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Pomorama 2T

N ewrevs

)ém'm}\/y f)r(zjem'dh R.(D’(S (C&w m’g\{ja@ dqb(s) o Cross ﬂ,m
~ Tras !

ovie  Corelxald |em ;Jfb\ue te (e OCher (% o Mﬂ
ﬁ(ﬁr(f (e -9 Covpuwr ¢ eSum) . Nofc »ﬁow Yo Covex
’(/L!’;;:\:n into 33)’; Sff{'fﬂf(’a/ (y. f(/tda 24 Bssures 5 G,

O v ayder To increase  the Jurface ared

No-(2) the dc’““/"’j AXons 1%*,\’ pari 9 Ue Coxemd
radaada ard Cnbnwe down o (ld‘fw\ @ e Wh'@:fim\ﬁ
fract (0\ W\&).GY mofer Pﬂfh”‘f&t’) \PQ/\(CL\ Cenbnes  wa  the
Sy A instem and oSt 9 s '6&\((5 decussate (C-mgs) %
e opposite cide at e Lewer fare R e medulla.

_N.B. a - Natlce that the den:cndi_ng fibres in the corticospinal tract CROSS Il
at the lower wmedulls oblongata so that the Eght cerebral corterl wi ll’ ’

control muscles of the left half of the bady and the left cerebrol E

cortex wil]l contrel wunclen of the right glde of the hody.

b - The corticospinal tract is one component of the pyramidal tract, the
other component is the corticobulbar tract which also begins‘ at the

motor cortex but erds at the motor nuclei of certain cranial. nerves.

@ Axons of mwptor neurons of the cerebral cortex forming the cornna

radiata. P -\
— W5, —(peria cercbri)
@ This ig thc'internal cnpsulu’wl\lc_h represents the gate to the' cerebral

cortex i.p. all the Fibres that come from (f.e. motor) nr go ta

(i.e. sensery) the gerebral cortex will run herelin a compact’ bundle.y

As a l‘ESul‘t is¥ this part of Lhe brain (e.g. obstruction of

the Blood vessels which supply this re 1pr‘|”hy embolism or €hromboss
ng.- 2 - )

will lescd to widespread disturbances Te.g. hemlglegla (paralysis of

.- ‘the contralateral half of the body and hemianaesthesia (loss of ]

sensatiuns in the cuntralateral haslf of the body)
NS ' : |

(gensory) end descending (motor) ¢racts. In addi tion 1t caoantains the

&

nuclei of the third end fourth crenisl nerves.(}) Eu‘. @ S\A‘Z}S(“‘ﬂb-ll
. Ucltus n f),’f[

/

( SZ Pons @ This 18 another part of the orain stem which conteina
ascending and descending tracts. In sddition it cantaina the nuclei /
T of the Sth, &th, 7th and 8th cranizl nerves. ] o /—'




_,_____3.___.__.896'émrau ’t,,i; S
e -
(E} Medulla oblongata. : this is the lower part of the braln stem. In

addition the escending and descending tracta 1t contains the nuclei
of the 9th, 10th, 11th and 12th crenial nerves. The medulla oblongatac

hes the following centres which control vital viaceral activities:

y 8. (EE;;;;;i;;:I:E& Impulsea from this centre tun alang the vagus

nerves and can cause the heert to best more slowly or more rapidly

b. Uasomggor centre : impulses from this centre travel to smooth

muscles in the weolls of srterioles and causes elther vasoconstri--
ction (and a rise in blood pressure) or vasodilation

(or drop in blood pressure}

Respiratory centre it functions, together wlth the respiratory

centre in the pona to regulete the rate and depth of breathing.

d. 0Other centres : for reflexes assuclated with coughing, sneezing,

Bwallowing and Xpﬂ}}}gg:

N.B. Scattered throughout the medulle oblongata, pans and midbrain a
S e e — M —_—
Umplex(ZEEwork of nerve cella and nerve fibres) known aa the RETICULAR(‘UD
A e s e o N ] —_—— o~
Q% ’) FORMATION. It is connected ta most of the ascending (sensory) pathways

as well as to the cerebrum, basel genglia end cerebellum. When sensary

impuloes remch the reticular formation, it responds by signeling the

cerebral cortex activesting 1t into a state of wakefullness (hence the

Aame (fetlculsrt activating system) RAS)

<f Without this arousal,) the cortex(remalns unaware of atimulationjand !

cannot interpret sensory information or carry on thought processes. Thus
e o e et N e e e N

iF the reticular formstion ceases W funciion as in certain injuries, the

person remains unconsclous. In addition meny drugs e.g. aneesthetics

and {ranquilizers are belleved to have sowe effect on the reticular

formation.

(:} beginning of spinal cord

@ Thalamus : Thia is the upper part of ‘the The lowsr

part of this region is called the hypothelamus. It lies below the

thalemus and contains many nuclei. The fhalamus serves as a central

relay statiogn for sensory impulses treveling upward from other parts,
of the nervous gsystem to the cerebrul cartex. It receives all sensory
; impulora (except omell) and send them to eppropriaste resiona of the
cortex for interpretation. In other words it acts as a SECRETARY to !

Sensury cortex. In addition it has a(ﬁotor Eart) connected to |

the (motor corté;z(hn#aiféangiza\ﬂnd iéé;éggllum)and concerned wi th

the oudrpen I, Joluntagy moter mcfy'u,'@,
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N Bannl gangls

VA = Veanal anterer nucleus o% Thdamug
venrad Laterad >> » '

v =
"@Qmemb&r Chat The Cex émﬂ Gy e x (mofa _drczu) .
\Jo—@mnfdiy mevement but wmardey that ULan Mevement o

6 Smoctlh arnd  accurdde the CbrcGYr\—p Cay R0 neco{ the pPresence
45 Panchening cerebellinnm  and basad inglia

i .
The Hypothalamus : plays key roles in maintaining HOMEOSTASIS by

between the nervous and endocrine systems.

Among the many lwpartant functians of the hypothalamus are the following:-

1. Regulation of heart rate and arterial blood pressure

2. Regulstion of body temperature

3. Regulation of water and electrolyte balance

L. control of hunger and regulation of body weight

5. control of movements and glandular secretions of the atomach
end intestines T .

6. Production of neurosecretory substances that stimulate fhg
pltultary gland to release.vérioué hormones '

7. Regulation of gleep and wakefulness.

Sensory part of cerebral cortex which interpret impulses that srrive

fram various sensory receptors.

GE) Caudate nucleus
11
12

Lentiform nucleus (}4?QY1+{CUIAI>

N nucfeus
&cxﬂ,rnd Sgjment
Claustrum = ¥internad >
N.B. 10+ 11 + 12 + 13 = {basal ganglis Gmf'n(:w‘ﬁ & moter,
o b5 nuckei <+ Actwity
Lateral wventriecle i.e. cavity of cerebrum (ﬁl““nifj g PrﬂégdhﬂWGn3>
o R “maveméng ’

S RVI S I’/ = SR
T AT - _

(\E;;%. thirTd  ventricle
(éoth ventricles contaln cerebrospinal fluid - CS;;>.
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Fig. 48 The gyri of the latera] susface of the cesebral hemisphere.
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Table 1. Motor and Sensory Classification of Nerve Fibers

Sensory Greatest Createst .
Sensory and Fiber Conduction Ceneral Comments
(Croups) Motor Diumeter Velocity
() (meters/sec)
[a = A« 22 120 Motor—the large alpha motor neurons
of lamina IX
Sensory—the primary afferents (an-
nulospiral) of muscle spin-
dles
Ib = A« 29 120 Sensory—Golgi tendon organs, touch,
and pressure receptors
II = Ag 13 70 Sensory—the secondary afferents

(lower spray) of muscle
spindles, touch, and pres-
sure receptors, Pacinian cor-
puscles (vibratory sensors)

Ay 8 40 Motor—the small gamma motor neu-
rons of lamina IX innervate
muscle spindles

I[II = AS 5 15 Sensory—small lightly myelinated

fibers, touch, pressure, pain,
and temperature

B 3 i4 Motor—small lightly myelinated pre- ',
ganglionic autonomic fibers i
IV = C 1 % Motor—all postganglionic autonomic l

fibers (all are unmyelinated)
Sensory—unmyelinated pain and tem-
perature fibers
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Schematic disgram of half of the spiual cord showing the location of Rexed
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The muloncitrons of the spinal cord are arranged in
cohumns which supply muscle groups having similar
functions. The individual muscles are supplied from
cell gmul:\s (nuclei} within ihe columns. Medially
placed colanins supply the axial (trunk) musculature.
Latenlly placed columns, present only in the cervical
andd lumbar enlargements, supply the limb muscula-
ture. Finally, moloncurons innervating extensor mus-
cles lie in frontl of motoneurons innervaling (lexors
(Fig. 10-1, Tablc 10-1). '
Table 10-1 Motor ccll orfumes

Crlf column

Alusles

Ventromeddial (all sepments)
Dorsomediat (T1-1.2)

Frector spvinae
Inicrevstals, abdominals

Ventrolaleral (-8, L2-57) Annibigh
Dursolateral (Ca-K, L3-S} Frreanmvicg
Reteombensalateral (C8, T1, S1.S2) HamdMoot
Central (T3, C4, CS) Dlaphragm

Laminae |-
whercas laminae V and Vi are
sensations, although they respo
a relay between midbrain an

main motor ar
gamma moldr ncur

to 1V are concerned with exteroceptive Scf\S:\llot‘ls_
concerned primarily with proprioceptive
nd 1o cutascous stimuli. Lamina VIl acts
4 cercbellum. Lamina VI mud\fln(cs
most probably via the gamma ncuron. Lamina ‘:X is ‘l‘hc
ca of the spinal cord. I contains large alpha and smalier '
ml {hese ncurons sugply the extrafusal

Loy Hf{cc(hﬂjg

activity,

ns.
f-u!.clv.

vatedus

Table 5.1.  Celtular Organization of Spinal Cord

Otder \crminclogy

Rexed lerminology

Posteromarginal nuckous

Lamiee lll Subistantia gd:'ul'lnusa
n v Nucleus proprius
v ) MNeck of postedor hoen
vi Nasc ol pasterior lurrn . e
vit Intermediate zone, intermadiodateral ho
Vit Commissural nucleus
X Ventral horn
X (irisca centrlis

, Focearmy .
lag

~
Armithigh

Exlensars
of wunk

Flg. 16-1  Ccfl columns In the gray matter, Dolted finc indicaies
Imit of gray matter at thorack level. C, contral: DL, dorsolateral;
DAL darsomedial; 1L, Inlermediolateral {autonamic) RO,
retrodorsalatensl (for intrnsic muscles); VL, ventrulatenal; VM,
ventromedial nudeus.

B enie

verdrl hoew mocutong.,
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Lower imb

(lower limb)
precentral gyrus
(upper limb)

\ \ Posterior limb, internal
capsule ————
—_

Lateral

Cerebral crus Oculomotor nerve

(Midbram)

Basilar pons Abducent nerve

CPans)

Hypoglossal nerve

Medullary pyramid
(m Co{u%)

Pyramidal decussation

Ventral corticospinal Lateral corticospinal tract

tract

Ficure 6-2. Schemadc diagram of the pyramidal mact, showing its origin, course, and reladons.
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Figure 12.8. Schematic diagram of the corticobulbar pathway. ' |
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SPINAL MOTOR NEURONS

The spinal alpha motor neurons innervating an
individual muscle or a parricular group of muscles
are arranged in longitudinal columns extending
for various distances in a specific part of the ante-
rior hom. The medial ceill column extends the
entire length of the spinal cord and innervates the
paravertebral or axial muscles. The lareral cell col-
umn, which is found ac the spinal cord enlarge-
ments, innervaces the muscles of the limbs. Within
the lateral cell column further somatortopic orga-
nization exists: the proximal limb muscles are
represented mediaily and che distal muscles, lat-
erally (Figs. 5-11, 5-12, 7-1). The most distal
muscles (in the hngers and toes) are represented

7 “Lateral
fasciculus
proprius

Short
Intermediate

Propriospinal
neurans
Long

most dorsolaterally and are limited to the most
caudal segmencs of the cervical and lumhosacral
enlargements, respectively.

THE PROPRIOSPINAL SYSTEM OF NEURONS

All movements require the activity of lower mator
neurons in more rhan one spinal cord segment.
The number of segments involved in a mave-
ment varies. Because axial movements depend
on the acrivity of muscles that extend for grear
distances along the vertebral column, the para-
verrebral muscles are innervated by numerous
spinal nerves. In contrasg, individual finger move-
mencs are controlled by the intrinsic muscles of
the hand thar are innervated by only spinal nerves
C8and TL.

The incersegmental activity required for any
particular movement is integrated by the pro-
priospinal system of neurons. The propriospinal

Lateral
corticospinal tract

o\

(Lateral paths: rubral
lateral vestibulospinal
\b lateral reticulospinal

Geptromedia)patrs:

medial vestibulospinal
medial reticulospinal

Figure 7-1 Motor organization of a spinal cord segment in the cervical enlargement
(A, axial; B, shoulder; C, arm; D, forearm; E, hand; fasc, fasciculus).
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system wncludes three groups of intraspinal neu- (\_/:2‘6

rons whose axons influence homologous areas of

the spinal cord gray matter at different levels by

craveling through the fasciculi proprii bordering

the gray marter (Fig. 7-1):

1. The long propriospinal neurons have axons ' ‘th‘(,
that ascend and descend in che anterior 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 shorter distances in the
ventral part of the lateral fasciculus proprius
and influence the motor neurons that inner-
vare the more proximal muscles of the limbs. |

3. The short propriospinal neurons are limited
to the cervical and lumbosacral enlargements.

Their axons mavel in the latera! fasciculus pro-
prius and rerminate within several segments
of their origin. These propriospinal neurons / ' _-

influence the motor neurons that innervare
the more distal muscles of the limbs.
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Rubrospinal Tract

SPiNaL CORD

(+) Flexors
(~) Extensors-

A. Rubrospinal Tract

This tract originates in the yed nucleus. Fibers project to interneurens in
the lateral reglon of the spinal cord. Stimulation of the red nucleus causes
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HETICULOSPINAL PATHWAYS
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SPIXAL CORD
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Inhibitory Extensors (Also Flexors)
Excitatory Extensors (Also Flexors)

This tract originates from ceclls in the nucleus pontis caudalis and nuclcus

reticularls pontis oralis located in the medial two thirds of the pons (Ponting
- . A mnAAANAAA

reticular formation). _Fibers project to the ventromedial spinal cord vhere

P W S PN hps g R
they have a general excitateory cffecc*on bocth extensor and flexor motoneurons,

although mpaximal excjration is on the extensors.

C. ullary ateral) R ulos 1

Cells originate in the medullary reticular formation (nucleus reticularis

gipantocellularis) and terminate on spinal cord internecurons in the

intermediate gray. The medullary re\:iculospinal .tract has the opposite effect
of the Pontine reticulospinal tract, in cthat Lt has a gecperal inhibigtoyy effoctX

on motoneurons with a gtronrer {nhibiclon on extensors.
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[ateral Vestibulospinal Tract CZQZI,

Flexors (-)
Excensors (+)

D. Gacez'al Vestibulospinal ';j .

Cells originate in the lateral vestibular nucleus (Deicters’ nucleus) and

project to ipsilateral motoneurons and interneurons. Stimulaction of cells in
Deiters’ nucleus produces a powverfu) excjitation of extensors and inhibicion of
flexors 1t plays an importantc role in the control of antigravity muscles and
the maintenance of posture.
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Tectospinal Tract

Cells of origin are in the superior colliculus. Fibers project to the cervical

spinal cord where they control peck muscles fnvolved in head movement. .. ___ ..
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"7 Ascending iracts

Fasciculus gracilis ] Media! longitudinal fascicutus ;,-' ,Y
Fasciculus cuneatus - . ors @
asison 43

Dorsal

spinocerebellar Rubrospinal tract

tract
Fasciculus Pontine
proprius reticulospinal
tract
Ventral
spinocerebellar Medullary
tract reticulospinal tract
Lateral
vestibulospinal
4 B 5 rract
Spinothalamic tact Tectospinal tract %
(>
Ventral corticospinal ".?f—
tract %

Fig. 5.13 Ascending and descending tracls of the spinal cord.
All ascending and descending wacts are present bilaterzlly. In this figure, ascending tacts are emphasised on the left side and descending
traces are emphasised on the right side. In addidon, the locations of Lissauer’s wact and the fasciculus proprus (which contain both

ascending and descending fibres) are shown.
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Figure 33 : The knee Jerk. <
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THE STRETCH REFLEX AND SKELETAL ’

MUSCLE TONE

What is the stretcil reflex ? :

When a skeletal muscle isstretched, 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 omly monosynaptic reflex in the body.
The stimulus that starts this reflex is passive streiching 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 afferept fibres. These are
thick myelinated, rapidly conducting ( Ta afferent) perve fibres,
which end directly (i.e. without intervening interneurons) on large
AH.C. (= the alpha motor neurons) that supply the stretched muscle.
These neurons constitute the centre of the reflex, from which efferent
Tibres 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 its contractlon\\c Ll A‘P‘P‘n’" 9

tHE MUSCLE sprNpiEs (intrafusd Aibres)

Structure :

These are capsulated fusiform stretch receptors present in the
fleshy parts of skeletal muscles parallelto—their—fibres——Each spindle
is few millimeters in length, and is formed of 4-10 small muscle fibres
called intrafusal 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
sm— - --——extrafusal - fibres, and ¢éach consists of a central non-cortractile part “
called the receptor area, and a peripheral contractile part. €~
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FIGURE 12-7 , Motor neuron i"l.-.' p 3
A The stretch reflex arc runs from muscle spindle steetch teceptors in the - _.'. h
stretched muscle to motor neurons that excite the muscle, S
B Reciprocal inhibition in the strewch reflex involves connections atnony af- | B /
ferent neurons, intemeurons, and motor neurons that simultancously excite I At
motor neurons innervadng the stretched muscle {and its synergists, not : _-:'1 |
shown) and inhibit ongoing activity in motor neurons innervating the mus- l’
cles” anlagonists. 1
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1. Nuclear bag 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.

_. - Innervatxog, @g‘“‘oi—%
N -

(1) Afferent fibres :

TheSe arise from 2 types of sensory nerve endings in the muscle
spindles, which are stimulated by stretch of the central receptor area :

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

Capsule
uclear bag
ﬂbﬁr P V¥V

.

vuciesr~T T TTT 11 T 70/ qal el | m ans

chaln flber
Dynamlc gamma liber -~y /
Group 11 Statlc gammia flber
afferent liber
o~ Group 1l
-la alleronl llbor alferont {iber

Figure 1-52. Diagram of an Intraflusal muscle fiber, showing its nuclear bag and nuclear chain fibers. The afferent
innervation (la and Il fibers} and efferent innervation (gamma dynamic and gamma static f{ibers) of the intrafusal
muscle fiber also are illustrated.

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

Ta
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 rapldly conducting)

afferent fibres. PO

“(2) Efferent fibres : THE GAMMA EFFERENT FIBRES :

ripheral contraciile parts o e intrafusal fibres o e
muscle spindles are supplied by thin motor nerves about 4 microns in
Bl
diameter ca_Hed(gTamma etferent fibres These nerves are the axons of

small AH.C. called the gamma. motor neurons, and constitute about :
30% of the efferent nerves that leave the spinal cord in the ventral ;
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~There are 2 types of these gamma efferent fibres - @

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

b) Static fibres (gamma-s fibres) : These supply the nuclear chain
intrafusal fibres.

When the gamma efferent fibres are stimulated, the peripheral
parts of the intrafusal fibres contract, leading to stretch of the central
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SPINAL
CORD ANNULOSPIRAL
ENOING
GAMMA POLE OF
MOTORNEURON MUSCLE
SPINDLE

1
AN

f/b@» L,{, radsche s,o;ml,ﬁz
UteA Cd'ht’ch(_{:nﬁe_
% - mptonesnomn - Shortens

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.

Methods of stimulating the muscle spindles :

1) OStretching of the whole muscle.

2 Stimulati 1 tas—desertbed—above):

The muscle spindles are silent i.e. not stimulated during active con-
traction of the muscles (which releases the stretch of the spindles),
provided they are not stretched by gamma efferent fibre activity. On

the other hand, ey are maximally stimulated when the muscle is B e

— - -—gtretched  and “the “intrafuszl muscle fibres are contracted through
stimulation of the gamma efferent fibres.




Active contraction

Muscle [ .o ~—1
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g1 1-5. Response of muscle afferents to muscle con-
cuon without and with aciivation of gamma motor neu-
1s. During active contraction, discharge in afferent

ers ceases in the absence of gamma activadon because
: spindle becomes unloaded as extrafusal muscles

rten. Activation of gamma motor neurons prevents un- V‘/J?’Cwu'
ding of the spindle, and the discharge in the afferents d i

m the spindle is maintained. Sl

The (alpha n:-xgtz&;—.ﬁeur%g that innervate the extrafusal muscle
fibres are stimulated by 2 ways :

1. Directly by descending impulses from supraspinal centres .-
I N i g

2. Indirectly (reflexly) by afferent impulses discharged from the

muscle spindles. hlmg @ ‘V@ Pbres

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

1t 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, « o . - T -
.. "1, in spite of the change that oeccurs in the len
of the muscle (due to contraction).

s,

Guersensipuiy @ U2 _gawmwa opian way  Lad 4 Iy rc«@
Actvation of g—'_a;r'n; neurons alone can produce a reflex

contraction of the muscle. Since camma molor neurons are

smaller than alpha motor neurons, they have a lower thresh-

old for exciuability than the alpha motor neurons. are more é

easily excited. and have higher tonic discharge rates. There-

foretonicdischarge of the-gamma-motor netirons-may-be — - — —

responsible in large pant for maintenance of muscle tong,
——_ ~Quam~riiin of the gamma system mav lead 1o hypertonia.
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Function of the muscle spindles : @

The muscle spindles and their reflex connections coostitute a feed-
back mechanism which maintains the length of muscles constant e.g.ﬁr‘f‘
if a muscle is stretched, its spindles discharge leading to reflex con-
traction, so th; muscle will be shortened. On the other hand, if the
muscle is shortened, the discm its spindles decreases helping

its relgaxation, so the muscle will be lengthened.
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When the muscle spindles. are stretched, both the primary (an-.
nulospiral) and secondary (flower spray) endings will be stimulated,
but the W of each is iif/fgl:g\p’t as follows :

Response of muscle spindles to stretch :

==
F1G -4 ‘oni hasi i
l.:l‘:celllRorsE 6( - ]Pnlc and P iasic Slowl¥ Rapidly OH response
P a) Tonic receptor. This receplor type does adapting adapting
not adapt at all or adapts slowly 10 a sustained stimulus
and thus provides conlinuous information about the A
sun.\ulus. (b) Phasic receptor. This receptor type adapts Receglor e:i;?_l‘lllf
rapidly to a sustained stimulus and frequently exhibits an potential potenta
olf response when the stimulus is removed. Thus, the
receplor signals changes in stimulus intensity rather than . :
relaying s1atus quo information. Sll:mh;ﬁ Stimulus
streng steength
L g
Time Time
Stimulus Stimulus Stirnulus Stimulus
on olf on off
(a) (b)

1) Dynamic response of the primary endings :
-The primary endings 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 Tvs
when the stretching force is maintained and the length of the muscle
stops to increase.

_—>Ta
Since the 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 suplgm.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 from these endings increases in proportion 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, P
this response has been called the static response, which continuously in- @
forms the nervous system about the W.

This static response is the result of stretching of the nuclear chain
intrafusal fibres, from which the €econdary endings)arise. Therefore,

i

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

Muscle
spindle
primary —_
ending

Agonis

“Fig. 11-4. The elements of the monosynaptic sareuch re-
flex, including reciprocal 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 static
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.),. e e




(2) Static stretch reflex :
This occurs on maintained stretch of the muscle (during which the Z_SL

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 streteh 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). X
(Uéévwr O.Ml:l
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—SKELETAL MUSCLE TONE :

Definition : It is a continuous reflex sub-tetmnic (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.

l&‘B’Iec.lm.m'sm :

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 partial
contraction is a continuous process, it has been called the muscle tone.
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Evidence of the reflex nature of muscle tone :

- -Cutti.ng the afferent or efferent nerves of a certain muscle, leads to
atonia (= loss of tone) in this muscle, _Which~w1'11_accord-i-n-gly~b

flaccid ie. completely relaxed. COME - m o



Distribution of musele tone T —————— - - T TEEET T

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. Tt maintains the erect (standing) posture against the force of d
gravity.

2. Tt 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 Myotatic Reflex (Fig. 18.3) . 7 A Lalna
&'_cxg_r_c\lc_nsxon in a muscle produced by ﬁfc’-@. 7 @ ill stimu-’
latc nerve endings in ils-ten (Golgl tendon organ). Impulscs . {rom;

Golgi tendon organs Lravel (via Ib)nerve fibers. In lhcwx'}
hich in turn will{inhibiL alpha motor3

project upon{ynhibitory ncurons, w | inhibil 2pha Mo 'S
—mncurons supplying the ¢nusclc undcr tension (Romonymous: motory

—
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Figure 18.3. Schematic diagram of the components of the tnverse myotatic reflex. l

\ncurons). The result is relaxation -of the nzuscle (lengthening rcactioh&
-—Zautogenic -inhibition).--At-the-same-time,; Lhe 4b--act-ivvi{y*-will--facilitaic .

mechanism to prevent tearing of the muscle under-great.tension. This
reflex also underlies the mechanism of the *‘clasp knife’’ phenomenon
noted in spastic muscles. In such situations, passive stretching of the
spastic muscle will be met with great resistance up to a point, alter which
"__gbg_m_@_giics“mxgg_c_l@jy._Thc phenomenon has been termed ‘‘clasp -
l;nfﬁc" by Sherrington because of its similarily to the action of a jack-
nife - : ’
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Fig. 11-3. Localization of muscle spindles and Golgi tendon organs in relation to extrafusal
muscles. Enlarged view of the muscle spindle illusmates the two types of inurafusal muscle
fibers and their innervation. Responses of muscle spindle and Golgi tendon organ to muscle
stretch and contraction are illustrated at the lower right part of the figure.
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Figurc 18.6. Schematic diugram showing the mechanism of decerebrate rigidity.
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B. Decerebrate Pigidity (HMid-Colliculagr Transection)

Two brainstem centers that are very important to the maintenance of muscle torne
in anvigravity muscles (primaclly axtenscrs) are tha poptj eticulac
formation (medial reticulospinal tract), and Deitec’'s nucleus (lateral
vestibuloapinal tracet). Borh centers have an excitatory influence on
extensors. Stimulation of cells in the pontine reticular formavion has a very

poverful excitatory effect on extensors, but its activity is normally modulated
*(inh}_bitedz by central (cortical) projections. If the iBfa;g"Sfdm is cut above

the level of the pontine reticular formation (mid collicular), the inhibitory

influence is removed and there is an exaggerated activation of musc¢le tone in

extensors (antigravity muscles). This produces a rigid posture which is

refarrad to aas decerebrate pigldity- In humans arms and lags are extended,

back is acrched, head dorsiflexed, and feet ventroflexed (curling of toes lifis

.—...Against gravity). This stiff posture does not permit joints to bend and the
body is capable of standing UpFight: ~This~is-very-different—from.spinal__ __ __
transectian, where extensor muscle tone is abolished and the body becomes limo.
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l. Gamma rigidity T

Ei@ﬁfting the dorsal roots abolishes decerebrate r;gidityj Cutting the
dorsal roots interrupts Ia spindle afferents that act to excite
homonymous motoneurons via the myotatic stretch reflex. Since Ta
afferents signal spindle activity, this demonstrates :hqt the
decerebrate rigidity was primarily due  to-the hypersensitivity of
muscle spindles resulting from descending excitation of gamma
motoneurons. Removal of the Ia spindle afferents abolishes the
rigidicty. Therefore, "decerebrate rigidity is considered primarily a
gamma rigidity.

2. Alpha rigidity

A smelective increase in alpha motoneuron activity can produce what is
-referred to as alpha rigidity. This can be demonstrated after
reversing decerebrate rigidity caused by gamma excitability (cutting -
the dorsal roots) and increasing the excitation of alpha motoneurons.
Since cells in the lateral vestibular nucleus (Deiters’ nucleus) are
normally inhibited by projections from the cercbellum, removal of
cerebellar projections increases the activity of these cells. The

—_—

result is an fncraasc {n descending excitation of extensors and
rigldicy is restored by alpha motoneurons (gammas may fire too, but
they are ineffective since tho dorsal roots have been cut).
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Fig. 11-7. Schematic of the organizaiioiy_f_mc i}ex'(onﬂ;rmscd exicaston reflex.

Afferents from
cutaneous
receptors and
nociceptors

Flexion Reflex

Flexion refiexes are important in a number of behavioral

pstemns: e.g.. flexion of limbs is part of the activity

Extension

involved in walking. One of the most obvious functions
of the Aexion reflex is withdrawal of a limb from pain-
ful. noxious stimuli. Hence the flexion rcflex is fre-
quendy called the withdrawal reflex. Also, since flexion
of the limb ipsilateral to the stimulus is usually ac-
companied by an extension of the contralateral limb(s),
this refiex is also referred to as the flexion-crossed exten-
sion reflex. W vy
The Aexionreflex is polysynaptic (Fig. 11-7). The affer-
“ent fibers enter the spinal cord and excite intemeurons of
the dorsal horn. The interneurons then act on alpha motor
ncurons through relay pathways involving other intemeu-
rons. The response is an excitation of alpha motor neurons
to the flexor muscles and inhibition of alpha motor neu-
rons to the extensor muscle of the stimulated limb (ipsilat-
eral). In addition, this is frequently accompanied by
excitation of aipha motor neurons to extensor muscles and
inhibition of Aexors to the contralateral muscle. This be-

havior is the appropriate response to painful stimuli; for
example, if a person steps on a sharp object, the injured
foot is withdrawn (flcxion), while the other limb of the pair
is extended, thercby providing support for the body and
preveating the person from toppling.

The flexion reflex can be initiated by activity in afferent
fibers from a varietly of sensory receptor organs. These

sensory receptors may be in the_skin, in_muscle, and in
joints and iavolve afferent fibers II, I1f, and IV; collce-

tively, these are callcgl‘f_iexor reflex aﬂ'crc&(FRA):;vThc
degree of fiexion response can vary from a flexor twitch in
response 1o relatively innocuous stimulation to a complete
withdrawal of the limb from a noxious stimulus: A very

strong stimulus to the FRA fibers results in activity of all |

four limbs. This response is mediated via_interscgmental

connections and is sometimes referred 10 as irradiation of

the stimulus; the stronger the stimulus, the more extensive

is the reflex reaction.
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Four Primary Reflexes |
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Normal Abnormal ! ﬁ '
Flexor plantar Extensor plantar ’
response response

1. 11-11 Plantar reflex, showing the Babinski sign — an extensor
intar response to a stimulus applied to the sole.
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- Exaggerated tendon reflexes. These are seenon '’
thamm& by the knee and |
ankle jerks, and are due to the release of the *
stretch reflex from - . inhihitiunéy E:gﬁu oo e s
4 Clouus. This is the occurrence of rhythmic
contractions of muscles when they are subjected
to sudden sustained streweh, eg. ankle clonus.
The precise cause of clonus is net known. This |
phenomenon is associated with increased gamma
cfferent discharge, occurring as a result of the
relcase of the streteh reflex {rom inhibition.
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the plantar reflex becomes extensor,
known as a positive Babinski's sign (i.c. scmlch-‘;
ing the outer aspect of the sole by a hlunt object

. . . . . |
results in (lur:u”cxmn of the big e and fanning .

\ of the other four toes). The abnormal response is ;
thought to be a primitive reflex that reappeares
of the pyramidal fibres. :
¢ Babinski’s sign is considered physiological
during the first ycar of life, due to immaturity of
the pyramidal tract, and in adults during sleep, \': —}é‘
deep anacesthesia or coma, ‘duc to the dcprcffl—)
activity of the motor cogtex. p——-—"—=" ;

R&member > I, the pf‘jj’@’d(ﬁ'u
'rcg&xcs 7")’1/\2%’ rcpﬁec(— Wpper

Moter NE€Uronm Jesion -, e to¢es
Shoul) dso  be "”Dnm*mn,a /. e

U“P-f_’)c'i"‘f) fets = ,‘POS'H'HM Sabinsk’
gi%'ﬂ




oy & R i il& Wi_\: -

"""‘—”—fﬁ_’“"”Cﬁ[‘?f}"}‘cig“%'e?“vﬁ“ TE
\

Signs 9 Pari({mm"«;, disease  wlicde K{Y&fdv e /39@
%u,\cﬁw\; g, Aha Lasad 8!.“45,&}._. Tn Lowtyast & SPMﬁdi\xj
Qs Fype 4 ria-[c[;rtj {,\M e FDMM;“S Cfmmd‘er/sh‘cs 3

@ incraased  pesistdnce  w Passive  Movement o2
bidicectonad (re luth 1U)€>(6YS and  extensovi, e

%&C&ecﬂ Vlaf’q‘,u_’
@ Patienmts witda ?AerSC\AS i eare do Not («AN

o %(}er(\c/{‘)v—ﬂ mu\sc/P( Swetaly H’(‘QU (o(af *und on
m{]ﬁuﬂ %%Tw{u

Q@me,mbflf I% the U/P'(’U moter neuron Les) o (C(MNL

QCCUTS dbf’“ the fevel 9 matsr (PYramidad)
O{(Wdhm« 1¢ in tha moter  Corfex o 1teradd
sufe o GSainstem —The IDmcs;s ar par. 'S
Wil e CONTRALATERAL & o side 2 e

osi |
.\—{0\"\)&"’@‘- (?& d,—&. Lz;/_)ld\‘\ % MG\'J ’tﬁ\"— Z,é dgmdﬁ&\

> Paresis v Paradaysic wetl b P‘Ju“d-g T e sida

‘/B LA\CW"< L\J(d\\h ‘d\‘i ﬁfu{y-rj :E'Ml'\l(‘,._pQ)..L/)
d’gwi«.h baatter SP.HJ (mdl\

Lower Motor Nauron™ * Upper Motor Neuron
|\ Flaccid weakness or paralysis Spastic weakness
‘7 Decreased or absent MSR Increascd MSR with or without clonus
2 Signs of muscle denervation; fasciculations, No signs of nuscle denervation
Gbsiliations,[pToToURT atraphy)
Z Muscles alfected singly or in small groups Muscles allected in large groups, organized by quadrants
innervated by a common nerve or or halves of the body
spinal root
. e e - .. N _—
2 or : O3
2 - EH T 42 LAt SORNL TR TR TN

The {ferm dswer motor nearc_v{mpfs used deSigpate e
. N e e e e e

\/(’_n{YA,Q h(&‘{y\ Cedds JZ) the S[)/nrt,a (J’Y(( (M)

\UQ«EC,& innervate  SEletad  auscler Q bo@g/ @ te

votor NCUrens  dy the braincten wlhicl, innervate  mascles
CRad ~mascles y Trgue mauscles , muscles o) Phavgnx ¥ Argng)

Swp‘d_“pQ (7«:1 CCr+<1m Cr&n,n,Q merves

Destruchon 9 W(LMNJ o ther AXous
ey Gy Poborijm)——‘rl_oss 4 Voluntargy & H{;(u
RSPWS—Q d'l) W\AS(E(; ]




vl 1> - _ gt (neTeY VlL(_,(fﬁ/\ /(gs R \
O M o 1o CLMNEY

e —————
b Paresis e panfysis 2, Flaccid
2. chrcdSe&’ muscle fone (P[dcc‘:az';w)jpparaijz,‘,

3~D€Crciﬂé’ﬂ af aékn{ mus cle Shedch
exer (MSR)
4- .Pasc,[cdf\h\m—y %(wﬂm(m
(quﬂ\y\(ow ach'uif-vj 7, mMuscle
Alres az reSt)_ _
5 - Md(\(eo{ cl.cnu\,jihd\(\ atr ['\

£ OFaSGudEhons owx e €arkiest ohjech've 5§5n (%mram‘

7 %
\ A -

-

T
gccur | Fr{ﬂqtgd
> G J‘f),',m[ mc/
(l/n'm —> t:'\,\ Cloa
Muscle o myscdes
—r"v‘-ibfb}‘f La
:'AJ Jey
('l Car G ment
involued

N L TS
- { Motor unit — 7./]

Ty Tl S e
||:| 1@1 ) ’ e

3
{13 3
]

porrery
1o\ ol )X 2o\

=i

v R Ty
v

Site of injury
potentials

~

provreh, gy
pure—r, §
) grreh gy

ACh receptors

4

It FERLD
smnin
- Site of injury ,,.:’__ HA L ;
' tentials — ._
poten e i
Y ol !‘\‘\ e —1
eo’ ‘4;“—'“._
., .o .y > T
fesl e Y ]
A 1114
S L
‘-""J‘=:x !‘1
., ALK .
B ' “ ! rey b
Muscle fiber 3 ; ii
Newly expressed
O(C’IB vdbon ACh receptors
0y % 5D [P S L P ST e
ISR NIRRT, e 7

Fasciculations and fibrillations are caused by injury potentials generated at the site of injury to a motor neuron
axon. A. Injury potentials cause al] of the elements of the motor unit to contract simultaneously, producing a
coordinated twitch {8 $€r el §at 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 ind-
vidual muscle fibers no longer contract as a unit, the twitches (fibrillations) are uncoordinated among the ind-
—-—vidual muscle fibers and not visible_on_the surface._In_addition. as a_consequence of denervation, the musde
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fibers express numerous ACh receptors that make the musdle fibers hypersensitive to circulating ACh.
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Premotor cortex @

The premotor cortex receives its main {Inputs
from theﬁ:;gs‘terior parietal corte);') thejcerebellum
(via the ventrolateral thalamus) and the supple-

{mentary motor area. The main dutputs, project

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 postural

preparation for the coming movement, as indi-
cated by its input to the anterior corticospinal

tract.
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Posterior parietal cortex (5) 2

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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Fig. 12-4. Motor areas of the cercbraj comex-—

Primary
Supplementary // motor cortex

motor area

Premotor
coriex

Precentral gyrus;
primary motor cortex (area 4)

Premotor cortex
{area 6)

Frontal eve field
(area 8)

gyrus
The @mlemengar); motor areal receives

from the basal gangh’a‘ and the cerebel-

lum (via the ventrolateral nucleus of the thala-
r;u_—s) and from the’@terior - parietal cort@’; It
also hasQuiput9going to both the basal ganglia/
and the cerebellunt as well as to the motor?
cortex and brainstemtand a minor component
direct to the spinal cord via the corticospinal
tract. The input—output loops with the basal
ganglia and the cerebellum indicate a role in
movement programuning y~<

Electrical stimulation of the supplementa
motor area often produces €omplex, bilateral

Tovements?; and measurements of cortical blood -

flow reveal that the area is active during move-
ments involving extensive coordination, partic-
ularly of both hands, but not during simple
flexion/extension movements of single joints.

SiaAm L
Supplementary motor area

In order to produce]complex movements,
there must be a motor plan that specifies the
sequence and extent of the 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.

The{ output o e motor cortex] activates
specific muscles but We
cwr behaviour. This appears to be
the ole of the SUPPlémeRtary Hotor A7ea and

the(premotor cortex(Fig. 3.7.3A).

Central sulcus

Postcentral gyrus: somatasensory cortex
(areas 1, 2, 3) R
Superior parietal lobuie  Poiteacct £ 7]

Fanieral .

Inferor parietal iobule

Primary visual cortex (area 17)

Auditory association cortex (Wernicke's area)

Primary auditory cortex
(areas 41, 42)

(Posterion pmiand coddg)

motal  Catex (Anead)
(.WQ'MS'I-&.. :

Plasd cqrd

.- Lesions of the supplementary
motor area result, for example, In the _m_&_lllh—tz
to orient the hand correctly when reaching for a
target or to coordinate the hands during bi-

manual t .
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Grasp Respense (Reflex)

Grasp Reflex. Sturoke the patient’s palm so he grasps your
index finger between his thumb and index finger (Fig. 11-35),
When the grasp reflex is present, he cannot release the fingers
when he tries. This is a normal response in young infangs;
later in life, lesions of the premotor cartex may uncover the
reflex as a pathologic inding.

Fig. 1135, Grasp reflex.  With your index finger between his
thumb and index firger, stroke the patient’s palin as he grasps
your finger. In lesions of the premotor curlex, he inay be unable
(o release his grasp.




Head tited

Paresis of lower facial muscles

Elbow flexed
Forearm pronated

Fingers fiexed

Hip circumducted

Knee extended

FicurEeE 6~5. Rightspasdc hemiplegic. Gait resuldng from left capsular lesion.

Initial resistance to
rapid stretch suddenly
collapses due to
excitation of tendon
organs and their b
afferent nerve fibers
(see figure 5-14).

Ficure 6—6. The clasp-knife response. :




Response greater in speed
and amplitude as a
result of reduced
threshold of excitability
of stretch receptors.

Frcure 6-7. Exaggerated 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

Ftcure 6-8. Clonus.




A. Normal:

Flexor

Plantar
Response

B. Abnormal; Extensor Plantar
(Babinski} Respaonse-
extension or dorsiflexion of
large toe and fanning
of other toes

Plantar responses. A. Normal flexor. B. Abnorimal extensor or Babinski.

FIGURE 6-9.
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Fig. 1-15. Divisions of the CNS.
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Figure 1-3. Regions of the mature central nervous system, as seen in sagittal
section. { X 0.5; photograph kindly provided by Dr. D. G. Monternurro.)
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{medulfa spinalis)

Central canal

Fig. 1.3 Diagrams of stages in the differentiation of cerebral vesicles and the ventricular system.
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Fig. 21-1. Forn‘ation of neural lube.
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I. ‘At the beginning of the third week, under the inductive influ~ l
ence of the notochord, the __(]Q_La[ ectoderm tlnckens in the
' midline to form the neural plate (I‘xg 21-1). - 3
1. Duetothe changesin the shape and size of the neural epithelial. |
cells and the changes in their connechons with surroundmg
cells, the lateral margins of the phte Become elevated to form
the neural folds. ;
I11. Thedepression between these folds is known ns neural groove
IV. At about the 25th day the neural folds [use to form the neural
tube, The fusion begins at the fourth somitg and progresses !i
rostrally and caudally. ' Coy
V. Tor a short time the neural tube remains open al both ends as
the rostral and caudal neuropores (Fig. 21-2). . -
VI. The rostral neuropore closes at about the 25th day, and two
days later the caudal lieuropore closes. . . wl__.'-
VII  Some cells at the margin of neural fold do notineorporaleir into f
| the ncural tube, and thus formithe neural crest, ’ (
MU The neural tube detaches itsell from the ectoderm and sinks |

into the underlying mesoderm, :

S




Anterior neuropore y}

22 days 23 days

Figure 5-4. A, Dorsal view of a human embryo at approximately day 22. (Modified |
after Payne.) Seven distinct somites are visible on each side of the neural tube. |
B, Dorsal view of a human embryo at approximately day 23. (Modified after Corner.) |
Note the pericardial bulge on each side of the midline in the cephalic part of the
embryo.

Figure 20-31. A, Photograph of anencephalic child. Ventral view. This abnormality !
is frequently seen (1:1000 births). Usually the child dies a few days after birth, |
(Courtesy Dr. . Warkany. From Warkany J: Congenital Malformations. Chicago,

Year Book Medical Publishers, 1971, Used by permission.) B, Dorsal view of an .
anercephalic child with spina bifida in cervical and thoracic segments. i
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FIG. 12-38 Varities of closure defects of the spinal cord and vertebral column. A,
Rachischisis. B, Spina bifida occulta, with hair growth over the defect. €,

Meningocele. D, Myelomeningocele.

Other Closure_Defects

‘A defect in the formation of the bony covering overlying)
eiiher the spinal cord of brain can result in a graded scrics
of structural anomalics. In the spinal cord, the simplest dc.-
fect is called spina bifida occulta (Fig. 12-38, B). The spi-

nal cord and meninges remain in place, but the bony cov-
cring (neural arch) of one or more vertebrae is incomplete.
Sometimes the defect goes unnoticed for many years. The
site of the defect is often marked by a tuft of hair. The next
most severe category of defect is a meningocele, in which
the dura mater may be missing in the arca of the defect and
the arachnoid layer bulges prominently beneath the skip
(Fig. 12-38, C). The spinal cord, however, remains in
place, and neurological symptoms are often minor, The
most severe condition is a myelomeningocele, in which the
spinal cord bulges or is entirely displaced into the protrud-
inE‘ subarachinoid space (Figs. 12-38, D and 12-39). Be-
cause of problems associated with displaced spinal roots,
neurojopical_problems are commonly associated with this
condition.

FIG. 12-39

Infant with a myelomeningocele and

Haie . cz%”‘vf%@ O
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Dura mater
Subarachnoid
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FIG. 12-40 Herniations in the cranial region. A,
Meningocele. B, Meningoencephalocele. C,
Meningohydroencephalocele.

A similar spectrum of anomalics is associated with cra-
nial defects (Figs. 12-40 and 12-41). A meningocele is typ-
ically associated with a small defect in the skull, whercas
brain tissuc alone (meningoencephalacele) or brain tissue
conlaining part of the ventricular system (meningohy-
droencephalocoele) may protrude mmugﬁ' a larger open-
ing in &8 skull. Depending on the nature of the protruding
tissue, tlkese malformations may be associated with neuro-
logica) deficits. The mechanical circuinstances may also
lead to secondary hydrocephalus in some cascs.

Microcephaly is a relatively uncommon condition char-
acterized by underdevelopment of both the brain and the
cranium (see Fig. 10-9). Although it can result {rom pre-
mature closure of the cranial sutures, in most cases its eti-
ology is unccrtain.

Many of the functional defects of the nervous system are
poorly characterized, and their etiology is not understood.
Studies on mice with genetically based defects of move-
ment or behavior due to abnormalities of cell migration or
histogenesis in certain regions of the brain suggest there is
likely a parallel spectrum of human defects. Mental retar-
dation is common and can be attributed to many causes,
both genetic and environmental. The timing of the insult to
the brain may be late in the fetal period.

FIG. 12-41 Fetuses with (A} an occipital meningocele
and (B) a {rontal encephalocele.
{Courtesy Masoa Barr, Ann Arbor, Mich.]
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FIG_. 12-37  Felus with a severa case of rachischisis, The
l?ram is not covered by cranial bones, and the
light-colored spinal cord is totally exposed,

{Courtasy Meson Barr, Ann Arbor, Mich.)

A number of the closure defects can be dingnosed by the
detection of elevated levels of alpha-fetoproteln in the am- |
niotic fluid or by ultrasound scanning. /‘

Defects In Closute of the Noural Tube

Faitupe pf closure of the neural tube oce'rs most commont ’
in the_regions of the anterior and posierior neuropore, but

other locations are also possible. In this condition the spi-

mitd cord or brain ih the affecied area is splayed open, withy

the wall of the central canal or ventricular syslem consti- :
- tuting the outer swiface. A closure defect of the spinal cord ‘
i is called rachischisis and, in the brain, cranioschisis. Cra-

nioschisis is_incompatible with life. Rm 12-

37) is ussocinted with a wide variety of severe problems,

inchuding glyrpnic infection, motor and sensory deficits, and i
disturbances in bladder funclion. These defects conmmonly |
ficcompany ancncephaly (see Fig. 8-4), in which there is a ' ‘
massive deficiency of cranial structures.

Myclination in the Brain and the Onset of

Function
Myclination in the Spinal Cord ! CM:yélinmion in the brain begins at aboutdlhc {
: i al life but is restricted to
In the spinal cord the nerve fibers are heavily 3"‘[ ﬁg’;:[t 'Ofth[:mblailafl :n e
) . . .- M ]
myelinated or slightly myelinaed. The \/.\/?b)\_,\{\fngg_l e e
myelin sheath is formed and maintained by sensory hibers passing up from the spimal
the ofigodendrocytes of the neuroglia. The myelinate, but the progress is slow so that at
cervical portion of the cord is the frst part 10 birth the brain is still ].“8‘31)’ Uf‘mj'CImNCd-
develop my'elin'__agd—’_f_rom here the process In the newborn there is very little cercbral
» . - . .
extends caudally. The fibers of the anterior function; motor reactions such as respiration,
nerve_roots are myelinated Lefore those of the sucking, and swallowing are essentially reflex.
M%Wf myelina-

After birth the corticobulbar, corticospinal
fibers, and the tectospinal and corticoponto-
cercbellar fibers begin o myelinate. This
process of myelination is not haphazard but

tion begins within the cord at about the
fourth month, and the sensory fibers are
affected first. The descending motor Abers are

the last to mfi,’?ﬂ‘_‘j‘mm(‘cc“ does not ; systematic, occurring in different nerve fbers
begin until term; it continues during the first at specific times. The corticospinal fibers, for
2 years of postnatal life.

e ———

cxample, start to myelinate at about 6 months
after birth, und the process is largely com-

_ plete by the end of the second year It is
believed that seme nerve fibers in the brain
and spinal cord do not complete myelination
until puberty.
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Central sulcus
Paracentral sulcus ]
Marginal sulcus

Cingulate sulcus

Subparietal sulcus [4

Parieto-
occipital
sulcus

Calcarine

sulcus

Rhinal
sulcus Collateral
sulcus

Figure 13-5. Gyri and sulci on the Gtedia] jand (nferior sur@ of the right

cerebral hemisphere. (A) Uncus. (B) Isthmus (retrosple
the cingulate and parahippocampal gyri. ( X 0.63)

2 |
Fig. 53  The gyri of the medial surface of the cerebral hemisphere i
(The different parts of the limbic lobe are shaded)
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m hed of tonsil \\\\\‘ \\\\\\\\ Q_ ".J }‘,} Ydmlan
AN

Pyramid

Fi¢. 7.2 Anteroventral surface of the cerebellum. The right tonsi! of the cerebellum has
been removed to show the inferior meduliary velum.
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Cercbellar pedunceles (see Figure 1.7)

@ Inferior cerebellar peduncle

~connects the cerebellum to the medulla, - H—(’Rgenﬁs major  gud Pu} /(yéw\
- consists of two divisions: : U2 A/ ‘wf B T\’*"“

- Lﬁquiﬂs 1‘1 . '
a. Restiform body : entitory (o thid R

: o Ok (QOL O{’b\&( qwlj‘ﬂ'\fﬂ’ﬂ')
—is an afferent fiber system containing:

(1) Dorsal spinocerebellar tract
(2) Cuneocerebellar tract
(3) Olivocerebellar tract

b. Juxtarestiform body

—~contains afferent and efferent fibers:
(1) Vestibulocerebellar fibers (afferent)
(2) Cerebellovestibular fibers (efferent)

@Middle cerebellar peduncle (8{rlcﬂmw\ Pdvlh‘j)
—connects the cerebellum to the pons.

—is an afferent fiber system containing pontocerebellar fibers to the |
neocerebellum,

- formed dy Axens ) Pontine  nucle; DY Offosite side



Fig. 12-4. Motor areas of the cersbral cortex.

Primary

Supplementary motor cortex
motor area

Premotor \
cortex

B. Motor areas

1. Primary motor cortex (area 4)

—is located in the precentral gyrus and in the anterior part of the para-

central lobule(svn tis mcal;&,g ;Surquce Yo dower Limb €
J—contributes to the corticospinal tract. Sphincters

—is somatotopically organized as the motor homunculus (see Figure
23.23).->-<Face_%l- /b'mbf) are Rpresented Pore

—contains the giant cells of Betz in layer V.

—stimulation results in contralateral movements of voluntary muscles.

—ablation results in a contralateral upper motor neuron lesion.

—bilateral lesions of the paracentral lobule (e.g., parasagittal meningio-
mas) result in urinary incontinence.
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2. Premotor cortex (area 6)

—is located anterior to the precentral gyrus.
>—contributes to the corticospinal tract,

—plays a role in the control of proximal and axial muscles; it prepares
the motor cortex for specific movements in advance of their execution.

—stimulation results in adversive movements of the head and trunk and
flexion and extension of the extremities.
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3. Supplementary motor cortex (area 6)

—is located on the medial surface of the hemisphere anterior to the para-
central lobule.
X—contributes to the corticospinal tract.
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The Cerebrospinal Fluid,

the Ventricles of the 79
Brain, and the
Brain Barriers

3d ventricle

cerebral
aqueduct

4t yentricle

Body 2 vd

Ventricle

Anterior horn (frontal) .. . | Pineal recess

)

Interventricular foramen 2%

Lamina terminalis "‘"3:‘

Optic recess—;F o
Infundibular recess —= = 5

Inferior horn (temporal)

Lateral aperture (foramen Luschka)

3 Central canal

Ventricles — lateral view



Temporal horn

T2
Sh Frontal horn

production of cerebrospinal fluid.
CSF, cerebrospinal fluid.

S
Interventricular foramen
Body I1I Ventricle (a slit)
Collateral trigone (atrium) Aqueduct of Sylvius (a tube
- Lateral aperture (Luschka)
Occipital hornﬁ .
30,
i . .
e : Medial aperture (Magendie)
Central canaliq;‘
Ventricles — dorsal view
TABLE 3-6. Composition of CSF FORMATION OF CSF
[CSF] ~ [Blood] [CSF] < [Blood] [CSF] > [Blood]
Me? Cerebral arterial blood
Na* K+ g+ A
Cl- Ca?+ Creatinine
e e T 0
Osmolarity Cholesterol* e - e - .' }Choroid
Protein* Blood-brain b Bl el By O i plexus
barrier
* Negligible in CSF.
. Interstitial E—— CSF
. it |—=——| " |
FIGURE. 3-35. Mechanism for | I

The barrier between cerebral capillary blood
and CSF is the choroid plexus. This barrier consists
of three layers: capillary endothelial cells and base-
ment membrane, neuroglial membrane, and epithe-
lial cells of the choroid plexus. The choroid plexus
epithelial cells are similar to those of the renal distal |
tubule and contain transport mechanisms that move
solutes and fluid from capillary blood into CSF. i

The barrier between cerebral capillary blood |
and interstitial fluid of the brain is the blood-brain |
barrier. Anatomically, the blood-brain barrier con- |
sists of capillary endothelial cells and basement
membrane, neuroglial membrane, and glial end feet |
(projections of astrocytes from the brain side of the
barrier). Functionally, the blood-brain barrier differs
in two ways from the analogous barrier in other |
‘issues. (1) The junctions between endothelial cells |
n the brain are so “tight” that few substances can |
rross between the cells. (2) Only a few substances
:an pass through the endothelial cells: Lipid-soluble
iubstances (e.g., oxygen and carbon dioxide) can
:ross the blood-brain barrier, but water-soluble sub-
itances are excluded.

!

Cerebral venous blood

Formation of CSF

CSF is formed by the epithelial cells of the cho-.
roid plexus. Transport mechanisms in these cells !
secrete some substances from blood into CSF and |
absorb other substances from CSF into blood. Mole- !

cules such as protein and cholesterol are excluded

from CSF because of their large molecular size. On |

the other hand, lipid-soluble substances such as

oxyge}x and carbon dioxide move freely and equili—r

brate between the two compartments. Thus, de-
pending on the transport mechanisms and the char-
acteristics of the barrier, some substances are
present in higher concentration in CSF than in
blood, some are present at approximately the same
concentration, and some are present in lower con-
centration in CSF than in blood. Many substances
readily exchange between brain interstitial fluid and
CSF (see Figure 3-35), thus the compositions of in-
terstitial fluid and CSF are similar to each other

but different from blood. Table 3-6 compares the_

composition of CSF and blood.

%2
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The cerebrospinal fluid is absorbed into the arachnoeid villi that project into the

ABSORPTION OF
CEREBROSPINAL
FLUID

dural venous sinuses, especially the superior sagittal sinus (Fig. 17-1). The
arachnoid villi are grouped together to form arachnoid granulations. Each
arachnoid villus is a diverticulum of the subarachnoid space that pierces the dura
mater.

Absorpuon of cerebrospinal fluid into the venous sinuses occurs when the
cerebrospinal fluid pressure exceeds that in the sinus. Studies of the arachnoid
villi indicate that fine tubules lined with endothelium permit a direct flow of fluid

from the subarachnoid space into the lumen of the venous sinuses. Should the
venous pressure rise and exceed the cerebrospinal fluid pressure, compression
of the villi closes the tubules and prevents the reflux of blood into the subarach-
noid space.

Some of the cerebrospinal fluid is absorbed directly into the veins in the sub-
arachnoid space and escapes through the perineural lymph vessels of the cranial
and spinal nerves.
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The subarachnoid space is the interval between the arachnoid mater and pia
mater andfenvelops the brain and spinal cor’d\(Fig. 17-1). The space is filled with
cerebrospinal fluid and contains the large blood vessels of the brain. Inferiorly,
the subarachnoid space extends beyond the lower end of the spinal cord and
invests the cauda equina. The subarachnoid space ends below at the level of the
interval between the second and third sacral vertebrae.

Subarachnoid Cisterns. In certain locations around the base of the brain, the
arachnoid does not closely follow the surface of the brain so that the subarach-
noid space expands to form cisterns. The cerebellomedullary cistern lies be-
tween the cerebellum and the medulla oblongata, the pontine cistern lies on the
anterior surface of the pons, and the interpeduncular cistern lies on the ante-
rior surface of the midbrain between the crura cerebri.
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CIRCULATION OF The fluid passes from the lateral ventricles into the third ventricle through the
CEREBROSPINAL interventricular foramina (Fig. 17-1). It then passes into the fourth ventricle
FLUID through the cerebral aqueduct. The circulation is aided by the arterial pulsations

of the choroid plexuses.

From the fourth ventricle, the fluid passes through the median aperture and
the lateral foramina of the lateral recesses of the fourth ventricle and enters the
subarachnoid space. The fluid then flows superiorly through the interval in the
tentorium cerebelli to reach the inferior surface of the cerebrum (Fig. 17-1). It
now moves superiorly over the lateral aspect of each cerebral hemisphere. Some
of the cerebrospinal fluid moves inferiorly in the subarachnoid space around the

spinal cord and cauda equina. The pulsations of the cerebral and spinal arteries
and the movements of the vertebral column facilitate this flow of fluid.
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Fig. 29-13 A, horizontal section of the orbit. B, transverse section of
the optic nerve.
8

Fig.29-12 A, normal fundus oculi. B, papilledema.

Extensions of the Subarachnoid Space. A sleeve of the subarachnoid space ex-
tends around the optic nerve to the back of the eyeball. Here the arachnoid
mater and pia mater fuse with the sclera. The central artery and vein_of the
retina cross this extension of the subarachnoid space to_enter the optic nérve
and they may be compressed in patients with raised cerebrospinal fluid pressure.
Small extensions of the subarachnoid space also occur around the other cranial

and spinal nerves. $

The Pressure of the Cerebrospinal Fluid

Any obstruction to the normal passage of cerebrospinal fluid
causes the fluid to back up in the ventricles and leads to a general
increase of intracranial pressure. After the pressure has been ele-
vated for some time, usually a matter of days or weeks, the effect can |
be seen by{inspecting the fundusof the eye with an ophtha\lmoscope.
Due to the high pressure inside the sleeve of dura mater which i
surrounds the optic nerve, the retinal veins are dilated and the optic !
nerve head (optic disc) is pushed forward above the level of the |
retina. This is known as papilledema, or choked disc. 1f papilledema
has persisted for a long fime, the hbers of the optic nerve will be
damaged and the disc assumes a chalk-white color instead of the
normal pale pink.
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The most common cause of/papilledema}is a tumor of the brain
compressing some part ol the ventricular system. Tumors far remov-
ed from the ventricles may not produce obstruction until they reach
very large size.'A tumor of the cerebellum generally exerts pressure
on the roof of the Tourth ventricle, and, since it is confined within the
posterior fossa by the semi-rigid tentorium cerebelli with little room
for expansion, it is likely to cause_early obstruction to the flow of
cerebrospinal fluid through the fourth ventricle. Tumors near the
orbital surface of one frontal lobe may compress the optic nerve and
produce optic atrophy in that eye, while the other eye develops

|
papilledema from generalized elevation of pressure as the tumor !

expands in size, the Foster Kennedy syndrome. Other cardinal signs |
of brain tumor in addition to papilledema are persistent headache
and vomiting. The headache is probably caused from the stretching
of nerve endings in the dura mater. Irritation of the vagal nuclei in
the floor of the fourth ventricle accounts for nausea and vomiting.




FUNCTIONS OF THE
CEREBROSPINAL
FLUID

The cerebrospinal fluid serves as a protective cushion between the central ner-
vous system and the surrounding bones. The close relationship of the fluid to
the nervous tissue and the blood enables it o serve as a reservoir and assist in
the regulation of the contents of the skull. The cerebrospinal Auid is an ideal
physiological substrate and probably plays an active part in the nourishment of
the nervous tissue; it almost certainly assists in the removal of products of neu-
ronal metabolism. The secretions of the pineal gland possibly influence the ac-
tivities of the pituitary gland by circulating through the cerebrospinal fluid in

the third ventricle.

HYDROCEPHALUS

Hydrocephalus is an abnormal increase in the volume of the cerebrospinal fAuid
within the skull. If the hydrocephalus is accompanied by a raised cerebrospinal
fluid pressure, then it is due to either (1) an abnormal increase in the formation
of the fluid, (2) a blockage of the circulation of the fluid, or (3) a diminished
absorption of the fluid. Rarely, hydrocephalus occurs with a normal cerebrospi-
nal fluid pressure and in these patients there is a compensatory hypoplasia or
atrophy of the brain substance.

BLOOD-BRAIN
BARRIER

The blood-brain barrier protects the brain from toxic compounds. In the new-
born child or premature infant, where these barriers are not fully developed,
toxic substances such as bilirubin can readily enter the central nervous system
and produce yellowing of the brain and kernicterus.

In certain situations, however, it 1s important that the nerve cells be exposed
without a barrier to the circulating blood. This enables neuronal receptors to
sample the plasma directly and to respond and maintain the normal internal
environment of the body within very fine limits. There is no blood-brain barrier
in the pineal gland, the hypothalamus, the posterior lobe of the pituitary, the
tuber cinereum, the wall of the optic recess, and the area postrema at the lower
end of the fourth ventricle.

The blood-brain barrier is formed by the tight junctions between the endo-
thelial cells of the blood capillaries. In those areas where the blood-brain barrier
is absent, the capillary endothelium contains fenestrations across which proteins
and small organic molecules may pass from the blood to the nervous tissue.
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Fig. 10.13 Hoerizontal (axial)
magnetic resonance image of
the living brain.

(Courtesy of Dr. A. Jackson,
Department of Diagnostc
Radiology, University of
Manchester.)
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The major afferent connection of the hypothalamus is the fornix, a
conspicuous tract ending in the mammillary nuclei. The fornix arises
from the hippocampus, which is formed by an infolding of the in-
ferior surface of the temporal lobe along the line of the hippocampal
Bssure. Fibers of the fornix proceed backward on the ventricular
surface of the hippocampus, then arch forward under the corpus
callosum. The fornix completes its nearly ring-shaped course by
turning downward and back to reach thie mammillary body (Fig. 40).
The efferent connection of the mammillary body is the mammil-
lothalamic tract, a prominent bundle of fibers passing directly to the
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anterior nucleus of the thalumus. The anterior thalamic nucleus
sends fibers to the cingulate gyrus, which is the long gyrus next to
the corpus callosum on the medial aspect of the cerebrum. The
cingulate gyrus encircles the corpus callosum and, in its posterior
part, is continuous through a narrowed strip (the isthmus) with the
parchippocampal gyrus, the most medial convolution of the temporal
lobe. Together the cingulate gyrus, isthmus, parahippocampal gyrus, |
and the uncus, an eminence near the front of the hippocampal gyrus
forn a ring of cortex known as the limbic lobe of the brain (see Fig.



