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Review Article OXFORD
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Abstract

Objective. To summarize the cervical physical examination characteristics in subjects with chronic primary headache
and compare those with a healthy population and a population with episodic primary headache. Design. Systematic
review and meta-analysis. Subjects. Humans >18 years old. At least one of the study groups should be constituted by
subjects diagnosed with one of the chronic primary headache subtypes according to the International Classification
of Headache Disorders, 3rd Edition. Comparison. Neck physical examination outcomes of subjects with chronic pri-
mary headache compared with a healthy population or subjects with episodic primary headache. Outcomes. Forward
head posture (FHP), cervical range of movement, motor control, neck muscle activity, and reproduction and resolu-
tion of symptoms. Methods. Two reviewers assessed independently the MEDLINE, EMBASE, WOS, MEDES, PEDro,
and CINAHL databases to select observational studies. First, both implemented an agreement for a search strategy.
Then, they screened independently for duplicates, titles, abstracts, and full-text information. A meta-analysis was
conducted to compare measures between groups. Results. Twelve studies (N =1,083) with moderate quality (mean
+ SD = 7.75 + 1.48 on the Newcastle Ottawa Scale) were selected for the qualitative analysis. The meta-analysis
showed that patients with chronic primary headache presented greater forward head posture than asymptomatic
participants (N=275, Hg=0.68, 95% Cl=0.25-1.1, Z=3.14, P<0.01) and patients with episodic primary headache
(N=268, Hg=0.39, 95% Cl=0.13-0.65, Z=2.98, P< 0.01). Conclusions. There is moderate to strong evidence that
patients with chronic primary headache present greater FHP than asymptomatic individuals and moderate evidence
that patients with chronic primary headache present greater forward head posture than those with episodic primary
headache.

Key words: Chronic Primary Headache; Cervical Spine; Posture; Physical Examination

Introduction recognizable cause [1]. Primary headaches include mi-
Primary headaches are those that have no other cause to  graine, tension-type headache, and trigeminal autonomic
justify their existence, unlike secondary headaches, which ~ cephalalgias like cluster headache, as defined by the
assume a clinical pattern originating from another  International Classification of Headache Disorders, 3rd
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Edition (ICHD-3) and the National Institute for Health
and Care Excellence (NICE) [2,3]. Migraine is defined as
a recurrent headache that manifests itself in attacks last-
ing from four to 72 hours, with typical characteristics of
unilateral localization, pulsatile type, moderate or severe
intensity, aggravated by physical activity, and associated
with nausea and/or photophobia and phonophobia [2,3].
On the other hand, tension-type headache is typified by
episodes of headache, usually bilateral, of the oppressive
type, with mild to moderate intensity, lasting from
minutes to days. The pain does not worsen with regular
physical activity and is not associated with nausea, al-
though photophobia or phonophobia might occur [2,3].
Trigeminal autonomic cephalalgias are defined as a head-
ache with unilateral characteristics and with parasympa-
thetic signs on the ipsilateral side, typified by short-
lasting attacks of severe intensity [2,3]. Chronic head-
aches are those that occur >15 days per month, whereas
episodic headaches are those that occur <15days a
month [2,3].

Globally, the estimated percentage of people with
tension-type headache and migraine is 42% and 11%, re-
spectively, whereas the percentage of daily chronic pri-
mary headache (CPH) is estimated at 3% [4]. According
to the World Health Organization (WHO), headache is
among the 10 most disabling conditions [5]. People with
chronic tension-type headache (CTTH) and/or chronic
migraine (CM) have limited quality of life and suffer
from psychosocial disorders, and their capacities are im-
paired, implying a high cost of resources and a global
burden [2,6,7]. Several studies have shown that patients
with primary headache can also have neck pain [8,9].

Several studies suggest the theory that central sensiti-
zation, specifically of the trigemino-cervical complex,
and alteration of the inhibitory pain mechanisms are
involved in the pain experience of patients with CPH
[10-12]. Recent evidence has confirmed these theories by
showing electromyographic changes in the nociceptive
flexion reflex and blink reflex, increased wind-up ratios,
and a decrease of the pressure pain threshold in patients
with CPH [13-15].

In addition, central sensitization may be influenced by
nociceptive inputs from peripheral structures. In this
sense, it is well established that the upper cervical nerve
roots (C1-C3) converge with the trigeminal inputs via
second-order neurons in the caudalis subnucleus of the
trigeminal-spinal nuclei [16-18]. Thus, it may be that no-
ciceptive inputs from the upper cervical region contribute
to triggering headache episodes or that chronic head-
aches could lead to altered physical cervical function
[17,18].

For that reason, physical examination of patients with
primary headache is commonly performed by a physician
or a physical therapist and includes an assessment of the
cervical region, including forward head posture (FHP)
[19,20], cervical range of movement [20], flexion-
rotation test [20,21], and motor control and muscular

activity of the cervical region [20,22,23]. Examinations
can also include an assessment of the myofascial trigger
points of the craniofacial and cervical region [20].
However, there is currently a lack of evidence with which
to compare or summarize the features of the cervical
musculoskeletal function most commonly found in
patients with CPH.

Therefore, the main objective of this research is to
meta-analyze the differences in FHP in CPH subjects
compared with asymptomatic and episodic primary
headache subjects.

Method

Data Sources and Searches

The protocol was registered in the International
Prospective Register of Systematic Reviews (PROSPERO
via number CRD42018114870) and performed accord-
ing to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) standards
protocol [24].

To avoid bias, two independent reviewers (IE and
MG) conducted the search, implementing an agreement
for the search strategy and study selection (see Strategy
Selection in the Supplementary Data). The MEDLINE,
EMBASE, WOS, MEDES, PEDro, and CINAHL data-
bases were assessed without language and temporal fil-
ters, with the search ending on October 18, 2018.

The search strategy performed by reviewer 1 in
MEDLINE was: ((((((((((headache disorder,
primary[MeSH Terms]) OR disorder, migraine[MeSH
Terms]) OR headache, tension type[MeSH Terms]) OR
cephalalgia, trigeminal autonomic[MeSH Terms]) OR
chronic migraine) OR chronic tension type headache)
OR cluster headache, chroniclMeSH Terms]) OR
chronic cephalalgia, trigeminal autonomic)) AND
(((((((((((physical examination|[MeSH Terms]) OR joint
range of motion[MeSH Terms]) OR passive range of
motion|[MeSH Terms]) OR active range of motion) OR
pain threshold[MeSH Terms]) OR pressure pain thresh-
old) OR flexion rotation test) OR myofascial trigger
point pain[MeSH Terms]) OR motor control) OR pain
provocation test) OR muscle strength{MeSH Terms]))
AND ((((spine[MeSH Terms]) OR cervical spine) OR
neck) OR cervical).

Reviewer 2 performed the next equation in
MEDLINE: ((((((spine[MeSH Terms]) OR cervical spine)
OR neck) OR cervical)) AND  (((((((((((physical
examination|[MeSH Terms]) OR joint range of
motion[MeSH  Terms]) OR  passive range of
motion|[MeSH Terms]) OR active range of motion) OR
pain threshold[MeSH Terms]) OR pressure pain thresh-
old) OR flexion rotation test) OR myofascial trigger
points pain[MeSH Terms]) OR motor control) OR pain
provocation test) OR muscle strength[MeSH Terms]))
AND ((((((((headache disorder, primary[MeSH Terms])
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OR migraine headache[MeSH Terms]) OR headaches,
tension type[MeSH Terms]) OR chronic cluster
headache[MeSH Terms]) OR cephalalgias, trigeminal
autonomic[MeSH Terms]) OR chronic migraine) OR
chronic tension type headache) OR chronic trigeminal
autonomic headache.

Likewise, the same search strategy was adapted to per-
form the same searches of the EMBASE, WOS, MEDES,
PEDro, and CINAHL databases.

Study Selection

Studies were included if they were cross-sectional, case—
control, or cohort observational and reported outcomes
of a cervical musculoskeletal physical examination (FHP,
active or passive range of motion, presence myofascial
trigger points, cervical muscle performance, or reproduc-
tion and resolution of symptoms tests) in patients diag-
nosed with CPH according to the ICHD [2,25-27].
Additionally, the studies had to show comparisons be-
tween a CPH group and an asymptomatic group (AG),
episodic primary headache group, and/or cervicogenic
headache group. Studies classified as pilot studies and
those that did not have a comparison group of the above
were excluded.

Data Extraction and Quality Assessment

Two investigators (IEG and MGP) conducted the entire
selection process independently. As a first step, a dupli-
cate study screening of all the databases was carried out.
Next, each reviewer performed the first screening filter,
excluding studies according to the study title informa-
tion. Then, each reviewer proceeded to exclude studies
according to the information provided in the abstract.
When the title or abstract did not contain enough infor-
mation to warrant its exclusion, that study would prog-
ress to the next screening phase. In this next phase, the
studies that overcame the previous phases were read in
full text, and those that fulfilled all the inclusion criteria
were selected. After the last screening phase, all authors
participating in this review met to analyze, one by one,
each of the studies on which the two reviewers did not
agree to reach a consensus.

For the methodological quality assessment, the
Newecastle-Ottawa Scale (NOS) was adapted for cross-
sectional studies [28]. The NOS for cross-sectional stud-
ies is appropriate for reviews that include a large volume
of studies because it is short and has moderate reliability
[29]. The NOS scale has a maximum of 10 points, where
<5 points means high risk of bias. The scale assesses
three main aspects: the selection of the sample, the com-
parability between groups, and the outcome presenta-
tion, assigning a value of 5, 2, and 3 stars, respectively,
to each of the three aspects. In this sense, we were able to
qualify the methodological quality of the studies as
follows:

* Good: 3 or 4 stars in the selection domain, 1 or 2 stars in the
comparability domain, and 2 or 3 stars in the exposure
domain.

*  Moderate: 2 stars in the selection domain, 1 or 2 stars in the
comparability domain, and 2 or 3 stars in the exposure
domain.

* Bad: 0 or 1 star in the selection domain, 0 stars in the compa-
rability domain, and 0 or 1 star in the exposure domain.

To avoid biases, two different experienced reviewers
(HBA and AGM) performed the quality analysis indepen-
dently. In cases of disagreement, the whole research
group intervened in a consensual way to solve it. Inter-
rater concordance was analyzed using Cohen’s Kappa co-
efficient (x>0.7 means a high level of agreement be-
tween the two evaluators, 0.5-0.7 means a moderate
level, and <0.5 means a low level) [30].

Data Synthesis and Analysis

Qualitative Analysis

For the qualitative analysis of the selected studies, the ad-
aptation proposed by La Touche et al. was used, which
was an adaptation of classification criteria given by Van
Tulder et al. [31,32]. The levels of evidence were catego-
rized into five levels, as follows:

* Strong evidence: consistent findings among multiple high-
quality case—control studies and/or cohort studies and/or
cross-sectional studies (at least three of these studies).

* Moderate evidence: consistent findings from multiple low-
quality case—control studies and/or cohort studies and/or
cross-sectional studies or one high-quality case—control study
and/or cohort study.

* Limited evidence: one low-quality case—control study and/or
cohort study and/or at least two cross-sectional studies, also
of low quality.

* Contradictory evidence: inconsistent findings among multi-
ple studies (case—control and/or cohort and/or cross-sectional
studies).

* No evidence: no case—control and/or cohort and/or cross-
sectional studies.

Quantitative Analysis
The statistical analysis was conducted using Meta-
analysis with Interactive Explanations (MIX; version
2.0). The same inclusion criteria were used for the meta-
analysis, although the latter included three more criteria:
1) in the results, there was detailed information regarding
the comparative statistical data (mean, SD, and 95%
confidence interval) of the different variables related to
the examination of the neck musculoskeletal dysfunction;
2) a minimum methodological quality (NOS score) was
required [28], with at least six points for the cross-
sectional studies and four points for case—control and co-
hort studies; and 3) data of the analyzed variables were
represented in at least three studies.

Presentation of summary statistics in the form of for-
est plots was used [33]. Forest plots involve a weighted
compilation of all the standardized mean differences
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(SMDs) and corresponding 95% Cls reported by each
study and provide an indication of heterogeneity between
studies. Estimates on the right side of the forest plots in-
dicated increased physical cervical dysfunction in
patients with CTTH and CM and were labeled “FHP,”
whereas point estimates on the left side represented the
opposite situation and were labeled “No FHP.”

The statistical significance of the pooled SMDs was
examined as Hedges’ g (HG) to account for possible
overestimation of the true population effect size in small
studies [34]. The magnitude of HG was interpreted
according to a four-point scale: 1) <0.20 = negligible ef-
fect; 2) 0.20-0.49=small effect; 3) 0.50-
0.79 = moderate effect; and 4) >0.80 = large effect [35].

The degree of heterogeneity among studies was esti-
mated by Cochran’s Q statistic test (P < 0.05 is consid-
ered significant) and the inconsistency index (I%). Thus,
I* >25% is considered to represent a small heterogeneity,
I* >50% a medium heterogeneity, and I* >75% a large
heterogeneity [36,37]. The I? index is complementary to
the Q test, but with a small number of studies I* prevails
if it shows large heterogeneity [37]. Therefore, an analy-
sis was considered heterogeneous when fulfilling one or
both conditions: 1) Q test was significant (P < 0.05); and
2) Q test was not significant (P > 0.05), but the result of
I* was >50%.

In case of heterogeneous studies, a random-effects
model was conducted in the meta-analysis of the hetero-
geneous studies to obtain a pooled estimate of effect. On
the other hand, if there was no heterogeneity, the meta-
analysis was performed using a fixed-effects model [38].

In addition, to analyze whether there was bias in the
publication of studies (i.e., if more studies are published
that reflect significant differences between groups, while
those that do not obtain significant results are not pub-
lished), a funnel plot was used. Furthermore, Egger’s re-
gression test was used to test the publication bias
[39,40].

Results

Flow of Studies Through the Review

The electronic database search was conducted by two
reviewers independently and is shown in detail in
Figure 1.

Study Characteristics and Demographics
All the selected studies had a cross-sectional design, and
no cohort or case—control studies were selected because
they did not meet the inclusion criteria [19-23,41-47].
Four studies compared the CTTH group only with an
AG [19,44-46]. Two studies compared the CTTH group
with an episodic tension-type headache (ETTH) group
and an AG [22,23]. Two studies compared the CM group
with an episodic migraine (EM) group [43,47], and four

studies compared the CM group with an EM group and
an AG [20,21,41,42].

All studies selected were performed in a group of
patients who had been diagnosed with CTTH or CM,
according to the ICHD-3 [2,25,26,48]. No studies were
found on chronic trigeminal autonomic cephalalgias or
other primary headache disorders that met the criteria of
this systematic review.

A total of 1,083 participants were assessed (CM,
N=187; EM, N = 394; CTTH, N = 155; ETTH, N = 50;
AG, N=297; 55.55% women); however, one study did
not provide the men-to-women ratio [41]. Six studies
assessed CTTH participants [19,22,23,44-46], of which
four studies showed data related to the time evolution of
the patient’s headache (9.15 * 9years/patient) [19,44—
46], four studies showed the weekly frequency of the
headache (4.83 + 0.91 days/wk) [22,23,44,45], five stud-
ies showed the intensity on the examination day
(5.10 = 1.33cm on a 10-cm visual analog scale [VAS])
[22,23,44-46], and four studies showed episode duration
(8.50 + 4.47 hours/d) [20,22,23,44].

On the other hand, six studies assessed patients with
CM [20,21,41-43,47], of which five studies showed de-
mographic data related to the time evolution of the
patient’s headache (19.06 * 8.7 years) [20,21,41,42,47].
Six studies showed the monthly frequency of the head-
ache (20.83 = 5.91 days/mo) [20,21,41-43,47], five stud-
ies showed the pain intensity on the examination day
(7.98 =2.46cm on a 10-cm VAS) [21,41-43,47], and
one study showed episode duration (17 * 8.52 hours/d)
[20].

Quality Assessment

The 12 studies showed an average methodological qual-
ity (7.75 = 1.48 out of 10 possible points) and a range of
4t0 9 points [19-23,41-47].

Two experienced reviewers independently performed
the analysis, recording a high intertester reliability
(k=0.92). All disagreements between reviewers were
then resolved by research group consensus. Finally, 10
studies showed good methodological quality [19-23,41-
44], and two studies showed low quality (Table 1)
[45,46].

Outcome Measures

The characteristics of the sample, variables, measuring
instruments, procedure, structure, and movement or or-
thopedic test results of studies are shown in Table 2. The
following describes the characteristics of how each vari-
able was measured.

* Forward head posture: Five studies assessed FHP
[19,21,22,44]. One study used a ruler to measure FHP [20].
The other four studies measured FHP using software that
assessed the angle formed by a horizontal line running from
the spinous process of C7 and an oblique line from the spi-
nous process of C7 to the left ear tragus [19,21,22,44].
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Records identified by
assessor 1 through
database searching

(MEDLINE)

(n =282)

Additional records identified
by assessor 2 through other
sources (EMBASE, WOS,
MEDES, PEDro y CINAHL)
(n=122)

Additional records identified
through other sources by
assessor 2 (EMBASE, WOS,
MEDES, PEDro y CINAHL)
(n=122)

Records identified by
assessor 2 through
database searching

(MEDLINE)
(n=262)

Studies excluded by assessor 1
after reading title
(n =280)

l i

Records after duplicates removed
(n=391)

A4

(n=111)

Studies excluded by assessor 1
after reading abstract
(n =47)

Studies included after reading title.

A4

Studies included after reading
abstract

Studies excluded by assessor 1
after reading full-text. (n =48).
Reasons:

Different study design (n=4)

- No diagnostic criteria

(ICHD) (n=1)

No primary chronic headache
group (n=24)

- Chronic primary headache
group mixed (n=2)
< 18 years (n=1)

- No neck
examination (n=2)
Sensorial examination (n=12)
- No comparison (N=2)

physical

(n=64)

Studies included by the assessor 1
after reading full-text.
(n=16)

Figure 1. Flow diagram.
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Records after duplicates removed
(n=370)

Studies excluded by assessor 2
after reading title
v (n=197)

Studies included after reading
title.

(n=173)
Studies excluded by assessor 2
l—F after reading abstract
(n= 118)
Studies included after reading
abstract
(=53 Studies excluded by assessor 2
after reading full-text. (n = 36).
Reasons:
»| - Different study design (n=2)
- No diagnostic criteria
(ICHD) (n=1)
- No primary chronic headache
group (n=21)
- Chronic primary headache
v group mixed (n=2)
- < 18 years (n=1)
Studies included by the assessor - No neck physical
2 after reading full-text. examination (n=3)
(n=19) - Sensorial examination (n=4)
- No comparison (N=2)

Studies included for qualitative
synthesis after consensus.

n=12)

Studies excluded to the Meta-Analysis
after quality assessment (n=2)

v

- NOS score <6 (n=2)

Studies included in quantitative
synthesis (meta-analysis)

(n=10)

* Active range of motion: Four studies assessed the neck active
range of motion using a cervical goniometer (CROM)
[20,21,43,44], and one study used a digital inclinometer
[22]. All the studies assessed patients in a sitting position,
and all but one showed outcomes of all the physiological
movements [20]. Luedtke et al. showed the total active range .
of motion, adding together each of the movements [20].

*  Moyofascial trigger points: Five studies assessed the presence
of myofascial trigger points, and all of them did so manually
[20,22,23,46,47]. Four of these showed the total number of
myofascial trigger points [20,22,23,44], and two of them
registered the participants who had active or latent myofas-
cial trigger points [46,47]. All five studies assessed the upper

trapezius  and

the

sternocleidomastoid

muscles .

[20,22,23,46,47], four of them assessed suboccipital muscles
[20,22,46,47], and one assessed the splenius capiti [47].

* Passive range of motion and reproduction and resolution of
symptoms: Two studies examined passive accessory interver-
tebral movements and passive upper cervical spine rotation
during the flexion rotation test [20,21]. To assess cervical

dysfunction ~ with

passive  accessory

intervertebral

movements, both studies recorded the subjective feeling of
hypomobility by the assessor. Meanwhile, for the flexion ro-
tation test, the authors used a CROM to measure the rota-
tion range of motion. Both studies recorded whether either
test provoked any symptoms [20,21].

Luedtke et al. recorded the subjective perception of hypomo-
bility and reproduction of symptoms in passive physiological
intervertebral movement as well as an orthopedic test of the
upper cervical quadrant [20]. Similarly, Luedtke et al. exam-
ined reproduction and resolution of the headache by per-
forming an orthopedic test in which the assessor performed a
unilateral postero-anterior movement from the C1 to C3
joints in a sustained manner [20].

Muscle performance and motor control: Of the heterogenic
methodologies in the five studies that assessed muscle activity
and motor control [20,23,41,42,45], two studies used a hand
dynamometer to measure the maximum voluntary isometric
contraction (MVIC) during both cervical flexion and exten-
sion [41,45]. Four studies used surface electromyography
(EMG) to measure antagonist muscle activity during an
MVIC [23,41,42,45]. Similarly, Sohn et al. measured the
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Table 1. Quality assessment of studies (NOS score of included studies)
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ok

Jk
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etal. (2005) [19]
Florencio et al. (2016) [42]

Ferndndez-De-Las-Penas

8/10
5/10

x X

etal. (2007) [46]

Newcastle-Ottawa Scale.

NOS =

agonist muscles during an MVIC [23]. Luedtke et al. mea-
sured motor control with the cranio-cervical flexion test us-
ing biofeedback [20], whereas Florencio et al. used surface
EMG to measure the same test [42]. Finally, one study mea-
sured the time necessary to reach maximum peak force [41].

Data Analysis

Qualitative Analysis

To describe the qualitative analysis of the results, the
studies that presented a clinical and methodological ho-
mogeneity have been grouped:

Forward Head Posture

Limited evidence: Two studies (N = 151) showed that
patients with CTTH had more FHP than asymptomatic
patients [19,22]. However, two other studies (N = 305)
reported no differences between patients with CM and EM
and asymptomatic patients [20,21].

No evidence: One study (N = 101) showed no differences be-
tween patients with CTTH and ETTH when measuring FHP
[22].

Active Range of Motion

Strong evidence: Three studies (N = 439) showed that no dif-
ferences existed in active range of motion between patients
with CM and EM [20,21,43].

Limited evidence: Two studies (N = 151) reported that
patients with CTTH had less active range of motion during
rotation than AGs [19,22]. Two studies (N = 304) reported
that patients with CM had less active range of motion than
AGs [20,21].

Contradictory evidence: One study, from Ferndndez de las
Penas et al. (N = 41), reported that patients with CTTH had
less flexion, extension, and side flexion active range of mo-
tion than AGs [19]. However, Sohn et al. (N = 101) did not
find differences between these groups [22].

No evidence: One study (N = 101) showed that patients
with CTTH had less active range of motion during rotation
than patients with ETTH [22].

Myofascial Trigger Points

Limited evidence: Two studies (N = 354) showed that there
is not a greater number of myofascial trigger points in
patients with CM than in patients with EM [20,47].
Contradictory evidence: Three studies (N = 191) reported a
greater number of myofascial trigger points in patients with
CTTH than in AGs [23,44,46]. Meanwhile, Sohn et al. (N =
41) did not find differences between those groups [22].

No evidence: Only one study (N = 211) reported that
patients with CM had a greater number of myofascial trigger
points than AGs [20].

Passive Range of Motion and Reproduction and

Resolution of Symptoms

Limited evidence: Two studies (N = 304) reported no differ-
ences between patients with CM and EM when the assessor
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CPH Asymptomatics
Author (year)

Luedtke et al (2018) 18.64 2.04 50 181 195 73

Sohn et al (2010) 137.74 7.68 23 13331 56 42
Fdez-Pefias et al (2005) 1347 7.6 24 1259 6.3 25
Ferraccini et al (2017)  141.6 4.8 16 138.6 4.4 22

Meta-analysis 113 162

0.27 (-0.09; 0.63)  31.88% 0.14 -—

0.69 (0.17; 1.21)

1.26 (0.65; 1.88)

0.66 (-0.01; 1.32)  20.6% 0.05

0.68 (0.25; 1.1)

Standardized mean
Mean SD Total Mean SD Total differences (95% CI) Weight P-Value

25.42% 0.01 ———

22.09%  <0.01

100% <0.01  E

“No FHP” “FHP

Figure 2. Synthesis forest plots: Chronic primary headache vs asymptomatic subjects. CPH = chronic primary headache; FHP = for-

ward head posture; HG = Hedges’ g.

measured passive accessory intervertebral movements
[20,21].

* Contradictory evidence: One study (N = 93) reported that
patients with CM had less rotation than patients with EM
and AG, as measured with the flexion rotation test [21].
However, Luedtke et al. (N = 211) found no differences be-
tween patients with CM or EM and AGs [20]. Luedtke et al.
(N=211) reported cervical musculoskeletal dysfunction in
patients with CM, measured through passive accessory inter-
vertebral movements [20]. However, Ferraccini et al.
(N =93) reported no differences between groups [21].

* No evidence: Only one study (N = 211) showed that there
were no differences between patients with CM and EM and
healthy patients, measuring passive intervertebral move-
ments [20]. In addition, this is the only study that assessed
the cervical quadrant orthopedic test, reporting differences
between patients with CM compared with patients with EM
and AG. Luedtke et al. reported differences between patients
with CM compared with patients with EM and AGs, mea-
suring the reproduction and resolution of headache through
the orthopedic test described by Watson and Drummond
[20,49].

Muscle Performance and Motor Control

* Contradictory evidence: Ferndndez de las Pefias et al. (N =
19) reported greater surface EMG activity in CTTH patients’
splenius capiti than in AGs in an MVIC [45]. Conversely,
Sohn et al. (N = 41) reported lesser surface EMG activity
compared with healthy individuals [23].

* No evidence: One study (N = 19) reported that patients with
CTTH had less strength than healthy individuals, measuring
flexion and extension MVIC with an adapted hand dyna-
mometer [45]. The same authors reported that patients with
CTTH had greater surface EMG activity in the antagonist
muscles during weathered extension movement. One study
(N=41) reported more sternocleidomastoid muscle fatigue
in patients with CTTH than in patients with ETTH and AGs
in an MVIC [23]. One study (N=211) reported poorer mo-
tor control in patients with CM than in AGs [20]. Florencio
et al. (N=83) reported less extension strength in an MVIC,
longer time to reach peak force on that test, and more

antagonist activity measured with surface EMG in patients
with CM than in patients with EM and in healthy individuals
[41]. Ferracini et al. (N=93) reported no differences be-
tween CM, EM, and AG during the joint position error test
[21]. One study (N = 83) reported more EMG activity in the
antagonist muscles of patients with CM who were perform-
ing a cranio-cervical flexion test [41].

Meta-analysis Results

Meta-analysis of Forward Head Posture (Chronic
Primary Headache vs Asymptomatic Groups)

Four cross-sectional studies (CTTH, N=48; ETTH,
N=36; CM, N=66; EM, N=143; AG, N = 162) evalu-
ated the FHP in patients with CPH compared with AGs
[19-22].

A heterogeneity analysis performed using Cochran’s
Q showed a Q-value of 7.75 (P =0.05). Meanwhile, the
inconsistency index reported an I* of 61.3%. Thus, a
random-effects model was performed. The meta-analysis
of these four studies showed differences and moderate ef-
fect comparing the FHP between participants with CPH
and AGs (N=275, HG=0.68, 95% CI = 0.25-1.1,
Z—=3.14, P < 0.01) (Figure 2).

Furthermore, accordingly to Egger’s test of asymme-
try, the results suggested no significant evidence of publi-
cation bias for FHP analysis when comparing these
groups (intercept =4.66,t=2.06, P=0.18).

Meta-analysis of Forward Head Posture (Chronic
Primary Headache vs Episodic Primary Headache
Groups)
Three cross-sectional studies (CTTH, N=23; ETTH,
N =36; CM, N = 66; EM, N =143; AG, N = 137) evalu-
ated FHP in patients with CPH compared with EPH [20-
22].

A heterogeneity analysis performed using Cochran’s
Q showed a Q-value of 0.02 (P =0.99). In addition, the
inconsistency index reported an I* of 0%. Thus, a fixed-
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CPH EPH
Author (year)

Luedtke et al (2018) 18.64 2.04 50 17.88 1.74 88

Sohn et al (2010)

Ferraccini et al (2017) 141.6 4.8 16 139.6 5.2 55

Meta-analysis 89 179 0.39 (0.13;0.65)

Standardized mean
Mean SD Total Mean SD Total differences (95% CI) Weight P-Value

0.41 (0.06;0.76)

13774 7.68 23 13499 7.61 36  0.36(-0.17;0.89)

0.39 (-0.17;0.95)

—L—

54.56%  0.02

24.10%  0.18

21.33%  0.18

100%  <0.01 e

0,5 0 05 1 15
HG

“No FHP” “FHP”

Figure 3. Synthesis forest plots: Chronic primary headache vs Episodic primary headache. CPH = chronic primary headache; EPH =
episodic primary headache; FHP = forward head posture; HG = Hedges' g.

effects model was performed. The meta-analysis of these
three studies again showed differences comparing the
FHP between participants with CPH and EPH (N =268,
HG=0.39, 95% CI = 0.13-0.65, Z=2.98, P < 0.01)
(Figure 3).

According to Egger’s test, the results suggested no sig-
nificant evidence of publication bias for analysis of FHP
when comparing these groups (intercept = —0.34, t =
—1.38, P=0.4).

Discussion

The results of the present systematic review and meta-
analysis have sought to demonstrate the presence of
physical impairment in the cervical spine in patients with
CPH.

At the beginning of the development of this systematic
review, we could find few similar systematic reviews in
the literature, but in recent months at least two new sys-
tematic reviews with similar characteristics have been
published [50,51]. As has already been noted in the
Introduction section, this circumstance is probably due
to the fact that there are currently multiple published re-
search studies in which physical dysfunction of the cervi-
cal spine and primary headache, such as CTTH and CM,
have been directly related.

Despite these new publications, however, this study
differs by providing new and interesting metadata on a
total population of 1,083 participants.

Forward Head Posture

In relation to FHP, the results are not decisive, and only
limited evidence has been observed to support the posi-
tion that patients with CTTH present an increase in FHP
compared with asymptomatic individuals; however, there
are no differences when comparing CM groups with EM
or AG. These results concur with those recently pub-
lished by Liang et al. [50], in which it was reported that
participants with CTTH had more FHP compared with
controls. In addition, some quasi-experimental trials

have shown that patients with headache have a higher
(22.3%) passive protraction range than asymptomatic
individuals [52]. This could have certain clinical implica-
tions related to the source of craniofacial symptoms from
the upper cervical structures, such as the joints, liga-
ments, muscles, tendons, and cervical nerves, which
could be in a state of overpressure produced by the FHP
itself.

However, certain classic studies have been able to re-
late this clinical situation to patients with craniomandib-
ular disorders [53]. The evidence available in the current
situation that associates primary headache with FHP is
very scarce, and in fact, no article has been found that
had the objective of seeking such an association in
patients with primary headache types other than tension-
type or migraine headaches.

On another note, FHP was the only variable that, due
to the inclusion criteria of this systematic review and
meta-analysis and the quality characteristics of its stud-
ies, allowed a meta-analysis of the data. In this sense, the
patients were grouped into CPH, EPH, and asymptom-
atic participants. By placing the patients in these groups,
we could observe that the patients with CPH presented a
higher FHP compared with the EPH and asymptomatic
population.

Active Range of Motion

Active range of motion is one of the most important vari-
ables in joint function and is also considered one of the
variables that best reflects patients’ quality of life [54].
Limited evidence has been found indicating that patients
with both CTTH and CM have less rotation than asymp-
tomatic individuals. This clinical situation might be asso-
ciated with alteration of the neuromusculoskeletal
structures in patients with CTTH [55]. We must also
consider that patients with chronic headache are the
most affected by these structures. At the same time, cervi-
cal rotation movement requires greater involvement of
the upper cervical spine (C1-C2) [55], and it is also the
area that, from a neurophysiological point of view, is
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directly associated with the trigeminocervical complex
[56].

Myofascial Trigger Points

The presence of myofascial trigger points in patients with
headache is possibly the most studied musculoskeletal
variable so far. Specifically, this review includes seven
studies that have recorded this variable. However, the ex-
istence or not of myofascial trigger points, as well as their
physiopathology and definition, has been widely dis-
cussed in recent years [57]. Unfortunately, although pre-
vious studies have proposed that myofascial trigger
points could stimulate the trigeminal nucleus caudalis
and thus precipitate a headache episode [58], this review
has not been able to find sufficient evidence to support
the existence of a greater number of myofascial trigger
points in patients with chronic vs episodic migraine. This
is also true in the comparison between chronic migraine
and the asymptomatic population. The evidence is con-
tradictory in the comparison between chronic CTTH
patients and asymptomatic individuals. The low method-
ological quality of the studies in which this variable was
registered has likely contributed significantly to the im-
possibility of establishing a reliable criterion to confirm
this hypothesis in patients with headaches [45,46].
Therefore, concretely and related to myofascial trigger
points, results should be taken with caution due to the
risk of bias being slightly high.

Passive Range of Motion; Reproduction and
Resolution of Symptoms

Although clinically, in the experience of the authors of
this paper, such an exploration is of high importance, the
results of this study show that the evidence is still limited
and contradictory. The passive intervertebral range of
cervical movement as an element of evaluation and treat-
ment for patients with headache is a common practice in
the physiotherapy approach. The importance of these
tests lies mainly in the capacity of reasoning that allows
the health professional to reproduce or resolve symptoms
in the patient. In addition, current studies describing a re-
duction in range of motion in various exploratory tests in
patients with CTTH are available [59].

Muscle Performance and Motor Control

Again, the evidence presented in this review shows us
that the changes in muscle performance and motor con-
trol in patients with primary headache (migraines and
tension-type headache) is contradictory or nonexistent.
Motor efferences must be continuously reorganized to of-
fer a response adapted to the environment and to the ob-
jective of the movement. It is believed that this
adaptation, among other things, depends on the ability to
form a memory, and on many occasions this memory
contributes to motor learning [60]. Basic studies have

shown that an inhibition of the somatosensory cortex ne-
gated the ability of motor patterns to correct errors.

Therefore, the somatosensory cortex could be criti-
cally involved in the updating of memory for motor ad-
aptation [61]. In addition, recent studies have observed
that the threshold for evoking motor potentials is low-
ered by the proximity of a headache episode and that it is
dependent on the time elapsed after an attack [62,63].
Thus, it would not be uncommon to hypothesize that
patients with chronic headache could clinically present
with maladaptive motor alterations derived from the
chronification and/or central sensitization process.
Unifying the variables and increasing the number and
quality of studies could provide more than sufficient evi-
dence to support this hypothesis.

Clinical Implications

There is undoubtedly a large body of literature that sup-
ports the relationship between the structures of the cervi-
cal spine and the development and even maintenance or
perpetuation of headache episodes [64]. The lack of a
greater volume of studies in some cases and the low
methodological quality in other cases make it difficult to
establish firm clinical conclusions that associate cervical
musculoskeletal variables with headaches, except in the
case of FHP, which should be considered in the explora-
tion and treatment of this type of patient in their trans-
formed or persistent forms. In addition, future studies
should consider the objective examination of other physi-
cal variables commonly examined in clinical practice
such as basal muscle tone and all these physical charac-
teristics in patients with trigeminal-autonomic cephalal-
gias and other primary headaches.

This systematic review and meta-analysis strongly rec-
ommends that future research should consider the possi-
bility of developing longitudinal designs that allow
causal relationships to be established, such as risk or pro-
tection factors. Therefore, our proposal for future studies
is that more work of high methodological quality should
be performed, in which the scientific contribution and its
transfer to the clinic take precedence over other publica-
tion interests.

Looking at Table 1, you can see that sample size is the
weakest point. In this line, to avoid risk of bias, further
studies should generate a good methodology to establish
their sample size.

Limitations

The present study has several limitations. First, no fur-
ther meta-analysis could be performed due to the limited
number of studies currently available (a minimum of
three recommended for each meta-analysis). Another
limitation is that some variables had been evaluated using
different instruments, including analog and digital ver-
sions, for example, in the case of FHP. The ideal would
be the ability to unify both the units of measurement and
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the evaluation instruments to facilitate the interpretation
of the data obtained. Although the instruments used in
the cervical physical examination of these studies are
commonly used in clinical practice, we cannot miss the
opportunity to point out that the interexaminer variabil-
ity in the results shown by the CROM to assess the FHP
and the manual examination to examine the passive joint
motion are high and therefore may be a limitation in
terms of obtaining conclusive results [65,66].

On the other hand, although the search covered all the
observational designs, only cross-sectional studies were
found that met our selection criteria. This situation limits
the conclusions of the work, given that it does not allow
establishing a causal relationship between the study vari-
ables. Regarding meta-analyses that compare CPH with
asymptomatic individuals, one study had shown very
large effect sizes compared with the other studies.
Therefore, this analysis should be taken with caution be-
cause it could have influenced the result. Again, the
results related to myofascial trigger points were evaluated
manually and should be considered with caution.
Perhaps, to objectify the measure, it would be more inter-
esting to use standardized measures that ensure greater
reliability. Finally, the fact that some studies were only
conducted with women and others with greater numbers
of men in the sample slightly distorts the reality of this
condition, in which the ratio of women to men is ~3:1
worldwide in migraines and CTTH [6].

Conclusion

In conclusion, this meta-analysis concludes that there is
moderate to strong evidence that patients with CPH pre-
sent greater FHP than the asymptomatic population. In
addition, there is moderate evidence that patients with
CPH present greater FHP than patients with EPH.

References

1. Headache Disorders, Primary—MeSH—NCBI. 2006. Available
at: https://www.ncbi.nlm.nih.gov/mesh/? term=headache+dis-
orders%2C+primary (accessed May 28, 2020).

2. Headache Classification Committee of the International
Headache Society (IHS) The International Classification of
Headache Disorders, 3rd 2018;38
(1):1-211.

3. National Institute for Health and Care Excellence (NICE).
Diagnosis and management of headaches in young and adults
[Internet]. 2013. Available at: www.nice.org.uk/guidance/qs42
(accessed May 28,2020).

4. Stovner L, Hagen K, Jensen R, et al. The global burden of head-
ache: A documentation of headache prevalence and disability
worldwide. Cephalalgia 2007;27(3):193-210.

5. World Health Organization (WHO). Atlas of headache disorders
and resources in the world. Geneva, Switzerland: World Health
Organization. Lifting The Burden; 2011.

6. Stovner L], Nichols E, Steiner TJ, et al. Global, regional, and na-
tional burden of migraine and tension-type headache, 1990-

edition. Cephalalgia

10.

11.

12.

13.

14

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

2016: A systematic analysis for the Global Burden of Disease
Study 2016. Lancet Neurol 2018;17(11):954-76.

Abu Bakar N, Tanprawate S, Lambru G, Torkamani M,
Jahanshahi M, Matharu M. Quality of life in primary headache
disorders: A review. Cephalalgia 2016;36(1):67-91.

Ashina S, Bendtsen L, Lyngberg AC, Lipton RB, Hajiyeva N,
Jensen R. Prevalence of neck pain in migraine and tension-type
headache: A population study. Cephalalgia 2015;35(3):211-9.
Viana M, Sances G, Terrazzino S, Sprenger T, Nappi G,
Tassorelli C. When cervical pain is actually migraine: An obser-
vational study in 207 patients. Cephalalgia 2018;38(2):383-8.
Bendtsen L, Fumal A, Schoenen J. Tension-type headache:
Mechanisms. Handb Clin Neurol 2010;97:359-66.

Pielsticker A, Haag G, Zaudig M, Lautenbacher S. Impairment
of pain inhibition in chronic tension-type headache. Pain 2005;
118(1-2):215-23.

Sandrini G, Rossi P, Milanov 1, Serrao M, Cecchini AP, Nappi
G. Abnormal modulatory influence of diffuse noxious inhibitory
controls in migraine and chronic tension-type headache patients.
Cephalalgia 2006;26(7):782-9.

Castien RF, van der Wouden JC, De Hertogh W. Pressure pain
thresholds over the cranio-cervical region in headache: a system-
atic review and meta-analysis. ] Headache Pain 2018;19(1):9.

. Filatova E, Latysheva N, Kurenkov A. Evidence of persistent

central sensitization in chronic headaches: A multi-method
study. ] Headache Pain 2008;9(5):295-300.

Ashina S, Bendtsen L, Ashina M, Magerl W, Jensen R.
Generalized hyperalgesia in patients with chronic tension-type
headache. Cephalalgia 2006;26(8):940-8.

Bogduk N. Cervicogenic headache: Anatomic basis and patho-
physiologic mechanisms. Curr Pain Headache Rep 2001;5
(4):382-6.

Bartsch T. Migraine and the neck: New insights from basic data.
Curr Pain Headache Rep 2005;9(3):191-6.

Bartsch T, Goadsby PJ. The trigeminocervical complex and mi-
graine: Current concepts and synthesis. Curr Pain Headache Rep
20037(5):371-6.

Ferndndez-de-las-Penas C, Alonso-Blanco C, Cuadrado ML,
Pareja JA. Forward head posture and neck mobility in chronic
tension-type headache: A blinded, controlled study. Cephalalgia
2006;26(3):314-9.

Luedtke K, Starke W, May A. Musculoskeletal dysfunction in
migraine patients. Cephalalgia 2018;38(5):865-75.

Ferracini GN, Florencio LL, Dach F, Bevilaqua-Grossi D,
Palacios-cena M, Ordd4s-Bandera C. Musculoskeletal disorders
of the upper cervical spine in women with episodic or chronic
migraine. Eur ] Phys Rehabil Med 2017;53(3):342-50.

Sohn J, Choi H, Lee S, Jun A. Differences in cervical musculo-
skeletal impairment between episodic and chronic tension-type
headache. Cephalalgia 2010;30(12):1514-23.

Sohn J, Choi H, Jun A. Differential patterns of muscle modifica-
tion in women with episodic and chronic tension-type headache
revealed using surface electromyographic analysis. ]
Electromyogr Kinesiol 2013;23(1):110-7.

Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA
Group. Preferred reporting items for systematic reviews and
meta-analyses: The PRISMA statement. PLoS Med 2009;6
(7):¢1000097.

Headache Classification Subcommittee of the International
Headache Society. The International Classification of Headache
Disorders: 2nd edition. Cephalalgia 2004;24(Suppl 1):9-160.
Lance JW, Olesen J. The International Classification of
Headache Disorders (ICHD-I). San Diego, CA: Cephalalgia;
1988:9-96.

0202 1890190 6Z U0 Jasn ABojouyoa] o AlsisAlun puepony Aq €4SZy6S/S9v2/01/1 Z/a10ne/aunipawured/wod dno-oiwapeoe//:sdiy Wwolj papeojumoc]


https://www.ncbi.nlm.nih.gov/mesh/? term=headache&hx002B;disorders&hx0025;2C&hx002B;primary
https://www.ncbi.nlm.nih.gov/mesh/? term=headache&hx002B;disorders&hx0025;2C&hx002B;primary
https://www.ncbi.nlm.nih.gov/mesh/? term=headache&hx002B;disorders&hx0025;2C&hx002B;primary
https://www.ncbi.nlm.nih.gov/mesh/? term=headache&hx002B;disorders&hx0025;2C&hx002B;primary
https://www.ncbi.nlm.nih.gov/mesh/? term=headache&hx002B;disorders&hx0025;2C&hx002B;primary
https://www.ncbi.nlm.nih.gov/mesh/? term=headache&hx002B;disorders&hx0025;2C&hx002B;primary
http://www.nice.org.uk/guidance/qs42

Neck Physical Examination in Primary Headache

2479

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.
37.

38.

39.

40.

41.

42.

43.

44,

45.

46

Classification and Diagnostic Criteria for Headache Disorders,
Cranial Neuralgias and Facial Pain. Headache Classification
Committee of the International Headache Society. Cephalalgia
1988;8(Suppl 7):1-96.

Lo C-L, Mertz D, Loeb M. Newcastle-Ottawa Scale: Comparing
reviewers’ to authors’ assessments. BMC Med Res Methodol
2014;14(1):45.

Hootman JM, Driban JB, Sitler MR, Harris KP, Cattano NM.
Reliability and validity of three quality rating instruments for
systematic reviews of observational studies. Res Synth Methods
2011;2(2):110-8.

Cohen J. A coefficient of agreement for nominal scales. Educ
Psychol Meas 1960;20(1):37-46.

La Touche R, Paris-Alemany A, Hidalgo-Pérez A, Lopez-de-
Uralde-Villanueva I, Angulo-Diaz-Parreno S, Munoz-Garcia D.
Evidence for central sensitization in patients with temporoman-
dibular disorders: A systematic review and meta-analysis of ob-
servational studies. Pain Pract 2018;18(3):388-409.

Van Tulder M, Furlan A, Bombardier C, Bouter L, Editorial
Board of the Cochrane Collaboration Back Review Group.
Updated method guidelines for systematic reviews in the
Cochrane Collaboration Back Review Group. Spine (Phila Pa
1976) 2003;28(12):1290-9.

Lewis S, Clarke M. Forest plots: Trying to see the wood and the
trees. BMJ 2001;322(7300):1479-80.

Hedges LV. Estimation of effect size from a series of independent
experiments. Psychol Bull 1982;92(2):490-9.

Cohen J. A power primer. Psychol Bull 1992;112(1):155-9.
Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring
inconsistency in meta-analyses. BMJ 2003;327(7414):557-60.
Huedo-Medina TB, Sdnchez-Meca ], Marin-Martinez F, Botella
J. Assessing heterogeneity in meta-analysis: Q statistic or 12 in-
dex? Psychol Methods 2006;11(2):193-206.

DerSimonian R, Laird N. Meta-analysis in clinical trials.
Control Clin Trials 1986;7(3):177-88.

Sterne JA, Egger M. Funnel plots for detecting bias in meta-
analysis: Guidelines on choice of axis. ] Clin Epidemiol 2001;54
(10):1046-55.

Begg CB, Mazumdar M. Operating characteristics of a rank cor-
relation test for publication bias. Biometrics 1994;50
(4):1088-101.

Florencio LL, de Oliveira AS, Carvalho GF, et al. Cervical mus-
cle strength and muscle coactivation during isometric contrac-
tions in patients with migraine: A cross-sectional study.
Headache 2015355 (10):1312-22.

Florencio LL, de Oliveira AS, Lemos T, et al. Patients with
chronic, but not episodic, migraine display altered activity of
their neck extensor muscles. J Electromyogr Kinesiol 2016;30:
66-72.

Carvalho GF, Chaves TC, Gongalves MC, et al. Comparison be-
tween neck pain disability and cervical range of motion in
patients with episodic and chronic migraine: A cross-sectional
study. ] Manipulative Physiol Ther 2014;37(9):641-6.
Fernandez-de-las-Penas C, Alonso-blanco C, Cuadrado ML,
Gerwin RD, Pareja JA. Myofascial trigger points and their rela-
tionship to headache clinical parameters in chronic tension-type
headache. Headache 2006;46(8):1264-72.
Fernandez-de-las-Penas C, Falla D, Arendt-Nielsen L, Farina D.
Cervical muscle co-activation in isometric contractions is en-
hanced in chronic tension-type headache patients. Cephalalgia
2008;28(7):744-51.

. Fernandez-de-las-Penas C, Ge H-Y, Arendt-nielsen L, Cuadrado

ML, Pareja JA. Referred pain from trapezius muscle trigger
points shares similar characteristics with chronic tension type
headache. Eur J Pain 2007;11(4):475-82.

47.

48.

49.

50.

51.

52.

53.

54.

5S.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Ferracini GN, Florencio LL, Dach F, et al. Myofascial trigger
points and migraine-related disability in women with episodic
and chronic migraine. Clin ] Pain 2017;33(2):109-135.

Headache Classification Committee of the International
Headache Society (IHS).The International Classification of
Headache Disorders, 3rd edition (beta version). Cephalalgia
2013;33(9):629-808.

Watson DH, Drummond PD. Head pain referral during exami-
nation of the neck in migraine and tension-type headache.
Headache 2012;52(8):1226-35.

Liang Z, Galea O, Thomas L, Jull G, Treleaven J. Cervical mus-
culoskeletal impairments in migraine and tension type headache:
A systematic review and meta-analysis. Musculoskelet Sci Pract
2019;42:67-83.

Szikszay TM, Hoenick S, von Korn K, et al. Which examination
tests detect differences in cervical musculoskeletal impairments
in people with migraine? A systematic review and meta-analysis.
Phys Ther 2019;99(5):549-69.

Mingels S, Dankaerts W, van Etten L, Thijs H, Granitzer M.
Comparative analysis of head-tilt and forward head position
during laptop use between females with postural induced head-
ache and healthy controls. J Bodyw Mov Ther 2016;20
(3):533-41.

Lee WY, Okeson JP, Lindroth J. The relationship between for-
ward head posture and temporomandibular disorders. ] Orofac
Pain 1995;9(2):161-7.

Murata S, Doi T, Sawa R, et al. Association between joint
stiffness and  health-related  quality of life in
community-dwelling older adults. Arch Gerontol Geriatr
2017;73:234-9.

Dugailly P-M, Decuyper A, Salem W, De Boe A, Espi-Lépez GV,
Lepers Y. Analysis of the upper cervical spine stiffness during ax-
ial rotation: A comparative study among patients with tension-
type headache or migraine and asymptomatic subjects. Clin
Biomech 2017;42:128-33.

Bogduk N. The neck and headaches. Neurol Clin 2004;22
(1):151-71.

Ferndndez-de-Las-Penas C, Dommerholt J. International consen-
sus on diagnostic criteria and clinical considerations of myofas-
cial trigger points: A Delphi study. Pain Med 2018;19
(1):142-50.

Ferndndez-de-Las-Pefias C. Myofascial head pain. Curr Pain
Headache Rep 2015;19(7):28.

Caamano-Barrios LH, Galdn-Del-Rio F, Fernindez-de-Las-
Penas C, Cleland JA, Plaza-Manzano G, Ortega-Santiago R.
Evaluation of neurodynamic responses in women with frequent
episodic tension type headache. Musculoskelet Sci Pract 2019;44
:102063.

Krakauer JW, Mazzoni P. Human sensorimotor learning:
Adaptation, skill, and beyond. Curr Opin Neurobiol 2011;21
(4):636—44.

Mathis MW, Mathis A, Uchida N. Somatosensory cortex plays
an essential role in forelimb motor adaptation in mice. Neuron
2017;93(6):1493-503.¢6.

Neverdahl JP, Omland PM, Uglem M, Engstrom M, Sand T.
Reduced motor cortical inhibition in migraine: A blinded trans-
cranial magnetic stimulation study. Clin Neurophysiol 2017;128
(12):2411-8.

Cortese F, Coppola G, Di Lenola D, et al. Excitability of the
motor cortex in patients with migraine changes with the time
elapsed from the last attack. ] Headache Pain 2017;18(1):2.
Luedtke K, May A. Stratifying migraine patients based on dy-
namic pain provocation over the upper cervical spine. J
Headache Pain 2017;18(1):97.

0202 1890190 6Z U0 Jasn ABojouyoa] o AlsisAlun puepony Aq €4SZy6S/S9v2/01/1 Z/a10ne/aunipawured/wod dno-oiwapeoe//:sdiy Wwolj papeojumoc]



2480

Elizagaray-Garcia et al.

65. Kim D-S, Coats DK, McCreery KM, Paysse EA, Wilhelmus KR.
Accuracy of clinical estimation of abnormal head postures.
Binocul Vis Strabismus Q 2004;19(1):21-4.

66. Lemeunier N, Jeoun EB, Suri M, et al. Reliability and validity of
clinical tests to assess posture, pain location, and cervical spine

mobility in adults with neck pain and its associated disorders:
Part 4. A systematic review from the cervical assessment and di-
agnosis  research  evaluation (CADRE) collaboration.
Musculoskelet Sci Pract 2018;38:128-47.

0202 1890190 6Z U0 Jasn ABojouyoa] o AlsisAlun puepony Aq €4SZy6S/S9v2/01/1 Z/a10ne/aunipawured/wod dno-oiwapeoe//:sdiy Wwolj papeojumoc]


https://www.researchgate.net/publication/345144818

