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Abstract 

Objective: Earlier studies suggest that pain extent, extracted from the patients’ pain drawing, can 

help clinicians to identify people with central sensitization or worse clinical features. Our aim was 

to investigate possible associations between perceived pain extent and clinical pain features, burden 

of headache, psychological outcomes, and pressure sensitivity in people with chronic tension type 

headache (CTTH). Methods: Ninety-nine people (27% male) with CTTH reported their pain on 

four different body charts representing the head and neck. Pain extent and frequency maps were 

obtained using customized software. Clinical features of headache, burden related to headache 

(Headache Disability Inventory, HDI), anxiety and depression (Hospital Anxiety-Depression Scale, 

HADS), and anxiety state/trait (State-Trait Anxiety Inventory, STAI) levels were assessed. Pressure 

pain thresholds (PPTs) were assessed over the temporalis muscle (trigeminal area), the cervical 

spine (extra-trigeminal area), and tibialis anterior muscle (distant pain-free area) to determine 

widespread pressure sensitivity. Associations between pain extent and all outcomes were analysed. 

Results: Pain extent showed significant positive associations with age (r=.221, P=.029) and burden 

of the headache (emotional: r=.213, P=.030; physical: r=.208, P=.039) but no other significant 

association was found. Conclusions: Pain extent weakly correlated with older age as well as with 

higher emotional and physical burden of the headache in CTTH In this population, there was no 

relationship between pain extent and PPTs indicating that larger pain areas were not associated with 

signs of central sensitization. Pain drawings can complement other clinical pain features for better 

characterization of CTTH, but further studies are needed. 

Key words: tension type headache, pain area, burden, pressure pain, anxiety, depression  

Total word account: 3,677 words 

Running title: Pain extent and burden in tension-type headache 
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Pain Extent is Associated with the Emotional and Physical Burdens of 

Chronic Tension Type Headache, but not with Depression or Anxiety 

 

Introduction 

Tension type headache is the most common primary headache affecting up to 80% of the 

general population at some time during their life (1). Prevalence estimates of tension type 

headaches are more variable than of migraine and range between 21% to 63% (2,3). Current 

evidence supports the presence of peripheral and central sensitization processes in tension type 

headache (4,5). In fact, it seems that pressure pain hypersensitivity is one of the main features of 

patients with this headache type (6). A recent review concluded that pressure pain thresholds are 

consistently lower in individuals with primary headaches compared to asymptomatic people with 

the trigeminal area the most sensitive to pressure pain (7). In addition, widespread pressure pain 

sensitivity in extra-trigeminal distant pain-free areas is also a feature of people with chronic tension 

type headache (CTTH) (8). 

Pain drawings are used to obtain a graphic representation of pain location and distribution in 

people with pain by asking them to draw where they feel pain on a body chart. Evaluation of pain 

drawings has revealed that there is an overlapping symptomatology between patients with tension 

type headache and patients with temporo-mandibular pain (9,10). In addition, Alonso-Blanco et al 

observed that the spontaneous pain pattern of tension type headache is consistent between adults 

and children since they exhibited similar location of pain (11). Nevertheless, these studies did not 

investigate the extent of the symptomatic painful area in this headache population.  

It is accepted that an expanded distribution of pain represents a clinical sign of central 

sensitization (12,13).  There is preliminary evidence suggesting that enlarged pain areas are 

associated with more severe pain (14) and higher pressure pain hypersensitivity (15) in people with 

painful knee osteoarthritis and associated with higher disability and depression in chronic whiplash-
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associated disorders (16) These results suggest that pain drawings can help clinicians to identify 

people with central sensitization or worse clinical features.  

No previous study has investigated if pain extent is associated with clinical, psychological or 

sensitization outcomes in patients with CTTH. Thus, the aims of the current study were to examine 

whether the extent of pain, extracted from pain drawings, was associated with clinical pain features, 

anxiety, depression, burden of headache, or widespread pressure hypersensitivity in individuals 

with CTTH. 

 

Methods  

Participants 

        Participants with headache, recruited from a University-based hospital between January 2015 

and January 2016, were screened for possible eligibility criteria. CTTH was diagnosed according to 

the International Classification of Headache Disorders criteria, third edition (ICHD-III beta 2013) 

down to third-digit level (code 2.2, 2.3) by a neurologist with expertise in headache diagnosis (17). 

Potential participants underwent a face-to-face interview followed by a general and neurological 

examination. To be included in this study, patients had to have experienced all typical features of 

CTTH for at least one year: bilateral location, pressing and tightening pain, moderate intensity (≤6 

on a 10-points numerical pain rate scale), and no aggravation of pain during physical activity. As 

listed in the ICHD-III beta diagnostic criteria (17), potential participants should not have reported 

more than one of photophobia, phonophobia, or mild nausea, and they also should not have reported 

either moderate or severe nausea or vomiting. 

Clinical history included headache-family history, headache features, temporal pattern, and 

medication intake. Patients completed a headache diary for 4 weeks to substantiate the diagnosis 

and to calculate the headache clinical features (18).  On this headache diary, patients registered the 

number of days with headache (days/week), the duration of each pain attack (hours/day), and the 
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headache intensity on an 11-point numerical pain rate scale (NPRS; 0: no pain, 10: maximum pain). 

The use of preventive medication intake was also recorded in the diary. 

Participants were excluded if they presented with: 1, other primary/secondary headache; 2, 

medication overuse headache as defined by the ICHD-III; 3, history of neck or head trauma (i.e., 

whiplash); 4, pregnancy; 5, history of cervical herniated disc and/or cervical osteoarthritis; 6, any 

systemic degenerative disease, e.g., rheumatoid arthritis, lupus erythematous; 7, comorbid diagnosis 

of fibromyalgia syndrome; 8, had received anesthetic block within the previous 6 months; or, 9, 

received physical treatment to the neck or head region in the last 6 months. All participants read and 

signed a written consent form prior to their inclusion in the study. The local Ethics Committee 

approved the study design protocol (URJC 23/2014, HRJ 07/14). 

The following evaluations were conducted when all participants were headache-free. They 

were asked to avoid any analgesic or muscle relaxant 24 hours prior to the examination. No change 

was made to their prophylactic treatment.   

Pain drawings 

 Participants were instructed once to complete a pain drawing indicating their pain location 

and extent on four different paper body charts of the head and neck region: one illustrating a frontal 

view of head, one illustrating a dorsal view of head, and two illustrating a lateral view of head (left 

and right). Participants were instructed to colour, using a pencil, every part of the body chart where 

they perceived pain, independently from the type and the severity of pain. They were asked to 

report their usual pain experienced during headache attacks. Subsequently, all pain drawings on the 

paper body charts were copied onto a digital body chart by two trained operators using an image 

analysis software (Inkscape version 0.48). This procedure to digitalize pain drawings has been 

previously described and its reliability was confirmed (19,20). Pain extent was computed using 

software developed and tested in a previous study (21). The software counted the number of pixels 

included in each pain drawing and any pencil mark drawn outside of the body chart borders was not 

included in the analysis. Pain extent for each patient was reported as the sum of the pixels in the 
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frontal and in the dorsal view of head, and expressed as the percentage of the total body chart area 

(i.e. 507778 pixels, frontal: 252617 pixels, dorsal: 255166 pixels). Pain frequency maps were also 

generated for the four different body charts of the head to illustrate where pain was most frequently 

perceived by the enrolled patients. Pain frequency maps were obtained by superimposing all the 

pain drawings produced on the same body chart from all participants.  

Headache Disability Inventory (HDI) 

The HDI was designed to assess the burden of headache using 25 items that inquire about 

the perceived impact of headache on emotional functioning (e.g., “Because of my headaches I feel 

handicapped”) and daily activities (e.g., “Because of my headaches I feel restricted in performing 

my routine daily activities”) (22). Possible answers for each item are YES (4 points), SOMETIMES 

(2 point) and NO (0 points). Thirteen items assess the emotional component of headache (HDI-E, 

maximum score: 52), and the remaining 12 items assess the physical component (HDI-P, maximum 

score: 48). A greater score suggests a greater burden/disability of headache. The HDI has exhibited 

good stability in the short (r=0.93-0.95) and long-term (r=0.76-0.83) (23).  

Hospital Anxiety and Depression Scale (HADS)  

The HADS was used to determine the presence of anxiety and depressive symptoms. This 

questionnaire consists of 14 items scored on a 4-point scale ranging from 0 to 3 points, with 7 of the 

items assessing anxiety (HADS-A) and 7 of the items assessing depressive symptoms (HADS-D) 

(24). This questionnaire is considered reliable and valid for assessing anxiety (Cronbach's α: 0.83) 

and depression (Cronbach's α: 0.82) separately (25). The HADS has also shown good internal 

consistency in people with headache (26).  

State-Trait Anxiety Inventory (STAI) 

The STAI is a 40-item scale assessing separate dimensions of state anxiety (items l-20, STAI-S) 

and trait anxiety (items 21-40, STAI-T) (27). The STAI-S assesses anxiety levels experienced at the 

time of questionnaire completion. Participants use a 4-point response scale ranging from “not at all” 

to “very much”, to indicate the extent to which they experience each emotion. The STAI-T scale 
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measures a stable propensity to experience anxiety, and tendencies to perceive stressful situations as 

threatening. It consists of 20 statements requiring individuals to rate how they generally feel on a 4-

point scale. In both scales, higher scores indicate greater levels of state or trait anxiety. Both STAI 

subscales have shown an internal consistency of 0.89 and test-retest reliability of 0.88 (28).  

Pressure Pain Thresholds (PPT) 

PPT, i.e., the amount of pressure where a sensation of pressure first changes to pain, was 

recorded with an electronic algometer (Somedic AB®, Farsta, Sweden). Pressure was applied using 

a 1cm
2
 probe at a rate of approximately 30kPa/s. Participants were instructed to press the “stop-

button” of the algometer as soon as the pressure resulted in the first sensation of pain. A trial was 

first performed over the wrist extensor muscles of the right forearm to familiarise the participants 

with the procedure. To determine widespread pressure sensitivity, PPT was assessed bilaterally over 

trigeminal (temporalis muscle), extra-trigeminal (C5/C6 zygapophyseal joint), and a pain-free 

distant (tibialis anterior muscle) area. The order of assessment was randomized between subjects. 

The mean of 3 trials on each point was calculated and used for the analysis. A 30 s rest period was 

given between trials to avoid temporal summation (29).  The reliability of algometry is high (30). 

Sample size calculation 

The sample size was calculated using Ene 3.0 software (Autonomic University of Barcelona, 

Spain). The sample calculation was based on detecting significant moderate correlations (r=0.4) 

between the studied variables with an alpha level (α) of 0.05, and a desired power (β) of 95%. This 

generated a sample size of at least 71 subjects. 

Statistical analysis 

    The Shapiro-Wilk normality test revealed significant deviation from normality for several 

variables including the distribution of pain extent, year with TTH, intensity, frequency and duration 

of headache, as well as HADS-A and STAI-trait outcomes. Therefore, non-parametric tests were 

used in the correlational analysis. Spearman’s rho rank-order correlation coefficients (rs) were 

computed to reveal possible associations between pain extent and self-rated outcomes, i.e., clinical 



 8 

pain features, anxiety, depression, burden of headache and widespread pressure sensitivity. 

Correlations were considered weak when r<0.3, moderate when 0.3<r<0.7, and strong when r>0.7 

(31). The correlational analysis was conducted in the total sample as well as grouped by those 

taking or not taking prophylactic medication. Differences in clinical features, anxiety, depression, 

burden of headache and widespread pressure sensitivity between patients grouped by the use of 

prophylactic medication intake were assessed with the nonparametric Wilcoxon rank test. The 

statistical analysis was performed using R version 3.2.2. Significance was set to α=0.05. 

 

Results 

From 120 eligible people with headache who accepted to participate, 21 were excluded for 

the following reasons: co-morbid migraine (n=12); previous neck trauma (n=5); or diagnosis of 

fibromyalgia (n=4). Finally, 99 participants (27% men) with CTTH were included. Fifty-three 

(52%) were taking prophylactic medication, i.e., amitriptyline on a regular basis. No differences 

were observed in any outcome between patients taking or not taking prophylactic medication (all, 

P>0.154. Table 1 summarizes the pain extent, clinical, psychological, and related-disability 

outcomes as well as PPT data of the entire sample. Pain extent was 14.6 ± 10.8% across the entire 

group of subjects with CTTH. Pain frequency maps for the participants with CTTH are illustrated in 

Figure 1. 

Correlations between pain extent and clinical symptoms as well as the burden of headache 

are reported in Table 1. Pain extent was significantly associated with age (r=.221, P=.029) and the 

burden of the headache (emotional: r=.213, P=.030; physical: r=.208, P=.039): the larger the pain 

extent, the higher the physical and emotional burden of the headache (Figure 2). No significant 

associations were observed between pain extent and clinical features of the headache (all, P>.380). 

These associations were not associated with the use of preventive medication (P>0.05). 
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Moreover, no significant associations were found between pain extent and psychological 

factors such as anxiety (HADS-A, P=.573) or depressive (HADS-D, P=.902) symptoms, or with 

anxiety trait (STAI-T, P=.894) or state (STAIT-S, P=.512) levels. Lastly, no associations were 

observed between pain extent and measures of widespread pressure pain sensitivity (all, P>.312). 

 

Discussion 

The results of the current study revealed that pain extent is correlated with older age as well 

as with higher physical and emotional burden of headache in people with CTTH. No associations 

were observed between pain extent and other clinical outcomes, anxiety, depression, or pressure 

pain sensitivity. Although it is generally accepted that people with CTTH exhibit pain in the 

trigemino-cervical area, the location of pain is highly variable among patients. In fact, a systematic 

evaluation of pain drawings in individuals with CTTH is lacking in the current literature. Therefore, 

this is the first study systematically investigating pain drawings and pain extent in individuals with 

CTTH. The pain frequency maps obtained from our sample of people with CTTH reveal that most 

patients perceived pain all over their head during their headache attacks with the frontal and 

suboccipital areas being the most commonly affected. Since there is an overlap of painful areas 

between patients with headache and temporo-mandibular pain (9,10), the use of specific pain 

drawings may help to further differentiate  these painful disorders.  

Spreading pain and widespread pressure hypersensitivity have been associated with stronger 

centralized sensitization (7,8,12,13); however, in our study we did not observe any association 

between pain extent within the trigemino-cervical area and widespread pressure pain sensitivity in 

individuals with CTTH. This is in contrast with the results observed in other painful conditions such 

as knee osteoarthritis where larger pain extent was associated with greater pressure hypersensitivity 

(15). Moreover, no associations were identified between pain extent and clinical or psychological 

outcomes in our sample of individuals with CTTH, contrary to previous findings reported for those 

with knee osteoarthritis (14) or whiplash-associated disorders (16). One possible explanation for 
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these discrepancies could be that painful areas are usually limited to the trigemino-cervical area in 

CTTH, whereas pain symptoms are more widespread in knee osteoarthritis or chronic neck pain 

following a whiplash injury. It is also plausible that our recruited sample of middle-age individuals 

with CTTH had a relative homogeneous pattern of their headache features (as reflected by narrow 

confidence intervals) and this lack of variability across patients explains the lack of associations 

between pain extent and clinical features. Nevertheless, the lack of association between pain extent 

and psychological features including anxiety and depressive levels agrees with a systematic review 

showing that expanded pain drawings are not associated with worse psychological functioning (32).  

Pain extent was significantly, albeit weakly, associated with both the emotional and physical 

burden of headache indicating that larger painful areas are associated with higher burden for the 

patient. Enlarged self-perceived areas of pain may be perceived as poorer health status by the 

patients and therefore the emotional or physical burden of the condition would be worse. It has been 

recently proposed that examination of patients with chronic pain should contain multiple domains 

of pain including, among others, extension, location and distribution of pain (33). Current results 

suggest that pain drawings could complement other clinical pain features for better characterization 

of CTTH. Future studies should investigate this hypothesis. 

Although this study included a procedure for extracting pain extent from self-reported pain 

drawings which was done without any subjective assessor influence; there are some methodological 

issues that should be considered. First, we collected data from subjects with CTTH recruited from a 

tertiary-based hospital and current results should not be extrapolated to the general population with 

this condition. Second, we only evaluated the pain area once in our sample of patients. Although the 

reliability of this procedure of pain drawing assessment was found to be high (21), it has not been 

specifically assessed in people with CTTH. Longitudinal studies are needed to understand if pain 

extent changes over time in patients with TTH. Third, we collected static outcomes of sensitization 

and only from one stimulus, pressure pain thresholds. We do not know if pain extent is associated 

with more advanced dynamic outcomes of sensitization such as wind-up, spatial or temporal 
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summation, or conditioned pain modulation. Fourth, since CTTH can be associated with widespread 

pain beyond the head and neck, future studies may consider capturing pain areas from charts of the 

full body, instead of only the head and neck. Finally, we recognize that multiple tests of correlation 

were included in the analysis without any correction of the significance level, but, the multiple 

correction method has been questioned (34). 

 

 

Conclusions 

This study, using an objective assessment procedure for the quantification of pain extent, 

found that larger pain extent correlated with age and higher burden of the headache in individuals 

with CTTH, but not with clinical outcomes, anxiety, or depression. Pain extent was also not 

associated with generalized pressure pain hypersensitivity. Pain drawings may complement other 

clinical pain features for better characterization of CTTH, but further studies are needed. 
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Legend of Figures 

 

Figure 1: Pain frequency maps generated by superimposing the pain drawings of all participants 

with chronic tension type headache (n=99). The colour bar represents the frequency of coloured 

areas. Dark red indicates the most frequently reported area of pain. 

Figure 2: Scatter plots of correlations between the pain extent with the emotional (A) and physical 

(B) burden of headache in individuals with chronic tension type headache (n=99). Note that several 

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