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Abstract Key words
Background: Cervical mobility is influenced by a number of cervical spine,
factors, including headaches. range of movements (ROM),
Aims: To assess the impact of headache and its clinical featu- hfaadachc.as,
diagnostics

res on the range of movements of the cervical spine.

Material and methods: The study involved 25 women aged
30-54 who had headaches in the last 6 months. The respon-
dents completed an original questionnaire, which included,
inter alia, pain characteristics. The ranges of mobility of the
cervical segment were measured using a smartphone held by
a head-mounted setup. Rotation in the Occ-C2 segment was
also assessed, and muscle tenderness was examined.

Results: The ranges of neck mobility in the study group did not
differ from the ranges reported in the literature. There was no
correlation between the pain characteristics and the ranges
obtained, although correlations between age and a decrease
in the mean ranges of mobility and between overweight and
reduced mobility of the cervical segment were identified.

Conclusions: The occurrence, duration, frequency, and in-
tensity of headaches do not significantly affect the range of
motion of the cervical spine.
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Introduction

One of the most common reasons for neurologi-
cal consultations is headaches, which are occur-
ring with increasing frequency in modern socie-
ty. About 90% of people experience headaches at
least once in their lifetime, 20-47% of the popula-
tion suffers from frequent headaches, and about
2-5% of the population experiences chronic he-
adaches [1, 2].

Like any experience of pain, headaches are a sub-
jective sensation. They are becoming more com-
mon in almost every age group. When experien-
cing a headache, patients complain of decreased
quality of life and decreased ability of everyday
functioning. Studies describe the following ne-
gative consequences of headaches: a decline in
cognitive function, attention, concentration, and
memory and movement slowness [1, 3-5].

The International Headache Society describes
over 300 different types of headache [6]. Among
these, cervicogenic headaches are assumed to
be associated with disorders and dysfunctions of
the cervical spine or reduced cervical mobility [1,
7-9].

This paper presents practical aspects related to
the possibility of physiotherapeutic diagnosis of
cervicogenic headaches.

Aims

The aim of this study was (1) to assess the mobi-
lity of the upper cervical spine in female patients
with headache and (2) to evaluate the influence of
the duration, frequency, and intensity of heada-
ches on the range of motion of flexion, extension,
rotation, and lateral flexion (tilt) of the cervical
spine.

Material and methods

Study group

A total of 25 women aged 30-56 years participa-
ted in the study, with a mean age of 44.5 years
(SD = 74 years). All subjects were included in the
study according to the established criteria.

The inclusion criteria for the study were as fol-
lows: (1) age between 30 and 60 years, (2) no pre-
vious history of head and/or cervical trauma
and/or surgery within the past 5 years, (3) pre-
sence of headache within the past 6 months, and
(4) no headache at the time of the study. In con-
trast, the study exclusion criteria were: (1) age of
< 30 or > 60 years, (2) previous history of trauma,
head and/or neck surgery within the past 5 years,
(3) headache at the time of the study, and (4) ge-
neral poor wellbeing.

The range of body mass index (BMI) of the sub-
jects was 18.07-29.38 kg /cm2, with a mean value
of 24.66 kg/cm2. One subject was underweight
(BMI < 18.5 kg/cm2), 14 subjects were overwe-
ight (BMI > 24.99 kg /cm2), and the remaining 10
subjects were at normal weight. In this study, 17
people rated their health as good and 8 people
as average. Among the participants’ occupations
were teacher, psychologist, office worker, trader,
taking care of the household, and others (Fig. 1).
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Figure 1. Type of work in relation to physical activity.
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Research methodology

In this study, an original survey questionnaire
was used to collect data on the group of women
with headaches selected for the study. The qu-
estionnaire contained 27 questions covering pa-
tient data and headache characteristics. Moreo-
ver, we examined cervical spine mobility during
active movements and evaluated muscle tender-
ness.

The range of motion of the cervical spine of
the subjects was measured using a smartphone
and the Rotating Sphere application for flexion,
extension, and lateral flexion measurements (Fig.
2) and the Digital Compass application for rota-
tion measurements (Fig. 3). The smartphone was
in a holder fixed to a headband.

Figure 2. Images from the Rotating Sphere application during the test (A — starting position, B — flexion measurement,

and C - lateral flexion measurement)
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Figure 3. Images from the Digital Compass application during the rotation test (A — starting position and B — final

position)
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All movements were tested in an upright sitting
position. The subject was sitting unsupported and
looking forward. The Frankfort horizontal plane
was parallel to the floor, the feet were kept flat
on the floor, and the upper limbs relaxed on the
thighs. Before the task, the patient was carefully
instructed on how to perform it. The smartphone
was positioned perpendicular to the floor during
the measurement of flexion, extension, and late-
ral flexion movements (Figs. 4 and 5). The smar-
tphone was subsequently positioned parallel to

the floor during the measurement of the rotation
movements (Fig. 6). The device was calibrated in
the neutral (starting) position, and the results
were read after reaching the maximum range of
movement in the tested plane. In order to incre-
ase the reliability of the results and reduce their
randomness, two measurements were taken for
each movement and the arithmetic mean was
calculated. During the study, the subjects were
asked about pain and other discomforts they may
have experienced during the head movements.

Figure 4. Measurement of flexion and extension movements (A — starting position, B — final position in flexion, and C -

final position in extension)

Figure 5. Measurement of lateral flexion movement (A — starting position and B — final position)
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Figure 6. Measurement of flexion movement (A — starting position and B — final position)

The next stage was the assessment of the CO-C2
segment rotation. The subject was in a sitting po-
sition, and the researcher stood behind the sub-
ject with the thumb and index finger of one hand
stabilising the C2 vertebra and with the other
hand placed on the head (Fig. 7). By performing

passive left and right rotation movements until a
clear resistance was felt, it was subjectively as-
sessed by observation which way the movement
was smoother and which way a greater range of
rotation was possible to reach.

Figure 7. Test of CO—C2 segment rotation (A — starting position and B — final position)
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The tenderness of the suboccipital muscles,
cervical region, and descending part of the tra-
pezius muscle were also assessed by palpation. If
the subject reported tenderness, discomfort, or
pain at any point, they were asked to rate these
complaints on a scale from 1 to 10.

The analysis of the obtained data for the study
sample was performed using Excel. Basic de-
scriptive statistics, such as range, mean, and
standard deviation, were used to summarise the
study findings.

Results

All subjectsreported the occurrence of headaches
in the last six months (Fig. 8).

The onset of headache in the cervical or occipital
region occurred in 14 subjects (more than
50%). The headache did not start in the neck or
the occipital region in 11 people. Pain was not
unilateral in 11 people (this is important because
migraine, by definition, does not change sides).

In the diagrams below, the subjects could mark
the areas in which they felt the headache (Fig.
9). The more intense the colour, the more often
a given area was chosen. It should be noted that
the most frequent areas of headache are the
forehead, the occipital and temporal regions, and
the top of the head.

once a week

. several times a month
. several times several times a week
. once a month every day

Figure 8. Frequency of headache occurrence

Figure 9. Headache patterns among the study subjects
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In this study, 12 subjects indicated that there
were positions that reduced the headache, and
15 subjects responded that physical activity
increased the headache. The intensities of the
headaches on a scale from 0 to 10 were presented
as follows: two persons described the intensity of
the pain as 4, two persons as 5, four persons as 6,
four persons as 7, five persons as 8, four persons
as 9, and four persons described the experienced
headache as the most severe in their lives, as 10.

Figure 10 illustrates how the subjects characteri-
sed the nature of the headaches (they could cho-
ose more than one answer).

The subjects were able to determine subjectively
whether they perceived a restriction in cervi-
cal mobility. It was found that 9 subjects felt no
restriction, 14 felt slight restriction, and 2 felt
significant restriction. In the next part of the
study, the cervical spine mobility was measured
(Table 1).

Table 1. Range of motion of the cervical spine

Progressive I
Constant I
Penetrating IS
Compressive I
Exploding I—
Stabbing I
Piercing I
Dull
Sharp I
Throbbing I——

0 2 4 6 8 10 12 14 16

Figure 10. Nature of pain experienced

Movement ROM (°) M SD
Flexion 43-81 64.6 8.6
Extension 41-90 63.7 13.4
Lateral flexion - right 22.5-61 411 10.2
Lateral flexion - left 21-61 414 10.9
Rotation - right 38.5-90 76.1 13.8
Rotation - left 50-90 74.24 14.7

Legend: ROM - range of movement, M - mean, SD - standard deviation.

It was found that during measurements, 5 subjects
reported cervical pain: 2 subjects during rotation,
2 during extension, and 1 during flexion. During
the subjective assessment of CO-C2 segment mo-
bility, 13 subjects noted smoother movement, less
resistance, or a greater range of rotation to one
side. During muscle palpation, 19 subjects repor-
ted sensations of discomfort, tenderness, or pain.
Of these, 12 subjects felt these discomforts in the
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suboccipital muscle region, 6 during palpation of
the cervical region, and 14 on the trapezius musc-
le. The range of pain was scored between 1 and 8
on a scale from O to 10.

In addition to parameters directly related to he-
adache, the correlation between age and the
cervical ranges of motion was also tested. The
results are shown in Table 2.



Table 2. Age and the mean ranges of motion in the cervical spine

Lateral Lateral Rotation — | Rotation -
Movement Age Flexion Extension flexion - flexion — .
. right left
right left
30-39 60.7 74.4 50.7 53.3 82.5 79.4
40-49 67.3 63.4 43.5 39.9 73.7 75.7
50-59 63 55.7 311 33.6 73.5 68.7

It can be observed that the mean range of motion
of the cervical segment in all movements except
left lateral flexion and right rotation gradually
decreased with age in the study group. The sub-
jects with normal BMIs (< 25) had greater mean
ranges of motion in all movements except left la-
teral flexion and right rotation by about 3-9° than
the overweight subjects.

Discussion

Headacheisaconditionthatmostofthe population
experiences at least once in their lifetime [1].
Over the years, hundreds of different types of
headacheshavebeenidentified [6],allof which may
co-occur in the same patient, making diagnostic
and therapeutic management considerably more
difficult. Cervicogenic headache is a relatively
recent and understudied condition that presents
a challenge to contemporary medicine.

The measurements showed no differences from
the values reported in the literature [10-12].
In 2014, Raymond et al. conducted a study of
cervical mobility in 400 healthy subjects using
the Cervical Range of Motion (CROM) device
[13]. The subjects were divided by age. The
study showed that age was accompanied by a
reduction in the mean range of motion in all
directions, a trend also observed in the present
study. In 2018, Rodriguez-Sanz et al. conducted
research on 25 individuals with chronic cervical
pain, comparing measurements obtained using
the CROM device and two smartphone apps

[14]. The authors found excellent reliability and
validity of the apps compared to the CROM
method in all spine movement tests. By contrast,
a 2013 study by Tousignant-Laflamme et al. noted
that measurements of cervical mobility using
two iPhone apps and a CROM device in healthy
subjects showed good reliability and validity
of the apps used [15]. Other investigations have
also demonstrated the good functionality and
reliability of smartphone apps in assessing
cervical mobility [16, 17].

The CROM device is recommended for measuring
the cervical ranges of motion as the method with
the highest reliability, validity, and accuracy
among available devices and methods [18].
However, it is an expensive device, and the
presented studies indicate that freely available
smartphone applications can be successfully used
in everyday practice as a convenient solution,
since almost everyone has a smartphone. The
results obtained in the present study were similar
to the values reported by authors who also
measured the cervical ranges of motion using
a smartphone application. The methodology
for cervical mobility testing described in our
paper enhances the diagnostic possibilities of
physiotherapists in their everyday practice while
maintaining the highest possible objectivity
during the testing and treatment process.

Once the cervical mobility ranges were measured,
the next part of the outcome analysis attempted
to find a factor coexisting with cervical spine
mobility restrictions (implicitly affecting these
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restrictions). In 2009, Bevilaqua-Grossi et al
conducted a study in which cervical mobility
was measured in 45 women aged 20-54 years,
suffering from migraines and having episodic
migraine pain, and the results were compared
with a control group [19]. The examination
was performed using the CROM device. The
characteristics of headaches occurring in the
subjects were also assessed (frequency, duration
of problem, duration of single attack, location
of pain, pain intensity during movement, pain
during measurement, and unilaterality of
pain). A reduced range of motion was found in
subjects with migraines compared to the control
group, especially in the range of extension, left
lateral flexion, and right rotation. There was no
correlation between age and range of motion.
In addition, the assessed parameters related to
the headache did not affect the range of cervical
motion. There was also no correlation between
the side on which the symptoms manifested and
the restriction of movement to that side. In the
present study, however, it was observed that the
mean range of motion of the cervical segment
decreased with age in all movements except
flexion and right rotation. Similar to Bevilaqua-
Grossi et al. [19], parameters related to headaches
did not affect the reduction of cervical range of
motion in any movement.

In 2007, Jull et al. conducted a study to assess
cervical musculoskeletal impairment in subjects
with headaches [20]. The participants were
diagnosed and assigned to groups suffering
from migraines, tension-type headaches, and
cervicogenic headaches. One of the parameters
studied was the range of motion of the cervical
region wusing Fastrak, a three-dimensional
measurement system. The study showed a
significant reduction in cervical mobility in
subjects with cervicogenic headaches during
extension and left and right rotations compared
to the other headache groups. The ranges of
motion of subjects with migraines and tension
headaches were not significantly different from
those of the control group.
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The present study did not attempt to diagnose
the subjects; however, the study group included
participants with a decreased range of rotation
or extension, subjects whose headaches began
in the occipital or cervical region, and subjects
who experienced unilateral headache—which
may indicate cervicogenic headache as the
primary or one of many headaches occurring in
the respective subjects. The headache symptoms
of the patients may also provide a clue about
the type of headache they were experiencing.
However, due to the multitude of headache types
and the lack of diagnostic experience, it was not
possible to determine which type of headache
was present in specific individuals. It was also not
possible to assess the percentage distribution
of headache prevalence in the study group. The
study subjects might have experienced several
types of headaches, which may mask themselves.

There is no doubt that headaches, including
cervicogenic ones, reduce quality of life and the
ability of normal functioning [21, 22]. Further
studies on a larger population and in comparison
to a control group without headache symptoms
are recommended. Research conducted on
individuals with headaches at the time of the
study would also be worthwhile, albeit much
more difficult to undertake.

Conclusions

Based on the results of the preliminary pilot
study presented and discussed in this paper,
the following conclusions can be drawn: (1) the
occurrence of headache has no significant effect
on the ranges of motion of the cervical spine;
(2) the duration, frequency, and intensity of
headache has no significant effect on the ranges
of motion of the cervical spine; (3) the smartphone
is a device that can be used to study the ranges
of motion of the cervical spine in physiotherapy
practice.
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