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Abstract: Skin temperature changes due to vasomotor disturbances are important features of com-

plex regional pain syndrome (CRPS). Because this phenomenon has only been studied under controlled

conditions, information on daily circadian variability is lacking. Also, studies in chronic CRPS patients

with abnormal posturing, in which coldness of the affected extremity is more common, do not exist.

We examined the response to external heating as well as circadian temperature changes over several

days in the affected legs of 14 chronic CRPS patientswith abnormal posturing and 17 controls. Skin tem-

peratures were recorded hourly for 14 days using wireless sensors. Although the patients’ affected ex-

tremitieswere significantly colder before external heating, the vasodilatory responsewas similar in the

2 groups. Additionally, median skin temperature differences between both legs and their variability

was larger in patients than in controls during the day, but not during the night. These findings indicate

that the mechanisms underlying impaired skin circulation in CRPS during daytime are reversible under

certain circumstances. The large variation in skin temperature differences during the day questions the

validity of using a single measurement in the diagnosis of CRPS, and our results indicate that only tem-

perature differences >1.0�C should be considered to reflect vasomotor disturbances.

Perspective: This article shows that chronic CRPS patients have a normal vasodilatory response to

external heating and that skin temperature differences between the affected and unaffected lower

limbs, which were highly variable during daytime, disappeared during sleep. This indicates that part

of the vasomotor regulation in these patients is still functional.
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S
kin temperature changes of the affected limb are an
important characteristic of complex regional pain
syndrome (CRPS).28 In the acute phase of the syn-

drome the skin temperature of the affected side is
commonly perceived as warmer than the nonaffected

limb,whereas in the chronicphase (>6months) theclinical
presentationmay reverse.28 However, about 20 to 30%of
patients have a cold extremity fromonset,3,15 and in some
cases the skin temperature of the affected extremity
continuously varies between cold and warm.13,30

Skin temperature disturbances, addressed from both
the patient’s and clinician’s perspectives, play a promi-
nent role in the Budapest diagnostic criteria of CRPS.9 Lit-
tle is known, however, about skin temperature variability
under normal daily circumstances. Because variability of
skin temperaturemay affect the validity and reliability of
information obtained for the diagnostic criteria, knowl-
edge of its daily behavior may contribute to improve-
ment of the diagnostic process and eventually improve
classification of patient subtypes in this heterogeneous
syndrome. Additionally, little is known about nocturnal
skin temperature regulation in CRPS. Because dermal
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vasomotor changes are important in the circadian
regulation of body heat loss and are associated with
sleepiness and sleep induction,10 information on skin
temperature behavior before and during sleep in the
affected extremity may aid to further clarify the patho-
physiology of blood flow disturbances in CRPS.
There are some indications that abnormal posturing in

CRPS is related to coldness.5 Though this may suggest a
more prominently impaired thermoregulation in this sub-
typeof the condition, proper studieson skin temperatures
in these patients have not been conducted. Therefore, we
examined the response to external heat perturbation as
well as diurnal and nocturnal temperature variability
over several days in chronic CRPSpatientswith anaffected
limb that was also characterized by abnormal posturing.

Methods

Participants
Fourteenpatientswith CRPS type 1 of 1 lower extremity

and a disease duration of at least 6months and17 healthy
controls were included in the study. All patients fulfilled
the Budapest clinical criteria for CRPS9 and suffered
from abnormal posturing—most commonly a fixed
plantarflexion/inversionpositionof theankle incombina-
tionwith restrictions in rangeofmotion,20becausedata in
the present paper were collected as part of a wider study
on abnormal posturing in CRPS.23 Patients were recruited
fromtheoutpatient clinicof theneurologydepartmentof
the Leiden University Medical Center. Control subjects
were excluded if they suffered from peripheral vascular
disease orother conditions that impaired lower limb func-
tion, based on their medical history. The study was
approved by the local medical ethics committee, and
informed consent was obtained from all participants.

Measurements
Two approaches were used to investigate thermoregu-

lation of the lower limbs in patients and controls: 1)
external heat perturbation and 2) long-term skin tem-
perature registration during normal daily circumstances.

External Heat Perturbation and Effect on Skin
Temperature

Skin temperatures were measured in both feet with a
surface thermometer (Testo quicktemp 825-T4; Testo,
Lenzkirch, Germany) while participants were sitting up-
right in a chair with both bare feet on the floor, after a
15-minute acclimatization period in a room of 22 to
23�C (baseline measurement [BM]). A template was
used to ensure exact (re)localization of the thermometer
in each participant, that is, medially at 5 locations at the
dorsum of the foot, which data were averaged after-
wards. Both feet were then heated in a water bath at
37 to 39�C for 5 minutes, and skin temperature was
measured directly after drying (ie, after heating [AH]),
as well as 15 minutes later (15mAH) in the same way.
This protocol was repeated at 7, 14, and 35 days after
the first measurement. Skin temperatures of each partic-
ipant were averaged over these 4 time points. We also

registered whether patients perceived the skin tempera-
ture of the affected side as warmer, cooler, or equal as
compared to the unaffected side at the first measure-
ment. Mean numerical rating scale (NRS) score of pain
prior to baseline temperature measurement was regis-
tered in CRPS patients.

Long-Term Registration

Skin temperature data were collected for 2 weeks with
thermoregistration buttons (TBs) (iButton type DS1922L;
Maxim, San Jose, CA), which have been shown to be a
convenient and reliable tool for this purpose.25 The TBs
weredirectlyplacedon the skinabove theextensordigito-
rum brevis muscle belly on both feet and fixed with Fixo-
mul tape (Beiersdorf, Hamburg, Germany). This location
was marked with a water-resistant marker. Skin tempera-
ture was recorded hourly with a thermal sensitivity of
6.5�C during 14 days. Participants recorded the exact
time they went to bed for the night and the time they
got out of bed—the time in between is referred to as
‘‘night.’’ All remaining temperature data are referred to
as ‘‘day.’’ Participants also documented the periods that
the TBs were removed (eg, during showering), and mea-
surements from 15 minutes before to 15 minutes after
these intervals were excluded. As no information was
available on ambient temperature during the measure-
ments, the absolute differences in skin temperatures be-
tween right and left legs (absDRL) were calculated at all
time points, and their absolute mean differences
(MabsDRL) and standard deviations (SDabsDRL) for day
(/D) and night (/N) per subject were used for comparisons
between groups.

Statistical Analysis

External Heat Perturbation

Differences in skin temperatures between both groups
and sides at all time points were subjected to a mixed
analysis of variance, with time (BM, AH, 15mAH) and
side (affected [patients]/right [controls] vs unaffected
[patients]/left [controls]) as within-subject factors and
with group (CRPS patients vs healthy controls) as
between-subjects factor. The degrees of freedom were
adjusted using the Greenhouse-Geisser estimates for
the tests of within-subjects effects as the sphericity
assumption was violated.6

Long-Term Registration

As data were not normally distributed, not even after
commonly used transformations, differences inMabsDRL
and SDabsDRL between groups during day and night
were analyzedwithMann-Whitney U tests. To determine
the optimal MabsDRL value to discriminate between pa-
tients and controls, receiver operating characteristic
curve analysis was used, where the highest sum of sensi-
tivity and specificity (ie, Youden index) was used as the
optimal cut-off point.
All statistical analyses were performed with IBM SPSS

Statistics, version 20.0 (IBM Corp, Armonk, NY). P values
<.05 were considered significant.
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