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Muscle spindle (stretch receptor): detects muscle length
constitutes proprioception together with la sensory fiber

(a) Muscle spindles are buried among

{(b) Muscle spindle sends information
the extrafusal fibers of the muscle.

about muscle stretch to the CNS.

Gamma motor neurons

i from CNS innervate
Extrafusal - intrafusal fibers.
muscle fibers e To CNS
are normal L
contractile -~

Tonically active sen-
fibers. sory neurons send

information to CNS.

region
lacks

myofibrils.

Sy

A((RYZE== X\

Muscle
spindle

AT

Gamma motor
neurons from CNS

(4
LA STIi Y

e e

Intrafusal fibers are found
in muscle spindles.

Extrafusal fiber

Fig. 13-3a,b

———~maniE



Golgi tendon organ: detects the force applied by a contracting muscle

Golgi tendon
organ links the

H ‘x (c) Golgi tendon organ consists of
\ Y sensory nerve endings interwoven
' among collagen fibers.

Extrafusal
muscle fibers

Afferent neuron

Fig. 13-3c
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Muscle spindle reflex: the addition of a load stretches the muscle and the spindles, creating a reflex contraction.

Sensory
neuron card

Spindle L
|V Addlnad
Fig. 13-6a

(a) Add load to muscle. (b) Muscle and muscle spindle (c) Reflex contraction initiated by muscle
stretch as arm falls. spindle restores arm position.




Golgi tendon reflex protects the muscle from excessively heavy loads by causing the muscle to relax and drop the load.

Muscle
irl::hihitlng Neuron from Golgi
! s \I tendon organ fires.
Motor neuron
is inhibited.
| !‘ Muscle relaxes.
{d) Muscle contraction stretches Golgi
tencian organ. {e) If excessive
load is placed on Load is dropped.

muscle, Golgi tendon
reflex causes relaxation,
thereby protecting muscle.
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reflexes




flexion withdrawal: crossed extension reflex in the opposite leg




Integration of voluntary movements

2.PLANNING 3.INITIATING 4. EXECUTING
MOVEMENT MOVEMENT MOVEMENT

-

Cerebellum| <« ----~
. 8 airection
of the above arrowsis =0 —-----= » Feedback pathways
correct. Your text is
incorrect,

Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings. Flg . 13-10



Primary
motor coriex

-

Primary
somatosensory
corlex

r

Caudate
nucheus — T—

Putamen — S8

Globus S8 ——=3

pallidus b

Subthalamus
Veniral

anterior
nucleus

Migrostriatal bundle

Midbrain [dopaminargic)

Thalamus

Ventrolataral £e

nucleus

Substanha—
nigra




GPe - Globus pallidus externus
GPi — Globus pallidus internus
PUT — Putamen

SN - Substantia nigra

STN — Nucleus subthalamicus
THA — Thalamus

Mesencephalon

The image shows dopaminergic pathways of the human brain in normal condition (left) and
Parkinsons Disease (right). Red Arrows indicate suppression of the target, blue arrows indicate
stimulation of target structure



