.-1.-t.rl(otJ.r 'it 

P>-'fn oc4'n ~ r ~ "'-"" .V. d111f IV] w d.J 'V-l 
infw/! P""" tc:<_ ~-faY Of/l-.eo..s ~ I·<. 

J" ~ ttt i rn ell:, ~,,; n (S.e:.., 5 a~~ 
;~·tn·~ c.;, bYe~t h(J<kf....r t;, aener"b 
b: -1 "c:;' s <-< o"' r >v "f d), -u...._ &o & Xt 1, t.t... 

.::::J f • S ( h"t!k ._ SJ> 'I(_ • • 
muscles muscles - L ~ ... 





Grasp Reflex. Stroke the patient"s palm so he grasps your 
index finger between his thumb and index finger (fig. ll-35): 
\\'hen the gT:tsp reflex is present, he cannot release the f•ngcrs 
when he tries. Thi.s is a normal response in young infants; 
later in life, lesions of the premotor cortex may uncover the 
reflex as a pathologic findiug. 

Fig. 11-35. Gr:Bp rdlcx. With your indtx finger bti;vcc1! hiJ 
thumb nr~tl ind'x f.r.s;a, Jtroke the pati~nt'J palm ai h~ grMpi 
your finger. In !tJior:J of the premolar cvrtcx, he JtZay be ll1lab{e 

Ia ulcau his graip. 

-------- ---~-~----------



Head lilted 

Elbow flexed 

Forearm pronated 

Fingers flexed 

Hip circumducted 

Knee extended 

Foot plantar flexed 

F 1 Go u R E 6- s. Right sp:asric hemiplegic.. Gait resulting from left: capsular lesion. 

FIGURE 6-6. 

Initial resistance to 
rapid stretch suddenly 

collapses due to 
excitation of tendon 
organs and their lb 

afferent nerve fibers 
(see figure 5-14). 

The clasp-knife response. 

.. -~,-



Response greater in speed 
and amplitude as a 
resull of reduced 

threshold of excitability 
at stretch receptors. 

F 1 G u R E 6- 7 • E:uggerated patellar reflex. 

Upon stretching the Achilles tendon. the 
brisk contraction of the agonists 

initiates a myotatic reflex in the antagonists 
and so forth, resulting in repetitive 

contractions 

F 1 G u R E 6 - B . CJonus. 



A. Normal· 

Flexor 

Plantar 
Response 

FIGURE 6-9. Planur - L ornul Aexor. B responses A. N 

8 Abnormal: Extensor PI 

(
B . anrar 

abmski) Re 
extension sponse-or dorsifl · 

large 
1 

exton of 
oe and fannin 

or other 1 g oes 

'·· 

- Abno nnal enen sor or Babinski. 
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