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Abstract

Objective: Previous studies reported the presence of widespread pressure pain sensitivity
in patients with tension type headache. However, most of the studies assess pressure pain
sensitivity over muscle tissue. Our aim was to investigate the difference in pressure pain
sensitivity over musculoskeletal and nerve symptomatic and distant areas between
women with frequent episodic tension type headache (FETTH) and healthy subjects.
Methods: Thirty-two women with FETTH and 32 matched healthy women participated.
Pressure pain threshold (PPT) was bilaterally assessed over several nerve trunks (greater
occipital, median, radial, ulnar, common peroneal, tibialis posterior) and musculoskeletal
structures (temporalis muscle, C5/C6 joint, tibialis anterior) by an assessor blinded to the
subject’s condition. A 4-weeks headache diary was used to collect the intensity, frequency
and duration of headache. The Hospital Anxiety and Depression Scale (HADS) was used
to determine anxiety (HADS-A) and depressive (HADS-D) levels.

Results: The ANCOVA found lower widespread and bilateral PPTs over all nerve trunks
and musculoskeletal structures in women with FETTH pain (P<.001). No significant
effect of anxiety and depressive levels on PPTs were found (all P>.222). PPT over the
temporalis muscle was significantly negatively correlated with headache intensity.
Conclusions: This study found widespread pressure pain hypersensitivity over both nerve
trunks and musculoskeletal structures in women with FETTH suggesting the presence of
central altered nociceptive processing is not just restricted to musculoskeletal areas, e.g.,
muscles, but also pain evoked from directly provoking the nerve trunks by pressure. It is
also possible that nerve tissue treatment could lead to decrease of central sensitization and

headache features.

Key words: Tension type headache, pressure pain, nerve trunks, sensitization.
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Widespread Pressure Pain Sensitivity over Nerve Trunk Areas in
Women with Frequent Episodic Tension Type Headache as a Sign of
Central Sensitization

Introduction

Tension type headache (TTH) is probably the most common headache disorder
seen by neurologists. In fact, headache has been found to be the second most prevalent
pain condition in the world in the last Global Burden of Disease Study (1). Current
evidence supports the presence of altered nociceptive pain processing in TTH (2). The
most accepted theory is that the episodic form of the disease is more related to peripheral
mechanisms whereas the chronic form is associated to central mechanisms, although both
processes are present in both forms of headache (3). One of the main features of TTH is
the presence of hypersensitivity to pressure pain, i.e., lower pressure pain thresholds, as
compared to people without headache (4). This is supported by two reviews concluding
that pressure pain thresholds, are consistently lower in people with TTH when compared
with asymptomatic people being the trigemino-cervical region the most sensitive area to
pressure pain (5,6). Additionally, other studies have also observed the presence of
pressure hypersensitivity in distant pain-free areas (widespread) in people with TTH (7,8).
Previous findings support that TTH is characterized by widespread mechanical pain
hypersensitivity over deep somatic tissues; however, pain sensitivity has been mostly
assessed over muscle tissue in previous studies. It is unclear if this generalised
hypersensitivity is specific for muscle tissues or also manifested as hypersensitivity to

pressure pain in other structures, e.g. nerve trunks.
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Nerve mechano-sensitivity can be investigated by the application of non-noxious
mechanical stimuli, e.g. manual palpation, or by assessment of pressure pain sensitivity
(9). Generalized sensitisation of neural tissues is also a sign of hyper-excitability state of
the central nervous system and it has been found in different chronic pain conditions, such
as whiplash associated disorders (10), carpal tunnel syndrome (11), plantar heel pain (12),
or lateral epicondylalgia (13). Few studies have investigated pressure pain sensitivity over
nerve trunk areas in individuals with headache. Szikszay et al found that patients with
unilateral head and neck pain exhibit pressure pain hypersensitivity of the greater
occipital nerve when compared to controls (14); whereas Ferndndez-de-las-Penas et al
observed that patients with chronic TTH also showed sensitivity to pressure pain over the
supra-orbital nerve (15). Both studies suggest that pressure stimulation of trigemino-
cervical nerve trunks also exhibit sensitization in individuals with headache; however,
these results can be related to both peripheral or central mechanisms. The only study
investigating widespread pressure pain hyperalgesia over nerve trunks in patients with
headache reported that patients with strictly unilateral migraine showed a bilateral
increase on mechanical pain sensitivity at supra-orbital, median, radial and ulnar nerve
trunks (16). No previous study has investigated widespread pressure pain sensitivity over
nerve trunks in TTH. Additionally, no previous studies have controlled the role of
depression and anxiety levels in pressure pain nerve sensitivity in this headache condition
as depressive symptoms are associated with reduced pain thresholds (17).

Our aim was to assess pressure sensitivity over symptomatic and distant pain-free
nerve trunk areas between women with TTH and healthy controls, considering
confounders like anxiety or depression. We hypothesized that women with TTH would
exhibit widespread pressure hyperalgesia over nerve trunks and that pressure sensitivity

would be associated with higher levels of depression and anxiety.
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Methods

Participants

Consecutive women with a diagnosis of TTH by an experienced neurologist were
recruited from a university centre in Cantabria (Spain) from February to December 2018.
Diagnosis was conducted according to the third edition of the International Classification
of Headache Disorders (18). To be included, patients had to describe all the typical
features of TTH: bilateral location, pressing/tightening pain, mild/moderate intensity (<6
on a 10 points numerical pain rate scale) and no aggravation of headache during physical
activity (18). Only one, either photophobia or phonophobia was permitted in those
patients with high frequency of attacks. Only individuals with frequent episodic tension-
type headache (FETTH) were included in the study. Participants were excluded if
presented any of the following criteria: 1, chronic headaches; 2, other primary/secondary
headache including medication overuse headache; 3, history of head/neck trauma (i.e.,
whiplash); 4, cervical herniated disk or cervical osteoarthritis (medical records); 5, any
systemic degenerative disease, e.g., theumatoid arthritis, lupus erythematous; 6, diagnosis
of fibromyalgia; 7, had received anaesthetic blocks or any physical treatment the previous
6 months; or, 8, pregnancy.

A control group without history of headache diagnosis and without reporting a
headache pain attack the previous year, matched by age to the headache group, was also
included. Exclusion criteria for the control group were the same as for headache group.
The study was approved by the Cantabria human research ethics committee (2016/104).
All subjects read and signed informed consent prior to their inclusion in the study.
Self-reported measures

Subjects completed a headache diary for 4 weeks to complement the diagnosis

(19). An 11-point NPRS (20) (0: no pain to 10: maximum pain) was used to assess the
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intensity of headache. The headache diary was used to registered the number of days with
headache (days per week); the mean of intensity and duration of each headache attack
(NPRS and hours per day, respectively).

The Hospital Anxiety and Depression Scale (HADS), a 14-items self-reported
screening scale that assesses the presence of anxiety and depressive symptom, was also
used (21). It consists of 7 items evaluating anxiety (HADS-A) and 7 evaluating depression
(HADS-D). Each item is answered on a Likert-type scale (0-3). The sum of all answers
is transformed into a global score (0-21) for each subscale, where higher score indicates
more anxiety and depressive symptoms (22). The questionnaire has shown good validity
and internal consistency in patients with headache (23).

Pressure pain sensitivity

Pressure pain Threshold (PPT), the minimal amount of pressure where a sensation
of pressure first changes to pain (24), was assessed with an electronic algometer (Somedic
ABO, Farsta, Sweden) in kPa. The pressure was applied approximately at a rate of 30
kPa/second. All participants were instructed to press switch when the sensation changed
from pressure to pain. Three trials were performed on each point with a 30-second resting
period between each measure. The mean of 3 trials was used for the main analysis. The
PPT has exhibited high reliability (25).

Participants attended a preliminary session for familiarization with the pressure
test procedure. Patients with FETTH were tested on headache-free day and they were also
asked to avoid any analgesic or muscle relaxant 24 hours prior to the examination. PPT
levels were bilaterally measured over the greater occipital, median, ulnar, radial, tibialis
and common peroneal nerves; the temporalis and tibialis anterior muscles, and C5/C6

zygapophyseal joint by an assessor blinded to the subject’ condition. The musculoskeletal
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structures were assessed in the trigeminal symptomatic area (temporalis muscle), cervical
symptomatic area (C5/C6 joint) and a distant pain-free non-related area (tibialis anterior).

All the nerves were identified by manual palpation and marked with a pencil. The
greater occipital nerve was located at an average distance of 4 cm (range 1.5-7.5) lateral
to a horizontal line through the occipital protuberance (14). For the upper extremity, the
median nerve (C5) was located over the cubital fossa medial to and immediately adjacent
to the tendon of biceps; the radial (C6) nerve was marked where it passes through the
lateral intermuscular septum between the medial and lateral heads of triceps to enter the
mid to lower third of the humerus; and the ulnar nerve (C7) was located in the groove
between the medial epicondyle and the olecranon (10-12). For the lower extremity, the
common peroneal nerve was marked where it passes behind the head of the fibula as it
winds forwards around its neck whereas the tibial nerve was marked where it bisects the
popliteal fossa, lateral to the popliteal artery (12). The reliability of PPT assessment over
these nerve trunks was moderate to high (26,27). There is no minimal detectable change
data published for PPTs in individuals with headache. Walton et al found that the minimal
detectable change for PPT over the cervical spine was 47.2 kPa and 98 kPa for the tibialis
anterior muscle in patients with acute neck pain (28), whereas Ylinen et al considered that
between-groups differences over 20% can be considered as a real difference (29).
Sample size calculation

Sample size determination and calculations were based on detecting a moderate-
large effect size of 0.75 between TTH and healthy control groups, a 2-tailed test, with an
alpha level (a) of 0.05, and a desired power (B) of 90%. This generated a sample size of

at least 30 participants per group.
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Statistical analysis

Data were analysed with the SPSS statistical package (21.0 Version). Results are
expressed as mean, standard deviation (SD) or 95% confidence interval (95%CI). The
Kolmogorov-Smirnov test was used to determine the normal distribution of the data
(P>0.05). Quantitative data without a normal distribution (i.e. pain history, headache
intensity, frequency or duration) were analysed with non-parametric tests, and data with
a normal distribution (PPTs) were analysed with parametric tests. A multivariate mixed-
model ANCOVA test was used to investigate the differences in PPT assessed over each
point (temporalis muscle, C5/C6 joint, second metacarpal, tibialis anterior muscle, greater
occipital, median, ulnar, radial, tibialis posterior and common peroneal nerves) with side
(right or left) as within-subjects factor, group (FETTH or controls) as between-subjects
factor, and depression/anxiety as covariates. Post-hoc comparisons were conducted with
a Bonferroni test. Finally, the Spearman’s rho (rs) test was used to analyse the association
between PPTs (mean data of both sides) with clinical variables related to headache and
depression and anxiety levels. In general, the statistical analysis was conducted at a 95%
confidence level and a P-value less than 0.05 was considered statistically significant; but
for multiple comparisons (ANCOVA), a Bonferroni-corrected alpha level of 0.025 (2 in-

dependent-samples t tests) was considered significant.
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Results

Demographic and Clinical Data of the Sample

Fifty-seven consecutive women who presented with headache were screened for
eligibility criteria. Twenty-five subjects were excluded: migraine (n=12), chronic tension
type-headache (n=7), and previous whiplash (n=6). Finally, a total of 32 women, aged 18
and 25 years (mean age: 22+3 years) satisfied all criteria, agreed to participate, and signed
the informed consent. The patients presented 2.9 (95%CI 2.1-3.6) years of headache
history, 7.7 (95%CI 6.5-8.9) days per month with headache, 1.4 (95%IC 1.1-1.7) hours
per day with headache, and 5.4 (95%IC 5.0-5.8) points of headache intensity per attack.
No significant association between headache intensity, frequency, or duration was found
(all, P>0.6). The HADS-A score was 6.3 (95%CI 5.6-7.0) whereas the HADS-D score
was 3.0 (95%CI 2.3, 3.7).

In addition, 32 matched women without headache history, aged 18 to 21 years
(mean age: 22+1 years) was recruited as a control group. The HADS-A score within the
control group was 4.6 (95%CI 4.0-5.2) whereas the HADS-D score was 1.3 (95%CI 0.8,
1.8).
Pressure Pain Sensitivity over Trigeminal Nerve Trunk

The ANCOVA revealed significant differences between groups, but not between
sides, for PPTs over the greater occipital nerve (group: F=9.965, P=.002; side: F=0.303,
P=.621) without any significant effect for anxiety (F=1.014; P=.316) or depressive levels
(F=0.759; P=.385): women with FETTH showed bilateral lower PPT over the greater
occipital nerve than controls. Table 1 summarizes PPTs over the greater occipital nerve

for both sides within each group.
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Pressure Pain Sensitivity over Extra-trigeminal Nerve Trunk Structures

The ANCOVA found significant differences between groups (median: F=10.182,
P<.001; radial: F=1.563, P=.033; ulnar: F=2.636, P=.007; tibialis posterior: F=2.671, P=
.006; common peroneal: F=5.196, P=.024) but not between sides (median: F=1.043, P=
.309; radial: F=0.011, P=915; ulnar: F=0.202, P=.654; tibialis posterior: F=0.005, P=
.941; common peroneal: F=0.045, P=.832) for PPTs over extra-trigeminal nerve trunk
areas: women with FETTH exhibited bilateral lower PPTs in all peripheral nerve trunks
than controls. Neither anxiety nor depressive symptoms showed a significant effect for
the median (HADS-A: F=0.015, P=.902; HADS-D: F=1.507, P=.222), radial (HADS-A:
F=0.986, P=.323; HADS-D: F=0.793, P=.375); ulnar (HADS-A: F=0.036, P=.851;
HADS-D: F=0.536, P=.465); tibialis posterior (HADS-A: F=1.160, P=284; HADS-D:
F=0.421, P=.518), or common peroneal (HADS-A: F=0.191, P=.663; HADS-D: F=0.797,
P=.374) nerves. Table 1 details PPT over the peripheral nerves for both sides within each
group.
Pressure Pain Sensitivity over Musculoskeletal Structures

The ANCOVA exhibited significant differences between groups, but not between
sides, for PPTs over all musculoskeletal areas: temporalis muscle (group: F=5.470, P=
.021; side: F=0.145, P=.704), C5/C6 joint (group: F=6.353, P=.013; side: F=0.054, P=
.817), and tibialis anterior muscle (group: F=10.285, P=.002; side: F=0.016, P=.900):
again, women with FETTH showed bilateral widespread lower PPTs than controls (table
1). Again, no significant effects for anxiety or depressive levels showed a significant
effect for temporalis (HADS-A: F=0.878, P=.351; HADS-D: F=1.218, P=.272), C5/C6
joint (HADS-A: F=1.050, P=.308; HADS-D: F=0.328, P=.568) or tibialis anterior muscle

(HADS-A: F=1.119, P=.292; HADS-D: F=0.416, P=.520).
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Pressure sensitivity and clinical features in women with FETTH

A significant negative association between headache frequency and PPTs over the
temporalis muscle (rs: -0.420; P=.013) was found: the higher the frequency of headache
attacks, the lower the PPTs (i.e., higher sensitivity to pressure pain) over the temporalis

muscles. No other significant association was observed (all, P>.4).

Discussion

The current study found widespread pressure hypersensitivity when pressure pain
thresholds were assessed over nerve trunks (with no stimulation of other musculoskeletal
structures) in women with FETTH. The study furthermore supported previous studies
showing widespread pressure hypersensitivity in musculoskeletal structures. This suggest
altered central nociceptive processing is not just restricted to musculoskeletal structures.
Depression and anxiety levels were not associated with widespread pressure hyperalgesia.

In this study, PPT was significantly decreased bilaterally over local (trigeminal),
related segment (cervical spine) and distant pain-free (tibialis anterior) points, supporting
the presence of widespread pressure pain hyperalgesia over musculoskeletal structures in
women with FETTH. The between-groups PPT differences observed in our study ranged
from 30kPa (C5/C6 joint) to 115kPa (tibialis anterior). These values are superior to those
determined for the tibialis anterior, but lower than for the cervical spine, in people with
acute neck pain (28). The presence of widespread pressure pain hyperalgesia over these
musculoskeletal areas in patients with FETTH agree with the results previously reported
by Palacios-Cefia et al (8); however, differences in our study were small since this study
included individuals with FETTH with higher frequency of headaches (8). It is possible
that a higher frequency of headaches would lead to higher pressure pain hypersensitivity

as previously suggested by Buchgreitz et al (30). It could be hypothesized that widespread
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pressure hyperalgesia could be developed with time in parallel with an increase in the
frequency of headaches.

The presence of widespread pressure pain hypersensitivity is a manifestation of
an altered central pain processing as structures away from the site of pain were assumed
non-symptomatic and considered normal. There is clear evidence supporting the presence
of sensitivity to pressure pain in musculoskeletal areas in patients with TTH; however,
previous studies have mostly investigated muscle tissues (3). The novelty of our study is
that we assessed widespread mechanical pain sensitivity over nerve trunks which was not
analyzed in previous studies. In fact, our study observed that women with FETTH also
exhibited widespread pressure pain hyperalgesia over nerve trunks, similarly than over
other musculoskeletal structures. Nevertheless, it should be noted that between-groups
differences in PPTs over nerve trunk areas ranged from 40kPa (median nerve) to 70kPa
(common peroneal nerve), which could suggest lower sensitization over neural tissues as
compared to other musculoskeletal areas. The hyperalgesia observed over neural tissue
could be evoked by the centralization of the central nervous system as result of increased
responsiveness of nociceptive neurons to different stimuli (31). The fact that widespread
pressure pain hyperalgesia over nerve trunk areas was not associated with anxiety or
depressive levels would support that hyperalgesia to pressure pain over musculoskeletal
and neural tissues is a consistent finding in TTH.

It has been proposed that sensitization of central pathways is associated to long-
lasting nociceptive inputs from peripheral tissues. Some theories mainly involving muscle
tissues have been proposed for explaining TTH-related pain (32); however, most of these
theories excluded the role of nerve tissues. It is also possible that nociception from nerve
tissues, and not just those from the muscles, can be also involved in direct sensitization

processes in this population. For example, peripheral sensitization of neural structures
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could also represent a nociceptive barrage to the central nervous system by changing the
neurotransmitters and altering inhibitory pain mechanisms (9). It has been suggested that
excessive peripheral afferent stimulation found in people with nerve tissue involvement
will drive central adaptations potentially leading to chronic pain which may be like the
pathophysiology occurring in FETTH (33). Furthermore, it has been reported that nerve
endings located within the nervi nervorum (the small nerves innervating the nerve trunk)
may be stimulated by lower thresholds of stimuli resulting in neurogenic inflammation
(9). These sensitized nociceptors may possibly result in a barrage of impulses resulting in
ectopic activity in the dorsal root ganglion which may result in central hyperexcitability
(34). This hypothesis is partially supported by a randomized clinical trial showing that
the inclusion of neural mobilization techniques targeting the trigeminal nerve trunk into
a multimodal treatment approach was effective for decreasing headache pain and pressure
pain hypersensitivity in subjects with TTH (35). It is important to note that the presence
of widespread pressure pain sensitivity over nerve trunk areas found in our study seems
to be mostly related to central sensitization since all nerve trunks were asymptomatic. To
confirm a potential peripheral sensitization role of nerve tissue in TTH, the association
between pressure pain sensitivity over terminal branches of the trigeminal nerve (since it
innervates the main symptomatic area in TTH) with clinical features of headache should
be conducted. Preliminary evidence suggests the presence of pressure pain hyperalgesia
over the greater occipital (14) and supra-orbital (15) nerves in patients with TTH; but its
role in the clinical manifestation is still unknown.

Finally, some limitations of the current study should be also considered. First, the
cross-sectional design does not permit to determine any cause and effect relationship
between nerve trunk sensitivity and TTH related-pain. Second, we only included women

with FETTH. It is well known that women exhibit higher sensitivity to pressure stimuli
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than men (36). Greater population-based studies examining the sensitivity of neural
trunks in men with FETTH, and also in those with the chronic form, will assist with
increasing the generalizability of the results. Third, depression and anxiety levels in our
sample were low. This may be related to the fact that we included women with FETTH
with lower frequency of headaches. There is evidence supporting that depressive levels
are related to headache frequency and, therefore, more prevalent in the chronic form of
the disease (37). Therefore, the role of these factors in pressure pain hypersensitivity over
nerve trunk areas in women with FETTH should be considered with caution at this stage.
Finally, we did not also collect measure of kinesiophobia levels which often accompanies
chronic diseases and may result in a heightened central nervous system. A recent study
observed that the presence of kinesiophobia was associated with cutaneous allodynia, a
clinical manifestation of central sensitization, in individuals with migraine (38). No study

has investigated the presence of kinesiophobia in tension type headache.

Conclusion

In the current sample, women with FETTH exhibited widespread hyperalgesia to
pressure pain over nerve trunks and likewise over musculoskeletal structures suggesting
that the presence of a altered central nociceptive processing is not just restricted to
musculoskeletal structures. These findings also suggest the presence of nerve tissue
sensitization which may further drive the process of central sensitization leading to the
symptoms often found in people with FETTH. Futures studies should examine the effects

of treating the identified peripheral sensitization in this population.
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Key Findings

1.

This study observed similar widespread hyperalgesia to pressure pain over nerve
trunks and other musculoskeletal structures in women with frequent episodic
tension type headache.
Widespread pressure pain sensitivity was associated not associated with anxiety
and depressive levels.
Current results suggest the presence of nerve tissue sensitization in tension type

headache may further drive the process of central sensitization.
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