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Longitudinal view
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(@) Schematic of the series elastic elements

Elastic

Triceps
muscle

muscle

components

Contractile
components

(b) Muscle
at rest

(c) Isometric contraction: Muscle has not
shortened. Sarcomeres shorten, generating
force, but elastic elements stretch, allowing
muscle length to remain the same.

(d) Isotonic contraction: Sarcomeres
shorten more but, since elastic
elements are already stretched,
the entire muscle must shorten.

Muscle length
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(a)

Extrafusal
muscle fibers

Golgi

7 .. tendon organ

o Central region
lacks myofibrils

Muscle
spindle

(b) Muscle spindle
7 ‘ Gamma motor neurons
from CNS

To CNS

Sensory ( I a, ]:[)
neurons

Gamma motor neurons
from CNS

Extrafusal fiber

Intrafusal fiber

(c) Golgi tendon organ

Extrafusal

muscle fibers Afferent neuron ( I b)
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Sensory neuron
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Tendon

Extrafusal fibers

Intrafusal fibers:

Nuclear chain fibers
Skeletal muscle

Nuclear bag fiber

Peripheral nerve
(motor and sensory
nerve fibers)

Connective tissue sheath

Muscle Afferent nerve fibers
spindle (sensory):
(Ia) Primary fiber

Annulospiral
endings

(II) Secondary fiber

Flower-spray
endings

Efferent nerve fibers
(motor):

Gamma fiber

Alpha fiber

Motor end plates

Waldrop
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Muscle spindle reflex: the addition of a load stretches the muscle and the spindles, creating a reflex contraction.

Sensory neuron

Spindle

Motor neuron

Muscle

(@) Add load to muscle. (b) Muscle and muscle spindle (c) Reflex contraction initiated
stretch as arm drops. by muscle spindle restores
arm position.
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Golgi tendon reflex protects the muscle from excessively heavy loads by causing the muscle to relax and drop the load.
Inhibiting
interneuron

Muscle
contracts \

e

Neuron from Golgi tendon
organ fires.

Golgi tendon
organ

(d) Muscle contraction stretches

Golgi tendon organ. kit dn e Boahti

load is placed on
muscle, Golgi tendon
reflex causes relaxation,
thus protecting muscle.

4 Load is dropped.
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Thick filament

Thin filament

Dense bodies

Intermediate
filament

Actin (thin filament)

Myosin head

Myosin (thick filament)
\ 5\

Actin (thin filament)
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