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CHAPTER 10 

THE CEREBELLUM 

Anatomical ly. the cerebel lum (CB) consists of 3 lobes st::paratcd by 2 
deep transverse fissures (a) f\ small anterior lobe (h) 1\ large posterior lobe 
(c) t jloc:c:ulonodular lobe ( lm.:a11.:d posteroin fi.:riorly). The anterior and 
pthh.: rior lobes on either stde cnn-;titute 2 large llemi.,pllere,, which arc sep-
ar:tt ·d b) a naiTO\\ band cal h.:d the 1•ennis ( ligurc 59 f\ ). 

3 pairs of peduncles connect the cerehellum to the brain stem (the 
surwrior peduncle to the midbrain. the middle peduncle to the pons. and the 
ink ·ior peduncle to the medulla oblongata) 

FUNCTIONAL (PHYSIOLOGICAL) DIVISIONS OF THE CB 
From the func tional poin t or view. the anterior and posterior lobes an: 

org: nt1.ed along their longitudinal axe., , and the CB is di\ idetl into 3 parts : 
( ) \ 'cstibuloccrcbcllum (= archiccrcbcllum) : This is the oldest part or 

the ·n. and it consists main!) or the.floc:culonodularloln'. 
Spinoccrcbcllum (=Intermediate or palco-cerehellurn) : This con-

sist" or the intermediate ;ones or the 2 hemisphcn.:s and most of the 'ennis. 
(.) Ccrcbroccrcbcllum (= Lateral or neo-ccrchcllum) : This is the ne\\ -

est part of the CB. It consists of the large lateral zones of the 2 hemispheres. 

Jr.•,..rr::.-n "• 
n• taf.linl.c;.; .. •', 

Fil,!ll rc 59:(/\) Functional parts ol'thc CB (13) Topographical representa tion. 

fhe \'a rious parts or the body arc wpograpltically represented in the CB. 
The axial parts or the body li e in the vermal part , while the limbs and rac ial 
regi ms lie in the intermedi:He zones. Also. the body is n.:prcscnted upright in 
the lOstcrior lobe and up.., ide do\\ n in the anterior lobe (figure 59 B). 
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Figure 60: Aflcrent (input) ncrYe to the cerebellum. 

CONNECTIONS OF THE CEREBELLUM 

The CB has an ex ternal layer of gra y matter ( cerebellar cortex ), and an 
inner layer of white matter. In the latter, there arc 3 deep nuclei (a) Dentate 
nucleus latera ll y (IJ) Fastigial nucleus medially (c) lnterpositus 1111cleus 
(formed of the globose am/ emboliformnuclei ) between the other 2 nucki . 

Both the afferent and efferent or the CB pass through the 3 
cerebellar peduncle\ ( = CP.\ ). The af/i!rellf II<'ITt' /ihrn /ir\1 at the 
cerehellar cortex. then the Iauer discharges to the deep nuclei fi·om Hille h 
rile e./Terem nen·e.film'\ origi11me and leai'C.' rile CB ( figure 6:\ ). 

AFFERENT (INPUT) NERVE FIBRES TO THE CB 

The CB receives both sen.wu:1• and motor il!fim norions as follows ( fi gure 60) 
(A) T hrough the superior CP, the C8 n:l:t:ivt:s li brcs !'rom : 

I. The tec:t11111 of the midbrain ( the superior and inferior colliculi), which 
transmits 'isual and auditory signals to the CB. 
2. The t-·entral spinocerebellar tract. which tem1inates in the spinocerehel/-
11111 and infom1s abou t the signals that reach the motor neurons from 
the cort ical motor areas ( ef/i'rence cop\·. page I I 0). 

(B) Through the middle C P, the CB rccei \ C!-t few lihn.:!'> from the n.:t ic-
ular lormation, but mainly librc:, from the c:ontralatera/ motor areas of th e 
cerebral cortex via cortico-ponto-ccrciJclla r path way (figure 62 ). 

(C) Through the inferior C P, the CB receives librcs from : 
I. Tile inferior oliwuy llltcleus (to all parts of the CB). 
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2. The vestibular apparatus (both directl y and \'ia the ' cstibular nuclei) 
mai 1ly to the llocculonodular lohc. 
3. The relicularj(mnation (main ly to the vermis) 
4. The dorsal tract, which transmits signals !'rom proprio-
ceprors that in fo rm the Cl3 about performance of movements (page II 0). 
5. The gracile am/ cu11eate 1111clei : The fib res that arise from these nuclei 
arc -:alkd extemal arcullle fibres (page 25) and they also transmit proprio-
ccp ivc signa ls to the CB. 
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Figu•·c 61 : t ffc rcnt (output ) nen -c fi brci> from the cerebellum. 

EFFERENT (OUTPUT) NERVE FIBRES FROM THE CB 
There are 3 efferent pathways from the 3 parts or the CB ( ligure 61) : 

(A) From the vcstibu loccrebellum : fib res from th is part relay at the 
fa.wigial nucleus. rrom which efferent fib res ari se and pass through the 
inferior CP to the t•estilmlar nuclei am/ reticular ./(mnation (then to the 
spit al motor neurons via t·esihu/ospilwlund reticulmpinaltracts ). 

(B) From the spinoccrcl>ellum : Fibres from thi s pan relay at the 
nude us interposillls, from \\ hich efferent fibres arise and pass through the 
supl!rior CP to ( I) Tile opposite t•ellfro/atera/ rllalamic nucleus, then ro the 
opp Jsite cortical motor area.\ (2) Tile red nucleus. then to the spinal cord 
\ ia .he rubrospinal tract (3) Tile reticularformatimt in the upper part of the 
brain stem, then to thl: i>pinal cord via the reticulospinal tract. 

(C) From the ccrchroccrchcllum : Fibres from this pa rt relay at the 
dentate nucleus. from -..vhich effe rent fibres arise and pass through the 
sup11rior CP to the opposite ventrolateral thalamic: nucleus, then to the opp-
osi tl.! cortical motor areas (- cerebello-denlato-tlwlwno-c:ortic:al pathway). 
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::..: Each cerebel lar hemisphere is connected to the contntlatcral ccrchral 
cor tex by both afferent and efferent fibres. which constitute a neuronal 
circuit that starts and ends in the cerebral cortex. This circuit is called the 
cortico-ponto-cerebello-dentato-tllalamo-cortical circuit (figure 62 ). 

:_: Since each cerebel lar hemisphere comrols the contralateral cortical 
motor areas, then it is ckar that the cerebell um exert s its effects mostly 011 
the same side of the body (because almost all fibres of' the pyramida l trac t 
cross to the opposite side). 
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17igurc 62: The cortico-ponto-ccrcbello-dcntato-thalamo-corti ca l circuit. 

STRUCTURE OF THE CEREBELLAR CORTEX AND ITS 
NEURONAL CIRCUITS 

The cerebellar cortex (figure 63) is formed of' 3 layers (I) i\ Jolccular 
layer that contain parallel illlercmmecling fihres as well as 2 types of' cells 
called basket am/ stellate cells (not shown in figure 63) (2) Purkinje cell 
layer (PCs), the axons of' which arc !he onll•.flhres that leave 1/ie cerehellar 
cortex (3) G ranule cell layer that contains granular cells. 

The afferent fib res entering the CB arc divided into 2 groups : 
(A) Clim bing fibres : These arc arferent fibres from the i11jerior olii'IIIT 

nucleus. They excite both the deep nuclear cells (D Cs) as well as the PCs. 
(B) ;\ l ossy fib res : These include all other afferent jihres that enter the 

CB + some fibres from the inrcrior olivary Illtc.:lcus. They excite both the 
DNCs and the xranule cells, the axons or which then excite the PCs as well 
as lite basket & stellate cells. The latter 2 cell s cause lateral i11ltihition 
tlte adjacent PC!i which sharpens !he outpul the CB (page 50) 
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Figt rc 63 :The cen.:bcllat and the climbing and mossy libre circuits. 

FEATURES OF THE CEREBELLAR NEURONAL CIRCUITS 

(1) t he inhibitory neurons 111 the CB release (;ABA "hile the excitatory 
ncllt m-. release glutamate. 
(2) {fte PCs .fire inhibitory signal\ (0 tlte DSC'\. 1-lO\\ ('\cr. 

:-.t.:itatory effect of the dimh1ng and mossy fibres on the DNCs normally 
prcoominaws. so during re-.t the J) \'C,· e.n :iwtm:r signal\ . 
(J) I hl! cin.:ui ts con tain no rel'erherawrs. so IUJI'IIWIII' there is 110 '!fierdis-

clun anclthe e..flects (?I cerehellar stimulation are tmll\iem. 
(-t) lhc mossy fibrl! cin:utt .\hwyn'IIS the i11p111 signal' to the CB through 
/ateml inhibition oft lie tu/jacent PCs (c:;cc abm c). 

Functions of the mossy fibre circuit 
lit-. circuit helps preci.,c C\ccution of mo' cmcnts as folllms : 

t\ wp1 or the signals discharged from the corte:-. to pcrf'onn a certain mo' c-
mct' l i-. conducted to the CB 'ia the pontine mossy librcs (the cortico-po111o 
cere he!ltll' JWIIIII'lll'). Thc ... e 'tignab stimulate the DNCs. \\ hich discharge 
e.H 1 •otm:\' "tum on "signols that help initimion mm•ement. At the 
end or the planned mo' ement. the PCs would ha' l! been excited by the 
gnu ule cells. so they send inhihitory "111m off "stgna/,, to thl! DNCs, "hich 
thus stop discharging. This mechanism has been called negative fccd-
fon .ard inhibition. and 11 lead-. to rela\.ation of the muscles (which helps 
termination of tlte IIWI't!lllt!llt ll'itllout Ol'erslwoting or oscillation). 

Functions of the climbing fibre circuit 
This circuit is important for teaming tlte CB to perform ne1v paltem.,· of 

11101 £'/llent. The il!/'erior o/h·w:\' nucleus receives informations about (I) the 
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intended movement (from the motor cortex) (2) the perfonned movement 
(from the cont racting It compares hoth tn/imnutions, and if there 

mismatch (which occurs wht:n a ne\\ pallern of mo,·enlcnt i-. 
perfonned for the fiN tunc). ih firing n:nc modified leading to a clumue 
in the sensitivity of tlte PC,. I r the new mO\ cnwnt repeated O\'er a period 
of time. such change in the -.eno.;iti\ ity of tht! PC\ (plu., other possibk ccrc-
bdlar processes)" ill learn the Cl3 to perform such mmement coordinate!} . 

FUNCTIONS OF THE CEREBELLUM 

The cerebellum is com:t:rncd with subconsdou., control of motor 
Its func tion as well as the ill\ olvcd parts inc luck the folio'' ing : 

(A) CONTROL OF EQUILIBRIUM AND POSTURAL MOVEMENTS 

This is the function of the H stibulocerchcllum. It receives information 
from the vestibular apparatu.\. then through the .firsti;:iul nucleus. it disch-
arge'> to the brain stem. and through the and 
tracts it controls equilibrium and postura l mo\ by affecting the 
acti\ ity of the axial musd l'., ( trunk and gird h.: mu.,ck'>). 

Trunk ataxia: This n.:sult'> from of the It 1s 
characterized by cquilibrnun disturbances (the patient on standing. hl: 
cannot maintain the eret.:t and walks by a staggering or drunken gait) 

(B) CONTROL OF THE STRETCH REFLEX 

fhc cerehrocerebellum exerts a fac:ilitatm:r effect on the stretch rdlc\ 
and increases the muscle tone (page 71 ). '' hilc the .,pinocerehellum ex ert.\ 
an inhibitory effect (page 72). However. normally tlte faci/itatory ejj ect 
predominates so cerehellor disease (?ften result.\ in lll'f'Oionia (sec be low). 

THE CEREBELLAR STRETCH REFLEX 

Impulses rrom the muscle spindles arc traJl'>millcd to the ccrcbrocen:-
bellum (via the spinocerebellar tracts) which responds b) discharging -.ig-
nab 'ia the dcsccnd111g C\trap) ramidal (spec tall) the reticulospinal 
tracts) \\ hich stimulate the 'J1inalmotor neuro11' rc'>ultmg in mu clc t.:ontra-
ction. Such cerebellar .\ /retell reflex is more L·ompll'x than the spinal strctt.:h 
reflex and its f eedbm:k time is longer. It is important lor (a) Many postural 
adjustments (b) The dampin;: .fimction or Lh <.: Cl3 (pag<.: I I 0) specially when 
carrying heavy loads (which is sometimes called the food reflex). 

f
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(C) CONTROL OF VOLUNTARY MOVEMENTS 

(1) f.. OLE OF THE SPINOCEREBELLUM 

( I) Comparing function : When a movement is performed, the spinocere-
bellun recei,·es 2 informations (figure 64) (a) Sig11als .from the motor cor-
te\ (\ ia the pathway) that inform about the intended 
plan >f lllO\ ement ( = aj]t.•rence copy) (b) Feeclbm k ,;y,, cd\ jiw11 the pen -
phen 'ta the spinoccrcbdlar tracb. The \'Cntral tract tnforms about the coru-
cal si tbat reach the spinal motor neurons ( ejf erenc:e copy. page I 05) 
whik the dorsal tract informs about performance of' movements (page I 06). 

T 11.: spinoeercbcllum c:omJmres all these and if there is an 
error in performance, it St:ll(ls signals ji·om IIU! nucleus inte11wsitus to tllc 
mmm cortex. red mtcle/1.\ o11cl reticu/orformatio/1 . These areas send correct-
" e si that control acti\ tty of the spinal motor resulting in 
adjus mcnt of the performance to match the intention. which leads to coordi-
nated mo' emcnt speciall) of the hands and finger ... Such function aided 
hy tltt c:/imbing fibre cirmit (page I 08). 

(2) l>amping function : Almost all movcmt:tlls arc pemlular (due to 
lllOilll ntum) so they have a tendency to ovt:rshoot. llo\\ ever. the spinoccrc-
bdlum prevents this by suhL·om·c:io us signals that the movement at the 
intended point. Such damping effect is produced by contraction of the anta-
gnnist tc muscles through the cc>n•hc>llar stretch re/h' \' (page I 09). 
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I r the Cl3 \\'US damaged. the cerebral cortex can recogni-;.e 
tlte overs/toot and it then initiates a movement in the reverse direction by 
contraction or the antagonistic muscles. llowcvcr, this movement also over-
shoots. and is corrected again by overshooting conical signals. This process 
is repeated. the arm oscillates back and forth tor several cycles before it 
finally settles at the intended point(= kinetic, intention or action tremor). 

(3} Coordination of ballistic movements : Ballistic movements arc 
those which occur very rapidly (e.g. the fingers during typing. and the eyes 
during reading) and for this reason, the abo\'c comparing coordinating func-
tion cannot operate. They are pre-planned to go specific di stances then stop. 
and this is also coordinated by the spinoccrcbellum aided by the t11m 0 11 I 
t11m off"signals o_ftlte mossy.fibre circuit (page I 08). 

(2) ROLE OF THE CEREBROCEREBELLUM 
(I) Pla nni ng of movements: The cerebrocerebel lum informed about 

the desired movement before it starts (via the conico-ponto-cerebellar path-
way). The basa l ganglia receive a similar information (page I 00) and both 
provide the plan of execution of the 1110\'ement. 

(2) Pred iction of movements : The cerebrocerebcllum predict.,· the 
next mol'ement at the same time a present movement is This 
function is necessary lor smooth transition from one movement to the next 
(thus joining the scqut:ntial movements and preventing decomposition). 

(3) Timing of movements : The ccrcbroccrebellum also provides app-
ropriate timing for each succeeding movement. This functi on determines 
when the next movement should begin. so its absence causes the succeeding 
movement to begin too early or too late. resulting in incoordination or the 
movement (spt:cia lly rapid movements e.g. writing, running and ta lking). 

Extramotor predictive function of the cerebrocerebellum 
The cerebrocerebellum can pn.:dict events other than 1//0\"emellts, specially 

the rates or progression of auditory and visual stimuli e.g. a person can pre-
dict from a changing visual scene how rapidly he is approaching an object. 

THE NEOCEREBELLAR SYNDROME 

The manifestations or neocerebellar disease arc ips il ateral. and include : 
(A) Hypotonia : This is due to loss of the facilitatory effect on the 

stretch crrcct. and is associated with a pemlular knee jerk (page 69). 
(B) Asthenia (= muscle weakness) : This is due to difficulty in 

initiation of muscle contraction caused by loss of the funct ion of the mossy 
fibre circuit (page I 08). 
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(< ') Motor· ataxia : This is incoordination of voluntary movements, 
spec the meid mm·emcnts. Its manifestations include the fo llowing : 

(I) Dysmetria : This is inability to control tlw distance of a motor net, 
which may either overshoot the intended point (= !Jypermetl'ia or 
pasfJ'Ointing) or stops short before it(= h.I/JOmetria). 

(2) Kinetic (intention or terminal) tremor: This is an ostillatory 1110\C-

mcnt that appears on performing movemc.:nts (specially at their end) but is 
ah.w tf at rest. II is due to cortical correction o(the ow:rslwot (page I I I ). 

(3) Rebou nd Jlhcnomenon : This is of' a limb when a 
to its movement is suddenly rcmovt:d. It is well dc.:monstratcd by 

the am pul!iltK rest (figure 65 a). in which the patient may hit his fi1cc by his 
forearm after rdcasc of the resistance that is exerted by the examiner. 

(4) Asynergia : This is loss of' the hannony bc.:tween the various groups of 
musLies invol ved in performanct: or volunt;uy movements, which rt:sults in 
dt:crcascd abi lity to perform smooth and coordinated movements. 

(5) Failure of pr·ogression of movements : This is manili.!sted by (a) 
Adiatfochokinesia i.e. inability to perfom1 rapidly altemating mo\'e-
menh e.g. pronation and supination of the hands (figure 65 b) (b) 
Decomposition (= fragmentation) i.e. performing the move-
ment in steps and not as a continuous act. 

(6) Dysa rthria : This is dirticulty in producing clear speech. The syllnblcs 
muy be too long or too short (resulting in jumbled vocal ization), and speech 
may alSO bCCOll1C staccato or SCUIIIIillg (i.e. CUt Off into separaLC Syllables). 

(7) Nystagmus : This is a tremor of the eyeballs that occurs on fixing the 
eye at an object placed at one side of the head (page 144 ). 

(8) (or drunken) ga it : The patient wa lks unsteadily and on a 
wide base ( gait) in a drunken (swaying) manner. and tends to 
fall 0 11 the di!>cased side. 

F igure 65 : (a) Arm pulling test. (b) Test for adiadochokinesia. 
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TYPES AND CAUSES OF TREMORS 
I. Static tremor: This occurs in Parkinsonism. It is present during rest 
and is associated with hypertonia. 
2. Kinetic tremor : This occurs in neocerebellar disease. It is specially 
present at the end of movement.fi and is associated with hypotonia. 
3. Fine tremor (occurs in ltypertltyroidism). 
4. Flapping t remor (occurs in lil'erfai/ure). 
5. Senile t remor (occurs in old age). 
6. Emotional and psychological tremors. 
7. Toxic t remors (e.g. that occurring in chronic a/colwl drinkers). 
8. Familial and hereditary tremors. 

ATAXIA 
This means incoordination of l'oluntary movements, and it is either 

sensory or motor (sometimes mixed in tlte tltalamic syndrome, page 90). 
(A) Sensory ataxia : This occurs as a result of lesions (or diseases) 

or the proprioceptive sensory pathways. commonly in the dorsal column or 
the spinal cord (= the gracile and cuneate tracts). It speciall y occurs in (1) 
Tabes dorsalis (page 3 1) (2) Subacute combined degeneration (page 33) (3) 
Polyneuritis (page 32) (4) Tltalamic: syndrome (page 90) (5) Cltronic 
alcoholism (6) Friedreiclt 's ataxia (a hered itary disease that causes degen-
eration of the dorsal and lateral columns of the spinal cord). 

The manifestations (features) of sensory ataxia include (a) Loss or 
dorsa l column sensations (page 24) (b) +ve Romberg's sign (page 32) (c) In -
ability to walk in the dark (d) Diniculty in wa lking at day light. There is a 
stamping gait (= high steppage gait with a slap when the foot reaches the 
floor), and the patient walks at a broad base and always looks at hisfeet. 
The jol!o11·ing table shoH·s the d[ff'erences het11·een sensory· and motor ataxia 

SENSORY ATAXIA MOTOR ATAXIA 
Most common cause Tabes dorsa lis Neocerebel lar disease 

Gait I I igh steppage (stamping Staggering (d runken gai t) gail) 
Romberg's sign Positive Negati ve 
Effect of vision Corrected by vision Not affected by vision 

Deep sensations Impaired or lost Normal 

Tremors Absent Kinetic tremors present 
Nystagmus Absent Present 

Speech Normal Scanning or staccato 

t


