Stretch
Reflex and
Tendon jerks



Objectives:

. Describe the components of stretch reflex and its function.
. Describe the structure, innervations and function of the
muscle spindle.

. Explain the roles of alpha and gamma motor neurons in the
stretch reflex.

. Describe and explain muscle tone.

. Discuss the spinal and supraspinal regulation of stretch
reflex.

. Describe the inverse stretch reflex and its function.

. Differentiate between primary and secondary afferent fibres
of muscle spindle.

. Describe the components of the inverse stretch reflex (golgi -
tendon reflex)and its function.

As males doctor said: Dr.faten will write the questions
for mid-exam

¢ ¥l Gsill 5 a0 WAMe () samasy b gy sas

Color index:

7/

7
*

S

*
7/

% Important.
s Girls slide only.
% Boysslide only.

% Extra information.

Editing File



https://docs.google.com/presentation/d/1lvCC1XpoBIjZQINosklHd5WHhw1eii9ZthLuQ0ih9Qc/edit
https://docs.google.com/presentation/d/1lvCC1XpoBIjZQINosklHd5WHhw1eii9ZthLuQ0ih9Qc/edit

Classification Spinal cord reflexes

According to

number of synapses Site of receptor

Deep Superficial Visceral

Monosynapse: Polysynapse;
I
one sensory neuron
synapse with one motor

o
Indirect contact
between neurons

neuron (interneurons)
E.g. - withdrawal
Direct contact reflex,
between neurons cross-extensor
reflex

(No interneurons)
E.g. : stretch reflex

When a skeletal muscle is stretched, it contracts.
This response is called the stretch reflex or myotatic reflex. ;It results from stimulation of
the muscle spindle by stretching the whole muscle
Its monosynaptic and Deep reflex

Vaule: Aids in maintaining posture, avoid muscle rupture

Stretch Reflex
(Myotatic Reflex)

Sudden stretch Sustained stretch

(Slow, maintaining contraction)

Lead to sudden

. Lead to maintained
contraction

contraction

Dynamic Response Static Response



Where the Reflex start and end?

Start at
Receptor (proprioceptor)

Proprioceptors: Detect position and movement

Golgi tendon organs
Receptor of tendons

Muscle spindle:

Intrafusal fibers.

1-the receptor located inside muscle & detects
changes in muscle length (its the sensory receptor)

2. consist of 3-12 small muscle fibers (intrafusal
fibers) within the CT capsule.

3-each intrafusal fiber has:
—tractile area (receptor)
-5 contractile area
on each side of central zone, it has actin & myosin.

4. There are two types of intrafusal fibers:

2-Nuclear chain fibers
(4+/spindle)

1-Nuclear bag fibers
(2/spindle)*
Central area is dilated with
group (bag) of nuclei. One line of nucleiin a
chain in the receptor

zone
Nuclei

a5

L
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End in:
Effector ( skeletal
Muscle)

ExtraFusal Fiber Intrafusal fiber

%4 of the muscle Y4 of muscle

Receptor of muscle

Does the muscle spindle involved in receptor and effector? Yes!
Cause it's the in the same time!

I}
1
1
1
1
1

—————

Overview of innervation
(Afferent, efferent)

2 types of
Afferent
nerves:

The difference between these two afferent
is related to the two types of intrafusal
fibers, how?

Primary afferent will carry sensation from
1-Nuclear bag fibers
2-Nuclear chain fibers
whereas the secondary afferent will carry
information from:
1-Nuclear chain muscle -only-

Gamma =z
1-Plate endings £y
2-Trial ending g

Efferent

Motor
Extrafusal fibers, <«————— Alpha
Note that its Not a part of muscle spindle Alpha motor neurons
synapse with the afferen
sensory neurones in the|
spinal cord ( secrete
glutamate)

|esnyes3x3y

Where is the Integrating center?
(spinal cord) AHC

What is the Effect?

Muscle contraction & Reciprocal
Inhibition of antagonist



Innervation of the muscle spindle

Next slide.

1- Primary (annulospiral) la 2- Secondary ( flower spray ) Il

-innervate the receptor area of the
nuclear chain fibres ONLY
-8 micrometers in diameter
-Discharge throughout the
period of muscle stretch,
(sustained stretch) measure mainly
muscle length ( static response )
- directly proportional to the degree
of stretch

-Fast,transmits sensory signals to the
spinal cord at a velocity of 70 - 120 m/sec
-encircle receptor areas of nuclear bag
fibers mainly, but also nuclear chain fibres
-17 micrometers diameter
-Discharge most rapidly if the muscle is
suddenly stretched(dynamic response) &
less rapidly (or not)during sustained
stretch ( static response)
-Measure the rate & or velocity of change

in muscle length of nuclear bag fibres

N.B: important

Supplied by Responsible for

Which afferent

primary endings the dynamic response

only

- both primary and the static response

secondary endings




Innervation of the muscle spindle

Afferent (Sensory fibres)

Efferent(Motor fibres)

1-Plate endings

End mainly on the nuclear
bag fibres called
(dynamic gamma efferent)

Jaa iy Dynamic?

Because it's found in nuclear bag fiber
Which have which type of afferent?
Primary
Primary is responsible for which response?
DYNAMIC!

Al L
Basis of tendon jerk (knee, biceps, triceps)
Role of Dynamic gamma efferent
(plate endings):

-Tapping the tendon, stretch the muscle, so it
contracts and shorten,nuclear bag fibres relax
during muscle contraction, its sensitivity to stretch
decreases g g sl sl 31, 22 g
-Plate gamma endings which end mainly on
the nuclear bag fibres periphery, enhances the
dynamic response’

2-Trail endings

end mainly on nuclear chain fibres
called ( static gamma efferent)

Jia iy static?

Because it's found in nuclear chain fiber
Which have which type of afferent?
Secondary mainly.

Secondary is responsible for which response?

Static
L gla aea

The function of the y motoneurons (either static or
dynamic) is to regulate the sensitivity of the intrafusal
muscle fibres.

-Activation of y motoneurons will cause contraction of
peripheral parts of the muscle spindle which Increase
muscle spindle sensitivity to stretch.

- When y-d (D donated to dynamic) fibers excite the
nuclear bag fibers , the dynamic response of the
muscle spindle become enhanced.

- Conversely, stimulation of the y-s(S donated to
static) fibers ,which excite the nuclear chain fibers
enhances the static response. '

Sy Ll 13 iy Lajisad) ) (i jle )
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<  Alpha- gamma COACTIVATION: to avoid opposition
Signals from the motor cortex to the alpha motorneurons, mostly transmitted to the gamma
motorneurons simultaneously, an effect called coactivation.

it's the maximum stimulation

%  The purpose of Coactivation:

First, it keeps the length of the receptor portion of the muscle constant.
Otherwise receptor portion of the spindle would sometimes be flail and sometimes be overstretched,

causing unsmooth muscle contractions.

1- central of reception portion of the muscle constant.

2- Oppose sudden changes in muscle length.



Rynamigc.stretch reflex ( dynamic or phasic Response )@

This is the basis of Tendon Jerks ( dynamic stretch reflexes )
sudden contraction

Sudden rapid stretch of a muscle

Stimulate Nuclear bag fibers which respond to velocity of change of receptor
length causes synchronous strong burst of excitatory discharges in

annulospiral afferents to the alpha motor neuron
- causes the latter to send strong motor excitatory impulses to extrafusal fibers.

Discharge synchronous* strong impulses to the primary ending mainly to the
alpha motor neuron “(motor units discharge all together)

Motor alpha nerve Causing sudden contraction of muscle extrafusal fibers (
jerk movement)

Synchronously (jerk movement) followed by relaxation

As the muscle shortens (cause it contract), the spindle becomes lax and
ceases to discharge - e, oo i i s e

no more stimulation of alpha motor neuron

no more excitatory impulses from alpha motor neuron to the extrafusal fibers

KKK

Muscle relax

Static stretch reflex ( static Response )

Sustained stretch
Sustained/maintained contraction

Maintained stretch of a muscle

Stimulates the receptor portion of the nuclear chain fibers

discharge slowly, both the primary and the secondary endings (a1 s_¥Sul Ga)are

stimulated to the alpha motor neuron to the alpha motor Impulses from muscle

spindle travel through spindle afferents (mainly along secondary ending) to alpha
motor neuron, stimulating it to produce muscle contraction)

contraction of muscle fibers Asynchronously
(motor units not discharge all together)

(KX

Resulting in mild sustained contraction of muscle extrafusal fibers as long
asitis stretched

Reflexes
diagram



https://docs.google.com/presentation/d/152uMobnBBsWw_411l50zU5YXipJTLCeozAPL9-nTZyM
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Application of Static stretch reflex:
Muscle tone

the stimulus for muscle tone is sustained Stretch of skeletal muscle between
Definition origin and insertion / resistance of muscle to stretch./a state of continuous
partial contraction of skeletal ms during rest.

. all skeletal ms but specially in the antigravity muscle (extensors of LL,
In which muscle back, neck, flexor of UL, muscle of abdominal wall and elevator of

mandible).
Abnormalities

-if lost by low gamma efferent discharge to muscle:
hypotonic muscle or flacidity.

-if increased by high gamma efferent discharge to muscle:
hypertonic muscle , spastic muscle.

Gammais _sbe S
Because signals to gamma come from the brain, so brain abnormalities cause
gamma overstimulated (hypertonic)
Or down stimulated (hypotonic).
To be more specific, signals comes from brain we mean supraspinal signals

' So, the muscle tone is important cuz it can indicate the brainstem disease. ;

_________________________________________________________________________

Basis of muscle tone Value (function) of stretch reflex

They help maintain a normal
posture

*» The Static Stretch Reflex is the basis
of muscle tone, which is defined
clinically as resistance to muscle stretch.

They function to oppose sudden
changes in muscle length

% Static gamma eferent (trail endings):
increase sensitivity of muscle spindle to
steady maintained stretch & enhances

the static response.
muscle tone helps to maintain the posture

Damping or smoothing of muscle
contraction

Generation of muscle tone




Damping (tone down) function

Of m usc I e S pi n d Ie Brain+ Spinal cord > < contraction

G s Aaliiie e GLLLEY) S
jerk movement
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damping(down)

Signals from Spinal cord transmitted to a muscle in an Unsmooth form (
increasing in intensity for a few milliseconds, then decreasing in intensity, then
changing to another intensity level) increase for few sec and decrease in
another sec

\Which lead to oscillation or jerkiness of movement.

In contrast, muscle spindle reflexes make the contraction smooth, because the
motor nerve to the muscle is excited at a slow frequency* than the incoming
signals from S.C

The signals discharged from the ms spindles cause partial activity of aMNs of
the ms.

So, the motor signals find aMNs in state of partial

activity, so they cause continuous activation of them — cause smooth ms
contraction.

Stimulus
(8 per second)

So, the proper damping function of the
muscle spindle, it is the stretch reflex
ability to prevent oscillation or jerkiness
of movements. i@: . . ; . T . )

______________________ N Seconds

Force of contraction

Figure 55-6. Muscle contraction caused by a spinal cord signal
under two conditions: curve A, in a normal muscle, and curve B, in
. . a muscle whose muscle spindles were denervated by section of the
Dampmg fUﬂCtIOI’], tone posterior roots of the cord 82 days previously. Note the smoothing

: effect of the muscle spindle reflex in curve A. (Modified from Creed
dOWﬂ fUﬂCtlon RS, Denney-Brown D, Eccles JC, et al: Reflex Activity of the Spinal
\ s Cord. New York: Oxford University Press, 1932.)

*That's why we called it

——————— =

Proper control of muscle function requires:

1-excitation of the muscle by spinal cord anterior motor neurons

2-continuous feedback of sensory information from muscle to the spinal
cord,indicating

1.what is the length of the muscle

2.what is its tension?




Reciprocal inhibition with stretch reflex
(Reciprocal innervation)

% Reflex contraction of an agonistic muscle is accompanied by inhibition of
the antagonist. as in knee jerk : Contraction of Extensors of thigh (e.g.
quadriceps) cause Relaxation of Flexors (hamstring).

%  Contraction of the muscle being stretched (quadriceps)

% Reciprocal innervation prevents conflict between opposing muscles and is
vital in coordinating body movements.

% Reciprocal inhibition of the antagonistic muscle (hamstring) through
(reciprocal innervation)

% Impulses from stretched muscle reach the spinal cord to cause:

1- stimulate the motor neurons of the stimulated muscle to contract
(by glutamate).

2- send collaterals to the inhibitory interneurons synapse on the AHCs of
the antagonistic muscle & inhibit them (by GABA).

> Afferent path: Action potential y 2 —————
Receptor: Muscle travels through sensory neuron ‘.\% ntegrati B . . . . ) oliateral branc!
spindle stretches and fires = peidsiic) \\ Reciprocal innervation Reciprocal innervation from sensory
Stimulus: Ca S e | YN ( Sensory neuron ) ) ) Inhibory neuron
Tap to tendon N ke Quadriceps femoris ;
stretches muscle ~ interneuron

onto excitatory interneurons
that are part of the withdrawal
reflex.

= || B spinal cord 0 During the withdrawal reflex,
| \ \J/ sensory neurons conduct action  Muscle (extensor)
28 4 potentials from pain receptors
3 ) to the spinal cord. -
; / :
1 o ‘
1

ﬂ Sensory neurons synapse with ) ’ ~ - .

Hamstring
muscles
(flexor)

OCoua(eraI branches of the sensory
neurons also synapse with inhibitory

Efferent path 2: Interneuron
inhibiting somatic motor neuron internurons that are part of
reciprocal innervation.

Response: Quadriceps

7 Lo
leg forward I © e inhiitory interneurons
| Effector 2: Hamstring "y
/ ) muscle synapse with alpha motor
/ !
{
(W

muscles, causing them to relax

neurons supplying the extensor
T
7 [ 3 i and not oppose the flexor
r_ﬁ/ / Vo Y muscles of the withdrawal reflex, ) Alpha motor Exclory
= 4o xtension of leg 4
A R The patelar tendon (knee jerk reflex Which e coriractng. Y feven interneuron
R illustrates a monosynaptic stretch A
¥ . ,/‘ reflex and reciprocal inhibition of the
N antagonistic muscle.

Function of Muscle Tone S !

Postural control

Help in heat production and maintain of body temperature, that's why we
shiver in winter

It helps both the venous return & lymph flow

Keeps viscera in position

10




Activation of muscle spindle

We already know that muscle spindle gets stimulated by stretch of the
center point (mid portion)

There are two ways to stretch the mid-portion:

The passive stretch of the
whole muscle
Lengthening of the whole
muscle which stretches the
mid-portion of the spindle
which lies parallel to muscle
fibers and, therefore excites
the receptor.
Extrafusal +intrafusal

Contraction
If the whole muscle is stretched
during stimulation of the
y-motor neurons, the rate of
discharge in sensory fibers is further
increased.

_por ion contract.

Contraction of the
peripheral contractile
portions by supraspinal
centers to the spindle's
intrafusal fibers which
stretches the
mid-portions (receptor
area) of the spindle &
excites the receptor
during
y-efferent discharge

After activation, by which the muscle contract ?

% Stimulation of alpha motor neurons, therefore excites the receptor.
. : : : :
%  Stimulation of gamma motor neurons by supraspinal signals

%  Co-activation of a-and y-Motor Neurons. bsbualy juay ) 12
Canally 4y gt 138 e Laltlly aldl) il geaiadl Wl

11




Clinical Significance of Tendon Reflexes

e They are carried out clinically to test the integrity of reflex arc.

e A-reflexia or hypo-reflexia (hypo-tonia) indicates that the reflex arc is
interrupted at one of its components by:

o Lesions of lower motor neuron, e.g. poliomyelitis

o Peripheral nerve lesions e.g. peripheral neuropathy.

o  Neuromuscular junction disorder e.g. myasthenia gravis.
o  Primary muscle disorder e.g. myopathy .

e Hyper-reflexia (hyper-tonia): exaggerated deep reflexes.

o  Upper motor neuron lesion.
o  Anxiety.

Stretch reflexes are subject to strong regulation by supraspinal centres,
especially certain motor centres in the brainstem and cerebral cortex. These
supraspinal centres send to gamma motor neurons through descending fibres

Factors that Influence Stretch Reflex
(all act on gamma motor neurons)

Inhibitory Facilitatory
Supraspinal: Supraspinal:
. Cortical (suppressor area 4 & Area . Cortical (Primary motor area 4)
6) Il.  Vestibular N (nucleus)
Il.  Basal ganglia . Pontine RF(reticular formation) (
. Red Nucleus bulboreticular)
V. Medullary RF (Reticular formation ) Iv. Neocerebellum

V.  paleocerebellum

Excessive stretch of muscle (golgi Anxiety:
tendon reﬂex) Gamma motor neuron will be active
Muscle contraction Noxious painful stimuli

oSl Saa oY) i
E.g: appendicitis (muscle rigidity and gamma
efferent is still stimulated which causes further
muscle contraction.

Jendrassik-manuver
2 aibialy Jasal i Mie il e ae i sall )51 58
ol Leie Alall (5 5 alige o 0 (g)- Ly
The cortex from inhibitory impulses
Jqdm%?ﬁ!a%@)ﬂe&jn)&;ﬁxﬁgl ol
Ll el 5 (ul€a )11y 13835 0 s N sl

e | 12
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The Golgi tendon reflex (Inverse Stretch Reflex)

It is Deep & polysynaptic reflex - Opposite response to stretch

reflex = Inverse Stretch Reflex).

Definition It is a reflex in which there is a reflex relaxation (or lengthening)
of @ muscles in response to excessive stretch or contraction of
that muscles.

Excessive tension in the muscle ( by passive over-stretch of

Mechanism . . .
tendon or active muscle contraction) >>> cause muscle relaxation.

Neural pathway:

e  Stimulus: Tincreased muscle tension by;
Overstretch or Severe contraction. About 10 to 15 muscle fibers are usually connected to
each Golgi tendon organ, and the organ is stimulated when this small bundle of muscle
fibers is “tensed” by severe contracting.

e Receptors: Golgi tendon organs.(Transmit information about tendon tension or rate
of change of tension.)

e Site: Golgi tendon organs (3-25) present in tendons of skeletal muscle in series with
muscle fibers, through which muscle tendon fibers pass.

e  Structure: Are encapsulated sensory receptor 6-20 elastic fibers.

e Innervations: Type fast Ib afferent fibres.large, rapidly conducting fibers (16
micrometers in diameter).

e  Center (spinal cord) :
a) increase in muscle tension if the muscle overstretch >impulses via fast Ib fibers > SC >
The local cord signal excites inhibitory interneurons (secrete Glycine)— inhibit the a-MNs
supplying the same muscle > negative feedback mechanism>muscle relaxation

b)stim excitatory interneurons— excite the a-MNs supplying the antagonistic (reciprocal
innervation).

e Response:
a) Relaxation of the same muscle(lengthening reaction )
b) Contraction of antagonistic group of muscles.

@ VOTOR NEURON
inhibitod
@ sensory
NEURON
exclted

e Significance: This reflex protects muscle
from rupture & tendon from avulsion and tear. k.
) e,

- - sensory neuron activates
B ~ ) inhibitory interneuron
\ntagor
!
cont 1

____________________________________________
Motor neuron
a

nnnnnnnnnn

to
intagonistic
Tuacies Is excited

( 1
: In muscle > the receptor is muscle spindle. :
i In tendon > the receptor is Golgi tendon organs |



https://youtu.be/e5t1EuUG3dE

(Inverse Stretch Reflex)- The Golgi tendon reflex

Golgi tendon organ
] |

Excess
=S tension

Sensory nerve
fiber (16 mm)

—_

Inhibitory

Relaxation
reponse

interneuron

Anterior motor
neuron inhibited

Comparison Between Stretch & Inverse Reflexes

Stretch reflex

Stimulus Increased muscle length

Inverse stretch reflex

Increased muscle tension

Receptor Muscle spindles

Golgi tendon organs

Afferents Type la &Il fibers

Type Ib fibers

Response Muscle contraction

Muscle relaxation

Monosynaptic

Synapses

Polysynaptic

RECIPROCAL
INNERVATION
Regulation

Inhibit antagonists
through inhibitory
interneurons

Excites antagonistic
muscles through
excitatory interneurons

PHYSIOLOGICAL
SIGNIFICANCE

Regulate muscle length

Regulate muscle tension
to prevent excessive
tension increase & tendon
avulsion

CLINICAL
ASSESSMENT

Sudden tap of muscle
causes brisk contraction
muscle jerk

Overstretch of muscle
sudden muscle relaxation
(lengthening reaction)

14



MCQ & SAQ:

Q1: which one of the following

describe Primary afferent fibers?
A. Fast

B. Slow

C. Static response

D. 8 micrometer in diameter

Q3: Which of the following is not a
function of muscle tone?

A. Postural control

B.Helps both the venous return & lymph flow

C. Depression of mandible

D. Help in heat production and maintain of body
temperature

Q5: Which reflex is correctly paired with
the sensory structure that mediates the

reflex?

A) Autogenic inhibition—muscle spindle

B) Reciprocal inhibition—Golgi tendon organ
C) Reciprocal inhibition—Pacinian corpuscle
D) Stretch reflex—muscle spindle

E) Golgi tendon reflex—Meissner corpuscle

Q2: Nuclear bag fibers supplied by :
A. Both primary & secondary endings

B. Primary endings only

C. Secondary endings only

D. None

Q4 :Which cells receive direct synaptic
input from Golgi tendon organs?

A) Type la inhibitory interneurons

B) Dynamic gamma motor neurons

C) Alpha motor neurons

D) Type Ib inhibitory interneurons

Q6: What's the efferent of plate endings?

A. Dynamic alpha efferent
B. Dynamic gamma efferent
C. Static gamma efferent

D. Static alpha efferent

1- What's the type of fibers in plate endings/ trail endings ?

2- What's the result of static stretch reflex ?

3- What are the factors that influence Stretch Reflex?

4- Compare between Stretch and Inverse Stretch reflexes?

SamuOoOom
- AN M I 0O
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