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· ·· - 1Jb~;;;;i~· ···- z·· 
?Jt"?::J 'TVIR.tkr 1 . e 

N -B. a - Not lee th:;,t the de•cendi,9 fibres ln the cnrtico::Jpinal trac-t CROSS 

at the lot.•cr med•Jllo oblongata so that the (right cerebral cortele l Lc'i.ll. · 

E~-~t.!.P_l_ ~.':l.:'s.!~~-~r __ t.!_,_~--~~~J!..~.r of the bndy and the left cerebr<J] 

cortex t.•t.ll. cuutrt)l 1n•mcl~~~ ur the right gtde. or the hndy. 

b ·- The corticospinal tract Js o~.!:.._.!=_O_!!P-Onen_~ nF the! _Ryramldal trcict, ti1e 

other corn[Jonent is the corticobulbar tract which also begins at the 

motor cortex but ~rods at the motor nuclei of certain cranial' "nerves. 

@ Axons or 1notor neut"ons oF the cerehral cortex f,ormlrig the E~n!.'~ 
rndiota. -..__ '~. --1J(l(M. Ce rc &>- i) 
This in- thc{'i;t;;nlfl cnp.saul;).,,hlch rr.nrenP.nbl the :J_~.!:. to tnc· t:t!l.'r.l.Jr;tJ. 

cort.ex 1-t'- ~11 t.h-c. flbreG tlmt come rrnm (i.e. Plotor) nr ~ 

(l.Q.. serlsJJry) the c.ercbral cortex wlll run her·e~~ a §~£a~' bundle] 

As " result~ in tlois part of the brain (e ... g. obstructioil nf 

thP. btonrl ves~els "'hlch sup[lly this rP.IJlpn hy e.mbollsm or t"'-v-,...,boSt~ 
'{;"'.IU-.,._ . 

t.oJJl 1<>'1tl t.u Mido!.!lpr-.,ad Lli<JturbanccS. e ... g. netniple~ia (par,lysis Of 

the cantr:alztternl half of the lJody :rlnd hcmlanaesthesln (loss' of 
' 

'"'""atiurm in the c;untrala-teral half of the body) 
-.}-; (;.,1.1 

. I 

(sensory) "nd de_s.c!'.n_cl_l!'.CJ. _(_rnot~_!) •.racts ... In addition it contains the j 

nuclei of thl! .J:!!!.!:!l. and fourth cranial nerves ... (£) R~J.,. <:£] 51AbH•lnli•l/ 

I 

(.;', . niA. ~.u.us "ljr.f. 
~ Pons : Thle le another pert of the brain stem which can""'t:a,na f i 

·---·~~~~~<~n~t~~s;:~d~~..;~:~a~~.,;d~~:~:: ... l t co_n_ta~~s--t~~-~~===-~------1· 
I 



(RF) 

3 . _e?Jf:>v..xn{).).t~'-~ -
~1cdulla oblongata.: this is· the lm • .rer pRrt of the ~Jra1n stem.· In 

addition the ascending and descending tracts it contains the nucJ~i 

of the 9th, 10th, 11th and 1?.th cranial nerves. The medullo oblongata ... 

has the follow! ng E!:[l_t_r
4
e.:!_ which E_D!l_t!p_l_:.Ji ta_.!.__V...!_B_EE.!...f!!. _a_c_t):_v_i_t_i~s; 

~ Impuleea from this centre r.un along the v~gus 
nerves and can cause the h.~art to beat more slowly or more I'apidlv C

r"· 

b. 
vHC.. · 

..!{_a~_D!Jl..PJ.P.E......£.8_ntre : impule£:."l From this centre trovel to smooth 

muscles in the wolle of arterioles and causes either vasoconstrl-~ 

ctton (and a rise in blood preas~re) or vasodilation 

(or drop_in blood presaure) 

c. R~p_i_r_a_t_o_r_y __ ..E_e_n_t_re : it functions, together with the respiratory 

centre in the pons to regulate the ~ and depth of breathing~ 

d. pther centres : for reflexes associated with ~Q~~~)~, ~~e~}j~_n, 

~w_a_l_l_o_ll!_~.!!..9. FJnd VO!."_l.t_lfliJ.-· 

!i-_B..:. Scattered throughout the medulla oblongata, .Eons and midbrain R 

complex r,:;·t·;;;~k.-a"f- ;;;;::.,--c;;rla ~-rve n§~eii) known ~the RETICULAR_~ 1 

~--.... ----- _: - ~ 
fORMATION. It ia connected to moat of the ascendi_nq (se_ns_o_r_y_) p.athway_s 

es well as to the r.ere~~um, basal ganglia and cerebellum. When sensor~ 

lmpuloeo r~Rch thP. reticulAr formation. it responds by signal1ng the 

cerebral cortex activating it into a state of wakefullness (hence the 

name (reticular activating system) RAS) 

,--( 0 t;:;;, t this er ou s ~ the c::o r te x Q~r-e.:. m=a::l;:...n_s_u_n __ a_w_a_r_e_o_f:-a-t:-1:-m-u-:l-a-:t-:i-o-rU and 

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

iF the reticulAr formation ceases Wfunction as in certain injuries, the 

person .remains unconscious. In addi t1on many drugs e.g. anaesthetics 

cmEf tranquilizers are believed to hetve sor,,e effect on the reticular 

formation. 

beginning of spinal cord 

.:r_ha_l._~m_u.!!_ : Thia i" thP. upper part of the Gfienc::ephnl~ The lower 

part of this re9lnn is crtlled the ~othal_amus. It liea below the 

The thalamus serves as a central thalamus and contains many nuclP.i. 

F~_l_a_y_ ~-t~~ for se_npiJF.Y. _i!".P.!J_l~ tr~~~~~~9-upward from other parta! 

nf thP. nervnue oystP.m to the cerehr:-tl r:nrtex .. It receives All sensory J 

lmpulnP.n (P.xr.E:!nt ~lllt!.ll) muf senll tflcm to Appropriate reslonD of the I 
cortex for interpretation. In other words it acts as a SECRETARY to ! 

connected to J 

concerned 1..ri th I 



<111:/Cr; 6Y n lA( Ret.<~ .. , '. l<t !er~ 
-{1.~ CerdrrrJ. CL'Yfe>< (Mow na.ts) ~·-~ 

bu..t Wt<Ndu -t(,.rU: ~ ')>!av~ 
Curcfr.r~ C#kY nee/ ~ ('rv>e11re 

arv} bru.cti ?) -1~0... 

J. j, 
The Hypothalamus plAys key roles in maintaining HOMEOSTASIS 

regulating a variety or vi_s_c_e!'_a). ___ a_c_t_ivi_~_i~.!!. and by ser':'_1!19. _e_s __ a __ 1}.~ 

be tween the .!:!,_£!_!'_~!-f_S _ _!l!'_d __ e,!1dog_~!1~. -~_y~-t~yr·..:!. 
Among the many important functions of the hypothalamus are the following:-

1. Aer.~ulatian ot heArt rate aAd t=trterial blood pressure 

2. Regulation of body temperature 

3- Regulation of water And elect~olyte balance 

4. control of hunger and regulation of body weight 

5. control of movements and glandular- secretions of the stomach 

end intestines 

6. Production of neurosecretory subat_ancea that stimulate the 

pi tul tRry gland to release va"rlou·a hormones 

7_ Regulation of sleep and wakefulness. 
---- ... ------- --...:..- ---- -· -- .. -------.-. --- ... -... -- ----.-------- .. ---·· -----·· ---· 

@ Sensory part of cerebral cortex which interpret impulses that arriv~ 
from varloua sensory receptorA. 

~ Caud~te nucleus 

@ (PUtam<0-:_; l )P Lentiform 
(3\ ~lllrlujl\ 
@ Claustrum -~;',;;~e-;n~ S~':<-1\i 
N-B- 10+ 11 + 12 + 13 = 

Lateral ventricle 

ventricles ~ontain cerebrospinal fluid - CSF~. 

·-----------------···--·--------------·------------------ -------~-------------- ----~---- --1--
1 
i 
I 



Fig.· .f8 The gyri of the l.atern.J surface of the ce:-ebral hemisphere. 
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Table 1. Motor and Sensory Classification ofNerve Fibers 

Sensory 
(Croups) 

Ia 

lb 

II 

Ill 

IV 

Sensory Greatest 
and Fiber 

Motor Diameter 
(p) 

Acr 22 

Acr 22 

A/3 13 

Ay 8 

Ao 5 

B 3 

c 1 

Greatest 
Conduction 

Velocity 
(meters/sec) 

120 

120 

70 

40 

15 

14 

2 

General Comments 

Motor-the large alpha motor neurons 
of lamina IX 

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

Sensory-Golgi tendon organs, touch, 
and pressure receptors 

Sensory- the secondary afferents 
(flower spray) of muscle 
spindles, touch, and pres
sure receptors, Pacinian cor
puscles {vibr~tor/ se&isors) 

Motor- the small gamma motor neu
rons of Jamina IX jnnervate 
muscle spindles 

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

Motor- small lightly myelinated pre
ganglionic autonomic fi be:-s 

Motor-all postganglionic autonomic 
fibers (all are unmyelinated) 

Sensory-unmyelinated pain and tem
perature fibers 

R~A.re..r1 h {va-M IM.u..scfe Jf,",o.Jfe 

~ T<t &' 1[ 
fl ~eft {, +a"'rzll G-&1 {jf. !e-vvl 6Yt dY J <lv, 

h ---:--,~ .::r: b 

nAn '" fwo 

k c -
~~heA._ ~ -{t...__ ?}YerU-0\. ~ c}_./rt M.d·e.r 

\'1.-~Cn-<- .f, (ry~ _____,_ tiN_ ~ic i=f.A.. fll.--<- I"VL.::f_Jt~ -d.L1 

-tk fru + u-., fk...___ U<Y~ cl..tAcf1 ·~ veJ..,:, U. ty 

·--------·--- ·--- ·- ·------- -------
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I. Overview-The Cerebral Cortex 
-consists of the neocortex (90%) and the allocortex (10%). 

A. Neocortex (isocortex; homogenetic cortex) 
-is a six-layered cortex. 

B. Allocortex (heterogenetic cortex) 
-is three-layered and includes two types: 

1. Archicortex 
-includes the hippocampus and the dentate gyrus. 

2. Paleocortex 
-includes the olfactory cortex. 

II. Six Layers of the Neocortex 
-are expressed as Roman numerals I through VI: 

I) A. Molecular layer (I) 

-is the superficial layer located below the pia mater. 

~)B. External granular layer (II) 

1l9 C. External pyramidal layer (Ill) 
~ -gives rise to association and commissural fibers. 

~D. Internal granular layer (IV) 

( L" '> 

-receives thalamocortical fibers from the thalamic nuclei of the ventral tier 
(e.g., ventral posterolateraliVPLI and ventral posteromedialiVPMI nuclei). 

-in the striate cortex (area 17), receives input from the lateral geniculate 
body. 

*-myelinated fibers of this layt•r form the stripe of Gennari, which is visible 
to the naked eye. 

~E. Internal pyramidal layer (V) 
-gives rise to corticobull::!ar, c~icospinal, and corticostriatal fibers. 

, ffll tvl i., ,J 

-contains the giant cells of Betz, which are found only in the motor cortex 
.J\ (area 4! of the precentral gyrus and the anterior paracentral lobule. 
~F. Multiform layer M) 

-is the deepest layer of the cortex. It gives rise to projection commissural 
and association fibers. ' ' 

~ Lit.Jtr"S ! 
1 
~~ <Jr ~ ?t--t!tn( ;,. ttJJ <(yf>u. <=g 41~ ~ fVc..o .. _ 

It btjerr -n: 1 'liL1 "t:l - ?N.Sfrt.f ~ ~ ~EOCOil-Tti)( \:p'tr:!'; ... 
- :X:.~ ~<nfrA( JAjtr-s -:t.,'lt,. 1L., y;;r: ell~ f<tc~ti~~~c.. (111 fJp 

.....__....__.. - ~ :::? I. rrfr~r&rt) 
CA.~.c.rs '')I.. "Sli- ~to«. E ~f~rt.rtf 

'fjtllWiiJ~, S.f~ \l ~4:£not.~i Cd/J .tv\..<. p,.dtttt ~ ill 
~ z-cctft tirr~ lA.yt.r 



Apical dendrite 

Basal 
dendrite 

Axon 

(A) PYRAMIDAL 

-~ v..nd ;,..,.. ~h·c-;:{2 

Recurrent 
axon collateral 

frv ~ cf . "'f'r1n 
nw11111~ ""' .... ciYC 

~¥~.J ~eo 

Horizontal 
axon collateral 

'? rv <c.r <"'1\ 

L~ers "~""~ Yl4<r"'' 

zxc'ft lt}tr r 
- ~ ~e.u + G-iMH ?iir~VVI;d,,tf 

cU/s 1J ge,fz ;, i,~tr Y c1J 
moh.-, Cc-rit"' 

- I-~o.s 0\.)( em ? r .v e. C:I:S u.ftrn 1'1 e u. rrns 
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Axon E 
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Axon 

Axon 
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OUTPUT OF CEREBRAL CORTEX 

~outflow from the cerebral cortex is grouped into three categories 
(F1g. 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. 

'""".""""'"C-"'-""- ..... ··-· •·--'-"<~''--" '' ' • '· '--' ·' ,, ' ,,,, •0•" •- < •• 

~ 

Corticofugal 
fiber syste 

Commissural 

fibers 

Figure 12.5. Schematic diagram of the major groups oi~ 

-----·----------
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Long association 
fibers 

INPUT TO CEREBRAL CORTEX 

Short association 
fibers 

CEREBRAL CORTEX 

fibers 

THALAMUS 

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~e~ 
<t§!amocortical ~originates in(specifiCThalamic nuclej.;(ventralis 
anterior, ventralis lateralis, ventralis posterior, etc.) and projects upon 
specific cortical areas. This fiber system reaches the cortex as an ascend
ing comQonent of the internal capsule. The majority of fibers in this 
system project upon neurons m lamina· IV~ with some projecting upon 
neurons n lamin (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 roject 1 use y Ill a aminae, (Fig. 12.3), but mostly in 

The long association fiber system includes su~h bundles -c::.:;.;=:=..::-;.=--=:=-, 
as t e uncinate fasciculus, the cingulum, the superior and inferior longi-
tudinal fasciculi, and the occipitofrontal fasciculus (Fig. 12.4). 



d with extcroccplive scnsalions. 
U inac 1 ·to 1 V :uc conccrnc . . _ . 
~ . V nd VI arc concerned primanly wtlh propnoccpll'tC 

whereas am•nac a d tancous stimuli Lamina VII acu 
sensations, allhough th~y 'C::ponndto cub 11 1 :~min~ VIII moduloztcs 

lay between midbr::un :I cere c um. . . X . h 
as a rc . . bl via I he amma neuron. Lam•n:. I IS I c 
motor aCIIYIIy, mosl probia_ Y

1 
d Ug contains large alph:1 and sm:~llcr 

main motor area of the span:x:~: ~r these neurons ~u ly tt'te exlralus..:~l · 
gamma !"olilr- ncurqns. flicc.ft P-i(srO t-C~f.rOi . 

...... .t \o'\tu .. ~ •. u..£1 ---... 5 

·n,c mulvnc:,uons (1( llu~ spinal cord are ;ur.mgetl in 
columns which supply mu~ch! ~;roups h01vinr. simiiM 
(unction.<. The in,livitlunl mu5clcs arc supplied (ron• 
cell grouf.s (11uclei) \Vilhin the columns. Medi.,lly 
pl;~ccd cu tunns suj'ply lhe ,,xi;~l (lrunk) n1115CUialure. 
L'llcrnlly ploJC:ctl C«' umns, prll!'srnl only in lhe cervical 
all(l ltunh;1r ciiL·ugen•c:nt-!1. :~upply the limb n1\lscula
lt•rll!'. nn.,Jiy. m(llnucunm:t inn("rvaling cxlensor mus
cles li~ in (r.ll1( (I( moluneurons innervating Oexors 
(Fig. 10-1. Ta[)lc 10-1). 

VC"nlrumcol~l (01oU IK"J;Rit"ftiS) 
l>t•r!O('InO('O.Iiot.l (TI-1..2) 
Vrnl""-'lc~l (0-1. U-521 
O..•r:•uf.,trr.d(Cii-:11, l.J-5:.11 
Rrtu"l4":oo•l=>t~l (01. Tl. Sl. S:ZJ 
Cr,.lrlll tCl. <.:4. e, 

F.rm,.,.,,.;,..,.~ 

IIIIC"ratt'IO'IIII, obJ(>IUin..ls 
Arrrv'llol,;h 
I'••• r;onullc•,s 
I r,.nollfunl 
IJJnrhn,;rn 

Table: S.l. Ccllul:.r or1aniz:ation uf Spin;sl Corti 

Racd lcrminulos:y 

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

f:~~tcnson 
of trunk 

Older terminology 

Postcromar;in:tl nudo.:us 
Substantia ;dalinos.a 
Nudcus proprius 
Ncct of posh:rinr horn 
llasc ul rosh::rior hnrn . 
lntcrm .. .,lialc znnc. inlcrii10.:thool:olcf:•ll••liR 

Cumn•issur:d nud.:us 
Vcntr.al horn 
Griscd c..:ntr.llis 

A•mlllolgh 

Fls- 10-1 CcUculumn:1ln the any moltl"r. OuiiC'\1 Rnc i"dic.:~ll":l 
lrnH ul ar.y malin- atiiWir.Kk kY«t. C. Cl""lr"'l: IJL o.lur3oi.:IIC'ral; 
Dt.L d.~l; ll.lnlftYnt'o.llulot~.,.l (oulcwMon,;.c:t: RDl.. 
rl"'rudor:lubtenl (lor lnlrin:lk rnuscl,e:1); VL. "C'"foubt('r.ll; VM. 
"cnlrornedlal nudeus.. 

.. 

+ --------·--· --~ --·---f'"op•e-S:~.·~s~tic-ditlcn~"'·al·ahl""1PiM-h:atd·-s~towWtt '~<~lftllrofoltik""iJ'tpiiti5liniiU:l -·--- -- ---
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Figure 12.8. Schemalic diagram ol the corticobulbar pathway. 
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SPINAl MOTOR NEURONS 

The sPinal alpha tnC'It0r neurons innervadng an 
individual muscle or a particular group of muscles 
are arranged in longtcudinal columns exrending 
for various distances in a specific parr o( rhe ante
rior hom. The medial cell column extends rhe 
entire lengrh of rhe spinal c,xd and innervares the 
;oaravenebral or axial muscles. The lateral cell col
umn, which is found ar rhe spinal cord enlarge
ments, innervates the tnuscles of the limbs. Within 
rhe lareral cell column fun her somatotopic orga
nizadon exists: the proximal limb muscles are 
represenred medially and rhe disral muscles, lat
erally (Figs. 5-ll, 5-lZ, 7-l). The mosrdisral 
muscles (in rhe hngers and toes) are represented 

Short 

Intermediate 
neurons 

Long--_j 

n1.0.'l dorsolaterally and 3re limited to the mosr 

caudal segmen[S of [he cervical and lumbosacral 
enlargements, respectively. 

THE PROPRIOSPINAl SYSTEM OF NEURONS 

All n\Ovements require rhe activity oftower mowr 
neurons in more than one spinal cord segment:. 
The number of segments involved in a move· 
ment varies. Because axial movements depend 
on the acriviry of muscles char extend for grear 
dis(ances along the verrebral column, the para· 
verrebral muscles are innervated by numerou$ 
spinal nerves. In contrast, individual finger r:1ove

ments are controlled by rhe intrinsic muscles of 
rhe hand rhat are innervared by only spinal nerves 
CB and Tl. 

The intersegmental activicy required for any 
parricular movement is integrated by the pro
priospinal system of neurons. The propriospinal 

~~~~'aths:· rubral 
vestibulospinal W lateral reticulospinal 

!IAAtromeai;ilPaths: 
medial vestibulospinal 
medial reticulospinal 

Figure 7-1 Motor organization of a spinal cord segment in the ceiVical enlargement 
(A, axial; B. shoulder; C, arm; D, foreann; E, hand; lase, lasctculus). 
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system includes three groups of intraspinal neu~ 
rons whose axon.s influence homologous areas of 
the spinal cord gray ma[[er at different levels by 
traveling through the fasciculi proprii bordering 
the gray maner (Fig. 7-ll: 

L The long propriospinal neurons have axons 
that ascend and descend in the amerior fascic
ulus proprius to all levels of the spinal cord. 
These neurons have a bilateral influence on 
the more medial motor neurons subserving 
movements of the axial muscles. • 

2. The intermediate propriospinal neurons have 
axons that extend for shonet distances in the 
ventral parr of the lateral fasciculus. proprius 
and influence the motor neurons d'lat inner
vate the more proximal muscles of the lifi)bs. 

3 _ The shorr propriospinal neurons are limited 
to the cervical and lumbosacral enlargements. 
Their axons rravel in the lateral fu.sciculus pro
prius ar..d rermincn:e within several ·segments 
of their origin. These propriospinal neurons 
influence the motor neurons that innervate 
the more distal muscles of the limbs. 
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......______ ,);, ______ Cort.l co:-uhrul System 

Red fiuclcus 

SPl:-lAL co~o 

(+) Fl"'•Xo.Hh 
(-) Extensors-~----: 

A. Rubrospinal Tract 



HETICUUJSPJNA.l 1-'A"L"II'>IA.l'S) 

Ho.Jt,.} J(c.·~lt:.uln,plllnl ·rrto<.l 

~~~crol ~cLiculo9plnol Troc1 

Hcdial (Pontine) 
R~Llculospin~l lr~cl 

B. Poncinc (medial) Rccfculospjoal Tract 

PONS 

l"tOTOk COkTEl: 

~rllcur~~iculnr 
Sy~Laar. 

HE.DULLA 

,>,;,...---Lucral (H~dullllr)l") 
RcL1culosp1nal Lr~~ 

SP!KAL CORD 

i c-. 

@ 

Th1s tract ori&innccs from ccllc in che nucleus ponti& C4udnlis 4nd nuc1eus 
rcciculnris pontis oralis located in ~he medial t~o third~ of the pons (font~n9 
reticular formation). .Fibers project. t.o chc. ventromedial spinal cord vhcrc 
they have.a general excitatory effect*on both extensor and flexor mocon~urons, 
although maximal excitation is on the extensor~. 

C. Medullary Clat.crnll Rct1culoso1nnl Trac~ 

Cells originace in the medullary reticular formation {nucleus rcticularis 
gigantocellularis) and terminate on spinal cord interncurons in the 
intermediate gray. The medullary reticulospinal .tract hns the oppo5i~c effect 
of t.he Pontine: rcciculospina.l t.ract., in that.. it hos a pcoerol inhibitory effect* 
on motoncurons with a Jtronrer inb1b1tlon on cxtcosorr-. 
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D. (Lateral VestibulosoinDl Trac:r 

CER£.DELLI.JH 

Cc-reUc1lt.o"cstllllllor Pot.hwar~ 
lnhlbll.orr {---) 

iJ~1'~ 

Cells originate in the lateral vestibular nucleus (Deicers' nucleus) and 
project:. to i silat:eral moc.oneurons and "nterneurons. St:imulation of cell.s in 
Deiters' nuc cus pro uccs a v ·u c c o ~nd inhibicion of 
flexors Ic plays an import~nt role in the concrol 4nCigr4Vit~ musc1cs and 
the maintenance of posture. 

~ Tectospinal Tract 

Cells of origin are in the superior colliculus. Fibers project: .to the cervical 
spinal cord where t.hcy concrol neck m~-~clcs_. lnvo,!.~~d in he~d move.me.n.~--------··--·-----
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Figure 33 : The knee Jerk. 

THE STRETCH REFLEX AND 

MUSCLE IDNE 

What is the stretch re:f!ex ? : 

When a skeletal muscle iscPassivelYlstretched, it contracts reflexly. 
This response of a skeletal muscle to stretch, is- known as the stretch 
reflex. 

Nervous 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 

locilid"in the fleshy part of the muscles known as the muscle spindles 
(see below), which discharge impulses in afferT~ fibres. These are 
thick myelinated, rapidly conducting ( _ "1.<~. ... j'fi!.Y-(>!·tJ · nerve fibres, 
which end dir~tly (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 i~ contraction~(L< ~1"\"n+) 
THE MUSCLE SPINDLES (intfil.fus~ -f'ilsfe.sj 

Structure : 

These are capsulated fusiform stretch receptors present in the 
fleshy parts of skeletal muscles pal'a.llel te their fib1 es. Each spmare--
is few millimeters in length, and is formed of 4-10 small muscle fibres 
called intFafusal 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_ tha!! _ __!_l!_~ _ _ ____ __ 

------- ---extrafusal·fibres;-a:na--eac:Ji--consiili--or-a central non-contractile part 7 
t•alled the receptor area, and a peripheral contractile part . .k--
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FIGURE 12·1 Motor neuron 

A Tile stretch reflex arc runs from muscle spindle ~trc:tch receptor.; ill th~.: 
Slrctched muscle to motor neurons that excite the musdc. 
B Rc:tiprocal inhibitiOn in the stretch reflex. involves connections a anon); af
(crem neurons, intcmeurons, ai'ld motor neurons that simultaneously c:<citc 
motor neurons innervating the stretched muscle (and its synergists. not 
shown) and inhibit ongoing anivity· in motor neurons inne:rvaling the mus
cles' antili:onists. 
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1. Nuclear !Jag fibres : These have many nuclei, which are grouped 

together forming a dilated bag in the central part 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. 

~-~.-

~--~•mervatio~ : 
,\f ····--------

(1) Afferent fibres 

These arise from 2 types of sensory nerve endings in the mus~le 
spindles, which are ~~}.'!'u!a,~_g_by_ s~_r<;!~elJ._ oJ t)l~_c_e~~ral ~~C:<optor_ a~ea : 

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

-------Capsule __ _ 

Dynamic gamma tiber 
Group II 

arrerenl fiber 
Stelle gamma fiber 

Figure 1-52. Diagram of an lntr.~lusal muscle fiber, ~howing its nuclear bag and nuclear Chain fibers. The aHerent 
innervation (Ia and II fibers) and efferent innervation (gamma dynamic and gamma static fibers) of the intrafus.al 
muscle fiber also are illustrated. 

in trafusal fibres, and give rise to thick {about 16 microns in diameter J 
myelinated group A {rapidly-eonducting) afferent fibres. 

\.. :r:.·a. J! 
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 condueting) 
affere:fit fibres. ':.w n_;! 

~(2) Efferent fibres THE GAMMA EFFERENT FffiRES 

The pertpheral contractile partS of the mfra:tusal fibres of the 
muscle spindles are supplied by thin ?J-Otor nerves about 4 microns in 
diameter called(~a~r.:l'a..e.r~_rent fibres\, These nerves are the 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 

i ---- ---- ----· _____ roots. __ .... - __ .. _ .. __ ....... ----··--·- --·------ ______ ....... __________ .. ____ .... _ .. . . .- -·- --- -- --·--.. --· ·-·----- ---~-- '1 



-There are 2 types of these gamma efferent fibres : 

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

b) Static fibres (gamma-s fibres) 
intrafusal fibres. 

These supply the nuclear chain 

When the gamma efferent fibres are stimulated, the peripheral 
pari:l'; of the intrafusal fibres contract, leading to stretch of the .central 

~ 

~ALPHi\. 
~OTORNEURON 

SPINAl. 

CORD 

GA~MA 

~OTORNEURON 

Figure I H.2. 
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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. 

1\'lethods of stimulating the muscle spindles 

1) Stretching of the whole muscle. 

2) Stimulation of the gamma effer8.11t filrFes (as deseribed above). 

~
-- The muscle spindles are silent i.e. not stimulated during active con
traction of the muscles (which releases- the stretch of the. spindles), 

* 
p~vid!!d they are not stretched by gamma efferent fibre activity. Oii 
the other hana, fliey~e Dia.xinially stim:oJll:ted when the muscle is -- ----- [:S:::1~~!::~ ·-;::;::=:S!t:::~;:::.res are ___ co-Dfracfed ___ througll- --·- -+ 

! 
' 
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.ction without and with acdvation of gamma motor neu-
'IS. During active concr.action. discharge in afferent 
ers ceases in lhe absence of gamma activatioc because 
~ spindle become.'S unloaded as extrafusal muscles 
J~en. Activari?n of gamma motor neurons prevenLS un
.dtng of Ulc sptndle, and lhe discharge in the afferenr.s 
m the spindle is maintained. 

Th~7~'::':;:p=;=ha==='=~:":-QO..:f:;,~~;"'·=n=eur=o:-::§l::J that 

fibres are stimulated by 2 ways : 

r 

innervate the extrafusal muscle 

1. Directly by descending impulses from supraspinal centres , · 

2. Indirectly (reflexly) by: afferent impulses discharged from the 
muscle spindles ~@ 'il@ \lilsrr> 

Alpha-gamma linkage (coactivation of alpha and gamma 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 adjusting the alpha 
motor neuron discharge, c --· •' . , -. 

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

-------~~~~~~~~~~~~~~~~·~~~-~~~~=,~r-~~~~~~----
ActivaJ:ion of gamm8 neurons alone can produce a reftu 

contraaion of lhe muscle. Since !!amma molor neurons are 
smaller than alpha molar neurons, they have ::1 lower thresh-

""'--===')i;p!lll• old for excirability than the alpha motor neurons. :m: ~ 41!!i<iPo------
"'7 easilv excited. and have higher tonic discharge rates. There- ~ 

·-·- ..... __ - ·--------------rore.toninli~of"tht--2amma·motor·neUf9!!S-m•y·be----·~-- - --------------------- . -
@ responsible in lat¥C pan for mainlenance of muscle tone;, 

-- _1)..,~ ......... ; • .;..,. or th .. 9'lllrnrn:;. sysr~m m~w It' .ad to hypertonia. 



Function of the muscle spindles 

The muscle spindles and their reflex connections constitute a feed- . 
back mechanism which ~aintains the length of muscles constant e.g.Jf"if-

if a muscle is stretched, its spindles discharge leading to reflex con--............... 
traction, so the muscle will be sh9rte~d. On the other hand, if the 

. .muscle is shortened, the discharge from its spindles decreases helping 
its rel~xation, so the muscle will be lengthened. 

c?){(vt.ot"~' 
;fll{ \ 
L_/f};)~.f-6Vtt.l~ 

When the muscle spindles. are stretched, both the prinlary (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 receptor rype does 
noc adapt at all or adaptS slowly to a .sustained stimulus 
and 1hus provides conlinuous inronna1ion about the 
s!imulus. (b) Phasic receptor. This recep10r1ype adapiS 
rapidly 10 a SUSiained Slimulus and lrequenlly exhibits an 
off response when the Sl'imuh.L'i is removed. Thus. the 
receptorsignafs changi!:S in stimulus intensiry rather' th.an 
relaying Slalus qun information. 

Receplor 
polenlial 

Stirn.Jius 
strength 

Slowly 
/adapting 

Tome 

Receptor 
polential 

Stimulus 
strength 

Rapidly 
adapting 

Tvne 
Srimulus 
on 

Stimulus 
oil 

Slimulus 
on 

Stimuk.:s 
all 

(a) (b) 

1) Dynamic response of the prixn&ry endings 

· The primary end.in~ are rapidl:r:-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 maintamed and the length of the muse!~ 
stops to increase. 

~la~ 
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 intrafusal fibres, from which the primary endings arise. Therefore, 
this response can be increased by stimulating the gmma-d (dynamic) 
fibres, which sult}y 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-

* 

ed f_rom Jhe!?e e!:ldings il!c.re~es_i!l.Pt:9portion 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 
intrafusal fibres, from which the §Ild3.ry en~ arise. Therefore, 

'---,> "1L 

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

·Fig. 11-4. The elements of the monosynaptic stretch re-
flex. including rec!e_['Ot"~ inhibiti~. · 

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 ~;~tatic 
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 endillgs 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 l!.f 
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). 

t' Off~Vv.J:r~· 
/ . .,-.,-_ ... ~· ' .. -,,_ .. 

SKELETAL MUSCLE TONE : 

Definition : It is a continuous reflex sub-tetl!lnic (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 proper·ty. 

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. 

Synapse in CNS 

··-----.. 

Evidence of the reflex nature of muscle tone : 

_Cutting the afferent or efferent nerves of a certain muscle I d t 
atorua (- loss f to ·' . . , ea s o ---· ----~==-- =---....9 ___ neL..!!Lthis_.muscle which will _,. ' 
flaccid i.e. completely relaxed. ' - . -- . -acco.-... mg.y--becorne .. 



Tone is present in all skeletal muscles of the body, but it 1s 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 fd"rce o:f' 

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 Myul11tic Rellex (Fig. 1!1.3) . . -~-- - .-' '-nl~o 
~-in a ~1u~cle produced_ by~;'~ill stimu"· 

late nerve em.hngs m tls·len (Golgt tendon organ). lmpulscs.from: 
Golgi tendon or ans lravel ia lb nerve fibers. In Lj!l:_ spinal cord0h~i 
project upon "nhibitory neurons.) which in Lu~n will! inhibit alpha motor 

----~>--neurons supplying the (nusclc under tcnsiOn_i(h~~ 

INHIBITORY 
INTERNEURON 

SPINAL 
CORD 

v< c." { ~ tu>"j 
i.-duo\ULrott 

DORSAL ROOT 
GANGLION 

·,,.,\,",(,; ~ 
.,_I)..$ <J. <: 

u. .. J.tA 
-1-t ... si • ..,., 

i ( ~<?cJ;{<t.t<. ""t--;,a.-.·,~-h·c:. 
MOTORNEURON " -

ALPHA / ,..;.,...'-lX.It.. / 

\ Fi~~rc 18.3. Sch:"_alic di-agram of th~ componcnls.:~.lhc. i~vc_rs~ myotatic reflex. : -

~neurons~. '!"he_ ~~ult IS relaxation -of the muscle (lengthening reaction>-, 
---·--·- .. - autogemc -mhtbitton}.--At-t-he--same--tim:=, the -Jb activity-will--facilitate · 

111vt01 •~eaiO~IS that supply the" antagonistic· nu:~sele. This is a f'Feteelive : 
mechamsm to prevent tearing of the muscle under ·great. ten~ion. This 
reflex. ~I so underlies the mechanism of the "clasp knife" phenomenon 
noted 10 spastic muscles. In such situations; passive stretching of the 
spastic muscle will be met with great resistance up to a point after which 

--- ___ .... -~b~~;uscle_givc;;;.,.way __ sl,lcl_denly~ __ The_y_!l_cc:_n~meno_!l__~~~~een te~med "clasp 
. kmfe by Shernngton be_cause o_f its similarity to the actionoTa"jacl<~~ 
~ ni(po 



q:p- 1 Motor neuron 

Group Ia and rr-ql::( ! 
sensory 
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Muscle 

Group Ib senso.y 
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Contraction 

Ia 

lb 111111111 

f.ig. 11-3. Localiza1ion of muscle spindles :t.nd Golfi 1endon organs in rela1ion to excrafusal 
muscles. Enlarged view of the muscle spindle illusrr.ates the cwo types ofintrafusal muscle 
fibers and their innervation. Responses: of muscle spindle and Golgi tendon organ to muscle 
Slretch and contr.J.ction are illustrated at the lower rizht pan of the figure. 
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Figure I 8.6. Sc:hcm:llic diag1.1m show in& lhc mcchJ.nis':" of dec:crcbralc rigidity. 
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B. pecerebr:a::e P.i.gidity (Mid-Colliculat:" Irensection) 

Two brainstem cent.ers chat. <l.re very impor1:.ant. to 't.he tna.i.nc.enance of muscle tor.e 
i.n ant.igravi.t.y muoc::loa. (pri"'.3.rlly cun:.cnooroj 4rc t.ha pont;ing rgtic\Jlor 
formation (medial retic\J.lospl.na.l Erlc£). and Dei.t.el."''s oucleu9 (la.t:.ecal 
veatibulospinal t.rac~). Bot.h cenc.er& h~vc an excit.a.t.ory influence on 
ex~ensoro. Sc.imulat.ion o( cell~ _in t.hc poncine ret:.Lcular forma't.ion ha~ ~ very 
pouer!ul excit.at.ory effect. on ext.cnaora. but. it.s act.ivi~y i.a norm.3.lly modulat.ed 

*l!:nhibite,& by cenc.ral (cort.ical) project.ions. If c.he 1/Jtait:a··s-te.m ·is cut above 
't.he level at t.he pont.ine ret.iculac format:. ion (mid collicula.c). the· inhibit:.ory 
influence is removed and ~here is an exaggeraced activa~ion of musCle cone in. 
e..xcensor& (ant.igravi:.y muscles). This produces a. rigid posture which is 
CQ{arrad to aa decerebrate clqidikY· In humans arm~ and lags a:e ax~ended. 
back is a.cched. r.e.ad dorGiflex.ed. and feet. vent.roflexed (curli;;g of toe&; lit:-:.s 

---~-g~__b..!!_~t_ _g=:avi:ty). This. stiff post:ure does no~:. perm'i't. joinC.& -co be~d and 't.i;le 
body is ~~-~P~b"ie- o~-s-c:-a.ncti:ng- up-t"ighc~------'I"hi-s --i·s-very -ct-i:t-ferent:.---'t:-rom .ap:..nal __ ._ 

't.ransection. whece extenaor muscle ~one ia abolished and the body be~omes limp. 
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R£ JICULOS 
TRACT 

GAI-CioCA 
AXON ALPHA 

A ION 

1-CUSCLE 
INTRA.FUSAL 

£XTRAFUSAL 

-, __ 

I. Gamma rig idi t.y ------------~--------------------,--

~Cutting the dorsal roots abolishes decerebrate ri Cutting the 
dorsal root& incerrupt& Ia spindle afferent& that act to excite 
homonymous motoneuron& via 't.he myot.atic Gtretch reflex. Since l'a 
afferent& signal spindle activity. this demcnst.rate• that the 
decerebrate rigidity was·· primarily-due· to-the hypersensitivity of 
muscle spindles resulting from descending excitation of g~a 
motoneuron&. Removal of the Ia spindle af!erents 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 ao alpha rigidity. This can be demonstrated alter 
reversing decerebrate rigidity cau6ed by gamma excitability (cutting 
the dorsal roots) and increasing the excitation of alpha motoneurons. 
Sine~ cells in t~e lateral vestibular. nucleuG (Deiters' nucleus) are 
normally in.hibited by project.ions from the cerebellum. removal of 
cerebellar projections increases che activity of these ceils. The 

rasult is an incroasc in desccndin5 ~xc1cat1on of extensors and 
rigidicy is restorod by alph4 moconourons (gammas may fire too, but 
they Are 1ncf£activa Gincc cha dorsal root~ have been cue). 

-·-· ---~--·--- ------ -----·-··--------·----- ---·------
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B. Decorticate upper limbs flex, lower limbs extend 

F I G U R E 7 - 4 Abnormal . . 
Decorticate (upper. limbs A.ex, lo~:~: ~;~d}.atose SU[e. A. Decerebrue (upper and lowe:r limbs e:xre:nd). B. 
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Figure 18.7. Schematic diagram showing the mechanism or decerebrate rigidily. 
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Flexion Reflex 

AHerents from ----'>-' 
cutaneous 
receptors and 
nociceptors 

. ' 

Flexion reflexes oue important in <1 number of behavioraJ 
p:mems: e.g .. flexion of limbs is part of the activitv 

involved in walkimr. One of tho: most obvious functions 
~( the ft~;~;ion ~fte:<:_ is withdrawal of a limb from pain: 
lui. nox•ous st1muh. Hence the He::don rcfte:< is fre
quently c:a..lled the withdrawal reflex. Also, since flexion 
of the: limb ipsil:.uc:r.:~.l to the stimulus is usually ac
companied by an e:uension of the contr.a.la[er.J.l limb{s), 
this reflex is also n:fc:m:d to as the flexion-crossed exten~ 
sion reflex:.... . ;It ..J., y, 

. ~l! Hc:xton.rc:ncx IS polysynaptic (Fig. 11-7). Jbe affer
t!J\1 hbcr.o enter the spinul cord and excite intcmcumns of 
tho: Jurs:al hom. The interneuron~ then act on alpha motor 
neurons through relay p:llhways involving other intemeu
rons. TI1c rc!'lponse is an excil::ltion of alpha motor neurons 
to the flexor muscles ::md inhibition of alpha motor neu
rons to the extensor muscle of the stimulated limb (ipsilat
cra.l). In addition, this is frequentJy accompanied by 
e~citJ.tion of alpha motor neurons to extensor muscles and 
inhibition of flexors to the contr.ll.:ueral muscle. This be-

havior is ~e appropriate response to painful stimuli; for 
exa~ple: If a person steps on o. shoup object, the injured 
~oot 15 wtlhdrawn (Rcx.ion), while the other limb of the pair 
IS cxlc:~dcd, thereby providing ~upport (or the body :md 
preveallllalhe person from tooolinJ:. 

The tlexion reflex can be initiated by activit)' in afferent 
fibers from a variety of sensory receptor organs. These 
sensory receptors may be in lhe skin, in muscle, and in 
joints and involve afferent fibers U, Ill. and IV: collec
tively. these are calledtexor reflex affcn:nls <FRAk The 
ckgrce of flexion response can vary from a nexor [Witch in 
response to relatively innocuous stimulalion to a complete 
withdrawal of the limb from a noxious stimulus: A very 
strong stimulus to the FRA fibers results in activiry of all 
four limbs. nus 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. 



'F\ N --r A () CM i ~ .. ~ o< r--t tJ 
.J, 

@ Ac t-i v.l h'CSr~ /6 
A:J6>tiH o( MiJ 2( '{MtJ 

® Con ty X ciJ ·cf'A 1 
ex:rr~- <lrtJ in l¥•1-/rs,~ 
~us de fy'(syu 

@~fr~ 
Lo¥-IYach ~ sp;nJJ{ 

in c-rel'IY~S o( M N 
ex. cd<l t1.,.., "iMJ_ I a._ 

i n;l ; (; t-i <fh 

@ {i"' ~11>\o'st 'J:;o,_ ~· ~l 
f;·rjS ~ ~ C!'t>MYI y"' OUS 

o(M"' R-ef-~~. Cfur<J: 
6 wC Lf ty"it. M' M ; f-5. 

-tt, J,tjgAe.r Ccn IYl.! 

(Mrow) 

Ia 

Corticospinal 
fibers 

A 
I I . 

~MN-

Antagonist 
relaxing "· ...... · 

~ (j) ~~© ~J~ ~sti~ ~ 
® 1-n ~o.b-tq~~~ o( MtJs <1-;J .¥ MNs cue. 

rt cr ur € !Gl ( s+, M vJ,d (£/) to JetAe.r ..-. T l.;, "' t:~J """' a._, D( ~ Y 
Co <\C li 11 a.n ·"" rr .li ntc < 



c)i v-t. .Lt...; dV.~ ""' -tt-L fwo f-Hf.w_·~:r c P&.r~IM; J."'-J.. 
d1J;"c.uft ct.v...J 

f 1<. ""(N."\ (VJT c\1'-' j J.J. ) cW_ -w rroclt<c. .. . ~~k.J {jOTH 
~-U:~cl 

<1.A...Q._ 

llJ~,I<L~ ToG-E-rH ef_ i.b Vtl)l/f'd g{e.f/ YHL 

·-- ----.. --
----.. ·-- ---------. 





c' 
,,,,_, ___ .....,;. _______ ~ -~---. 



Four Primary Ranexes : 
------- _ .... - ------· ----·-----·-- ---1-------- -·""- --- . 

Raflex 

Ankle jerk 

Knee jerk 

Biceps 

Triceps 

Ia fiber , , 
,' 

ig. 4-9 The knee jerk. 

Normal 

Flexor plantar 
response 

Roots Needed lor Reflex 

Sl 

l2, L3, L4 

CS, C6 

C7, C8 

Motor end pJates 
; 
' Quadriceps 
' ' ' ' ' 

' 
/ 

I 

,.· 
; 

/ 

Abnormal 

Extensor plantar 
response 

~ 11·11 Plantar "'ncx. showing the Babinski sign -an extensor 
1nlal' rnponse to a stimulus applied to the sole. 

------- -- ----·--· -------- -- -- ----------- -·····- .. 

Muscle G.lrrying OU11h<l Relax 

Gastrocnemius 

Quadriceps 

Biceps 

Triceps 

E.xa~cratcclrcudon ref/exes. These arc seen on · 
th~ affected sitk:" c~cmplilicJ by the knee ant.! 
ankle jerks, anJ 3rc ~l!'' to the release c.1f the . 
stretch reflex from ' . inhihitionh ltf:Jf..e.... ec:~,'it~J· 
4 C/ouus. TI1is is the occurrence o{ rhythmic : 

' conLraction:t of mu:->dcs when they ;He subjcctct..l · 
to sudden sustained strcu:h, e.g. ~tnklc clonus. 
The precise e1usc of clonus is not kn.c.....-n. This 
phcnumcnun is associ3tcU with increased gamm.:1 
crrcrcnt Uisch.ugc, occurring as a. result of th~ 
release of the stretch rcHcx from inhibition. 

~'l( t t-o'\! cr( 

rQ""''"' 
rrs r""'s 

the plantar reflex becomes extensor, 
known as a positive lltlbins/<i'." ·"iKII (i.e. scr;uch
ing lhc uulcr :1spcct uf the sole hy ~• hlunt ohjc~.:t 
fCSUhS ill i\r:-;ifJ..:XiOI!,._IIf the hi~ (IJC :mJ f:11111i11g 

of the other four toes}. The abnormal response is 
thought to be a primitive reflex that rcOJppca.rcs 
followin • in·u uC the pyramidal fibres. 

e Babinski's sign ts cons1 ere p ysiological 
during the first year of life, due to immaturity of ~ V _ 
the pyramh.l.al tract, and in adults during sleep, \: ~ 
Jcc_p _an:~csthcsia or coma, "due to the dcpr~ 
_actiYltY ~~otor c.:onc;c:.._.r--------·- : 

f<_e.m e."" be r -+ ~ fu ~ f<TMf;.~ 
rc.Jf-u:tS fn).~ rc.f-Put Uffer 
lv>otur Yl{UYIN\ }e:,·,o'(l ~ -ike- -too 
S~CJuid ,J.so be ·1bn<ff"""._Q ,. e 

Vf - ~ Q ·, "j t-<>< s -'>- ?o~·,t i ~-< 15 <1 b; r1 sJC.~ 
S is.n 
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lower Motor Neuron·· 

\ Fbccid wc.akncss or paralysis 

·z Decreased or absent MSR 

5 Signs of muscle dcnervoulon; fasciculations, 
fibrilla!lonsAprolounJ onuj')hy\ 

A Muscles aiTeclcd singly or in small gmups 
I Innervated by a common nerve or 

spinal root 

Upper Motor Neuron 

Spas1ic weakness 

Jncre;ascd MSR with or without don us 

No signs of muscle de nervation 

Muscles affcctcc..l in large groups, organized by quadrants 
or h~1lvcs of the body 

- -----"------------------. . . . 
• ; - ~ ':•.: r-:·· 

Tit< fer, L6wer h<o+L'Y neur~"!s used "t<> a<S~n~(. tl-._ 

Ve.ntfJl h<lYVt CclJr 1:, tb-<. Spin~ uYd (~) 
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i. ?<tt<'Sis d ?ar·'tJ~is I P·tcc;~ 
;) . ))ccrc•!SeJ rwtu.5c1{ h>!t C~R4cc;A.;t-:J)fpz.r~,r 
3 .. V ec aMeJ a< ~ ~.X:1H IY\ t_.d (Xe_ .S iYctC ~ 
~u:0 ( t'15i<) . . 

4 · ~"sci c.J •l r.·~,.....,.. ~ b-Ji ,1 h <fV\ 
· (..S (16"'11. t<\1'\<oiA.S o.. cJl v;:J <1:-, 'Mu. sdr 

fi lrreJ o.:t rest) 
. f'-\ <'lr !C•J de: IJ{ ti <'VI. 

A 

B 

Site of InJury 
pql!'ntiaJs 

Newly expressed 
ACh recepto"' 

·:,p:·. 
- ... ~ :. 

Fasciculations and fibrillations are caused by injury potentials generated at the site of injury to a motor neuron 
axon. A. Injury potep,tials. cau~ ~ of the elements of the motor unit to contract simultaneously, producing a 
coordinated twitch t;!l'-~1 o.cQ1:'11iat 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 in<f~ 

_ . ---~idualmusde_fibers.aru:LoolJiisible_oo_the.sudace.Jn.additioo..as....u:Q.nseQl!~ qf denervation, the fl!usde __________ _ 
fibers express numerous ACh receptors that make the musde fibers hypersensitive to circulating ACh. 
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Premotor cortex @ 
The premotor cortex receives its main inputs 
from theijJOSterior parietal corteJ>) the(cere e urn 
(via the ventrolateral thalamus) and the supple

(mentary motor ~a. The main·,o~tp~t~".project 
to the '!:'~tp_!" _ ~~rtex, the b_r~I);>!~I!l. and the 
sp~! <:_O!c:l via the ,:'<:_~t'2'l_c~r_ti£O_spir:ta! tract. 

As with the supplementary motor area, the 
premotor cortex shows neural activity begin-

~ 

ning well before movement onset. The pre-
motor cortex appears to be involved in ..rostural 
P.r<;paration for t!t,! coming movement, as indi
cated by its input to the anterior corticospinal 
tract. · 

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

~from the basal ganglia1 and the cerebel-'l. 
_Ium (via the ventrolateral nucleus of the ga
m us) and from thefi}OSterior parietal corte It 
also has~going to both the basal ganglia/ 
and the cerebellum'- as well as to the motor 3 

cortex and brainstem4-and a minor component 
direct to the spinal coJ via the corticospinal 
tract. The input-output loops with the basal 
ganglia and the cerebellum indicate a role in 
movement pnogramnung)<( 

Electrical stimulation of the supplementary 
motor area often produces i:Q!!lplex, bilateral 
novemen!S>;dfld measurements ofcortiCafblooo · 
flow reveal that the area is active during move
ments involving extensive coordination, partie· 
ularly of both hands, but not during simple 
flexion/extension movements of single joints. 

In order to produce complex movements, 
there must be a motor plan that specifies the 
~guenc~ and ~muscle contractions 
needed to execute the movement itself and to 
effect the necessary postural adjustments asso
ciated with the movement; for example, com
pensating for a change in the position of the 
centre of gravity. 

TheGutput of the motor cort.;}1 activates 
SJ:_ecific mus~ but ~oes not of itself pro~~e 
complex motor behaviour. Titis appears to be 

the ~~-cg_th~ Sl,!P.f1~ei.!ta!YEotafi~ and 
the(premotor corte)()(Fig. 3.7.3A). 

Primary visual cortex (area f 7) 

""""""'' asoocialic>n corte• (VVen•Koloe'• area) 

__ !-esions of the supplementary 
motor area result, for example, m the inability 
to orient the hand correctly when reaching for a 
target or to coordinate the hands during bi
manual tasks. -------------· ------



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

Fig. ll-35. Gr;up rrtlr:c IVith your index finger btt;t.!e<1l his 
thumb n11cl indo: fir.J<r, stroke the patient's palm aJ he grasps 
your finger. In !tJior:.I of the premolar cur/ex, he may be ll1!able 
to rdcau his gra1p. 



Head tilled 

Elbow llexed 

Forearm pronated 

Fingers flexed 

Hip circumducled 

Knee extended 

Foot plantar flexed 

F 1 G u R E 6- s. Right spastic hemiplegic. Gait resulting from lefr: capsular !~sion. 

FIGURI!: 6-6. 

Initial resistance lo 
rapid stretch suddenly 

collapses due to 
excitation of lendon 
organs and their lb 

afferent nerve fibers 
(see figure 5-14). 

The clasp-knife response. 

-----------·---------------- ·-------------i-·· 



Response greater in speed 
and amplitude as a 
result of reduced 

threshold of excitability 
of stretch receptors. 

F ' c;; u R E 6 - 7 . Exaggerated patellar reRa:. 

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- a - Clonus. 
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