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Stretch Receptor and Somatic Dysfunction: A
Narrative Review

Mark A.W. Andrews, PhD

From its founding by Andrew Taylor Still, MD, DO, through the work of many
contributors, one of the cornerstones of osteopathic medicine has been its
ability to aid health by promoting neuromuscular homeostasis. As part of the
understanding of osteopathic medicine since the time of Still, the proper
functioning of stretch receptor organs (SROs) of skeletal muscle have been
recognized as having a central role in this homeostasis. In doing so, the
complexities of these numerous and vital sensors are described, including
recent findings regarding their structure, function, and the nature of their
neural connections. In their homeostatic role, SROs conduct information
centrally for integration in proprioceptive and autonomic reflexes. By virtue
of their integral role in muscle reflexes, they are putatively involved in
somatic dysfunction and segmental facilitation. In reviewing some well-
established knowledge regarding the SRO and introducing more recent
scientific findings, an attempt is made to offer insights on how this
knowledge may be applied to better understand somatic dysfunction.
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steopathic medicine was founded on the premise that homeostasis in struc-

ture and function plays a central role in health and disease. It is also a

premise of osteopathic medicine that the proper functioning of the neuro-

muscular system can be aided through the use of osteopathic manipulative therapy
(OMT)." Being the most numerous sensors in the body,? stretch receptor organs (SROs),
with their complex internal structure and complex neural connections, are well recognized
as playing a central role in neuromuscular homeostasis. As such, SROs are essential for
encoding the effects of external mechanical perturbations to the body and changes in
muscle length.® This review is directed to communicate updates of major concepts
regarding the function of SROs and their possible clinical involvement with somatic dys-
function. In so doing, I have fully reviewed information from classic publications, dating
back to 1888, through current literature describing functional aspects of the SRO, and
have proposed logical links of recent breakthroughs to the bases of somatic dysfunction.
Being the basis of the monosynaptic myotatic reflex and the Hoffmann reflex, the
microscopic proprioceptive SROs are sensitive to absolute stretch as well as to the rate
of stretch of a muscle. Such sensitivity, coupled with their efferent connections and
contractile capacity to self-adjust their length, makes SROs the essential component

of any skeletal muscle reflex and allows coordinated movement with their constant
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bidirectional communication with the central nervous
system (CNS). However, as discussed by Korr,* the
constant setting-resetting of SROs, as they work in
series with the extrafusal (typical skeletal) muscle
fibers, combined with their complex communication
with the CNS, most likely causes significant input-output
mismatching. This mismatching has been recognized
since the founding of osteopathic medicine by Andrew
Taylor Still, MD, DO.! Still referred to such mismatch-
ing as osteopathic lesions, and these lesions became
recognized in the concept of somatic dysfunction.

Since the foundational work of Korr and Denslow on
somatic dysfunction, segmental facilitation, and the role
of proprioceptors,*® the understanding of propriocep-
tion and SROs has advanced significantly, as will be
discussed, though few of these advances have been
considered in the osteopathic literature. Although there
have been alternate explanations regarding the bases of
somatic dysfunction and the mechanism of action of
osteopathic manipulative therapies,"*"'* SROs remain
at the center of many theories and rightfully maintain
the attention of osteopathic medicine. The more com-
plexity that is revealed in the function of SROs, the
more likely it appears that they are involved in somatic
dysfunction. However, the scientific basis of such dys-
functions and mechanisms of their amelioration remain
to be fully elucidated. This review revisits classic publi-
cations and introduces recent scientific advances
regarding SROs in order to update the understanding
of the relationship between SROs and somatic
dysfunction.

The history of the osteopathic lesion, as described by
Still and further expounded on by other osteopathic
practitioners and scientists is reviewed in detail
elsewhere.! Concerning the current review of related
concepts, it can simply be stated that Still had a very
general definition of lesion in mind, holding a mechan-
istic view of health and disease when he spoke of
lesions. To him, lesions were obstructions to the
correct function of the body, ie, anything that restricted
normal function of the bodily systems, including blood

flow, lymphatic flow, or neural activation. This view

was very much in keeping with the ideas of his time
regarding the maintenance of a stable state within the
body, first stated by Claude Bernard, MD."® This
concept was further refined by Walter Cannon, MD, '
as he coined the term “homeostasis” and proposed the
essential character of this condition. Along this line of
thought, Still stated that through use of OMT, the osteo-
pathic physician can make “adjustments” to solve such
lesion and allow the body to use its inherent capacities
to regain and maintain health.

While there is increasing evidence of the treatment
effects of OMT,'>"!® the mechanisms underlying the
benefits of osteopathic manipulation, along with neuro-
physiological mechanisms that may underlie somatic
dysfunction, still remain to be fully elucidated.'®*!
The possibility for a central role of the SRO in somatic
dysfunction was first intimated by the work of Denslow
et al,® in their groundbreaking scientific investigations
of the osteopathic lesion, but many years passed
before Korr* fully addressed the importance of these
proprioceptors in proposing a theory of segmental
facilitation and somatic dysfunction involving SROs.
Since that time, many discussions of somatic dysfunc-
tion have rightly involved the SRO; however, further
knowledge has always depended on deeper comprehen-
sion of the complex functioning of proprioceptors,
including SROs. Research and publications over the
past few decades have greatly enhanced our knowledge
of the structure and function of SROs and now allows
for more in-depth discussions of the involvement of
SROs in somatic dysfunction. While this review is by
no means all-encompassing, it attempts to open these
discussions and touch on the main points of a highly
complex topic, hopefully piquing the curiosity of

others to follow.

Historical Perspective

There has been significant historical interest in
kinesthesia and proprioception through the years.??
In recent decades, SROs have rightly been recognized

as one of the most complex sensory organ systems of
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the body.>?*> While seemingly less complex than the
eye and ear, SROs are far more numerous and have
both afferent and efferent connections, illustrating their
complexity as sensory organs. The term kinesthesia,
first introduced by Bastian,>* was used to refer to
sensations of limb position and movement.
Sherrington® later coined the term proprioception,
literally meaning "sense of self," with the muscles
“acting as a stimulus to its own receptors.” While
information from all proprioceptive organs provides
input to the CNS, with integration at the spinal and
higher levels, it is mainly input from approximately
44,000 SROs*® that allow the CNS to construct a
conscious representation of body position and
movement, while allowing muscular adaptation via
efferent signaling. While kinesthesia and propriocep-
tion were topics of interest in Still’s lifetime, the
existence of SROs was unrealized; nonetheless, the
description of the osteopathic lesion was an amazingly
accurate understanding of what might occur in the
body under stress.'

Shortly after the foundational work of Adrian and
Zotterman®’ recognized the highly complex nature of
SRO signaling while conducting some of the first func-
tional studies of action potential conduction in neurons.
Recording the electrical response of muscle stretch on
SRO output, they found short-term and longer- duration
components of the signals now recognized as corre-
sponding to the tonic and dynamic responses of the
intrafusal fibers of the SROs. They also proposed that
SRO sensitivity was modified by the CNS and noted
the possible involvement of the autonomic nervous
system (ANS). In consequent research, Matthews?®
recorded the firing of multiple types of afferents from
muscle corresponding to group Ia, group I, and an add-
itional group Ib afferents later determined to correspond

to signaling of the Golgi tendon organs.

Structure and Function of the SRO
The complexity of the SROs, which brought Korr* to

infer their role in somatic dysfunction, is quite evident

on investigation (Figure). The SROs, which encompass
the intrafusal fibers and their neural attachments, are 4
to 10 mm in length and 80 to 250 pum in diameter,
with the wide range in sizes due to the varying
number of fibers in each spindle.****° The entire SRO
is enveloped in an external capsule, similar to a peri-
mysium that attaches into the perimysium of extrafusal
fibers.*! While there are numerous intrafusal fibers in
each SRO, much of the volume is due to the specialized
intracapsular fluid. This fluid has been compared to
lymph, but in addition it includes a high concentration
of hyaluronan, the polysaccharide found in synovial
fluid.** While hyaluronan may aid cellular homeostasis
and the exchange of nutrients and wastes,> it also has
the capacity to greatly enhance the fluid viscosity and
help generate a low friction environment in which intra-
fusal fibers can sense and respond to changes in muscle
length. The fluid also allows clear separation among the
intrafusal fibers and reduces the problem of the intrafu-
sal fibers being compressed by the contraction of extra-
fusal fibers squeezing the SRO.

The SROs lie parallel among extrafusal muscle fibers
in the central areas of whole muscles.® Due to this
parallel arrangement and the low-friction intrafusal
environment, SROs are exquisitely sensitive to

changes in muscle length. However, while all muscles

Inna(ulsal
Muscle Fibers

)

y-Motoneurons
Extrafusal
Muscle Fibers

et et /
-.-‘-Illl'|:

a-Motoneuron

Figure.

Anatomic and neural pathways of the muscle spindle.
Reprinted from: Clark BC, Thomas JS, Walkowski SA,
Howell JN. The biology of manual therapies. J Am
Osteopath Assoc. 2012;112(9):617-629.
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contain SROs, these receptors are not equally distribu-
ted in muscles, with the highest SRO density found in
muscles of fine motion with over 100 SROs per gram
of muscle (eg, extraocular and lumbricals) and those
helping maintain posture (eg, soleus). The lowest
density of SROs is found in muscles initiating gross
movement or responsible for great force generation
(eg, gastrocnemius).***> Embryonically, intrafusal
fibers have the same mesodermal origins as extrafusal
fibers, being multinucleated and arising from fusion of
myotubes.>' Being skeletal muscle fibers, the intrafusal
fibers share characteristics with extrafusal fibers. Each
fiber is covered by an internal capsule similar to the
endomysium of extrafusal fibers but are generally
thinner, averaging 10 wm in diameter compared with
the typical extrafusal fiber diameter of 60 to 80 wm
and are much shorter at 4 to 7 mm.***’

The fibers within the SRO are of 2 general anatomic
types as illustrated in the Figure and first described by
Boyd*®: slender, cylindrical cells referred to as nuclear
chain fibers, which have their nuclei arranged in a
straight “chain” in their equatorial region; and nuclear
bag fibers, out pouched in their equatorial regions,
thus appearing as a bags with their numerous nuclei in
a dense equatorial grouping. Being sensory in these
equatorial regions, intrafusal fibers also have contractile
capacity in their polar regions, allowing them to shorten
in tandem with extrafusal fibers so that they do not go
slack when extrafusal fibers are shortened. The fiber
type of the polar regions of intrafusal fibers is much
more diverse than the fiber types (slow-, intermediate-,
and fast-twitch) of extrafusal fibers,*37 and their sarco-
plasmic reticular calcium-ATPase isoforms are also
diverse.*®

While there is some variability, afferent innervation
of each SRO generally includes a single “primary”
group la neuron that coils around and innervates the
equatorial regions of all intrafusal fibers, forming the
annulospiral endings and multiple smaller secondary
group II neurons innervating the nuclear chain fibers in
“flower-spray” receptor endings.’*** Both afferents

have a baseline signal frequency that increases as they

are stretched. Such increased firing is due to the
increase in the dual sodium-calcium activation current
of the mechanosensitive terminals.*! However, this
afferent signaling is complex and has both tonic and
dynamic components.> The nuclear chain fibers are
classified as tonic sensors, with their afferent signal
frequency related to their absolute length. On the other
hand, nuclear bag fibers, thought for many years to
function solely as dynamic sensors, are now recognized
to be of the following functional types: bagl fibers,
which signal dynamic changes in length which is then
signaled to the CNS by the primary group la afferents,
and bag?2 fibers which, like nuclear chain fibers, signal
absolute length.“’46 Likewise, as the muscle shortens,
the firing rate of both afferents decrease as the fibers
return to their original length.>® However, the more
that is known, the more complexities are revealed, and
it is recognized that some SROs lack bagl fibers and
are still capable of generating a dynamic response.*’
Although this area requires further investigation for
clarification, it implies that the bagl fibers are not
essential to the dynamic response of primary endings
and adds complication to the understanding of the
signaling process.

The afferent response of SROs to muscle stretch is
well recognized as playing an essential feedback role
in regulating the state of extrafusal fibers. At the most
basic level, stretching of intrafusal fibers initiates the
monosynaptic myotatic reflex, generating the afferent
component of the reflex, which will then cause coacti-
vation of the efferent alpha- and gamma-motoneurons
to activate the extrafusal and intrafusal fibers of the
same, ie, homonomous, muscle. This homeostatic
reflex helps extrafusal muscle fibers resist rapid,
strong, and damaging stretch, but because of the
complexity of the reflex, there are points within the
reflex at which malfunctions could happen. The alpha-
gamma coactivation ensures that intrafusal fibers
shorten in tandem with the extrafusal fibers of the
homonomous muscle, shortening so that the SROs do
not go slack and are thus able to retain their sensitivities

and respond to consequent stretches.*> The tonic
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intrafusal fibers and dynamic bagl fibers are specific-
ally activated by gamma-static and gamma-dynamic

. 4
motoneurons, respectively. 8

Osteopathic Relevance of the SRO

Given the known complexity of the SRO, it is easy to
appreciate that malfunction of the SRO may be linked
to somatic dysfunction and segmental facilitation.
While some researchers®™® have made no reference to
the proprioceptors in their initial studies, Korr* later
presented the initial insight into SRO malfunction in
the gamma-loop hypothesis. In this hypothesis, he
proposed that altered proprioception via malfunctioning
SROs can lead to an increased gamma-motoneuron
drive because of an enhanced “gain” in the SRO
system. In Korr’s understanding, such altered
gamma-motoneuron activity might result from “minor
accidents or trauma of daily life,” which would initially
unload the SROs and erroneously decrease gamma-
motoneuron activity. However, due to the loss of affer-
ent signal from the SROs, there could be an enhanced
gamma-motoneuron drive to shorten the intrafusal
fibers to regain the afferent signaling from the SROs.
Such enhanced central drive, because of alpha-gamma
coactivation, might lead to an overworking of the extra-
fusal fibers and increase extrafusal contractile force,
generating the tissue texture change and tenderness
noted in a somatic dysfunction and facilitated
segment.”®*° Therefore, from a minor trauma there
could arise a significant malfunction of the SROs,
which could lead to excessive gamma- and alpha-
motoneuron stimulation. Without intervention, this
stimulation might generate long-term effects and patho-
logic changes to the muscle and to the viscera via
neuronal reflexes, ie, somatovisceral changes.
Alternatively, malfunctions generated in the viscera
might lead to changes in the somatic tissue, ie, viscero-
somatic changes. While evidence has increased over the
years, the hypothesis has neither been fully confirmed
nor disproven, and future research in this area should

prove to be very informative.
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As can be understood, with such trauma and with
their complex second-to-second activity, SROs are
continually adjusting as the extrafusal fiber lengths
change. As a result it is likely that malfunctions, as

hypothesized by Korr*’

and Denslow® may occur.
Unlike controlled laboratory conditions, where signals
from a single Group Ia afferent are typically reprodu-
cible, as are responses from different SRO preparations
to the same stimulus,’® in vivo conditions are not as
rigorously controlled nor controllable. Also since the
SROs are not directly linked to the extrafusals in a
syncytial arrangement, in vivo there is no assurance
that the extrafusal fibers and the SROs are always
working in “lock-step,” or that they would fire correctly
at all times. In fact, being a biological system with
linkage between alpha- and gamma-motoneurons
requiring CNS involvement, activation together and in
“lock-step” at all times is unlikely and in agreement
with the gamma-loop hypothesis.

The likelihood of SROs malfunctioning is even more
reasonable when it is recognized that, even under
highly controlled experimental conditions, SROs have
been recorded to malfunction.’®>' Experiments have
shown that the SROs require a conditioning prestretch
or oscillation to return to their initial control state for

d.>%3! Such results

reliable results to be generate
indicate that if intrafusal fibers are not returned to their
control state, with a periodic stretch or oscillation, there
may be phase advance and distortion in the afferent
output that would affect the efferent response. It has
been proposed that this phase advance may cause a
nonlinear firing relationship between the dynamic and
static afferent signals of the SRO, possibly due to the
bagl and bag2 intrafusal fibers functioning differently
but signaling along the same Ia afferent.’® Being
found in vivo, it is rather likely and it is proposed here
that such malfunctioning, such as phase advance of
SRO output, can occur in vivo, with OMT functioning
as the periodic resetting mechanism. In a recent study
involving simulated spinal manipulation in cats, the
unloading of the SROs silenced their afferent firing for
1.3 £ 0.6 seconds (range, 0.1-4.3 seconds),’? a very
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physiologically relevant duration that would be more
than sufficient to reset SROs and possibly initiate a
functional change in gamma-motoneuron activity.

Afferent malfunction has also been shown to occur
in humans, where application of a high frequency
vibration to muscles can alter the proprioceptive
perception of participants.>® In addition, illustrating
other possible malfunctioning of the SRO, it has been
shown that SRO afferents fire more action potentials
during the dynamic response of an initial experimental
trial than in consequent trials.>* The reduced response
was also reflected in the associated activity recorded
from alpha-motoneurons, showing that the change
occurs throughout the stretch reflex,>* again indicating
possible CNS involvement in SRO activity.

As concerns efferent signaling, results by Ellaway

et al,>®

illustrate that gamma-motoneuron firing is
more complex than responding with a simple alpha-
gamma coactivation. Instead, the gamma-static and
gamma-dynamic motoneurons have been recorded
firing at various rates seemingly dependent not only on
feedback from the SRO, but from input from the CNS
and what is expected to be sensed. In such a way, it is
hypothesized that altered afferent function, or more
central or viscerosomatic input, may alter gamma- and
alpha-motoneuron firing and cause segmental facilita-
tion and concomitant muscle hypertonicity as described
by Denslow and Clough,” Denslow et al,® Korr,” and
Denslo.® If such enhanced spinal segmental moto-
neuron excitability occurs, it could be the result of
SRO malfunctions or involve the CNS. Additionally,
such noted complex behavior of the gamma-static and
gamma-dynamic motoneurons is of further interest
because their functions, and the reason for having
multiple classes of gamma-motoneurons, is yet to be
fully elucidated.

It is also of interest to note that muscle from elderly
persons is known to have altered SRO activity, leading
to decreased proprioceptive acuity and increased
passive stiffness.’®>’ While such changes are a
clinically important link to geriatric balance and falls,

they may also be linked to the enhanced incidence of

somatic dysfunction empirically reported in elderly
persons. Such decreased proprioception may, similar
to the gamma-loop hypothesis, relate to decreased
afferent signaling, which in turn could lead to enhanced
gamma-motoneuron drive to shorten the intrafusal
fibers and enhance afferent feedback. The enhanced
gamma-motoneuron activity might then concomitantly
co-activate the extrafusal fibers and generate the
stiffened condition that is noted in these individuals.
In addition the level of dehydration often found in this
age group could affect the fluid content of the SRO
described previously in other studies. Such dehydration
may enhance frictional forces within the SROs as the
intrafusal fibers are brought closer together and also
make them more apt to be affected by extracapsular
pressures.

In addition to changes in afferent and efferent signal-
ing, material properties of muscle may also be involved
in SRO malfunction. It was recently found that in vivo
muscle exhibits the property of thixotropy. This pro-
perty is expressed by stating that the current viscosity
of a material is decreased by prior activity, eg, shaking
a bottle of ketchup to decrease its viscosity and enhance
its flow. In muscle, thixotropy involves an initial
stiffness that yields to more fluidity in movement as
motion is continued. Such thixotropy in extrafusal
muscle fibers appears to maintain crossbridge connec-
tions in resting muscle, causing a slower contraction at
the initiation of muscular movement.>®> Thixotropy
could possibly aid in postural stability against short-
lived external perturbations. However, if it occurs in
the polar regions of intrafusal fibers, it could pose a
problem: intrafusal fibers may not be able to respond
as quickly or take up the “slack” when extrafusal
fibers activate, resulting in a hindrance in their ability
to track along with extrafusal fibers. As studies of
thixotropy in muscle are limited, further research is
needed to fully understand the implications in SRO
function.

While the recent scientific findings presented here are
of significant interest and shed some light on the

relationship between SROs and somatic dysfunction,
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there is a significant caveat when discussing research on
SROs: most of the research has been accomplished in
distal limb muscles, with minimal research having
been done on more proximal and axial muscle. This
lack of research is primarily due to the difficulty in
dissecting proximal and spinal muscles, but in recent
years, new techniques and surgical procedures have
been developed to better investigate spinal muscles.
Results from related experiments®® indicate that SROs
from feline longissimus lumborum muscles may differ
functionally from those found in the limbs. This
makes sense, as the specific function of spinal
muscles, being supportive, differs from that of distal
limb muscles, although further research is needed to
determine the reasons and extent of these differences.

Regarding somatovisceral and viscerosomatic
reflexes, while the ANS seems to be the appropriate
center for this response, there is still much to be
learned and understood concerning the ANS and its
connection to the proprioceptive senses. The lack of a
complete knowledge of the ANS is illustrated by
research indicating the sympathetic innervation of
SROs®*%? that is in agreement with the results of
Strauss et al.%® In that study, an induced injury to the
distal portion of the sciatic nerve of rat hindlimbs
caused atrophy and altered the morphology of the
anococcygeal muscles, smooth muscle far removed
from the induced injury but innervated via the ANS at
the same segmental level. My thought concerning
those results was that the alteration in the proprio-
ceptive input led to CNS adaptations that affected the
output of the ANS to the smooth muscle. It is also
proposed here that, along with altered input to the
smooth muscle, the heightened sympathetic influence
can also cause an increase in the blood flow to the
skeletal muscle with concomitant reduction in the flow
to the smooth muscle, with possible generation of a
facilitated segment. This hypothesis remains to be
tested.

Of the information presented herein concerning
SROs, while primarily addressed to foundational

scientific findings of Korr and Denslow, none of the
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information I presented downplays the possibility of

6465 or other

central sensitization and habituation
effects involving the CNS. Neither does it downplay
the involvement of Golgi tendon organs, the other
proprioceptive organs of muscle and tendon. Although
less complex, these organs may also play a significant
role in somatic dysfunction. As noted above, the more
that is known concerning proprioception and spinal
reflexes, the more it appears that higher neural centers
are involved.®® In addition, the misfiring of neurons
involved in phantom pain, which can be viewed as a
viscerosomatic reflex, are of growing significance
because of the increased incidence of battle-based
amputations.®” While phantom pain differs from
viscerosomatic and somatovisceral reflexes, it is
similar in complexity as concerns the involvement
with the CNS.

Conclusion

Proprioception and SROs have come to be recognized
as being more complex than could have been realized
only a few decades ago. It is highly likely that such
functional complexity, with various afferent and
efferent connections, may lead to malfunctions. In all,
while research has led to significant gains in knowledge
regarding SRO activity, there remains much yet to be
discovered. Further research will be necessary to come
to a more full understanding of the working of the
SROs, their interconnections with the CNS concerning
somatovisceral and viscerosomatic interactions, the
exact mechanisms of the malfunctions, and the
ameliorative mechanisms of OMT. I hope that this
thorough review of pertinent information, including
recent discoveries, may contribute to a better
understanding of SROs and somatic dysfunction and
help lead to studies that yield definitive statements

regarding the role of SROs in somatic dysfunction.
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