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Thermographic imaging of facial skin—gender differences and
temperature changes over time in healthy subjects
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Objectives: To assess changes in facial skin temperature over time, to identify sources of
variation related to skin temperature and to evaluate interobserver reproducibility in
measurements of the thermograms.

Methods: 62 volunteers (32 females, 30 males, mean age 23.4, range 19.5-29.5 years)
underwent thermography of the face (left and right side lateral images) on four occasions
with approximately 2 months between each session. Three observers recorded the images and
marked regions of interest (ROIs) in each image using dedicated software. Smoking, exercise
habits and use of oral contraceptives were recorded.

Results: A significant difference between sessions (=1 °C, p < 0.001) and between observers
(=0.11°C, p<0.001) was identified. The difference between sides was not significant
(=0.07°C, p=0.7). None of the interactions between side, session and observer were
significant. Smoking, exercise habits and oral contraceptive intake were not significant
impact factors when included as covariates in the analysis (p >0.1). ROI temperature was
significantly higher in males than in females (0.7°C, p <0.001). A mixed model analysis of
variance showed that observer had little impact on the expected standard deviation, whereas

session and subject had a greater impact.
Conclusions:

Face temperature is symmetrical and varies over time. The non-significant

difference between sides is highly reproducible, even between observers.
Dentomaxillofacial Radiology (2012) 41, 662-667. doi: 10.1259/dmfr/55922484

Keywords: thermography; longitudinal studies

Introduction

Thermography is an imaging method to display heat
emitted from a surface. It may find use within dentistry
to assess inflammation objectively after, for example,
oral surgery. However, to be able to quantify inflamma-
tion in research studies or in clinical diagnostics, the
method’s ability to measure absolute temperature must
be evaluated in healthy subjects. Depending on the
purpose, an imaging method must satisfy a number of
criteria in order for it to be applicable as a diagnostic
method. First, the method must possess intrinsic
reproducibility, ie. the technology must be able to
display two identical images when the same setting is
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used in two successive recordings. Second, the method
must allow a high inter- and intraobserver reproduci-
bility in interpreting the image, and finally the method
must be accurate in measuring the outcome of interest.

Previous studies have shown that heat emission from
the surface of the body is symmetrical." !! All of these
studies measured differences between the left and right
side of different areas of the head, except Uematsu et
al,'® who focused on differences between the two sides
over the whole body. Some studies recorded absolute
temperature differences and found that the right and left
side were symmetrical (non-significant temperature
differences between the two sides within the range 0.1-
0.4°C),1-0810 while others assessed the temperature
distribution of the two sides of the face by assessing
the different colours constituting the image* or used a
grid system to determine the degree of symmetry.3
However, many of these studies have focused



on detection of pathology such as peripheral nerve
injuries,®”-? atypical odontalgia* or temporomandibular
joint disorders? rather than focusing on healthy subjects
and normal methodology. All but one of the studies
involving healthy subjects lacked data on temperature
variation over time. The one study that followed subjects
over a longer period of time included only four subjects,
and the temperature variation was sparsely reported.'”
Longitudinal data are necessary to determine whether
temperature changes over time in normal subjects.
Further, only Gratt et al* included multiple observers
in their study and assessed whether experience was
important for detecting pathology in thermograms;
thus, little is known about observer reproducibility in
thermograms.

Most previous studies are more than 25 years old,
and as thermography, just like any other technology,
has developed quickly over time, new thermographic
equipment has been introduced since these studies were
carried out, and therefore new studies are warranted.

The objectives of this study were to assess changes in
facial skin temperature over time in healthy subjects
and to identify sources of variation related to skin
temperature. Interobserver reproducibility in measure-
ments of the thermograms was also evaluated.

Materials and methods

Subjects

62 subjects (32 females, 30 males, mean age 23.4, range
19.5-29.5 years at first examination) were included in the
study. The subjects were students at Aarhus University,
Aarhus, Denmark. Subjects with systemic disease were
not included.

Imaging

Each subject was imaged four times (Session 1, 2, 3 and
4) with approximately 2 months between each session
(December 2008, February 2009, April 2009, June-
August 2009). All images were recorded in the same
room by three trained and calibrated observers.

The camera used to record the images was a FLIR®
ThermaCAM™  E320 (Precisions Teknik AB,
Halmstad, Sweden). The camera used infrared technol-
ogy, making it possible to obtain a thermographic image
without direct contact between camera and subject, as
opposed to liquid crystal thermography, which requires
direct contact. According to the manufacturer it had a
thermal sensitivity of 0.1 °C, an accuracy of +2% and an
intrinsic reproducibility of +1%. The camera is cali-
brated once a year by the manufacturer to ensure the
stability of these parameters. The detector was a focal
plane array uncooled microbolometer. Images were
taken with an emissivity (a surface’s ability to emit heat
at a given temperature) of 0.98.

Room temperature was recorded using a mercury
thermometer that had been lying on the table in the
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imaging room for a minimum of 5min before reading
(recorded as the nearest degree centigrade), and body
temperature was recorded using an ear thermometer
(Omron GentleTemp™ 510; Omron Healthcare Co.,
Ltd., Kyoto, Japan), to the nearest 0.1 °C.

At each session standardized thermograms were
taken of the subject’s face in profile, one left and one
right side image. Before imaging the subject had rested
for a minimum of 10 min, which included not eating or
drinking. Male subjects were shaved the morning before
imaging. The subject sat on a chair with the head
positioned according to the Frankfort horizontal plane,
and the camera was placed on a tripod and aligned with
the subject’s cheek (Figure 1). The distance from the
cheek to the lens of the camera was fixed at 25cm.
When the camera was correctly positioned the lens was
manipulated to bring the subject into focus, and the
image was taken.

Anamnestic recordings

At each session, smoking (yes/no) and exercise (less than
200 min, 200-300 min, more than 300 min of exercise/
week) habits were recorded. These factors were recorded
by asking the subjects to recall their behaviour during the
week prior to imaging. Furthermore, use of oral contra-
ceptives (yes/no) was recorded for female subjects.

Temperature measurements
All images were saved with a resolution of 320 x 240
pixels and were processed using the software provided by
the manufacturer of the camera (FLIR Systems
ThermaCAM QuickReport 1.1, Precisions Teknik AB).
The thermograms depicted the subject’s face and the
surroundings in different colours according to tempera-
ture. Each colour represented a temperature, shown on a
scale on the right side of the image (Figure 2). The
typical temperature range for these images was 24-35°C,
but the temperature colour scale adapted according to
the actual temperatures and therefore could vary
between images.

Rectangles containing a region of interest (ROI) were
marked on each image. The ROI was defined as
follows: the frontal border by the commissure of the

Figure 1

Setting for thermographic imaging
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Figure 2 Thermogram of right side of a subject’s face with region of
interest. Max, maximum; min, minimum

lips, the posterior border by the meatus acusticus
externus, the superior border by the most caudal part of
the nasal ala and the inferior border by the most caudal
part of the chin (Figure 2). Three observers marked
ROIs separately on all images. The observers were
unable to see each other’s markings. The temperature
data for each pixel in the ROIs were transferred to
Microsoft Excel (Microsoft Corporation, Redmond,
WA) and saved as CSV (comma-separated values) files.

Data management and statistical analysis
The rectangular ROIs included not only facial tissue, but
also background air and surfaces with a lower tempera-
ture than the subject’s skin. In order to avoid misleading
mean temperature values, these pixels were excluded. As
the temperature scale was not the same for all images
owing to variations in the temperatures of the back-
ground and the subject’s face, eliminating all pixels with
a temperature lower than a given temperature, e.g. 28 “C,
would have been inaccurate. Therefore, a preliminary
mean temperature within the ROI was calculated, and
pixels with a temperature more than 4 °C lower than the
mean of the preliminary rectangular ROI were excluded.
After excluding these pixels, the mean temperature of the
ROI was calculated. This temperature is henceforth
known by the term ““mean”, whereas averages between
observers, sides and sessions are known as “average”.
Analysis of variance (ANOVA) with repeated mea-
surements was used to analyse the mean temperature in
the ROI. The ANOVA included the following fixed
within-subject factors: session (1, 2, 3, 4), side (right, left)
and observer (1, 2, 3). To evaluate systematic variation in
temperature with time, observer and side, the main
effects of session, observer and side were assessed relative
to the within-subject variation of these differences.
Interactions between these factors were assessed in a
similar way. The effect of smoking, exercise, oral
contraceptives, body temperature and room temperature
on mean temperature in the ROI was assessed by
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Table 1 Number of subjects categorized at each session (S1-S4)
according to smoking, exercise habits and intake of oral contraceptives

Characteristics S1 S2 S3 S4
Smoker
Yes 10 9 10 10
No 52 49 52 49
Exercise (min per week)
<200 25 21 19 24
200-300 18 16 21 21
>300 19 21 21 14
Oral contraceptives
(females)
Yes 24 22 26 24
No 8 8 6 7

Min, minimum.

including these variables, one at a time, as covariates in
the ANOVA analysis. Difference between males and
females was assessed by a two sample 7-test.

To assess the importance of the different sources of
variation the measurements were further analysed with
a mixed model ANOVA in which subject, observer and
session, as well as interactions between these factors,
were considered as random factors that each contrib-
uted to the total variation of the temperature. Based on
the results of the ANOVA, the impact of the various
sources of variation on the average difference between
measurements from two sessions and on the average
side (left/right) difference between two sessions was
assessed. Stata® v. 10 (StataCorp, College Station, TX)
was used for all statistical analyses except the mixed
model ANOVA, for which GenStat 10th edition (Lawes
Agricultural Trust 2007, VSN International Ltd, Hemel
Hempstead, UK) was used.

Results

All 62 subjects attended the first and the third session;
at the second session four subjects were missing, and at

L T
B Observer 1, right side 4
-0 Observer 1. left side
4@ Observer 2. nght side
33.44 O Observer 2, left side
- Observer 3, right side
£ Observer 3, left side

Temperature (°c)
W
(9]
o

Session

Figure 3 The average of the mean temperatures within the region of
interest for each side as recorded by each observer at the four sessions
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Table 2 Mean and standard deviation (SD) of average temperature in the region of interest at baseline (Session 1) and change between baseline
and Sessions 2, 3 and 4 for each observer, for each side (R and L) and for the difference between the right and left side (R-L)

S1 S2-S1 S3-S1 S4-S1

Observer Side Mean (SD) Mean (SD) Mean (SD) Mean (SD)

1 R 32.41 (1.30) 0.24 (1.57) 0.94 (1.21) 0.07 (1.78)
L 32.38 (1.31) 0.22 (1.59) 0.95 (1.17) 0.10 (1.70)
R-L 0.027 (0.271) 0.014 (0.401) —0.004 (0.400) —0.037 (0.433)

2 R 32.46 (1.24) 0.25 (1.49) 0.94 (1.13) 0.09 (1.69)
L 32.44 (1.22) 0.20 (1.51) 0.95 (1.11) 0.09 (1.65)
R-L 0.015 (0.232) 0.055 (0.403) —0.017 (0.341) —0.008 (0.385)

3 R 32.39 (1.31) 0.27 (1.57) 0.94 (1.21) 0.05 (1.78)
L 32.38 (1.28) 0.22 (1.55) 0.94 (1.17) 0.08 (1.70)
R-L 0.012 (0.276) 0.048 (0.406) 0.006 (0.419) —0.030 (0.429)

S, session.

the last session three subjects were missing. Smoking,
exercise habits and use of oral contraceptives, as
reported at each session, are shown in Table 1. The
temporal variation was modest for all three variables.

The average of the mean temperatures within the
ROI for each side, as recorded by each observer at the
four sessions, are shown in Figure 3, and Table 2
provides further information on the average and
standard deviation of the differences between sides
and between sessions. On both the left and the right side
the average temperature developed in a similar pattern
over time. The same was true for the average
temperatures measured by the three observers.

In the repeated measurement ANOVA a statistically
significant difference between sessions (less than or
equal to 1°C, p<0.001) and between observers (less
than or equal to 0.11°C, p<0.001) was identified,
whereas the difference between sides was not statisti-
cally significant (less than or equal to 0.07°C, p =0.7).
Moreover, none of the interactions between side,
session and observer was statistically significant.
Smoking, exercise habits and oral contraceptive intake
were not statistically significant factors when included
as covariates in the analysis (p>0.1). The difference
between males and females was statistically significant
(» <0.001); the temperature in males was on average
0.7°C higher than in females. Mean ROI temperature
was not affected significantly by body temperature or
room temperature.

Table 3 Standard deviation of mean temperature in the region of
interest in repeated sampling from eight different sampling schemes in
which subject, session and observer are either fixed or random

Sampling

scheme Subject Session Observer SD

1 Fixed Fixed Fixed 0.075
2 Fixed Random Fixed 1.089
3 Fixed Fixed Random 0.114
4 Fixed Random Random 1.091
5 Random Fixed Fixed 1.165
6 Random Random Fixed 1.237
7 Random Fixed Random 1.165
8 Random Random Random 1.238

SD, standard deviation.

The mixed model ANOVA identified ten components
of variance of which intersubject variation, variation
between sessions and their interaction were by far the
most important. The results of this analysis were used to
estimate the standard deviation to be expected in
repeated sampling from a number of different sampling
schemes, in which each of the factors subject, session and
observer was either kept fixed or selected at random
from a population of subjects, sessions or observers,
respectively (Table 3). Allowing for different observers
had little impact on the standard deviation compared
with the effect of different sessions or different subjects.

To further illustrate the relative importance of the
various sources of variation, the results of the mixed
model ANOVA were also used to estimate the expected
standard deviations of differences between sides at the
same session and between sessions for the same side
(Table 4). These estimates were computed assuming that
the two temperatures were determined by the same
observer (Table 4, left column) or by different observers
(Table 4, right column). Table 4, bottom line, shows the
standard deviation of the difference between the side
differences determined at two sessions. Also here, the
standard deviations were essentially unchanged by
allowing different observers. More importantly, the
change from one session to another session in the
difference between sides had a much smaller standard
deviation than the change in the temperature of a given
side, indicating that the large temporal variation could be
eliminated by using a control side.

Table 4 Standard deviation of a comparison of mean temperature
between two sides, between two sessions, between two observers, and
between two side differences from different sessions, if the measure-
ments are performed by the same observer (left column) or by
different observers (right column)

Comparisons SD same observer SD different observers

Sides 0.300 0.312
Sessions 1.540 1.543
Observers - 0.161
Sides between sessions 0.415 0.416

SD, standard deviation.

Dentomaxillofacial Radiology



666

Thermographic measurements over time
J Christensen et a/

Discussion

A significant variation in temperature was seen over
time (Figure 3), i.e. between the four sessions, which
shows that surface temperature fluctuates over time.
The temperatures measured in Session 3 in particular
were significantly higher than the temperatures mea-
sured in other sessions. The explanation for this is
unclear, as Session 3 was in the spring time—a higher
temperature in the summer might have been caused by
a warm-weather period, but this was not the case. We
explored whether room temperature or body tempera-
ture were higher at Session 3 (data not shown), or
whether the pixel exclusion from the ROI analysis
could have affected the results (data not shown), but
this was not the case. In our data there was no variable
that could account for a systematically higher tempera-
ture at Session 3, and we can only explain this deviation
with natural variations in temperature. This apparently
random temperature deviation over time may impede
the use of an absolute temperature as an expression for
inflammation in a clinical setting.

However, there was no temperature difference
between the left and right ROI at any time. The finding
that more measurements (two sides instead of one)
result in less variation than fewer measurements (one
side) is surprising, since it is a well-known statistical
phenomenon that using multiple measurements nor-
mally results in a greater variation. The stability
between sides means that, in spite of the temporal
variation that makes absolute temperature a non-valid
measurement in a clinical trial or when examining for
pathology, thermography can still be used for these
purposes as long as the contralateral side is used as a
control. This is also in agreement with other studies.' %10
However, the method is only valid when pathology is not
present bilaterally, as this would eliminate the tempera-
ture difference between an affected and a non-affected
side.

The average temperature of the ROIs differed
significantly between observers. A poor interobserver
reproducibility could indicate that the method is not
useful for clinical use. However, the reproducibility was
high for the difference in temperature between the two
sides of the face, and no observer obtained a significant
difference between the left and right side at any time.
Therefore thermography seems to be a useful method to
measure surface temperature differences between, for
example, an intervention side and a control side, as
three observers, who differed in the marking of ROIs,
still reached the same temperature difference between
sides. Together with the fact that the intrinsic reprodu-
cibility of the camera is 1% (meaning that the deviation
in the temperature display in two images taken
immediately after each other with exactly the same
settings is 1% or lower) and the accuracy 2% (meaning
that the temperature display in an image may vary no
more than 2% from the true temperature of the imaged
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object), this means that overall reproducibility of
thermography is acceptable.

There was no impact on temperature from different
levels of exercise, although muscular activity tends to
increase the basic metabolic rate!? and therefore might
be expected to have an influence on surface tempera-
ture. A previous study similarly showed no difference in
skin temperature before and 1h after a 60 min exercise
programme.'? Subjects were not questioned about
which type of exercise they performed or for how long
they had been exercising; if we had done this a
difference between groups (e.g. light exercise vs
strenuous exercise or exercise over a long period of
time vs occasional exercise) could not be excluded.
Future studies randomizing exercise and control groups
would be needed to clarify the impact, if any, of exercise
on skin temperature.

Smoking affects peripheral circulation and we therefore
expected a lower skin temperature in smokers. However,
there was no difference between smokers and non-smokers,
which may be related to the low number of smokers in our
study. The temperature could also be influenced by the
number of cigarettes smoked per week, as heavy smokers
would be expected to experience the greatest changes in
peripheral blood flow owing to a continuous influence of
nitrous oxide. No participants in this study were, however,
heavy smokers (2 smokers smoked 80 cigarettes per week;
the remainder smoked 40 or less).

We found no difference in skin temperature between
females taking oral contraceptives and females not
taking oral contraceptives. Previous studies disagree on
the effect of oral contraceptives on peripheral blood
flow: some found that use of oral contraceptives
increased blood flow and vascular response,'*!>
whereas others found a decrease in vascular response.'©
The menstrual cycle of female subjects was not taken
into account in this study. Pogrel et al'7 indicated that
the menstrual cycle may influence skin temperature, but
owing to the low number of females not taking oral
contraceptives in this study we do not have data to
detect this.

Males had a higher average facial skin temperature
than females. This could be due to differences in blood
circulation in the skin between males and females or the
higher basic metabolic rate in males.!? This finding is
supported by a previous study.®

We can conclude that face temperature is symmetrical
and varies over time. The small difference between sides
is highly reproducible, even between observers. Owing to
this symmetry and reproducibility, thermography can be
a useful tool in research and clinical diagnostics.
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