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Abstract The use of thermography in the diagnosis and
evaluation of complex regional pain syndrome type 1
(CRPS1) is based on the presence of temperature
asymmetries between the involved area of the extremity
and the corresponding area of the uninvolved extremity.
The interpretation of thermographic images is, however,
subjective and not validated for routine use. The
objective of the present study was to develop a sensitive,
specific and reproducible arithmetical model as the result
of computer-assisted infrared thermography in patients
with early stage CRPS1 in one hand. Eighteen patients
with CRPS1 on one hand and 13 healthy volunteers
were included in the study. The severity of the disease
was determined by means of pain questionnaires [visual
analogue scale (VAS) pain and McGill Pain Question-
naire], measurements of mobility (active range of mo-
tion) and oedema volume. Asymmetry between the
involved and the uninvolved extremities was calculated
by means of the asymmetry factor, the ratio and the
average temperature differences. The discrimination
power of the three methods was determined by the re-
ceiver-operating curve (ROC). The regression between
the determined temperature distributions of both
extremities was plotted. Subsequently the correlation of
the data was calculated. In normal healthy individuals
the asymmetry factor was 0.91 (0.01) (SD), whereas in
CRPSI1 patients this factor was 0.45 (0.07) (SD). The
performance of the arithmetic model based on the ROC
curve was excellent. The area under the curve was 0.97,
the P value was <0.001, the sensitivity 92% and speci-
ficity 94%. Furthermore, the temperature asymmetry
factor was correlated with the duration of the disease
and VAS pain. In conclusion, in resting condition,
videothermography is a reliable additive diagnostic tool
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of early stage CRPS1. This objective tool could be
used for monitoring purposes during experimental
therapeutic intervention.
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Introduction

Complex regional pain syndrome type 1 (CRPSI1) is a
chronic disease which is characterised by severe and
constant burning pain, pathological changes in bone and
skin, excessive sweating, tissue swelling and allodynia.
The syndrome is thought to be a nerve disorder that
occurs in patients after trauma or surgery at the site of an
injury, most often presented in the extremities. This rare
disease could simultaneously or subsequently affect
nerves, skin, muscles, blood vessels and bones. The
symptoms of CRPS1 vary in severity and duration. There
are, however, different stages of the disease that are
marked by progressive changes in visible signs. In the
first phase, the acute stage of the disease, severe burning
pain at the site of the injury is observed. Furthermore,
muscle spasm, joint stiffness, restricted mobility, rapid
hair and nail growth, and vasospasm that affect colour
and temperature of the skin can occur (Schwartzman and
Popescu 2002). In the second phase, the dystrophic stage
of the disease, which lasts from 3—-6 months, the pain
intensifies, swelling spreads, joints thicken and muscle
atrophy is seen. In the third phase, the chronic/atrophic
stage of the disease, changes in the skin and bones be-
come irreversible and pain spreads throughout the entire
limb (Bruehl et al. 2002). Although it can occur at any
age, the number of CRPSI cases among adolescents and
young adults is increasing. It is more common between
the ages of 40 and 60 years and affects mainly women
(60-75%). It has been estimated that 7.2% of patients
with peripheral nerve injury will suffer from CRPSI1
(Sandroni et al. 1998), whereas for wrist fractures the



incidence varies from 7 to 37% (Raja and Grabow 2002).
How CRPSI1 progresses into being such a disabling dis-
order is not yet known. So far it is poorly understood
how a minor injury can result in such a stage with far
greater pain and discomfort than was ever observed in
the healing period after the initial injury (Veldman et al.
1993). It is quite certain that damaged nerves of the
sympathetic nervous system, which are responsible for
blood flow and temperature, play an important role in
the development of CRPSI (Huygen et al. 2001). Fur-
thermore, the release of bio-active inflammatory media-
tors such as neuropeptides, cytokines and eicosanoids
also contribute to the acute signs of the disease such as
pain, loss of function, redness, swelling and increasing
temperature (Birklein et al. 2001a, Huygen et al. 2002).
Therefore CRPS1 seems to resemble neurogenic inflam-
mation, sympathetic dysfunction or possibly an interac-
tion between both (Birklein et al. 2001b). Diagnostic
criteria for CRPS1 have been extensively described by
Bruehl et al. (1999). Diagnostic criteria sets of CRPSI1
focus on many different aspects of sensory and auto-
nomic features that generally are described vaguely (Van
de Beek et al. 2002). Objective, diagnostic tests that could
be performed include a three-phase bone scan, which is
sensitive within the first 20-26 weeks of the onset of
CRPSI1. X-rays usually show osteoporotic changes in
chronic stages of CRPS1 (Matsumura et al. 1996). Blood
tests will normally demonstrate normal biochemistry

Table 1 Demographic scores (based on Oerlemans et al. 1999b)
and percentage of total score for patients with complex regional
pain syndrome type 1 (CRPS1). VA4S Visual analogue pain score,
MPQ McGill Pain Questionnaire, AROM active range of motion,
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estimations (Sandroni et al. 1998). Most oedema volume
measurements are not validated and therefore they are
open to a question of doubt. Thermographic imaging for
measuring skin temperature, which reflects vasomotor
activity (Uematsu 1985) and inflammation, could there-
fore be a worthwhile tool for the diagnosis and moni-
toring of CRPSI in the acute stage of the disease.

The aim of the present study was to assess the sen-
sitivity and specificity of computer-assisted infrared
thermography in patients with early stage CRPS1 in one
hand. As a result, an asymmetric temperature factor to
characterise the presence and severity of CRPSI has
been calculated. This paper describes a reliable com-
puter-calculated method of collecting thermographic
data that eliminates subjective biases and is suitable for
longitudinal follow-up measurements during experi-
mental treatment of CRPSI.

Methods

Patients and controls

The study was approved by the local medical ethical committee of
the Erasmus MC (MEC no. 198.780/2001/24). All patients gave
their informed consent. The study was performed on 18 patients, 16
women and 2 men (mean age 44.8 years, range 22—68), with the
diagnosis of unilateral CRPSI in the hand or wrist, who were
referred to the Pain Treatment Centre of the Erasmus MC of
Rotterdam from spring 2002 to autumn 2002 (Table 1). CRPSI

Vol. diff. volume difference between the uninvolved hand and the
involved hand, Temp. diff. temperature difference between average
temperature measured with tympanometer in the uninvolved and
the involved hand, ISS impairment level sumscore

Subject Age (years)/sex Disease duration VAS MPQ AROM Vol. diff. Temp. diff. Total ISS
no. (months)* (0-10)° (0-10)° (0-10)¢ (0-10)° (0-10)" (%)®
1 22/F 7 10 9 10 10 3 84
2 42/F 7 4 9 2 1 46
3 25/F 12 2 5 7 6 10 60
4 53/M 4 4 4 4 1 1 28
5 40/F 12 8 7 9 2 4 60
6 43/F 4 5 9 6 10 3 66
7 25/F 3 7 7 9 10 10 86
8 46/F 12 10 10 7 4 1 64
9 49/F 3 6 9 9 4 1 58
10 36/F 1 6 8 10 1 2 54
11 68/F 2 5 7 8 8 10 76
12 53/M 10 6 2 5 1 5 38
13 48/F 8 6 10 7 3 3 58
14 51/F 6 6 5 7 1 7 53
15 63/F 6 5 6 5 1 1 36
16 54/F 1 3 6 7 1 2 38
17 32/F 3 7 3 6 1 1 36
18 56/F 1 6 7 9 2 4 56
Mean 44.8 5.4 6.1 6.6 7.4 3.8 3.8 55.4
SD 12.9 3.9 2.0 2.4 1.8 35 3.3 16.5

“Time from initial event till the day of measurement in months
A score of 0 represents no pain, a score of 10 represents the
maximum pain on the day of measurement

“The number of words chosen from a list of 20, categorised in
blocks of two words

4A score of 1 represents no limitation in motion, a score of 10
represents a maximum limitation in movement

*Minimum difference results in a score of 1, maximum difference
results in a score of 10

A difference of 0.2°C results in a score of 1, a difference of >2°C
results in a score of 10

&Sum of all scores (VAS, MPQ, AROM, vol. and temp. diff.),
maximum score of 50
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was diagnosed according to the criteria defined by Bruehl et al.
(1999). Only patients defined as phase 1 or 2, and therefore ex-
pected to exert a significant increase in temperature in the affected
hand, were included in the present study.

Thirteen healthy volunteers, without any history of neuro-
trauma or vasculair disease, (10 women and 3 men) served as a
control group (mean age 33.3 years, range 23-53).

Observations and measurements

Questionnaires were used to describe pain, physical limitations and
quality of life. In our study two sets of parameters to represent pain
were used, the visual analogue scale (VAS) and the McGill Pain
Questionnaire (MPQ, Dutch version). The VAS is a reliable and
valid instrument for the measurement of pain intensity (Carlsson
1983). It is used to measure the momentary pain, the worst pain,
the least pain and how much pain was tolerated in the previous
24 h. Scores range from 0 (no pain) to 10 (most intense pain). The
MPQ is a reliable and valid tool for measuring the amount of pain
in a variety of complaints (Lowe et al. 1999); from the list of
adjectives, the total number of words chosen was used in the
present study; a maximum of 20 words can be marked in the list.
The active range of motion (AROM) was used to reflect physical
dysfunction. Scores from both the unaffected hand and the affected
hand were measured, and the differences in range of motion from
five joints were recorded (range 1-5 points per joint, 5 points for
maximal limitation, Oerlemans et al. 1999b). The presence of oe-
dema in the affected limb was measured in comparison with the
unaffected hand. The percentage differences in volume were
determined after successive immersion of both hands in a tube
containing water of approximately 30°C. The amount of displaced
water was weighed on-line through a laboratory balance (Sartorius,
Breukelen, The Netherlands; accuracy 1 g), based on the method
described by Fereidoni et al. (2000).

Skin temperature measurement with videothermography

Skin temperature of both hands was measured with a computer-
assisted infrared thermograph (ThermaCAM SC2000, Flir Sys-
tems).

The thermal sensitivity of the thermograph is 0.05°C at 30°C,
the spectral range is 7.5-13 um and the built-in digital video is
320%x240 pixels (total 76,800 pixels). Data were obtained through a
high-speed (50 Hz) analysis and recording system coupled with a
desktop PC (ThermaCAM Researcher 2001 HS). Thermograms
were stored on a hard disk (14-bit resolution) for further analysis.
With an interval of —40°C to 120°C this results in a resolution of
9.8x107°°C per bit, which fits well in the range of the thermal
sensitivity. The thermograph camera produces a matrix of tem-
perature values. These temperature values each represent a pixel in
the image measured. The distance between the objective and the
hand being measured was set at 68 cm. Thereby the resolution on
the hand was 0.8x0.8 mm>. To obtain only those pixels that rep-
resented the extremity, the data were filtered by a threshold. On
average one extremity is represented by 23,540 pixels (approxi-
mately 32.5% of total pixels recorded; Table 2). For further anal-
yses a frequency table was calculated; the classes consist of
temperatures with an interval of 0.1°C. Because the range of tem-
perature is different between both hands, the maximum tempera-
ture is defined as the highest temperature in the involved hand,
whereas the minimum temperature is defined as the lowest tem-
perature in the uninvolved hand. The temperatures that do not
occur in a hand are given a class value of zero. In this way both the
frequency tables represent the same range of temperature. Both
hands were recorded in a predefined position with the aid of a
Plexiglas curved frame with positioning points between digit 1 and
digit 2, and between digit 3 and digit 4. Plexiglas was used because
of the high resistance to conduct heat and the inability to conduct
infrared. Furthermore, the curved frame was suspended by a box of

the same material to minimise the influence of airflow. The emissive
factor of the skin was predefined to be 0.98.

Measurement with tympanic thermometer

Skin temperature of both hands was measured by a tympanic
thermometer (M3000A, First Temp Genius). The thermal sensi-
tivity of the thermometer is 0.05°C at 30°C. Five measuring points
on both extremities were marked with a predefined matrix, which
was based on the method described by Oerlemans et al. (1999a).

Calculation methods for thermography

Method 1: asymmetry factor

This method determines the asymmetry factor (correlation) be-
tween the two calculated frequency tables derived from the images,
with the following equation:

i=max (i) i=max (i) i=max (i)
N Y LR-| 3 L SR
i=1 i=1

i=1
i=max (i) i=max (i) 2 i=max (i) i=max (i) 2
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where p is the asymmetry factor (0<p<1), L; represents class
values (temperature) left extremity (number of pixels), R; represents
class values (temperature) right extremity (number of pixels), 7 is
the total number of classes and N is the total number of pixels that
represent an extremity.

p(L,R)=

Method 2: ratio

This method calculates a weight factor for each class by means of
the product of each class with this frequency. The product is then
summed from the first to the last class.

This method was performed for the data of both extremities.
The values of the healthy side and the CRPSI side were then di-
vided. A cold CRPSI will be represented by a ratio <1 and a warm
CRPSI1 by a ratio > 1.

Method 3: mean difference in temperature

The mean temperature recorded by the videothermograph of each
extremity was calculated. The absolute difference was determined
by subtracting the mean temperature of the uninvolved extremity
from the mean temperature of the involved extremity.

Calculation methods for the tympanic thermometer

The mean of five standard points measured on each extremity was
calculated. Thereafter the difference between the means was
determined.

According to Oerlemans et al. (1999a), impairment level sum-
scores from 1-10 were given for the increase of mean surface
temperatures.

Reproducibility

The following observations in the development of standardised
thermographs were performed. From five healthy controls during
5 days, thermographs of both hands were obtained once a day
under standardised conditions. One further measurement was made
6 weeks later. Room temperature was maintained between 22 and
24°C. Prior to investigations no cold or hot drinks were taken.
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Table 2 Video thermographic measurement compared to tympanic measurement: calculation methods. Mean temperatures for controls

and patients ranged from 29 to 33°C and 28 to 34°C respectively

Subject Age (years)/ Disease duration Average Average Ratio? Asymmetry Absolute No. of No. of
no. sex disease(months)®  difference difference factor® difference in pixels pixels
video*(°C)®  tympanicS(°C)° total pixels right® left"
left and rightf
CRPS1 patients
1 22/F 7 0.84 0.68 0.61 0.37 33 20,053 20,020
2 42/F 3 0.87 0.32 0.92 0.22 511 21,473 20,962
3 25/F 12 3.08 2.7 1.3 0.13 149 20,408 20,557
4 53/M 4 0.31 0.1 0.97 0.79 373 31,562 31,935
5 40/F 12 0.65 0.8 1.41 0.06 683 20,909 21,592
6 43/F 4 0.92 0.72 0.91 0.91 619 24,377 23,758
7 25/F 3 0.38 342 1.16 0.45 1008 20,975 21,983
8 46/F 12 2.39 0.26 0.55 0.28 682 22,604 21,922
9 49/F 3 3.09 0.06 0.97 0.09 444 27,536 27,092
10 36/F 1 2.26 0.52 1.14 0.61 430 27,123 27,553
11 68/F 2 2.55 2.66 0.31 0.76 973 24,908 25,881
12 53/M 10 0.46 1.04 0.82 0.16 232 26,546 26,778
13 48/F 8 0.26 0.64 0.96 0.77 693 23,933 24,626
14 S1/F 6 1.09 1.56 0.93 0.15 1041 24,088 23,047
15 63/F 6 0.45 0.3 0.62 0.47 802 18,973 18,171
16 54/F 1 4.74 4 0.52 0.72 1224 20,019 18,795
17 32/F 3 0.26 0.1 1.01 0.44 666 24,559 23,893
18 56/F 1 0.85 0.94 1.01 0.76 592 24,724 24,132
Mean 44.8 5.4 1.4 1.2 0.9 0.5 619.7 23,598.3 23,483.2
SD 12.9 3.9 1.3 1.2 0.3 0.3 318.4 3,267.2 3,473.9
Controls
1 47/F - 0.34 0.46 1.02 0.85 690 24,482 23,792
2 27/M - 0.27 0.12 0.96 0.9 1984 30,042 28,058
3 24/F - 0.22 0.76 1.02 0.91 731 28,199 27,468
4 53/F - 0.36 0.88 1.06 0.92 500 23,702 23,202
5 27/M - 0.46 0.23 1.02 0.95 89 27,364 27,275
6 30/F - 0.16 0.45 1.03 0.96 414 25,341 25,755
7 27/M - 0.16 0.56 0.95 0.87 480 29,838 30,318
8 47/F - 0.07 0.78 0.98 0.96 501 25,325 24,824
9 30/F - 0.47 0.43 0.98 0.9 118 11,865 11,983
10 28/F - 0.31 0.67 1.01 0.9 1262 10,035 8,773
11 30/F - 0.2 0.89 0.99 0.86 439 14,533 14,094
12 40/F - 0.32 0.78 1.15 0.92 269 16,314 16,045
13 28/F - 0.28 0.99 1.04 0.94 162 27,987 27,825
Mean 33.7 - 0.3 0.6 1 0.91 587.6 22,694.4 22.262.5
SD 9.6 - 0.1 0.3 0.1 0.04 521.7 7,000.7  7,051.2

“Disease duration, time from initial event till the day of measure-
ment in months

®Absolute difference in mean temperature between the left and
right extremities, measured with the thermograph

“Absolute difference in mean temperature between the left and right
extremities, measured with the tympanometer

dRatio between area under histograms (left/right) after video
thermography

Subjects were kept in the observation room for at least 15 min
before temperature was measured. Prior to measurements, both
hands were positioned on a curved Plexiglas frame, which was fixed
in an open tray of the same material. The fingers were positioned
divergent in order to detect temperatures in between them.
Asymmetry calculations on the distribution of surface temperatures
were made and the deviation within a series of five consecutive
measurements in 1 week and with an interval of 6 weeks was
determined.

Statistical analysis

For comparison of non-parametric data between CRPSI1 patients
and healthy controls, the Mann-Whitney U and Spearman tests
were used. Data are given as means (SD) and medians. P values of

°Figure between 0 and 1 that represents the difference in symmetry
between the left and right extremities

Difference in number of pixels between the left and right hands
ENumber of pixels obtained from the measurement of the right
hand

"Number of pixels obtained from the measurement of the left hand

<0.05 were considered as statistically significant. The reproduci-
bility is calculated by intraclass correlation (two-way mixed abso-
lute agreement), P <0.05 was considered as statistically significant.
The resolving capacity of the different methods were analysed with
the aid of a receiver-operating curve (ROC).

Results

Pain questionnaires, mobility and oedema,
and sickness impact profile

The individual patient scores of pain, expressed by both
VAS and MPQ, are presented in Table 1. The set of data
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to indicate the severity of the disease in each patient was
completed by the AROM score as a measure of physical
dysfunction, the hand volume difference, as indication

Fig. 1 Left panels Representative example of a single measurement
of skin temperatures by a computer-assisted infrared thermograph
in a healthy volunteer (upper sections) and a complex regional pain
syndrome type 1 (CRPS1) patient (lower sections). In these
thermographs each pixel indicated by a designated colour depicts
the corresponding temperature; the distribution of all surface
temperatures found in the restricted area of both hands were
plotted and are shown in the corresponding histograms (middle
panels). Further analysis of this set of data resulted in a correlation
curve, in which the number of pixels of each existing temperature at
the skin surface of the right hand was plotted against the left hand
(coloured regression plots, right panels). In fact these plots are
three-dimensional, the number of pixels per temperature in the
right hand being the first parameter, the number of pixels per
temperature in the left hand being the second parameter, and the
corresponding temperature being the third parameter. The calcu-
lated asymmetry factor in the healthy volunteer was 0.96,
compared with that of 0.37 in the CRPS1 patient due to the
right-shifted histogram of the CRPS1 hand

for inflammation-related oedema and the difference in
the mean surface skin temperature of the hand (Table 1)

Reproducibility of temperature measurements
in healthy controls

In order to determine the asymmetry factor between a
single measurement of the palmar sites of both hands,
videothermographs were obtained under standardised
conditions as described in Methods. In Fig. 1 examples
of a healthy control (upper panels) and a CRPS1 patient
(lower panels) are given. Each pixel indicated by a
chosen colour depicts the corresponding temperature.
Thereafter the distribution of all surface temperatures
found in the restricted area of both hands was plotted as
shown in the corresponding histograms. Further analy-
sis of this set of data is shown in an asymmetry (corre-
lation) curve (coloured regression plots right panels of
Fig. 1). Repeated measurements of five healthy controls,
which were obtained during 5 consecutive days (reli-
ability) revealed an intraclass correlation of 0.78
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Fig. 2 Representative example of the successful treatment of early
stage CRPS1 by topical application of 50% dimethylsulfoxide
cream during a follow-up period of 12 weeks (week 0: prior to
treatment; week 12: end of treatment). Dashed line 4 and For
direct comparison in this figure, the calculated temperature
asymmetry factor, derived from the left- and right-hand plotted
number of pixels per corresponding temperature, was expressed as
[(1-factor)x100%)]. Bold continuous line and ® Total scores
(precentages of total) as a sum of visual analogue score pain,
McGill Pain Questionnaire, oedema volume and EuroQol. The
correlation between these two trend analyses was 0.76 (P <0.01)

(P<0.02) for the asymmetry factor. An intraclass cor-
relation of 0.86 (P <0.01) was obtained with an interval
of 6 weeks for the determination of the asymmetry fac-
tor (stability).

In Table 2, the ratios for the healthy/CRPS1 areas
under the temperature histogram as presented in Fig. 1
(middle panels) are given. Furthermore, the asymmetry
factors derived from the number of pixels per tempera-
ture as plotted in the right panels in Fig. 1 were calcu-
lated. In order to evaluate the asymmetry factor as a
prognostic value, it is plotted against the results derived
from the methods (as presented in the section ‘Obser-
vations and measurements’) during the development of
the disease. Six patients (patient numbers 2, 4, 7, 9, 12
and 17 in Table 1), who used DMSO (dimethyl sulfox-
ide) cream, which is a standard therapy in The Nether-
lands (Zuurmond et al. 1996), were monitored during 12
consecutive weeks. A representative graph of patient
no. 9 is displayed in Fig. 2. In order to investigate a
relationship between temperature asymmetry and clini-
cal parameters, correlations were calculated from data
from all patients as listed in Table 1. In Table 3 the
significant correlations are given. The momentary VAS
pain correlated with the asymmetry factor (r=0.40 and
P=0.04). The duration of the disease correlated nega-
tively with the asymmetry factor (r=-0.45 and

Table 3 Spearman correlation coefficients (Corr.) between dura-
tion of the disease, VAS pain and temperature asymmetry factor in
18 patients with CRPSI

Disease duration ~ VAS pain  Asymmetry
(months) (0-100) factor(0-1)
Disease duration  — Corr. 0.22  Corr. —0.45
(months) P=0.19 P=0.03
VAS pain corr. 0.22 - Corr. 0.40
(0-100) P=0.19 P=0.04
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Fig. 3 Graphics of the calculated receiver-operating curve curves
comparing different methods. ® Asymmetry factor calculated as
described in Methods and presented in Fig. 1, A ratio of area under
histograms as plotted in Fig. 1, @ difference of mean left and mean
right temperatures as determined by tympanic thermometer, 4
difference of mean left and mean right temperatures as determined
by videothermography. An area larger then 0.81 is statistically
significant. The following intervals indicate guidelines of the
accuracy of the tests described in this paper: (sensitivity—specificity)
. 1-0.9=-excellent, 0.9-0.8=good, 0.8-0.7=fair, 0.7-0.6=poor
and 0.6-0.5 =fail

P=0.03). Other clinical parameters were not correlated
with the asymmetry factor. The number of pixels per
paired sample selected from the right and the left hands
showed excellent correlation in all 31 subjects (correla-
tion 0.991, P=0.000). Thus, the temperature asymmetry
factor is not influenced by differences in the number of
pixels recorded from the left extremity and the right
extremity.

Calculated ratios are dependent on the increase of skin
temperature in the CRPS1 hand, whereas the asymmetry
factors are independent of differences in temperature
but reflect distribution of common temperatures.

To determine which method has the highest sensi-
tivity and specificity, the ROC curves were calculated
and plotted as presented in Fig. 3. Based on interpre-
tation of the curves, the average video thermography
values have no discriminating power. The average tym-
panic temperature has some, but not significant, power.
The ratio method based on video thermography has a
useful and significant power. The most discriminating
power is, however, reached by the calculation of the
asymmetry factor derived from video thermographs.

Discussion

In 1998 Jones published a reappraisal of infrared ther-
mal imaging of the skin. It was well known that
abnormalities such as malignancies, inflammation and
infection cause localised increases in temperature, which
are shown as hot spots or as asymmetrical patterns in an
infrared thermograph. The transfer of military technol-
ogy to medical use has prompted this reappraisal of
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infrared thermography in medicine. If thermographs are
captured under controlled conditions, they may be
interpreted readily to diagnose certain conditions and to
monitor the reaction of a patient’s physiology to thermal
and other stresses (Jones 1998).

CRPSI1 is associated with complex disturbances of
the sympathetic nervous system, which also controls
microcirculation of the skin. Circulatory skin changes
are in turn reflected by altered superficial thermal
emission, which can be reliably imaged by thermogra-
phy. Such thermographic findings often appear before
skin or roentgenographic changes become manifest and
may therefore be helpful in early diagnosis (Pochaczev-
sky 1987).

Thermography has been shown to be an effective way
to monitor near-surface blood flow in the limbs and to
be sensitive to changes accompanying painful condi-
tions. The usefulness of this technique for early detection
of CRPSI has been demonstrated (Karstetter and
Sherman 1991).

Although thermography is still believed to be non-
specific, one of the most exciting advantages of infrared
videothermography is the readily available display which
detects precisely hitherto unrecognised problems that
affect a patient’s physiology. At first sight in a number
of cases, intensity and the extensiveness of the problem
could be judged in comparison with the unaffected hand.

In our setup, the reproducibility of repeated vide-
othermographic measurements proved to be over 95%.
The computerised regression of the number of pixels per
interval of 0.1°C was easily displayed regardless of
whether symmetry existed between both hands or not.
To date, the mean areas (mm?) of temperature above
basal peak temperature, e.g. in ranges of 0.2°C, have
usually been calculated (Koyama et al. 2000).

Under normal conditions the degree of thermal
asymmetry between opposite sides of the body is very
small. Using computerised telethermography in normal
persons, the skin temperature difference between sides of
the body was only 0.24 (£0.073)°C. In contrast, in pa-
tients with peripheral nerve injury, the temperature of
the skin innervated by the damaged nerve deviated by an
average of 1.55°C (Baron et al. 2002). Data obtained
from 40 matched regions of the body surface of 90
asymptomatic normal individuals showed temperature
differences for the leg of 0.27 (£0.021)°C and for the
foot 0.38 (£0.033)°C. These values were reproducible in
both short- and long-term follow-up measurements over
a period of 5 years (Uematsu et al. 1988). In our pop-
ulation of 18 patients, we found a mean temperature
difference between both hands, as determined by vide-
othermography, of 1.4 (£1.3)°C (range 0.3—4.7°C).

In a study by Oerlemans et al. (1999a), in healthy
volunteers, skin temperature differences between both
hands were measured with an infrared tympanic ther-
mometer to provide insight into the relationship between
dorsal and palmar temperature differences. Skin tem-
perature of the hand differed with the site where it was
measured; differences between sites changed over time.

The mean absolute differences in skin temperature be-
tween dorsal and palmar aspects of the hands were
similar (0.30°C and 0.25°C respectively) and they were
comparable with differences found by Uematsu et al.
(1988). We found that the temperature differences be-
tween involved and univolved hands were significantly
higher. This could be due to the disadvantages of con-
tact thermography and infrared tympanic thermometry
which are limited by the number of spots which can be
monitored following a standardised matrix protocol
(Sherman et al. 1996). Both the surface area of a certain
skin temperature and the temperature range are not
considered using these methods.

The usefulness of thermographs for the evaluation of
chronic pain has been investigated earlier. Sherman et al.
(1987) described that the stability and symmetry of
thermographic patterns over time among both healthy
subjects and subjects whose pain remained at the same
intensity across several recordings were both high and
consistent. They reported thermography to be an
excellent tool for monitoring changes in pain related to
variations in near-surface blood flow. They found a
good relationship between changes in pain intensity and
changes in symmetry of heat patterns. Thermography
had mixed usefulness in differentiating pain-free from
pained subjects reporting knee pain (efficiency 98%), leg
pain and back pain (efficiency 56%). In a later study
these investigators reported new findings concerning the
clinical usefulness of skin temperature patterns for
tracking CRPS1 by assessing changes in pain. In chronic
CRPS1 patients, thermographs were usually cooler on
the most painful side, but the amount of relative cool-
ness was not proportional to pain intensity (Sherman
et al. 1994). The authors therefore concluded that vide-
othermography is not an appropriate tool to use alone
for single-session diagnosis of CRPSI. In a large popu-
lation of healthy soldiers it was impossible to predict
from any thermographic measurement on the lower
limbs which soldiers were most likely to develop lower
limb pain as a result of training. On the contrary, sol-
diers reporting lower limb pain produced abnormal
thermographs. It was concluded that, in general, ther-
mographs were of little value for predicting stress-in-
duced lower limb pain (Sherman et al. 1995).

Skin temperature measurements at all fingertips un-
der resting conditions and continuously monitored
during controlled modulation of sympathetic activity
have been described recently in CRPS1 patients, in pa-
tients with painful limbs of other origin and in healthy
individuals (Wasner et al. 2002). The results showed
only minor skin temperature asymmetries between both
limbs under resting conditions in most CRPS1 patients.
During controlled thermoregulation, however, temper-
ature differences between both sides increased dynami-
cally in CRPSI patients. The sensitivity was 32% in
resting conditions and increased up to 76% during
controlled alteration of sympathetic activity. Although
measurements were performed at fingertips only, the
authors concluded that skin temperature differences in



the distal limbs are capable of reliably distinguishing
CRPSI1 from other extremity pain syndromes. A com-
parison between temperature asymmetry and intensity
of pain or immobility was not made in the study
(Wasner et al. 2002).

In another study, 185 patients who were considered
to have CRPS1 were subjected to thermal stress, after
which temperature patterns were evaluated and proba-
bility of CRPS1 was compared with clinical diagnostic
criteria (Gulevich et al. 1997). Based on clinical criteria
and an estimated 50% prior probability, the positive
predictive value was 90% and the negative predictive
value was 94%. Using the asymmetry factor derived
from regression curves of temperature-related pixels of
left- and right-sided hands, we also found a positive
predictive value of 92% (ROC value 0.923).

However, in chronic pain patients who were classified
diagnostically based on computerised thermographic
examination, temperature asymmetry accurately dis-
criminated between CRPS1 and non-CRPSI1 patients at
baseline only. Responses to cold challenge did not dis-
criminate between these two groups (Bruehl et al. 1996).
This could be influenced by the mostly observed ‘cold’
CRPSI1 at later stages of the disease. Considering these
observations, thermographic measurements should be
performed at normal conditions (baseline), and after
thermal stresses and cold challenge. These results should
discriminate between ‘warm’ and ‘cold” CRPSI.

The question remains whether computerised vide-
othermography is a worthwhile tool to monitor patients
who are treated by experimentally applied pharmaceu-
ticals. In our study there is a correlation between
momentary pain, duration of CRPS1 and temperature
asymmetry. From our data it is clear that calculations
based on area under the temperature histograms do not
adequatly represent progress of the disease. Parameters
such as VAS, MPQ, AROM, oedema volume and tem-
perature difference only indicate presence of the disease
when following the criteria as described by Bruehl et al.
(1999). Therefore, further study is needed in order to
correlate the asymmetry factor and other parameters
indicating disease.
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