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C.H.5. Control of Posture and Movemeont

Introduction:

Somatic motor aciivity depends ultimately upon the pattern and
rate of discharge of the spinal noter nesurons. These neuroons
~the firal commcon paths o skeletal muscles- are bombarded
by Impulses from an immense array of pathways.

There are many inputs to sach spinal metcr neuron, from
Lhe same spinal segment. Numercus suprasegrenrtal inputs also
converge on these cells, in part via interneurons and ia part
via the neurons of the gamma {E‘J efferent syvstem to the muscle
spindies and back through afferent fikres Lo the spinal cord.

Iz is the integcrated activity of these multible inputs
from spinal, brain stem and corcical levels thal regulate
the posture of the body and make coordinated movemenitis possible,

In the folliowing chapter we will discuss the motor functiaons
of the different garts of the CT.N.5., inciuding : the spinal
cord, krain stem, kasal ganglia, cercbes!lum ancg cerebral co-bex.
Finally we wiil discuss the motor function of the T.N.S. as a

whole as divided into pyramidal and oxtrapyvrapyramidal sydiems.
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1 Motor Functions of the Spinal Cord

Araiomical Consigcerations:

Fach segment of t£he spinal corg has several millicon rneurcns

in ikts gray mahtter. Aside

rh

rom sensory neurones that relavy
impulses to the brain, these neurcns arse divided intc two

tyvpes: (1} the arterlior moltoreurcns and

, 2} the inkerncurarns.
(1) Anteriocr Motoneurons

The antecricr motoneurcns arc locakted in the antericr horns
of the cord gray matbter. They are 50 to 100 % larger than
most of the olLher neurons. They give rise to nerve fibres
that leave the cord via the anterior roots and innervate
sxeletal muscle fipres . These neurons are of two Lype:s:
{a) Alpha (o ! Motansurons

The Cf motoneurorns give rise to large type Ay nerve fhres
that ianervaic the ordinary skelelal fiores.
(b)] Gamma { B} Motoneurons

The ™6 moroncurcns are about half or much smaller than
the® motoneurons. They <ransmit Impulses through type Ay
nerve fikbres to special skeleta! ruscle fibers called Lhe

intrafusal muscie fibres

Thnesefikbres are parlk of the muscle spindles
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21 Interneurcns

The interrcurons are present  in a’l areas of the cord
grav matter, in Lthe antersior herns, posleorior hosns and the
intermediste area boiwesan them. Thev aro about 30 fimes as
numercus as the anterior motonsurons. They are small  and

highiy cxcitabie. They nave many interconnections one with

b

the olbhes and with antericr motonedrcons

Moskt of sensory signals Lo Lhe cord Lthrough posterior rocts,
and descending signals from the brain, are Transmifttsed first
Lo internsurens whnerc they are appropnriately processaed before
gipulting the anterior moctoneurcons.

More Lhan half of all fibros ascending and descending in
the ocord are propriespinal fibres thalt sun from cne segment
of the ocord to another. In addilbion , the terminai sensory
fibres,as they ente’ the cord, branch oth upward and downward.
These ascending and descending libres of Lhe cord grovide
pathways for Lhe multisegmental reflexes that cocrdirats
maovemnts in both upper arnd lower limos simultanecusiv. (Guyton 1981)

~Epinai Cord Beflexes

Introducticn:
The basic unit of integerated ncural activity iz the reflex
arc. This arc consists of a sense organ, an afferent neuron,

one or more synapses 1n oa central integrazing staticn, an

[l

effercnt neurnon and an alfector. The simplest reflex arc is

one with a single synapse beiween Lthe aflercnt and efferent
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neurans. Such arcs are moncesynaptic. Zeflex arcs in which
ane or more interneurons are interposed between the afferent
and efferen nesurcns are pclvsynaptic. The number of synapses
in polysynaptic refiexcs wvaries from 2 to many hundreds.
{Cancng 19837,

Postural reflexes are series of reflexes that maintain
the bodvy in an upright balanced position and provide constant
adiustments necessary to maintain a stable pastural background
tor voluntary activity. These adjustmwents include maintained
static reflexes and short term dynamic reflexes. Static reflexes
involve sustained conitrachtion of the muscuolature, while dynamic
reflexes involve transicent movements

Fostural reflexes are integerated al wvarious levels in
the C.N.5. from the spinal cord Lo the cerchral cortex and
are affected through extrapyramidal moitor pathways.

In intact animals zhe individual motor responses are fitzed
inteo the total pattern of motor acbtivity. When the neural
axls is transecied, the activities integerated beilow the section
are mleased from the control of higher centres and appear
tg wpaccentuated. This apparent hyperacbivity may be due to
removal of an inhibiteory control by higher centres or more
importantly due *o loss of differentiation ief the reaction,
£o that it no longer fits in the breoader pattern of motor

activity. ( Gancng 1983 1.

Central Library - Ain Shams University



The pestural reflexes that are integerated in the spinal
cord include the stretoh reflexes, the golgi tendon reflex

arnd nocliceptive lexion refiexes.

I Stretch Reflexes

The senscry organ for stretch reflexes is the muscle spindle.
The complexity of structure of Lthe muscle spindle allews it

Lo inetiate different Ltyvpes of siretch reflexes

Structure of the Muscle Spindle
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Schematic Illustration of a Muscle Spindle

Fach muscle spindle contains 2 specialized types of muscle
fikers enclosed in a connective tissue capsule.These fibres
are called the interfusal muscle fipres to distinguish them
from the extrafusal fibres, the regular contractiie units
o the muscle. Intrafusal fibres are more embryonal in character
and have less distinct striations. { Ganong 1983 )

They are in paralle! with the rest of muscle fibres hecause
the ends of the spindle capsule are attached to the sides

of the extrafusal fibres . i(Kobtke 1982}

The two types of intrafusal muscle fibres are
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(1) BNuclear Bag Iatrafusal Muscle Fikres

The nuclear bag intrafusal muscle ficers have all their
neuclci cellegied at the cquakerial reglon cof the fibres.
Myefibrils run throuch the 2 pclar ends . Consequently,
the nuclear bag is stretched when the myofibriis of that cell
contract. There may be from one Lo six nuclear bag fibre
in each spirngle . [ Xottke 1982 )

t2) HNuclear Chain Intrafusal Muscle Fibres

The ruclear chain fibres are much smaller than the nuclear
hag fibres. Their number per spindle varies from one to ten.The
raw of nuclei scattered a&alorg the central portion cof the
Tiber gives the nuclear chain fibre its name. There are myofibrils
concentrated 1in the polar megions but also running throuch
the central region whore the nuclei are Ioccated. The arzrangoment
af myofibrils in the ruclear chain fibres have nob been
demnnstrated, but it appears zhat contraction of nuclear
chain fibres siretches and discharges the senscry endinags
surrounding them. { Kolttke 1582 ]}

Irnnervation of the Muscle Spindle
fa) Motor Innervaticn

The intrafusal muscle fibres receive their motor innervation
from the s=smalil gamﬁa (25) efferent nerve I{ibres which are
axons of YS motor neurons.  There are 2 types of gfferent
nerve fibres : (1) dynamic T efferents ard {2} static § efferents.
Dynamic?g efferents end with motor end gplates or plate endings

on nuclear bag fibres. Static § efferentis form extensiwe
networks or trail endings on nuclear chain fibers., {Cancng 1983)
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tht Senscry Innervabion
The muscle spindle is innervated by 2 types cof sensory fibres:
{1) the group I a or primary sensory fibres andi{2) the group 1L or
secondary sensory fibres .
The primary senscry fibres have annulospiral endings
that wrap around the cen:ire cof the intrafusail muscle fibres.
The secondary sensory fibres have flower spray endings
which are located near tLhe ends of the intrafusal fibres.

¥

(Ganong W.F.}

The flower spray endings are so called because in some
preparations they loogk l1ike flower spravs, even though they
mainly encircle the intrafusal fibres irn the same way thatl
primary fibres do . { Guyton 1981 }

There is cnly one primary sensory fikbre per muscle spindle,
this fibre branches o innervaze multiple nuclear bkag. and
nuclear chain fibres . { Mathews 1%72 )

The two tyvpes of intrafusal fibres, each with 2 types
of senscry innervation and a special tvpe of mobor innervaticn,
provide the musecle spindle with possibkility for complex responses

in excitaticn of reflex activity
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Figure 1.2 :Schematic Illustraticn

showing the Innervaticon of a Muscle Spindle
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Central Ceonnections of Afferent Fibres from Muscle Spindle:
The fibres from the grimary endings end directly on motor asurons
nervating the extrafusal fibres of the same muscie.
The fibres from the secondary endings make connections
that cause muscle contracticn throucgh polysynaptic reflexes. {Ganong 19%83)
Collaterals from spindle afferents synapse on neurons
of the spinocerebellar tracis . The second order neurons of
these tracits conduct information concerning the state of
muscle tone and movement to the cerebellum. { Straizon 1981}

Primary Stretch RKeflex

The primary stretch reflex carn be subdivided intc Lthe
dynamic response that arises from siretching the primary
endings on nuclear bag fibres, and Lho static response arising
from stretching cof the primary endings on the nuclear chain
fikers

Dyvnamic Primary Stretch RBeflex

Stretch of primary endings on nuclear bag [ibres produce
a burst of impulses that accomodate rapidly . iMathews 1972)

When a muscle is suddenly stretched, a gpozent dynamic
signal is transmitted wvia the primary sensory fibers to the
spinal cord, and this causes an instantanscus very strong
contraction of the same muscle from . which the signal
criginated . This dynamic stretch reflex is cover within a
fraction of a secend after the muscle have been stretched
to its new length. The dynamic reflex opposes sudden changes

in muscle length . { Guytcn 1281 )
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Static Primary Strecch Reflex

The primary endings on nucliear chain fibres have higher threshold
s that thevy do not begin to discharge until a certain degree

of stretch has been excecded , and then they continue to discharge
for thec durabticn of sirctch a2t a rate thal increases slowly

with any further increase in stretch . | Mathews 1972 )

The continuous static signaistransmitbted wia the primary
fibres on the nuclear chain fibres, mause a staitic reflex
that produces a much weaker muscle conkracticn, as long as
the muscle is maintained at an excessive length,for & long
as several hours. The contracticon in turn cprposes the force

that is causing Lthe excess length. {(Guyton 1981 )

Effect oflx'—effcrent Stimulation on Sensitiviiy of Sktretch Beflexes:

The sensory endings on intrafusal muscle fibres will
bhe stretched if the entire muscle is stretzsched . They will
also be stretched if the intrefusal muscle fibreos contract
in response to Euffferent stimulazion
If the whole muscle is sitretched during B-efferent stimulation
additiconal skrekch orn the senscry sndings cccurs . Thereloro
dynamic B’— aefferent stimulation increases the sernsitivity
of sensory endings on nuclear bkag fibres and static }g—efferent
stimulaticon enhances the sensitivity of the sensory endings

on the nuclear chain fibres . [ Mathews 1272 )
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Functlons of Primary Sirebch Reflex:

1) Feed-%ack Control of Muscle Length
When a muscle is lengthened both dvnamic and static primary
stretch reflexes cause muscle contractiorn that tends to bring
the muscie to ils original length. When a muscle is suddeniy
shortaened, exaclk opposite effecis coccur. If the muscle is
already taut, any sudden release cof the load on the muscle
that allows it to shorten, will elicit both dynamic and static
reflex inhibition rather than reiflex exciiaticon . This inverse
or negative streitch reflex copposes shortening of the muscle
in the same way that the positive stretch reflex cpposses lengthening
of the muscle . Therefore, the primary stretch reflex constitutes
a feed-back device thal operates to maintain muscle lengih.{Cuytonl®sl)
2} Damping Funciion
Ancther extremely impeortant function of the stretch refiex
is its ahility fo prevent scmce Ltypes of oscilations or jerkiness
cf body movemsnis. This a damping or smwoozhing function. [(Guytonl9sil
3} ERole of Primary Strezch Eeflcx in Voluntary Motor Activicy:
Whenever signals are transmitted to O motoneurons almost
invariably E motonpurcens  are stimulated simultaneously,
an effect called coacbtivation of O and o motoneurons or
of{ and B linkage . { Guyzon 1281 ). This linkage causes
contraction of the intrafusal muscle fibkres egual tao or exceeding
the contraction of the extrafusal meoteor units . [ Mathews 1972 )
This co-contraction keeps the muscle spindle from opposing
voluntary muscle contraction by the inverse stretch reflex,
( Guyton 1981 ). It alsc maintains the spindle capable of
responding to stretch , and reflexly adjustiég motor neurcn

discharge throughout the contraction . { Ganong 1283 )
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