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FROM ABSTRACT

The proprioceptive inputs from the cervical musculature play an important role in
head-eye co-ordination and postural processes.

Deep cervical muscles in humans are shown to have high spindle content.

The density, distribution and morphology of muscle spindles were studied in
superior oblique capitis, inferior oblique capitis and rectus capitis posterior major
and minor sub-occipital muscles.

The muscles were obtained, post-mortem from stillborn human foetus.

The spindle density was calculated as the ratio of mean spindle content to the
mean wet weight of that muscle in grams.  The distribution and arrangement of
spindles within the muscle and their arrangement was studied.

The spindle density of superior oblique muscle was found to be 190, that of
inferior oblique was 242 and the rectus capitis posterior contained 98 spindles per
gram of muscle.

No tendon organs were seen.

The serial transverse sections of inferior oblique muscle revealed muscle spindles
of varying sizes, length varying between 100-650 microns and, diameter 50-250
microns.

A complex parallel arrangement of groups of large spindles were seen in the belly
of the inferior oblique muscle, while the polar regions contain few small isolated
spindles.

THESE AUTHORS ALSO NOTE:

This article studied the density, morphology and distribution of muscle spindles in
the small sub-occipital muscles of humans.

“The neck is regarded as an important proprioceptive organ for postural
processes.”
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Disturbances of gait occurs in experimental animals by interfering with sensory
inputs from the upper cervical region, by either damaging, anaesthetizing, excision
or sectioning of neck muscles, or by cutting upper cervical dorsal roots.

Ipsilateral denervation of cervical musculature is found to have similar effect as
that of unilateral labyrinthectomy. [Dizziness, loss of balance, etc.]

In humans, dizziness and ataxia follow damage or anesthesia of neck muscles,
from whiplash injuries, from altered cervical blood flow, or from disturbances of
cervical sympathetic tone.

Vestibular and cervical proprioceptive inputs converge at the:
(1) vestibular nuclei
(2) thalamus
(3) cerebral cortex
(4) with the afferent inputs from the extraocular muscles at superior colliculus.

Proprioceptive inputs from dorsal cervical muscles are very important in the
complex mechanisms of postural control and head-eye co-ordination.

The muscle spindle receptors of the perivertebral muscles are the major
proprioceptors of the neck, not the joint capsules. [1979]

The muscles in this study were obtained 24 to 48 hours postmortem.

No tendon organs were found in any of the sub-occipital muscles assessed.

Density of Muscle Spindles Per Gram Of Muscle Tissue

Inferior Oblique 242

Superior Oblique 190

Rectus Capitis Posterior Major 98

Rectus Capitis Posterior Minor 98

Lateral Pterygoid 20.3
Opponance Pollicis 17.3
First Lumbrical 16.5
Trapezius 2.2
Latissimus Dorsi 1.4
Medial Pterygoid 0
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DISCUSSION

Humans studies have shown that the “spindle density is highest in hand, foot and
neck muscles, lowest in shoulder and thigh muscles and medium in the more distal
muscles of the arm and leg.”

“In general, high spindle densities have been associated with small muscles
subserving fine motor tasks, as in lumbricals.”

High spindle density is considered when greater than 50-100/gm.

Therefore, human sub-occipital muscles have an extreme high spindle density.

“The small sub-occipital muscles have a very high spindle content and spindle
density, when compared with other human muscles.”

The oblique muscles have significantly higher spindle density than the recti.

This is consistent with other findings that show that rotation muscles have higher
spindle densities as compared to other muscles.

The disparity of the spindle density between the inferior oblique (242/gm) and the
superior oblique (190/gm), is explained on the basis of the range of movement
each muscle is subjected to:

•The superior oblique muscle is inserted from atlas to the inferior nuchal line, and
only a limited rotational movement occurs at the atlanto-occipital joint, and thus
this muscle is subjected to lesser range of movement.

•The inferior oblique muscle is inserted diagonally from spine of the axis to the
lateral tubercle of atlas, and therefore subjected to stretch during almost the
entire range of rotational movement at atlanto-axial joint, and “thus handles
more proprioceptive input.”

The majority of rotational movements of head on the neck occur at the atlanto-
axial joint.

SIGNIFICANCE OF SMALL MUSCLES WITH HIGH SPINDLE DENSITY:

The presence of high spindle densities in the neck muscles concerned with head
movement is related to the motor control of these muscles.

“The convergence of proprioceptive afferents from these muscles with vestibular
and ocular inputs at various levels of neuroaxis is well recognized.”[IMPORTANT]
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“The complex integrative mechanisms involved in head-eye coordination probably
demands complex proprioceptive inputs from the neck muscles which probably is
the reason for their high spindle content.”

However, because the sub-occipital muscles are very small and because they are
inserted very close to the craniovertebral joints with significant mechanical
disadvantage, it seem obvious that these sub-occipital muscles can’t bring about
any significant head rotation. [IMPORTANT]

“Thus, the role of these muscles as the rotators or extensors of the head seems
doubtful.”

“Their closeness and diagonal arrangement around the joints (as in inferior oblique
muscle) and their very high proprioceptive content make them ideal candidates as
sensors of joint position and movements of craniovertebral joints.” [WOW!]

“Physiological studies have shown that small flexion of upper cervical joints cause
major changes in firing rate of spindle afferents from peri-vertebral muscles.”

The authors note that the presence of such a high spindle density of the sub-
occipital muscles, along with the paucity of tendon organs, suggests that these
muscles do not cause joint movement, but rather sense and monitor upper
cervical joint position and movement, sending afferent information into the
neuroaxis. [VERY IMPORTANT]

The authors note that even though other muscle spindle afferent input from other
small muscles (like lumbricals) are monosynaptic excitatory to alpha-
motoneurons, that the processing of spindle afferent input from the sub-occipital
muscles is probably different. [VERY IMPORTANT]

“Kinesthetic information from the sub-occipital muscles may be handled in more
complex ways, as evidenced by convergence of vestibular, oculomotor, visual and
neck proprioceptive inputs at various levels of neuroaxis.”
[EXTREMELY IMPORTANT]

KEY POINTS FROM DAN MURPHY

(1) Proprioceptive inputs from the cervical musculature are important in head-
eye co-ordination and postural orientation.

(2) The sub-occipital muscles in humans have an extremely high spindle
content.

(3) Altering the afferent input from the upper cervical region can result in
disturbances of gait, dizziness, loss of balance, ataxia, etc.
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(4) Known causes of altering the afferent input from the upper cervical region
include whiplash injuries, altered cervical blood flow, and disturbances of cervical
sympathetic tone.

(5) Cervical proprioceptive afferent inputs, vestibular afferent inputs
(labyrinthine), and afferent inputs from the extraocular muscles converge at the
vestibular nuclei and affect the thalamus and  the cerebral cortex. [WOW!]

(6) The muscle spindles of the cervical perivertebral muscles are the major
proprioceptors of the neck, not the joint capsules. [1979 article]

(7) Other muscles with high spindle density are found in the hand and foot.
[Orthotics, Foot Levelers, etc.]

(8) Human suboccipital muscles have an extreme high spindle density, far
greater than 50-100/gm, and far greater than other human muscles.

(9) The highest spindle density is in the inferior oblique muscle which crosses
atlanto-axial joint and handles the greatest proprioceptive input.

(10) The proprioceptive input from the sub-occipital joints is from sensing joint
position and movements of craniovertebral joints.

(11) Most importantly, sub-occipital muscles proprioceptive input (along with
vestibular organ and oculomoter afferent input) do much more than monosynaptic
excitation of alpha-motoneurons.  They send afferent input that integrates at
numerous regions of the neuroaxis, including the vestibular nucleus, visual relays
in the mesencephalon (where the periaqueductal gray lives), the thalamus, and
the cortex.

COMMENTS FROM DAN MURPHY

This is a great article with huge applications for most chiropractors, especially
upper cervical chiropractors, postural chiropractors, and neurology chiropractors.

The supported model is that upper cervical mechanical afferentation is dependent
upon positional and movement parameters of the sub-occipital joints and such
influences on the muscles.

In turn, this mechanical afferentation influences the brain through relays in the
vestibular nucleus, superior colliculus, thalamus and cortex.

This article includes whiplash trauma as a known cause of disturbance of upper
cervical mechanical afferentation.

This article also includes the sympathetic tone controlled autonomic concomitants
of vascular supplies that I learned in neurology diplomate class.


