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Human reflexes, Reflex arc, Types of
Reflexes.
What is meant by a reflex ?

It is an involuntary stereotypic response to certain stimulus
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The reflex arc

-The basic circuit that underlies a reflex:

The Receptor detects the change (stimulus ) ---> electrical change ---> action
potential along afferent fiber ---> ccentral neurons ---> efferent fiber ---> effector
(muscle, gland )

Reflexes :

1- peripheral

2- central :

A- conditioned --> to cerebral cortex — by learning

B- unconditioned : (Hypothalamic, Midbrain, Medullary, Spinal) -- without
learning

Handout:
(B) CENTRAL REFLEXES

(1) Conditioned reflexes : These are aquired (develop by learning) and are
integrated by the cerebral cortex.

(2) unconditioned: These are inherent (or inborn) i.e. occur without learning. and
include (a) Hypothalamic reflexes (regulate many functions e.g. body tempreture
and water balance) (b) Midbrain reflexes (mediate postural reflexes and most
visual reflexes) (c) Medullary reflexes (mediate cardiovascular, respiratory and



digestive reflexes) (d) Spinal reflexes which include superficial, deep and visceral
reflexes.
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Spinal Reflexes :
According to the number of synapses between afferent + efferent neurons :
1- Monosynaptic: only one synapse, there is no interneuron
stretch reflex J! g» dde s=gll JUaJl

2- Polysynaptic: more than one synapse, there are interneurons

Sensory feedback from muscles :
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Stretch reflex
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Stretch :Stimulus
Contraction :Response
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Functional anatomy of the muscle spindle
Parallel arrangement of intrafusal and extrafusal muscle fiber
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Innervation (nerve supply) of the muscle spindles

(A) Afferent nerves arising from the spindles

(1) Type la nerve fibres : These are type A alpha fibres that are thick
(average diameter 17 microns) and rapidly-conducting (velocity of condu-
ction 70-120 meters / second). They arise from the receptor arcas of both the
nuclear bag and nuclear chain muscle fibres, where their endings wrap
round the fibres forming primary (= annulo-spiral) endings.

(2) Type 11 nerve fibres : Thesc arc type A beta fibres that are thinner
and slower in conduction than the Ia fibres (average diameter 8 microns).
They arise from secondary (= flower-spray) endings at the sides of the
primary endings in the nuclear chain fibres only.

(B) Efferent nerves supplying the spindles (gamma efferents)
The peripheral (contractile) parts of the intrafusal fibres are supplied by
thin myelinated motor nerve fibres called gamma efferent nerves (= Leksell
nerves). These are type A gamma fibres (having diameter 3-6 microns) that
are the axons of small anterior horn cells called the gamma motor neurons
(figure 36). They form about 30 % of the efferent nerve fibres in the ventral
roots (so they are called the small motor nerve system), and arc 2 types :
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Chapter 5 The muscle spindles

(1) Gamma-d (dynamic) fibres : These supply the nuclear bag fibres.
where they end by plate endings (figure 37).

(2) Gamma-s (static) fibres : These supply the nuclear chain fibres,
where they end by trail endings (figure 37).
** Large A beta efferent nerves also supply the intrafusal fibres (figure 37).

Nervous pathway of the stretch reflex
Impulses from the muscle spindles are transmitted to the CNS by its fast-
conducting afferent nerve fibres. These proceed directly without interven-
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There are two types of intrafusal fibres
i. Nuclear bag fibres

nuclei 2o dilated 03 e central part J! 4] e JI sla
ii. Nuclear chain fibres
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There are 2 patterns of stretch :
1- dynamic
2- static
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(1) Dynamic response : This occurs while the muscle length is increas-
ing, and it informs the ONS about the rate of change of muscle length. 1t is
produced mainly as a result of stretch of the nuclear bag fibres. The res
ponse is an increase of the rate of discharge from the primary endings in
these fibres, which is followed by a marked decrease when the new length is
maintained (because these receptors are rapidly-adapting).
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Chapter 5 Types of the stretch reflex & gamma efferent system

(2) Static response : This occurs while muscle stretch is maintained.,
and it informs the NS about changes of the muscle length. 1t is produced
mainly as a result of stretch of the nuclear chain fibres, and the response is
an increase of the rate of discharge from the primary and secondary
endings in these fibres, which continues as long as the new muscle length is
maintained (because these receptors are almost non-adapting).

TYPES OF THE STRETCH REFLEX

(1) Dynamic stretch reflex : This is initiated by sudden stretch of the
muscle and the response is a brief strong contraction that ends rapidly
because it oceurs as a result of the dynamic response of the muscle spindles
(see above). It is the basis of the tendon jerks (page 66)

(2) Static stretch reflex : This is initiated by steady stretch of the
muscle and the response is a continuous contraction as long as the stretch
is maintained because it oceurs as a result of the static response of the
muscle spindles. Tt is the basis of the skeletal muscle tone (page 66).

(3) Negative stretch reflex : This is initiated by muscle shortening,
and the response is muscle relaxation and its elongation to its resting
length due to reduction of discharge from the muscle spindles

(4) Inverse stretch reflex : This is initiated by overstretch of the
muscle, and the response is muscle relaxation through activity of the Golgi
tendon organs (page 65).

(5) Cerebellar stretch reflex (page 109).
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Central connections of the afferent fibres
Dbl 4 O Usao 90 0955 sensory afferent nerve J
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Physiological significance of the stretch reflex
1- Helps to maintain the muscle length.
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2-Muscle tone

Def: Muscle tone is continuous, alternating, reflex, subtetanic contraction of
muscle fibres.

—It may also defined as the resistance of the muscle to stretch.
—Base of muscle tone: Static stretch reflex

sla 9 ( sustained stretch reflex ( contraction JI (e &e3ls Al (§ el @Mae S
2 oSas 8y (Y resistant oS Abasll 4| (p 9 tone .M JI e bo (55 Jg5umel!

o &9 Ll el 7) dipae Auaal passive extension or flexion Jeel cdgl> o Mo g
static pattern of stretch J! (e Jls lado (s2Y1 5l g....... resistance J!



D Juaie S Tone .M JI cioysd zudss S (oe
B9 Cad Bl B9 Led] pam 2 L fibers JI S Jaids bo duaall s <--- Alternating
motor unit ) JI e Gduad su>g lads ) diaall Sl udis 456 Busg) Jaid! Jasdy digas

bl o olie Cauas- (oLl il maximum contraction Jeais b s <---Subtetanic
tone J! e

Continuous---> During rest the muscle spindle is continuously stretched, why?
Sos el tone JI padis 050 9 antigravity siss wdlas Q : gravity -1
stretch JI oo dl> (§ gt diyyhay inserted O duaall 1 gnatomically -2
2 lalazall -3

Slides-Physiology-CNST2L4.pdF 14¢

Continous impulses from the supraspinal
centers to gamma motor neurons

!

Contraction of the peripheral contracile part of
intrafusal muscle fiber

P Gamma Spindle loop
(Gamma led
contraction)

Stretch of the central receptor part of the
spindle

Stretch reflex —
Dr.Shaimaa N.Amin, CNS, 2
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Inhibition of supraspinal centers ---> M. tone decreses in antigravity muscles --->
sleep
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ween 1S neurons).

SLEEP

Sieep 1s a physiological state of temporary unconsciousness. lts duration
varics inversely with age (average 18 hours in infants, 8 hours in adults and
6 hours in old persons). The sleep / wakefulness 24-hours rhythm is determ-
ined mainly by synchronization with the 24-hours light / dark cycle (sce
below). However, it is also affected by various habits and conditioned

reflexes, as well as by many psychological and physical factors.

PHYSIOLOGICAL CHANGES DURING SLEEP

(1) Circulatory system : The heart rate, cardiac output, vasomotor tone and

arterial blood pressure are all decreased and the circulation time is prolonged
(2) Respiratory system : The rate and depth of respiration are decreased
(so pulmonary ventilation is decreased with a tendency to acidosis) and
periodic breathing may also occur (refer to respiration),

Muscle tone does not cause fatigue ?
fatigue lela=u b antigravity fibers J! 48,5 oS 9 alternating and subtetanic @Y
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Structure of the muscle spindle

Muscle spindles are fusiform stretch receptors present in the fleshy parts
of skeletal muscles parallel to the muscle fibres which are called extrafusal
Jibres (figure 36). Each spindle consists of several small muscle fibres called
intrafusal fibres enclosed in a connective tissue capsule that is attached to
the sides of the extrafusal fibres. The central parts of these fibres are non-
contractile and constitute the receptor arcas of the spindles. On the other
hand, their peripheral parts are contractile and when they contract, they
stretch the central receptor areas. There are 2 types of intrafusal muscle
fibres, which are the following (figure 37) :

60
Chapter 5 Innervation (nerve supply) of muscle spindles

(1) Nuclear bag fibres : These have a dilated central area lilled with
nucler and there are typically 2 of these fibres per spindle.

(2) Nuclear chain fibres : These also have multiple nuclei but they are
arranged as a chain in the receptor area. They are attached to the sides of
the other type, and there are 4-8 of these fibres per spindle.
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Nervous pathway of the stretch reflex

Impulses from the muscle spindles are transmitted to the CNS by its fast
conducting afferent nerve fibres. These proceed directly without interven-
ing interneurons 10 the ventral horns (figure 36) where they excite the alpha
motor neurons that supply the stretched muscle (by releasing glutamate).
Impulses are then transmitted by the alpha motor neurons to the stretched
muscle leading to contraction of its extrafusal fibres,

[herefore, the stretch reflex are contains only one synapse, and it is
probably the only monosynaptic reflex in the body. 1ts reaction time (or
total reflex time) is short (19- 24 milliseconds) and its central delay does not
exceed 0.9 millisecond (proving that it is monosynaptic)

Mechanism of stimulation of the muscle spindles
Ihe adequate stimulus for excitation of the muscle spindles is stretch, and
this can be produced by cither passive stretch of the whole muscle or stim
ulation of the gamma efferent fibres. The latter cause contraction of the pe-
ripheral parts of the intrafusal fibres, which stretches their central parts and
the resulting muscle contraction is said to occur via a gamma-spindle loop

Function of the muscle spindles

The muscle spindles constitute a feedback mechanism that maintains
the muscle length constant. Elongation (stretch) of, the musele excites the
muscle spindles, which leads to contraction and shortening of the muscle.
On the other hand, if the muscle is shortened, the discharge of the muscle
spindles decreases, which leads to relaxation and elongation of the muscle.
Ihe latter response is sometimes called megative streteh reflex (see below).



THE GAMMA EFFERENT SYSTEM

FUNCTIONS OF THE GAMMA EFFERENT NERVES

Stimulation of these nerves leads to stretch of the central parts of the
muscle spindles, which increases the sensitivity of the muscles to stretch and
may result in reflex muscle contraction.

CONTROL OF GAMMA EFFERENT DISCHARGE

The gamma motor neurons are controlled by signals discharged from :
(1) Certain supraspinal areas (page 71) : These discharge facilitatory and
inhibitory signals through the descending tracts (figure 36). Such discharge
adjusts the stretch reflex in skeletal muscles, which is important for approp-
riate control of movements and posture. Also, anxiety is often associated
with increased gamma efferent discharge (by supraspinal facilitatory sign-
als). which causes exaggerated tendon jerks in anxious persons (page 69)..
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Chapter 5 Alpha- gamma linkage & functions of the stretch reflex

(2) The skin : Noxious stimulation of the skin increases the gamma efferent
discharge to the flexor muscles, which potentiates the withdrawal reflex.

(3) The skeletal muscles : Signals from skeletal muscles also inerease the
gamma efferent discharge as shown in the Jendrassik maneuver (page 68).

Alpha gamma linkage (or coactivation)

Whenever the alpha motor neurons are activated (whether by supraspinal
signals or by impulses discharged from skeletal muscles) the gamma motor
neurons are activated at the same time. The role of gamma efferent coactiv-
ation is to prevent relaxation of the muscle spindles during extrafusal
muscle contraction, and to maintain them capable of adjusting the alpha
motor neuron discharge throughout the movement.
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Chapter 4 Superficial (cutaneous) reflexes

(B) CENTRAL REFLEXES

(1) Conditioned reflexes : These are acquired (i.c. develop by learning)
and are integrated in the cerebral cortex.

(2) Unconditioned reflexes : These are inherent (or inborn) 1.e. occur
without learning, and include (a) Hypothalamic reflexes (regulatc many
functions e.g. body temperature and water balance) (b) Midbrain reflexes
(mediate postural reflexes and most visual reflexes) (¢) Medullary reflexes
(mediate cardiovascular, respiratory and digestive reflexes) (d) Spinal ref-
lexes which include superficial, deep and visceral reflexes.

Base of toes
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The following table shows the differences between the static and
dynamic types of the stretch reflex :

DYNAMIC STRETCH STATIC STRETCH
REFLEX REFLEX
, Sudden stretch (by tapping on| Maintained stretch (e.g. by
Stimulus : ‘ R
tendons) gravity)
Afferent | I'ype la fibres N T'ype Il fibres
Brisk contraction and rapid Maintained smooth i
Response ;
relaxation e contraction ]
Function | Has clinical significance only | Production of muscle tone
Adaptation Rapidly-adapting _ Slowly-adapting
Fatiguability Rapidly-fatigued Slowly-fatigued
Enhanced by Jendrassik's and | Not affected by Jendrassik's |
Enhancement W SR 5
similar maneuver and similar mancuvers

; only elicited clinically (by a |exists normally in all muscles
Existence ’ i ;

hammer) specially antigravity muscles

HIGHER CONTROL OF THE STRETCH REFLEX

(A) SUPRASPINAL FACILITATORY AREAS



FUNCTIONS OF THE STRETCH REFLEX

(1) Maintenance of the erect posture against the force of gravity : This
occurs through producing a strong muscle tone in the antigravity muscles.

(2) Damping (smoothing) function : The signals discharged to a muscle
usually have varying intensities, and this would result in incoordinated
movements. However, the signals are adjusted through the alpha-gamma
linkage so that smooth movements are produced (= signal averaging).

(3) Increasing the power of muscle contraction : As a result of the
alpha-gamma linkage, both the extrafusal and intrafusal fibres contract when
a muscle is stimulated. The intrafusal fibres elicit a stretch reflex by the
gamma-spindle loop mechanism (page 61), which results in a more power-
ful contraction of the extrafusal fibres (= servo-assist function).

H REFLEX (= HOFFMANN'S REFLEX)

This 1s a stretch reflex that is produced experimentally by clectric stim-
ulation of the la afferent fibres from a muscle. It is usually elicited by elect-
ric stimulation of the popliteal nerve, and the response is recoreed from the
call"muscles by the clectromyograph.
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THE SKELETAL MUSCLE TONE

DEFINITION

The skeletal muscle tone is a state of continuous mild or partial (or
subtctanic) contraction of skeletal muscles during rest.
MECHANISM

It is a static type of the stretch reflex (page 63) that is produced as a
result of continuous mild streteh of skeletal muscles during rest by the series
elastic elements present in the tendons (refer to muscle and nerve)..
DISTRIBUTION

It is present in all skeletal muscles, but specially in the antigravity
muscles (because they are subjected to more stretch by the force of gravity).
These muscles include (1) Extensors of the lower limbs (2) Flexors of the
upper limbs (3) The muscles of the back and back of neck (4) The elevators
of the lower jaw.

FUNCTIONS OF THE SKELETAL MUSCLE TONE

(1) Itis essential for maintenance of the erect posture.

(2) It helps both the venous return and lymph flow from the lower
limbs (against the force of gravity).

(3) The abdominal muscles' tone prevents visceral ptosis.

(4) It is an important source of heat production. so it is markedly
increased on exposure to cold (refer to energy metabolism).

THE TENDON JERKS (TENDON REFLEXES)

A tendon jerk is the response of a skeletal muscle to sudden stretch
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