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Abstract

Objective: To assess thermal-sensory thresholds and psychosocial factors in children with Complex Regional Pain Syndrome
Type 1 (CRPS-I) compared to healthy children. Methods: We conducted quantitative sensory testing on 34 children with CRPS-I
and 56 pain-free children. Warm, cool, heat, and cold stimuli were applied to the forearm. Children with CRPS-I had the protocol
administered to the pain site and the contralateral-pain site. Participants completed the self-report Behavior Assessment System
for Children. Results: Longer pain durations (>5.1 months) were associated with decreased sensitivity to cold pain on the pain
site (P ¼ .04). Higher pain-intensity ratings were associated with elevated anxiety scores (P¼ .03). Anxiety and social stress were
associated with warmth sensitivity (both P < .05) on the contralateral-pain site. Conclusions: Pain duration is an important factor
in assessing pediatric CRPS-I. Hyposensitivity in the affected limb may emerge due to degeneration of nociceptive nerves. Anxiety
may contribute to thermal-sensory perception in childhood CRPS-I.

Keywords
pain, CRPS, children, adolescents, QST, anxiety, depression

Received February 12, 2021. Accepted for publication March 14, 2021.

Chronic pain poses a significant burden for children and ado-

lescents, causing suffering, disability, anxiety, and emotional

distress.1 Like adults, children experience many different types

of chronic pain caused by disease, injury, psychological fac-

tors, or by factors currently unknown and yet to be identified.2-7

Complex regional pain syndrome (CRPS) is a chronic pain

condition, which can be induced by surgery, fractures, trauma,

ischemia, or nerve lesion.8,9 CRPS type 1 (CRPS-I) occurs in

the absence of nerve injury, but it may be a result of tissue and/

or bone damage.10 CRPS-I is usually initiated after an initial

noxious event and is accompanied with edema, changes in skin

blood flow, as well as thermal and mechanical hyperalgesia/

allodynia in the affected area.11

The causes and clinical presentation of CRPS-I in children

and adolescents differs to those seen in adults, and this discre-

pancy can delay diagnosis.12,13 In adults, the diagnostic criteria

for CRPS-I includes the presence of several of the following

symptoms: allodynia, hyperesthesia, edema, vasomotor

changes, sudomotor changes, joint stiffness, or temperature

differences between extremities. In adults, the duration of

CRPS is associated with alterations in sensory perception

and/or clinical presentation of symptoms.14,15 Yet, clinical

features differ in pediatric CRPS-I, who are also affected by

the disorder, but at much lesser rates.16,17 Pediatric CRPS-I is

more likely to present in the lower limb18 and the presentation

of dystonia is more common in children compared to adults.17

Additionally, CRPS-I in children is more likely to improve

or resolve compared to adults.19 However, without better char-

acterization of the features of pediatric CRPS-I, developing

treatment options or preventative interventions is challenging.

Although previous pediatric quantitative sensory testing stud-

ies have examined pain sensitivity in child and adolescent

CRPS populations,20,21 findings have been largely inconclusive
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and have varied widely based on pain symptomatology, making

it challenging to quantitative-sensory testing findings into clin-

ical risk factors.

Although pediatric CRPS-I is characterized by an increased

risk of experiencing somatic symptoms, CRPS-I can be asso-

ciated with subsequent psychosocial problems, particularly

anxiety.22 Children with CRPS are statistically more likely to

have experienced stressful life events, have difficulties at

school, and can have familial stressors. In turn, psychosocial

factors are often considered when treating pediatric CRPS

patients and may unduly influence the resulting somatosensory

symptoms of the disease.5,23,24

The objectives of the current study were to characterize

thermal sensory processing through obtaining quantitative

sensory testing data on thermal detection and pain thresholds

in children and adolescents with CRPS-I compared to pain-free

adolescents. We also sought to determine whether alterations in

thermal-sensory processing were associated with psychosocial

factors in children with and without chronic pain.

Patients and Methods

Participants

Patients were recruited from the Chronic Pain Clinic at the Hospital

for Sick Children, Toronto, Ontario. Inclusion criteria were a diagno-

sis of CRPS-I affecting the lower limb, aged <17 years, fluent in

English, and no other comorbid conditions or learning disabilities.

Pain-free participants were recruited during the same time period

by advertisements posted in local hospitals and in a community

newspaper. Inclusion criteria included age <17 years, able to read and

speak English, no chronic pain (pain lasting greater than 3 months) or

illnesses, no known learning disabilities or psychiatric conditions, or a

risk for such conditions.

All participants gave written informed consent. The study was

approved by the Research Ethics Board at the Hospital for Sick Chil-

dren. Participants were compensated for their travel expenses and

received a gift certificate of a CAD$30 value.

Quantitative Sensory Testing
Experimental Procedure

For patients and typically developing children and adolescents,

thermal sensory stimuli were applied to a site 10 cm above the

participants’ wrists on the volar surfaces of their dominant

forearms. Five patients (14.7%) and 7 (12.5%) typically devel-

oping participants were left handed. Participants rested their

arms on a padded surface during testing. Participants’ skin

temperatures were measured at both test sites prior to testing.

In addition to the testing of detection and pain thresholds on the

dominant forearms, patients had the pain site and the contral-

ateral pain site tested.

Thermal Stimulation

Thermal stimulation was accomplished using a Medoc Neuro

Sensory Analyzer, Model TSA-II (Medoc Ltd, Ramat Yishai,

Israel). Stimuli were delivered using a Peltier thermode

(3 � 3-cm). The thermode rested on the skin with constant

pressure by use of a support stand. The thermode was held

on the skin, and participants were told that they could withdraw

their arm at any time during testing.25 Prior to testing, partici-

pants were given ample time to adapt to the room temperature.

A baseline temperature of 32�C was used for all thermal

testing.

Thermal Detection Thresholds

Thermal detection thresholds were determined by a method of

limits (Figure 1). The temperature of the thermode moved away

from the baseline at a rate of 0.5�C /s. Participants were trained

to press a button when they first felt a warm (warm detection

threshold) or cool (cold detection threshold) sensation, which

automatically returned the probe to the baseline temperature

(32�C). Four consecutive warm trials followed by 4 consecu-

tive cold trials were completed with an intertrial duration of

6 seconds. Warm and cold detection thresholds were defined as

the mean of the 4 trials.

Thermal Pain Thresholds

Thermal pain thresholds were determined by a method of limits

(Figure 1). The temperature of the thermode moved away from

the baseline at a rate of 1.0�C /s. Participants were trained to

press a button with the contralateral hand when the hot or cold

sensation changed to a ‘hurt feeling’ to determine their heat and

cold pain thresholds, respectively. Following the participant’s

response, the thermode immediately returned to baseline tem-

perature (32�C). To ensure participant safety, upper and lower

limits of 50�C and 0�C were used for heat and cold pain thresh-

olds, respectively. Three consecutive heat and cold trials each

were completed with an intertrial duration of 20 seconds. The

heat and cold pain thresholds were defined as the mean of

the 3 trials. The same testing procedures were administered

to the patients and typically developing children, with the

exception of the testing of the pain site and contralateral pain

site in the patients.

Psychosocial Measures

The Behavioral Assessment System for Children (BASC,

version 1) was used for the psychosocial assessment measure.

In 5 children with CRPS-I, version 2 of the Behavioral Assess-

ment System for Children was administered. The assessment is

a validated self-report questionnaire, frequently used to evalu-

ate the emotional and personality factors associated with

chronic pain, including problem behaviors and emotions.26 The

Behavioral Assessment System for Children has been shown to

have good construct validity and good reliability, with internal

consistency ratings ranging from 0.85 to 0.97, and test-retest

reliability ranging from 0.78 to 0.86.26,27 For this study,

T scores for anxiety, depression, social stress, and somatization

were collected. T scores have a mean of 50 and a standard

deviation of 10, where higher scores indicate higher levels of
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the characteristic, and lower scores indicate lower levels of the

characteristic.

Statistical Analysis

Statistical analyses were computed using SPSS (Statistics for

the Social Sciences, v.26, IBM, Armonk, NY). Descriptive

measures were determined for all thermal sensory and psycho-

social data collected. The thermal threshold data were tested

for normality using the Shapiro-Wilk test. Log transformations

of the thermal thresholds were applied to non-normally distrib-

uted data, in order to standardize the data.

Within the patient group, a repeated measures analysis of

variance was used to examine the quantitative sensory testing

thresholds obtained from the pain site and the control pain site

adjusting for pain intensity and duration. Models were also

adjusted for biological sex and age.

Thermal thresholds on the dominant forearm were examined

between the patient and control groups using multivariate mod-

els, adjusting for age, biological sex, and handedness.

Psychosocial measures were assessed in relation to thermal

thresholds using multivariate models. The Behavioral Assess-

ment System for Children subscales of anxiety, depression, and

social stress were entered as the dependent variables in separate

models. The thermal detection and threshold data were entered

as covariates, adjusting for biological sex and age. A P value

of <.05 was considered significant for all statistical tests.

Results

Participant Characteristics

A total of 34 children and adolescents (28 [82%] female parti-

cipants, mean age 12.03 years, standard deviation¼2.4) with

lower limb CRPS-I were recruited for the study. The distribu-

tion of pain sites ranged from the hip to the ankle and foot.

The majority of patients had chronic pain in the foot (10, 29%),

followed by the ankle (7, 21%), leg (5, 15%), and knee

(5, 15%). The other 7 patients had pain in various locations

of the lower limbs. The pain sites were unilateral in all patients.

More than half of the patients had pain on the left side of the

body (19, 56%). The mean pain duration was 8.79 months

(SD ¼ 11.55). The mean pain site temperature was 30.5�C.

The majority of the patients were right-handed (29, 85%). Our

resulting sample of pain-free adolescents was composed of 56

participants (28 [50%] female participants, mean age

15.7 years, SD ¼ 1.1, 49 [88%] right-handed). One typically

developing participant did not complete the quantitative sen-

sory testing protocol.

Quantitative Sensory Testing

The means and standard deviations of the raw thermal detec-

tion and threshold data are in Table 1.

We examined thermal detection and pain thresholds in the

pain site compared to the contralateral site in children with

CRPS-I, using a repeated measures analysis of variance. The

data were adjusted for pain duration and intensity. The effect of

pain sites (pain site vs contralateral pain site) was not signifi-

cant in the warm detection threshold, cold detection threshold,

cold pain threshold, or heat pain threshold (all P > .05) data;

however, pain duration was associated with cold pain thresh-

olds (F ¼ 9.5, P ¼ .005). A subsequent interaction analysis

examined the cold pain thresholds on the pain site and the

contralateral pain site in relation to pain duration (separated

by groups based on a median split of the years of chronic pain

duration, 5.0 months). A significant effect of site and duration

[group] was evident (F ¼ 7.9, P ¼ .01). Children with longer

Figure 1. Stimulation protocol for innocuous and noxious stimuli. Thermal thresholds were assessed using a Medoc Neuro Sensory Analyzer
TSA-II with a 3 � 3-cm probe. The stimuli were applied to the pain site (thigh, calf, ankle, or foot) to the contralateral nonpainful site and to the
volar surface of the dominant forearm. Measures were determined in a structured sequence using the method of limits. The baseline
temperature was 32�C, and noxious and innocuous temperatures were increased or decreased. Participants were trained to detect the
following: warm detection threshold (WDT), cold detection threshold (CDT), heat pain threshold (HPT), and cold pain threshold (CPT).
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pain durations (>5.1 months) were less sensitive to cold pain on

the pain site compared to the contralateral pain site (F ¼ 5.0,

P ¼ .04, Figure 2), based on a post hoc analysis and correcting

for multiple comparisons. An opposite pattern was seen in the

children with shorter pain durations; however, this association

was not significant (F ¼ 3.5, P ¼ .09), based on a post hoc

analysis.

Adolescents with CRPS-I had comparable thermal detection

and threshold levels to that of pain-free adolescents on the domi-

nant forearm (all, P > .06). Age effects were evident in the cold

detection threshold (F ¼ 7.5, P ¼ .007) and warm detection

threshold (F ¼ 4.3, P ¼ .04) data. Biological sex or handedness

effects were not evident in the data.

Psychosocial Measures

The self-report version of the Behavioral Assessment System

for Children was completed by all patients. Thirty-nine (70%)

typically developing children completed the Behavioral

Assessment System for Children. The measures were not

obtained in the full sample of typically developing children

due to limited resources. Anxiety scores for both groups of

children were largely in the typical range, and the mean scores

for patients (49.3, SD ¼ 9.67) and controls (48.7, SD ¼ 9.97)

were not significantly different (P ¼ .8). More than a third of

the patients (33%) had anxiety scores that were elevated (i.e.,

more than 0.5 SD above average; scores > 56), and a quarter

(26%) of the typically developing children also had anxiety

scores in the elevated range. Similarly, depression and social

stress scores were comparable between groups (both P > .5).

Few depression scores for the patients (4, 13%) and the controls

(3, 8%) were in the clinically significant range.

Within the patient group, increased pain intensity was

associated with higher anxiety scores (F ¼ 5.2, P ¼ .03;

Figure 3) in a model adjusting for pain duration and age.

Additionally, girls with chronic pain had higher anxiety

(F ¼ 5.6, P ¼ .03; Figure 4A) and depression scores (F ¼ 5.4,

P¼ .03; Figure 4B) compared with boys. None of the Behavioral

Assessment System for Children–Self-Report scores were

associated with pain duration (all, P > .05). Depression and social

stress scores were not associated with pain intensity ratings

(all, P > .05).

Figure 2. Cold pain thresholds (lg10) on the pain site compared to
the contralateral pain site in children with lower limb CRPS-I who had
short durations of chronic pain (left, <5 months) and those who had
longer pain durations (right, >5.1 months). Values represent the
estimated marginal means from repeated measures analysis of
variance conducted for short and long pain durations separately.
Children with longer pain durations had detected cold pain at lower
temperatures, and were less sensitive to cold pain, on the pain site
compared to the control pain site (F ¼ 5.0, P ¼ .04), Bonferroni
corrected for multiple comparisons. *P < .05.

Figure 3. Elevated anxiety scores on the BASC-SR were associated
with higher pain intensity ratings in children with CRPS-I (F ¼ 5.2,
P ¼ .03). BASC scores are T scores that have a mean of 50 and a
standard deviation of 10. Higher scores indicate more severe anxiety
symptoms. BASC-SR, Behavioral Assessment System for Children–
Self-Report; CRPS-I, complex regional pain syndrome type 1.

Table 1. Thermal Detection and Threshold Data for Typically Developing Children and Children With CRPS-I.

Dominant arm WDT CDT HPT CPT

Typically developing 33.76 (1.02) 30.9 (.82) 39.95 (4.05) 17.98 (10.3)
CRPS-I 34.3 (2.2) 29.8 (4.3) 40.2 (4.3) 18.2 (9.4)

Pain Site 37.5 (3.6) 28.5 (2.9) 41.3 (4.1) 18.9 (10.3)
Contralateral pain site 36.5 (2.8) 29.1 (2.12) 41.3 (3.7) 18.2 (10.2)

Abbreviations: CDT, cold detection threshold; CPT, cold pain threshold; CRPS-I, complex regional pain syndrome type 1; HPT, heat pain threshold; WDT, warm
detection threshold.
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The somatization scale is only available for children�12 years

of age. Somatization scores were available in patients

aged�12 years (n¼ 14) and were significantly higher for patients

in comparison to controls (t¼ 2.96, P¼ .009). As only data from

less than half of the sample were available, the somatization

scores were excluded from the subsequent analyses.

The Behavioral Assessment System for Children–

Self-Report scores were examined in relation to thermal thresh-

olds obtained on the dominant forearm in patients and controls

in 3 separate models, 1 for each Behavioral Assessment System

for Children subscale (anxiety, depression, social stress),

adjusted for biological sex and age. None of the Behavioral

Assessment System for Children scores were associated with

the thermal detection or pain threshold data on the dominant

arm (P > .1). Group and biological sex effects were not signif-

icantly associated with anxiety, depression, or social stress

scores (all P > .05).

Lastly, the models were repeated to examine within the

patient group the association of the Behavioral Assessment Sys-

tem for Children–Self-Report scores with the thermal detection

and pain threshold data obtained from the pain site and the con-

tralateral pain site. Anxiety, depression and social stress scores

were not associated with threshold data from the pain site (all, P

> .05). However, higher anxiety scores on the Behavioral Assess-

ment System for Children–Self-Report were negatively associ-

ated with warm detection thresholds (F¼ 6.9, P¼ .02; Figure 5)

on the contralateral pain site, whereby higher scores were

associated with increased sensitivity to warm stimuli. Higher

anxiety scores were also negatively associated with cold detec-

tion thresholds (F¼ 5.0, P¼ .04), on the contralateral pain site in

patients. Additionally, biological sex (F ¼ 5.6, P ¼ .03) was

significant in the model. A subsequent interaction analysis exam-

ining biological sex and cold detection thresholds revealed no

statistically significant association (F¼ 1.8, P¼ .2). Social stress

was also associated with warm detection thresholds on the con-

tralateral pain site (F ¼ 5.0, P ¼ .04).

Discussion

In a group of children with CRPS-I impacting the lower limb,

using quantitative sensory testing to assess sensory functioning,

longer pain durations were associated with decreased sensitivity

to cold pain on the pain site compared to the contralateral pain site.

An opposite pattern was observed for patients with shorter pain

durations in participants with chronic pain who had increased

sensitivity to cold pain on the pain site relative to the control pain

site, athough this relationship was not significant. No deficits in

thermal processing on the dominant (unaffected) arm were evi-

dent in patients with CRPS-I compared with pain-free typically

developing adolescents. Examination of psychological factors

involved in the maintenance of chronic pain, namely, anxiety,

indicated that children with chronic pain with higher levels of

anxiety were more sensitive to warm stimuli but less sensitive

to cool stimuli on the contralateral pain site. Findings suggest that

Figure 4. (A) Girls with CRPS-I had higher anxiety scores on the BASC-SR compared to boys (F ¼ 5.6, P ¼ .03). (B) Girls with CRPS-I had
significantly had higher depression scores compared to boys (F ¼ 5.4, P ¼ .03). BASC scores are T scores that have a mean of 50 and a standard
deviation of 10. Higher scores indicate more severe anxiety or depressive symptoms. Values represent the estimated marginal means from
univariate models conducted for anxiety and depression scores on the BASC-SR separately. Results are Bonferroni corrected for multiple
comparisons. *P < .05. BASC-SR, Behavioral Assessment System for Children–Self-Report; CRPS-I, complex regional pain syndrome type 1.

Figure 5. Anxiety scores and warm detection thresholds (lg10) in
patients with lower limb CRPS-I. BASC scores are T scores that have a
mean of 50 and a standard deviation of 10. Higher scores indicate
more severe anxiety symptoms. BASC-SR, Behavioral Assessment
System for Children–Self-Report; CRPS-I, complex regional pain
syndrome type 1.
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anxiety may be an important risk factor when evaluating soma-

tosensory processing in children with CRPS-I.

Chronic pain can have nociceptive and neuropathic compo-

nents. Clinically relevant nociceptive pain is usually caused by

injury-induced activation of peripheral nociceptors (e.g., tissue

damage, bone damage, inflammation) with pain lessening as the

injury heals.28 In contrast, neuropathic pain, although initiated or

caused by a primary lesion or disease of the somatosensory

system, persists or intensifies despite an absence of evidence

of continuing injury.29 Neuropathic pain is attributable to mul-

tiple mechanisms. Chronic pain is often characterized by spon-

taneous pain, referred pain, hyperalgesia, and allodynia.

Hyperalgesia is pain that is abnormally intense, such as severe

pain evoked by mild- to moderate-intensity noxious stimuli.30

Allodynia is pain evoked by a normally innocuous (nonpainful)

stimulus, such as light touch, cooling, or warmth.30 Both hyper-

algesia and allodynia can be thermal or tactile. Hyperalgesia and

allodynia are thought to occur following injury-induced sensiti-

zation of nociceptive primary afferents, alongside altered central

processing that includes increased responsivity at spinal and

supraspinal levels as well as abnormal responses.30-32

A previous study with a pediatric sample used quantitative

sensory testing to evaluate thermal perception (warm and cold

detection thresholds) in 74 children aged 3-7 years.33 Stimuli

applied to the volar surface of the forearm yielded a mean cold

detection threshold of 29.4�C and a mean warm detection threshold

of 34.5�C. Small peripheral nerve fiber functions were evaluated at

different body sites in a cohort of healthy children and adolescents,

8-17 years of age. Mean cold and warm thresholds on the volar

distal forearm were 30.5�C and 33.7�C, respectively, for the chil-

dren, 8-9 years old, and 31.2�C and 33.1�, respectively for the

adolescents, 14-17 years old.34 In turn, these previously reported

values are comparable to the threshold data obtained in the current

study from the nonaffected dominant forearm in children with

CRPS-I. Additionally no differences in dominant-arm thermal

threshold data was evident between the patients and controls.

A previous study found primarily cold allodynia in children

with CRPS types 1 and 2 with varying pain durations (0.5-72

months).20 In the current study, our results would indicate sen-

sitivity to cold pain stimuli on the pain site in children with

longer pain durations and a trend towards increased sensitivity

to cold pain on the pain site in patients with shorter pain dura-

tions. This finding may reflect peripheral or central sensitiza-

tion that occurs during the preliminary stages of the disease.

Loss of cold pain sensitivity may occur in more chronic cases

of CRPS-I in children. Decreased sensitivity may emerge over

time as a function of chronicity because of the degeneration of

A-delta and C-fibers, previously reported in neuropathic pain

and inflammatory pain conditions.35,36 Future studies with

larger samples of pediatric patients with CRPS-I should be

conducted to address the issue of chronic pain chronicity and

sensory sensitivity to cold pain stimuli.

Previous research has indicated that children with anxiety

symptoms had heightened perceived pain experiences, particularly

related to higher ratings of pain intensity.37 A previous study

reported in a sample of 66 adult patients with CRPS-I that anxiety

was strongly associated with ratings of pain intensity.38 Changes in

the sympathetic nervous system may reflect this association, given

the role that the sympathetic nervous system plays in CRPS-I and

anxiety. Results are consistent with findings in the current study,

which determined a similar association between higher pain inten-

sity ratings and increased anxiety in a pediatric population.

Furthermore, in our study, female participants with CRPS

were found to experience a greater number of psychological

symptoms, including depression and anxiety, compared with

their male counterparts; however the majority of the sample

was female. The present study’s findings have important

clinical implications and warrants the need for an increased

understanding between the association of pain intensity and

anxiety, and should be an area further investigated in relation

to the development of early physical and psychological

treatment plans for pediatric patients with CRPS-I.

Conclusions

In a sample of children and adolescents with CRPS-I affecting the

lower limb, we examined thermal thresholds to warm, cool, heat

pain and cold pain stimuli. We further examined the association of

the thermal threshold data in relation to psychosocial variables

assessed with the Behavioral Assessment System for Children.

Findings indicated that pain duration was associated with

decreased sensitivity to cold pain on the affected lower limb in

children with CRPS-I. Examination of the psychosocial data indi-

cated that chronic pain intensity was associated with higher anxi-

ety scores. Furthermore, higher anxiety and social stress scores

were associated with increased sensitivity to warmth, whereas

higher anxiety scores also predicted decreased sensitivity to cool

stimuli on the contralateral pain site. Findings highlight the

importance of assessing psychological contributors to alterations

in sensory processing in pediatric chronic pain patients. Results

indicating that longer pain durations are associated with altera-

tions in pain sensitivity highlight the importance of early assess-

ment and treatment of CRPS-I in children.
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