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This study aimed at evaluating the sensitivity, speci-
ficity, reliability and repeatability of observer assess-
ment of thermographic images taken from Complex
Regional Pain Syndrome (CRPS) type 1. A computer
program was developed to let observers rate the
difference between randomly presented thermo-
graphic images of pairs of hands of individuals. The
sensitivity and specificity, and potential learning
effects were measured. Effects of the colours and
rank number of the images were analysed.
The sensitivity was 71% and the specificity 85%. The
repeatability was 0.5267 and the reliability was
0.4967. No significant relation was found between the
rank number and the rating. There was a significant
correlation between the colour pallet and the rating
(r = 0.76).
Although the colour pallet used partly explained the
variance in the rating scores, this study shows that
observer assessment of thermographic images may
distinguish between CRPS1 patients and healthy
controls. However, the reliability and repeatability of
this assessment was rather low.

Keywords : complex regional pain syndrome ; video-
thermography ; observer-dependent.

INTRODUCTION

Complex regional pain syndrome type 1
(CRPS1) is a complication occurring after surgery
or trauma, although spontaneous development has
also been described. CRPS1 is characterised by
signs and symptoms of inflammation and central

sensitisation. The diagnosis can be made using
several different criteria sets, the most popular of
which are the International Association of Pain
(IASP) and the Bruehl et al (4) criteria sets. The
IASP criteria have a high sensitivity but a lower
specificity, whereas the Bruehl criteria have a high
specificity but a lower sensitivity. The IASP crite-
ria are useful for clinical aims and the Bruehl crite-
ria appear to be more useful in research. New IASP
criteria are under discussion (10) and attempts have
been made to obtain a less subjective diagnosis by
using diagnostic tools such as 3-phase bone scan,
X-ray, MRI, fMRI and temperature measurement
devices (1). Until now, however, none of these
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methods has been accepted as a gold standard. Due
to the limited validity of clinical diagnoses, it may
be difficult to differentiate CRPS1 from other dis-
eases, e.g. from functional disorders with disuse.
We have the impression that a false-positive diag-
nosis for CRPS1 is still made too often, especially
in patients with complaints for which no clear
explanation can be obtained about the onset of the
symptoms. 

There are several reports on the use of videother-
mography as a diagnostic tool in CRPS1 (2, 6, 11,

15). Temperature is one of the criteria used in diag-
nosing CRPS, whereby temperature at the surface
of an extremity reflects the result of a complex
combination of central and local regulation sys-
tems. Sherman et al (15) assessed the clinical use-
fulness of skin temperature patterns in diagnosing
CRPS, by observing long-term relationships
between changes in pain due to CRPS and patterns
of near-surface blood flow. Bruehl et al (5) exam-
ined the validity of thermogram derived indices of
autonomic functioning in the diagnosis of CRPS ;
they found that temperature asymmetry accurately
discriminated between CRPS and non-CRPS
patients. Wasner et al (17) evaluated the diagnostic
value of side differences in skin temperature as an
index of induced disturbance to the sympathetic
nervous system ; they showed that skin temperature
differences in the distal limbs proved useful to dis-
tinguish CRPS1 from other extremity pain syn-
dromes with a sensitivity of 76% and specificity of
93%. Gulevich et al (6) showed a high sensitivity
(93%) and specificity (89%) for stress infrared
thermography in the diagnosis of CRPS ; based on
an estimation of 50% prior probability, the positive
predictive value was 90% and the negative predic-
tive value was 94%. In an earlier study we
described a calculation method to examine the dif-
ference between videothermographic pictures of
CRPS1 patients and healthy controls (9). The
mathematical method does not use the arbitrary
conversion of temperature into colour, but merely
the temperature data alone. Mathematical methods
described in the literature used the contralateral
extremity as a comparison, a method which cannot
be utilised when both sides are affected. Mathema-
tical methods used to assess thermographic images

generally use point estimates to describe the tem-
perature of the various regions and do not deal with
all the available data contained in the images. A
common use of thermography involves the search
for thermal spots which do not fit well into the sur-
rounding temperature (e.g. hot spot, cold spot) ;
these spots are then given a rating by observers,
according to their size and shift in temperature.
Using observers to rate these thermographic
images may result in subjective assessment of the
colours in the images. These colours in the image
can range from black to grey, red to blue, green to
yellow, etc. and can also vary in their intensity,
resulting in subjective rating (7). For example, the
colour red might be associated with danger (8)

which could affect differences between the
observers with respect to their ratings. To our
knowledge the validity of observers’ assessments
of thermographic images in discriminating
between patient and controls has not been studied
before. However the advantages of using observers
to rate thermographic pictures include, for exam-
ple, the ability to only rate the affected extremity
and to incorporate the wide range of temperature
patterns that can exist in thermographic data. 

The aim of the present study was to assess the
ability of independent observers to differentiate
between patients with CRPS1 and healthy controls
based on videothermographic images. In addition,
to explore a possible learning effect and to ascer-
tain the influence of the colour pallet used. We also
hypothesised that there would be a relation
between the ISS of CRPS1 patients and the
observers’ rating of their thermographic pictures.

MATERIALS AND METHODS

This controlled study was approved by the Medical
Ethical committee of the Erasmus MC (MEC
n° 198.780/2001/24), and all participants gave informed
consent. Thirteen patients with CRPS1 in one upper
extremity were sequentially included. The diagnosis for
CRPS1 was based on the Bruehl criteria (3, 4). Thermo-
graphic images with visual signs of abnormality (e.g.
visual oedema and visual limited range of motion) were
excluded.

We measured a Visual Analog pain Score (VAS),
the McGill Pain Questionnaire, the difference in active
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range of motion (AROM), and the difference in volume
average temperature between the uninvolved and
involved hand. The ISS was calculated according to
Oerlemans et al (14). The control group consisted of 13
healthy volunteers without any history of vascular
abnormality. 

Measurement procedure

Videothermographic images were recorded following
a standard protocol. Patients were acclimatised in a
room with a mean temperature of 23°C (range : 22.5 to
23.5) and a relative humidity of 50% (range : 45 to 55)
during 15 minutes.

Measurements of the involved and uninvolved
extremity were made with the hands placed in a plexi-
glas frame. Plexiglas has a high emission factor (0.92)
and is a bad conductor of heat. The frame has position-
ing points between digit 1 and digit 2, and between digit
3 and digit 4, which allows to record comparable parts
of the extremity in different patients. The plexiglas
frame is placed in a box of the same material to min-
imise the influence of airflow.

Skin temperature of both hands was registered with a
computer-assisted infrared thermograph (ThermaCAM
SC2000, Flir Systems, Berchem, Belgium). The thermal
sensitivity is 0.05°C at 30°C, the spectral range 7.5 to 13
µm, and the built-in digital video has 320 � 240 pixels
(total 76.800 pixels). Data were obtained through a high
speed (50 Hz) analysis and recording system
(ThermaCAM Researcher 2001 HS, Berchem, Belgium)
coupled with a desktop-PC. Thermograms were stored
on hard disk (14-bit resolution) awaiting further analy-
sis. With an interval of -40°C to 120°C this results in a
resolution of 9.8 � 10-3 °C per bit, which fits well in the
range of the thermal sensitivity. The thermograph cam-
era produces a matrix of temperature values. Each tem-
perature value represents a pixel in the picture measured.
The distance between the camera and the hand being
measured was adjusted to 68 cm ; thereby the resolving
capacity on the hand was 0.8 � 0.8 mm2. To obtain
only those pixels that represent the hand, the data
were filtered by a threshold. On average one hand was
represented by 23.540 pixels.

Measurements

A total of 35 independent observers (anaesthesia
residents, Erasmus MC) were asked to assess the
thermographic images. To become accustomed to the
interpretation of thermographic images, the observers

first received an explanation about the technique
(table I). Examples of images with obvious differences
in typical characteristics between a normal and a CRPS
extremity were shown, and instruction was given about
assessment with a Computerised Visual Analog Scale
(COVAS). A COVAS is a slider with a scale ranging
from zero to ten. In this study zero represented no CRPS
and ten the full-blown CRPS. A computer program was
developed to present at random the individual hands
from a pair simultaneously. So the left and right hand of
either a patient or of a healthy control was shown at the
same time. The observers where asked to rate the differ-
ence between the images on the COVAS scale. In order
to measure the intra-rater reliability, the raters had to rate
each picture twice on the covas ; they were not informed
that all images would be shown twice. The influence of
a possible learning effect was ascertained using the rank
number in which the individual images were presented.
To measure the impact of the colour red on the rating of
the images, the difference in the percentage of the
amount of red between the involved and uninvolved
extremity was calculated. 

Statistical analyses

The analyses were performed with SPSS 12.01. The
sensitivity and specificity of the ratings were calculated
with receiver operative characteristics (ROC) curve
analysis. Statistical comparison of the ROC curves was
performed using the software program ROCkit 0.9,
which incorporates a method developed by Metz et
al (13) to compare correlated ROC curves (16). Intra- and
interobserver reliability were estimated by calculation of
the intraclass correlation (ICC) based on the two-way
random model of either absolute agreement or consis-
tency. In this analysis both the observers as well as the
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Table I. — Explanation given to the observers before they
rated the thermographic images

Contents of explanation

1 Explanation of the technique of thermography : how it
works, what it records.

2 Look for patterns that you think are not normal, e.g., not
a gradual decline but a sudden increase/decrease in
temperature, so-called “hot spots” or “cold spots”.

3 Look for a difference in temperature between the two
hands.

4 Explanation about how the rater scale works (COVAS).
5 Random presentation of the thermographic images.
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images were considered as a random sample. A possible
relationship between colour red and the obtained score
was analysed with a MANOVA for repeated measure-
ments analysis using the scores as a within-subjects
effect, the images as between-subject factor, and the per-
centage of the colour red as a covariate. The following
definition was used to describe the colour red, in the
RGB colour channels the value of the red channel varied
between 30 and 255 and the green and blue channels
were both set to zero. The percentage of the total amount
of red present in the picture was calculated. A potential

effect of rank number of the images on the rating was
analysed with a MANOVA for repeated measurements,
using the above-mentioned model. A level of p < 0.05
was considered to be statistically significant. 

RESULTS

Thirteen patients were included in the study, 11
women and 2 men (mean age : 44 years, SD 13.1,
range : 33 to 58) ; table II presents demographic
data of these patients. Thirteen healthy volunteers,
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Table II. — Demographic data and percentage of total score for patients with complex regional pain syndrome type 1 (CRPS1)

subject Age Disease VAS MPQ AROM Vol.Diff Temp. Total Score Score rep.
no. (years/sex) duration (0-10)b (0-10)c (0-10)d (0-10)e Diff. ISS (average/sd)h (average/sd)i

(Months)a (0-10)f (%)g

1 35/f 3 7 4 9 2 1 46 5.7(2.3) 6.5(1.6)
2 24/f 6 3 6 2 3 10 48 8.1(1.8) 8.0(1.8)
3 40/f 12 8 7 9 3 4 62 1.7(1.7) 2.2(2.0)
4 42/f 4 5 9 6 10 3 66 5.4(2.5) 5.1(2.5)
5 48/f 5 6 9 9 5 1 60 4.8(2.6) 5.1(2.7)
6 35/f 3 7 8 10 1 2 56 0.7(1.4) 1.8(2.5)
7 72/f 2 4 7 8 8 10 74 7.3(1.9) 7.3(2.2)
8 50/m 13 3 6 9 3 9 60 5.2(2.7) 4.7(2.9)
9 32/f 6 6 5 6 1 1 38 2.9(2.6) 2.4(2.0)
10 56/f 3 2 7 9 3 4 50 4.5(1.5) 5.4(1.7)
11 26/f 12 8 7 1 4 7 54 2.2(2.6) 2.6(2.0)
12 51/f 6 5 3 3 4 3 36 6.9(1.9) 6.3(2.0)
13 44/f 3 2 3 9 7 7 56 7.1(1.8) 7.1(2.1)
Mean 42.7 6 5.1 6.2 6.9 4.2 4.8 54.3 4.8 4.9
SD 13.1 3.9 2.1 2 3.1 2.7 3.4 10.7 2.3 2.1
Mean 28 n.a. n.a. n.a. n.a. n.a. n.a. n.a. 1.5 1.4
Controls

SD 12 n.a. n.a. n.a. n.a. n.a. n.a. n.a. 1.1 1.1
Controls

VAS : Visual analogue pain score ; MPQ : McGill Pain Questionnaire ; AROM active range of motion ; Vol. diff. : volume differ-
ence between the uninvolved hand and the involved hand ; Temp. diff. : Temperature difference between average temperature mea-
sured with tympanometer in the uninvolved and the involved hand ; ISS : impairment level sum score based on Oerlemans et al (14).

aDuration in months from CRPS1 on the day of measurement.
bPain score with 0 representing no pain and 10 representing the maximum pain, rated on the day of measurement.
cMcGill Pain Questionnaire, the number of words chosen from the list (maximum 20) are categorised as following : 0-2 words cho-

sen equals 1, each subsequent ascending block is given a higher score. 
dActive Range Of Motion, a score of 1 represents no limitation in motion, a score of 10 represents a maximum limitation in move-

ment.
eDifference in volume between the uninvolved hand and the involved hand, minimum difference gives a score of 1, a maximum dif-

ference a score of 10.
fDifference in average temperature measured with a tympanometer between the uninvolved hand and the involved hand, minimum

difference gives a score of 1, a maximum difference a score of 10.
gPercentage of total score is calculated by dividing the total of VAS, MPQ, AROM, Volume and Temp difference by the maximum

score of 50.
h,i Average score on the images scored by 35 observers (and the standard deviation), maximum of 10 indicating the most difference.
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10 women and 3 men (mean age 28 years, range :
22 to 44) comprised the control group. The inde-
pendent raters were residents in anaesthesia who
were not experienced in the assessment of thermo-
graphic images. Figure 1 presents a typical record-
ing of a healthy subject and a CRPS1 patient. The
ISS of the patient presented in fig 1 (nr. 11) is 54%
(see table II). The average difference score of the
raters of these thermographic images of the patient
were the first time 4.8 (SD 2.3) and the second time
4.9 (SD 2.1). The average difference score of the
raters of these thermographic images of the patient
were the first time 1.5 (SD 1.1) and the second time
1.4 (SD 1.1). No significant correlation was found
between the ISS and the average ratings of the
images. The first ratings had a sensitivity of 71%
and a specificity of 85%, resulting in an overall
correct classification of 81% ; the second score
yielded a sensitivity of 74% and a specificity of
84%, with an overall correct classification of 79%.
The sensitivity and specificity for different cut-
points are presented in table III. Comparison of the
ROC curves of the first and second score (fig 2)
showed no significant differences in the area under
the curve (AUC of 0.86 and 0.87 respectively). 

The inter-observer repeatability of the ratings of
the images of the CRPS patients was 0.53 (p <
0.001), that of the healthy controls was 0.12 (p <
0.001), and that of the CRPS patients and healthy
controls combined was 0.49 (p < 0.001).
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Fig. 1. — Examples of thermographic images of a healthy
individual and a CRPS1 patient. Top left : thermographic
image of palmar left extremity of a healthy individual (nr. 10) ;
top right : thermographic image of palmar right extremity of
the same healthy individual (nr. 10). Bottom left : thermo-
graphic image of palmar left extremity of a CRPS1 patient
(nr. 11) ; bottom right : thermographic image of palmar right
extremity of the same CRPS1 patient (nr. 11).

Table III. — Sensitivity and specificity for different cut-off
points at first and second rating

Cut-off Sensitivity Sensitivity Specificity Specificity
points first second first second 

rating rating rating rating

> = 0 100 100 0 0
> 0 84.5 86.4 62.4 58
> 1 76.7 82.4 74.4 73.3
> 2 * 70.5 74.3 84.5 83.9
> 3 64.5 65.7 86.9 89
> 4 52.4 56 88.6 90.6
> 5 42.4 44.8 91.2 92.7
> 6 32.9 33.6 93.7 94.1
> 7 20 19.8 97.1 96.3
> 8 11.9 9.8 98.1 99
> 9 4.5 4.8 99.4 99.2

Fig. 2. — Sensitivity and specificity of the first rating and the
second ratings of the observers. The first rating had an AUC of
0.86 with a cut-off point > 2, a sensitivity of 72% and a speci-
ficity of 90%. The second rating had an AUC of 0.87, a cut-off
point > 2 and a sensitivity of 76% and specificity of 90%.
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The intra-observer reliability of the ratings of the
patients’ images was 0.50 (p < 0.001), that of the
healthy controls was 0.12 (p < 0.001), and that of
the patients and the healthy controls combined was
0.68 (p < 0.001) (table IV). 

The red colour was significantly associated with
the rating (r = 0.86 ; p < 0.001), although the red
colour on average only comprised 37% of the total
colour pallet. The presentation rank number of the
images was not significantly related to their ratings. 

DISCUSSION

In this study, the Bruehl criteria for CRPS were
used as a gold standard. A lack of consensus before
1994 regarding standardised diagnostic criteria
resulted in serious problems in comparing patient
samples across studies addressing the diagnosis and
treatment of the disorder. The publication of the
standardised criteria for CRPS type 1 and type 2 by
the IASP was a step forward. However, in a valida-
tion study Bruehl et al (4) showed that the sensitivi-
ty of the Bruehl criteria was high (0.98) but speci-
ficity was poor (0.36). For clinical purposes sensi-
tivity is extremely important, whereas for research
the specificity is important. Especially for research,
Bruehl et al (4) proposed modified research diag-
nostic criteria, which resulted in a lower sensitivity
(0.70) but higher specificity (0.94). 

The use of videothermography as a diagnostic
tool in diseases other than CRPS1 has been studied
extensively. Sherman et al (15) studied the useful-
ness of videothermography as a predictor of repet-
itive stress-induced lower limb pain disorders
among American army soldiers. It was not possible
from any thermographic measurement to predict
those soldiers most likely to develop lower limb
pain. However, the findings of the above mentioned
studies are not consistent with regard to sensitivity,

specificity and reliability, probably because differ-
ent methods were used to analyse the thermo-
graphic data.

The present study shows that the sensitivity and
specificity of the ratings of thermographic images
of CRPS using independent observers, is reason-
ably high.

There was no significant difference between the
ROC curves of the initial and repeated ratings, and
no significant relation between the rank number
and the obtained ratings.

The intra-observer reliability of the actual differ-
ence scores in the combined healthy and CRPS
images, as well as in the separate assessments of
the ICC in healthy and CRPS images was moder-
ate, particularly when considering the short time
interval between the two ratings. A similar level of
reliability was found between the observers. 

It is generally assumed that the choice of colour
used in the images (representing the range of tem-
perature of the presented extremities) can influence
the rating ; particularly the colour red can be associ-
ated with abnormality. The present study confirmed
this hypothesis. In a previous study we described a
calculation method to differentiate between
videothermographic images of patients with CRPS1
and healthy controls (9). We found a sensitivity of
92% and a specificity of 94% with an AUC of 0.97 ;
the repeatability was 0.87 and the reliability 0.96. In
that study the colour pallet could not influence the
ratings because only the underlying temperature
values were used for the calculation.

The ability of the observer to validly assess hot
and cold spots on thermographic images without
the need for a comparison picture is of advantage
when two extremities are involved. Table II shows
that there is no relation between the ratings and the
ISS scores of the patients. Furthermore, compared
with the calculation method employed by our
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Table IV. — Data on the reliability and repeatability of the scoring of the observers

CRPS images Control images CRPS and Control images combined

Repeatability 0.5** 0.1** 0.5**

Reliability 0.5** 0.1** 0.7**

** significant at p < 0.001 level.
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group in an earlier study (9), the reliability and
repeatability of the scores of the raters are low. It is
expected that further training, the development of a
standard colour pallet and a better scale to rate the
thermographic images, can address these prob-
lems (12). Although there is no indication to use
raters in the assessment of thermographic images in
diagnosing CRPS1, in other types of diseases these
images may produce more valid results. The results
of the present study show that the observers may be
able to discriminate between CRPS patients and
healthy subjects, using thermographic pictures of
extremities. While the slightly larger AUC of the
repeated score may reflect a possible learning
effect, this remains unproven. 

In conclusion, the differences between thermo-
graphic images as assessed by observers did distin-
guish between CRPS1 patients and healthy subjects
with a reasonable high sensitivity and specificity,
however, the reliability and repeatability of this
assessment was rather low. It is reasonable to
assume that further improvement in assessment on
thermographic images using observers can be
achieved, for example by standardizing and opti-
mizing the colour pallet. However, there is some
doubt if a high enough degree of accuracy can be
reached using observers. Therefore, further study-
ing of the effect of training and the choice of colour
pallet is necessary. As a start, to obtain repeatable
and consistent ratings, we suggest that the colour
pallet should be standardised and the raters should
be trained.
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