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CHAPTER 104

Muscle Spindle and Golgi Tendon Organ

CHAPTER FRAMEWORK

LEARNING OBJECTIVES: On completion of study of this chapter:
The student will be able to: 
1. Draw a labeled diagram of muscle spindle and describe the

functions of muscle spindle.
2. Outline the innervations and functions of nuclear bag fibers and

nuclear chain fibers
3. Define the role of γ motor neuron in the control of muscle tone.
4. Briefly describe the structure and function of Golgi tendon organ.
5. Illustrate the length feedback and force feedback for regulation of

muscle tone and function.
6. Give the significance of α-γ coactivation.

MUSCLE SPINDLE
Muscle spindles are specialized sense organs present in 
all skeletal muscles. Muscle spindles are the receptors 
that respond to change in muscle length and the velocity 
of lengthening.

Structure 
Muscle spindles are long spindle (fusiform) shaped fibers, 
present inside the fusiform capsules. Therefore, they are 
known as intrafusal fibers. The regular muscle fibers are 
the extrafusal fibers. 
1. About 2 to 12 fibers are present in a muscle spindle. Each

muscle spindle is enclosed in a connective tissue capsule.
2. The muscle spindle is about 100 µm in diameter and 5 to

10 mm in length.

3. The muscle spindle lies in parallel to the regular muscle
fibers and their distal ends are attached to the tendon
of the muscle or to the sides of extrafusal fibers (Fig.
104.1).

4. This parallel arrangement and special attachment help
the spindle to respond to muscle stretch.

Types of intrafusal fibers: They are of two types: the 
nuclear bag fibers, and the nuclear chain fibers.

Figure 104.1: Location of muscle spindle. Note that, in the muscle, 
spindle is surrounded by a fusiform capsule. The peripheral part of 
the muscle spindle is innervated by γ motor neuron and central part 
receives Ia afferent fiber.

Nuclear Bag Fibers
Nuclear bag fibers are longer than the nuclear chain fibers 
(Fig. 104.2). 
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1. These fibers are called nuclear bag fibers as they are 
dilated at their center to form a bag like structure that 
contains multiple nuclei. 

2. Usually, two nuclear bag fibers are present: the nuclear 
bag fiber 1, and the nuclear bag fiber 2. 
i. The bag fiber 1 has low myosin ATPase activity 

and responds best in the dynamic phase of muscle 
stretch. 

ii. The bag fiber 2 has high myosin ATPase activity and 
responds best in the static phase of muscle stretch.

Nuclear Chain Fibers
These are thinner and shorter fibers. 
•	 They are present by the side of the nuclear bag fiber and 

do not have a definitive bag. 
•	 The nuclei in these fibers are arranged in a row in the 

form of a chain, for which they are called nuclear chain 
fibers. 

•	 Usually, four or more nuclear chain fibers are present 
in a spindle.

Figure 104.2: Structure of muscle spindle.

Location of Receptors
The central noncontractile part of the muscle spindle 
contains the receptors whereas the peripheral parts contain 
contractile elements. 
•	 Contractile units are absent in the central portion. 
•	 Thus, stretch of the central part of the spindle activates the 

muscle spindle.

Innervation of Muscle Spindle
The muscle spindles have both afferent (sensory) and 
efferent (motor) innervations.

Afferent Innervation (Sensory Fibers)
Afferent fibers for muscle spindle are Ia and II fibers. Ia fibers 
have larger diameter (12 to 20 µm) than type II fibers (6 to 12 
µm) and have faster conduction velocity. 
There are two types of sensory endings in each muscle 
spindle: the primary endings, and the secondary endings.

Primary Endings: The primary endings are the terminals of 
type Ia afferent fiber. 
1. These are also called annulospiral endings as they are 

coiled spirally around the center of the intrafusal fibers. 
2. Type Ia afferent fiber has two branches. 
3. One branch of Ia fiber terminates on nuclear bag fiber 1, 

and the other branch terminates on the nuclear bag fiber 
2 and the nuclear chain fibers.

Secondary Endings: The secondary endings are the 
terminals of type II afferent fiber. 
1. They are also called flower-spray endings, as they 

appear like flowers. 
2. They are usually present on the nuclear chain fibers. 
3. The secondary endings are located in paracentral part 

of the spindle.

Efferent Innervation (Motor Fibers)
The spindles are innervated by a separate set of motor 
neurons, the γ motor neurons. They are also called 
fusimotor fibers. 
1. These are small nerves arising from the anterior horn cells 

and are having the diameter of 3 - 6 µm. 
•	 They constitute only about 30% of the fibers in the 

ventral root. 
•	 Because of their size and number, they comprise the 

small motor nerve system. 
2. The γ motor neurons supply the peripheral parts of 

intrafusal fibers. 
3. The terminals of the γ efferent fibers on the nuclear bag 

fiber 1 form the plate ending (as they end on the motor 
endplates), and on the nuclear bag fiber 2 and chain fiber 
form the trail ending.

Types of γ Motor Neurons: The γ motor neurons are of  
two types: the dynamic γ  motor neurons that terminate 
on the nuclear bag fiber 1, and the static γ motor  
neurons that innervate the nuclear bag fiber 2 and nuclear 
chain fiber. 
1. Stimulation of dynamic γ motor neurons increases 

response in type Ia afferent fibers (only during the 
dynamic phase of muscle stretch; i. e. during change in 
muscle length).

2. Stimulation of static γ motor neurons increases 
response in type II afferent fibers (only during the static 
phase of muscle stretch; i. e. the maintained stretch). 
Thus, γ motor neurons monitor the muscle length and 

the speed of change in length. 
The muscle spindle is also innervated by β efferent 

fibers and there are both dynamic and static β efferents.

Afferent Discharge Patterns
Two patterns of afferent discharge are obtained following 
stimulation of motor neurons: the dynamic pattern, and the 
static patterns. Both γ and β motor neurons produce these 
two types of responses. 
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2. Thus, spindle adjusts motor neurons discharge
throughout the period of muscle contraction.

Figure 104.5: Mechanism of α–γ coactivation.

GOLGI TENDON ORGAN

Location
Golgi tendon organs (GTO) are found in the tendon of the 
muscles.

Structure
The GTOs are formed by the terminals of the group Ib 
afferent fibers (Fig. 104.6). 
1. The diameter of GTO is about 100 mm and the length

is about 1 mm. These sensory endings are arranged in
series with that of the muscle fibers.

2. The Ib fibers originating from GTO terminate indirectly
on α motor neurons via interneurons.

3. As the interneurons are inhibitory, stimulation of Ib fibers
inhibit the motor neuron activity.

Figure 104.6: Structure of Golgi tendon organ (GTO).

Function
Because of their arrangement (in series) with the muscle, 
GTO can be activated either by muscle stretch or by 
contraction of the muscle. 
1. However, a strong muscle contraction is a stronger

stimulus than the passive stretch of the muscle (Fig.
104.7).
• The passive stretch does not effectively stimulate

GTO because the elastic muscle fibers take up much
impact of the stretch.

• But, the afferents from GTO discharge actively
in response to muscle contraction as muscle
contraction stretches the tendon to a greater extent.

2. The actual stimulus for activation of GTO is the force that
develops in the tendon (by muscle contraction or muscle
stretch).

Figure 104.7: Comparison of 
muscle stretch and strong active 
contraction on GTO activity. Note 
that there is no impulse from 
relaxed muscle and maximum 
impulse from contracted muscle.

Thus, GTO signals the force of muscle contraction, 
whereas the muscle spindle signals the muscle length. 
• Therefore, GTO provides the force feedback whereas

muscle spindle provides the length feedback (Fig.
104.8).

Figure 104.8: Force and length feedbacks in motor control. mn: 
motor neuron.
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