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Abstract 37 

Objective: To investigate if dynamic pressure pain sensitivity in the symptomatic area is 38 

associated with pressure sensitivity in local and distant pain-free areas in cluster headache 39 

(CH).  40 

Methods: A pressure algometry set consisting of 8 rollers with fixed pressure levels 41 

ranging from 500g to 5300g was used to assess dynamic pressure pain sensitivity in men 42 

with episodic CH. Each roller was moved from an anterior-to-posterior direction over the 43 

temporalis muscle. The load level of the first painful roller was considered the dynamic 44 

pain threshold (DPT). Further, pain elicited during DPT (roller evoked pain) was also 45 

assessed. We used a pressure algometer to determine pressure pain thresholds (PPTs) over 46 

the temporalis muscle, C5/C6 joint, second metacarpal, and tibialis anterior. Patients were 47 

assessed in an asymptomatic (remission) phase, at least 6 months after their last cluster 48 

period and without taking pharmacological treatment.  49 

Results: Forty men with episodic CH (mean age 42 years) were included. Both outcomes, 50 

DPTs (r=0.781, P<0.001) and roller-evoked pain (r=0.586; P<0.001) were bilaterally 51 

correlated. Further, DPT, but not roller-evoked pain, was moderately associated with PPTs 52 

measured at the symptomatic (temporalis: r=0.665, P<0.001) and distant pain-free (C5-53 

C6 joint: r=0.389, P=0.013; second metacarpal: r=0.551, P<0.001; and, tibialis anterior: 54 

r=0.308, P=0.035) points.  55 

Conclusions: Dynamic pressure sensitivity in the trigeminal area was correlated to 56 

pressure pain sensitivity at both symptomatic and distant pain-free areas in men with CH 57 

supporting the use of roller pressure algometry. Dynamic pressure algometry may be a 58 

new tool for assessing the status of sensitization in primary headaches. 59 

Key words: Cluster headache, dynamic pressure pain, pressure pain threshold. 60 
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Association of Dynamic and Widespread Mechanical Sensitivity in 62 

Cluster Headache 63 

Introduction   64 

 Cluster headache (CH) is a trigeminal autonomic cephalalgia showing a one-year 65 

and lifetime prevalence of 53/100,000 and 124/100,000 respectively [1]. Current 66 

pathogenic theories for CH hypothesize a role of the posterior hypothalamus, the 67 

activation of the trigemino-vascular system, and the presence of sensitization mechanisms 68 

[2]. A common clinical manifestation of sensitization is the presence of hyperalgesic and 69 

allodynic responses to pressure pain.  70 

 The most common tool for determining pressure pain sensitivity of deep tissues is 71 

pressure algometry. Some studies suggest the presence of pressure pain hypersensitivity 72 

at both symptomatic and distant pain-free areas as a clinical manifestation of widespread 73 

sensitization of nociceptive pathways in CH by using static pressure algometry [3,4]. Yet, 74 

it should be considered that pressure algometry is statically applied to a particular point 75 

and, therefore, it represents a static outcome of nociception in a particular point. Another 76 

feature of central sensitization is the presence of dynamic mechanical pain sensitivity. 77 

The quantitative sensory testing protocol proposed by the German Research Network 78 

includes both static and dynamic assessment of cutaneous mechanical pain sensitivity [5]. 79 

However, until recently there was no method of quantifying this dynamic pressure pain 80 

sensitivity over deep tissues. The dynamic pressure algometer was developed to quantify 81 

dynamic pressure to deep musculoskeletal tissues [6]. These authors found that the roller 82 

algometer was a potentially tool for quantitative assessing of dynamic pain sensitivity [6].  83 

 The roller pressure algometer has already been used in individuals with primary 84 

headaches, specifically migraine [7] and tension type headache [8]. These studies reported 85 

that dynamic pressure pain sensitivity over the temporalis muscle, main symptomatic area 86 
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in primary headaches, was correlated with static widespread pressure pain sensitivity [7, 87 

8]. In addition, dynamic, but not static, pressure pain sensitivity revealed differences 88 

between the episodic or chronic form of migraine [8], supporting its potential use. No 89 

previous study has used the dynamic algometer in patients with CH. The main objective 90 

of the current study was to investigate if dynamic pressure pain sensitivity over the 91 

symptomatic area (roller pressure algometer), was associated to widespread pressure pain 92 

sensitivity (static pressure algometry) in a sample of men with episodic CH. 93 

 94 

Methods 95 

Participants 96 

 Consecutive patients with CH attending two specialized headache units between 97 

July 2018 and March 2019 were screened for their inclusion in the study. Patients had to 98 

meet the diagnostic criteria of episodic CH according to the third edition of Internationa l 99 

Classification of Headache Disorders [9]. Clinical features (i.e., time from the onset of 100 

CH, number of cluster periods per year, symptomatic side during cluster periods, intensity 101 

and duration of headache episodes, time from the last cluster period and medication 102 

intake) were obtained through a personal interview. All participants exhibited normal 103 

neurologic and ophthalmologic examinations as well as a normal brain MRI.   104 

Participants were excluded if: 1, were younger than 18 or older than 65 years old; 105 

2, concomitant primary and/or secondary headaches; 3, peripheral neuropathy or another 106 

neurological disease; 4, any medical systemic disease (e.g., systemic lupus erythematosus 107 

or rheumatoid arthritis); 5, history of head or neck trauma (whiplash); or 6, previous head 108 

or neck surgery. A written consent form was signed by all participants prior participat ion 109 

in the study. The study design was approved by local Ethics Committees (Hospital Clínico 110 

San Carlos, code 17/513-E; Hospital Clínico Universitario Valladolid, code PI 17-875). 111 
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The evaluation was conducted in an asymptomatic/remission phase, defined when 112 

no headache attack had occurred for at least 3 months and at least 2 months after treatment 113 

discontinuation. Participants were asked for not intaking analgesic or muscle relaxation 114 

drugs from at least 48 hours before testing.  115 

Dynamic Pressure Algometry  116 

          Dynamic pressure pain sensitivity was evaluated with a roller pressure algometer 117 

(Aalborg University®, Denmark) consisting of 11 different rollers, each one with a fixed 118 

load level from 500g, 700g, 850g, 1350g, 1550g, 2200g, 2500g, 3100g, 3500g, 3850g, to 119 

5300g. The diameter of the hard-plastic wheel was 35mm, and the width was 10mm (Fig. 120 

1A). The wheel was rolled in an anterior to posterior direction over the temporalis muscle 121 

belly for about 60mm as described (Fig. 1B) [7,8]. The pressure was maintained constant 122 

while the hard-plastic roller was moving at a speed of approximately 0.5 cm/sec. The 123 

measurement was repeated twice on each temporalis, once the pain provoked by the first 124 

assessment has disappeared. 125 

The load level of the roller where the dynamic assessment was first perceived as 126 

painful was defined as the dynamic pressure threshold (DPT), whereas the roller-evoked 127 

pain was defined as the pain intensity perceived by the patient while the DPT roller was 128 

moving over the temporalis muscle. The roller evoked pain was assessed with a numerica l 129 

pain rating scale (NPRS) ranging from 0 (no pain) to 10 (maximum pain) points. This 130 

procedure has shown good reliability (ICC from 0.75 to 0.88) [6]. 131 

Static Pressure Algometry  132 

       An electronic pressure algometer (Somedic AB®, Farsta, Sweden) was used to assess 133 

pressure pain thresholds (PPTs) bilaterally over a trigeminal point (temporalis muscle), 134 

and extra-trigeminal point (the C5/C6 zygapophyseal joint), and two distant pain-free 135 

points (second metacarpal and tibialis anterior) in a randomized order. Patients should 136 
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press the “stop-button” as soon as they perceived the first pain sensation during pressure 137 

assessment. The assessor increased the pressure approximately at a rate of 30kPa/s. 138 

Pressure was assessed 3 times on each point, 30sec apart each one, for avoiding temporal 139 

summation of pain [10]. The main of the 3 trials was calculated and used for main 140 

analyses. Static pressure algometry has also shown high reliability [11,12]. 141 

Sample size calculation  142 

The Ene 3.0® software (Autonomic University of Barcelona, Spain) was used to 143 

calculate the sample size. Sample size calculation was calculated on detecting moderate 144 

to large correlations (r=0.75) between dynamic and widespread static algometry, with an 145 

alpha level (α) of 0.05, and a desired power (β) of 90%. This calculation generated a size 146 

of the sample of at least 30 patients with CH. 147 

Statistical analysis 148 

The statistical analysis was conducted with the SPSS statistical package (22.0V). 149 

All quantitative data exhibited a normal distribution as assessed with the Kolmogorov-150 

Smirnov test (P>0.05). Since no side-to-side differences in PPTs and DPT were found 151 

(see table 2), the mean of both sides was calculated used in the correlational analysis. The 152 

associations between clinical variables relating to CH, DPT, roller evoked pain, and PPTs 153 

were determined with Pearson correlation tests (r). A correlation r<0.3 was considered 154 

weak; moderate when 0.3<r<0.7, and strong when r>0.7 [13]. The statistical analysis was 155 

conducted at a 95% confidence level and P-values less than 0.05 were considered 156 

significant. 157 

 158 

 159 

 160 

 161 
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Results 162 

Clinical Data of the Sample 163 

Fifty individuals with CH were screened for eligible criteria. Ten (20%) subjects 164 

were excluded: chronic form of CH (n=4), concomitant migraine (n=3) and being with 165 

an active cluster period (n=3). A total of 40 men diagnosed with episodic CH (mean age: 166 

42±10 years) were finally included in this study. Table 1 shows clinical features of the 167 

total sample. All participants were analyzed in a late remission phase with 9.9 months 168 

(95%CI 7.2, 11.6) from the last cluster period and 9.0 months (95%CI 7.0, 11.0) without 169 

taking medication. Table 2 summarizes the values of DPT and roller-evoked pain of both 170 

symptomatic and non-symptomatic sides in men with episodic CH.  171 

Consistency of Dynamic Pressure Algometer in Cluster Headache 172 

A strong association between symptomatic-non/symptomatic side DPT (r=0.781, 173 

P<0.001) and a moderate side-to-side correlation roller-evoked pain (r=0.586; P<0.001) 174 

was observed, supporting side-to-side consistency of roller algometry in CH.  175 

Dynamic Pressure Threshold and Cluster Headache Features 176 

No significant associations between DPT or roller evoked pain with the clinica l 177 

features of headache were observed (all, P>0.165).   178 

Association between Dynamic and Static Mechanical Thresholds  179 

The DPT over the temporalis muscle showed moderate and positive associations 180 

with PPTs over the C5-C6 zygapophyseal joint (r=0.389, P=0.013, Fig. 2A), temporalis 181 

muscle (r=0.665, P<0.001, Fig. 2B), second metacarpal (r=0.551, P<0.001, Fig. 2C) 182 

and tibialis anterior (r=0.308, P=0.035, Fig. 2D): the lower the DPT over the temporalis, 183 

the lower the PPTs in all points.  184 

 185 

 186 
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In contrast, the roller evoked pain did not show any significant association with 187 

PPTs over the temporalis muscle (r=-0.144, P=0.375), C5-C6 joint (r=-0.212; P=0.190), 188 

second metacarpal (r=-0.083, P=0.612), or tibialis anterior (r=-0.093, P=0.570). 189 

 190 

Discussion 191 

We found that dynamic pain thresholds (DPT) over the trigeminal area were 192 

associated with pressure pain thresholds (PPTs) within the trigeminal, extra-trigemina l 193 

and distant pain-free points in men with episodic CH in a late remission phase. On the 194 

contrary, roller evoked pain during DPT was not associated with widespread PPT. No 195 

association of dynamic pain sensitivity and clinical features was observed. 196 

The dynamic pressure algometer was developed for assessing dynamic deep 197 

tissue sensitivity in a similar way that dynamic cutaneous pain sensitivity is assessed 198 

[6]. Previous studies have observed an internal (side-to-side) consistency for dynamic 199 

roller algometer in patients with migraine [7] or tension-type headache [8]. In this study, 200 

we also found side-to-side correlations for both dynamic sensitivity outcomes (DPTs 201 

and roller evoked pain) supporting that dynamic algometry is also consistent in men 202 

with CH. Current and previous findings would support the consistency of this new tool, 203 

at least for its use in primary headaches. 204 

        Our findings observed that dynamic pressure algometry (DPT) over the symptomatic 205 

(trigeminal) area was positive associated with static widespread PPTs in trigeminal, extra-206 

trigeminal and distant pain-free areas in men with episodic CH in a late remission phase 207 

and with a long history of headache. Since CH is also associated with widespread pain 208 

hypersensitivity [3,4], its association with trigeminal dynamic pain sensitivity suggests 209 

that both outcomes are intrinsically related. These findings would further support the use 210 

of the roller algometer for evaluating dynamic deep tissue pain sensitivity in headaches 211 
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and its use as a future outcome for assessing impaired nociceptive processing. It should 212 

be noted that PPT is a static outcome of pain hypersensitivity on a particular point, 213 

whereas DPT is a dynamic outcome of pain sensitivity stimulating larger areas. It would 214 

be possible that dynamic pain sensitivity provides complementary information to static 215 

pain sensitivity by stimulating dynamic nociceptors or by activating different neural 216 

networks. It should be noted that patients with CH included in the current study reported 217 

long history of headaches (mean 13 years) with could lead to the presence of potential 218 

sensitization. Nevertheless, it is also important to note that patients were evaluated in a 219 

remission period (i.e., at least 6 months after the last headache attack and free of any 220 

medication intake) suggesting that the association between static and dynamic pressure 221 

pain sensitivity can be a stable phenomenon non-related to the presence of headache. In 222 

addition, dynamic algometry can be also used as a potential quantitative tool in treatment 223 

profiling studies since it is less time consuming. It would be interesting to determine if 224 

dynamic algometry can be a predictive value for treatment outcomes in clinical trials. 225 

 We did not find significant associations between roller evoked-pain during DPT 226 

with widespread pressure pain sensitivity or headache clinical features supporting that 227 

each outcome can represent different aspects of the pain spectrum. For instance, it seems 228 

that association of physiological outcomes (e.g., PPT) with clinical outcomes (e.g., pain 229 

or related-disability) is conflicting since no clear association exists, at least, in spinal 230 

pain disorders [14]. Different pain outcomes could be used for better characterizat ion 231 

of the pain spectrum. 232 

          Finally, this study has some potential limitations. First, we only included subjects 233 

with episodic CH; therefore, we do not know if individuals with chronic CH will exhibit 234 

similar results. Similarly, only men were included in our study. Since women have greater 235 

susceptibility to pressure excitability than males [15], it is possible that our results would 236 
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be different in women with CH. Second, we cannot determine a cause and effect 237 

relationship of the observed associations because the cross-sectional design of the study. 238 

The potential clinical relevance of dynamic algometry in primary headaches, includ ing 239 

CH, should be assessed in future studies. 240 

 241 

 242 

Conclusions 243 

 This study reported that dynamic pressure pain sensitivity over the trigeminal area 244 

was positively associated with widespread static pressure pain sensitivity in men with 245 

episodic CH in a late remission phase. On the contrary, roller evoked pain during DPT 246 

was not associated with widespread PPT. No association of dynamic pain sensitivity and 247 

headache clinical feature was either found. Assessing static and dynamic pressure pain 248 

sensitivity may provide complementary information about underlying mechanisms in 249 

headaches. 250 
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Legend of Figures 262 

Figure 1: (A) Dynamic pressure algometry set (Aalborg University, Denmark®), (B) 263 

Assessment of dynamic pain sensitivity over the temporalis muscle in a patient with 264 

cluster headache.  265 

Figure 2: Scatter plots of correlations between dynamic pressure threshold (DPT, mean 266 

score of both sides) and pressure pain thresholds (PPTs, mean score of both sides) over 267 

C5-C6 zygapophyseal joint (A), temporalis muscle (B), second metacarpal (C) and 268 

tibialis anterior (D) in men with episodic cluster headache (n=40). Note that several 269 

points are overlapping. A positive linear regression line is fitted to the data. 270 
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