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Objectives

¢ List the ascending and descending tracts passing
through the spinal cord

¢ Describe the muscle spindle

¢ Explain the functions and mechanism of action of the
muscle spindle system

¢ Outline the spinal cord reflex mechanism

¢ Follow up the neural circuitry and function of the
spinal reflexes (Stretch reflex e.g knee and Ankle
jerks, Flexor and crossed extensor reflexes)

*» Demonstrate spinal reflexes
¢ Interpret the results of spinal reflexes
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The Spinal Cord 1s More Than
Just a Conduit for Nerve Fibers

Neuronal circuits for walking and various
reflexes are contained within the spinal
cord.

Higher brain centers activate and command
these circuits.

0 walking

0 maintaining equilibrium
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 Internal Anatomy of Spinal Cord
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Proximal
muscles

(Redrawn from Purves D et a[eds]: Neurcedence, 3rd ed. Sunderdand, MA, Sinauer, 2004.)

Distal
muscles
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Motor Organization of the
Spinal Cord

Sensory fibers enter the cord and are
transmitted to higher centers, or they synapse
locally to elicit motor reflexes.

Motor neurons are located in the anterior
portion of the cord.

0 motor neurons are 50 - 100 % bigger than
other neurons

University of Jordan 10




Anterior Motor Neurons

Alpha motor neurons

0 give rise to large type A alpha fibers (~14
microns).

0 stimulation can excite 3 - 100 extrafusal muscle
fibers collectively called a motor unit

Gamma motor neurons

0 give rise to smaller type A gamma fibers (~5
microns)

0 stimulation excites intrafusal fibers, a special
type of sensory receptor

University of Jordan
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Interneurons and Propriospinal Fibers

Interneurons
0 30 times as many as anterior motor neurons
0 small and very excitable

o comprise the neural circuitry for the motor
reflexes

Propriospinal fibers
o travel up and down the cord for 1 - 2 segments

o provide pathways for multisegmental reflexes

University of Jordan
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Sensory Receptors of the Muscle

Muscle Spindle
0 sense muscle length and change 1n length

Golgi Tendon Organ
0 sense tendon tension and change 1n tension

University of Jordan
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‘ Sensory fibers of muscle spindle

Dynamic y fiber ,Static yfiber Group la fiber
(efferent) (efferent) / (primary afferent)
Group Il fiber
(secondary afferent)

Nuclear bag fiber
(intrafusal muscle)

Nuclear chain fiber
(intrafusal muscle)

Trail ending

Figure 54-3

Details of nerve connections from the nuclear bag and nuclear
chain muscle spindle fibers. (Modified from Stein RB: Peripheral
control of movement. Physiol Rev 54:225, 1974.)

University of Jordan 17




Static Response of the Muscle Spindle

When the center of spindle is stretched slowly -
the number of impulses generated by the
primary and secondary endings increases in
proportion to the degree of stretch.

This 1s the ‘static response’.

Function of the static nuclear bag and nuclear
chain fibers.
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Dynamic Response of the Muscle Spindle

When the center of the spindle 1s stretched
rapidly - the number of impulses generated by
the primary endings increases in proportion to
the rate of change of the length.

This 1s the ‘dynamic response’.

Function of the dynamic nuclear bag fiber.

University of Jordan
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Physiologic Function of the
Muscle Spindle

Comparator of length between the intrafusal
and extrafusal muscle fiber.

Opposes a change 1n length of the muscle.

When the muscle 1s stretched the spindle
returns 1t to 1ts original length.

Leads to the stretch reflex.

University of Jordan
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‘ Smoothening effect of muscle spindle

Stimulus
(8 per second)
e d h
=2
=
T
=
S
L&)
k=)
<
8
S
| 1N
A B
| | | | | | | | | | J
0 1 2 3
Seconds
Figure 54-5

Muscle contraction caused by a spinal cord signal under two con-
ditions: curve A, in a normal muscle, and curve B, in a muscle
whose muscle spindles were denervated by section of the poste-
rior roots of the cord 22 days previously. Note the smoothing effect
of the muscle spindle reflex in curve A. (Modified from Creed RS,
et al: Reflex Activity of the Spinal Cord. New York: Oxford Univer-
sity Press, 1932.)
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‘ Function of the Gamma System
o rase LLLLLLDULLILILLL

Desired

length
w— Gamma bias

- Alpha

- Spindle 1s normally tonically active as a result of mnput from
higher brain centers. Alpha-gamma co-activation helps

maintain muscle contraction
- Controls the intensity of the stretch reflex.

- Performs a damping function by adjusting sensitivity.
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‘The responses of a primary and secondary
endings to various types of muscle lengths
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Copyright © 2008, 2004, 1998, 1993, 1988, 1983 by Mosby, Inc., an sffiliate of Elsevier Inc.
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Effect of gamma motor fibers (dynamic and
static) on the responses of a primary ending

to muscle stretch

Extension
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(Redrawn from Crowe A, Matthews PBC: J Physio174:109, 1964.)
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Control of the Gamma Motor
System (Fusimotor System)

Gamma signal excited by the bulboreticular
facilitatory area of the brain stem.

Secondarily by areas that send impulses to this
area.
o cerebellum, basal ganglia, cortex

Little 1s known about the precise control of this
system.

University of Jordan
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Clinical Application of the
Stretch Reflex

Knee jerk reflex

o striking the patellar tendon with a hammer stretches
the quadriceps muscle.

0 this 1nitiates a stretch reflex which shortens the
muscle and causes the knee to move forward.

Can be done with almost any muscle.

Index of the facilitation of the gamma
efferents.

Cortical lesions usually increase muscle stretch
reflexes.

University of Jordan 27




‘ Reflex Arc
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‘ Reflex Arc
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Methods of Classitying Reflexes

INNATE SPINAL
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» Genetically by « Processing in
determined by processing the spinal cord
development REFLEXES site
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\/ \/
S%MATIC REFLEXES V|sc§22tg(‘gtsonom'c) MONOSYNAPTIC POLYSYNAPTIC
 Control skeletal
muscle contractions « Control actions of » One synapse « Multiple synapses
* Include superficial smooth and cardiac (two to several
and stretch reflexes muscles, glands hundred)
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To brain
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The Stretch Reflex

“*Causes contraction of a skeletal muscle in
response to stretching of the muscle.

“*Monosynaptic reflex.

“»Patellar or knee-jerk reflex: Stretching of a
muscle —activation of muscle spindles
—sensory neuron —spinal cord—motor neuron
— muscle contraction. (Excitatory reflex)

¢ Ipsilateral.

“*Receptors are located in the same muscle
stimulated by lengthening of muscle (stretch)

University of Jordan 34
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The Tendon Reflex
“*Polysynaptic reflex. ( Di-synaptic)

“* Control muscle tension by causing muscle
relaxation when muscle tension 1s great.

“*Sensory receptors- Golgi tendon organs (same
muscle stimulated by tension applied on the
muscle 1n series with muscle fibers)

1 Tension applied to the tendon — tendon organ
stimulation — nerve impulse — spinal cord
—motor neuron causes muscle relaxation and
relieves tension (inhibitory reflex)

University of Jordan 36
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Flexor (Withdrawal) Reflex

-JPolysynaptic reflex
-JIpsilateral.

-1 Stepping on a tack (stimulus) — nerve
impulse — activation of the interneuron —
activation of the motor neuron —muscle
contraction —withdrawal of the leg
(excitatory reflex)

1 There is reciprocal inhibition (i.e inhibition of
antagonist group of muscles on the same side)
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RECIPROCAL INHIBITION
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| The Flexor and Crossed Extensor Reflexes
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Crossed Extensor Reflex
© Polysynaptic reflex.

© Contralateral reflex.

© Contraction of muscles that extend joints in the
opposite limb 1n response to a painful stimulus.

© Stepping on a tack (stimulus) — nerve impulse

—activation of several interneuron — activation of
he motor neurons — muscle contraction causing
lexion of the leg stepping on a tack & extension on
he opposite side.

3 o

5 There is reciprocal inhibition (i.e inhibition of
antagonist group of muscles on the same side)
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Golgt Tendon Reflex

Mediated by the golgi tendon organ receptor
located 1n the tendon.

This receptor responds to tension.

When the tension becomes too great the reflex

inhibits the motor fibers attached to the tendon.

Function is to equalize force among muscle
fibers.

University of Jordan
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Transmission ot Stretch
Information to Higher Centers

Muscle spindle and golgi tendon signals are
transmitted to higher centers.

This informs the brain of the tension and
stretch of the muscle.

Information 1s transmitted at 120 m/sec.

Important for feedback control of motor
activity.

University of Jordan
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The Withdrawal Reflexes

A painful stimulus causes the limb to automatically
withdraw from the stimulus.

Neural pathways for reflex:
0 nociceptor activation transmitted to the spinal cord

0 synapses with pool of interneurons that diverge the
to the muscles for withdrawal, inhibit antagonist
muscles, and activate reverberating circuits to
prolong muscle contraction

0 duration of the afterdischarge depends on strength
of the stimulus
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‘ The Babinski Reflexes

(a) Plantar reflex (b) Babinski sign




Crossed Extensor Reflex

Painful stimulus elicits a flexor reflex 1in affected limb
and an extensor reflex in the opposite limb.

Extensor reflex begins 0.2 - 0.5 seconds after the
painful stimulus.

Serves to push body away from the stimulus, also to
shift weight to the opposite limb.
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Other Reflexes for Posture and L.ocomotion

Pressure on the bottom of the feet cause extensor

reflex.

0 more complex than flexor-crossed extensor
reflex

Basic walking reflexes reside in the spinal cord.
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Retlexes that Cause Muscle Spasm

Pain signals can cause reflex activation and spasm
of local muscles.

Inflammation of peritoneum can cause abdominal
muscle spasm.

Muscle cramps caused by painful stimulus 1n
muscle:

2 can be due to cold, 1schemia, of overactivity
o reflex contraction increases painful stimulus and
causes more muscle contraction

University of Jordan
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Myograms of flexor and crossed extensor
reflexes
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Figure 54-9 Figure 54-10
Myogram of the flexor reflex showing rapid onset of the reflex, Myogram of a crossed extensor reflex showing slow onset but pro-
an interval of fatigue, and, finally, afterdischarge after the input longed afterdischarge.

stimulus is over.
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Thank You
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