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Nociceptive reflexes and the
somatic dysfunction: A model

RICHARD L. VAN BUSKIRK, Do

A model of somatic dysfunc-
tion is developed in which restriction in
mobility and autonomic, visceral, and im-
munologic changes are produced by pain-
related sensory neurons and their re-
flexes. Nociceptors are known to produce
muscular guarding reactions, as well as
autonomic activation, when musculoskele-
tal or visceral tissue is stressed or dam-
aged. This guarding causes abnormal mus-
culoskeletal position and range of motion.
Local inflammatory responses and auto-
nomic reflexes further reinforce nocicep-
tor activity, maintaining restriction. No-
ciceptive autonomic reflexes also evoke
changes in visceral and immunologic func-
tion. Finally, maintenance of muscles,
joints, and related tissues in an abnormal
guarding position causes changes in the
connective tissues, solidifying the abnor-
mal position. Stretching these tissues into
a normal range of motion will restimulate
the nociceptor, reflexly reinforcing the so-
matic dysfunction. This model has evolved
from Korr’s neurologic model but empha-
sizes the nociceptor and its reflexes as a
source of the connective tissue, circula-
tory, visceral, and immunologic changes
seen in the somatic dysfunction.
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The concept of the somatic dysfunction, origi-
nally termed the “osteopathic lesion,” is a fo-
cal point in the practice and principles that
distinguish osteopathic medicine. From the ear-
liest formulations of Andrew Taylor Still, func-
tional musculoskeletal restrictions have been
known to include pain and autonomic arousal,
and to be a source of visceral dysfunction and
disease.! The restriction in motion might be
limited to a single joint, but more often in-
cludes changes in posture, limb use, and mo-
bility that develop as compensation to the origi-
nal restriction. Musculoskeletal tissue changes
involve microscopic lesions, thickening of con-
nective tissue and edema,? rather than gross
structural changes, such as muscle or ligament
tears, tendon evulsions, overstretched connec-
tive tissue, or broken or abnormally shaped
bones. However, such gross structural changes
could eventuate in somatic dysfunction.

The musculoskeletal restrictions of the so-
matic dysfunction and the accompanying auto-
nomic arousal, visceral dysfunction, and dis-
ease are generally related anatomically rather
than diffusely,!® although the autonomic ef-
fect may be somewhat more widespread.3-5 As
noted by Still,! this relationship is what is now
termed “segmental,” that is, following the pat-
tern of innervation based on embryology.

A somatic dysfunction may originate in the
musculoskeletal restriction, or it can be trig-
gered by cutaneous, connective tissue, visceral,
or central nervous system trauma or disease.l
It may involve structural and functional
changes consistent with the effects of persis-
tent autonomic drive, or the changes may be
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infectious.5 Because of the segmental specific-
ity of the relations between the visceral and
musculoskeletal components of the somatic dys-
function, musculoskeletal restrictions and su-
perficial autonomic signs may be useful in di-
agnosis of underlying disease.!346.7 Further,
treatment of the musculoskeletal restriction
removes causes or aggravating factors in vis-
ceral and systemic disease.!* By removing
sources of physical limitation, irritation, and
pain that potentially could evolve into dis-
ease,!"358 treatment of musculoskeletal restric-
tion also promotes a general state of health,
even when no obvious disease exists.

These ideas and inferences have distin-
guished osteopathic medicine since its found-
ing by Still. Any model of the musculoskele-
tal changes of the somatic dysfunction must
include these autonomic, visceral, and immu-
nologic abnormalities or prove their associa-
tion fallacious.

Previous theories

Most explanations of the somatic dysfunction
propose one of three mechanisms as the initial
and perpetrating factor, including changes in
(1) circulation and extracellular fluid distri-
bution; (2) connective tissues; or (3) neural
mechanisms controlling muscles and the auto-
nomic nervous system.

Changes in flow of body fluids

Beginning with Still’s formulation,! several
models have focused on changes in the flow
of body fluids as the cause of somatic dysfunc-
tions. One such is Zink’s model,? which em-
phasizes the cascade effects imposed on both
musculoskeletal and fascial mobility by fail-
ure of lymphatic and blood circulation. Zink
proposes that such circulatory failures will re-
strict musculoskeletal movement and produce
organ dysfunction by restricting necessary oxy-
gen and nutrient access as well as toxin re-
moval.

Somatic dysfunctions are accompanied by lo-
calized inflammation and edema due to altera-
tion in blood and lymphatic circulation.23:510
Such changes can contribute to mechanical re-
striction in the affected tissues. Hypoxia sec-
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ondary to arterial restriction also has nega-
tive effects on function in musculoskeletal and
other organ systems. Further, a restriction in
venous or lymphatic flow at one location in-
evitably will back up fluid flow at more distal
sites, contributing to a spreading locus of dys-
function. By reinstating adequate flow of body
fluids, therapeutic remobilization of the mus-
culoskeletal system should restore all affected
tissues to normal.

Although it is clear that circulatory and lym-
phatic changes occur in somatic dysfunction,
such changes cannot account for the segmen-
tal relationships between musculoskeletal re-
strictions and visceral dysfunction/disease fun-
damental to somatic dysfunctions. For in-
stance, somatic dysfunctions at the level of T4
in the spine and its paraspinal muscles have
been shown to exist as a common correlate of
myocardial disease,” yet no specific circulatory
or lymphatic relationships exist between these
two sites. Further, nothing in the circulatory
model readily accounts for the close relation-
ship between the restrictions of somatic dys-
function and autonomic arousal. Finally, if cir-
culatory restrictions were to persist over long
periods, they would produce ischemic and toxic
tissue changes that should not be readily re-
versible, and certainly not reversible with the
rapidity seen in many cases of manipulative
treatment for somatic dysfunction. Thus, it is
doubtful that circulatory changes are the cause
of somatic dysfunctions, even though they are
clearly a component of the response.

Changes in connective tissues

The second class of explanation for the somatic
dysfunction focuses on changes in connective
tissues. Early studies by Burns? showed that
somatic dysfunctions are accompanied by mi-
croscopic extravasation of blood, edema, and
inflammation in the connective tissue of the
affected joint and muscles.?!! This extravasa-
tion resolves over time as these connective tis-
sues thicken.?!1-14 Burns hypothesized that
these biphasic changes in the connective tis-
sues found throughout the body are responsi-
ble for restriction of mobility in joints and for
the accompanying pain.
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Immobilization of connective tissue such as
might occur after injury (splinting) does lead
to changes in this tissue’s organization. In nor-
mal connective tissue, the fibers—whether elas-
tin or collagen—are oriented parallel to the
forces ordinarily exerted through the tissue.!®
When connective tissue is chronically short-
ened (as seen, for instance, in flexor tendons
and intramuscular fascia with flexed immobi-
lization of a limb), there is an increase in fi-
brocytes. These new cells produce additional
fibers laid out in random matrix fashion,
rather than along the original lines of
force.13-15 The resulting tissue is resistant to
restoration to its normal length and, at the
same time, weaker along the original axis of
strength.13-15 Immobilization of a muscle, even
with the nerves intact, also leads to a decrease
in muscle-fiber diameter and a fibrotic increase
in connective-tissue mass.!417 At the opposite
end of the spectrum, connective tissue chroni-
cally stretched beyond its normal length will
undergo creep, a process resulting in lax-
ness if it is then returned to its normal
length.15

Examination of a joint with somatic dysfunc-
tion reveals certain characteristics. First, the
joint is displaced from its normal neutral po-
sition at rest (Fig 1A, C). Second, attempts to
move the joint away from its aberrant rest po-
sition, toward and through its normal neutral
position, reveals marked restriction in motion
(Fig 1D). Finally, in moving the joint away
from its normal neutral position, an unusually
increased range of motion is often seen (Fig
1D). Whether the total range of motion is ac-
tually decreased is not clear, but as seen in
Figure 1, the range of motion is at least dis-
placed.

Given the foregoing characteristics, one mus-
cle or group of muscles must be chronically
shortened at rest (left “muscle” in Fig 1C), re-
stricting movement in the direction opposite
that of their normal action. Similarly, their
antagonists (right “muscle” in Fig 1C) will be
lengthened at rest compared with their nor-
mal state. Because both muscles are chroni-
cally held at an abnormal length, it would be
expected that their connective tissues would
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be reorganized. The connective tissues of the
chronically shortened muscle should assume
a more random, shortened matrix. The con-
nective tissues of the chronically elongated mus-
cle should have undergone creep, producing un-
usual slackness. Similar reorganization will
occur in joint capsules and other periarticular
tissues. This reorganization will help maintain
the abnormal range of motion.

It has been suggested that all connective tis-
sue in the body is interconnected via subder-
mal and organ-level fascia.?318 To the extent
that this interconnection exists, through what
amounts to another cascade effect, disease,
trauma, or restriction at one locus in the con-
nective tissue matrix of the body could affect
the whole body. Certainly, such changes in con-
nective tissue could help account for the spread
of effects seen in the development of secondary
somatic dysfunctions and somatic postural ad-
justments to somatic dysfunctions. However,
as was the case with the circulatory models,
a connective tissue model does not readily ac-
count for the segmental nature of the somatic
dysfunction, nor for the related autonomic
arousal and visceral effects.

Neural mechanisms
In the past 40 years, the work of Korr and Den-
slow has focused on a possible neural origin
for the interrelated phenomena of the somatic
dysfunction. Taking up Denslow’s earlier find-
ings,1920 Korr has developed a widely accepted
neural model concerning the origin and main-
tenance of the somatic dysfunction.?1-23
First, as Korr points out, of all possible
mechanisms, only the nervous system operates
over the short time course typical of the onset
of the somatic dysfunction and its relief with
manipulative treatment.?? Second, as demon-
strated by Korr’s researches, the somatic dys-
function always produces autonomic arousal,
particularly in the sympathetic component of
the autonomic nervous system.?2425 This
arousal is greatest in the parts of the body
served by the same spinal cord segment as the
musculoskeletal restriction, falling off in neigh-
boring segments.?324 Third, the musculoskele-

tal restrictions of a somatic dysfunction, are
(continued on page 797)
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Figure 1. Relation between joint position and range of motion. A: Normal or neutral position. B: Normal range of
motion. C: “Rest” position of a joint in somatic dysfunction is displaced from neutral. D: Range of motion in somatic
dysfunction is also displaced, with loss of range toward the side away from the nonneutral rest position as compared

with normal.

accompanied by an increased excitability in
the motor neurons serving the affected (short-
ened) muscles. Denslow!?2° had shown hyper-
excitability in paravertebral muscles inner-
vated by nerves from a spinal segment in
which the vertebra was misaligned. Korr and
Denslow then showed that pressure on unaf-
fected vertebrae had greater effects on para-
vertebral muscles of a lesioned segment than
on their own paravertebral muscles, suggest-
ing hyperirritability in the motor neurons of
the lesioned segment.?! The implication was
that the restrictions in motion seen in a so-
matic dysfunction are produced by the chronic
shortening of muscles driven by hyperirritable
motor neurons. Thus developed the idea that
the spinal cord segment involved in a somatic
dysfunction acted as a “neurologic lens,” fo-
cusing activity on the affected spinal seg-
ment.??

Finally, Korr?223 proposed that the motor
neuron hyperexcitability in a somatic dysfunc-
tion was the result of afferent inputs to the
cord, specifically from the muscle spindle
proprioceptors of the affected muscles them-
selves. His criteria for such a decision were
that the sensory receptors involved should be:
(1) related to musculoskeletal activity; (2) ex-
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citatory to the affected motor neurons; and (3)
capable of continuously firing when the mus-
cle was shortened.??

The only receptors that appeared to fulfill
these criteria were the muscle spindles.?223
Korr’s model suggested that when an actively
contracting muscle was acutely shortened by
an outside force, the spindle would be silenced.
However, according to Korr, the nervous sys-
tem requires continuous spindle activity from
amuscle in order to operate the muscle. There-
fore, the nervous system would increase
gamma efferent activity to the spindle to turn
it back on. This would produce a discrepancy
between spindle drive and the already maxi-
mally shortened muscle.?3 Any attempt to re-
cover from this extreme situation would be re-
sisted because the accidentally shortened mus-
cle would continue to be reflexly maintained
in its shortened position, particularly when
stretched.

Although at the time Korr’s proposal accu-
rately reflected understanding of muscle-spin-
dle function, over the years problems have de-
veloped with the muscle-spindle portion. Other
receptors are known that could produce simi-
lar results,?6 and somatic dysfunction can be
triggered from tissues, such as visceral tissues,
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in which no muscle spindles are present.?3 Fur-
ther, muscle-spindle activity is neither neces-
sary nor ordinarily sufficient to produce mus-
cle or motor neuron activation.'?27-2 Aside
from the fact that some muscle-spindle affer-
ents actually inhibit motor neurons to their
muscle,3 spindle silence is common,?” includ-
ing when the muscle is passively shortened.??

Again, because rapid passive shortening of
one muscle will stretch its antagonist muscle,
it is the latter that will more likely be acti-
vated by spindle reflexes, blocking activity in
the shortened muscle.3! Finally, of all the sen-
sory receptors found in muscle and connective
tissue, only the so-called free nerve endings
appear to activate the sympathetic nervous sys-
tem.3233 Given that the muscle spindle acts
differently than originally proposed by Korr
and the fact that autonomic arousal is a major
feature of somatic dysfunction,!72425 it is
improbable that the muscle spindle plays a cen-
tral role in generation or maintenance of a so-
matic dysfunction.

If the spindle afferent is not the principal
player in the generation of the somatic dys-
function, are there other candidates that might
fill the bill? One possibility, of course, is that
the etiology may lie in an imbalance of a vari-
ety of sensory inputs to the central nervous
system.34 Although such a “pattern” hypothe-
sis is attractive in allowing for the variety of
visceral and somatic interactions involved in
somatic dysfunctions, it is very difficult to test.
Further, if a single triggering agent could be
identified accounting for most or all of the phe-
nomena known to be subsumed in the somatic
dysfunction, it would be, by virtue of its sim-
plicity (Ocam’s razor), more attractive, at least
until it was disproved or other sources proved.

Is there then a single sensory element that
might fill the bill as sole agent in initiating
the somatic dysfunction? One possibility is
pain, which almost universally accompanies
somatic dysfunction. Pain may occur at the site
of restriction or at a referred site.l-8:14.21-25
Given the connection between pain and so-
matic dysfunction it is worth investigating
pain as a possible source rather than as a mere
symptom or epiphenomenon. The relation be-
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tween pain and musculoskeletal restriction
has been considered briefly by Ruch,3?36 who
suggested that a reflex cycle of pain-spasm-
pain is responsible for the sustained discom-
fort of muscle tension headaches, torticollis,
and some types of back pain.35-36

Similarly, Travell®” and Travell and Si-
mons?3® have explored the relation between
pain and musculoskeletal dysfunction in the
special context of the myofascial tender point.
Indeed, sports medicine practitioners as well
as some osteopathic manipulative medicine
specialists (including Drs William Wyatt and
Anthony Chila, public discussion) have often
assigned pain a primary role in musculoskele-
tal dysfunction; however, few formal theories
appear to have been proposed to date. One fac-
tor that has tended to diminish acceptance of
such a causative relation is that somatic dys-
function, once developed, will persist even
though the associated pain may be only inter-
mittent. In spite of this problem, a solid case
can be made for “pain” as the primary cause
of somatic dysfunction.

Pain and nociception:

Its reflexes and consequences

Pain is a sensation stemming from events that
are potentially or actually damaging to the tis-
sue.?? Although pain can arise within the cen-
tral nervous system without peripheral stimu-
lus,36:4% in most cases it results from stimula-
tion of particular peripheral receptors, the no-
ciceptors.36:40-42 Use of strong mechanical force,
certain chemicals, temperatures above 45° C,
or any other potentially damaging stimulus
causes these nociceptors to generate signals
(action potentials) that are carried to the spi-
nal cord or brainstem. Often, this “signaling”
stimulates pathways to higher centers strongly
enough to allow us to perceive these events
as pain.

However, not all signals in the peripheral
nociceptors reach consciousness as pain.36.40:41
The central nervous system appears able to
censor its nociceptor inputs both in the spinal
cord and higher.404! This self-censorship in-
volves, at least in part, the endogenous opiate
systems and can cause considerable variabil-
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ity in pain thresholds and perceived pain in-
tensity, even with the same stimulus in the
same person. This self-censorship may also be
the basis for the markedly elevated pain thresh-
olds sometimes seen on the battlefield.4%4! In
contrast, peripheral nociceptors show a more
consistent response both between individuals
and over time.4%-42 To distinguish between pe-
ripheral stimuli that can produce pain and the
experience of pain itself, we speak of the stimu-
lus as noxious, the experience as pain, and re-
flexes directly stimulated by nociceptors as no-
cifensive®®*3 or nociautonomic.

Nociceptors belong to the class of small mye-
linated (A3 or type III) and unmyelinated (C
fiber, or type IV) peripheral neurons.40-42 They
originate as sensory free nerve endings in all
connective tissue of the body, with the excep-
tion of the stroma of the brain.36:4044-47 Thyg,
these unencapsulated ramifying endings are
found in the dermis, subdermis, joint capsules,
ligaments, tendons, muscle fascia, periosteum,
all blood vessel stroma except that of the cap-
illaries, in the meninges, and in the stroma
of all internal organs. There are variations in
the numbers of these free nerve endings in vari-
ous organs. Large numbers are seen in the der-
. mal/subdermal tissues, periosteum, perito-
neum, and connective tissues of the muscles.
Gastrointestinal organ stroma show relatively
few.36,40.44-47 However, pain and its related re-
sponses can be elicited from any organ inner-
vated by free nerve endings.

Free nerve endings are predominantly re-
sponsive to noxious stimuli, although a few re-
spond only to benign stimuli and some to both
noxious and benign stimuli.40-42 All free nerve
endings responsive to noxious stimuli contrib-
ute to noxious reflexes and the experience
of pain should the stimulus be strong
enough 36:40-42.48 The only variation noted in
pain sensations is that some can be character-
ized as sharp, cutting, piercing, and relatively
well localized,*® whereas others are experi-
enced as dull, throbbing, and poorly local-
ized.26:40.4849 Although some attempt has been
made to differentiate these sensations as com-
ing from superficial and deep sources in the
body, respectively, there appears to be little
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functional difference in their ability to gener-
ate reflex effects.36.40

Nociceptors typically have many peripheral
branches that innervate adjacent areas of the
same structure.414447 However, the peripheral
branches of some A8 and C-fiber neurons
from upper thoracic dorsal root ganglia pro-
Ject branches to both the brachial plexus and
the pericardium®’®! (Fig 2, right). Similar vis-
ceral-somatic joint innervation is expected to
be a common event in the body.

When one branch of a nociceptor is stimu-
lated, the action potential not only proceeds
centrally toward the spinal cord, but also periph-
erally out the other branches of that neuron.
At all peripheral and central terminals of the
activated nociceptor, the action potential re-
leases peptide neurotransmitters, including sub-
stance P and, possibly, somatostatin.4%4! These
peptide neurotransmitters act peripherally as
vasodilators and as chemical attractants for
tissue macrophages and lympocytes.’? They
also stimulate release of and act synergisti-
cally with inflammatory chemicals like hista-
mine, serotonin, kinenogens, and complement
activators.’? These latter chemicals also pro-
duce vasodilation and act as further stimulants
for phagocytosis and inflammatory chemo-
taxis.!!

Some inflammatory events can occur at the
actual site of damage (the weal) without in-
tervention by the nociceptor. However, the
spread of inflammation to surrounding areas
(flair) occurs only through the agency of no-
ciceptors with branches in the actual site of
damage?® (Fig 2, left). Whether this “axon re-
flex”40 operates between distant organs served
by the same nociceptor is not known, but ap-
pears likely. The idea that damage at one site,
like the left shoulder, could elicit flairtype re-
sponses in a distant organ served by the same
nociceptors, such as the heart, is highly pro-
vocative (Fig 2, right).

Aside from causing inflammation, vasodi-
lation and the resulting induration at the dam-
age site, and other terminations of the acti-
vated nociceptor, the stew of chemicals re-
leased as a result of nociceptor action will de-
crease the threshold of nociceptors.36.40:41
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Figure 2. Peripheral branching of the nociceptor and its relation to the axon
reflex (left) and convergence of inputs from diverse sources such as heart and

shoulder (right).

Events that were previously benign, such as
light pressure, can activate nociceptors follow-
ing tissue insult, and will be interpreted as
painful. In theory, this should be true at all
terminals of the nociceptor. Thus, through
axon reflexes, a positive feedback loop is es-
tablished wherein nociception reinforces itself
wherever it induces inflammation.

In addition to the axon reflex, there are two
types of nociceptive reflexes involving the cen-
tral nervous system. These are the nocifensive
musculoskeletal reflex and the nociautonomic
reflex. Both are based on connections the no-
ciceptor makes in the spinal cord and brain-
stem. Peripheral nociceptor axons travel with
both somatic and visceral nerves. However, all
nociceptors, whichever route they take, have
their cell bodies in the dorsal root ganglia or
the cranial nerve ganglia along with other so-
matic and visceral sensory neurons,36:40-42,53
From the sensory ganglia, the nociceptors send
axons into the spinal cord or brainstem, where
they synapse. Many nociceptors terminate
within the spinal segment of entry, but others
may travel several spinal segments cephalad
or caudad in Lissauer’s tract before finally syn-
apsing in the dorsal horn (Fig 3, top).40:41.53

Most nociceptors synapse in Rexed’s lami-
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nae I and II or on dendrites of interneurons
from lamina V (Fig 3, bottom). Some of the
second-order nociresponsive neurons in lam-
inae I and V send their axons cephalad in the
spinothalamic and spinocervicothalamic
tracts to the brainstem and thalamus, where
their information serves conscious awareness
and stimulates the affective content of
pain.36:40:41.53 Qther lamina I and V neuroxr-;
and most of those in lamina II (substantia gel-
atinosa) remain as interneurons in the spin
al cord, modulating the action of each other
or serving in spinal noxious reflexes. These in-
terneurons may act primarily within their spi-
nal segment of origin or, like the nociceptors,
project up to five segments cephalad or
caudad.40-41,53

Some spinal interneurons, and even some
of the peripheral nociceptors’ afferents, project
to the preganglionic neurons of the interme-
diolateral column to produce autonomic
arousa]l,24,25,33,34,49,54 (Fig 3 bottom). Others pro-
ject to the motor neurons of the ventral (ante-
rior) horn, driving musculoskeletal re-
flexes.36:40:41.53 (Fig 3, bottom).

Individual dorsal horn neurons (laminae I
through V), often respond to noxious stimula-
tion of both somatic and visceral struc-
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Intermediolateral
Column

tures.40-41.5556 This multiorgan responsiveness
may stem from the peripheral bifurcation of
nociceptor axons as aforenoted. However, there
is also convergence of separate peripheral no-
ciceptors from somatic and visceral structures
like skin, skeletal muscle, and heart onto the
same spinal neurons.4155.56 This convergence
is seen in neurons projecting cephalad to serve
the sensation of pain,®®56 and is thought to be
responsible for referred pain.35:36:55.56 Similar
convergence is seen in nociresponsive spinal
interneurons of laminae I through V.%%

By accessing the pool of spinal interneurons,
nociceptors are ensured diverging responses,
both somatic and, via the autonomic nervous
system, visceral (Fig 4). This combination of
convergence from various noxious sources and
divergence of outputs from nociresponsive spi-
nal interneurons is probably the source of so-
matosomatic, somatovisceral, viscerosomatic,
and viscerovisceral reflexes by which noxious
stimulation produces distant and divergent re-
sponses.246 Noxious spinal reflexes are typi-
cally strongest in organs and muscles inner-
vated by the same spinal segment (dermatome,
myotome, sclerotome, or “viscerotome”), an as-
sociation known as “local sign.” However, nox-
ious reflexes may spread to neighboring spi-
nal segments, depending on the longitudinal
projection of nociceptive axon terminals and
spinal dorsal horn interneurons, as discussed
earlier.

The musculoskeletal reflexes triggered by
nociceptors are termed “nocifensive reflexes.”*3
The classic demonstration of such a reflex is
the flexion reflex seen primarily in the hind-
limbs and, to a lesser extent, in the forelimbs
of quadripeds.#3 This reflex can be produced
by noxious stimulation of skin, muscles, ten-
dons, or periosteum of the affected limb. Fol-
lowing a delay sufficient for the slow-conduct-
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Figure 3. Relationship between nociceptors and the spi-
nal cord. Top: Nocioceptors terminate both in the spinal
segment of entry and neighboring segments. Bottom: No-
cioceptive neurons within the spinal cord distribute to
the higher central nervous system, ventral motor neurons
(skeletal muscles), and autonomic neurons.
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ing nociceptors plus synaptic processing in sev-
eral spinal neurons, the limb flexor motor neu-
rons and muscles are strongly activated and
the antagonist extensor muscles are strongly
inhibited, flexing the leg.

Although the flexion reflex is often consid-
ered the prototypical nocifensive reflex, in
most cases, noxious stimuli do not drive only
flexor muscles. For instance, noxious stimula-
tion of the inner surface of the thigh typically
produces extension and abduction of that
limb.?” Again, noxious stimulation of an ex-
tensor muscle or its overlying skin generally
produces activation of that muscle and exten-
sion of the affected limb.58 If noxious stimula-
tion of a hindlimb is continued at a site that
originally elicits flexion, stepping (alternation
of flexors and extensors) may ensue.*? Finally,
noxious stimulation of an intra-abdominal
structure typically produces a guarding re-
sponse, or tightening of the overlying abdomi-
nal muscles.4?

Each of these nocifensive reflexes has in com-
mon the attempt to minimize the noxious stimu-
lation, whether from a somatic or visceral
source, utilizing connections within the spinal
cord. That such reflexes can be modulated by
the higher nervous system is without doubt,
although they often occur in the absence of any
perception of pain.57-61

The other spinal nociceptive reflex involves
the autonomic nervous system. As in the no-
cifensive reflex, stimulation may be initiated
from either somatic or visceral structures. Be-
cause the spinal machinery is common to
both,% noxious stimulation of somatic struc-
tures produces autonomic responses in both so-
matic and visceral structures, as does visceral
noxious stimulation.

Most noxious stimuli evoke sympathetic re-
sponses. These responses may be segmental or
more widely dispersed. A dispersed nociauto-
nomic reflex might involve widespread vaso-
constriction in skin and viscera, vasodilation
in skeletal muscles, increased heart rate and
blood pressure, and decreased gastric motil-
ity.%? Localized segmental autonomic activa-
tion is seen in other cases involving a single
viscus and specific muscles, as noted earlier.
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Anything that prolongs the sympathetic drive
to a visceral organ tends to make the organ
dysfunctional.’

Nociceptors also have the potential for di-
rect and indirect influence on the immune sys-
tem. As discussed earlier in the context of the
nociceptive axon reflex, the peptide neurotrans-
mitters (substance P and somatostatin) re-
leased by these neurons in somatic and vis-
ceral tissues are chemotaxic for lymphocytes
and macrophages and tend to evoke degranu-
lation and initiation of the complement cas-
cade.!1%? Nociceptors also have the potential
for affecting the immune system indirectly
through the sympathetic nervous system. The
thymus, spleen, lymph nodes, and other lym-
phoid tissues are innervated by autonomic
postganglionic neurons that appear to modu-
late the T-independent B-cell antibody re-
sponse.63-66

Immune cells also have surface beta-2 re-
ceptors, which bind serum catecholamines.61-71
These receptors decrease macrophage phagocy-
tosis and release of lysosomal enzymes,®76° poly-
morphonuclear release of hydrolytic en-
zymes,5”70 and T-dependent antibody forma-
tion and antibody-mediated killer-cell cy-
totoxicity.%” A massive acute or chronic acti-
vation of the sympathetic nervous system, as
by nociceptors, could therefore decrease the abil-
ity of the immune system to respond to a chal-
lenge. Such immune suppression is consistent
with the reported health consequences of
stress”? and somatic dysfunction.!-®

Thus, nociceptors are virtually ubiquitous
in the body, terminating throughout the con-
nective tissues of all somatic and visceral struc-
tures. Through peripheral and spinal conver-
gence and spinal divergence, nociceptors are
able to generate autonomic and visceral re-
sponses to somatic noxious stimulation and
vice versa. They also produce musculoskele-
tal responses that characteristically are aimed
at decreasing the noxious stimulus reflexively.
Finally, they can have significant effects on
the immune system. All of these responses to
noxious stimuli can occur with or without the
sensation of pain because they are based on
intrinsic spinal mechanisms.
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Figure 5. Model of nociceptive origin and maintenance
of the somatic dysfunction.

The model

As discussed earlier, the somatic dysfunction
is not a simple, localized musculoskeletal dis-
order. Rather, it ties local musculoskeletal re-
strictions to a variety of other phenomena, in-
cluding pain, spread of restriction, autonomic
arousal, visceral dysfunction, and disease and,
by implication, decreases in the effectiveness
of the immune system. Logically, if a single
element can be found common to all of these
phenomena, it would most likely have a cru-
cial role in generation or maintenance (or
both) of the somatic dysfunction. As we have
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just seen, the nociceptor is just such a com-
mon thread in the fabric of the somatic dys-
function.

The following model examines in a stepwise
fashion how the nociceptor might create the
rich fabric of the somatic dysfunction (Fig 5):

1. Minor trauma activates nociceptors in a
muscle, probably not involving the whole mus-
cle. Note that any disease or trauma in any
somatic or visceral structure will also produce
nociceptor activation.

2. Nociceptor activation sends impulses to
other axon branches of the same nociceptor
and into the spinal cord.

3. Impulses in the axon branches release pep-
tide transmitters producing vasodilation, ex-
travasation of fluid, and attraction of immune
cells in and near the site of trauma. The im-
mune cells then release other chemicals, rein-
forcing local vasodilation and extravasation
and lowering the local threshold for nocicep-
tion. Because nociceptor branches involve the
initiating organ and other organs at a distance,
the latter may also show the axon reflex ef-
fects. Thus, for instance, skeletal muscle and
heart may be affected simultaneously.

4. Impulses entering the spinal cord synap-
tically stimulate spinal neurons. These spinal
neurons can send impulses into the higher cen-
tral nervous system for the appreciation of
pain, or into the spinal intermediolateral sys-
tem to stimulate the preganglionic autonomic
neurons or, finally, into the spinal skeletal mus-
cle motor pool, producing nocifensive reflexes.

5. The pain, if perceived, may be poorly local-
ized owing to the convergence of multiple
sources onto the same spinal neurons and to
the divergence of signals along neighboring seg-
ments of the spinal cord. Nonetheless, any pain
and most reflex effects will be maximal in the
segment of origin.

6. Most nociautonomic reflexes involve the
sympathetic nervous system, with responses
as diverse as cardiopressor, vasopressor, or vaso-
dilator effects; gastrointestinal stasis; or bron-
chodilation. The specific response will be based
on the sympathetic effect in the segmentally
targeted organ. Maintenance of sympathetic
drive tends to be detrimental to the normal
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function of the organ(s) involved. Immune func-
tion will also be diminished.

7. Nociceptive reflexes involve both specific
segmental responses and often multisegmen-
tal attempts to minimize the noxious input by
removing stress from the affected nociceptors.
In some cases, the injured muscle will be short-
ened by action of its synergists or of those fi-
bers within the muscle that are not trauma-
tized. In other cases, overlying muscles will
contract to guard the underlying damaged struc-
ture. In general, the final determinant of mus-
cle contraction in a nocifensive reflex is what-
ever will minimize the noxious drive at the
spinal level.

8. Axon reflex and sympathetic vasodilation
effects engorge the affected muscles, produc-
ing direct mechanical restriction of motion.
This occurs whether the muscles were the origi-
nal source of injury or were involved secon-
darily, as in a viscerosomatic reflex. Tissue en-
gorgement also stimulates local nociceptors,
as do the tissue injury chemicals like sero-
tonin, histamine, bradykinin, and potassium
chloride.

9. Now, any attempt to restretch the affected
muscles to their normal (nonstretched) posi-
tion will restress the original nociceptors and
trigger activity in any others with lowered
thresholds. This positive feedback effect rein-
forces the guarding nocifensive reflexes. Keep
in mind that the position best minimizing no-
ciception in the case of nocifensive reflex is
not likely to be at the maximally shortened
position for a muscle around a joint. This is
true primarily because maintenance of such
an extreme will inevitably increase the stress
on other structures in the body, including both
the antagonist muscles and any muscles
needed to stabilize the severely out-of-balance
body. Thus, it is much more likely that titra-
tion of a noxious input will produce a new mus-
culoskeletal relationship that is no longer in
neutral position, but not at the maximum
range.

10. Continuing contraction of those muscles
actively maintaining the shortened position
will begin to produce products of fatigue that
also activate the nociceptors.4® This process
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will tend to recruit additional reinforcement
for the abnormal position.

11. If the abnormal position of the joint is
maintained by nocifensive reflex for a period
of time (probably measured in hours to a few
days), the somatic dysfunction changes from
acute to chronic. The significant indicator of
this change is the onset of connective tissue
reorganization by the tissue fibrocytes.

In the shortened muscle, the connective tis-
sue fibers will become more random in orien-
tation and, therefore, less able to take stress
along the ordinary lines of force. In the length-
ened muscles, creep will elongate the connec-
tive tissue, producing slack without stressing
the lengthened muscles. Now maintenance of
the joint in the nonneutral position dictated
by both the nocifensive reflexes and the con-
nective tissue changes no longer requires con-
tinuous muscle activity. Active contraction
would occur only whenever the system is
stressed, reactivating nociceptors. However, be-
cause the adjusted position at the joint is nei-
ther gravitationally, posturally, nor function-
ally balanced, such stresses will be chronic and
recurrent, making it easier to produce nocicep-
tor activation and possible perception of pain.

12. The somatic dysfunction is now in a state
that includes significant resistance to motion
in a direction counter to the original shorten-
ing (decreased range of motion), a chronic no-
ciceptor activation that may or may not be per-
ceived as pain, and continuous autonomic ac-
tivation, producing visceral and immune defi-
cits.

Discussion

The model proposed here is supported by an
extensive body of data, as discussed. It focuses
on the nociceptor as the primary agent in in-
itiation and maintenance of the somatic dys-
function. It is not a simple model, just as the
effects it attempts to explain are not simple.
Although essentially a neurologic model, it in-
cludes changes in connective tissue and local
circulation as integral parts of the dysfunction.
By including musculoskeletal restriction and
autonomic, visceral, and immunologic deficits
as consequences of its mechanism of action,
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the proposed model appears to explain satis-
factorily all the major features of the somatic
dysfunction.

The model, as delineated, does account for
the development of a quasi-stable musculoskele-
tal restriction as connective tissues reorgan-
ize along dysfunctional lines. It also demon-
strates a strong anatomic and physiologic con-
nection between the musculoskeletal and vis-
ceral and autonomic systems. However, it can-
not readily account for the chronic autonomic
and immune effects seen in the somatic dys-
function because these effects are proposed to
be secondary to nociceptor activity, and nocicep-
tors, like other sensory receptors, are subject
to adaptation.36:404% Further, in accord with
this model, the object of the reflexes is to keep
the affected tissues in their shortened state,
effectively silencing the nociceptors.

However, it is likely that the body would
more or less continually restress these abnor-
mal tissues in the pursuit of balance and in
normal activity, as suggested earlier. With the
lower sensory thresholds in these tissues sec-
ondary to tissue edema, effects of local inflam-
matory products, and increased sympathetic
tone, one might expect frequent and prolonged
(although not necessarily continuous) nocicep-
tor activation. In fact, in patients with somatic
dysfunctions, pain commonly is a more or less
chronic accompaniment and may indeed be the
presenting complaint.

Finally, as suggested by Patterson,”
chronic, and even short-term, alterations in sen-
sory input to the central nervous system can
result in enduring changes in central process-
ing. These processes of classic conditioning and
fixation are particularly applicable to stimuli
of the sort represented by the nociceptor and
outputs such as the vegetative responses of the
autonomic nervous system.

Most of the stresses and minor traumas of
everyday life do not result in the development
of somatic dysfunction. Why this is true is a
significant question in light of the reflex na-
ture of events proposed in the current model
of somatic dysfunction. First, as discussed by
Patterson,” reflexes, while “wired in” to an
extent, are subject to multiple other inputs
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that modulate their effects. Further, even sup-
posing the nociceptive reflex sequence has pro-
ceeded apace, activities of daily living and con-
scious and unconscious attempts to revert to
more gravitationally neutral positions might
well override a local guarding reflex, stretch-
ing tissues back out before they become reor-
ganized, breaking the cycle.

The spontaneous resolution of a potential
somatic dysfunction by stretching in turn sug-
geststhe manner in which manipulative treat-
ment achieves its reduction of somatic dysfunc-
tion. Although there are many different tech-
niques used by osteopathic physicians to re-
lieve somatic dysfunction, they all appear to
actively stretch the connective tissues in joint
capsules, tendons, muscles, and ligaments in
the area of restricted motion. Any such stretch-
ing should increase nociceptive drive and
thereby strengthen the somatic dysfunction.
Therefore, to be successful, the various manipu-
lative treatments must be decreasing or over-
riding such a nociceptive drive, probably
through whatever technique is used to prepare
the tissue prior to stretching. It is this prepa-
ration that appears to set the different tech-
niques apart.

For instance, in indirect “muscle energy,”
the skeletal muscles in the shortened area are
initially stretched to the maximum extent al-
lowed by the somatic dysfunction. With the tis-
sues held in this position, the patient is in-
structed to contract the affected muscles vol-
untarily. This isometric activation of the mus-
cle will stretch the internal connective tissues.
Voluntary activation of motor neurons to the
same muscles also blocks transmission in spi-
nalnociceptive pathways.!14° Immediately fol-
lowing the isometric phase, passive extrinsic
stretch isimposed, further lengthening the tis-
sues toward the normal “easy neutral” posi-
tion.

In counterstrain, in contrast, the already
shortened and restricted tissues are initially
further shortened. Maximal shortening re-
moves all internal stresses in the shortened
tissues, totally deactivating the nociceptors. By
holding the tissues in this position for at least
90 seconds, local circulation will improve due
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to release from the chronic sympathetic stimu-
lation. Local inflammation will decrease as the
noxious chemicals are carried away, as will
tissue edema. If the tissues are then slowly,
but passively, stretched, as emphasized by prac-
titioners of this technique, the connective tis-
sues will be allowed to elongate and creep, ab-
sorbing the forces involved and preventing dis-
tribution of these forces to the nociceptor end-
ings.

Myofascial techniques also use an initial
shortening of the restricted connective tissues
and muscles. This shortening is followed by
a gradual stretch of these tissues in all direc-
tions natural to the affected portion of the
body. Again, the stretching is done slowly, de-
creasing the likelihood of stressing the nocicep-
tors.

Finally, in the case of the high-velocity—low-
amplitude technique so widely used by osteo-
pathic physicians, the restricted tissue is
stretched carefully to its abnormal limit. This
careful positioning avoids further activation
of the nociceptors in the affected tissues. The
physician then quickly induces a small addi-
tional stretch on the affected tissues. Particu-
larly in the case of the joints and their cap-
sules, this additional stretching will tend to
force a swift reorganization of the randomized,
restricted connective tissues, possibly by break-
ing those fibers that were oriented other than
along the normal lines of force at the joint.
With high speed, the relatively slow no-
cifensive reflexes cannot be brought into play
to block the movement. By using only a low-
amplitude, carefully vectored force, the opera-
tor minimizes tissue damage.

In spite of these techniques’ attempts to re-
duce the consequences of stressing the previ-
ously restricted tissues during stretch, it is ob-
vious that some stress, damage, and nocicep-
tor activation will occur during and following
manipulative treatment. In many cases, this
nociceptor activation will not be of sufficient
magnitude to override the newly recovered free-
dom of motion and balance against gravity.
However, as is widely recognized by those us-
ing manipulative treatment, the treatment
will sometimes induce reactivation of the no-
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ciceptor-reflex-inflammation sequence hypothe-
sized here to underlie the somatic dysfunction.

To reduce the probability of reinstatement
of the somatic dysfunction after manipulative
treatment, many osteopathic physicians pre-
scribe a nonsteroidal anti-inflammatory drug
(NSAID) after treatment. In the context of the
current model, this is exactly the right pre-
ventive treatment. The NSAIDs block respon-
siveness of peripheral nociceptors to noxious
stimuli directly. They also block prostaglan-
din production, thereby decreasing local inflam-
mation with its effects. It might be asked why
NSAIDs are often not sufficient in themselves
to block somatic dysfunctions. Quite possibly,
NSAIDs can block development of somatic dys-
functions if taken directly following the initial
tissue insult before tissue reorganization be-
gins. However, if the connective tissues have
been remodeled, blockade of nociceptors by it-
self probably will not be sufficient to remove
an extant somatic dysfunction. Both the reor-
ganized, shortened connective tissue and the
remaining internal organ dysfunctions would
tend to act as ballast against the normaliza-
tion of tissues, even in the absence of nocicep-
tive reflexes.

As suggested earlier, a number of models
have previously proposed a connection between
the functional restrictions in musculoskeletal
motion and pain.35-38 Several models, such as
that of Travell3” and Travell and Simons,38
have even recognized that such a relationship
includes autonomic and visceral dysfunction,
although these are viewed as epiphenomena,
and certainly not as being central to the de-
velopment or maintenance (or both) of disease.
Again, Travell and Simons?3® and Popelianskii
and coworkers™ have proposed that there is
a two-phase development of such musculoskele-
tal restrictions involving pain followed by con-
nective-tissue reorganization. However, all
such models have emphasized the conscious
component of pain and its avoidance, whereas
the current model suggests that the events lead-
ing to somatic dysfunction are purely reflexive.
Pain in the current model is, in fact, an epiphe-
nomenon that may be a sign of somatic dys-
function. It may even be what brings the pa-
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tient to the physician, but it is neither the
cause of nor a necessary concomitant of the
somatic dysfunction.

Few, if any, of the previous pain-related mod-
els of musculoskeletal restrictions have rec-
ognized the central role of reflexive autonomic
arousal in development of the many concomi-
tant dysfunctions, including immune system
dysfunction. Also, because most models have
concentrated on musculoskeletal dysfunctions
themselves, few such models have recognized
that the same nociceptive mechanisms can
cause musculoskeletal consequences as a re-
sult of visceral disorders. The two-way street
between somatic and visceral dysfunction is
an essential feature of the osteopathic concept
and cannot be ignored.

Finally, a few words should be said about
validation of the current model. It is clear that
a.model this complex has a number of areas
that can and should be examined empirically.
First, because the assertion is that nociception
is central to the onset and part of the mecha-
nism maintaining the somatic dysfunction, ex-
amination of the clinical consequences of mus-
culoskeletal stress with and without periph-
eral nociceptor blockade should be a fair test
of the concept. Second, central blockade of no-
ciception above the spinal level should have
no appreciable effect on development or main-
tenance of somatic dysfunctions. Third, longi-
tudinal examination of immune function be-
fore, during, and after development and ma-
nipulative elimination of somatic dysfunction
should determine whether immune function
is as closely related to somatic dysfunction as
the current model suggests. Although clinical
experience and some experiments!-46-8 tend to
support the contention that somatic dysfunc-
tions involve visceral as well as somatic conse-
quences, further experimental support would
be useful.

It should be kept in mind that the model
proposed here remains hypothetical. It does ap-
pear to explain most of the phenomena of the
somatic dysfunction as understood by osteo-
pathic medicine, relying mostly on known prop-
erties of nociceptors, spinal cord reflexive or-
ganization, and connective-tissue properties.
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The model, as stated earlier, is not simple, but
does not require too many organizing princi-
ples or outright assumptions. However, until
it is supported by more experimental data,
whether derived clinically or in the laboratory,
it remains simply one of several competing hy-
potheses.

The model described here has evolved from
those that'have been proposed before, particu-
larly that of Korr. Although essentially neu-
rologic, the current model recognizes clearly
that changes in circulation and connective tis-
sue develop directly from and tend to reinforce
the nociceptive and other neural changes
thought to underlie the somatic dysfunction.
The principal point on which this model dif-
fers is the identification of the nociceptor as
the sensory element that ties together invol-
untary muscle restrictions, autonomic arousal,
and consequent circulatory and immunologic
changes in the somatic dysfunction.
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