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Abstract: We aimed to determine the association of cervical range of motion (ROM) with the clinical
features of headache and neck pain and psychosocial factors in patients with migraine. Seventy
women diagnosed with migraine were questioned regarding migraine onset and frequency, and
the presence, frequency, and intensity of self-reported neck pain. These individuals also com-
pleted the following questionnaires: Neck Disability Index, Migraine Disability Assessment, Patient
Health Questionnaire (PHQ-9), and Tampa Scale for Kinesiophobia. Active cervical ROM was as-
sessed in the sagittal, frontal, and transverse planes using the Multi-Cervical Unit Rehabilitation®

equipment. Potential associations were calculated using Pearson’s correlation test or Spearman’s
correlation (p < 0.05). A weak negative correlation was observed between the PHQ-9 scores and
sagittal (ρ = −0.30, p = 0.010), frontal (ρ = −0.34, p = 0.004), and transverse (ρ = −0.31, p = 0.009)
cervical ROM. No correlation was found between cervical ROM and kinesiophobia, migraine-related
disability, neck pain disability, or clinical features of neck pain and migraine (p > 0.05). Our findings
indicated that cervical mobility was associated with the severity of depressive symptoms, but not
with the clinical variables of migraine and neck pain, kinesiophobia levels, neck pain disability, and
migraine-related disability in women with migraine.

Keywords: cervical spine; depression; disability; headache; kinesiophobia

1. Introduction

Migraine is a primary headache disorder reported to be the most disabling neurologi-
cal disease and the sixth most prevalent condition in the world [1,2]. Recently, migraine
has been revealed as a complex clinical condition owning to its variety of symptoms and
comorbidities, with the headache attack being just one phase of a cascade of events [1,3,4].
The comorbid conditions increase the use of health resources and general costs. In addition,
musculoskeletal signs and symptoms are often observed in patients with migraine, and
these patients are referred to physical therapy as part of the multidisciplinary management
of this headache [5,6].

According to the International Classification of Functioning, Disability, and Health,
impairments are problems in body function or structure such as a significant deviation
or loss. Impairments may also be related to a disease, disorder, or physiological state [7].
Musculoskeletal impairments in migraine are mainly related to the cervical spine. Patients
with migraine often have a greater forward head posture, greater number of trigger points
in the cervical region, and reduced cervical range of motion (ROM) compared to healthy
individuals [8–10]. Despite that, no difference in morphometry of neck muscles has
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been observed between migraineurs and controls [11]. Neck pain is highly prevalent in
migraineurs, affecting approximately 70% of patients [12–14]. Neck pain is associated
with the worse clinical presentations of migraine, such as severe cutaneous allodynia and
pain-related disability [15].

Despite that, some cervical impairments are observed in migraineurs regardless of
neck pain, such as in the performance of deep cervical flexor muscles and in upper cervical
mobility [15]. Therefore, in cases of migraine, it is possible that some cervical impairments
may not be strictly associated with the presence of neck pain but rather with other factors,
such as migraine features or its comorbidities. This indicates the relevance of understanding
which musculoskeletal impairments are related to migraine itself, and which are related to
a cervical musculoskeletal disorder.

In this context, cervical ROM is a functional measure used in clinical practice and is
often used as an outcome in individuals with neck pain [16]. The reduction of cervical
ROM is observed in patients with migraine [9,17]. According to the linear correlation
data, in migraineurs, a lower cervical ROM as a function of an increased neck-pain-related
disability is expected [18]. However, the cervical ROM does not seem to be linearly
correlated with migraine frequency [9]. The correlation between cervical ROM and other
clinical parameters of migraine and neck pain remains unclear.

Psychological aspects such as anxiety and depression are strongly associated with
migraine [4], with a potential to influence disease prevalence, prognosis, treatment, and
clinical outcomes [19]. The increased burden of migraine has been observed in patients
who also present with both depression and anxiety comorbidities previously associated
with medication overuse and fibromyalgia [20,21]. Such psychological conditions are also
considered risk factors for the progression from episodic to chronic migraine [22]. Patients
with migraine and concomitant depression present with increased muscle tension and
tenderness [23,24] and exhibit painful physical symptoms that usually result in functional
impairment, affecting their quality of life and the treatment response [25]. These physical
and painful symptoms are associated with kinesiophobia in patients with neck pain and
chronic musculoskeletal pain [26,27], since fear of movement, a strategy used to avoid pain,
also leads to physical and functional consequences [28].

To date, no information is available regarding the relationship between cervical ROM
and the clinical presentations of migraine, including neck pain, and psychosocial factors,
such as fear of movement and depression. If we are to confirm the association between these
factors, it needs to be considered during migraine treatment and rehabilitation. Therefore,
the objective of this study was to determine the association of cervical ROM with clinical
features of headache and neck pain and psychosocial factors in individuals with migraine.
We hypothesized that migraineurs with worse clinical features of both headache and neck
pain would present with lower cervical ROM and higher levels of fear of movement and
depressive symptoms.

2. Materials and Methods
2.1. Participants

This cross-sectional study was performed between January 2018 and August 2019.
Volunteers were screened from an outpatient headache clinic and the local community,
and the diagnosis was confirmed by neurologists specialized in headache in accordance
with the third version of the International Headache Classification [29]. Women between
18 and 55 years of age with at least 3 days of migraine headache per month in the last
3 months were included in this study. The exclusion criteria were as follows: the presence
of other concomitant headaches, a history of face or neck injury, fibromyalgia, a history of
a herniated disk or cervical vertebral arthrosis as per the medical records, anesthetic block
in the previous 3 months of the study, and pregnancy.
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2.2. Experimental Procedure

Participants who met the inclusion criteria attended a physical examination in a labo-
ratory setting. All participants were under prescribed pharmacologic migraine prophylaxis.
They were instructed to avoid any analgesic drugs 24 h before the appointment, and in the
case of a migraine attack, to reschedule the appointment. All participants were evaluated
on a headache-free day.

On the day of assessment, the examiner applied a structured screening to collect
demographic and clinical data, including migraine frequency (days per month), migraine
onset (years), and presence of self-reported neck pain. Participants who reported neck pain
answered questions about neck pain frequency (days per month) and intensity (numerical
pain rating scale). Subsequently, the following cross-culturally adopted questionnaires
were used: Neck Disability Index (NDI), Migraine Disability Assessment (MIDAS), Patient
Health Questionnaire (PHQ-9), and Tampa Scale for Kinesiophobia (TSK), to determine the
migraine-related disability, depressive symptoms, and fear of movement, respectively.

The NDI is a questionnaire designed to assess how the neck pain affects the patient’s
ability to perform daily activities [30,31]. The NDI includes 10 items, and each item is
scored from 0 to 5. According to the total score, the patient was classified as follows: no
disability (0–4), mild disability (5–14), moderate disability (15–24), severe disability (25–34),
and complete disability (35 or more) [30,31]. The NDI is a valid and reliable tool to measure
neck-pain-related disability and is used as a guide for clinical decision-making [31,32].

The MIDAS evaluates migraine-related disability with five questions related to the
number of days in the past 3 months during which the patients had partial or complete
difficulty in managing everyday life owning to migraine. The patient was classified as fol-
lows based on the final score: no disability (0–5), mild disability (6–10), moderate disability
(11–20), and severe disability (21 or higher) [33]. The MIDAS has a good reliability [34]
and high correlation with physicians’ judgments regarding patients’ pain, migraine-related
disability, and need for medical care [35].

Depressive symptoms were measured using the PHQ-9, a tool containing nine ques-
tions to assess the occurrence of depressive symptoms in the past two weeks [36]. Each
question is scored on a scale from 0 to 3, with a maximum of 27 points. The severity of
depression is classified as follows: minimal (0–4), mild (5–9), moderate (10–14), moderately
severe (15–20), and severe (21–27) [34]. The PHQ-9 presents excellent test–retest reliabil-
ity, and a strong association between its score and functional status, disability days, and
symptom-related difficulty [37].

The TSK is a 17-item tool used to assess fear of movement, with items 4, 8, 12, and
16 being reversely scored. Scoring options range from strongly disagree (1) to strongly
agree (4), with a total score between 17 and 68 [38]. The questionnaire has a good reliability
and correlation with depressive and catastrophic symptoms [39].

After completing the questionnaires, active cervical ROM was assessed by a second
examiner, blinded to the participants’ clinical condition, using the Multi-Cervical Rehabili-
tation Unit® (BTE Technologies, Inc.™, Hanover, NH, USA). The equipment has excellent
reliability for measuring ROM in flexion, extension, lateral flexion, and rotation [40]. The
examiner positioned the participant in a seated position, with the knee and hip at 90◦

flexion and with the trunk restrained by bands to avoid movement compensation during
the cervical movements, and the equipment elm was positioned on the head. The par-
ticipants were instructed to perform the movements of flexion, extension, lateral flexion,
and rotation to the maximum possible range (Figure 1) three times in each direction. The
presence of self-reported neck pain during movements was also recorded. All movements
were performed in approximately 4 s, guided by the examiner’s voice command, and the
order was randomized. We considered the total ROM on each plane of movement for the
analysis; that is, sagittal plane ROM was obtained by the sum of the flexion and extension,
the frontal plane was the sum of lateral flexion on both sides, and the transverse plane was
the sum of rotation on both sides.
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Figure 1. Illustration of the subject’s position in the Multi Cervical Rehabilitation Unit® performing
the cervical range of motion assessment on the sagittal plane (A), frontal plane (B), and transverse
plane (C).

2.3. Statistical Analysis

The sample size calculation was performed using G*Power 3.1.9.7. A minimum of
64 participants were required in order to detect significant moderate associations (ρ = 0.3)
with an α of 0.05 and a desired power of 0.80. Descriptive data analyses are reported
as mean, median, standard deviation, and interquartile range. After verifying the data
distribution using the Shapiro–Wilk test, the Pearson’s correlation test was used to verify
the association of cervical ROM with TSK scores, and the Spearman’s correlation was
used to evaluate the association of cervical ROM with migraine onset, migraine frequency,
neck pain frequency, neck pain intensity, and the MIDAS, NDI, and PHQ-9 scores. The
association between the cervical ROM and both the self-report of neck pain and neck pain
during the movements assessed was performed using a point–biserial correlation. Correla-
tion values of <0.40 indicated a weak correlation; 0.40 to 0.69, moderate correlation; and
>0.70, strong correlation [41]. The statistical analysis was performed using the Statistical
Package for the Social Sciences software, version 20.0 (IBM, New York, NY, USA), and the
significance level was set at 0.05.

3. Results

Of the 81 eligible participants who agreed to participate, 70 were included in the study.
The reasons for exclusions were concomitant headache (n = 7), receipt of an anesthetic
block in the previous 3 months (n = 2), and a history of previous neck trauma (n = 2).

Table 1 summarizes the demographic and clinical features of the sample population. A
total of 75.7% of participants reported neck pain, 78% of patients presented severe migraine-
related disability according to the MIDAS score, and approximately 67% of the sample
reported depressive symptoms. During the cervical ROM assessment, the proportion of
participants that reported neck pain during movement was 41.4% for the sagittal plane,
45.7% for the frontal plane, and 42.9% for the transverse plane (Figure 2).

The correlation analysis revealed weak negative associations between PHQ-9 score
and cervical ROM in all planes (Table 2, Figure 3); the higher the depressive symptoms,
the lower was the cervical ROM. No significant associations between cervical ROM and
migraine pain features, self-report of neck pain, neck pain during cervical movement, neck
pain features, kinesiophobia, neck pain disability, and migraine-related disability were
observed (Table 2). The correlation analysis performed considering only the individuals
who reported neck pain also revealed no significant associations between cervical ROM
and neck pain disability, neck pain frequency, and neck pain intensity (Table 3).
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Table 1. Sample clinical and demographic characteristics.

Migraine (n = 70)

Mean Median SD Q1–Q3 Range N (%)

Age, years 33.47 31.00 9.27 27.00 to 39.25
BMI, kg/cm2 23.99 23.57 3.62 21.14 to 26.21

Clinical features
Migraine onset, years 15.81 14.50 9.57 8.00 to 20.50
Migraine frequency,

days/month 14.48 12.00 9.74 5.75 to 21.00

Self-report of neck pain 53 (75.7)
Neck pain frequency,

days/month 12.20 10.00 11.33 0.75 to 20.00

Neck pain intensity, NPRS 4.31 5.00 3.08 0.75 to 7.00

MIDAS score 57.41 45.00 48.69 22.00 to 77.75
No disability 5 (7.1)

Mild disability 2 (2.9)
Moderate disability 8 (11.4)

Severe disability 55 (78.6)

NDI score 10.88 12.00 8.54 0.00 to 17.00
No disability 20 (28.6)

Mild disability 26 (37.1)
Moderate disability 20 (28.6)

Severe disability 4 (5.7)

PHQ score 8.55 8.00 5.77 4.00 to 12.00
Minimal depression 23 (32.9)

Mild depression 19 (27.1)
Moderate depression 17 (24.3)

Moderately severe
depression 7 (10.0)

Severe depression 4 (5.7)

TSK score 37.44 38.00 8.84 30.00 to 43.25

Cervical range of motion
Sagittal plane, degrees 109.67 111.50 15.04 100.00 to 117.25
Frontal plane, degrees 92.50 93.50 16.15 82.75 to 104.00

Transverse plane, degrees 128.51 130.00 22.08 117.00 to 145.00

BMI: body mass index; NPRS: numerical pain rating scale; NDI: Neck Disability Index; MIDAS: Migraine Disability Assessment; PHQ:
Patient Health Questionnaire; TSK: Tampa Scale for Kinesiophobia; SD: standard deviation.
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Table 2. Correlation (95% CI) between cervical range of motion and migraine clinical presentation, depressive symptoms,
and kinesiophobia levels in patients with migraine (n = 70).

Sagittal Plane—Degrees Frontal Plane—Degrees Transverse Plane—Degrees

Migraine onset (years) rho = −0.07 (−0.31 to 0.18) rho = 0.04 (−0.23 to 0.29) rho = 0.05 (−0.20 to 0.29)
Migraine frequency

(days/month) rho = 0.14 (−0.13 to 0.38) rho = 0.00 (−0.25 to 0.23) rho = 0.07 (−0.16 to 0.30)

Self-report neck pain (yes/no) r = 0.05 (−0.21 to 0.32) r = 0.02 (−0.19 to 0.28) r = −0.02 (−0.27 to 0.23)
Neck pain frequency

(days/month) rho = 0.06 (−0.18 to 0.32) rho = 0.07 (−0.16 to 0.31) rho = −0.003 (−0.25 to 0.23)

Neck pain intensity (NPRS) rho = 0.11 (−0.14 to 0.35) rho = 0.05 (−0.18 to 0.30) rho = −0.006 (−0.22 to 0.23)
Neck pain disability (NDI) rho = −0.14 (−0.26 to 0.25) rho = −0.05 (−0.29 to 0.18) rho = −0.05 (−0.30 to 0.16)
Neck pain during cervical

movement (yes/no) r = −0.05 (−0.28 to 0.18) r = 0.12 (−0.11 to 0.34) r = −0.03 (−0.26 to 0.20)

Migraine disability (MIDAS) rho = −0.05 (−0.28 to 0.17) rho = −0.02 (−0.22 to 0.26) rho = −0.17 (−0.41 to 0.08)
Depressive symptoms (PHQ) rho = −0.30 (−0.53 to −0.05) * rho = −0.34 (−0.54 to −0.08) † rho = −0.31 (−0.53 to −0.06) †

Kinesiophobia (TSK) r = −0.14 (−0.33 to −0.05) r = −0.06 (−0.28 to 0.16) r = −0.21 (−0.39 to −0.02)

* p < 0.05, † p < 0.01. NPRS: numerical rating pain scale; NDI: Neck Disability Index; MIDAS: Migraine Disability Assessment; PHQ: Patient
Health Questionnaire; TSK: Tampa Scale for Kinesiophobia.
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Table 3. Correlation (95%CI) between cervical range of motion and neck pain features in patients with migraine who report
neck pain (n = 53).

Sagittal Plane—Degrees Frontal Plane—Degrees Transverse Plane—Degrees

Neck pain frequency
(days/month) rho = 0.06 (−0.21 to 0.33) rho = 0.02 (−0.25 to 0.29) rho = 0.03 (−0.24 to 0.30)

Neck pain intensity (NPRS) rho = 0.14 (−0.14 to 0.40) rho = −0.01 (−0.28 to 0.26) rho = 0.05 (−0.23 to 0.31)
Neck pain disability (NDI) rho = −0.06 (−0.33 to 0.21) rho = −0.18 (−0.43 to 0.10) rho = −0.06 (−0.33 to 0.21)

NPRS: numerical pain rating scale; NDI: Neck Disability Index.

4. Discussion

The hypothesis tested in this study was that migraineurs with worse clinical presenta-
tions of headache and higher levels of fear of movement and depression would demonstrate
less cervical ROM. Our results did not confirm this hypothesis. Among all the correlations
analyzed, only depressive symptoms presented as significant; however, weak correlations
with the cervical ROM were noted in our sample of migraineurs—the higher the severity
of depressive symptoms, the lower the cervical ROM. No other significant correlation was
observed between cervical ROM and the remaining clinical variables.

The lack of significant correlation between cervical ROM and frequency of migraine
have already been reported previously [9,18]. It contrasts with the lower cervical ROM
observed in patients with chronic migraine or transformed migraine (15 or more headache-
days per month) compared to controls [9,42]. Therefore, we suggest that the relationship
between cervical ROM and more frequent migraine attacks is not linear. Furthermore, it
seems that there is no linear correlation between cervical ROM and the migraine character-
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istics such as years with migraine and migraine-related disability, or neck pain features,
such as pain frequency, intensity, and related disability.

The relationship between musculoskeletal disorders and depression has already been
demonstrated [43]. They are not only comorbid conditions, but also mutually exacerbating
and predictors of negative prognosis [26,27,44–46]. Depression is also a well-known comor-
bidity of migraine with negative repercussions on the patient’s life and prognosis [22,47].
Our results indicated a correlation between depressive symptoms, and cervical ROM, as
a higher severity of depressive symptoms in female patients with migraine correlated
with lower cervical ROM. This correlation may be owing to the greater muscle tension
and tenderness that was already demonstrated in the patients with migraine and comor-
bid depression [23,24]. In addition, motivational factors during the assessment could
be involved.

The results of this study should be interpreted with caution, as the correlations
between cervical ROM and depressive levels were weak. Moreover, the wide confidence
intervals ranging from −0.54 to −0.05, meant that the correlations could be considered
between moderate and weak; however, they even presented a correlation close to 0, which
indicates the absence of any correlation between these variables. Further, other associated
factors observed in patients with both migraine and depression, such as fibromyalgia [21]
and medication overuse [20], were excluded and could increment the correlation results. To
the best of our knowledge, there is no published report regarding a significant correlation
between cervical ROM and depression in patients with headache or neck pain. However,
cervical ROM appears to be weakly to moderately correlated with patient-reported outcome
measures, such as pain and neck-related disability [18,48–50]. Based on these findings, we
assumed that the clinical implication of the results might be limited since the values of the
association coefficients were low.

In addition, cervical range of motion may be influenced by other factors that we did
not control in this study, such as head and neck posture and type of work occupation,
for example. The absence of significant correlations between cervical ROM and pain and
disability-related measures suggests that the cervical ROM may be just an impairment not
immediately related to the clinical presentation of migraine or neck pain. It means that a
unique impairment does not necessarily characterize a cervical musculoskeletal disorder.
Although the pain cannot be a determinant factor to characterize a musculoskeletal disorder
overall, it is suggested that cervical disorders would be better defined by a combination of
neck pain and a cluster of symptoms and impairments of body function [51].

Another aspect that might contribute to the absence of significant correlation between
cervical ROM and pain- and disability-related variables is the range of cervical ROM
observed in our cohort. We did not have a control group without pain to assume any
restriction of cervical ROM. However, using distinct methods for measuring the ROM
reference data from controls, as reported by Liang et al. (2019) [17] in their metanalysis,
could be of benefit to our understanding. The median and interquartile ranges of our
cohort’s ROM at the sagittal and transverse planes are predominantly lower than their
respective means in the referred metanalysis. This suggests that the majority of our cohort
would be classified as having a limited ROM at the sagittal and transverse planes. A cohort
with a narrow range composed mostly of those with restricted ROM would not properly
reflect a linear correlation.

The fear-avoidance model of pain suggests that when pain is perceived as harmful,
this may lead to catastrophic thoughts, which generate fear of movement-related pain that
in turn leads to avoidance of activities, resulting in disability [38]. Previous reports in
patients with neck pain support this model and have demonstrated a significant correlation
between TSK and cervical ROM in individuals with neck pain [47,48]. However, in our
sample, the active cervical ROM did not present a significant linear correlation with the
fear of movement-related pain measured by TSK, even when more than 40% of the sample
reported neck pain during active cervical movement. Behavioral and physical factors
involved in these assessments may play a complex role in patients with migraine.
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This study assessed the patients in the interictal phase, i.e., out of a migraine headache
attack, and our results indicate that in migraine patients, fear of movement-related pain may
not be associated with a constant neck and head movement avoidance that could lead to
lower cervical ROM. These characteristics may be restricted to ictal phases (i.e., during the
attacks), since aggravation of pain by cervical movement and avoidance of head movement
during a headache attack have been indicated as sensitive and specific manifestations of
migraine [52]. This may also occur because fear related to movement in patients with
migraine is not only restricted to head and neck motion [53]. Therefore, the lack of
correlation between TSK and cervical ROM in our sample of female patients with migraine
could be a consequence of the content of TSK items, which do not particularly consider
head and neck movement. Furthermore, correlation analysis is better characterized when
it includes a great variability of observations. As the interquartile range of TSK indicates a
narrow amplitude of this variable, it may not have been enough to demonstrate a linear
correlation. Although the TSK was not developed or validated in a sample of migraineurs,
it is the only scale that measures fear of movement, and since kinesiophobia is a behavior
caused by a negative belief, it is not conditioned to the individual’s clinical condition.
Nevertheless, we consider the use of TSK as one of the limitations of this study. The
development of a migraine-specific scale should be considered in future studies.

Another limitation is the study design, as a cross-sectional study, no causality between
variables can be assumed. Finally, considering the sample, the results reported here are
sex-specific, so they may not be the same when assessing male patients with migraine.
However, this study was the first to assess the correlation between cervical ROM, psychoso-
cial factors, and clinical presentations of migraine. The results confirm that cervical ROM is
not linearly related to the clinical aspects of migraine or the presence of neck pain, or to fear
of movement-related pain as measured by the TSK; however, it seems to be weakly related
to the depressive symptoms. Based on these findings, we suggest that physiotherapists
investigate the presence and severity of depressive symptoms since it may be associated
with reduced mobility and consequently impair rehabilitation progress. Further, depres-
sive symptoms suggest the necessity of psychological approaches. Futures research can
contribute to a better understanding of other associations between psychosocial conditions
and musculoskeletal impairments (i.e., muscle function) in patients with migraine.

5. Conclusions

In female patients with migraine, active cervical mobility was weakly associated
with the severity of depressive symptoms; however, it was not correlated with the clinical
variables of migraine, neck pain features, and fear of movement.
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