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Abstract 

Complex regional pain syndromes (CRPS) have been recognized with increasing frequency in children. These disorders appear to 
differ markedly from those observed in adults. The International Association for the Study of Pain diagnostic criteria for CRPS were 
developed based on adult studies; these criteria have not been validated for children. We performed standardized neurological exam­
ination and quantitative sensory testing (QST) in a group of pediatric patients to characterize features of sensory dysfunction. Forty­
two patients, with unilateral lower extremity CRPS of a mean duration of the pain and symptoms of 12.6 months, who met IASP 
adult-based criteria for CRPS underwent standardized neurological examination and QST. QST parameters were compared to val­
ues previously derived from age- and sex-matched pediatric healthy controls. In most respects, QST parameters did not differ sig­
nificantly between patients and the normal reference values except for cold and heat pain detection thresholds. Anodynia to cold 
and/or heat (P < 0.001) occurred in 21 patients. Cold anodynia was the most common QST abnormality in our patients. Twen­
ty-six patients showed a combination of mechanical dynamic and static anodynia and anodynia to punctate temporal summation. 
There was a significant correlation between mechanical dynamic anodynia and anodynia to punctate temporal summation 
(P < 0.001). As with adult CRPS, the thermal and mechanical sensory abnormalities appear in different combinations in different 
patients with similar clinical presentations. In a majority of patients, the pathogenesis of pain is seemingly of central origin. 
© 2007 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved. 
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1. Introduction 

Injury to peripheral nerves and somatic tissue 
can result in persistent pain and neuropathic-like symp­
toms of aberrant cutaneous sensibility, regional auto­
nomic dysfunction, motor impairment, and disability 
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(Veldman et al., 1993). These constellations of symp­
toms were termed as reflex sympathetic dystrophy 
(RSD) or causalgia, respectively, in cases involving the 
absence or presence of an apparent peripheral nerve 
lesion. The pathophysiology of RSD remains incom­
pletely understood; central neural etiologies (Sieweke 
et al., 1999), peripheral small fiber neuropathy 
(Oaklander et al., 2006) and other mechanisms such as 
exaggerated inflammation involving small nerve fibers 
(neurogenic inflammatory pain) have been implicated 
(Weber et al., 2001). The characteristics of the pain, 
sensory, motor, neurovascular and sudomotor abnor­
malities vary considerably from patient to patient and 
over time (Veldman et al., 1993; Bruehl et al., 2002). 
There has been no diagnostic "gold standard" for these 
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3. Results 

3.1. Patient characteristics and enrollment 

Sixty-three patients presenting at the Children's Hos­
pital Chronic Pain Clinic and fulfilling the criteria of 
CRPS underwent preliminary evaluation. Eight patients 
were excluded: 5 declined participation prior to the for­
mal examination and 3 declined to enroll because of 
severe touch allodynia and intolerance to pain-eliciting 
tests on screening examination. Thirteen patients were 
enrolled and evaluated, but are excluded from the cur­
rent report because QST was performed on sites differ­
ent than the sites examined in the reference control 
study of healthy children (Meier et a!., 2001). Forty­
two patients (40 females, 2 males; ages 13.2 ± 2.6 years), 
all Caucasian, assented/consented to participate, com­
pleted the studies, and were included in the analyses 
reported here. CRPS affected one leg and foot involving 
the right limb in 16 patients and left limb in 26 patients. 
The onset of pain followed a specific noxious event in all 
patients: 13 experienced a sports-related injury, 19 
incurred an incidental sprain/strain, 3 had fractures, 3 
developed pain after surgery, one after recovery from 
spontaneous deep vein thrombosis, and 3 patients sus­
tained minor soft tissue injury. All patients in this study 
reported spontaneous pain at rest (4 intermittent and 38 
constant, median CAS 6.2; IQR 25-75, 4.6-8.2) that 
increased with movement of the affected limb. The mean 
duration of the pain and symptoms was 12.6 months 
(range 0.5-72 months). Patients reported pain of cutane­
ous and deep tissue that was associated with autonomic 
dysfunction and difficulty weight bearing. Most patients 
self-reported pain using sensory pain descriptors rather 
than affective and other pain dimensions on modified 
McGill pain scale; sensory (n = 32), affective (n = 18), 
evaluative (n"= 2), and miscellaneous (n = 4). The fol­
lowing autonomic symptoms and signs were present; 
purple or red color change (n = 28), excessive sweating 
(n = 12), dry skin (n = 15), swelling (n = 25), hair 
increase/decrease (n = 28), and nail growth (n = 7). Skin 
temperature was colder (n = 20) or warmer (n = 5) than 

the unaffected foot. Paired t-test showed significant dif­
ference in skin temperature between the affected 
(28.0 ± 2.3) and unaffected (29.1 ± 1) feet, P < 0.001. 
Twenty-three patients presented with mild-to-moderate 
atrophy and weakness of gastrocnemii muscles and 8 
presented with mild atrophy of quadriceps muscles 
and only one patient exhibited tremor. At the time of 
testing, thirty patients were unable/unwilling to bear 
weight due to pain. None of our patients gave a history 
of, or exhibited clinical evidence of, local or systemic 
inflammatory disease or infection. No patient had a his­
tory or physical examination suggestive of central ner­
vous system injury or stroke as an initiating factor in 
his or her CRPS. 

There were no differences in the median CS, WS and 
VS detection thresholds between the patients' affected 
site and control normal values (Table 1). The median 
cold detection pain threshold was significantly greater 
(cold allodynia) than the median threshold value of 
the normal reference values (26.3 DC vs. 21.5 DC, 
P < 0.001). The median heat pain detection threshold 
was significantly lower (heat allodynia) than the median 
threshold value of the normal reference values (39.1 DC 
vs. 42.3 DC, P < 0.001) (Table 1). Allodynia to cold 
was present in 14 patients, to heat in 7 patients and to 
both cold and heat in 3 patients. No patients displayed 
hypoesthesia to HP or CP detection thresholds 
(Fig. 1). Cold hypoesthesia and hyperesthesia (thresh­
olds for cold sensations below the 2.5th or above 
97.5th percentile threshold of normal reference values) 
were observed in 5 and 3 patients, respectively. Warm 
hypoesthesia or hyperesthesia (warm sensation thresh­
olds above 97.5th or below 2.5th percentile threshold 
of normal reference values) was observed in 4 and 2 
patients, respectively. 

On the unaffected contralateral limb, median values 
of thresholds for CS, WS, VS and CP detection thresh­
olds were not significantly different from those of nor­
mal controls (Table 1). Although all of these patients 
reported no spontaneous or mechanically evoked pain 
in their contralateral limbs, the median values for 
thresholds for HP detection thresholds in the contralat-

Table I 
Comparison of thermal and vibration thresholds between the study group and normal controls 

Sensation CRPS study group (n == 42) Normal controls" (n == 101) P value 
-------------­

Affected foot Unaffected foot Foot Affected vs. controls Unaffected vs. controls 

Cold (DC) 29.4 (27.9-30.5) 30.4 (29.5-30.9) 30.1 (29.1-30.7) 0.08 0.Q7 
Warm (DC) 35.2 (34.5-36.6) 34.9 (34.2-35.9) 35.1 (34.6-36.2) 0.93 0.16 
Cold pain (DC) 26.3 (21.1-29.2) 20.5 (11.0-23.0) 21.5 (12.1-24.5) <0.001" 0.71 
Heat pain (DC) 39.1 (37.5-41.6) 40.7 (38.8-43.1) 42.3 (40.6-44.8) <0.001" <0.01" 
Vibration (!lm) 0.45 (0.20-1.30) 0.65 (0.38-1.00) 0.48 (0.40-0.68) 0.62 0.13 

eRPS. complex regional pain syndrome. Data represent median values with interquartile range (25th-75th percentile) shown in parentheses. !lm, 
micrometers. 

a Meier et al. (200 I). 
" Statistically significant compared with controls (non-parametric Mann-Whitney V-test). 
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