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Abstract

Objectives—Reduced pain thresholds have been documented in adult fibromyalgia but there are 

no quantitative studies of altered pain sensitivity in adolescents with juvenile fibromyalgia (JFM). 

The current study examined differences in pressure pain sensitivity between adolescent females 

with JFM and healthy controls. The relationship between levels of anxiety and pain were also 

examined.

Methods—A total of 34 JFM (15.4 ± 1.4 years old) and 31 controls (14.5 ± 1.3 years old) 

completed self-report measures of pain and anxiety. Pressure pain threshold was assessed (palm 

and forehead sites) with a hand-held algometer. Participants indicated the first sensation of pain 

and then rated the intensity of pain on a numerical rating scale.

Results—Adolescents with JFM exhibited greater sensitivity to pressure pain compared to 

controls. While the difference between JFM and controls was only observed at the forehead, the 

intensity of pain produced by the pressure algometry at both sites was significantly higher in the 

JFM participants compared to controls. Correlations between clinical pain and anxiety were 

significant for the JFM group only. No relationships were observed between anxiety and pressure 

pain for either group.

Discussion—This study is a first step towards investigating mechanisms of altered pain 

processing in adolescents with JFM. Adolescents with JFM were found be more sensitive to 

pressure pain than their healthy peers, which suggests a propensity for sensitization of peripheral 

and/or central nociceptive information often reported in adult fibromyalgia, and which does not 

appear to be affected by anxiety.

Corresponding author: Christopher D. King, PhD, Assistant Professor, Cincinnati Children’s Hospital Medical Center (CCHMC), 
Department of Pediatric Anesthesia, 3333 Burnet Avenue, Cincinnati, Ohio 45229, Christopher.King@cchmc.org. 

HHS Public Access
Author manuscript
Clin J Pain. Author manuscript; available in PMC 2019 February 10.

Published in final edited form as:
Clin J Pain. 2017 July ; 33(7): 620–626. doi:10.1097/AJP.0000000000000444.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Keywords

Anxiety; Pressure Pain; Quantitative Sensory Testing; Juvenile Fibromyalgia

1. Introduction

Juvenile fibromyalgia (JFM) is a complex condition primarily characterized by persistent 

widespread musculoskeletal pain (for a recent review [1]). JFM affects between 2–6% of 

school-age children and adolescents, predominantly females [2, 3], and is associated with 

significant physical and psychosocial impairment [4]. Paralleling observations in adult 

fibromyalgia (FM), patients with JFM may also experience symptoms including fatigue and 

poor sleep. Furthermore, fibromyalgia symptoms persist in an estimated 70% of JFM 

patients as they transition into adulthood [5]. Explanations for the development and 

persistence of JFM are limited, but evidence from studies in FM and other pain cohorts 

suggest an enhancement of nociceptive signaling within the central nervous system (i.e., 

central sensitization [6]), which is commonly observed as increased sensitivity to laboratory 

stimuli [7, 8]. Although there is evidence that adolescents with JFM have multiple painful 

“tender points” based on clinical assessment [9, 10], there is currently little information from 

quantitative studies about potential mechanisms underlying JFM, and whether these are 

different than adults.

One method, Quantitative Sensory Testing (QST), is useful in the evaluation of 

pathophysiological mechanisms underlying the development and persistence of chronic pain. 

QST represents a set of non-invasive, standardized psychophysical assessments to probe the 

function or dysfunction of peripheral afferents (Aδ, Aβ, C) in addition to providing 

information about their corresponding central nociceptive pathways [11]. QST methods 

utilize controlled, standardized stimuli to probe sensitivity across an array of modalities 

including thermal and mechanical sensations. To date, the application of QST to understand 

the pathophysiological mechanisms including central sensitization underlying fibromyalgia 

has focused on adults [7, 8, 12, 13]. Although the feasibility of QST has been documented 

for children and adolescents without [14–17] and with [18–22] chronic pain, there are no 

QST studies in juvenile fibromyalgia, which limits our understanding of the extent of 

abnormalities in pain perception in youth with JFM. Future research is needed to determine 

if extrapolation from adult pain studies is relevant to adolescents with fibromyalgia.

Although comprehensive QST protocols typically include a variety of stimuli, the focus of 

this preliminary study was limited to the assessment of pressure pain. Pressure sensitivity is 

a clinically relevant feature of musculoskeletal pain, which is a cardinal feature of 

fibromyalgia (i.e., tenderness upon palpation). In addition, pressure pain has been shown to 

exhibit the greatest effect sizes in other conditions characterized by musculoskeletal pain 

[23] while contributing to clinical pain intensity in adult fibromyalgia patients [24]. The 

perception of pressure pain is typically assessed by algometry in which a blunt tip is placed 

against a muscle or joint until the sensation of pain is experienced. The perception of 

pressure pain has largely been used to evaluate pain sensitivity in adult pain patients 

including FM [7, 25, 26] and other co-morbid pain cohorts [23, 27–29]. Overall, patients 

King et al. Page 2

Clin J Pain. Author manuscript; available in PMC 2019 February 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



exhibit an increased pressure pain sensitivity (i.e., reduced threshold for the elicitation of 

pain) compared to controls, which indicates not only local changes in sensitivity but may 

indicate a more generalized pain state that is mediated by central sensitization. While local 

sensitivity indicates peripheral nociceptive sensitization, the observation of enhanced 

sensitivity at “naïve” sites (i.e., sites that are non-symptomatic, uninjured, or unrelated to 

tender point sites) or widespread sensitivity can indicate increased excitability within the 

central nervous system [30].

The first aim of this study was to determine if pressure pain thresholds (PPTh) and evoked 

pain ratings differed between adolescent females with JFM and healthy controls (HC). JFM 

affects a relatively small number of adolescent males and given the potential gender 

differences in pain sensitivity, males were not included in this pilot study. Pressure 

algometry was used to measure PPTh at the palm and forehead bilaterally. Pressure pain 

intensity was assessed with a numerical rating scale (NRS) immediately following the first 

sensation of pain. It was hypothesized that adolescents with JFM would have lower pain 

thresholds and higher pain ratings than HC. Since anxiety symptoms are common in JFM 

[31] and have been shown to affect responses on both tender point examination and QST 

measures in adult FM [32, 33] a secondary aim of the present study was to explore whether 

anxiety levels were a potential confound in the measurement of pressure pain sensitivity in 

adolescents with JFM and HC. It was hypothesized that anxiety would be higher in 

adolescents with JFM and also correlated with clinical and experimental pain outcomes in 

this group but not in controls. The present study included both a state and trait measure of 

anxiety to examine which specific aspect of anxiety may be more closely linked to pain 

sensitivity in JFM. Previous adult studies utilizing either QST or tender point examination 

have yielded mixed findings pertaining to whether state or trait anxiety differences exist 

between those with and without widespread pain [32–35].

2. Methods

2.1. Participants

Thirty-four female adolescents with JFM were recruited from pediatric rheumatology, pain 

management, and psychology clinics at a children’s hospital between August 2012 and 

October 2014. Potential participants meeting eligibility criteria were identified by medical 

chart review or by referral from attending physicians [10]. Attending physicians completed a 

checklist of fibromyalgia criteria to confirm patients’ diagnosis of JFM. Thirty-one gender-

matched HC were recruited using emails and flyers posted throughout the institution, and 

letters were mailed to healthy youth seen in various pediatric clinics who had previously 

agreed to participate as volunteers in research studies. Participants were compensated for 

their time and participation with a $10 gift card.

Eligible participants were: 1) female, 2) between the ages 13 to 17 years old, and 3) able to 

read, understand and speak English. In addition, participants were excluded if they met 

criteria for any of the following: 1) an untreated major psychiatric diagnosis (e.g., major 

depression, bipolar disorder, or psychoses); 2) a documented developmental delay; and/or 3) 

an acute injury to the skin on the palm of the hand or forehead. JFM participants had a 

confirmed diagnosis of juvenile fibromyalgia as mentioned above. Healthy participants 
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could not have a diagnosis of or seeking treatment for a recurrent or chronic pain syndrome 

(e.g., migraines, abdominal pain). However, HC were not excluded if they reported 

intermittent pain.

2.2. Study design

During a single in-person study visit, participants completed a series of measures regarding 

demographic (i.e., age, race/ethnicity, family socioeconomic status), medical history (i.e., 

known medical or psychiatric diagnoses, current medications, and any chronic pain history 

in the immediate family was collected), anxiety, and clinical pain ratings. After completing 

the self-reported measures, participants underwent several sensory assessment trials with 

pressure algometry.

2.3. Self-report measures

Clinical Pain—The Brief Pain Inventory (BPI [36, 37]) is a well-validated and widely used 

pain assessment tool. Four items are used to assess worst, least, average, and current pain 

level over the past 24 hours on a 0 (No pain) to 10 (Pain as bad as you can imagine) numeric 

rating scale (NRS).

Anxiety—The State-Trait Anxiety Inventory (STAI [38]) is a widely used anxiety measure 

that consists of two 20-item subtests that measure state and trait anxiety. Items on the state 

(S-Anxiety; “I feel at ease,” “I feel upset”) and trait (T-Anxiety; “I am a steady person,” “I 

lack self-confidence”) anxiety scales are written at the 6th grade reading level and are rated 

using a four-point scale: 1 = Almost Never, 2 = Sometimes, 3 = Often, 4 = Almost Always. 

Possible STAI Total scores range from a minimum of 40 to a maximum of 160. The STAI 

has been used extensively in a number of chronic medical conditions, including fibromyalgia 

and other musculoskeletal conditions [39–41]. In the present study, Cronbach’s alpha was 

0.92 for State Anxiety and 0.94 for Trait Anxiety.

2.4. Pressure pain assessment

Pressure pain thresholds (PPTh) were assessed in participants with a hand-held algometer 

(Algomed, Medoc) connected to a laptop computer, which provides real-time visual and 

auditory feedback to ensure the rate of applied pressure is consistent across applications. For 

the assessment, the algometer was applied bilaterally to the palm of the hand (i.e., thenar 

eminence of the thumb) and above the supraorbital ridge of the forehead (i.e., arch of the 

eyebrow). Selection of the two testing sites was based on discussions with a pediatric 

neurologist (A. Hershey) at Cincinnati Children’s Hospital Medical Center (CCHMC). 

Using previous studies [42, 43] as a reference, the headache team overseen by A. Hershey 

commonly measures pain thresholds at the hand and forehead in their pediatric migraine 

patients. The order of testing site was randomized using simple randomization stratified by 

group. This randomization strategy ensured an equal number of participants with JFM and 

controls would receive testing to either the palm or forehead first. For each testing trial, 

pressure was gradually increased at a rate of 1kg/cm2 per second until the participant felt the 

first sensation of pain (PPTh). A maximum pressure of 4kg/cm2 was applied for both sites. 

A 30-second break was provided between trials to reduce sensitization due to repeated 

testing. Three trials were conducted at each body site, alternating between the right and left 
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sides. Immediately after each trial, participants were asked to rate their pain using a 0 “no 

pain” to 10 “pain as bad as it could be” Numeric Rating Scale (NRS) [44], a widely used 

instrument to assess pain in children 5 years of age and older [44].

2.5. Data Analysis

Considering the preliminary nature of the current pilot study, the target sample size was 

modest with a larger goal to gather preliminary data and establish effect sizes for future 

larger trials. Data analysis was performed using SPSS (v22, IBM). Demographic data was 

analyzed with a Chi-Square and independent t-test as appropriate. Since age was 

significantly different between groups, all group differences on continuous variables were 

adjusted for age and assessed using analysis of covariance (ANCOVA). Mean and standard 

deviations are provided as appropriate. Based on preliminary analyses, no differences were 

observed between the left and right sides of the body (all p’s > 0.05) in pain sensitivity or 

pain intensity ratings. Thus, pressure pain measures from the left and right sides were 

averaged into a single score for the forehead and palm. Pearson's correlations were used to 

evaluate the associations among anxiety and continuously measured study variables 

separately for each group, which included pressure pain measures and the four clinical pain 

scores from the BPI (i.e., current, least, worst, and average). Partial eta squared (ηp
2) are 

presented as measures of effect size (ηp
2 = 0.01 is considered a small effect, ηp

2 = 0.06 a 

medium-sized effect and partial ηp
2 = 0.14 a large effect [45]).

3. Results

3.1. Demographics

Based on Chi-square tests between adolescents with JFM (26 non-Hispanic white; 5 

African-American) and HC (26 non-Hispanic white; 2 African-American; 6 Other including 

Hispanic white, Asian, and Bi-racial), no group differences were observed for race (χ2 = 

0.03, p > 0.05). A greater proportion of JFM participants (61.3% versus 29.0%) reported a 

familial history of pain (χ2 = 6.64, p < 0.01). Finally, group differences were observed for 

age in which adolescents with JFM (15.42 ± 1.41 years of age) were older than the control 

group (14.57 ± 1.28 years of age; t = 6.64, p < 0.05). Compared to the control group (none 

of whom were taking any pain medication), a majority of JFM patients (73.5%, 25/34) 

reported taking one or more medications for pain and symptom management including non-

opioid analgesics (Acetaminophen; 12%), nonsteroidal anti-inflammatory drugs (Ibuprofen, 
Naproxen; 40%), tricyclic antidepressants (Amitriptyline; 24%), opioid analgesics (Codeine, 
Percocet, Tramadol; 12%), muscle relaxants (Flexeril, Methocarbamol; 16%), anti-

convulsants (Lyrica, Gabapentin, Topamax; 32%), triptans (Imitrex, Maxalt; 8%) in addition 

to serotonin–norepinephrine reuptake (Cymbalta, Effexor; 20%) and selective serotonin re-

uptake (Lexapro, Prozac, Zoloft, Trazodone; 16%) inhibitors.

3.2. Clinical Pain

There were significant differences between JFM and HC groups for all sub-scales of the BPI 

(see Table 1 for group differences in key variables). Compared to the control group, 

participants with JFM reported greater levels of current (F = 102.28, p < 0.001, ηp
2 = 0.62), 

least (F = 71.28, p < 0.001, ηp
2 = 0.54), average (F = 101.53, p < 0.001, ηp

2 = 0.62), and 
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worst (F = 95.65, p < 0.001, ηp
2 = 0.61) pain over the past 24 hours. These results are 

consistent with findings from an adult study which found comparable pain levels (6.5 ± 1.5) 

on sub-scales of the BPI in an older cohort of FM patients [46]. Interestingly, HC reported 

low levels of pain, which may reflect a tendency to report on acute pain experiences in 

individuals without chronic pain.

3.3. Experimental Pain

Figure 1 illustrates differences in pressure pain thresholds and the corresponding evoked 

pain intensity ratings between JFM and HC. Adolescents with JFM required less pressure to 

induce pain (i.e., lower PPTh) at the forehead (F = 5.31, p = 0.03, ηp
2 = 0.08) compared to 

HC. Although, PPTh on the palm was also lower for adolescents with JFM, this difference 

was not significant (F = 1.23, p = 0.27, ηp
2 = 0.02). After reaching threshold, subjective 

ratings of pain were significantly higher in JFM compared to HC at both sites (Forehead: F = 

20.45, p < 0.001, ηp
2 = 0.25; thenar: F = 14.86, p < 0.001, ηp

2 = 0.20).

3.4. The relationship between anxiety and pain outcomes

Table 2 presents the scores for state and trait anxiety. Similar to clinical pain outcomes, 

results showed that adolescents with JFM reported markedly higher levels of trait (F = 

20.69, p < 0.001, ηp
2 = 0.25) and state (F = 17.26, p < 0.001, ηp

2 = 0.22) anxiety compared 

to HC. Correlations between BPI and pressure pain sensitivity variables are presented in 

Tables 2 and 3, respectively. In the JFM group, significant relationships were observed 

between state anxiety and all clinical pain ratings (Table 2, r range = 0.48 to 0.62). However, 

trait anxiety was only associated with pain at its worst and least over the past 24 hours. No 

significant associations were observed between trait and state anxiety with pressure pain 

(Table 3; r range = 0.10 to 0.27). Lastly, in line with our original hypotheses, anxiety was not 

significantly related to clinical pain ratings (Table 2; r range = 0.10 to 0.27) or pressure pain 

thresholds (Table 3; r range = −0.14 to 0.16) in the control group.

3.5. Exploratory Analysis related to Medication Use

Considering the potential impact of medication use, an exploratory analysis was performed 

to compare pressure pain thresholds and ratings among the following participants: 

medication-free JFM patients (n=9), JFM taking medications (n = 25), and controls (n=31). 

Overall, post-hoc analysis of the ANOVA revealed several interesting observations. First, the 

medication-free JFM patients exhibited equivalent levels of pain compared to the control 

group on 3 of the 4 parameters. Specifically, pain threshold and ratings at the palm were 

similar between medication-free JFM patients and controls. However, pain thresholds, but 

not pain ratings, at the forehead were similar between these groups. Second, JFM 

participants on medications differed from the control group on 3 of the 4 parameters such 

that JFM participants on medications reported higher pain ratings at the forehead and palm 

but lower thresholds at the forehead compared to controls. Third, differences between 

medication-free and medication-taking JFM patients only revealed a significant post-hoc 

difference for pressure thresholds at the forehead. Additionally, no differences in pain 

ratings were observed between the two JFM subgroups.
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4. Discussion

In the current study, pressure pain sensitivity, clinical pain, and anxiety were examined in 

adolescents with and without JFM. Group differences were observed in several of these 

domains, which were characterized by small (e.g., pain thresholds at the palm), medium 

(e.g., pain thresholds at the forehead), and large (e.g., pain ratings at the forehead and palm, 

anxiety, clinical pain) effect sizes. Specifically, lower thresholds for pressure pain were 

observed in adolescents with JFM at the forehead but not the palm, and the effect size was 

small (ηp
2 = 0.02). One possible explanation for this null finding could be medication use 

and the limited sample size, which impacts our power to detect a significant difference. 

However, the intensity of pain evoked at both sites was significantly higher in the JFM 

subjects compared to controls. Effect sizes for subjective ratings of pain were large (e.g., 

range of ηp
2 = 0.20 to 0.25). Despite the lack of significant differences for pain thresholds at 

the palm, the current study provided evidentiary support of our original hypothesis that JFM 

would be associated with lower pain thresholds and higher pain ratings than controls. In 

agreement with other studies in JFM [31], self-reported anxiety was higher in adolescents 

with JFM and positively related to clinical pain, but self-reported anxiety was not associated 

with pressure pain. Though this finding is inconsistent with some studies showing 

relationships between experimental outcomes with psychological functioning in adult pain 

cohorts [32–35], critical methodological differences in patient recruitment (e.g., widespread 

pain; general chronic pain), experimental measures (e.g., heat pain, tender points) and 

psychological assessments (e.g., pain anxiety; general distress) likely contribute to these 

results. Additional research is needed to explore if these various patient-, experimental-, and 

psychological-related factors are relevant to JFM.

4.1. Pressure pain thresholds

Pain hypersensitivity is often reported in adult fibromyalgia studies to a range of 

experimental stimuli including pressure pain [8, 24, 26, 47]. Overall, these studies show an 

increased, widespread sensitivity to painful stimuli. The current study supports these 

observations suggesting that altered pain processing may already be present in children and 

adolescents with fibromyalgia in a similar fashion to adult fibromyalgia rather than altered 

sensitivity developing over time and culminating in greater pain sensitivity in adulthood. 

One observation from these studies is the association of pain sensitivity with clinical pain 

outcomes (e.g., intensity). For example, pressure pain thresholds are reported to be modestly 

correlated with intensity in musculoskeletal pain including adults with low back pain [48] 

and fibromyalgia [24, 49], which might be due to the selection of stimulus modality or its 

presentation [50]. In the current study, clinical and experimental pain was not associated 

(data not shown; p’s > 0.10). Since JFM patients experienced pain-related symptoms for a 

shorter duration than their adult counterparts, it is possible that over the course of 

fibromyalgia, peripheral and central changes in pain processing and modulation will develop 

and become more permanent due to neuroplastic changes.

Since the current study is the first to report difference in pressure pain in JFM, it is 

worthwhile to acknowledge the limited generalizability of our findings beyond the scope of 

this study. In general, previous research in pediatric populations using experimental pain 
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paradigms for pain assessments has been established as feasible. Moreover, they provide 

useful information about alterations in sensory processing of pain. For example, a recent 

study in children with Juvenile Idiopathic Arthritis (JIA) reported greater sensitivity to a 

range of painful stimuli including pressure pain [19]. Clinically, pain related to JIA is 

typically localized to the affected joint, so the fact that pain sensitivity was observed outside 

these areas and during remission of symptoms suggests that widespread changes in pain 

processing due to central sensitization and/or reduced pain inhibition can occur in pediatric 

rheumatic diseases. Similar observations have been reported in a few other pediatric pain 

conditions (e.g., migraine [21, 51]; irritable bowel syndrome [52]) and conditions not 

traditionally characterized as pain-related (e.g., chronic fatigue syndrome [53]) in which 

evidence for localized and widespread hyperalgesia was observed. Our data support these 

findings in that we observed an increase in sensitivity as indicated by lower pressure pain 

thresholds and higher pressure pain ratings in JFM patients compared to controls [54].

4.2. Relationships with anxiety

Psychological profiles in JFM often include elevated symptoms of depression and anxiety 

[55, 56]. In the current study, we observed similar findings in which adolescents with JFM 

had higher levels of both state and trait anxiety than the HC group. Further based on theory 

that higher levels of anxiety might contribute to the experience of pain, we sought to better 

understand the relationship between anxiety and pain. Results from this study demonstrate 

that while anxiety was positively related to clinical pain, it was not associated with 

experimental pain. A potential explanation for this observation is that while anxiety is 

associated with clinical pain in JFM, experimental pain methods like pressure may offer a 

more objective measure of pain sensitivity less influenced by anxiety symptoms in 

adolescents. Alternatively, the assessment of anxiety through subjective measures (e.g., 

SCARED, RCMAS) has been shown to capture different aspects of anxiety that provide an 

alternative model for understanding the relationship between anxiety and pain in JFM [39, 

55]. Furthermore, studies in adult fibromyalgia suggest that the relationship between anxiety 

and experimental pain is weakly associated [39, 55].

4.3. Limitations

Several limitations should be addressed in the current study. First, we did not assess 

disability or psychological factors other than anxiety (e.g., depression, catastrophizing) in 

the current sample of JFM that may contribute to the objective and subjective experience of 

pain. Second, while we did not assess other modalities, it would be informative for future 

studies to replicate findings in adolescents with JFM to further characterize enhanced pain 

sensitivity and deficits in pain modulation. In contrast to static methods (e.g., thresholds), 

the use of dynamic methods (e.g., temporal summation, conditioned pain modulation) 

should be incorporated into future research to evaluate the underlying mechanisms involved 

in endogenous pain modulation. Additionally, participants were not asked to abstain from 

medication use and those taking long-acting medications were not excluded. Due to the 

variety of medications (e.g., antidepressants, anticonvulsants, analgesics) used in the JFM 

group and the limited number of each within a specific class of medications, we were unable 

to directly determine the relative contribution of individual medication categories on 

pressure pain thresholds in JFM. However, in an effort to explore the potential effect of 
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medication, we compared pressure pain outcomes among JFM participants taking 

medications, medication-free JFM participants and controls. Despite equivalent levels of 

clinical pain intensity, the JFM groups differed in the amount of pressure needed to induce 

the sensation of pain, particularly at the forehead site. This observation suggests that despite 

comparable levels of clinical and experimental pain intensity, medication use did not 

contribute to better clinical and experimental outcomes in the JFM group taking 

medications, which may reflect a unique phenotype. It remains unknown whether the JFM 

patients taking medications are more clinically complex. While the reasons supporting this 

idea is speculative, these patients might be characterized as having greater illness severity 

(e.g., disability, widespread pain), greater impairment in coping strategies (e.g., depression, 

catastrophizing), and/or poorer behavioral outcomes (e.g., lower physical activity, poorer 

sleep), which may have prompted a medical provider to prescribe medication. Considering 

that we did not have a large enough sample size to evaluate the effects of medications on 

pressure pain, the exploratory analysis should be viewed with caution. Nevertheless, it is 

striking that despite being treated with medications to manage their JFM symptoms, the 

entire group still showed higher pressure pain sensitivity than the control group.

4.4. Conclusions and Future Directions

The current study is a first step towards investigating the underlying mechanisms involved in 

altered pain processing and provides preliminary support for the presence of alterations in 

the way that painful stimulation is processed in adolescents with JFM. More specifically, 

adolescents with JFM appear to exhibit a hyper-sensitization marked by enhanced sensitivity 

and perception of pressure pain, which is consistent with findings from adults with various 

musculoskeletal pain conditions [28, 29] including fibromyalgia [7, 24, 25]. However, future 

research employing experimental assessments of endogenous pain modulation and the 

temporal summation of pain is necessary to confirm whether findings in JFM and adult FM 

are comparable. Additionally, future studies should evaluate the presence of altered 

somatosensory processing across a range of modalities (e.g., heat, cold, punctate) and testing 

parameters (e.g., detection thresholds, pain thresholds, pain suprathresholds) in a larger 

sample of adolescents with JFM in order to increase the generalizability of findings from the 

current study.
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Figure 1. Differences in pressure pain thresholds (left panel) and numerical pain ratings 
associated with pain thresholds (right panel) between adolescents with Juvenile fibromyalgia 
(JFM) and healthy controls
Significant differences between JFM and controls are indicated as follows: n.s., non-
significant; *, p < 0.05; ***, p < 0.001.
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Table 1

Pain outcomes and anxiety in adolescents with Juvenile fibromyalgia (JFM) and healthy controls.

JFM
(n = 34)

Controls
(n = 31)

Clinical Pain (BPI)

  Current Pain*** 5.8 2(± 1.93) 1.39 (± 1.33)

  Least Pain*** 3.94 (± 1.63) 1.23 (± 0.56)

  Average Pain*** 5.88(± 1.37) 1.94 (± 1.65)

  Worst Pain*** 7.12 (± 1.67) 2.22 (± 2.14)

Anxiety (STAI)

  State*** 42.09 (± 12.64) 29.51 (± 9.22)

  Trait*** 46.21 (± 12.18) 33.06 (± 9.17)

Mean values (± Standard Deviations) of self-reported pain and anxiety were compared between JFM and HC. For the STAI, a score of ≥ 39 on the 
State scale suggests the presence of clinically significant anxiety symptoms, which is observed in the JFM cohort. Significant differences between 
JFM and HC are indicated as follows:

***
p< 0.001.

Abbreviations: Brief Pain Inventory, BPI; State-Trait Anxiety Inventory, STAI; Juvenile-onset fibromyalgia, JFM; and healthy controls, HC.
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Table 2

Relationships between self-reported pain measures and anxiety in adolescents with Juvenile fibromyalgia 

(JFM) and healthy controls.

Current Average Worst Least

JFM

  Trait 0.32 0.27 0.36* 0.37*

  State 0.58*** 0.48*** 0.48*** 0.62***

Controls

  Trait 0.10 0.19 0.27 0.11

  State 0.11 0.10 0.25 0.19

Values are Pearson correlations. Significant values are indicated as follows:

*
, p< 0.05;

***
p< 0.001.
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Table 3

Relationships between experimental pain measures and anxiety in adolescents with Juvenile fibromyalgia 

(JFM) and healthy controls.

Pain Ratings (NRS) Thresholds (kg/cm2)

Forehead Thenar Forehead Thenar

JFM

  Trait −0.15 −0.09 −0.04 −0.18

  State −0.14 −0.00 −0.03 −0.23

Controls

  Trait 0.08 0.16 −0.14 −0.06

  State 0.03 0.16 −0.10 −0.06

Values are Pearson correlations.
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