Counterstrain Tender Points
as Indicators of Sustained
Abnormal Metabolism:
Advancing the Counterstrain Mechanism of Action Theory
Paul R. Rennie
Proposed Theory
Previous explanations for the mechanism of action in
counterstrain theory have centered prominently on the role of
the muscle spindle apparatus triggered from a sudden “panic
lengthening” of the muscle ﬁbers during injury.8,25 This theory
asserts that the muscle spindle maintains the abnormal tone.
This article will review the various effects on muscle metabolism that result from injury and the resultant forces placed
on all structures associated with the muscle. Key to this process
is the critical balance of oxygen delivery, blood ﬂow, sympathetic tone, and intramuscular pressure on metabolic recovery
after muscle effort.5,10 The resultant alteration in muscle effort
may exert a traction/compression effect on the nerve ﬁbers,
blood vessels, and lymphatic channels as they course through
the myofascial tissues.38,41,43,46
Anatomical consistency of many of the tender point and
motor point locations throughout the body will also be explored.
Viewed in relation to the metabolic alterations found within injured muscles, the following discussion will provide additional
insight into the tremendous overlap in physiological and anatomical processes leading toward a possible explanation for the
shared phenomenon of tenderness and treatment approaches.
Therefore, sustained altered metabolism is at the center of
the establishment of tender point manifestations. Proper positioning of the tissues during counterstrain treatment reduces the
tender point manifestation while enhancing circulatory movement and, therefore, normalization within these tissues.

Postural Integrity
Postural integrity is a vital function of the musculoskeletal
system. Ideally, the body is not overly challenged, and the system
is kept at equilibrium. However, when tissues become injured or
deconditioned, an adaptation must take place in order to attempt
to maintain postural orientation. Alteration in muscle coordination with resultant reorchestration of the muscle efforts becomes
evident, and these ﬁndings offer a roadmap to the rehabilitation
needs of the patient.4,36,40,46
An exploration of what underlies postural integrity requires
an understanding of how the systems of the body functionally
relate. The osteopathic philosophy stresses the concept of unity
of the living organism’s structure (anatomy) and function (physiology).72 Osteopathic principles are founded on the principles
that the human body is a dynamic unit of function, possesses
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self-regulatory mechanisms that are self-healing in nature, that
structure and function are interrelated at all levels, and that
rational treatment is based on these principles.
Somatic dysfunction is deﬁned as the impaired or altered
function of related components of the somatic (body framework)
system: skeletal, arthrodial, and myofascial structures, and
related vascular, lymphatic, and neural elements.72 Therefore,
the diagnosis of somatic dysfunction conﬁrms that osteopathic
neuromusculoskeletal treatment is indicated and appropriate as
part of the treatment plan. A better understanding of the anatomical and physiological matrix of the body reveals how these
systems can be inﬂuenced in a manner that will contribute to
the postural integrity of the body.

Effect of Reduced Blood Flow
and Increased Nociceptive Activity
Proper balance in blood ﬂow is required for normal metabolic activity for all tissues, including the musculoskeletal system. Reduced blood ﬂow leads to reduced oxygen and metabolic
support, along with reduced waste by-product removal and
reduced overall force generation from the muscles.
Capillaries course between the muscle ﬁbers through spaces
so small that the red blood cell discs must travel in a horizontal
orientation to traverse these channels.13 Any further compression
or reduction in muscle pumping effort reduces the movement
of these cells. Ischemia is a local anemia due to mechanical
obstruction (mainly arterial narrowing) of the blood supply.14
The ischemia that results from this reduction in blood ﬂow can
stimulate the nociceptive receptors and trigger a pain response,
especially with the release of acidic hydrogen ions and bradykinin.29,44 Altered blood ﬂow therefore triggers a neural response
signaling that a problem exists within the tissues and that there
is a state of low-energy formation in the muscles.
Blood ﬂow is one necessary component for muscle contraction. The other is a coordinated and effective neural stimulus.
Therefore, muscle contraction requires both a chemical and an
electrical reaction. The neural (electrical) process involves sensory and motor activity conducted between the central nervous
system and the periphery. Blood ﬂow is mediated through the
arterial, capillary, and venous conduits connected with various
organ systems, particularly the heart, lungs, gastrointestinal, and
genitourinary systems.
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Sufﬁcient blood ﬂow must be maintained in order to regenerate the ATP necessary to break the actin-myosin cross-links
so that muscle ﬁber movement may be continued.2,71 Therefore,
even without considering the electrical effects, reduced blood
ﬂow will alter the metabolic support necessary for normal muscle
movement. This process demonstrates the observation of Andrew
Taylor Still, MD, DO that “the rule of the artery is supreme”.
Without appropriate blood ﬂow, suboptimal functional activity
remains and likely maintains the somatic dysfunction.
The neural tissues also depend on proper balance within the
circulatory system. Nociceptors are found in close proximity to
the arterioles and provide for early warning of dysfunction within
the tissues. Once activated, the nociceptive input triggers an axon
reﬂex that activates adaptive mechanisms in order to protect the
body from further injury and to generate the reparative response
needed in tissues that become damaged. This response can augment the vascular response and requires adequate blood ﬂow.
Nociceptors are active in releasing the chemical environment by
which tissue edema is generated from increased tissue permiability and vasodilation. If maintained, this leads to congestion
and reduced blood ﬂow.12
Nociceptive input is also transmitted to the spinal cord and
brainstem. Normally, nociceptive threshold response, and therefore neural signal propagation, should be able to discriminate an
event that is tissue threatening and therefore, not activate in the
presence of weak local applied pressures, normal physiologic
contractions, and normal joint ranges of motion. However, some
input through the spinal cord and brainstem may induce longterm changes in synaptic processes in dorsal horn neurons.
This afferent input is maintained in the central nervous
system and remains despite apparent resolution at the original
tissue injury site.8 Experiments have shown that a morphological change occurs in the CNS that produces a ﬁxed functional
change.48 It is thought that this process may be the mechanism behind hyperalgesia (increased sensitivity to nociceptive stimuli).
Therefore, central sensitization increases the tenderness of the
peripheral structures due to spinal rewiring with non-nociceptive
inputs stimulating nociceptive pathways.12 This central ﬁxation
may be one reason why it takes more time for pain to diminish
in chronic pain patients.

Intramuscular Pressure
Muscle tone is the degree of muscle tautness at rest. It is
measured by the degree of stiffness or resistance to passive
movement.9 This tone is established by the viscoelastic properties within the muscle ﬁbers and fascia and by the degree of
activation of the contractile elements.17
Intramuscular pressure (IMP) is that pressure contained
within the muscle. IMP becomes elevated if increased external
or internal compression is applied to the muscle tissues. Causes
of this include internal tissue damage (compartment syndrome
as an extreme example), sustained muscle contraction and
overuse syndromes, and pressure placed on the muscle tissues
via taut fascial compartments and boney elements that surround
the muscle tissues.39
Each muscle, due to its morphologic arrangement, may
attain a different maximal intramuscular pressure during contraction effort as compared to other muscles in the body. As an
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example, maximal intramuscular pressures measured in one
study of shoulder abduction revealed the trapezius to average
86 mmHg, deltoid 146 mmHg, infraspinatus 439mmHg, and the
supraspinatus 524 mmHg.6 Additionally, when the supraspinatus
muscle was measured during shoulder ﬂexion at 30 degrees,
the IMP average was 58 mmHg. Therefore, morphologic and
positional factors are involved in the IMP generated.
Sustained muscle contractions maintain a higher IMP. If the
muscle contracts at 30% or more of its maximal contraction force
(MCF), it will compress its own blood vessels.12 If sustained,
such as with overuse syndromes, repetitive strain injury, and
chronic compartment syndrome, this will reduce nutrient and
oxygen delivery necessary for the mitochondria to regenerate ATP via oxydative phosphorylation for the uncoupling of
actin-myosin cross- bridges.49,50 This sets-up a vicious cycle of
venous and lymphatic congestion, ischemia, further release of
vasoactive and nociceptive sensitizing chemical edema and thus,
a perpetuation of the dysfunction. And so the process begun as
a metabolic abnormality results in a cycle in which the nociceptive afferent system elicits alterations in the motor response to
either increase or decrease a particular muscle effort secondary to
actual or perceived tissue damage, and the nociceptive response
further alters metabolism.
Increased and sustained sympathetic tone with increased
exercise or labor activities will also affect blood ﬂow. Intracellular ph is reduced with resultant reduction in blood ﬂow and
mitochondrial respiration.51 Despite the compensatory metabolic
vasodilatory effect, the sympathetic vasoconstrictive effect on
the blood vessels is not overcome. Therefore, oxygen support
does not adjust for the metabolic needs in the muscle tissues.
Phosphocreatinine and oxydative ATP recovery is dependent
primarily on the oxydative capacity in the muscle tissues. Higher
levels of exercise can result in a worsening of the imbalance in
oxygen delivery64 and blood ﬂow.55 This, coupled with a limitation of oxygen at the onset of exercise, leads to a greater reliance
on anaerobic ATP turnover.49
Increased IMP has been found to be associated with an
increased ﬂuid content after repeated maximal isokinetic contractions. IMP is affected by the fascial compliance and ﬂuid content
in the muscle compartment.53 Increased IMP may affect blood
ﬂow particularly in the low-pressure venous system, thereby
reducing waste product removal from the tissues. On the other
hand, increased IMP during repetitive contractions does assist
in venous ﬂow return to the heart.54 The emphasis here is with
a proper balance of muscle contractions to augment low-pressure ﬂuid ﬂow. Static work and inactivity aggravate the effect
of sustained elevated IMP. However, with the development of
fatigue, a drop in IMP toward mean arterial pressure (MAP)
may allow for maintenance of muscle perfusion and oxygen
delivery. Again, the metabolic environment is paramount and
normally dictates a response in blood ﬂow that signals to the
individual to adjust their activity level to support recovery to
the metabolic environment.

Metabolic Recovery
Metabolic recovery within the muscle requires that IMP
return to proper resting levels. These levels vary within different muscles and have not been fully researched for each muscle.
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Prolonged elevated IMP and static muscle positioning lead to
impairment of intramuscular blood ﬂow to the muscle and tendons. EMG studies on the biceps muscle have found that IMP
had to return to below 20 mmHg before metabolic recovery was
possible.10 It has also been found that IMP as low as 15 mmHg
can decrease microcirculation to the margins of an injured and
edematous site and to more fragile sites such as the tendons.5
Removal of interstitial ﬂuid with ultraﬁltration has been shown
to reduce the risk of developing acute compartment syndrome in
patients prone to this condition.56 The ideal is to offer a conservative means to maintain proper resting IMP levels in all people
before further metabolic compromise or ongoing degeneration
becomes established.
Other inﬂuences also play a role on blood ﬂow to the tissues. In one study involving pain to the trapezius muscle, IMP
measurements indicated the muscle had no signiﬁcant blood
ﬂow impairment. However, laser doppler ﬂowmetry (LDF)
revealed a lowered local blood ﬂow due to impaired regulation
of the microcirculation.57 This effect was thought to be created
through a defect in the release of vasodilatory substances that
are excreted axonally.
Therefore, muscle and its blood vessels possess the capacity to “squeeze-out” their blood supply, the muscle’s metabolic
support. The resultant loss of mechanical effort from these
ﬁbers must be taken-up by other healthy muscle ﬁbers.44 This
increases the workload on these ﬁbers, possibly increasing the
IMP in these muscle groups. This process has the potential of
spreading to yet other regions of the body in order to adapt to
the mechanical needs of the body.39 If sustained, more muscle
ﬁbers will suffer metabolic exhaustion due to sustained elevated
IMP and loss of metabolic support.
Skeletal muscle ﬁbers can be categorized into slow and
fast twitch types. These types distinguish metabolic and functional differences between the muscle ﬁbers. Slow twitch (tonic)
muscle ﬁbers are smaller than fast twitch ﬁbers but have more
mitochondria and blood capillaries than do fast twitch ﬁbers.
The sarcoplasm also has a high content of myoglobin that carries
additional oxygen for use by the mitochondria. These features
account for the red coloration of these ﬁbers as opposed to the
pale-colored fast twitch muscle ﬁbers.
Fast twitch (phasic) muscle ﬁbers are metabolically and
functionally designed for more ballistic activities requiring
power movement performed over a short duration of time. In
order to accomplish this, the fast twitch ﬁbers utilize the glycolytic pathway with a more extensive sarcoplasmic reticulum to
allow faster movement of calcium ion transport. However, these
ﬁbers are more easily subject to fatigue than the slow twitch type.
Yet, if there is a disturbance in the blood ﬂow characteristics
to these slow twitch ﬁbers, there may be the increased use of
the more fatiguing fast twitch ﬁbers leading to potential early
fatigue. Also, since the slow twitch ﬁbers tend to have higher
proprioceptive input, this may have an inﬂuence on the balance efforts from the muscles resulting in more uncoordinated
movement. This leads to the condition of muscle imbalance, to
be discussed as follows.
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Altered Joint Function
Joint inﬂammation or increased joint ﬂuid pressure will
stimulate joint afferent neurons in the same way that injured
muscle ﬁbers and elevated intramuscular pressure stimulates
intramuscular nociceptive afferent receptors. The common end
result is inhibition of muscle and joint movement to the injured
sites, with protective spasm from other healthy, non-injured
muscle groups.
The differing metabolic proﬁles of speciﬁc muscle and the
affect they have on joint arrangements are associated with a
pattern of recognizable muscle inhibition and joint restriction.
For instance, the gluteus maximus muscle appears to become
inhibited with ipsilateral sacroiliac restriction, the gluteus medius
with acetabular restriction, the multiﬁdi with zygapophysial restriction, and the rectus femoris with knee joint restriction.1,3,11,15
Knowing these associations allows for focused treatment approaches.

Correlation between Motor Points
and Tender Points
Counterstrain tender points are hyperalgesic areas found
at consistent anatomical locations throughout the body.7,8,18,19,
20,21,23,45,47
On further review of many of the known and reliable
tender point sites, a clear correlation between these sites and motor point sites may be found. The majority of tender point sites
appear to be consistent with neural tissue locations whether it
be motor points46,61,62,63,64,65,66,67,68 or more deeply invested neural
ﬁbers into the ligamentous structures such as the collateral ligaments at the knee.70
This provocative association suggests that the accessible
neural components found at these regions reveal the facilitated
status of the connected structures. These sites do not, in their
entirety, indicate that the problem is exclusive to this site but may
be part of a chain attached to deeper and more elaborate structural dysfunction. Maintained muscle tightness, elevated IMP,
ischemia, and sustained nociceptive activation, either through
an activated axonal reﬂex and/or sustained neuroplastic response
may trigger the necessary environment to create the manifestations encountered on palpating counterstrain tender points.
Many of the neural and circulatory conduits follow similar
courses through the body. The “rule of the artery” also applies
to the neural system. It is no coincidence that these two vital
conduits commonly wind together through various connective
tissue elements to reach the tissues they serve.42 Functional integrity requires this intimate connection in order to provide for
organized movement and responsiveness of the body systems.
This view differs from the “boney” model wherein we may view
that a vertebral misalignment may be the sole cause of our somatic dysfunction. The view should rather be that of a contiguous
mechanism that requires all elements of the somatic framework
and visceral system to maintain homeostasis.
Various methodologies also view the presence of tender
areas on the body that are associated with somatic and visceral
dysfunction. In addition to the current discussion regarding
counterstrain tender points, there has been much debate about
the nature and qualities of trigger points, ﬁbromyalgia tender
points, and acupuncture points. However, there has been less
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debate over motor point sites, and this may be due to anatomical
consistency and diagnostic methods largely correlated to EMG
studies. Dr. Angus Cathie stated in 1960 that “many so called
‘trigger points’ correspond to the points where nerves pierce
fascial investments”.58 Others have sited the connection between
neural positions in relation to the muscles and fascia and a possible role in pain and functional alterations.
In “Muscles, Testing and Function,” Henry O. Kendall suggests that nerves could be irritated from the muscles being drawn
taut and ﬁrm, thus exerting a compressive or friction force on
these nerves.46 Muscles that are pierced by a peripheral nerve may
become symptomatic if the muscle develops adaptive shortening
moving through a shorter range of motion and becoming tight
before reaching its full length. Examples include:
• Radial nerve with the supinator and lateral head of the triceps
• Median nerve with the pronator teres
• Ulnar nerve with the ﬂexor carpi ulnaris
• Greater occipital nerve with the trapezius and semispinalis
capitis
• C5 & C6 root of the plexus and the long thoracic nerve with
the scalenus medius
• Musculocutaneous nerve with the coracobrachialis
• Lumbar plexus nerves with the psoas
• Iliohypogastric nerve with the transversus abdominis
• Obturator nerve with the external oblique
• Fibular nerve vith the biceps femoris and gastrocnemius
In the JAOA article, “Nerve compression syndromes as
models for research on osteopathic manipulative treatment”
(Luchenbill-Edds, Bechill), a question presented by Dr. Irvin
Korr asked “How many compression, angulation, or other deformations of nerves and nerve roots by surrounding structures
inﬂuence neural chemistry and metabolism and the synthesis
and axonal transport of macromolecules and subcellular structures”?59 Further review indicated that the effect of compression
on the nerves can produce ischemia at pressures of 30 mmHg,
affecting the vessels of the subperineural region and leading to
decreased venular outﬂow. Additionally, the effect of ischemia
increases the permeability of the endothelial linings of the
capillaries, which increases edema. Compression also blocks
anterograde and retrograde axonal transport necessary for nutrient support. It was also suggested that neurapraxia (axonal
conduction and transport compromise but no axon degeneration resulting from chronic or acute nerve compression) may
be relieved with OMT with counterstrain listed as one of the
possible treatment methods.
Chronic myofascial tenderness has not been found to be associated directly with ongoing inﬂammation.2 Local tenderness
is commonly found over nerve trunks at sites of entrapment or
metabolic insult. This has been attributed to the sensitization of
free nerve endings within neural connective tissues, the nervi
nervorum.62 Additionally, it appears that unmyelinated sensory
ﬁbers are the afferent limb of trigger points.60 Trigger points can
be reduced by lidocaine inﬁltration or by transection of the motor nerve innervating the trigger point.60 However, transection
of the spinal cord above the level to the innervation site to the
muscle has been shown to fail to abolish the twitch response of
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the trigger point. This interesting study therefore demonstrated
that the local twitch response is a spinal reﬂex and not mediated
in the cortex.
Acupuncture points have not only been associated with trigger points but also with motor points.60,61,63,64,65,66,67,68 There has
also been the suggestion that acupuncture loci be categorized
into types that involve motor points, superﬁcial nerves, and
nerve plexi.63 Clearly, in common is the presence of tenderness at
these sites. Tenderness at motor points located in the myotomes
has been correlated to segmental spinal injury.67 Further, the
degree of tenderness has been found to correlate with the severity of symptoms with greater involvement to both the anterior
and posterior primary rami. Muscle tenderness is found to be
maximal at the motor point location (neurovascular hilus). This
tenderness has also been associated with positive EMG changes
that may or may not be present in the mildest form of tenderness
but become more clearly signiﬁcant with greater neuropathic
ﬁndings.68 Therefore, early neuropathic changes that may not
be detected by EMG could be best elicited by palpating for
tender motor points.

Concept of Neurocirculatory
Integration (Fascial Release)
It is evident that the aforementioned physiologic changes
play a role in the associated manifestations of the counterstrain
tender point. Sustained alteration within the muscle ﬁbers that
have become inhibited and taut can be expected to demonstrate
poor metabolic activity and sustained nociceptive input.22,30,33
Tender points found long after the injury occurred demonstrates
a memory effect locally within the tissues and through the central
nervous system.
It is interesting to note the correlation of counterstrain
treatment positions with the position of the patient’s body at
the time of injury.8 How is it that osteopathic physicians remedy
the somatic dysfunction by returning the body to the position
of injury? How is it that treatment decreases the sensitivity and
improves the quality of function of these tissues?
Particularly interesting is the additional manifestation of a
palpable pulsation response felt at the tender point site as treatment is delivered.23,45,47 It is commonly the case that when the
patient reports the most signiﬁcant reduction in tenderness, thus
when the nociceptive input is terminated, the pulsation amplitude
is found to be at its greatest intensity.
Because neural and circulatory conduits tend to follow
together, and tender points and motor points are often found in
close proximity, the anatomical explanation why osteopathic
physicians are able to perceive this pulsation phenomenon
becomes more evident. This represents an objective manifestation of improved metabolic recovery within the muscle tissues.
This phenomenon suggests improved intramuscular perfusion
necessary for the muscle tissues to recover metabolically, thus
reversing the effects from an injury process.
Muscle imbalance is deﬁned as the existence of inequality
in the strength of opposing muscle groups wherein one muscle
group is weak and its opposing group is strong (tight). This imbalance leads to inefﬁcient and potentially injurious movements,
particularly to the joints.4,46 Both weak and tight muscles reﬂect
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abnormal metabolic activity. Counterstrain treatment requires
a reduction in the tension (and, secondarily, a shortening) of a
particular muscle or group of muscles along with the associated
myofascial structures and joints in order to reduce the nociceptive
afferent stimulus found at the tender point site.7,8,23,45,47
Muscles that are tight (with limited range of motion)
and do not possess tender points typically require therapeutic
lengthening, which can be performed with various manipulative
techniques such as with muscle energy technique. Muscles that
contain tender points may not be as accommodating to aggressive lengthening without added discomfort. Thus, counterstrain
methodology has provided a more “indirect” means of reducing
discomfort and assisting in the proper lengthening of the affected
myofascial tissues.
Typically, injured muscle tissues are protected from further
movement through a spastic neural response generated from
muscle tissues, the muscle spindles that are capable of providing this adaptation.12 Counterstrain treatment can be applied
concurrent with the application of post-isometric relaxation to
the antagonist muscles to allow further unloading of tension to
the myofascial group containing the tender point. This process
transforms “classical” counterstrain approach that requires the
patient to be totally passive to a more integrated process that
incorporates group Ia inhibitory interneurons that not only function locally on the antagonist muscles but also at higher centers
of control opposing muscles at the joint in reciprocal fashion.9
Together with the reestablishment of improved circulatory
ﬂow and reduced nociceptive input, this neurocirculatory integration fascial release approach incorporates an effective and
efﬁcient means of addressing the integrated neurocirculatory
needs of the musculoskeletal system. This integration of methods provides for the correction of the structural and postural
responses the body has manifested with the original injury. This
allows for improved muscle balance through the action on the
agonists, antagonists, and synergists.

Integrative Thinking – The Challenge
We are therefore at the point long hoped for in the osteopathic profession where the manifestations we have attempted
to describe receive support from dynamic technologies that
bring to life the anatomical and physiological manifestations of
somatic dysfunction.
We have established the central role that altered metabolic
processes contribute in the initiation and maintenance of tender
points, a manifestation of the presence of somatic dysfunction.
The coupled role of the neural and circulatory systems now have
to be viewed as a unit in order to more completely understand the
pathophysiology of somatic dysfunction and the methodologies
required to treat these dysfunctions. To neglect the importance
of either system leads to a suboptimal understanding of the
underlying physiology.
The primary goal in the provision of medical services
should be to offer, through better understanding of the body’s
response to injury, a conservative means to restore and maintain
proper resting IMP levels, circulatory ﬂow, and reduce nociceptive stimulus before further metabolic compromise or ongoing
degeneration and muscle imbalance becomes established. This
conservative emphasis should be encouraged throughout the
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health care system.
Neurocirculatory integration fascial release that utilizes
counterstrain along with other osteopathic manipulative principles enhances neural and circulatory normalization within the
tissues, providing a conservative approach that is both diagnostic
and therapeutic. The concepts explored here offer a window into
a better understanding of the complexity and yet the opportunity
to evolve with a greater appreciation for what we can do to
address the needs our patients. This understanding can lead to
improved diagnostic assessments and treatment outcomes that
impact the healthcare system and, most importantly, the treatment of our patients.
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CME QUIZ
The purpose of the quiz found on the next page is to
provide a convenient means of self-assessment for your
reading of the scientiﬁc content in the “Counterstrain
Tender Points as Indicators of Sustained Abnormal Metabolism – Advancing the Counterstrain Mechanism of Action
Theory” by Paul R. Rennie, DO, FAAO. For each of the
questions, place a check mark in the space provided next
to your answer so that you can easily verify your answers
against the correct answers that will be published in the
June 2007 issue of the AAOJ.
To apply for Category 2-B CME credit, transfer your
answers to the AAOJ CME Quiz Application Form answer
sheet on the next page. The AAO will record the fact that
you submitted the form for Category 2-B CME credit and
will forward your test results to the AOA Division of CME
for documentation.
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