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Neuro anatomy2017

Topic / lecture

1+2) Introduction

3+4) Embryologyhg""CNS

5+6+7) Motor pathways

8+9) cerebellum

10+11) Basal ganglia

12+13+14) Sensory pathways
15) Visual pathway

16) Auditory pathway

17) Cranial nerves (5+7)

18) Cranial nerves (9.10.11.12)
19) Thalamus &internal capsule
20) Blood supply fCNS /ﬁf;&ag,";,

Recommended book

1) Neuroanatomy R-Snell
2) Neuroscience Afifi and Bergman
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Figg. 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. (% 0.5; photograph kindly provided by Dr. D. G. Montemurro.)
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N.B. a - Noftlce that the dewcending fibres in the corticosplnal tract ERANSS

at the lower medulls vblangata so that the |right cerebral cgrtet! wild’
gontrol nuscles of the left half of the body and the left cercbral

cortex wlll comtrel woncles of the right gide af the hndy.

b - The corticospinal tract is one component of the pyramldal tract, tie d |
other component is the carticobulbar tract which alsg hegins' at the

motor cortex but r_'r-d"s at the wmotor nucleil of cértaln cranial 'nerves-

Axons al motor neurons af the cerehral cortex forming the cornna

©

radiata.
'~>(P¢mla Cercfi‘f)
This lg the @nﬂl CrlESllllE’w'lllcll represents the J.?.EE to the' cerebral l

coctes g, all the fibres that cowe from (L.e. wotor) or go to

(i.s. sensery) the cerebiral cortex will run herelln a compact bundle.y
As a result is? this part of Lhe brain (e.g. obstruction nof
the Bloord vessels which supply thls I‘P? an hy embolism or f:ir\fcrmboSlS o

@

NIE By
wlll lesc to |.|1dupr'm1d diaturbances “e.qg. hemlglegia (paralysis of

the coritralateral hall of the bady and hemianpesthesla (loss of l

agnnsaltiuns in the quntralateral half of the tlody)
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(ggnsory) end descending (motnr) tracts. In additlon it containe the |

............

nuclel of the third and fourth creniel nerves- (}) Rei @ 5\..&[7”“"6-1
nuc ni 9|—,{

(S; Pons : This is snother peart of %the arain stem which con‘ta‘ihs ! ‘
Bscending and descending tracts. In eddition it containa the nuclei

T af the 5Sth, &th, 7th and 8th cranizl nerves. T !_"_“"
|
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kij Medulla oblongata. @ this is the lawer part of the braln stem:
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addition the sscending and descending tracts it contains the nucled

of the 9th, 10th, 11th and 12th crenial nerves. The medulla achlongata.

has the following centres which control vitsl visceral activities

B (E;;;;;;_;;;;;\k Impulaea from this centre run slong the wvagus

nerves and can cause the beert to besat more slowly or more rapidly

b. UasomS{or centre : impulees from this centre travel to smoath

muacles Iin the wells aof arteriples end causes elther vasoconstri--
ction (and a rilse in blood presscre) or vasodilsetion

(or drop in blood pressure}

Respiratory centre it functions, together with the respiratory

centre 1n the pons to regulate the rute and depth of breathing.

d. QOther centres : for reflexes sssuclated with cought”g, sneezing,

N.B. Scattered throughout the medulle oblongata, pons and midbrain a
(" B i L B et RS Y e
complex Aafuork of nerve cella and nerve Fibrea)knaun aa the RETIEULAR(‘LJD
i ————
FORMATION. It is connected to most of the ascendinn (sensory) pathuways

as well ms to the cerebrum, basal gengllia end cerebellum. When sensory

lmpuloes reach the reticular formation, it responds by signaling the

cerebral cortex activeting it into 2 state of wakefullnesa (hence the

name (reticuler activating system} RAS)
(Ezfiput this ®rousal,} the cortex(remeins unaware of stimuletion)and |

cannot interpret sensory infaormation or carry on thought proceases. Thus
e T r— s e e e it T e i e L e

i1f the reticular formetion ceases t0funciion as in certain injuries, the

person remsins unconscious. In additlon many drugs e.g. anaesthetics !

and tranquilizers are believed to have sowme effect on the reticular

formatiaon.

(E} beginning of spinal cord

Thalamus : This ia the upper part of the The lower :

pert of this region is called the hypothelamus. It lies below the !
thalemus and contains many nuclei. The fhalamus serves as a central l
relay gtation for sensory impulses traveling upward from ather parts!
of the nervous syatem to the cerehral cortex. It receives all sensory ,
1mpulora (except smell) aod gend them to eppropriate reSiunB af the

'

cortex for interpretation. In other words it acts as a SECRETARY to i

the—wermory tortex. In addition it has a(ﬁotnr Eart) connected to f
the (motar cnrté;l(hngairégnéiié}nnd ‘éé?éﬁgllumland concerncd wi th I

the Houdapen Y, Uo&,m'fd(y metar mch'u,‘fy
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The Hypnthalamus : plays key roles ln maintaining HOMEOSTASIS by

between the nervous snd endocrine systers.
Among the many lmportant functions of the hypothalamus are the following:-

1. Regulation of heart rate and arterial blood pressure

2. Reguletion of body temperature

3. Regulation of water end electrolyte balance

4. control of hunger and regulation of body weight

5. cantrol of movements and glandular secretions of the atomach
end Intestines -0 -

G. Pronduction of neurosecretory substsncee that stimulate fhg
pituitary glsnd to releaseluéricué hormones .

7. Hegulation of sleep and wakefulness.

— o mm e e rE——— e puuy

@ Sensory part of cerebral cortex which interpret impulses that errive

from various sensory receptors.
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Table 1. Motor and Sensory Classification of Nerve Fibers

Sensory (Createst Createst =
Sensory and Fiber Conduction Ceneral Comments
{Croups) Motor Diameter Velocity
(1) (meters/sec)
[a = Aec 22 120 Motor—the large alpha motor neurons

of lamina IX
Sensory—the primary afferents (an-
nulospiral) of muscle spin-

dles

Ib = Aa 29 190 Sensory —Golgi tendon organs, touch,
and pressure receptors

Il = AB 13 70 Sensory —the secondary afferents

(lower spray} of muscle
spindles, touch, and pres-
sure receptors, Pacinian cor-
puscles {vibratory sensors)
Avy 8 40 Motor—the small gamma motor neu-
rons of lamina I[X innervate
muscle spindles
III = A3 5 15 Sensory—small lightly myelinated
fibers, touch, pressure, pain,
and temperature

B 3 14 Motor— small lightly myelinated pre-
ganglionic autonomic fibers
IV = C 1 o Motor—all postganglionic autonomic

fibers (all are unmyelinated)
Sensory —unmyelinated pain and tem-
perature fibers
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Laminae | to IV are concerncd

whereas laminae V and Y1 are concernc

sensations, allth
as 2 relay between midbrain and cerchb
molor aclivily,
main motor area of the spina

gammi moldr ncurgns.
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| cord. 1L contains lar
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Tabte 5.1.  Cellular Organization ol Spiaal Card

Rexed lerminology

Older werminalogy

inal nuchous

zong, ineemedinbderal aen

Lamina 1 Posteramarg
i Substantia gelatinuss
i, Nucleus proprius
v Meck of posierior harn
vi 1asc ul pasiceior horn
Yit I ntermediale
vitt Cuemmissural nuclcus
X Yeatral horn
x Ciriscu cenlralis

Schematic dingram of haif of the 1pi.ab cord showing the lacation of Rexed

J—

Me muoloneurons of the spinal cord are arranged in
cufomns which supply muscle groups having similar
functions. The individual muscles are suppli'ed from
ccll ;;rnurs (nuclei) within the columns. Medially
placed columing supply the axial (trunk) musculature
Laterally placed columns, present anly in the ccrvic.\i
andl lumbar r.-ulaq_-_emcnls, supply the limb muscula-
ture. Finally, moloscurans innervaling exiensor mus-
cles lie in {ront of moloncurons innervating flexors
(Fig. 10-1, Table 10-1). ’
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FUNCTIONAL HISTOLOGY

The neurons of the neocortex are arranged
in six horizontal layers. The most superficial is
the cell-poor molecular layer (1) and the deep-

- estis the mulaform layer (VI). In between these
layers are alternating external and internal
granular layers (1f and IV) and pyramidal fayers =
(IIT and V), each of which is named according
to its predominant cell type (Fig. 15-1). -
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Fig.12.1 Cortical neurons. H, horizontal neuron (of Cajal); S, stellate neuron; P, pyra-
midal neuron; M, Martinotti neuron; F, fusiform neuron.
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INPUT TO CEREBRAL CORTEX

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

1. Thalamus v
2. Cortex of the same hemisphere (association fibers)
3. Cortex of the contralatcral hemlspherc (commissural fibers)

The input from the thalamus travels via two systems. 1 The@ieciﬁc 3
({halamocortical sysfeny originates mW(venﬁa is
anterior, ventralis lateralis, ventralis posterior, etc.) and projects upon
specific cortical areas. This fiber system reaches the cortex as an ascend-
ing component of the internal capsule. The majority of fibers in this
systcm@%{mﬁmm in lamina 1V,\with some projecting upon
neurons\mlirgi_p_a_[MFlg. 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 fiberssarise from nearby (short association fibers)
and distant (Tong association fibers) regions of the same hemisphere.
They too {project diffusely in all laminae) (Fig. 12.3), but mostly in
laminae I to ITD The long association fiber system includes such bundles




OUTPUT OF CEREBRAL CORTEX .
7.

£. éffercaﬁoutflow from the cerebral cortex is grouped into three categories
(Fig. 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 mtrahemlsphenc and mterhemlspherlc connec-

—

tions.
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SPINAL MOTOR NEURONS

The spinal alpha motor neurons innervating an
individual muscle or a particular group of muscles
are arranged in longitudinal columns extending
for various distances in a specific part of the ante-
rior harn. The medial cell column extends the
encire length of the spinal card and innervates the
oaravertebral or axial muscles. The lateral cell col-
umn, which is found at the spinal cord eniarge-
ments, innervates the muscles of the limbs. Witchin
the lateral cell columnn furrher somatotopic orga-
nization exists: the proximal limb muscles are
represented mediaily and the distal muscles, lat-
erally (Figs. 5-11, 5-12, 7-1). The most distal
muscles (in the fingers and toes) are represented

4 “Lateral
fasciculus
proprius

Short

Intermediats spinal

neurons
tong

Figure 7-1

most dorsolaterally and are limited to the mos:
caudal segrnents of che cervical and lumbosacral
enlargemendts, respectively.

THEe PROPRIOSPINAL SYSTEM OoF NEURONS

All movements require the accivity of lower motor
neurons in more than one spinal cord segment.
The number of segments involved in a move-
ment varies. Because axial movements depend
on the activity of muscles that excend for grear
distances along the vertebral column, the para-
vertebral muscles are innervared by numerous
spinal nerves. In conrrast, individual finger move-
ments are controlled by che intrinsic muscles of
the hand that are innervated by only spinal nerves
C8and T1.

The intersegmental activity required for any
parcicular movement is integrated by the pro-
priospinal system of neurons. The propricspinal

Lateral
corticospinal tract

lateral vestibulospinal
\L fateral reticulospinal

Gentromediglpaths:

medial vestibulospinal
medial reticulospinal

Motor arganization 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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e

system includes three groups of intraspinal neu- (l/:lg
)

rons whose axons influence homologous areas of

the spinal cord gray matter at differenc levels by
traveling chrough the fasciculi proprii bordering
the gray mareer {Fig. 7-1):
- g,

1. The long propriospinal neurons have axons
that ascend and descend in the anrerior fascic-
ulus proprius o all levels of the spinal cord.
These neurons have a bilateral influence on
the morce medial mortor neurons subserving
movements of the axial muscles. -

2. The inrermediate propriospinal neurons have
axons chat extend for shorter distances in the
vencral part of the laceral fasciculus proprius
and influecice the motor neurons that inner-
vate the more proximal muscles of the limbs.

3. The short propriospinal neurons are limired
to the cervical and lumbosacral enlargements.
Their axons travel in che lateral fasciculus pro-
prius 2nd rerminate wichin several segments
of their origin. These propriospinal neurons ' _
influence the mortor neurons that innervate
the more distal muscles of the limbs.
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This tract originates from cells in the nucleus pontic caudalis and nucleus
reticularis pontis oralis located in the medial two thirds of the pons {(Ponting
reticular formatjon). TFibers project to the ventromedial spinal cord where
they have a general excicatory effecc*on both extensor and flexor motonecurons,
alchough paxima)l excjictatio

C. MHedullayy (lateral) Reticulespipnl Tract

Cells originate in cthe medullary reticular forwacion (nucleus recticularis
pigancocellularis) and cerminate on spinal cord interncurons in the
intermediate gray. The medullary reticulosplnal .tract has the opposite effect
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on motoneurons with a stronrer finhibiclon on cxtensors.
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Cells originacte in the lateral vestibular nucleus (Deiters’ nucleus) and
project to ipsilateral motoneurons and interneurons. StCimulation of cells in
Deiters® nummcxcicacion of extcnsors and inhibicion of
flexors Ic plays an important role in the control of antigravity muscles and
the maintenance of posture.
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Fig. 513 Ascending and descending tracis of the spinal cord.
All ascending and descending tracts are present bilateralty. In chis figure, ascending mact are emphasised on the left side and descending
uacs are emphasised on the right side. In addiden, the locations of Lissauer's mract and the fasciculus proprius (which connain both
ascending and descending fibres) ame shouwn. ’
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Figure 33 : The knee Jerk.

. v, U‘gi"%:
THE STRETCH REFLEX AND SKELETAL v

MUSCLE TONE

What is the stretch reflex ? :

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

veflex.

Nervous pathway of the siretch reflex :

The stretch reflex is the only monosynaptic reflex in the body.
The stimulus that starts this reflex is passive stretching of skeletal
muscles. This results in stimulation of specialised stretch receptors
“located in the fleshy part of the muscles known as the muscle spindles
(see below), which discharge impulses in afferent fibres. These are
thick myelinated, rapidly conducting ( Ta atterent) nerve 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
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 its contractmn\x( 14 (L'PP(

HE MUSCLE SPINDLES (intvaPusil Ailres)

fen+)

Structure :

These are capsulated fusiform stretch receptors present in the
fleshy parts of skeletal muscles parallel to—theirfibres—Fach 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
—-——extrafusal “fibres,”and "éach consisis of a cemtral non-contractile part
called the receptor area, and a peripheral contractile part. £~
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FIGURE 12-7 . Mator neuran

A The sireich reflex arc runs from muscle spindie Aretch receptons in the
siretched muscle to motoe neurons that excite the musdle.

B Reciprocat inhibltion in the stretch reflex involves connections aimony af-
{erent neurons, intemeurons, and motor neurons that simultancously excite
motor neurons innervating the streiched musde {and its synergisis. not

shown) and inhibit ongoing activity in motoc neurons innervating the mus-
cles” antagonists.
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1. Nueclear bag fibres : These have many nuclei, which are grouped
iogether forming a dilated bag in the central part of the receptor area.

R P N S

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.

: &//, ;"F_é{v?floﬁ’ @gu’-’f' Cuzy

(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

T Capsule
uclear ba/
iber

Nuclear
chaln tlber

Oynarnlc gamma flber —_—

Group I
allerant flber

Statlc gamma lber

N Group (i
-1a aflarant flbgr afieront liber

_Figure '!-52. Diagram of an Intrafusal muscle fiber, showing its nuclear bag and nuclear chaln fibers, The allerent
innervation {la and Il fibers) and efferent innervation {(gamma dynamic and gamma static fibers) of the intrafusat
muscle {iber also are illustrated.

intrafusal fibres, and give rise to thick (about 16 microns in diameter)

myelinated group A (rapidly-conducting) afferent fibres.
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. ' 'ﬂ

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

The peripheral contractile parts of the mtrafusal fibres of the
muscle spindles are supplied by thin motor nerves about 4 microns in
diameter called‘gamma efferent fibres) These nerves are the axons of

small A.H.C. called the gamma motor neurons, and constitute about
309 of the efferent nerves that leave the spinal cord in the ventral

o0 0 U O O W



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

~There are 2 types of these gamma efferent 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

DORSAL ROCT
N acena _GAMGLION %
MOTGRHEURON -l
A %g—q%
'

N\

EXTRAFUSAL
MUSCLE

SPINAL
€ORD ANNULOSPIRAL
ENDING
GAMMA POLE OF
MOTORNEURON MUSCLE
SPINDLE

Figure {8.2. Schematic diagrum of the components of llluw
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X st Mots = ¥ - motonesion > 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) Stretching of the whole muscle.

2) Stimulation of the gamma efferent fibres—(as—deseribed-abovey.——

i' The muscle spindles are silent i.e. not stimulated during active con-
f traction of the muscles (which releases the stretch of the spindles),
ny provided they are not stretched by gamma efferent fibre activity. On
>£,< rthe other hand, they are maximally stimulated when the muscle is
- | ~gtretched and the “intrafiisal muscle Tibres are contracted thrgﬁgﬂ'““ B
stimulation of the gamma efferent fibres.
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g 11-5. Response of muscle afferents to muscle con-
<tion without and with activation of gamma motor neu-
1s. During active contraction, discharge in afferent

ers ceases in the absence of zamma activaton beacausa )

: spindle becomes unloaded as extrafusal muscles %

aten. Activation of gamma motor neurons prevents un. auu'
ding of the spindle, and the discharge in th afferents - G it

m the spindie Is rnaintained.

Theaa.lpha -nit;t;b;.neurglg that innervate the extrafusal muscle
fibres are stimulated by 2 ways :

1. Directly by descending impulses from supraspinal centres -
I e

2. Indirectly (reflexly} by afferent u:npulses discharged from the

muscle spindles. hlo‘rg_ @ y /4 @ hees

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 fime. This has been called the alpha-gamma linkage,
through which the muscle spindles continue discharging throughout &
contraction, thus remaining capable of reflex.ly a.dJustme the a.lpha
motor neuron discharge, ¢ -

"1, in spite of the change that occurs in the length
of the muscle tdue to contraction).

FyGRESENSifN Iy 9 TR gamea Jyiftas way  Lad e qf’uh‘fwt\)

Actvation of Ea;ﬁma neurons alone can produce a reflex
contraction of the muscle. Since camma motor neurons arc
smaller than alpha motor neurons, they have a lower thresh-
ald for excitability than the aipha motor neurons. are more <
easily excited. and have higher tonic discharge rates. There-
T - fore. tonic discharge of thewaomma-motor neurons-may-be ——
' responsible in large pan for maintenance of muscle tong,
e _Oypracsinine of the gamma system mav lead 1o hypectonia.




Function of the muscle spindles :

‘The muscle spindles and their reflex connections constitute a feed-
back mechanism which maintains the length of muscles constant e.g.}f‘?

if a muscle is stretched, its spindles discharge leading to reflex con-

traction, so the muscle will be shortened.

On the other hand, if the

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

Response of muscle spindles to stretch :

= FIGURE 6-4 Tonic and Phasic

Receptlors (a) Tonic receptor. This receplor type does
not adapl at all or adapis slowly 10 a sustained stimulus
and thus provides continuous information about the
stimulus. (b) Phasic receptor. This recepior type adapts
rapidly to a susiained stimulus and frequentty exhibits an
off response when the stimutus is removed. This, the
receptor signaks changes in stimulus iniensity rather than
relaying s1atus qua inlormation.
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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 pattern of response of each is different as follows :
e et e e et gyt P

adapling

Stimulus
on

Tirne

)]

Stimulcs
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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 originail level
when the stretching force is maintained and the length of the muscle

stops to increase.

Since the fprimary endings|are stimulated omly during the stretch-

ing movement (i.e. during actual increase in the length of the muscle),
their response has been called the dynamic respomse, 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 sup‘]v the nuclear bag fibres -

2) Stafic 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-
~ ... €d 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,
this response has been called the static response, which continuously in-
forms the nervous system about the !Wcle.

e ——

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

Muscle
spindie
primary

ending

Agonist

" Fig. 11-4. The elements of the monosynapae seretch re-

flex, including reciprocal inhibition.
TYPES OF STRETCH REFLEX :

Depending on the dynamic and static responses of the muscle spin-
dies 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 Jeads fo reflex confrac-
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

[P __-telldon,_jerks__(.see_later.) E e e e e+ e



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

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 musecle

tone (see below).
< Oaémmuu
~—SKELETAL MUSCLE TONE : AT T

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

Plain muscles also have tone, but in this case, it is due to a myog-
entic property i.e. it is produced as a result of inherent properties in the
plain muscles themselves, and not as 2 result of nervous reflexes.

.
&Mechz.nism :

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 musecle tone.

(Sensory receplor)
Dorsat root ganglion usche Sping
; intrafus my sele

;'fj Myoneural
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Evidence of the reflex nature of muscle tone -

Cutting the afferent or eff

) erent nerves of a certain
atonia (= loss of tone) in_thj e s £

s muscle, which _will -accordingly-become - <on ..

flaccid ie. completely relaxed.



Distribation of musele tone™ s - -

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.
@g%?’q%

Functions of the muscle tone :

1. It maintains the erect (standing} posture against the force of

gravity.

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

Inverse Myotutic Rellex (Fig. 18.3) o or LS th?q

Win a muscle produced, by@ 4 m ill stimu-"
late nerve endings in ils-ten (Golgi tendon organ). Impulscs . {rom;
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Figure 18.3, Schematic diagram of the componeats of the inverse myolalic reflex,

\ncurons?. The result is relaxation -of the muscle (lengthening rcactio}l,\
-—-- Zlautogenic -tnhibition)..-At- the-same-tims,; the -}b-—acti—vi-ty—-will--facilitaic '

mechanism to prevent tearing of the muscle under great. tension. This
rcflcx_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, after which
_the muscle gives way suddenly. The phenomenon has been termed *‘clasp -

~knife™ by Sherrington because of its similarity to the action of a juck-
lrnil'f- . - -
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pindles and Golgi tendon organs in relation to extrafusal
of the muscle spindle illustrates the two types of intrafusal muscle
on. Responses of muscle spindle and Golgi tendon organ to muscle
are illustrated at the lower right pan of the figure.
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Two brainstem centers that are very imporrant to the maintenance of muscle tone

in antigravicty muscles (primarlly axtensero} are the peptine reticulax
formation (medial reticulosplLnal ErLact), and Deiter’s nucleus (lateral

vestibuloapinal tract).
extensors.

Bogh centers have

poverful excitatory effect on extensora,

Y¥{inhibited} by central (corcical)

Stimulation of cells in the poatine reticular formacion has 3

an excitatory influence on

a

very

but its activity is normally modulaced
projections.
che level of the pantine reticular formatioa (mid collicular),

If the {F¥aia St&m  is cut above
the ‘inhibitory

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

exrensors (antigravity muscles).
raefarrad to ae decerebrate rigldity.
back is arched, head dorsiflexed, and feet
..Against gravity]. This stiff posture does

body is capable of scanding Upright. ~"This™

transection, where extensor muscle tone is

This produces a rigid pesture which Ls
In humans arme and lags azre extended,

vencroflexed (curling of twoes lifcs
not percmit joints to bend and tha
ie-very -differenv—from apinal _ __ __
abolished and the body bezames limp.
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I. GCamma rigidity T

‘ﬁiﬁitting the dorsal roots abolishee decerebrate rigidikzﬁg Cutting the
dorsal roote interrupts la spindle afferents that act to excite
homonymous motoneurons via the mycotatic ctretch reflex. Since Ta
afferents signal spindle activity, this demonstrates that the
decerebrate rigidity was primarily due to-the hypersensitivity of
muscle spindles resulting from descending excitation of gamma
motoneurons. Removal of the lIa spindle afferents abolishes the
rigidicy. Therefore, "decerebrate rigidity is considered primarily-a
gamma_rigidity.

2. Alpha rigidity

A melective 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’ pucleus) are
normally inhibited by projections from the cercbellum, removal of
cerebellar projectiopns increases the activity of these cells. The

—_—

result i{s an Iincreasec in descending excitaclion of extensors and
rigidity {s restorod by alpha motoneurone (gammas may fire too, but
they are ineffoctive since tha dorsal roots have been cut).
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Tig. 11-7. Schemanc of the orgumzaiion ol the flexion—crossed extension refles.

Aferents from
cutaneous
receptors and
nocicaptors

+

Flexion Extension
Flexion Reﬂe.r . The fexion refiex can be inil.iatc:i by activity in afferent

Flexion reflexes are important in a number of behavioral fibers from a vadely of sensory receptor organs. These

paunemns: c.g.. fAexion of limbs is past of the activi sensory reccptors may be in the skin, in_muscle, and in
e S joints and iavolve afferent fAbers 11, 111, and IV; colice-

Uvely, these are called flexor reflex afferents (FRA). The
degree of fiexion response can vary from a flexor fwitch in
response 1o relatively innocucus stimulalion to a complele
withdrawal of the limb from a noxious stimulus: A very

involved in walking. One of the most obvious functions
of the flexion reflex is withdrawal of a limb from pain-
tul. noxious stimuli, Hence the Aexion rcAex is fre.

quently called the withdrawal reflex. Also, since Rexion strong stimulus to the FRA fibers results in activity of alt
of the limb ipsilateral to the stumulus is usually ac- four limbs. This response is mediated via_intersegmental
companicd by an extension of the contralateral limby(s), connections and is sometimes referred o as irradiation of
this reflex is also referred 1o as the fexion-crossed exten- the stirnulus; the stronger the stimulus, the more extensive

sion reflex.._ &y is the reflex reaction.
The Aexionreflex is polysynaptic (Fig. 11-7). The affer-
“ews fibers enter the spinal cord and excite intemeurons of
the dursal horn. The intemeurons then act on alpha motor
neurons through relay pathways involviag other interneu-
roas. The response is an excitation of alpha motor neurons
to_the Hexor muscles and inhibition of alpha motor neu-
rons to the extensor muscle of the stimulated limb (ipsilat-
eral). In addition, this is frequenty accompanied by
excitation of alpha motor neurons 1o extensor muscles and
inhibition of flexors to the contralateral muscle. This be-

havijor is the appropriate response 1o painful stimuli; for
cxample, if a person steps on a sharp object, the injurcd
!'oot is withdrawn {ficxion), while the other limb of the pair
is exn:t,dcd. thereby providing support for the body and
preveating the person from toppling.



I n A \JOQ,L{H&Q]"Z MOY&MCH‘f‘ ggéiist:ospinal . %f“‘%.
( Kice ﬁ—yc)( um) A "Lof-%

@ Ach vah ou 0% Ta

VREErNEUrensS = (nhi Lits

A ‘\\Tﬂgmis{ o MN

@ Hc{-{v}(’h'm 0[23
Hamn MU & Y MW
®Cﬁhh£ch'cm f’%

€ Xt~ and  intra ﬁusaf
s cLe (wcr

@ €c{ L&ck\‘

Cg“hrach gy S‘fsmcwz

increases e MN
oxctafhan ?Ma( Ja
iRl o

@;q H’tﬂ)m«ust Ta £€Y(
glncj_f Uﬁ /EG’MGY\HMQUS

O(MI\’ ?{,@‘{4 C{—nré_ Spindle—\¢

+ — Spindle

éui' e IYAns i 5 Agonist/’ :
’ZE /éLQer Cenfres contracting
T~ Antagonist
(ﬂ Frow ) relaxing
wa&r' @ , Q t\NJ- O(MN Cens+ hde a};bu&\
J;n \chu.n-l-Q avendents o MNs -’mJ YHMS one

rncrwéfd(shMuﬁucA) together — Thi> & fagwn & X=X
Coachvab'on oy z&nmqe .

® T2 ¥FiNs REINFoRCE Of— Xcilion Througl Whis




Ir——a———

IN THE EXECUTIioN GF NOLUNTARY Horer Aeviv T, '
-~ THE VCDESCEUD./UG N FLucoces FRoM THE (a.é?‘cf}\- @

and  SUKCoRT7cn STRUCTLAES WA THE 7o S

/Pyﬁﬁf"f;ﬂ’? K -
fa 7rre0r s N ey '}’Kﬂﬁwbﬂ(_‘:b H QST Like Loy %
/)C:T S/HLLLT/)UEOQ.CZ)’ o Alpha ad O dinmn o,
Mok Nenraus o, Mo Spiadd Gnd - plph Achvaboan Bowere,
fredowi b W ta Qe o ﬁr_‘fﬁ,‘a( ™ GV LamCnds] U\)L{,la; ' ”
ACh ydhon f’rw[n«}n.du o Cunechgw vt Slpd, 9 /'L,lecl

gy |
- ¢

* liche Aifion] o dhe s rtlunge Cpgnnidid

cetaparinidd) o diffflt t produce ind Bory
Usualia, ﬂ“ﬁg'w“d TOGETHER VahYing W '

) ]
iMoHY dcg'ciﬂ& Preduced ng Eff'msk o e |moter coviex
ot s outtlow(descending frices) A@.Lgcncls o tha extent to h

Fyramidel and exvapguidal tracts arc 2feeed

- Seerrugtion 4 e (cortieaspinad] tract by Unaterd

Sechon 4, e ?3r4m?ol N ?drcSwCNertﬂcss) @%M
e d,‘_;fa_ﬂ mauscles 4, the Limls om the Ca‘n{-rdjr(femf

S\‘-dc( e . .#fn‘-'!"’&s ol _thf;Sfenf with A M
descending facilitatory. effeds on the Spind X and §
Wc-l"nneurm) )

7 fotr;mcnh\ﬂ_qé{, Produced Localized ’Q-'chmg R Cavteald
Primary motay _arcaCara 4) resemble the cffecss <,

P{jf«lm;‘dotmj /¢ Dfstd Pflffsl'i(we‘tlcncSI) o PAr £rs
and LAFStmiA = 00l <. Lesion 2" ;"ﬁc_‘o"‘"‘:m
o include Premeter area 6 (in which et [oase
\ ' ?ro:fl (] ™ uIC(u
art  Rpresented) —p- he  Loss 2 @ntrel oveo Gy,
rn{téna
Contres  Qeneates A St Yy <= pastidty has
overchadaws the Rgpotonia due o dnea 4 lesjen




3o lesions at e Led o) de intemal ""c;}%;u/(( G
Q& Cormmmem  Lioion in  Canes S Sfyolce;:;clﬂ);ab) .
. c\E\d C;\AQC[ IS S v I !‘QS\LLE d’b Z\?\Mof.{t\% P ~8
- throwmlpess or  Caboliim e ¢ ' /.
45{;?‘ nterand  CApALE) -y % %lu-o& \Jefmd.. B
, , Fesules  wa interrupifsi,
Jpj C}b CGYthSPmn_Q ‘L‘-(“:S Pyramidal) 2, wetl ' an
[% ' Pro(‘]echbr\s @®  the brainsien (W) AN
THa ZX‘H:{P;\NMICJJ @6’6{(};5 Ove(lgﬁﬂbom}
. : — I
t@; Pg\rﬂm.%&ﬂ eﬁe(b’——‘.ﬁhj_h addifen T  Piresis
agedk rarn%a;s QB conthallateral A«(g d?: s bc%

—_— XLCM\rPai‘C.ﬁS' ar j’kQM‘Pﬂ%l‘ﬂ--é— the ?fw(m;hant

PSRN tén L Sucl o ApoSen  dae -,
&—fﬁ%—j{c}‘—}» increased] muscle tove Pd%.cﬁdflﬁé/
R% ré aﬂﬁﬁmu;ﬁ fMuJCKU< ‘gel.f(ws R ppen _
b and  exteaios % Aswer Limb )
b HyPERf?EFszm S ixa’jjer«tfeoﬂ muscle Strercs,
rflex (ISR Cused to ke alled deep fendon
I“C{i(’cxcs or JERKS)

: Cent raCh;'C'hs d’g Yuwseles Wil
_ GEJY\U‘S_" rﬁcﬁfﬂmrc )
C H 1y ome Suéd' cch To %@Eﬂ, S&m&’ ML :

d - ?GS'I"\"\\}& %&Q;MK\EE Sgﬂ} Reueﬁ&ﬂ I Certimn
—~Q WU N ex _ D ren exes
€ - CTEJQ/H' \ Cremasteric Rr-{a{élz:c FRA .B '

pusicng 7 gpreflesis # clos— Reflece RELEASE

d'l) e Grainstem Centfres ffcn'h dCJ'-CE.nJJ'rg\ Cn'ﬁtrc_gsf("-( (W.af'ni‘éem
centres are  releansd Bom inhibhition)— imbafance bebveen
faclitatny and inhibitary thlsces on  Stretch Mﬁg&(
—~ NCreased ¥ L’/DLJI’ACM— d‘/}c’dd{ye—v— ‘g“jjj’&rdd)'up_

Sihretch  reflex Haperreflexia

ex Ceive ContAchon

qu&cs(spdsﬁcify) ? dﬂé‘avrtwt&g
. 2

what ane the Signs er Motor Medran Lesign
(uMH L) ?_ — ‘ M‘;S A" )~ — — _ __;.d’j{-ﬁ.p‘&s
Ay IC
- === *-S?T\S*'a.,“" f—@}—d,—‘e-" s e —“eh*:Hj' T e



| 6035{;de_ Aandl VM

A Bod. oua c;DLAJ\JA.HAEﬂf-’L@%L tha  Jame Pfenowxenmn.
in thar ey ke R E L-EASE of e
(SYAmHem e chanisms fkrcm« GkSCCMcQJ"‘él CQW‘WC“QS
pee S ultin v, IMBALANCE behween  the —Pnuﬂfuwép

and  inkibiey influenes o Che Spinal moton

Cirwuits (eop- Shetch  reféx)
- H s W  Rxiuiing {—d\J 5(79\5‘(1utj '7-—3— MCreru‘cd(
AE;;"-S'[ymncc I S‘mSh'c muscder B (Pf} SS[ (/&

:‘hﬁo\l.(’,mént'fu\u— é Msw\.(,@ @'ych\LCr bu artﬁgzmun‘&

O’V\LKSCRU ( U_n,d/rechm ) — . O CIde’—-ICm 7 It
- _ OESQrw.cﬂ.

.":{Mid\r\ (UHU!—); Kna'vo n

£

-'0\5 S‘froﬁi@_ a_‘f Cerébro;“’_

n Ermbs Sdﬂdrr 01‘ 3

fd't[m.\.o_ fMu.S(

mw,‘wr — *SFmShaij (dz) “U\fr?(,r ‘ot
- C . dCCompanie M
= UUL U.nc[t’_rﬂau,ﬁ q’V\(_CLﬂmsm y ‘&"‘— Sﬂw

QQ,KEﬁQD Of :*_’"'-'

T e im e e o L . .



Four Primary Reflexes ;,
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é’ Rafex Roots Needed for Ratiax Muscle Carrying out Ihe Relex
>'—.?,, Ankle jark 51 Gastrocnemius
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‘ Triceps C7. C8 Triceps
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Flexor plantar
tasponse

3- 11-11  Plantar reflex. showing the Babinski sign — an extensoc
itar respoase to a stimulus applied to the sole.
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Exaygcrated tendon reflexes. These are seenon
the alfccted side, exemplilicd by the knee and |
ankle jerks, and are due o _the relcase of the °
stretch reflex from ¢ _inhihition &y Engl\a e ies
4 Clouus. This is the occurrence of rhythmic
contractiemy of musclies when they are subjected
to sudden sustained streich, e.g. ankle clonus. ';
The precise cause of clonus is not known. This |
phenomenon is associated with increased gamma
cfferent discharge, occurring as a result of the
relcase of the strewch reflex from inhibition.
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the plantar reflex becomes extensar,
kinown as a positive Babinski's sign (i.c. seratch- |
ing the avter aspect of the sole by a hlunt object i

resuls in glur:aillu.:xiun of the big toe and {anning |

of the other four toes). The abnormal response is ¢
thought to be a primitive reflex that recappeares
fullowing injury of the pyramidal fibres. ‘=
€ Babinski‘s sign is considered physiological}’
during the first ycar of life, duc to immaturity of);
the pyramidal tract, and in adults during slcep, \3
deep anaesthesia or coma, "duc to the dcprcwsiric’l)
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- Signs of muscle denervation; fasciculations, No signs of muscle denervation
Gbrlltions (prTouRd Sirophy)
2 Muscles afTected singly or in sinall groups Muscles alfected in large groups, organized by quadranis
I innervated by a commeon nerve or ' or halves of the body
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ACh receplors

Fasciculations and fibrillations are caused by injury potentials generated at the site of injury to a motor neuron

axon. A_ [njury pote Uals cause al} of the elements of the motor unit to contract simultaneously, producing a
coordinated twitch (8 i a3t is visible on the surface of the body. B. As the distal axon degenerates, the

dista! branches disconnect, and each has its own site where injury potentials are generated. Because the indi-

vidual musde fibers no longer contract as a unit, the twitches (fibrillations) are uncoordinated among the ind-
____vidual muscle fibers_and_not visible on_the surface. In_addition. as a consequence of denervation, the musde
fibers express numerous ACh receptors that make the musdle fibers hypersensitive to circulating ACh.



Primary

Supplementary motor cortex Premotor cortex @

motor area

The premotor cortex receives its main (inputs
from theﬁiasterior parietal corte&] the\tere_l':_;egumj
(via the ventrolateral thalamus) and the supple-

a,; )
<, ‘-4'-4,{
€
Centhal
sulcus

Premotor S spinal cord via the ventral corticospinal tract.

cortex 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

preEaration for the coming movement, as indi-

cated by its input to the anterior corticospinal
tract. -
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Prima_ry T
Suppiememary ﬂ motor cortex

Molor area

Central
sulcus

Precentral gyrus;

primary motor cortex (area 4)
Premolor cortex
(area 6)

Frontat eye feld
(area B)

Broca's

area

{areas 44, 45) Latet:l
A

gymus
The @weniary motor areal receives

from the basal gangh‘a‘ and the cerebel- v

lum (via the ventrolateral nucleus of the thala-
I‘Y—I.L_l_'.s) and from the{posterior parieﬁrt—ej It
also has@going to both the basal ganglia/
and the cerebellum® as well as to the motor>
cortex and brainstemitand 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 programming Y~

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

novements; and measurements of coriical 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.

the cecebral comex. e

PR
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e T

dareg

S B
Supplementary motof )

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

Thef ouEut of the motor corteg activates
specific muscles but does not of itself roduce
M

complex motor behaviour. This appears to be
‘."_‘-—"\_,_‘_,_‘_‘_-__,

the role of the Supplementary motor 3z and
the(premotor cortex:(Fig. 3.7.3A).

Central sulcus

Paosicentral gynus:; somatasensory cortex
areas 1,2, 3)

Interior parietal Isbute

Primary vig af Coitex (area 17}

Audilory association cortex (Wemicke's area)
Primary auditory cortex

(areas 41, 42} ‘
G’“‘ tedt paniesaf M)@

(S PANIMP%E  motar cnter (Pnes 4 )
L\Yd'mS‘f'&u

Pinal  cord

... Lesions of the supplementary
motor area result, for example, In Fhe mability
to orient the hand correctly when reaching for a
farget or to coordinate the hands during bi-
manual tasks.
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Grasp &SPmte (?e?ﬁcx;e

Grasp Reflex. Strokc the paticnd’s palm so hie 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 nermal response in young infants;
later in lile, lesions of the premictor cortex may uncover the
reflex as a pathologic finding.

Fig. 11235, Grasp refllex.  With your index finger betiween his
thumb andd index finger, stroke the patient’s palmn as he grasps
your finger. In lesions of the premotor curtex, he inay be unable
torelease his grasp.




Head lilted

Paresis of lower facial muscles

Elbow flexed
Forearm pronated

Fingers flexed

Hip circumducted

Knee extended

Foot plantar flexed

FIGURE 6-5.

Right spastic hemiplegic. Gaic resulting from left capsular lesion.

Initial resistance lo

rapid stretch suddenty
collapses due o

excitation of tendon
organs and their Ib

afferent nerve fibers
(see figure 5-14).

FIGURE 6—-6.

The clasp-knife response.




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

Froure 6-7. Exaggerated patellar reflex.

Upon siretching the Achilles tendon, the
brisk contraction of tha agonists
initiates a myotatic reffex in the antagonists
and so forth, resulling in repetitive
contfractions

Fiacure 6-8, Clonus.




A. Normal:

Flexor
Plantar
Response

FIGURE 6-9,.

B. Abnormal: Extensor Plantar
{Babinski) Response-
exlension or dorsifiexion of
large toe and lanning
ol other toes '

Plantar respanses. A. Normal flexor. B. Abnormal extensor or Babinski.

e e
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