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Abstracts:

Headache takes many forms and its presentation varies.
Some examples of headache include migraine, tension-
type, cluster, hemiplegic migraine, cervicogenic, and
opthalmoplegic migraine.  The pathogenesis of headache
or head and face pain is complicated and its cause
remains unclear.   It has been reported that classical
migraine only comprises only about 10% of patients with
migraine symptoms, yet migraine headache seems to
dominate the discussion of headaches, demonstrating
the state of affairs with headache terminology.  Since so
much attention is given to migraine headache other forms
of headache have taken a back seat. In today’s headache
dialogue it seems that the tail is wagging the dog.

In the United States it is estimated 50 million people
who suffer from headaches lose approximately 150
million workdays per year, which results in about $57
billion dollars per year in productivity loss and in medical
expenses. Headache patients account for 50 million visits
annually to health care providers. This constitutes 2.4%
of all patients who seek help from their primary care
physicians. Furthermore, 5% to 8% of all patients with
migraine headache seek consultation with non-
traditional health care providers including

physiotherapists, chiropractors, and herbalists.1

Cervicogenic headache, as defined by the International
Headache Society (IHS), comprises 15-20% of all
recurrent headaches.2 However, as a distinct medical
disorder or diagnosis, cervicogenic headache lacks expert
consensus. The presence of cervicogenic headache may
be generally accepted in today’s medical society, yet the
pathophysiology and headache source or pain generator
is still debated.3 The impact of headaches on quality of
life far exceeds other chronic conditions including
osteoarthritis, hypertension, and diabetes.4 Physical
therapy management of cervicogenic headache has had
few studies that have been directly performed to evaluate
the efficiency of treatment methods for this condition.5

Clinically, headache appears to be intimately linked with
dysfunctional movement patterns of the upper cervical
joints and is occasionally due to degenerative changes of
the lower cervical and upper thoracic joint regions.
Because is not easy to identify the structure responsible
for headache signs and symptoms, especially considering
that two or more structures may be causing symptoms at
the same time, there are many theories of the causes of
headaches.
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Pathophysiology
Gregory Grieve6 reported twelve possible theories of
causation for headache:

1) Interfering with afferent impulses from the
mechanoreceptors of the upper cervical joints;

2)  Vertebrobasilar ischemia due to atheroma of
vertebral artery, or encroachment by osteophytes
and/or thickenings of adjoining soft tissues;

3)  Vertebrobasilar ischemia due to arterial spasm
due to encroachment by osteophytes and/or
thickenings of adjoining soft tissues;

4) Autonomic nervous system concussion;
5) Direct mechanical compromise on sympathetic

and parasympathetic neurons that may result
in symptoms involving visual acuity
disturbance, nausea, vomiting, voice
disturbances, and difficulty swallowing;

6) Maigne postulated a vasculosympatheitc
mechanism for unilateral supraortibal headache
based on the anatomical basis of (a) sympathetic
plexus around the internal carotid artery is
continued into the cranial cavity and
accompanies the arterial branches, thus
emerging via the supraorbital foramen with the
supraorbital artery, and (b) the superior cervical
ganglion communicates with spinal nerve roots
C1, C2, and C3.  This demonstrates a somatic-
autonomic-vascular link between the somatic
cervical structures and the region of the
eyebrow;

7) The trigeminal nerve which is accompanied by
sympathetic and parasympathetic neurons.  The
ophthalmic and maxillary branches are
primarily involved in sympathetic fiber activity
accompanying somatosensory neurons, blood
vessels, and free nerve endings.  The third
mandibular branch is primarily involved in
parasympathetic fiber activity;

8) Spinal tract of V cranial nerve at C1-C2 can
result in vertebrobasilar ischaemia due to
degenerative joint disease at this area;

9) Spinal tract of V cranial nerve involved in
spread of excitation with summation effects and
facilitation from increased volume of impulses
from nociceptor endings in upper cervical
connective and other tissues;

10) Trauma and degenerative changes may produce
adhesions of the spinal meninges that can bind
down or tether the dura mater, which may result
in movement of the neck causing increased
traction and distortion.  This can produce
localized ischaemia in certain segments and
associated tissues;

11) Ridges from disc-and-vertebral body margins

     from degenerative change in the neck may occlude
arterial anastomoses of the surface of the spinal
cord;

2) The transverse ligament of atlas is attenuated and
loosened by a retropharyngeal spread of throat
infection.  However, other tissues besides ligaments
may be involved by the physical trespass of
oedema.

Cailliet7 in his book, describes the nerve pathways that
can conduct painful stimulus in coordination with
chemical and hormonal agents. Historically the somatic
sensory system has been indicated as the cause of head
and face pain, but recently the sympathetic system has
been implicated as a major pathway. The trigeminal
nerve (the Vth cranial nerve) innervates the skin fascia,
teeth, masticatory muscles, oral and nasal mucosa,
cornea, tongue, and meningeal lining. It is the largest
of the cranial nerves and has mixed somatic sensory
and motor nerve innervation. This nerve is very short
and emanates from the ventrolateral pons in an
anterolateral direction to the apex to the temporal bone
where it expands to form the gasserian ganglion, where
the sensory roots are contained. The trigeminal nerve
then divides into three branches: the mandibular, the
ophthalmic, and maxillary. The dermatomal region
includes the face and anterior two-thirds of the head.
The ophthalmic division of the trigeminal nerve is the
smallest branch and uppermost. It is exclusively
sensory to the eye except vision and includes the
lacrimal gland, the conjunctiva, the skin of the
forehead, eyelids, and nose, as well as the mucous
membrane of the nose and paranasal sinuses. The
maxillary division is purely sensory and innervates the
skin of the middle portion of the face which includes
the lower eyelid, the side of the nose, the mucous
membranes of the nasopharynx, the upper lip, soft
palate, tonsil, maxillary sinus, roof of the mouth, teeth,
and upper gums. It is implicated when there is pain in
the region of the lower orbit of the eye, the midface,
and the nose and mouth. The mandibular division is
the only mixed region having both sensory and motor
roots. Sensory region innervates the skin of temple area,
the lower part of the face, auricula, the external meatus
of ear, cheek, and lower lip. It also has innervations to
the gums, lower teeth, temporomandibular joint, the
mucous membrane of the cheek, and to a part of the
dura mater and skull. The motor region supplies the
muscle of mastication which include the temporalis,
pterygoids, masseter, digastric, and mylohyoid. Lesions
of the trigeminal nerve are termed “tic doulourezux”.
The symptoms may occur in one or more of the
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divisions causing pain. The sympathetic nervous sys-
tem, a division of the autonomic nervous system, arises
from the preganglionic cell fibers that are located in the
intermediolateral cell column from the 12 thoracic and
upper 3 or 4 lumbar verbebrae of spinal cord. The cord
level is where the sympathetic sensory system, the so-
matic motor system, and the somatic sensory system
merge together. The sympathetic nervous system inner-
vates the eye, cranial nerves, and arteries through the
ganglia. It also innervates the dura and ligaments of the
cervical spine through the recurrent meningeal nerve.
The term cervicogenic headache has been given medi-
cal consideration, however the specific neurophysiologi-
cal mechanism remains unclear. Cailliet7 indicates that
the articular joints, specifically the facet (zygapophyseal)
joints, the facet capsule, and surrounding ligaments may
be causes of pain. Head pain is also attributed to cervi-
cal musculature, even muscles involved in poor posture,
posttrauma from hyperextension-hyperflexion injuries,
faulty movement of the head, or emotional tension.
Cailliet states that “only by being associated with cervi-
cal movements or positions can the headache be consid-
ered cerviocogenic” (p83). He also states that there may
be a consistent history associated with the diagnosis of
cerviocogenic headache, in that some activity must oc-
cur to the upper cervical spinal segment(s). Trauma, ei-
ther minor from abnormal posture (like forward head
positioning) or from major trauma (like motor vehicle
accident, sports injury, or physical impact), implicates
nociceptors in tissues that have been irritated because of
the trauma in the upper cervical segments. He finally
states that the diagnosis of cervicogenic headache can
be made by the response to various therapeutic proce-
dures, which include manipulation, traction, exercises,
local nerve blocks of the rami at occipital-atlanto and
atlanto-axial joint spaces, local injections of cervical
muscles, immobilization, local modalities (including
ultrasound, electrical stimulation, TENS), and improve-
ment of postures during activities of daily living.

A more recent study by Friedman and Nelson8 performed
a literature review to identify the variability of conditions
that can give rise to head and neck pain.  Their purpose
was “to describe the characteristics of several
musculoskeletal, neurological, and systemic conditions
frequently cited as possible causes of head and neck pain
and to suggest a new technique for treating head and
neck pain.” Head and neck pain can be caused by various
musculoskeletal factors including muscle spasm (muscle
hyperactivity), trigger points (small ischemic tender
points in muscle that can refer pain and cause other
symptoms), tendinitis, and inflammation of joints
(temporomandibular or cervical apophyseal joints).  Head

and neck pain can be considered to be headache pain.
Headaches can be classified into different categories
based on symptom presentation. The types listed here
are migraine, cluster headache, tension headache,
occipital headache, chronic daily headache,
posttraumatic headache, and post lumbar puncture
headache. Head and neck pain may also arise from
various neurologic conditions, which include atypical
facial pain (neuralgia, facial pain), glossopharyngeal
neuralgia, reflex sympathetic dystrophy, and trigeminal
neuralgia (tic doulourex). Systemic disease processes
may also influence pain. These include osteoarthritis,
inflammatory arthritis (includes rheumatoid arthritis),
dermatomyositis (inflammatory condition of skeletal
muscle, unknown origin), temporal arteritis (giant-cell
arteritis), lyme’s disease, and fibromyalgia. A new
perspective on treatment for head and neck pain was
performed by a pilot study with the purpose of measuring
the effectiveness of intraoral circulating ice water due
to neurogenic inflammation. A device called a Cryotron,
developed by Friedman, specifically chilled the maxillary
alveolar tender area (Trigeminal V2 intraoral tenderness)
for patients with neck pain and cervical muscle spasm,
who may or may not have an accompanying headache.
The specific noninvasive goal to be achieved was edema
resolution by the reduction of local vasodilatation. It is
postulated that the chilling of areas of edema innervated
by the maxillary nerve will decrease inter-capillary
pressure providing the opportunity for excessive edema
(interstitial fluid) via the capillary wall to return to
microcirculation. Apparent intraoral tenderness is
directly related to the pressure of edema on sensory nerve
endings. The authors conclude that this pilot study
demonstrated significant relief from pain symptoms and
these results suggest a neurogenic inflammation as the
cause to trigemino-cervical pathology in association with
cervical muscle spasm.

The specific pathophysiology for cervicogenic headache
is still being debated. An article by Alix and Bates4

examined the neurophysiological basis and anatomic
relationship for the etiology of cervicogenic headache
between the dura mater and rectus capitis posterior minor
muscle. According to the IHS cervicogenic headache
accounts for approximately 15-20% of all recurrent
benign headaches. There were connective bridges noted
in the region of the atlanto-occipital junction between
the dorsal spinal dura and the rectus capitis posterior
minor muscle. These fibers were arranged in a
perpendicular manor apparently restricting dural
movement toward the spinal cord. Since the spinal dura
has a tendency to fold inward in the direction of the
spinal cord these connective tissue bridges may assist in
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this dural enfolding, resulting in tension which causes thickening of posterior spinal dura. This mechanism may be
compromised if trauma to the upper cervical spine resulted in rectus capitis posterior minor muscle atrophy. This dura-
muscular connection transmits forces to the pain sensitive dura from the cervical spine joint complex. The proposed
mechanism of cervicogenic headache is from the adverse tension in the spinal dura. Thus, any pathophysiologic condition
affecting the biomechanics of the cervical spine will disrupt the balance between the stability and mobility of the
cervical joint complex, creating a potential for cervicogenic headache pain. Due to the convergence of the trigeminal
and cervical C1-C3 afferents there is the possibility of cervicogenic headache resulting from the pathologic condition
affecting any structures innervated by these spinal nerves. Therefore, any joint complex dysfunction affecting the C1-
C3 spinal nerves may cause cervicogenic headache pain. Including, but not limited to, the upper three cervical segments,
the dura mater, and spinal cord. Spinal manipulation for benign sources of headache suggest efficacy for its use when
cervical pathology is present. The authors conclude that the literature does suggest that there is a neurophysiological
mechanism for headaches when there is a cervical spine joint complex dysfunction. The connections of the dura-
muscular and dura-ligamentum nuchae in the upper cervical spine could have the potential to produce cranial pain in
the presence of functional pathosis. This may aid in the understanding the mechanism of cervicogenic headache and in
the use of conservative spinal manipulation for those with chronic benign headaches.

According to Biondi3, as a diagnosis, cervicogenic headache “lacks expert consensus with respect to its acceptance as
a distinct medical disorder. Although its existence is generally accepted, the condition’s pathophysiology and source of
pain are debated.” (pS7).  The purpose Biondi’s article was to review cervicogenic headache as to its mechanism, its
evaluation, and the treatment strategies available. It has been reported that head pain, referred from the neck, is
considered cervicogenic headache, however, this is not always the case. In medical literature today many structures
have been defined as able to refer to the head including vascular, osseous, muscular, articular, and neurogenic. Clinically,
referred head pain appears to have more than one anatomical source as its driving factor. What makes headache
diagnosis difficult is the similarities in the clinical symptoms of primary headache disorders like cluster, benign
paroxysmal hemicrania, tension-type, migraine, hemicrania continua, and cervicogenic headaches. The author focuses
his idea of pathophysiologic cervicogenic headache on the trigeminal nucleus caudalis (trigeminocervical nucleus).
This descends to the C3 or C4 spinal cord segments.

This nucleus is contiguous with the gray matter of the spinal dorsal horn at these
levels. This column of gray matter has been called the trigeminocervical nucleus.
Interneurons within the trigeminocervical nucleus allow for an exchange of
sensory information that nociceptive signals from the anatomic structures and soft
tissues of the upper region of the neck can be referred to the sensory receptive
fields of the trigeminal nerve in the head and face. The topographic arrangement
of the trigeminal nucleus caudalis allows the greatest interchange of nociceptive
information with the ophthalmic division of the trigemenial nerve (CN V);
therefore, it is most common for pain from a cervical source to be referred to the
forehead, temple, or orbit. There is also some interchange of sensory signals with
the maxillary division of CN V that allows referral of neck pain to the face. …
Afferent sensory signals ascend or descend up to three spinal cord segments in the
dorsolateral tract and substantia gelatinosa before entering the spinal dorsal horn.
This can allow nociceptive signals from spinal segments as low as C6 or C7 the
potential to interact with interneurons in the trigeminocervical nucleus, and
thereby, the referral of pain from anatomy structures of soft tissues in the middle
and lower portions of the head and face. (pS11)

Thus, the pathophysiology of cervicogenic headache continues to be debated.  Unfortunately, in the literature, there is
no objective consensus that is depicted as the primary cause for cervicogenic headache presentation.   However, there
are anatomical regions that can be identified as causative factors.  The most likely causative regions are: the synovial
and articular components of the facets and uncovertebral joints, the corresponding discs to these regions, myofascial
trigger points, cervical and upper thoracic musculature, and the surrounding ligaments in the cervical and upper
thoracic regions107.
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What has been identified conclusively, as far as possible
in present day standards, is the presentation or the
symptomatology of cervicogenic headache. There are
many common clinical characteristics of cervicogenic
headache (refer to Appendix).

Cervicogenic Headache Diagnosis

The term “cervicogenic headache” is attributed to Sjaastad
et al11,12,13.  From 1983 to 1987, he and his colleagues11,12,13

conducted a series of studies dealing with cervicogenic
headache, something described as a variant of the chronic
paroxysmal headache.  Cervicogenic headache diagnosis
tended to be unilateral, was accompanied by autonomic
symptoms, and provoked by head and neck movements,
especially forward flexion.  The head pain was described
as nonclustering and episodic, originating from the neck
and spreading to the head. Furthermore, the neck pain
should respond to a root or nerve blockade. Sjaasted
proposed that cervicogenic headache may be due to an
entrapment of the occipital nerve or to a C2-C3
rhizopathy.  Sjaasted did acknowledge that there is
significant potential to have overlap between
cervicogenic, tension, and common migraine headaches.

It was Vernon’s opinion that this description by Sjaasted
et al. of cervicogenic headache was too narrow, restricting
the diagnosis and treatment of the complaint. In order to
support this, Vernon58 conducted a complete literature
review of clinical studies that investigated the effect of
spinal manipulation and the investigative methods used
by the practitioners of spinal manipulation in the
treatment of headaches. As a result of this review, Vernon
asserted that headache of cervicogenic origin may have
broad manifestations including bilaterality, and with or
without occipital, suboccipital, or cervical component.
According to Vernon, this means that the cervicogenic
headache can manifest itself as a frontotemporal, orbital,
or vertex headache that may or may not be accompanied
by autonomic symptoms. Vernon concluded, then, that
the narrow definition Sjaastad gave for cervicogenic
headache opened the door for misdiagnosis of the
headache as a tension headache, or common migraine,
resulting in suboptimal treatment and medication
dependency.

Partly due to criticism such as that and by request of
The Cervicogenic Headache International Study Group,
Sjaastad, Fredriksen, and Pfaffenrath59 provided
diagnostic criteria on cervicogenic headache on the behalf
of The Cervicogenic Headache International Study

Group. They described cervicogenic headache as “a
unilateral headache, but it may also be bilateral
(‘unilaterality on two sides’). The duration of the solitary
attack-or an exacerbation- varies, from a few hours to a
few weeks. In the initial phase, the headache is not
infrequently episodic; later, it frequently becomes chronic-
fluctuating. Symptoms and signs referable to the neck
are essential, such as reduced range of motion in the neck,
mechanical precipitation of attacks or exacerbation, etc.
‘Migrainous’ symptoms, like nausea and photophobia are,
when present, generally not marked. A positive response
to appropriate anesthetic blockades is essential. No
specific radiological abnormalities have been identified.”
(p442) They further defined what constituted as the
minimal requirements for the diagnosis of cervicogenic
headache. These were:
(I) Symptoms and signs of neck involvement:

(a) precipitation of head pain, similar to the
usually occurring one:

(1) by neck movement and/or
sustained awkward head
positioning, and/or:

(2) by external pressure over the
upper cervical or occipital
region on the symptomatic
side

(b) restriction of the range of motion (ROM)
in the neck

(c) ipsilateral neck, shoulder, or arm pain of
a rather vague nonradicular nature or,
occasionally, arm pain of a radicular
nature.

(II) Confirmatory evidence by diagnostic
anesthetic blockades. Point (II) is an
obligatory point in scientific works.

(III) Unilaterality of the head pain, without
sideshift. For scientific work, point (III)
should preferably be adhered to. (p442)

“It is considered that the combination of (I)(a)…and (II)
secures (proves?) the diagnosis. Presence of the other
points under (I), (1b), and (1c) utterly fortifies the
diagnosis.” (p443) The authors stated that cervicogenic
headache can clinically be differentiated with reasonable
certainty from other headaches. They report that “it is
not a ‘disease’ or ‘entity’… but a reaction pattern.” (p444)
The authors did not give a specific tissue as the pain
generating mechanism, however, they felt this type of
headache may come from structures located in the upper,
middle, or even lower cervical segments. They concluded,
“Cervicogenic headache may be viewed as a sort of final
common pathway for several pain-generating disorders
in the neck.” (p444)
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Treatment
Treatment options required for cervicogenic headache
provided by Biondi3 is a multifaceted approach.  It may
include the use of pharmacology, nonpharmacology,
anesthetic, manipulation, and at times surgical
intervention. However, the author states that medications
alone will not provide substantial relief of pain in most
cases. Yet, these medications may allow the patient to be
more active in the rehabilitation process. Osteopathic
manipulative procedures should be performed in a gradual
progression starting with muscle stretching and manual
cervical traction. Various osteopathic manipulation
techniques include muscle energy, craniosacral, and strain/
counter-strain  and should be followed by a home exercise
program. The author states that cervicogenic headache
caused chronic headache, which is often misdiagnosed or
unrecognized. Early diagnosis and therapeutic
management is essential in decreasing the possible costs
and social disability often associated with cervicogenic
headache. He concludes that those trained in manual
diagnostic skills and with the proficiency in manipulative
procedures “are well equipped to identify and manage this
challenging pain disorder.” (pS13)

Cervical manipulation has been demonstrated to be
effective in helping headache pain.  According to the
American Physical Therapy Association’s (APTA)
Orthopaedic Section105 “manipulative techniques by
licensed physical therapists in evaluation and treatment
of individuals with musculoskeletal dysfunctions has
always been an integral component of physical therapy
practice.” Reinforcing the fact that manipulation, in all
its various forms except under anesthesia, is within the
scope of physical therapy practice. Manipulation implies
a variety of techniques including “peripheral joint and
spine mobilization, thrust, oscillations, articulations, soft
tissue mobilization, myofascial release, and craniosacral
techniques.” Nilsson et al.2 specified that during spinal
manipulation, a “high-velocity, low-amplitude thrust in
a specific line of drive is given at the end point of the
normal passive range of motion; this is often accompanied
by an audible crack” (p. 327).

A Modified Extensive Literature Review:
Cervicogenic Headache
Harper107 performed a dissertation on manipulation as
ascribed to manipulation. It determined the efficacy of
spinal manipulation on patients with cervicogenic
headache in relation to quality of life, intensity and
frequency of cervicogenic headache, and articular mobility
(ROM). Definition of Terms: Manipulation:  High-
velocity, low-amplitude thrust in a specific line of drive

[that] is given at the end point of the normal passive
range of motion. Cervicogenic headache:  According to
the classification system devised by Sjaastad, Fredriksen,
and Pfaffenrath59. Quality of Life:  A measure of the
degree of impairment by cervicogenic headache on one’s
level of participation in personal and social roles.
Articular Mobility:  Degree of passive range of motion
that a joint can be moved without being symptomatic.
With a specific focus placed on cervical articular mobility
as demonstrated by changes in goniometric measurements
of the cervical spine. Frequency:  Rate of recurrence of
the headache during the study time interval. Intensity:
Visual analogue scale.

In order to accomplish the purpose of this study107,
answers to the following questions were sought through
a review of current  literature:

1. What manual therapy treatment options are
physiotherapists using for headaches? Can manual
therapy skills be utilized to identify segments in
dysfunction?

Physical therapists are presently utilizing both
mobilization and manipulation as manual therapy
treatments options for the cervical spine.1,35,36,39,46,70

However, due to various reasons, most apparently due to
the risk factors associated with manipulation to the upper
cervical spine and an unclear understanding of a good
candidate for the manipulative procedure, the manual
therapy treatment of choice is mobilization instead of
manipulation.35,36,46

Intraexaminer passive segmental mobility testing was
supported by the literature.25,38   However, the reliability
of interexaminer testing remains an area of debate.38,61,63

Current research61,64,65 supported the reliability of
interexaminer categorization of those suffering from
cervical headache. Interexaminer65 reliability was found
to be reliable for those suffering from cervicogenic
headache as described by Sjaastad, et al59.

From the literature, it is clear that the reliability of
interexaminer and intraexaminer mobility testing, for
both physiological and accessory segmental testing, is
still under debate.25,38,61,63,64,65 This is unfortunate, since
the ability to identify limited mobility is essential to the
diagnosis of cervicogenic headache and has been shown
to be a reliable indicator for differential diagnosis.21,26,64,65

It is reasonable to say at this time, that as long as one
therapist was identifying the limited spinal segment, it
was a reliable method to make a differential diagnosis
of cervicogenic headache.
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2. What is the efficacy of spinal manipulation on patients
with cervicogenic headache?
What are the short-term effects of spinal manipulation on
cervicogenic headache?
What are the long-term effects of spinal manipulation on
cervicogenic headache?

Presently, there is a lack of quality studies on the efficacy
of cervical spine manipulation1,47,67,69. Several studies37,40,45,49

supported manipulation as efficacious for neck pain.
Manipulation2,5 was beneficial for those suffering from
cervicogenic headache as defined by the IHS. Manipulation
was more beneficial when compared to mobilization in a
couple studies.1,70 Manipulation in conjunction with
exercise was beneficial.68 The use of manipulation
combined with exercise,5,43,44,70 rather then each alone, had
the most significant short-term and long-term benefits.
Manipulation was beneficial70 for those who met the criteria
of Sjaasted, et al.59 Thus, to ensure the most optimal
outcomes over both short and long-term for those suffering
from cervicogenic  headache, the research supports the
use of cervical manipulation, which includes mobilization
and manipulation, in combination with exercise.

3. How does spinal manipulation influence the quality of
life in patients suffering from cervicogenic headaches?
What is the definition for quality of life?
What is the impact of headache in society?

Quality of life is a subjective degree of well-being and
stress in one’s life and has been measured using a SF-36
questionnaire on those suffering from cervicogenic
headache.31,73

There was a negative impact on both the societal as well
as the individual quality of life of those suffering from
cervicogenic headache.31,73 Society has been impacted
negatively both economically and socially from chronic
headache.31,32

4. How does spinal manipulation influence the intensity
and frequency of cervicogenic headache?
What is the underlying pathology that leads to
cervicogenic headache?
What are the advantages of spinal manipulation?
What are the risk factors associated with spinal
manipulation?

There are many theories3,4,6,7,8,10,15 of the pathology of
cervicogenic headaches.  Unfortunately, there has been
no objective consensus on the primary cause. Therefore,

it continues to be debated.  Presently, the main idea
seems to be a common pathway for afferent information
culminating at the trigeminocervical nucleus as a sort
of relay station.

The advantages of spinal manipulation have been shown
earlier under the discussion of the efficacy of spinal
manipulation. Spinal manipulation, especially in
conjunction with exercise,5,43,44,70 has demonstrated
statistical efficacy in treating headache. Manipulation
has demonstrated the effect of decreasing medication
usage and headache intensity and frequency.1,2,37,71

Working on the upper thoracic segments40 as well as
cervical segments1,5,2,37,43,44,70 has also been shown as
beneficial for Cervicogenic headache. Spinal
manipulation, especially in conjunction with
exercise,5,43,44,70 has demonstrated statistical efficacy in
treating headache.  One article51 advised the use of
mobilization techniques instead of manipulation
techniques because of the potential risk factors
associated with such procedures.  Spinal manipulations
may not need to be specifically performed to get the
desired effect; the desired effect may get the same benefit
from non-specific manipulations. However, The use of
non-specific manipulation may be applicable to the
thoracic spine;41,79 yet, the application of non-specific
manipulation performed to the upper cervical spine
could be quite disastrous to the patient, even deadly. A
more specific manipulation approach which includes
segmental specificity based on individual biomechanical
coupling patterns may be a more efficacious method of
manual therapy

According to the literature the presence of complications
from spinal manipulation varies. Critics say part of this
variability is due to a lack of reporting injury incidence
from manipulation. The percentage of risk for those
who have spinal manipulation performed to their upper
cervical spine is very low.51,68  [Atchison68  Mild: 1 in
40,000; Severe (Fx, VBI) 5-10 per 10 million; Death
<3 per 10 million][DiFabio51  Severe NV compromise
was 1 per 50,000 to 1 per 5 million] However, risk
factors associated with spinal manipulation continue
to occur. 51,52,83,84

Vertebral artery compromise is the most common
concern during the application of spinal manipulation.
Multiple studies53,54,85,86,87,88,89,90,91,92 have evaluated
various anatomical head positions as possible screening
tools to be used prior to the application of spinal
manipulation to aid in the identification of individuals
at high risk for arterial compromise. The literature has
not identified one clinical screening test as best for
ruling-in or ruling-out the possibility of vertebral artery
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problems to help identify those at risk from a manipulative
procedure.51,53,54,67,,85,86,87,88,89,90,91,92, 107 The literature107

indicates that there are several co-morbidities that may
influence risk factors after cervical manipulation
procedures. These co-morbidities may be ones that cause
abnormal blood flow (atherosclerosis, HTN,
homocysteine), or may be predisposing factors (Genetic/
Lifestyle [female, advancing age, obesity, sedentary,
smoker, oral contraceptives], Pathological [DM, lupus,
sickle cell disease, previous strokes, Hx TIA’s, HTN,
atherosclerosis]), or may be due to physical damage (from
a manipulative procedure itself)90,91,107,108,110,111.

5. How does spinal manipulation influence articular
mobility in patients with cervicogenic headache?
What is the biomechanical effect of spinal manipulation
on cervicogenic headache patients?
What is the neurophysiological effect of spinal
manipulation on cervicogenic headache patients?

Spinal manipulation has been shown to affect the
biomechanics of articular mobility by increasing the range
of motion of the cervical spine.93,94,95,96,97 Unfortunately, no
studies were found identifying the biomechanics of spinal
manipulation performed on those suffering specifically
from cervicogenic headache.

Spinal manipulation has been shown to have a
neurophysiological affect when applied to the spine.55,98,100

It appears to affect multiple systems, including joint
mechanoreceptors, muscle spindles, and the dorsal horn
of the spinal cord. Unfortunately, no studies were found
identifying the neurophysiological effect of spinal
manipulation on those suffering specifically from
cervicogenic headache.

This comprehensive literature review107 has provided
legitimacy and a clear definition for the diagnosis of
cervicogenic headache. This study107 along with clarifying
articles108,109 on specific topics have helped understanding
on cervicogenic headache, vertebral artery, and
manipulation when considering various treatment options
for this condition. This study107 has compiled the current
evidence-based physical therapy knowledge base on the
implementation and efficacy of spinal manipulation to the
cervical spine, specifically for those suffering from
cervicogenic headache. It also has exposed the importance
of rigorous training of spinal manipulation, especially to
the upper cervical spine, in physical therapy education.

Evidence-Based Treatment for Cervicogenic
Headache:
The most optimal outcomes for long term benefit from
those suffering from cervicogenic headache, from the
present literature107, is the use of mobilization and/or
manipulation in combination with exercise.  This
included manual therapy primarily to the upper cervical
spine (OA-C3 segments) and secondarily to the upper
thoracic spine (T1 to T4 segments).  Exercise should
accompany the manual therapy (manipulation/
mobilization) with the exercises addressing the deep neck
flexors, the scapular musculature (suggestive of with/
without neck motion), and mobilizing exercises for the
cervical and thoracic spine regions. However, here
continues to be a need for quality, randomized clinical
trials to support evidence-based treatment.

Parting Thoughts:  Importance of Quality Training
in Manual Therapy
Recently, the role of spinal manipulation has reached a
more prominent level of interest in the realm of physical
therapy. The Guide to Physical Therapy has clearly
defined manipulation as within the scope of practice of
physical therapy. The Manipulation Education Manual
(MEM)106 was developed by the Manipulation Education
Committee American Physical Therapy Association
(APTA) Manipulation task force in conjunction with the
Education and Orthopaedic sections of the APTA, the
APTA proper, and the American Academy of Orthopaedic
Manual Physical Therapy (AAOMPT), with the express
purpose of supporting evidence-based information
concerning thrust manipulation. MEM would like to see
manual therapy, both non-thrust and thrust mobilization/
manipulation, taught in professional degree physical
therapy education programs in the United States, with
respect to the restrictions of existing state law(s) on what
can be academically and/or clinically taught. MEM
recognizes the lack of information regarding spinal
manipulation, especially related to the cervical spine or
any specific cervical diagnosis.

The most obvious implication of this risk factors review
is the necessity of increasing the competency of therapists
employing such manipulative procedures. This includes
the manual dexterity of the therapist as well as his or her
knowledge of any contraindications, information upon
which the decision to manipulate or not to manipulate
rests. It is apparent the essential components in the
successful implementation of spinal manipulation are the
knowledge and understanding of its indications and
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contraindications.  Knowledge of when manipulation is
indicated and when contraindicated is the key. True
competency encompasses this understanding, in addition
to the knowledge of manipulative techniques.51,83,84 If
MEM106 is promoting consumer safety and professional
competency, it seems only reasonable to introduce
manipulation at the entry-level education model and let
various APTA/AAOMPT credentialed residencies and
fellowship programs teach physical therapists spinal
manipulation.

It is essential that entry-level physical therapy programs
instruct students in both the indications and
contraindications of manipulative therapy, in addition to
any limited introduction of the techniques. Because of the
extensive training and potential risk factors associated
with spinal manipulation, especially upper cervical spine
manipulation, individuals practicing the techniques
should be certified through post-graduate residency or
fellowship programs.
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Function of the Upper and Lower Subscapularis Muscle and its Possible
Indication for Rehabilitation

 By

Ben Grotenhuis, PT, MOMT, FAAOMPT

Summary
The subscapularis muscle is one of the four rotator cuff
muscles that because of its size and position, plays an
important role in providing dynamic stability to the
glenohumeral joint. Shoulder internal rotation is frequently
used to exercise the subscapularis muscle during
rehabilitation for rotator cuff pathology and/or shoulder
instability. Controversy exists however, about the role of
the two separate parts that make up the subscapularis muscle
during active resisted shoulder internal rotation.

The following article review discusses the importance of
the subscapularis muscle and its two different parts in normal
and abnormal shoulders during various activities.
Differences in subscapularis recruitment when selecting
various options for rehabilitation exercises for shoulder
internal rotation, are being discussed. A hypothesis for the
controversy in research data is given and a new exercise for
shoulder internal rotation is briefly described.
Recommendations for further research are identified.

Function of the Subscapularis Muscle in Normal and
Abnormal Shoulders
The subscapularis muscle has traditionally been considered

to perform internal rotation of the shoulder. However,
the main function of the subscapularis muscle is to assist
in depression of the humeral head of the humerus in the
glenohumeral joint during abduction of the shoulder and
to counteract the superiorly directed shearing forces of
the deltoid and supraspinatus muscle. This concept is
not new and was first described by Inman et al. in 1944
[1]. A second force couple exists between the
subscapularis and the posterior rotator cuff muscles (the
infraspinatus and the teres minor muscles) in the
transverse plane, providing anterior-posterior stability
to the glenohumeral joint as well (Lo et al., 2003[2],
David et al., 2000[3]).

A recent review of the muscle architecture of the four
rotator cuff muscles of the shoulder in cadavers revealed
that the subscapularis has the greatest force-producing
capacity. It also contributed passive tension at maximum
abduction and external rotation, indicating that it plays
a critical role in glenohumeral stability in the position
of apprehension (Ward et al., 2006)[4].

EMG investigations of several sports-specific activities
in normal shoulders have shown marked recruitment of
the subscapularis muscle throughout the activity. In the



subscapularis muscle throughout the activity. In normal
healthy shoulders, the rotator cuff muscles and the biceps
muscle were found to be active prior to initiation of the
deltoid and pectoralis muscle during isokinetic internal and
external rotation, indicating a non-specific pre-setting
phase enhancing stability of the shoulder (David et al.,
2000)[3]. Even scapulothoracic shoulder movements with
the arm immobilized in a shoulder immobilizer against
the trunk with the hand placed against the stomach, showed
fairly high activity (40-63% MVC) of the upper
subscapularis muscle as measured by fine-wire
electromyography in normal shoulders (Smith et al.,
2006)[5]. These findings made the authors conclude that
scapulothoracic movements after a subscapularis tendon
repair should be considered unsafe in the acute phase of
rehabilitation following surgery.

16

EMG studies on patients with known shoulder instability
show a suppressed co-activation of the rotator cuff muscles
during perturbation in the apprehension position (Myers
et al., 2004)[6]. In addition, Glousman et al. (1988)[7]
reported decreased subscapularis, pectoralis major,
latissimus dorsi, and serratus anterior activity during the
late cocking and acceleration phases of pitching in throwers
with instability.

Different patterns of muscle activation in the subscapularis
muscle between symptomatic and asymptomatic patients
with rotator cuff tears in the supraspinatus and infraspinatus
tendons have been demonstrated by Kelly et al. (2005)[8].
All subjects had an intact subscapularis tendon and all
subjects had a trend toward increased general muscle
activation during functional tasks compared to normal
subjects. However, they found increased firing of the
subscapularis in asymptomatic subjects compared to
symptomatic shoulders during functional activities such as
elevating an 8 pound weight. In their study, symptomatic
subjects continued to depend on torn rotator cuff tendons
and periscapular muscle substitution, resulting in impaired
function. Hess et al. (2005)[9] also showed a slower onset
of subscapularis EMG activity during a rapid shoulder
external rotation movement in throwers with painful
shoulders compared to throwers without symptoms of pain.

Activity of the Upper and Lower Subscapularis Muscle
The subscapularis muscle is innervated by two or more
distinct nerves. A difference in EMG activity has been shown
between the upper and lower portions of the muscle in
various positions of the shoulder and with various activities
during rehabilitation.

When comparing the upper and lower portion of the
subscapularis muscle by using fine-wire EMG during
sagital flexion, abduction in the coronal plane, and
abduction in the scapular plane (scaption), O’Donnell
et al. (2006)[10] recorded earlier and higher levels of
activation in the upper portion of the subscapularis
muscle compared to the lower portion. They explained
the early onset of upper subscapularis muscle activity
as a pre-setting role for this muscle to enhance
glenohumeral congruity prior to elevation. They also
suggested that the higher levels of activation of the upper
subscapularis may be important in providing abduction
torque, while the lower subscapularis muscle may be
performing more a tonic stabilizing role.

Decker et al.(2003)[11] found similar findings when
testing for subscapularis (fine-wire) EMG activity during
seven different rehabilitation exercises, using elastic
resistance during 6 of the 7 exercises. The upper
subscapularis was found to have higher average
amplitudes of EMG activity and higher peak amplitude
EMG activity for six of the seven exercises (forward
punch, internal rotation high (90º abduction), internal
rotation mid (45º abduction), dynamic hug, diagonal,
and the push-up plus) when compared to the lower
subscapularis muscle. Internal rotation against elastic
resistance at 0º of humeral abduction with the arm
unsupported showed similar EMG values for the lower
subscapularis muscle compared to the upper
subscapularis muscle.

These results are in contradiction with earlier research
performed by Kadaba et al. (1992)[12]. They showed
that during internal rotation against isometric resistance,
EMG activity in the upper subscapularis either remained
the same or decreased in going from 0 to 90º abduction.
EMG activity of the lower subscapularis muscle
increased when going from 0 to 90º abduction. In a
description of their testing protocol, Kadada et al.
ignored to mention if the shoulder was in a supported
or unsupported position, although they do mention that
two of the six healthy subjects were tested on a Cybex
II. We could therefore assume that this was done in a
supported position.

Hypothesis
When tested in a supported position, the stabilizing force
couple on the glenohumeral joint from the subscapularis
that counteracts the abduction force of the deltoid and
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supraspinatus muscles, may not be as predominant as when
the shoulder is tested in an unsupported position.
Therefore, a difference in muscle recruitment of the two
different parts of the subscapularis muscles may exist,
depending on the amount of support placed on the upper
extremity during rehabilitation when exercising the
subscapularis muscle for internal rotation in various
positions of the shoulder. If this is true, this can have
consequences for shoulder rehabilitation when treating
rotator cuff pathology and/or glenohumeral instability by
exercising the shoulder for internal rotation. By selecting
different levels of upper extremity support in various
positions of the shoulder, the clinician can have a choice
of either placing emphasis on tonic stabilization or
enhancing activity of the subscapularis to counteract the
abduction force from the deltoid muscle.

The following clinical examples give a more detailed
explanation on how to apply and compare the research
performed by Decker et al.[11] and Kadaba et al.[12].

Figure 1A                  Figure 1B
Shoulder internal rotation in neutral (low) position with
the arm in 0º abduction: elbow unsupported (fig 1A) and
elbow supported (fig1B).

Decker’s study [11] suggests that internal rotation at 0º
abduction with the elbow unsupported (fig. 1A) elicits
moderate-to-marked upper and lower subscapularis muscle
activity. According to Kadaba et al.[12], internal rotation
with the elbow supported at 0º abduction (fig. 1B) stimulates
predominantly the upper subscapularis muscle.

Internal rotation with the shoulder supported at 90º
abduction (fig. 2) shows increased EMG activity of the
lower subscapularis muscle in this position, according to
Kadaba et al.[12].

Figure 2: Shoulder internal rotation high position at 90º
abduction with the elbow supported.

Shoulder internal rotation with the arm unsupported in
90º abduction (figure 3A and 3B) facilitates the upper
subscapularis muscle (Decker et al., 2003)[11].

Fig. 3A

Fig. 3B
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Figure 3. Shoulder internal rotation high position with
the elbow unsupported: 3A. Beginning position. 3B. End
position.

A modified version of shoulder internal rotation high
position is shown in figure 4A and 4B, where the distal
humerus is supported by a sling strap attached to a pulley
resistance. The sling strap with pulley resistance in this
way assists the shoulder in supporting the weight of the
upper extremity. This modification could make it easier
for the patient to progress from a supported to an
unsupported position. EMG activity of the upper and lower
subscapularis muscles for this particular exercise has not
been tested.

Fig. 4A

Fig. 4B

Figure 4. Shoulder internal rotation at 90º with the elbow
semi-supported using a sling strap with pulley weight: 4A.
Beginning position. 4B. End position.

Conclusion
The subscapularis muscle functions as an internal rotator
of the shoulder. However, its main function is during its
activity as a shoulder abductor, anterior stabilizer, and
humeral head depressor. The subscapularis muscle is
innervated by two or more distinct nerves and two
independent muscle units can therefore be identified.
The two parts of the subscapularis muscle have been
shown to function differently during normal shoulder
flexion, abduction, scaption, as well as during various
positions of the shoulder when performing active internal
rotation.

When targeting the subscapularis muscle by performing
exercises for shoulder internal rotation during
rehabilitation for shoulder pathology, the clinician
should take into consideration that various positions of
the shoulder and variations in upper extremity support
can have consequences for the differences in activity
level of the upper and lower portions of the subscapularis
muscle.

Further research to determine the importance of upper
arm support in different positions of the shoulder when
targeting different parts of the subscapularis muscle
during exercises for shoulder internal rotation, is
recommended.
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