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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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O
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).1 Being the most numerous sensors in the body,2 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.3 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,4 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.1 Still referred to such mismatch-

ing as osteopathic lesions, and these lesions became

recognized in the concept of somatic dysfunction.4

Since the foundational work of Korr and Denslow on

somatic dysfunction, segmental facilitation, and the role

of proprioceptors,4-8 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,1,9-12 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.1 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.13 This

concept was further refined by Walter Cannon, MD,14

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,15-18 the mechanisms underlying the

benefits of osteopathic manipulation, along with neuro-

physiological mechanisms that may underlie somatic

dysfunction, still remain to be fully elucidated.19-21

The possibility for a central role of the SRO in somatic

dysfunction was first intimated by the work of Denslow

et al,6 in their groundbreaking scientific investigations

of the osteopathic lesion, but many years passed

before Korr4 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.22

In recent decades, SROs have rightly been recognized

as one of the most complex sensory organ systems of
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the body.3,23 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,24 was used to refer to

sensations of limb position and movement.

Sherrington25 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 SROs26 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.1

Shortly after the foundational work of Adrian and

Zotterman27 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, Matthews28

recorded the firing of multiple types of afferents from

muscle corresponding to group Ia, group II, 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 Korr4 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 mm in diameter,

with the wide range in sizes due to the varying

number of fibers in each spindle.3,29,30 The entire SRO

is enveloped in an external capsule, similar to a peri-

mysium that attaches into the perimysium of extrafusal

fibers.31 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.32 While hyaluronan may aid cellular homeostasis

and the exchange of nutrients and wastes,33 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.3 Due to this

parallel arrangement and the low-friction intrafusal

environment, SROs are exquisitely sensitive to

changes in muscle length. However, while all muscles

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).34,35 Embryonically, intrafusal

fibers have the same mesodermal origins as extrafusal

fibers, being multinucleated and arising from fusion of

myotubes.31 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 mm in diameter compared with

the typical extrafusal fiber diameter of 60 to 80 mm

and are much shorter at 4 to 7 mm.36,37

The fibers within the SRO are of 2 general anatomic

types as illustrated in the Figure and first described by

Boyd36: 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,30,37 and their sarco-

plasmic reticular calcium-ATPase isoforms are also

diverse.38

While there is some variability, afferent innervation

of each SRO generally includes a single “primary”

group Ia 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.39,40 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.41 However, this

afferent signaling is complex and has both tonic and

dynamic components.3 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: bag1 fibers,

which signal dynamic changes in length which is then

signaled to the CNS by the primary group Ia afferents,

and bag2 fibers which, like nuclear chain fibers, signal

absolute length.42-46 Likewise, as the muscle shortens,

the firing rate of both afferents decrease as the fibers

return to their original length.36 However, the more

that is known, the more complexities are revealed, and

it is recognized that some SROs lack bag1 fibers and

are still capable of generating a dynamic response.47

Although this area requires further investigation for

clarification, it implies that the bag1 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.45 The tonic
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intrafusal fibers and dynamic bag1 fibers are specific-

ally activated by gamma-static and gamma-dynamic

motoneurons, respectively.48

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 researchers5-8 have made no reference to

the proprioceptors in their initial studies, Korr4 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.5-8,49 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.

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 Korr4,7 and Denslow8 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,50 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.50,51 Experiments have

shown that the SROs require a conditioning prestretch

or oscillation to return to their initial control state for

reliable results to be generated.50,51 Such results

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

bag1 and bag2 intrafusal fibers functioning differently

but signaling along the same Ia afferent.50 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),52 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.53 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.54 The reduced response

was also reflected in the associated activity recorded

from alpha-motoneurons, showing that the change

occurs throughout the stretch reflex,54 again indicating

possible CNS involvement in SRO activity.

As concerns efferent signaling, results by Ellaway

et al,55 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,5 Denslow et al,6 Korr,7 and

Denslo.8 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.56,57 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.55 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 experiments59 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

SROs60-62 that is in agreement with the results of

Strauss et al.63 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

information I presented downplays the possibility of

central sensitization and habituation64,65 or other

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.66 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.67 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.

References
1. Liem T. A.T. Still’s osteopathic lesion theory and evidence-based

models supporting the emerged concept of somatic dysfunction. J Am

Osteopath Assoc. 2016;116(10):654-661.

REVIEW

The Journal of the American Osteopathic Association August 2019 | Vol 119 | No. 8 517



2. Proske U, Gandevia SC. The kinaesthetic senses. J Physiol. 2009;587

(pt17):4139-4146. doi:10.1113/jphysiol.2009.175372

3. Matthews PB. Muscle spindles and their motor control. Physiol Rev.

1964;44:219-288.

4. Korr IM. Proprioceptors and somatic dysfunction. J Am Osteopath

Assoc. 1975;74(7):638-650.

5. Denslow JS, Clough GH. Reflex activity in the spinal extensors.

J Neurophysiol. 1941;4:430-437.

6. Denslow JS, Korr IM, Krems AD. Quantitative studies of chronic

facilitation in human motoneuron pools. Am J Physiol.

1947;150:229-238.

7. Korr IM. The neural basis of the osteopathic lesion. J Am Osteopath

Assoc. 1947;47(4):191-198.

8. Denslow JS. Neural basis of the somatic component in health and

disease and its clinical management. J Am Osteopath Assoc. 1972;72

(2):149-156.

9. Patterson MM, Steinmetz JE. Long-lasting alterations of spinal reflexes:

a potential basis for somatic dysfunction. Man Med 1986;2:38-42.

10. van Buskirk RL. Nociceptive reflexes and the somatic dysfunction: a

model. J Am Osteopath Assoc. 1990;90(9):792-809.

11. Fryer G. Somatic dysfunction: an osteopathic conundrum. Int

J Osteopath Med. 2016;22:52-63.

12. Zein-Hammoud M, Standley PR. Modeled osteopathic manipulative

treatments: a review of their in vitro effects on fibroblast tissue

preparations. J Am Osteopath Assoc. 2015;115(8):490-502.

doi:10.7556/jaoa.2015.103

13. Olmsted JMD, Harris E. Claude Bernard and the Experimental Method

in Medicine. New York, NY: Henry Schuman; 1952.

14. Cannon WB. The Wisdom of the Body. New York, NY: WW Norton &

Company Inc; 1932.

15. Saggio G, Docimo S, Pilc J, Norton J, Gilliar W. Impact of osteopathic

manipulative treatment on secretory immunoglobulin A levels in a

stressed population. J Am Osteopath Assoc. 2011;111(3):143-147.

16. Licciardone JC, Kearns CM, Minotti DE. Outcomes of osteopathic

manual treatment for chronic low back pain according to baseline pain

severity: results from the OSTEOPATHIC Trial. Man Ther. 2013;18

(6):533-540. doi:10.1016/j.math.2013.05.006

17. Hensel KL, Buchanan S, Brown SK, Rodriguez M, Cruser DA.

Pregnancy research on osteopathic manipulation optimizing treatment

effects: the PROMOTE study. Am J Obstet Gynecol. 2015;212(1):108.

e1-e9. doi:10.1016/j.ajog.2014.07.043

18. Cerritelli F, Pizzolorusso G, Renzetti C, et al. A multicenter, randomized,

controlled trial of osteopathic manipulative treatment on preterms.

PLoS One. 2015;10(5):e0127370. doi:10.1371/journal.pone.0127370

19. Korr IM. Somatic dysfunction, osteopathic manipulative treatment, and

the nervous system: a few facts, some theories, many questions. J Am

Osteopath Assoc. 1986;86(2):109.

20. Ruhlen RL, Singh VK, Pazdernik VK, et al. Changes in rat spinal cord

gene expression after inflammatory hyperalgesia of the joint and

manual therapy. J Am Osteopath Assoc. 2014;114(10):768-776.

10.7556/jaoa.2014.151

21. Shanahan LKT, Raines SGM, Coggins RL, Moore T, Carnes M, Griffin L.

Osteopathic manipulative treatment in the management of Isaacs

syndrome. J Am Osteopath Assoc. 2017;117(3):194-198. doi:10.7556/

jaoa.2017.035

22. Hulliger M. The mammalian muscle spindle and its central control. In:

Reviews of Physiology, Biochemistry and Pharmacology. Berlin,

Heidelberg: Springer; 1984:1-110.

23. Suslak TJ, Jarman AP. Stretching the imagination beyond muscle

spindles - stretch-sensitive mechanisms in arthropods. J Anat.

2015;227(2):237-242. doi:10.1111/joa.12329

24. Bastian HC. The “muscular sense”; its nature and localization.

Brain. 1888;10:1-36.

25. Sherrington C. On the proprio-ceptive system, especially in its reflex

aspects. Brain. 1906;29:467-482.

26. Banks RW. The innervation of the muscle spindle. J Anat. 2015;227

(2):115-135. doi:10.1111/joa.12297

27. Adrian ED, Zotterman Y. The impulses produced by sensory

nerve-endings, part II: the response of a single end-organ.

J. Physiol. 1926; 61(2):151-171.

28. Matthews BH. Nerve endings in mammalian muscle.

J Physiol. 1933;78:1-53.

29. Kucera J, Walro JM. Sequences of intrafusal fiber formation are

muscle-dependent in rat hindlimbs. Anat Embryol (Berl). 1994;190

(3):273-286.

30. Eriksson PO, Butler-Browne GS, Thornell LE. Immunohistochemical

characterization of human masseter muscle spindles. Muscle Nerve.

1994;17(1):31-41.

31. Kucera J, Walro JM. Origin of intrafusal muscle fibers in the rat.

Histochemistry. 1990;93:567-580.

32. Pedrosa-Domellöf F, Hellström S, Thornell L-E. Hyaluronan in human

and rat muscle spindles. Histochem Cell Biol. 1998;110:179-182.

33. Hunt LC, Gorman C, Kintakas C, McCulloch DR, Mackie EJ, White JD.

Hyaluronan synthesis and myogenesis: a requirement for hyaluronan

synthesis during myogenic differentiation independent of pericellular

matrix formation. J Biol Chem. 2013;288(18):13006-13021.

34. Botterman B, Binder MC, Stuart DG. Functional anatomy of the

association between motor units and muscle receptors. Integr Comp

Biol. 1978;18(1):135-152. doi:10.1093/icb/18.1.135

35. Barker D. The morphology of muscle receptors. In: Hung CC, ed.

Handbook of Sensory Physiology. New York, NY: Springer-Verlag;

1974:90-95.

36. Boyd IA. The structure and innervation of the nuclear bag muscle fibre

system and the nuclear chain muscle fibre system in mammalian

muscle spindles. Philos Trans Royal Soc B. 1962;245:81-136.

doi:10.1098/rstb.1962.0007

37. Österlund C, Liu JX, Thornell LE, Eriksson PO. Intrafusal myosin

heavy chain expression of human masseter and biceps muscles at

young age shows fundamental similarities but also marked

differences. Histochem Cell Biol. 2013;39(6):895-907. doi:10.1007/

s00418-012-1072-7

38. Liu JX, Thornell LE, Pedrosa-Domellöf F. Distribution of SERCA

isoforms in human intrafusal fibers. Histochem Cell Biol. 2003;120

(4):299-306.

39. Walro JM, Kucera J. Sharing of sensory terminals between the

dynamic bag1 and static bag2 fibers in the rat muscle spindle. Brain

Res. 1987;425:311-318.

REVIEW

518 The Journal of the American Osteopathic Association August 2019 | Vol 119 | No. 8



40. Kucera J. Histological study of motor innervation of nuclear bag1

intrafusal muscle fibers in the cat. J Comp Neurol. 1985;232

(3):331-346.

41. Matthews PB. The response of de-efferented muscle spindle receptors

to stretching at different velocities. J Physiol. 1963;168:660-678.

doi:10.1113/jphysiol.1963.sp007214

42. Ovalle WK, Smith RS. Histochemical identification of three types of

intrafusal muscle fibers in the cat and monkey based on the myosin

ATPase reaction. Can J Physiol Pharmacol. 1972;50(3):195-202.

43. Barker D, Banks RW, Harker DW, Milburn A, Stacey MJ. Studies of the

histochemistry, ultrastructure, motor innervation and reinnervation of

mammalian intrafusal muscle fibers. Prog Brain Res. 1976;44:67-88.

44. Saito M, Tomonaga M, Hirayama K, Narabayashi H. Histochemical

study of normal muscle spindles. histochemical classification of

intrafusal muscle fibers and intrafusal nerve endings.

J Neurol. 1977;216(2):79-89.

45. Boyd, IA. The isolated mammalian muscle spindle. Trends Neurosci.

1980;3(11):258-265.

46. Banks RW, Harker DW, Stacey MJ. A study of mammalian intrafusal

muscle fibres using a combined histochemical and ultrastructural

technique. J Anat. 1977;123(pt 3):783-796.

47. Scott JJ. Responses of Ia afferent axons from muscle spindles lacking

a bag1 intrafusal muscle fiber. Brain Res. 1991;543(1):97-101.

doi:10.1016/0006-8993(91)91052-3

48. Emonet-Dénand F, Laporte Y, Matthews PB, Petit J. On the

subdivision of static and dynamic fusimotor actions on the primary

ending of the cat muscle spindle. J Physiol. 1977;268(3):827-861.

49. Denslow JS. Neural basis of the somatic component in health and

disease and its clinical management. J Am Osteopath Assoc. 1972;72

(2):149-156.

50. Banks RW, Hulliger M, Scheepstra KA, Otten E. Pacemaker activity in

a sensory ending with multiple encoding sites: the cat muscle spindle

primary ending. J Physiol. 1997;498(pt 1):177-199. doi:10.1113/

jphysiol.1997.sp021850

51. Morgan DL, Prochazka A, Proske U. The after-effects of stretch and

fusimotor stimulation on the responses of primary endings of cat

muscle spindles. J Physiol. 1984;356:465-477.

52. Pickar JG, Wheeler JD. Response of muscle proprioceptors to spinal

manipulative-like loads in the anesthetized cat. J Manipulative Physiol

Ther. 2001;24:2-11.

53. Haftel VK, Bichler EK, Nichols TR, Pinter MJ, Cope TC. Movement

reduces the dynamic response of muscle spindle afferents and

motoneuron synaptic potentials in rat. J Neurophysiol. 2004;91

(5):2164-2171.

54. Goodwin GM, McCloskey DI, Matthews PB. The contribution of muscle

afferents to kinaesthesia shown by vibration induced illusions of

movement and by the effects of paralysing joint afferents. Brain.

1972;95(4):705-748. doi:10.1093/brain/95.4.705

55. Ellaway PH, Taylor A, Durbaba R. Muscle spindle and fusimotor activity

in locomotion. J Anat. 2015;227(2):157-166. doi:10.1111/joa.12299

56. Pai YC, Rymer WZ, Chang RW, Sharma L. Effect of age and

osteoarthritis on knee proprioception. Arthritis Rheum. 1997;40

(12):2260-2265.

57. Rosant C, Nagel MD, Pérot C. Aging affects passive stiffness and

spindle function of the rat soleus muscle. Exp Gerontol. 2007;42

(4):301-308. doi:10.1016/j.exger.2006.10.007

58. Altman D, Minozzo FC, Rassier DE. Thixotropy and rheopexy of

muscle fibers probed using sinusoidal oscillations. PLoS ONE.

2015;10(4):e0121726. doi:10.1371/journal.pone.0121726

59. Durbaba R, Taylor A, Ellaway PH, Rawlinson S. Classification of

longissimus lumborum muscle spindle afferents in the anaesthetized

cat. J Physiol. 2006;571(pt 2):489-498.

60. Banker B, Girvin J. The ultrastructural features of the mammalian

muscle spindle. J Neuropath Exp Neurol. 1971;30:155-195.

61. Santini M, Ibata Y. The fine structure of thin myelinated axons within

muscle spindles. Brain Res. 1971;33:289-302.

62. Radovanovic D, Peikert K, Lindström M, Domellöf FP. Sympathetic

innervation of human muscle spindles. J Anat. 2015;226(6):542-548.

doi:10.1111/joa.12309

63. Strauss JD, Petrizzo AM, Andrews MAW. Alterations of neural input to

rat hindlimb muscle results in atrophy of visceral smooth muscle: a

somatovisceral reflex [abstract]? J Am Osteopath Assoc. 1998;98:452.

64. Patterson MM. A model mechanism for spinal segmental facilitation.

J Am Osteopath Assoc. 1976;76(1):62-72.

65. Patterson MM, Steinmetz JE. Long-lasting alterations of spinal reflexes:

a potential basis for somatic dysfunction. Man Med. 1986;2:38-42.

66. Proske U, Gandevia SC. The proprioceptive senses: their roles in

signaling body shape, body position and movement, and muscle force.

Physiol Rev. 2012;92:1651-1697. doi:10.1152/physrev.00048.2011

67. Weeks SR, Anderson-Barnes VC, Tsao JW. Phantom limb pain:

theories and therapies. Neurologist. 2010;16(5):277-286. doi:10.1097/

NRL.0b013e3181edf128

© 2019 American Osteopathic Association

REVIEW

The Journal of the American Osteopathic Association August 2019 | Vol 119 | No. 8 519


	Stretch Receptor and Somatic Dysfunction: A Narrative Review
	Abstract
	Historical Perspective
	Structure and Function of the SRO
	Osteopathic Relevance of the SRO
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /None
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /None
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /None
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


