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Abstract

Background: The trigeminal nerve theory has been proposed as a pathophysiological mechanism of
migraine; however, its association with the triggers of migraine remains unclear. Cervical disability such
as neck pain and restricted cervical rotation, have been associated with not only cervicogenic headaches
but also migraine. The presence of cervical disability could worsen of the migraine, and also the response
to pharmacologic treatment may be reduced. The aim in this review is to highlight the involvement of
cervical disability in migraine, considering contributing factors.

Findings: In recent years, evidence of neck pain complaints in migraine has been increasing. In addi-
tion, there is some recent evidence of cervical musculoskeletal impairments in migraine, as detected
by physical assessment. However, the main question of whether neck pain or an associated cervical dis-
ability can act as an initial factor leading to migraine attacks still remains. Daily life imposes heavy loads
on cervical structures (i.e. muscles, joints and ligaments), for instance, in the forward head position. The
repetitive nociceptive stimulation initiating those cervical skeletal muscle positions may amplify the sus-
ceptibility to central migraine and contribute to chronicity via the trigeminal cervical complex.
Conclusion: Further studies are needed to explain the association between cervical disability as a source
of pain and the development of migraine. However, evidence suggests that cervical disability needs to be

considered in the prevention and treatment of migraine.
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Introduction

Migraine is characterized by a severe unilateral head
pain that is often accompanied by other symptoms,
including nausea, vomiting and light and sound
hypersensitivities. Cervicogenic headaches caused
by cervical disabilities can lead to similar symptoms,
and both syndromes are difficult to distinguish dur-
ing clinical diagnoses. Accompanying symptoms,
such as neck pain or restricted neck rotation, were
described first by Sjastastad et al.! in 1983 as fea-
tures of ‘cervicogenic headaches’, and neck region
involvement was originally thought to be absent in
migraines.? However, neck pain has become more
commonly recognized in migraine,?>”7 and it may be
a predictor of migraine disability.>-# Calhoun et al.?
reported that the intensity of neck pain is associated

with great headache intensity and treatment delays.
In addition, in their study evaluating the association
between neck disability and migraine in patients
with single migraine attacks and chronic migraine
(CM), Carvalho et al.!® indicated a 7.6-fold higher
risk of developing CM in patients with strong poste-
rior neck pain than in others. This review will focus
on the possible involvement of neck pain, cervical
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disability, cervical impairment and trigger points
(TrPs) in migraine, and also discuss pathophysiolog-
ical implications associated with migraine.

Method
Search strategy

A literature search was done in PubMed for studies
published between January 1980 and September
2019 using the following search terms: ‘migraine’,
‘neck pain’, ‘cervical musculoskeletal impairment’,
‘forward head posture (FHP)’, ‘myofascial TrPs’ and
‘trigeminal cervical complex (TCC)’. Each of these
search terms was cross-referenced with ‘migraine’.
Abstracts and studies were chosen according to their
relevance to the topic of interest and the quality of
their data and papers were analysed to assess the asso-
ciation between cervical musculoskeletal impairment
factors and migraine. The literature on relevant
migraine and cervical region pathophysiology was
also reviewed (Figure 1).

Findings
Self-reported neck pain

Regarding relation with neck pain in migraine, self-
report or questionnaire have been used in some stud-
ies. Viana et al.!! simply reported that the majority of
patients, 91% of cases, with neck pain suffered from
typical migraine in 207 migraine patients. A study on
797 patients suffering from tension-type headache
(TTH) or migraine showed headache accompanied
with neck pain in 85.7% of the patients during a
1-year follow-up; the association between neck pain
and headache was 89.3% in patients with combined
migraine and TTH, 88.4% in those with TTH alone
and 76.2% in those with migraine alone.!? In a study
on adolescents, Blaschek et al.!? observed the pres-
ence of neck/shoulder muscle pain and headache, not
only in patients with chronic TTH, but also in those
with migraine and those with mixed migraine and
TTH. However, in their subsequent study on younger
patients, they found a higher prevalence of pain in
the neck/shoulder region in patients with either
migraine or migraine plus TTH than in those with
TTH alone.'* Kroll et al.!> reported that migraine
attacks coexisted with TTH and neck pain in 100
(67%) of 148 patients with migraine. Thus, the prev-
alence of neck pain and migraine seems to be high,
especially in patients with mixed migraine and TTH.

Blau and MacGregor® studied the occurrence of
neck symptoms during different headache attack
phases. Around 32 of 50 patients complained of neck
pain, 30 had pain during the headache phase, and 10

Records identified through
database searching
(n=701)

Records after duplicates removed
(n=694)

Records screened
(n=694)

Records excluded based
on screening of titles and
abstract
(n=621)

Full-text articles assessed for
eligibility
(n=73)

Full-text articles excluded
with reasons (n=39)
(Case report: n=1)
(Review: n=8)
(Treatment studies: n=14)
(No comparison interest:
n=16)

Studies included
(n=34)

Figure 1. Flow chart for the identification of studies.

had pain before and 10 had pain after the headaches.
Pradhan et al. reported that 166 of a total of 391
patients with migraine had neck pain at some point
during the migraine phase. In the same study, 89.2%
of the patients reported having neck pain at the onset
of the headaches, and 32% of the headache attacks
initiated with neck pain.'® In addition, Ozer and
Benlier!” reported that 89.1% of patients with migraine
had attack onsets accompanied with neck pain and
that 10.9% of the patients had neck pain starting at
different times than the migraine. In the study by
Lampl et al.!® on accompanying symptoms before and
after the onset of headache in 487 patients with
migraine, approximately 70% were aware of neck pain
before and after the onset of the headache.

Some studies have covered the involvement of neck
pain in the frequency of migraine attacks. Calhoun
et al.!® found that neck pain is more frequently accom-
panied by migraine than by nausea and that it is associ-
ated with the chronicity of the headache as attacks
move from episodic to daily chronic headaches.
Landgraf et al.20 also reported a strong link between
neck/shoulder pain and migraine, leading to an increase
in the frequency of migraine attacks in secondary-
school students (Table 1).
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Also, Yu et al.?! identified that the presence of neck
pain was found to be associated with increased neck
and scalp sensitivity in episodic migrainers.

Neck disability in migraine

The evaluation of cervical disability can extract not
only the impairments caused by neck pain, but also
potentially reveal subclinical restrictions to activity.
Ferracini et al.?22 found that a longer history of neck
pain, higher pain intensity and neck pain-related disa-
bility are all features associated with a higher risk of
migraine attacks in patients with migraine than in
healthy controls. According to Florencio et al., the
Neck Disability Index (NDI), the most commonly
used self-administered questionnaire for neck pain,
revealed disabilities in 69% of patients with episodic
migraine (EM) and in 92% of patients with CM.
Particularly in patients with CM, the correlation
between the degree of cervical disability and headache
was significant.?> Moreover, Gongalves et al. assessed
the NDI and pressure pain thresholds (PPTs) to inves-
tigate the association between cervical disability due to
neck pain and migraine in affected patients. Although
they found no linear association, the NDI moderately
correlated with the PPTs over the sternocleidomas-
toid, upper trapezius and suboccipital muscles.?*

Cervical musculoskeletal impairment

in migraine

Regarding physical examination of cervical musculo-
skeletal impairment in headache patients, 11 tests are
considered to be useful.?> Among them, Luedtke et al.2®
showed that set of six tests, which are number of TrPs,
flexion-rotation test (FRT), thoracic screening, manual
joint testing of the upper cervical spine, cranio-cervical
flexion test (CCFT) and reproduction and resolution,
have high prevalence of cervical musculoskeletal
impairment in patients with migraine.

Ferracini et al.?’? investigated the differences in the
range of cervical rotation between women with EM,
women with CM and healthy women. During FRT,
both migraine groups (EM and CM) showed a signifi-
cant cervical rotation reduction (restricted upper cervi-
cal mobility) compared to healthy women. Carvalho
et al.l° also showed moderate negative correlation
between the cervical range of motion (CROM) and dis-
ability in both patients with CM and in those with EM,
but no significant differences in CROM alone were
identified between the groups. Oliveira-Souza et al.?8
reported similar result that FRT mobility was lower in
both CM and EM than control.

In addition, studies investigating the relative level of
cervical alignment also were performed. Vernon et al.?°

compared muscle contraction headache (MCH) to
migraine and found at least two major fixations from
CO0 to C2 on motion palpation in 84% of patients with
CM, and they also found that 92% of patients with
CM had at least one tender point in the midcervical
(C2-C3), lateral and suboccipital regions, for results
similar to those in MCH. Cervical facet joint stiffness
(in occiput—C1 and C1-C2) in patients with EM was
found to be more prevalent than in controls.3? Ferracini
et al.3! found that patients with migraine lacked FHP,
but they found a weak association between the fre-
quency of migraine attacks and a high cervical angle
variation. Horwitz and Stewart reported the involve-
ment of cervical dysfunction in patients with perimen-
strual migraines. The factors associated with neck
stiffness and pain included reduced muscle length
(especially in the trapezius, sternocleidomastoid and
suboccipital muscles) and increased pain response to
muscle stretches of the levator scapulae, the trapezius,
the sternocleidomastoid and the suboccipital muscles.
In addition, reduced neural mobility and stiffness of
C5 and C7 were likely to be present as well.?2

Furthermore, it has been observed that individuals
with migraine show lower strength and increased activ-
ity of the neck flexors and extensors. Florencio et al.??
identified that cervical extension peak force was mod-
erately associated with the migraine frequency, neck
pain frequency and neck pain intensity compared to
normal control. Tolentino et al.3* also reported that
neck extensor strength was negatively correlated with
all clinical variables and also lateral flexor strength was
negatively correlated with headache frequency, neck
pain intensity and neck-related disability in migraine
patients. In CM, FHP was moderately correlated with
an increased in electrical activity of the upper trapezius
and splenius muscle during the performance of the
CCFT (Table 2).35

IrPs in migraine

Myofascial TrPs are identified as hypersensitive tender
spots located in the muscles or soft tissue, giving rise to
characteristic referred pain. In migraine condition, there
is controversy over whether TrPs reflects peripheral or
central phenomenon. Surface activation changes in neck
and extensor muscles during craniocervical movements
depend on the existence of active TrPs in patients with
migraine.?¢ Luedtke et al.3” evaluated referred pain over
the upper cervical spine by activating it using a palpa-
tion technique in 179 patients with migraine and in 73
age- and gender-matched healthy controls. They found
that 89% of all patients with migraine had some sort of
pain (local pain in 42% and head referred pain in 47%)
during a sustained pressure test compared to healthy
controls.?8 In other studies, patients with migraine have
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been shown to present a significantly higher number of
active myofascial TrPs in the cervical muscles (especially
in the upper trapezius,3®3° sternocleidomastoid,?® tem-
poralis3840 and suboccipital®®4° muscles) compared to
their healthy (non-migraine) counterparts. In a study
investigating the clinical interdependency between
active myofascial TrPs and migraine in children below
18years of age, manual pressure on the TrPs in the tra-
pezius muscle led to continuing headache after the test
in children with migraine (especially in those above
12years of age), but not in healthy controls.#! Active
TrPs may contribute to cervical disabilities and may
facilitate the onset of migraine.#? On occurrence of uni-
lateral migraines, Fernandez-De-Las-Pefias et al.?®
reported a large number of active TrPs and low PPTs*
for the upper trapezius muscle on the dominant side.
Moreover, Boquet et al.#* found ipsilateral TrPs in the
upper neck in patients with unilateral headaches even
during pain-free periods (Table 3).

Meta-analysis regarding assessment of
cervical impairment in migraine

Two major meta-analyses performed with assessment
of cervical impairment in migraine were reviewed.
Liang et al.#> researched the evidence for cervical mus-
culoskeletal impairments in both migraine and tension
type headache as compared with non-headache or cer-
vicogenic headache group. In this study, a significant
reduction of CROM in flexion, extension and lateral
flexion were shown in migraine patients compared to
controls in meta-analyses. However, there were no sig-
nificant differences of cervical muscle strength in flex-
ion and extension, sternocleidomastoid activity during
final stage of CCFT, joint position error (JPE) and
FHP in between groups. Although the evaluation was
limited due to the few studies, greater FHP and reduced
CROM were only shown in the subgroup analyses of
EM. Meanwhile, Szikszay et al.#¢ reported that all of
these factors showed significant differences in migraine
compared to controls: CROM in extension and rota-
tion, FRT, strength testing of cervical extensors, PPTs
at the temporalis, sternocleidomastoid and upper tra-
pezius muscles, and cervicovertebral angle and cervical
lordosis in standing position as a measure of FHP.

Discussion

Comprehensive assessment regarding
the involvement of cervical disabilities
in patients with migraine

Studies investigating self-reports and cervical disability
assessments have found a high correlation between sub-
jective neck pain and migraine attacks. Laimi et al.%7
reported that the frequency of neck pain was associated

with the presence of intractable headache (ineffective
response to analgesics). Chronic neck pain is not only
associated with more frequent migraine attacks, but is
also associated with increased headache intensity.

Cervical disability could be triggered by not only
neck pain but also by stiff muscle. Since patients often
have an accurate description of the pain in their neck,
a rough location of neck pain can be detected through
self-report assessment. However, some patients are
unaware of the exact whereabouts of the stiff muscle
that is causing the stiffness in the neck. Therefore, self-
report is not an adequate assessment to identify cervi-
cal disability associated with migraine.

The main question is whether neck pain or an asso-
ciated cervical disability can act as an initial factor
leading to migraine attacks, that is, whether those can
be considered nociceptive stimuli or whether they are
concomitant referred pains. If cervical impairments
cause attacks, then this will be regarded as essential
information for effective treatments, and studies should
clarify the timing of the pathophysiological events of
migraine attacks.

First, few studies have addressed the timing of neck
pain in patients with migraine, but between 54% and
93.8% of the patients presented neck pain simultane-
ously with headaches.?16-18 In addition, 27.1-70% of
the patients developed continuous or emerging neck
pain after the migraine attack.!%!® Importantly, 31.3—
70% of the patients developed neck pain before the
onset of migraine, suggesting that neck pain may act as
a trigger of migraine.>!%18 In a study focusing on EM,
70% of the patients presented neck pain before the
onset of the migraine attack.!® However, neck pain can
be one of migraine symptoms. A causal relationship to
migraine cannot be determined solely from neck pain
information.

Second, ipsilateral pain or muscle tenderness in the
cervical region in patients with migraine supports the
hypothesis that focal nociception stimuli from the neck
can trigger attacks. In fact, more TrPs have been detected
on the ipsilateral upper cervical muscles than on the
other side in patients with unilateral migraines.?®4 This
suggests that active TrPs are a peripheral source of noci-
ceptive stimuli contributing to propagation and wide-
spread pain.*84° TrPs are localized tender or painful
spots initiated and activated by peripheral sensitization,
which depends on nociceptive input from primary mus-
cle pain induced by repetitive muscle overuse (acute
muscle overload).’%3! In addition, prolonged or repeti-
tive peripheral nociceptive input from myofascial tissues
may induce more active stimuli into supraspinal neu-
rons, resulting in central sensitization.

Moreover, biochemical substances such as brady-
kinin, serotonin, prostaglandins and substance P, released
from damaged muscles or from active TrPs, activate
nociceptors.’? It was found in some research
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investigating brain activity by TrP stimulation that some
brain areas, including the somatosensory cortex, the
inferior parietal cortex and the mid and anterior insula,
were activated, suggesting induced central sensitization
by TrPs stimulation.>35% Therefore, multiple or pro-
longed TrPs propagate pain associated with central sen-
sitization. Active TrPs in the upper cervical muscle seem
to be linked to both peripheral and central sensitization,
and active or continuous peripheral nociceptive stimuli
initiate trigeminal nerve nucleus caudalis activation,
inducing central sensitization.>> In fact, TrPs anaesthetic
injections into neck muscles rapidly reduce scalp palpa-
tion and facial tenderness that are associated with the
symptoms of migraine. This can be considered evidence
of reduced central sensitization through relieving of
peripheral nociceptive stimuli.>®

However, TrPs or pericranial muscle tenderness
could be reflecting central hypersensitivity. Increased
pericranial muscle tenderness has been detected dur-
ing attacks and even during pain-free periods in
patients with migraine.>’>° In studies of cervicogenic
headaches, higher pericranial muscle tenderness scores
were found on the pain side, suggesting the presence of
focal cervical nociceptive factors.®%-6! In similar reports
on patients with unilateral migraines, Fernandez-De-
Las-Pefias et al.52 reported that the PPTs levels and
muscle tenderness scores were negatively correlated
with clinical pain in the sternocleidomastoid, suboc-
cipital, temporalis and upper trapezius*> muscles, on
the pain side. Similarly, the increased muscle tender-
ness may represent localized central sensitization in the
activated unilateral signalling pathway in migraines.%3:64
Thus, TrPs and pericranial muscle tenderness could
reflect both peripheral and central sensitization acti-
vated in patients with migraine.

In meta-analyses reported by Liang et al.,*> there
were no differences reported between migraine and
controls in terms of FHP, strength of cervical muscles,
craniocervical flexion test and joint position, except for
a slight difference in CROM. Regarding this results,
Liang et al. speculated that the failure to exclude coex-
isting idiopathic cervical disorders like cervicogenic
headache could reflect the methodological difficulties
to detect such disorders on symptomatic bias. On the
contrary, the CROM, flexion rotation test, PPTs and
FHP were shown to be useful in identifying the differ-
ence between migraine and controls in another meta-
analysis.#¢ Therefore, based on understanding so far,
several combinations of physical assessment could be
useful for cervical disorder contributing to migraine
instead of a single evaluation.

In terms of data collection, the selection of the study
patients is important because the pathophysiology is
dependent on the type of migraine. Both research works
in meta-analyses could not evaluate in between migraine
types due to the limited number of studies. In patients

with CM, peripheral and central sensitization factors
may play a role. Therefore, in comprehensive assess-
ment, selecting patients with a simple condition like
EM can eliminate confounding factors as much as pos-
sible. In addition, a combination of physical assess-
ments could provide further supporting or negative
evidence to thoroughly evaluate cervical disability in
patients with migraine.

Anatomical association of migraine
with the TCC

The association between neck pain or impairment and
migraine can be inferred from anatomical features. The
convergence of afferent neurons from the upper cervical
nerves (C1-C3) and from the trigeminal nerve to the
TCC can account for the interaction between cervical
and trigeminal pains. In human studies, stimulation of
the supraorbital trigeminal nerve branch has proven the
presence of a trigeminal cervical reflex response, which
activates the posterior cervical muscle in healthy sub-
jects.% In addition, direct stimulation of the great occip-
ital nerve, a C2 afferent nerve, and of the dura mater
leads to the activation of the secondary trigeminal affer-
ent nerves.®%%7 The TCC is thought to facilitate central
sensitization by nociceptive stimuli from the peripheral
myofascial tissues. From studies on myofascial TrPs and
cervical disability in patients with migraine, restricted
movement or stiffness of C1-C3 joint segments and ten-
derness of the sternocleidomastoid, upper trapezius,
suboccipital and splenius muscles, which are innervated
by upper cervical nerves (C1-C3), may be explained by
TCC activation (peripheral stimulation), which results
in central stimulation (Figure 2).

Active myofascial TrPs promote nociceptive
peripheral sensitization, thereby exciting the central
nervous system. Therefore, repeated abnormal sen-
sory afferent stimuli from cervical structures (includ-
ing the dura, fascia and muscles) seem to reach the
trigeminocervical nucleus, leading to central hyper-
sensitivity. In patients with migraine, trigeminal
pathways exhibit hyperexcitability via the TCC dur-
ing pain-free periods.’® Moreover, the activation or
sensitization of peripheral sensory afferents may play
a role in the initiation or aggravation of migraine
attacks.®® Thus, the involvement of persistent periph-
eral stimuli via TCC may lead to central sensitization
and the onset of migraine. Elliot and Egilius”® also
concluded that cervical musculoskeletal structures
contribute to the activation of the trigeminovascular
system through nociceptive stimuli triggered by mus-
cle stiffness or tenderness in patients with migraine.
Moreover, Akerman and Romero-Reyes?! suggested
in their review that the TCC may be an anatomical
target for future treatments to replace the current
cranial vascular targets.
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D Cervical musculoskeletal impairment induced by forward head
position, work-related and psychological stresses and vision overuse.

© Nociceptive stimuli caused by cervical musculoskeletal impairments
(peripheral sensitization).

® Activation of the trigeminocervical complex (TCC).

@ Hyperactivation of trigeminal nerves (central sensitization).

® Impairment of diffuse nociceptive inhibitory control (DNIC).

® Migraine attack

Figure 2. Schema of a possible migraine mechanism.

Cervical impairment and inhibition of
diffuse noxious inhibitory control

Diffuse noxious inhibitory control (DNIC) produces
analgesic effects by suppressing dorsal horn nociceptive
neurons through descending antinociceptive regulation.”
The DNIC system is activated in response to nociceptive
stimuli, and it further corresponds to persistent pain.
Inadequate inhibition has been detected in patients with
chronic pain. The efficiency of DNIC has been shown to
be lower in patients with chronic pain (e.g. temporoman-
dibular disorder (TMD), fibromyalgia (FM), migraine
and TTH) than in normal controls.”>-7¢ This low DNIC
response is related to an extended history of pain.”’
Moreover, a gender difference has been shown regarding
DNIC pain regulation: Granot et al.”® indicated a greater
endogenous analgesia response in men than in women
after performing a contact heat pain test. Similarly, Ge
et al.”® asserted gender differences in terms of DNIC
characteristics, in which men tolerate more pain than
women, after repeated bilateral injections of hypertonic
versus isotonic saline into both trapezius muscles. This
evidence as well as the differences in neck muscle strength
may explain why women suffer headache attacks more
frequently than men. Shahidi et al.8 reported that the

descending pain modulation impairment is more pro-
nounced in patients with chronic musculoskeletal pain
than in those without pain, suggesting that patients with
chronic musculoskeletal pain have a higher risk of devel-
oping chronic neck pain.8! In fact, in patients with
migraine, induced central sensitization and decreased
DNIC sensitivity by continuous nociceptive inputs from
the peripheral fascias cause chronicity.8? As described
above, DNIC impairment due to chronic cervical muscu-
loskeletal disorders could be a trigger cascade of neuro-
physiological events implicating in migraine attack.

Conclusion

Studies focusing on the association between migraine
and cervical disability have been increased. However,
these data have not yet provided sufficient evidence
that the presence of cervical disability is a direct
source of migraine. Morphological and anatomical
factors suggest that repeated abnormal afferent sen-
sory stimuli from cervical structures may initiate
headaches. In migraine, cervical impairments should
not be ignored, and further research is needed to
explore the link between migraine symptoms and
cervical disability.
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