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CHAPTER 1 

The Muscle Spindle and the Central Nervous System 
 

The muscle spindle deserves special attention because of its important role as the prime 

organ of muscle sense.  Although misunderstood (for the most part) and discounted by 

most research literature as a simple organ of reflex action, its importance becomes 

obvious when its distribution, structure, innervation and its relationships with the central 

nervous system are explored. 

 

The muscle spindle is found in all skeletal (somatic) muscles.  The number of muscle 

spindles in each muscle varies from one muscle to the next.  The concentration of spindle 

population in a muscle depends upon its function.  The more delicate the movement, the 

higher the muscle spindle count.  In the latissimus dorsi muscle, for example, there are 

approximately 350 muscle spindles or 1.4 muscle spindles per gram of muscle tissue.  In 

the abductor pollicis brevis muscle there are approximately 80 muscle spindles, or 30 

muscle spindles per gram of muscle tissue.  The latissimus dorsi muscle’s primary 

functions are gross strength and stabilization.  It provides the gross shoulder motions of 

abduction and extension and provides for position stabilization during elbow, wrist and 

finger machinations.  The abductor pollicis brevis performs fine thumb movements.  It 

provides delicate motions of thumb abduction and interrelates with other muscles of the 

thumb and fingers to provide the complex coordinated movements.  Such quantitative 

relationships between muscle spindle concentration and muscle function suggest the need 

to examine the muscle spindle construction and function in more depth. 

 

The muscle spindle is cylindrical, tapering to thin “tails” on either end, suggesting a 

spindle shape. Its covering (or capsule) is made up of connective tissue which 

encapsulates muscle fibers (intrafusal muscle fibers) varying from three to ten in 

number.  These muscle fibers are separated from the capsule by fluid.  The muscle 

spindle lies within “normal” muscle fibers (extrafusal muscle fibers) in parallel 

alignment with them.  The intrafusal muscle fibers are made up of two distinct types, 

nuclear bag and nuclear chain fibers.  The nuclear bag fiber is relatively large. It has a 

broad noncontractile equatorial region made up of a high concentration of nuclear cells.  

This region is connected to its two ends by striated contractile polar segments that taper 

down as they extend the full length of the muscle spindle.  The nuclear chain fibers are 

similarly composed, but their noncontractile equatorial regions are thin and made up of a 

single chain of muscle nuclei.  The fibers are considerably shorter than the nuclear bag 

fibers and depend on inelastic collagen fibers for connection between striated contractile 

polar segments and the capsular endings.  The nuclear chain fibers are more numerous 

and are believed to “surround” the nuclear bag fibers.  The capsular endings are directly 

or indirectly inserted on extrafusal muscle tendon by inelastic connective tissue. 

 

The muscle spindle is innervated by two afferent (sensory) nerve types that supply the 

annulospiral and flower spray nerve end organs.  The annulospiral nerve end organ (the 

primary sensory end organ) spirals around the equatorial regions of each of the intrafusal 
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fibers.  It feeds back information on the length of the muscle spindle and on the speed or 

velocity of muscle stretch (phasic response).  This end organ is supplied by a fairly large 

sensory neuron (17 microns in diameter) which has a rapid conduction speed compared 

with the conduction rate of the smaller nerve (eight microns) supplying the flower spray 

ending.  The flower spray nerve end organs are most commonly found on one of the polar 

segments of each of the nuclear chain intrafusal fibers (a small percentage of nuclear bag 

polar segments have been reported to be supplied by flower spray end organs).  Although 

considerable conjecture has been made, no hard evidence has been put forth to substan-

tiate flower spray nerve end organ function.  They are, however, rather insensitive to 

rapid changes in fiber length and are therefore thought to be responsible for the 

perception of tonic response from the nuclear chain fiber. 

 

The muscle spindle is also equipped with an efferent (motor) nerve supply in the form of 

gamma neurons innervating motor end plates (similar to those on extrafusal muscle) and 

fine axonal elongated end organs called trail endings (gamma nerve fibers account for 

30% of the efferent nerve supply).  The motor end plates occur only on the nuclear bag 

fibers (each fiber having several) and the trail endings occur only on the nuclear chain. 

These endings are supplied by efferent gamma nerve fibers (see Figure 1).  Some 

controversy exists over this contention, and in regard to much of the spindle innervation.  

For example, it is clear that gamma efferent neurons innervate spindle contractile 

mechanisms, and this innervation was thought to be exclusive, but there is some evidence 

that other neuron types may also supply spindle efferent innervation.  One study (Adal 

and Barker, 1965, reported by Brodal) produced enough histological evidence to suggest 

an efferent beta (or slow-alpha) fiber simultaneous innervation of both extrafusal and 

intrafusal fibers; this contention was supported by Granit, Henatsch, and Steg (1956, 

reported by Brodal), who physiologically showed that there are two types of alpha motor 

neurons supplying extrafusal muscle.  One type, the phasic alpha neuron, was shown to 

be a large fast conducting nerve fiber innervating “pale” extrafusal fibers utilized for 

rapid forceful contractions.  The other, the tonic alpha motor neuron (sometimes called 

the slow-beta neuron), is a relatively smaller slow conducting fiber which innervates 

“red” extrafusal muscle fibers used to sustain prolonged contractions (in joint 

stabilization).  Some tonic alpha motor neurons have been shown to innervate intrafusal 

muscle fibers.  Presumably, they aid in coordination of the tonic activities of extrafusal 

and intrafusal muscle, but further research should be conducted to explore this function.   

Research techniques are still greatly limited and many questions regarding the muscle 

spindle have yet to be fully answered.  It is quite clear that not only is the muscle spindle 

a sensory mechanism, but also an active mechanism of contraction influenced by the 

supraspinal structures as well. 

 

To understand the muscle spindle and its relationship to the nervous system, we first need 

to explore its operation.  The muscle spindle is stimulated by stretch.  First, stretch is 

perceived by the muscle spindle sensory elements when the entire host muscle is 

stretched and this stretch is communicated to the muscle spindle via its tendon insertions.  

Second, it can also be made to perceive stretch by efferent activation of the contractile  
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polar segments of its intrafusal muscle fibers.  When these segments are made to shorten, 

the sensory endings perceive this as stretch.  Both sensory elements (annulospiral and 




