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Elasticity of neck muscles in cervicogenic headache

Zuzana Sedlackova*®, Martin Vita?, Jan Herman<, Tomas Furst?, Tomas Dornak?, Miroslav Herman?

Aim. To compare the elasticity of the sternocleidomastoid and trapezius muscles in patients with cervicogenic head-
ache and in healthy volunteers.

Methods. The medical history of 23 patients with cervicogenic headache was taken with a focus on pain characteristics.
Elasticity of the sternocleidomastoid and trapezius muscles was measured by using shear wave elastography. Results
were then compared with 23 healthy volunteers.

Results. The sternocleidomastoid muscle was significantly stiffer in patients with cervicogenic headache compared
to healthy volunteers. The stiffness increased gradually from the parasternal area, where it was negligible, to the area
near the mastoid process where it reached over 20 kPa. There was no difference in the stiffness of the trapezius muscle.
The stiffness of the sternocleidomastoid muscle does show a significant dependence on headache characteristics (e.g.,
laterality, severity, or frequency).

Conclusion. The results of this pilot study show that patients with cervicogenic headache have a higher stiffness of
the sternocleidomastoid muscle than healthy volunteers. These findings suggest that elastography could be used as
a diagnostic tool in cervicogenic headache.
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INTRODUCTION range of motion is reduced and headache is made sig-

nificantly worse by provocative manoeuvres; 4. headache

Our work is a pilot study in patients with cervicogenic  is abolished following diagnostic blockade of a cervical

headache measuring the elasticity of the sternocleidomas-  structure or its nerve supply. And finally, the pain is not
toid and trapezius muscles with ultrasound shear wave  better accounted for by another diagnosis?.

elastography. This method enables non-invasive, real-time The prevalence of cervicogenic headache in the gen-
evaluation of tissue elasticity with quantitative measure- eral population is estimated to be between 0.4% and 2.5%,
ments. but in pain management clinics, the prevalence is as high

Almost half of the population has recurrent head- as 20% of patients with chronic headache®. It is often
aches of various aetiology'. Tension headaches, cluster linked with functional pathologies, such as joint dysfunc-
headaches, and migraines are very frequent. Except for  tion, muscle stiffness, or presence of trigger points®®.
primary headaches, the pain has an external cause; an (A trigger point is a hyperirritable spot in a skeletal
example of such a secondary headache is cervicogenic  muscle that is associated with a hypersensitive palpable
headache’. nodule in a taut band. The spot is painful on compres-

The International Headache Society defines cervico- sion and can give rise to a characteristic referred pain,
genic headache as a pain associated with clinical and/ referred tenderness, motor dysfunction, and autonomic
or imaging evidence of a disorder or lesion within the  phenomena®.)
cervical spine or soft tissues of the neck, known to be able Sometimes, it can be hard to differentiate between
to cause headache. The causation is demonstrated by at  the various types of headaches, and even concurrent
least two of the following: 1. headache has developed in  headache types may be present. Several methods may
temporal relation to the onset of the cervical disorder or  aid in differentiating them from each other after clinical
appearance of the lesion; 2. headache has significantly  examination. Besides computed tomography or magnetic
improved or resolved in parallel with improvement in or  resonance imaging of the brain, ultrasonography of the
resolution of the cervical disorder or lesion; 3. cervical neck muscles can be performed, with B-mode for imaging
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soft tissues and elastography for evaluating the stiffness
of muscles. If there is suspicion of higher muscle tension
from palpation, this method may confirm it>’.

There are several muscles that are often affected in
cervicogenic headache, such as the sternocleidomastoid
muscle, upper trapezius, levator scapulae, scalenes, sub-
occipitals, pectoralis minor, and pectoralis major*'°. We
chose to examine the sternocleidomastoid and trapezius
muscles because they can be easily evaluated by using
ultrasonography.

MATERIALS AND METHODS

This study was approved by the Ethics Committee of
Palacky University Olomouc under the reference number
153/13 and all participants have given their informed con-
sent. We examined 46 subjects, comprising 23 patients
with cervicogenic headache and 23 healthy volunteers as
a control group.

The inclusion criteria in the group of patients were
based on the definition of cervicogenic headache in the
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Fig. 1. Measuring stiffness of the sternocleidomastoid muscle with a linear probe in a patient with
cervicogenic headache; the image depicts three ROIs at one of the four levels measured.
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Fig. 2. Measuring stiffness of the trapezius muscle with a convex probe in a healthy volunteer. The
image depicts three ROIs in one of the two assessments of the trapezius muscle.
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Fig. 3. An overview of the distribution of muscle stiffness values. Left-hand side (L) and right-hand side
(R), patients (pat) and controls (con); the four locations at the sternocleidomastoid muscle (SCM) are
described in the Introduction section; TRAP stands for the trapezius muscle. The red line denotes the
median, boxes extend from 25% to 75% quantiles, and outliers are marked by a cross.
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Fig. 4. A less detailed overview of the distribution of muscle stiffness values. In the
case of the sternocleidomastoid muscle (SCM), the number is an average of the four

medians shown in Fig. 3.

International Classification of Headache Disorders 3 (see
the Introduction section above). The exclusion criteria
were: age under 18 or over 55 years and another, more
dominant type of headache. We excluded patients with
phonophobia, photophobia, and aura.

The age of the patients ranged from 22 to 51 years
(mean, 36.4 years). The patient group consisted of 20
women and 3 men. The control group did not statisti-
cally significantly differ in sex (P=1), age (P=0.8), or BMI
(P=0.2). All examined people had normal value of BMI
(between 18.5-24.9).
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The patients with cervicogenic headache were in-
quired about the characteristics of their pain. Laterality,
frequency, duration of pain, character, intensity at the
moment of examination and at the maximum level were
all noted. We also asked whether limited head rotation,
tinnitus, dizziness, nausea, vomiting, pain in the teeth or
ears, and upper limb paraesthesia were present during
the pain episode.

All measurements were performed by a radiologist
experienced in sonoelastography using the SuperSonic
Aixplorer ultrasound machine (SuperSonic Imagine,
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Table 1. An overview of the stiffnesses of all the muscles measured.

Patients, Patients, Controls, Controls,

right-hand side left-hand side right-hand side left-hand side
Sternocleidomastoid, 1 34.6 19.8 20 18.8
(parasternal area)
Sternocleidomastoid, 2 42.3 33.2 21.7 17.4
Sternocleidomastoid, 3 40.4 334 20.9 19
Sternocleidomastoid, 4 46.8 20 39.8 16.9
(near mastoid process)
Trapezius 19.8 21.9 18.8 19.1

Each cell represents an average of the 23 muscle stiffness values of each subject. Muscle stiffness of each subject is the median of six repeated
measurements of the average stiffness of an ROI (see the Methods section).
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Fig. 5. The distribution of additional adverse effects in the population suffering

from cervicogenic headache.

Aix-en-Provence, France) with a linear array transducer
SL15-4 for the sternocleidomastoid muscle and convex
transducer XC6-1 for the trapezius muscle, because the
measurements with linear probe in pilot examinations
were on the border of proper imaging due to bigger dis-
tance from the surface. (These examinations were exclud-
ed from the study). Elasticity of the sternocleidomastoid
and trapezius muscles was measured and compared be-
tween patients and healthy volunteers. Elasticity was mea-
sured in kPa, with higher values indicating higher stiffness
(i.e., lower elasticity).

We chose to measure the sternocleidomastoid muscle
at four different locations (with the muscle approximately
divided into quarters, starting near the sternum, avoiding
the pulsation of the carotid artery, and ending behind the
ear), with six repeated measurements at each site. The ac-
cessible upper part of the trapezius was also measured six
times. Since both sides were assessed, there were 60 elas-
tographic measurements for every subject investigated. All
subjects were examined in a relaxed supine position with
their hands placed beside their thighs. Elasticity was mea-
sured using the region of interest (ROI) of a size of 2 mm
in the case of the sternocleidomastoid muscle (Fig. 1) and
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of 5 mm in the trapezius muscle (Fig. 2). These values
were chosen to avoid artefacts in the elastograms. We
measured the maximum, mean, and minimum elasticity;
however, we only used the mean values for comparison.
Since the six values of the mean elasticity of each muscle
often exhibited considerable variability in a single patient,
we chose to calculate the median of the six values for
comparison among patients.

Muscle elasticities were compared between groups of
patients and healthy volunteers by the Kruskal-Wallis test.
All the tests were performed in STATISTICA, version
10.0, Statsoft Inc, Tulsa, CA, and MatLab R2013b, The
MathWorks Inc., Natick, MA. The level of significance
was set at 0.05.

RESULTS

Fig. 3 and 4 and Table 1 provide an overview of the
results. There was a statistically significant difference in
the stiffness of the sternocleidomastoid muscle between
patients and healthy control group, with P<0.001 both on
the left-hand and right-hand sides. The difference in ster-
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nocleidomastoid muscle stiffness between patients and
controls increased gradually from the parasternal area,
where it was negligible, to the area near the mastoid pro-
cess where it reached over 20 kPa. This is more than a
100% increase with respect to the healthy volunteers. The
stiffness of the trapezius muscle was not statistically sig-
nificantly different between patients and controls (P=0.58
on the right-hand side and P=0.15 on the left-hand side).
Out of 23 patients, nine had a more pronounced pain on
the right-hand side, three on the left-hand side, and eleven
had bilateral pain. Four patients suffered from headache
every day, seven patients approximately once per week,
and another seven once per month; others less frequently.
Without taking medication, the pain lasted for one or two
days in most patients.

There was no clear or systematic association between
any of the adverse factors in Fig. 5 with higher stiffness
of any of the muscles. This was probably due to a low
number of subjects.

At the time of examination, four patients suffered from
headache that reached the highest pain levels they had
ever felt (two patients rated it on the VAS 0-10 as 4 and
another two rated it as 7). In the remaining patients, it was
lower than their maximum, with nine patients suffering
from no pain at the time of examination.

Subsequently, the patients were divided according to
pain intensity at the time of examination into two groups
of approximately similar size (< 4 and > 4 on the Visual
Analog Scale), with 13 patients in the first group and 10
in the second one. In the group with more severe pain,
four patients suffered from right-sided pain only, and the
rest from bilateral pain. There was no association between
the severity of the pain and the stiffness of any of the
muscles measured.

DISCUSSION

We assessed the stiffness of the sternocleidomastoid
and trapezius muscles in cervicogenic headache. This is-
sue has not been studied widely so far; we found only one
study that measured muscle stiffness in the same muscles,
but the authors have not correlated the results with head-
aches. The authors of that study concluded that shear
wave elastography can be a method used to evaluate mus-
cle stiffness!'. We go further and suggest that ultrasound
elastography can be used to diagnose cervicogenic head-
ache since the stiffness of the sternocleidomastoid muscle
was significantly higher in the patient group than in the
control one. We found no correlation of muscle stiffness
with other subjective adverse factors, which may be due to
a relatively small number of subjects in the study.

Two studies (none using ultrasound elastography)
showed a connection between higher stiffness and pain. In
the first one, the authors used ischaemic compression of
the sternocleidomastoid muscle in patients with cervico-
genic headache to diminish pain intensity, frequency, and
duration, as well as the myofascial trigger point area, and
to increase pressure tolerance and pressure pain thresh-
0ld'>B. The other study used the dry needling technique
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in the sternocleidomastoid muscle with similar results
lowering the symptoms of cervicogenic headache™. In
our study, the patients with cervicogenic headache had a
significantly higher stiffness of the sternocleidomastoid
muscle than healthy volunteers. The stiffness of the tra-
pezium muscle was not different.

In a study by Park et al.}, patients with cervicogenic
headache had a tangibly increased tone and stiffness of
the suboccipital muscles and the upper trapezius com-
pared to healthy subjects; however, there was no signifi-
cant difference in the elasticity. This corresponds with our
findings concerning the trapezius muscle.

Spasticity is a form of higher muscle tension. Two re-
cent studies focused on upper motor neuron lesion: the
first one evaluated cerebral palsy' and the other one a
stroke patient'®, with both successfully using shear wave
elastography to obtain results. This could be very useful
since higher muscle tension could previously be evalu-
ated only by palpation which does not provide objectively
quantifiable data'.

Our results show a more frequent occurrence of right-
sided headaches. Headache was present bilaterally in most
patients, but in unilateral pain, the right-hand side was
affected more often. This could be related to the domi-
nance of the right upper extremity and increased upper
trapezius muscle tension in pathological movement ste-
reotypes. But this count may also have been affected by a
relatively small study sample.

Cervicogenic headache is a diagnosis of exclusion, and
two of the four diagnostic criteria include the success of
therapeutic intervention®, which, however, is essentially
done after a diagnostic conclusion. A quantitative mea-
surement of muscle stiffness using elastography could be
of help as one of the criteria for the differential diagnosis
of headaches and as a method of comparison of the effect
of rehabilitation and physical therapy which are usually
recognised as the most effective therapies of cervicogenic
headache.

The PREEMPT study by Aurora et al. suggested a
paradigm of administration of onabotulinum toxin A into
head and neck muscles in patients with chronic migraine
that is still used'-%. It would be advisable to compare
muscle stiffness in various types of headache as well as
to assess more muscles, such as suboccipital ones and
other described in the PREEMPT study, since a precise
evaluation of their stiffness may result in a more targeted
application of botulinum toxin.

CONCLUSION

Stiffness of the sternocleidomastoid muscle was sig-
nificantly higher in patients with cervicogenic headache
than in healthy volunteers. The stiffness increased gradu-
ally from the parasternal area, where it was negligible, to
the area near the mastoid process where it reached over
20 kPa. These findings suggest that elastography could be
used as a diagnostic tool in cervicogenic headache.
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