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Background: A method for assessing dynamic muscle hyperalgesia (dynamic pressure
algometry) has been developed and applied in tension-type and migraine headaches.

Objectives: To investigate differences in dynamic pressure pain assessment over the
trigeminal area between men with cluster headache (CH) and headache-free controls, and the
association between dynamic and static pressure pain sensitivity.

Study Design: A case-control study.
Setting: Tertiary urban hospital.

Methods: Forty men with episodic CH and 40 matched controls participated. Dynamic
pressure pain sensitivity was assessed with a dynamic pressure algometry set consisting of 8
rollers with different fixed levels (500, 700, 850, 1,350, 1,550, 2,200, 3,850, and 5,300 g).
Each roller was moved at a speed of 0.5 cm/sec over a diagonal line covering the temporalis
muscle from an anterior to posterior direction. The dynamic pressure threshold (DPT, load
level of the first painful roller) and the pain intensity perceived at the DPT level (roller-evoked
pain) were assessed. Static pressure pain thresholds (PPT) were also assessed with a digital
pressure algometer applied statically over the mid-muscle belly of the temporalis. Patients
were assessed in a remission phase, at least 3 months from the last cluster attack, and without
preventive medication.

Results: Side-to-side consistency between DPTs (r = 0.781, P < 0.001), roller-evoked pain
on DPT (r = 0.586; P < 0.001), and PPTs (r = 0.874; P < 0.001) were found in men with CH.
DPT was moderately, bilaterally, and side-to-side associated with PPTs (0.663 > r > 0.793, all
P < 0.001). Men with CH had bilateral lower DPT and PPT and reported higher levels of roller-
evoked pain (all P < 0.001) than headache-free controls.

Limitations: Only men with episodic CH were included.

Conclusions: This study supports that a dynamic pressure algometry is as valid as a static
pressure algometry for assessing pressure pain sensitivity in patients with CH. Assessing both
dynamic and static pain sensitivity may provide new opportunities for differentiated diagnostics.

Key words: Cluster headache, dynamic pressure pain, pressure pain threshold
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luster headache (CH) is a primary headache

disorder, classified as a trigeminal autonomic

cephalalgia with a lifetime prevalence of
124 per 100,000, and a 1-year prevalence of 53 per
100,000 (1). Current underlying theories for CH
support a role of the posterior hypothalamus, the
activation of the trigeminovascular system, and the
presence of sensitization (2). One of the most common
manifestations of generalized sensitization is the
presence of hyperalgesia and allodynia at different
locations. The most common tool for assessing
sensitivity to pressure pain is static pressure algometry.
There is preliminary evidence suggesting the presence
of pressure pain hyperalgesia, by using algometry, in
patients with CH (3-5). Nevertheless, these studies
included small sample sizes and a mix of men and
women with episodic or chronic CH (3-5). Additionally,
pressure algometry is statically applied to a localized
spot representing a static outcome of nociception in a
focal point.

Another important feature of central sensitization
in, for example, neuropathic pain, is the presence of
cutaneous allodynia, which can be statically or dynami-
cally assessed. For instance, dynamic stroking over the
skin, for example, by a brush, is used to assess dynamic
cutaneous allodynia, which cannot be assessed by a
static stimulus applied on a specific point. Current
data related to the presence of cutaneous allodynia
in CH are inconclusive (6). Two studies have reported
the presence of mechanical brush allodynia in approxi-
mately 40% to 50% of patients with CH (7,8). However,
another study has failed to identify the presence of cu-
taneous allodynia in CH (9). A recent population-based
study has identified, by using the Allodynia Symptom
Checklist, that 36% of patients with CH reported cuta-
neous allodynia during attacks (10).

It is important to note that quantitative sensory
testing proposed by the German Research Network on
Neuropathic Pain usually includes both static hypersen-
sitivity (e.g., pinprick) and dynamic allodynia (brushing
the skin) (11). No particular quantitative sensory testing
is proposed for assessing deep dynamic pressure pain
sensitivity in this protocol. It is possible that dynamic
mechanical deep tissue pain sensitivity could provide
different information to static pressure pain sensitivity.
For that purpose, a novel equipment, the dynamic deep
somatic pressure algometer, was developed to apply
quantifiable dynamic pressure to deep musculoskeletal
structures in a standardized way (12). Finocchietti et al
(12) demonstrated that roller pressure algometry was

an easy-to-use and reliable tool for quantitative assess-
ing of spatial muscle hyperalgesia. The roller algometer
has been recently used for better understanding of
nociceptive processing in primary headaches, such as
migraine (13) and tension-type headache (14). Both
studies observed that dynamic pressure sensitivity in
the temporalis muscle was associated to widespread
pressure pain sensitivity (13,14). In addition, roller, but
not static, pressure pain sensitivity was able to differ-
entiate between episodic and chronic migraine (13),
supporting its potential use in this primary headache.

To our knowledge, no previous study has investi-
gated dynamic pressure algometry in patients with CH.
To explore the validity of roller pressure algometry in
a trigeminal autonomic cephalalgia, the present study
aimed to investigate the presence of dynamic pressure
hyperalgesia in CH. The specific aims of this study were
to assess (1) differences in dynamic pressure sensitivity
over the trigeminal area between patients with epi-
sodic CH and headache-free controls; (2) the association
between dynamic pressure algometry and the clinical
features of headache; and (3) the association between
dynamic pressure algometry and static pressure pain
algometry, over the trigeminal region in patients with
CH. Given that CH shows a clear male predominance
(15), and that sensitivity to pressure is gender-depen-
dent with women usually exhibiting lower thresholds
than men (16), we decided to include only men with
episodic CH.

MEeTHODS

Patients

Consecutive patients suffering from CH who at-
tended a regular neurologist clinic between July 2018
and March 2019 were screened for eligible inclusion cri-
teria. To be eligible, patients had to meet the diagnos-
tic criteria of episodic CH according to the International
Classification of Headache Disorders, third edition (17).
Patients should have strictly unilateral pain attacks,
without attacks on the contralateral side. Clinical data
(e.g., time since CH onset, number of cluster periods per
year, time from the last cluster period, symptomatic side
in the last cluster period and in previous cluster periods,
intensity and duration of headache episodes, medica-
tion used, and time without medication) were obtained
through a standardized interview. All patients had
normal neurologic and ophthalmologic examinations,
as well as normal brain magnetic resonance imaging.
They were excluded if they presented (1) age younger
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than 18 or older than 65 years; (2) concomi-
tant diagnosis of another primary or second-
ary headache; (3) chronic CH at the time of
the study; (4) any peripheral neuropathy or
another neurologic disease; (5) diagnosis of
medical systemic disease (e.g., systemic lupus
erythematosus or rheumatoid arthritis); (6)
previous head or neck trauma (whiplash);
(7) previous head or neck surgery; or (8)
any concomitant painful disorder needing
regular medication intake. To be part of the
control group, age- and gender-matched
patients without history of headache and
without pain symptoms during the previous
6 months were recruited from volunteers
who responded to local announcements.

Patients read and signed a written con-
sent form prior to their participation. The
ethics committees of Hospital Clinico San
Carlos of Madrid (code 17/513-E) and Hospi-
tal Clinico Universitario of Valladolid (code
Pl 17-875) approved the study.

Patients attended a preliminary session
for familiarization with the test procedure.
In patients with CH, the evaluation was
held in a remission phase, defined when no
attack had occurred for at least 3 months,
to avoid headache-related allodynia. Pre-
ventive medication or abortive drugs were
discontinued at least 1 month before the as-
sessment. No analgesic or muscle relaxation
drugs were allowed in any patient at least 48
hours before testing. Outcomes were evalu-
ated by an assessor blinded to the patient’s
condition.

Dynamic Pressure Pain Algometry

A roller pressure algometer (Aalborg
University, Aalborg, Denmark) was used to
evaluate dynamic pressure sensitivity. The
roller pressure algometer consists of a wheel
through which the clinician could apply 11
different rollers, each with a fixed load level
of 500, 700, 850, 1,350, 1,550, 2,200, 2,500,
3,100, 3,500, 3,850, and 5,300 g controlled
by springs. The wheel has a diameter of 35
mm and a width of 10 mm made of hard
plastic. The assessor maintains a constant
pressure while the roller is moving at a speed
of approximately 0.5 cm/sec. The track of

the roller was approximately 60 mm crossing over the temporalis
muscle from anterior to posterior, with a total dynamically stimu-
lated area of 10*60 mm (Fig. 1), as previously described (13,14).
Two repetitions were conducted on each side of the head, and
the mean was calculated for the analysis. The second stimulation
on the same side was applied when the pain provoked by the first
stimulation disappeared.

The load level of the roller in which the dynamic pressure
stimuli was first perceived as painful was defined as the dynamic
pressure threshold (DPT). Patients were asked to rate the pain
intensity perceived at the DPT level (roller-evoked pain) while
the roller was moving over the temporalis muscle on a 10-point
numerical pain rate scale (NPRS; 0: no pain, 10: maximum pain).
These outcomes have shown good reliability in both DPT and pain
ratings with intraclass correlation coefficients (ICC) ranging from
0.75 to 0.88 (12).

Static Pressure Pain Algometry

Static pressure pain thresholds (PPTs), that is, the pressure
in which a sensation of static pressure changes to pain, were bi-
laterally assessed with a handheld electronic pressure algometer
(Somedic AB, Farsta, Sweden) over the center of the temporalis
muscle belly. Patients were instructed to press the algometer
“stop-button” as soon as the pressure resulted in the first sensa-
tion of pain. Pressure was approximately increased at a rate of 30
kPa/s. The order of assessment was randomized between patients.
The mean of 2 trials on each side, with a 30-second resting period
for avoiding temporal summation of pain (18), was calculated and
used for the analyses. The reliability of pressure algometry has
previously been found to be high (19,20).

Sample Size Calculation
The sample size was calculated with an appropriate software

Fig. 1. Assessment of dynamic mechanical algometry over the
temporalis muscle.
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(Tamario de la Muestra 1.1, Barcelona, Spain). Sample
size determination and calculations were based on de-
tecting a moderate-large effect size of 0.75 between
patients and controls, a 2-tailed test, with an alpha level
(o) of 0.05, and a desired power (B) of 90%. This gener-
ated a sample size of at least 30 patients per group.

Statistical Analysis

Data were analyzed with the SPSS statistical pack-
age Version 22.0 (IBM Corporation, Armonk, NY). The
Kolmogorov-Smirnov test revealed that all quantitative
data had a normal distribution (P > 0.05). Descriptive
data are expressed as means with their 95% confidence
intervals. Inferential statistics included several types
of analysis. First, several Pearson correlation tests (r)
were used to determine side-to-side consistency of
PPTs, DPTs, and evoked pain during DPTs. Correlations
were conducted separately for patients with CH and
controls. Correlations were considered weak when r
< 0.3, moderate when 0.3 < r < 0.7, and strong when
r > 0.7 (21). Second, Pearson correlation tests (r) were
also used to evaluate the associations between clinical
variables relating to CH with DPTs, roller-evoked pain
DPT, and PPTs. Third, differences in DPTs, roller-evoked
pain during DPT and PPTs between patients with CH
and headache-free controls were assessed with a 2-way
analysis of variance (ANOVA). In general, a Pvalue < 0.05
was considered significant for the main correlational
analysis, but for multiple between-groups comparisons
a Bonferroni adjustment of 0.017 (3 comparisons) was
applied.

REsuLts

Clinical Data of the Sample

Fifty patients with CH were screened for eligible
criteria. Ten (20%) patients were excluded for the
following reasons: chronic CH (n = 4), concomitant mi-
graine (n = 3), and active cluster period (n = 3). Finally,
40 men with episodic CH (mean age, 42 + 5 years) and
40 age-matched men without history of headache as
controls (mean age, 41 + 4 years) were included. Table
1 shows the demographic and clinical features of both
groups.

Consistency of Roller Pressure Algometer

Strong significant side-to-side associations be-
tween DPTs were observed in both patients with CH
(r = 0.781; P < 0.001) and headache-free controls (r =
0.721; P < 0.001) supporting side-to-side consistency of
DPTs. Additionally, moderate side-to-side associations
were found for evoked pain during DPT in patients
with CH (r = 0.586; P < 0.001) and controls (r = 0.453;
P < 0.01). Finally, DPT was negatively associated with
roller-evoked pain during DPT in headache-free con-
trols (dominant side: r = -0.322, P = 0.040; nondomi-
nant side: r = -0.361; P = 0.035), but not in patients
with CH (both P > 0.65).

Similarly, consistent side-to-side associations be-
tween PPTs were found in both study groups (patients
with CH: r = 0.874, P < 0.001; headache-free controls: r
=0.808, P < 0.001).

Table 1. Demographic and clinical variables of patients with episodic cluster headache and healthy controls.

Cluster Headache (n = 40) Healthy Controls (n = 40)
Age (years) 42.0 (39.0, 45.0) 41.0 (38.0, 44.0)
Symptomatic side (left/right) 19 (45%) /21 (55%) | e
Headache history (years) 13(9.5,165) |
Cluster periods per year 20(1.5,25 |
Duration of the cluster period (months) 1.7(1.2,22) |
Number of attacks per day during cluster period 20(1.4,26) |
Mean Pain Intensity per attack (NPRS, 0-10) 93(9.0,96) |
Duration of each attack (minutes) 65.0 (40.0,90.00 | -
Time from the last cluster period (months) 99(7.2,116) |
Time without taking medication (months) 9.0(7.0,11.00 | e

# Significant differences between patients and controls (ANCOVA test, P < 0.001)
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Fig. 2. Scatter plots of correlations between the dynamic pressure threshold (DPT) on the right temporalis muscle with static
pressure pain thresholds (PPTs) on the right (A) and left (B) temporalis muscle in men with episodic cluster headache (n =
40). Note that several points are overlapping. A positive linear regression line is fitted to the data.

DPT and Headache Features

No significant associations were detected between
DPT or roller-evoked pain during DPT and the clinical
features of headache (all P> 0.165).

Dynamic and Static Pressure Algometry

Dynamic and static pressure sensitivity were mod-
erately associated because DPT on each side was associ-
ated with PPTs on both sides: DPT right side-PPT right (r
=0.793, P < 0.001; Fig. 2A) and left (r =0.683, P < 0.001;
Fig. 2B); DPT left side-PPT right (r = 0.663, P < 0.001; Fig.
3A) and left (r = 0.666, P < 0.001; Fig. 3B) sides.

No significant association between roller-evoked

pain during DPT and PPTs on the temporalis muscle
were observed (all P> 0.175).

Dynamic Pressure Pain Hypersensitivity in CH

The ANOVA revealed significant differences
between groups, but not between sides, for DPTs
(group: F = 63.488, P < 0.001; side: F = 0.003, P =
0.957) and PPTs (group: F = 37.406, P < 0.001; side: F =
0.899, P= 0.345) patients with CH exhibited bilateral
dynamic and static pressure pain hyperalgesia to a
larger extent than headache-free controls. In addi-
tion, significant differences between groups, but not
between sides, were also found for roller-evoked

www.painphysicianjournal.com
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Fig. 3. Scatter plots of correlations between the dynamic pressure threshold (DPT) on the left temporalis muscle with static
pressure pain thresholds (PPTs) on the right (A) and left ( B) temporalis muscle in men with episodic cluster headache (n =
40). Note that several points are overlapping. A positive linear regression line is fitted to the data.

pain on DPT (group: F = 40.209, P < 0.001; side: F =
0.707, P = 0.403) patients with CH reported higher
levels of roller-evoked pain than headache-free con-
trols (Table 5).

Discussion

This study supports the use of dynamic pressure
algometry as a tool for assessing somatic tissue pain
sensitivity within the trigeminal area in patients with
CH. Dynamic algometry outcomes, that is, DPT and
roller-evoked pain, showed side-to-side consistency and
moderate associations with PPTs. Men with CH exhibit-
ed dynamic and static pressure hypersensitivity, that is,

lower DPTs and PPTs, in the trigeminal area compared
with headache-free controls.

Current quantitative sensory testing guidelines
include the assessment of static and dynamic mechani-
cal allodynia and assessment of mechanical cutaneous
sensitivity, which are primarily developed for assess-
ing loss and gain of function in neuropathic pain (11).
However, no testing has been proposed for assessing
dynamic deep somatic tissue pain sensitivity. The
dynamic pressure algometer, as used in the present
study, was created to quantify the dynamic sensitivity
to deep tissue pain (12). In the current study, DPT (i.e.,
the lowest roller force felt as first painful) was defined
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Table 2. Differences in dynamic and static pressure pain sensitivity between men with episodic cluster headache and healihy conirols.

DPT (grams) Roller (NPRS, 0-10) evoked PPT (kPa)
Temporalis Muscle # pain during DPT# Temporalis Muscle #

Episodic Cluster Headache (n = 40)

Symptomatic Side 1004.0 (845.0, 1163.0) 3.1(2.7,3.5) 217.0 (188.0, 246.0)
Non-Symptomatic Side 1017.0 (860.0, 1174.0) 2.8(2.3,3.2) 226.5 (198.0, 255.0)
Healthy Controls (n = 40)

Dominant side 2039.0 (1880.0, 2198.0) 1.5 (1.1, 1.9) 320.0 (291.0, 349.0)
Non-Dominant side 2033.0 (1875.0, 2191.0) 1.6 (1.2, 2.0) 302.0 (273.0, 331.0)

Values (kPa) are expressed as means (95% confidence intervals)

# Significant differences between patients and controls (ANOVA test, P < 0.001)

following similar criteria to those established for PPT
(i.e., the lowest pressure perceived as first painful).
Both definitions are based on the pressure perceived
as painful, but it should be considered that PPT is a
static measure on a particular point, whereas DPT is a
dynamic measure covering a larger stimulated area. It is
possible that dynamic pressure sensitivity may provide
additional information related to different underlying
pain mechanisms, such as the stimulation of different
nociceptors or activation of different neural networks.
These differences would be analogous to those between
static and dynamic assessment of mechanical cutaneous
allodynia (22). Moreover, dynamic pressure algometry
makes it possible to evaluate pressure pain sensitivity of
a large surface in a relatively short time. Topographical
pressure sensitivity maps have outlined the spatial het-
erogeneity of pressure pain sensitivity in different pain
conditions. Yet these maps have been created from
multiple measurements of static PPTs made at different
points (23). Dynamic pressure algometry may help to
analyze pain sensitivity in just one examination over a
large surface, and not just on a single point, thus being
less time-consuming.

Our study showed a clear side-to-side consistency
for DPTs and roller-evoked pain during DPT, support-
ing the consistency of roller pressure algometry. In fact,
strong side-to-side consistency usually predicts high
reliability for a quantitative sensory outcome (24). In
line with this hypothesis, Finocchietti et al (12) reported
high reliability (ICC > 0.88) of DPT. Additionally, DPTs
were moderately to strongly associated bilaterally with
PPTs over the temporalis muscle, supporting than both
static and dynamic pressure pain sensitivity outcomes
are also consistent between them. Further studies in-
vestigating the association between dynamic and static

pressure pain sensitivity in different body areas are
needed.

Previous studies reported that dynamic pressure
pain sensitivity was correlated with widespread pres-
sure hypersensitivity in women with migraine and
tension-type headache (13,14), but no comparison with
a control group was conducted. The current study is the
first one, to our knowledge, comparing the presence of
dynamic pressure pain hypersensitivity in patients with
headache suffering from a primary headache and head-
ache-free controls. We observed that men with episodic
CH exhibited both dynamic and static pressure pain
hyperalgesia, that is, lower DPT and PPT, over the tem-
poralis area bilaterally as compared with headache-free
controls. These findings agree with those of 2 previous
studies also reporting bilateral lower PPT in the tempo-
ralis area in CH (4,5). However, they are in contrast with
another study showing side-to-side differences (3). It is
important to note that this last study included patients
with CH within the symptomatic phase, so the influence
of lateralized pain-related allodynia in the active clus-
ter period cannot be ruled out. In our study, individuals
with CH exhibited dynamic and static pressure pain
hyperalgesia during a remission phase, suggesting that
trigeminal sensitization is present, albeit they did not
suffer from any headache attack.

The presence of bilateral pressure pain hypersen-
sitivity in patients with strictly unilateral headache is
consistent with generalized trigeminal sensitization
and could be attributable to plastic changes in central
pain pathways induced by repetitive CH attacks dur-
ing the active cluster periods. Additionally, current
evidence supports a fundamental role of the hypotha-
lamic region in the pathogenesis of CH because of its
connections with other regions involved in descending

www.painphysicianjournal.com

225



Pain Physician: March/April 2020 23:219-227

pain modulation (2). Therefore bilateral decreases in
dynamic or static pain thresholds observed in individu-
als with strictly unilateral CH during remission is in line
with a background disturbance of the hypothalamic
pain control system. Nevertheless, it should be noted
that decreased pain thresholds over the temporalis area
is a common finding observed in other primary head-
aches, for example, migraine or tension-type headache
(25). Yet the current study is the first one, to our knowl-
edge, providing evidence of dynamic hypersensitivity
to pressure pain in a trigeminal autonomic cephalalgia.

Finally, we did not find any association between
dynamic and static pressure pain outcomes and the clin-
ical features of the headache. Our findings agree with
previous evidence supporting that pain and disability
do not exhibit a clear association with PPTs, at least
not in spinal pain disorders (25). Therefore it is possible
that dynamic and static pressure pain sensitivity assess
complementary aspects of the headache spectrum. Be-
cause the current study demonstrated the presence of
dynamic pressure pain hyperalgesia in patients with CH,
it would be interesting to investigate if this dynamic
pressure hyperalgesia is associated with a decreased re-
sponse to treatment, as it has been previously suggested
for cutaneous allodynia in patients with migraine (26).
Pain threshold measurements cannot be recommended
as clinical diagnostic tests in CH or other headaches
(27), but they might provide a tool for assessing central
sensitization and treatment effects.

Some limitations of the current study should be
recognized. First, we only included men with episodic
CH during remission; therefore we do not know if
women with CH or patients with active or chronic CH
would exhibit similar results. Because women exhibit
less efficient pain habituation, greater susceptibility to
pressure excitability, and less efficient inhibitory path-
ways than men (16), it is possible that our results would
be more pronounced in women with CH. In future
studies, it would be interesting to investigate gender
differences or differences between the different forms
and stages of the disease. Second, the role of psycho-

logical variables, such as anxiety, depression, or sleep
disturbances, which may potentially influence pressure
pain sensitivity, were not included in our study. Third,
the cross-sectional nature of the study design does not
permit to determine a cause and effect relationship
between dynamic pressure pain hyperalgesia and CH
and the clinical relevance of this outcome. Future stud-
ies are needed to determine the clinical relevance of
dynamic algometry in primary headaches, including CH.

CONCLUSIONS

The current study describes dynamic pressure al-
gometry as a new tool for assessing dynamic pressure
pain sensitivity in the trigeminal area in men with CH.
Dynamically, roller-evoked pain showed side-to-side
consistency and also a moderate association with PPTs.
Men with CH exhibited stronger dynamic and static
pressure pain hypersensitivity, that is, lower DPTs and
PPTs, as compared with headache-free controls. Dy-
namic deep somatic tissue algometry may provide new
opportunities for investigating the pathophysiological
mechanisms involved in primary headaches and for as-
sessing treatment effects.
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