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Background: Cellulite is usually related to alterations of the

microcirculation. Measuring the skin temperature is a mean to

assess the skin microvascular plexus.

Objectives: A three-step clinical study was performed in order

to develop and to validate the use of an infrared thermal cam-

era for measuring cellulite severity.

Methods: Thermal images of the thigh were recorded and pro-

cessed to quantify the thermal homogeneity. The proposed pro-

tocol was then validated in three steps. Firstly, the parameters

which could influence the skin temperature were identified throw

a design of experiment. Secondly, the repeatability and repro-

ducibility of the method was estimated (five subjects, four investi-

gators and five experiments). Finally, thermal images and clinical

grading of cellulite was performed on 39 women (21–68 years

old), and the correlation between these methods was assessed.

Results: All parameters describing the thermal homogeneity

were found repeatable and reproducible. The strongest correla-

tion between thermal results and the clinical assessment were

observed for Sa (R = 0.53, P < 0.05), Sz (R = 0.53, P < 0.05),

Sq (R = 0.54, P < 0.05) and the surface of hot pixels

(R = 0.42, P < 0.05).

Conclusion: These results show that the thermal camera

imaging is a repeatable and reproducible method that can be

used to assess the severity of cellulite.
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GYNOID LIPODYSTROPHY (cellulite) represents
the most common lipodystrophic disease

(1). It affects more likely women than men and
gathers around the thighs and buttocks. In these
areas skin has an ‘orange peel’ surface. The
pathological aspects of cellulite are still not
clear. Many predisposing factors seem to influ-
ence cellulite onset, including gender, heredity,
race, body, weight and age (2).
Cellulite results of the development of adi-

posity which are organized in lobule, this phe-
nomenon is associated to an increase of the
permeability of capillaries inducing a sanguine
stasis and an alteration of the lymphatic system
(3). Some authors, including Curri, believe that
the first cause of cellulite lies in microcirculato-
ry alterations (3, 4). A study measuring the
blood flow using the laser Doppler fluxometry
has shown that the blood flow in the area
affected by cellulite is 35% lower than non-
affected regions (5).
The skin temperature indeed depends on the

vascular supply of the cutaneous and subcuta-

neous tissues and on the skin thermal conduc-
tivity which are affected by cellulite (6). Localized
changes in blood flow related to the alteration
of the capillary system can induce changes in
skin temperature and therefore reveals the cel-
lulitic state (7). Some authors show that ther-
mography images of women with cellulite are
characterized by hyperthermic mark, inhomoge-
neous on a hypothermic background (8, 9).
Some anti-cellulite active ingredients such as

the caffeine modulate fat storage in adipocytes.
As a result, it was demonstrated thanks to the
laser Doppler that a product containing retinol,
caffeine and ruscogenine significantly increases
the blood flow after 56 days of product applica-
tion (10). Consequently, thermography is an
appropriate way to document the benefits of an
anti-cellulite product or procedure.
Among thermographic methods, thermal

plates have been widely used. Plates contain
cholesterics liquid crystals which have optical
properties that are temperature dependent (7).
Petit Jean, used the contact thermography to
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characterize the grade of cellulite as follow:
grade 0–1 cellulite: shade spot on the thermal
images; grade 2 of cellulite: Leopard skin
thermal images; grade 3 of cellulite: black holes
thermal images (11). However the contact pres-
sure between the plate and the skin can affect the
blood distribution and modify the skin tempera-
ture. Moreover, the range and sensitivity of ther-
mal plates are limited, depending on the number
of configurationally states of the liquid crystals.
Consequently, the thermal infra-red camera is a
good means to avoid all these drawbacks.
The human body emits thermal radiation in

the infrared spectral region (1–15 lm). In fact,
thermal radiation is generated by the displace-
ment of charged atomic particles in any mate-
rial whose temperature is above the absolute
zero. Thus there is a link between the energy of
the thermal radiation and the temperature of
the skin. One of the major advantages of the
thermal infra-red measurement is that the sen-
sor does not make contact with the skin, which
is reactive to physical contact. Moreover, the
accuracy of the measurement can reach 0.02°C.
However, the temperature measurement is not
easy to carry out. Indeed, the skin temperature
is influenced by several parameters such as the
temperature and the humidity of the environ-
ment and the body position.
We performed a three-step clinical study in

order to develop and to validate a new method
for measuring the skin thermal distribution for
the evaluation of cellulite. Firstly, we identified
the parameters which influence the skin tem-
perature and estimated their weight throw a
design of experiment (DOE). This step enabled
to design an acquisition protocol. Secondly, the
repeatability and reproducibility of the protocol
was validated by repeating measurements.
Finally, the accuracy of the measures to depict
clinically relevant changes was investigated
thanks to a correlation study between the ther-
mal camera measures and standard methods.

Materials and Methods

Human volunteers
All the studies involved Caucasian women vol-
unteers living around Paris and who were
aware about the objectives of the studies.
The inclusion criteria included having a Body

Mass Index (BMI = Weight/Height²) between
20.0 and 26.6 kg/m²; presenting a modest

amount of orange peel on the thighs (grades 2
or 3 according to the Curri scale) (12); having
regular menstrual cycles (between 26 and 30
days) and having used the same oral contracep-
tion for the last 3 months or being menopausal
women (with or without Hormone Replacement
Therapy – if without hormonal treatment, men-
opausal for at least 3 months); having a stable
weight for at least 3 months (less than 2.0 kg
variation); Not modifying their sports habits
during the study; Not having modified their
cosmetic habits in at least 15 days. Volunteers
were asked to refrain from using any cosmetic
product with retinoids, DMEA or AHA for 1
month before the beginning of the study.
The first step (DOE) involved three healthy

women aged between 55 and 63 years old. To
validate the repeatability and reproducibility
five healthy women aged between 22 and 61
years were recruited. For the correlation study,
39 healthy women aged between 21 and 68
years were enrolled.

Experimental design
DOE to design the acquisition protocol: A design
of experiment (DOE) was performed to measure
the influence of several environmental and
body-related parameters on the overall temper-
ature of the skin. The effect of the following
parameters, which were found relevant in the
literature (6), was evaluated thanks to a screen-
ing DOE involving 12 experiments: The period
of the day when the measurements are taken:
morning (7.00–9.00 a.m.), midday (11.00 a.m. to
1.00 p.m.), evening (5.00–7.00 p.m.); the absorp-
tion of a hot beverage 30 min before measure-
ments; the position of the volunteer during data
acquisition (standing up, lying on a bed or sit-
ting on a chair); the duration of acclimatization
in a controlled environment (10–20 min).
Furthermore, the influence of the room tem-

perature was more precisely monitored on three
healthy Caucasian women. The room tempera-
ture was changed from 19°C to 25°C and the
skin temperature was recorded every 0.5°C.
Repeatability and reproducibility: The repeatabil-

ity test was performed to estimate the error in
the measure, related to acquisition performed
by the same grader under the same exact condi-
tions. The skin thermal images were acquired
on the thigh of five women, five times by the
same investigator.
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The reproducibility test enabled to measure
the error obtained between several investigators
following the same procedure at different time
points. For this study, four investigators per-
formed the acquisition.
Accuracy: The accuracy of the followed proto-

col was tested by measuring the correlation
between the thermal camera data and the clini-
cal observation of the cellulite performed by an
expert grader. The thermal camera data were
compared to the clinical grading of the orange
peel of the thigh into two different conditions
(without and with pinching).
The clinical evaluation of the cellulite on

women is based on the monitoring of the obvi-
ous signs of cellulite with a direct visual quota-
tion of a local lipodystrophy. Cellulite clinically
can be graded as follows (1, 3, 13): 0 = no cellu-
lite – 1 = slight dimpling of skin surface –
2 = dimpling and skin depressions – 3 = dim-
pling and depressed striation – 4 = palpable
nodules and depressed striations.
Clinical evaluation was performed for each

volunteer on the external face of the middle of
the thigh, with the subject standing up. The vol-
unteers stood in a standardized position with a
30° light system. The evaluation is carried out
in two different ways: with pinching and with-
out pinching.

Image acquisition
Camera: The image acquisition was performed

with the camera silver 420 (Flir system, France).
This camera has a cooled sensor, thermal sensi-
bility of 0.02°C and a spatial resolution of
320 x 256 pixels. The camera was mounted on a
tripod and aligned perpendicularly to the surface
of interest. The distance to the subject was set to
50 cm, allowing imaging a field of view of
17.6 x 14 cm2 with a lateral resolution of
0.55 mm. The skin was considered as a black
body with an emissivity of 0.98 (14).
Environmental conditions: All measurements

were performed in a controlled environment
room with temperature set at 20 ± 2°C and rela-
tive humidity of 50 ± 5%. The DOE enabled to
define the optimal parameters to reduce the
temperature variations during the experiment.
Volunteers’ management: Except for the DOE,

subjects remained in an upright position for
20 min of acclimatation before starting the
measurements to achieve equilibrium in skin

temperature. All measurements were done dur-
ing the same period of the day (morning-after-
noon), and in the lengthened position. The
images were acquired on the external part of
the thigh, the corners of the region of interest
(ROI) being delimited with bandages. A reposi-
tioning mask was done at the baseline in order
to acquire to same ROI across the different time
points.

Image analysis
The thermal images were manually cropped
and registered and several parameters were
extracted to describe the overall temperature
and the thermal homogeneity. The choice of
parameters to describe the cellulite was guided
by the characterization of Petit Jean from the
thermal plates (11).
Firstly, the mean temperature and the maxi-

mum amplitude, corresponding to the differ-
ence between the extrema were calculated from
the original images. Secondly, a low pass filter
was applied to the image to remove the back-
ground temperature and to emphasize local
thermal variations. Then, standard roughness
parameters (Ra, Rz, Rq) were extracted from
this image in order to capture the changes in
skin temperature homogeneity. Finally, the
number and the surface of hot and cold points
were calculated from the filtered images.

Statistical analysis
For the repeatability, the average and the mean
error is expressed as a proportion to the mean
for each thermal parameter and for each mea-
surement. ANOVA is used to compare results
between each technician. Pearson correlation
coefficients are finally computed to compare
thermal image results with clinical grading.

Results

Influence of the acquisition conditions
The acclimatization time does not influence the
skin temperature (P value = 0.91). In contrary,
the period of the day has the biggest impact on
the skin temperature (P value = 0.0007). The
body position and the absorption of a hot
beverage also significantly influence the skin
temperature (respectively P value = 0.018 and
0.05) (Fig. 1).
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Figure 2 shows the average of skin tempera-
ture as a function of the room temperature. The
skin temperature decreases by 0.6° while the
room temperature increased from 19° to 20.5°C.
Then the skin temperature linearly increases
from 28.5° to 30° while the room temperature
moved from 20.5° to 25°.

Repeatability and reproducibility
The comparison (ANOVA) of the five trials per-
formed to assess the repeatability did not show
any statistical significant difference for all the
measured parameters (P value >0.05 – Table 1 ).
For each measured parameter, the percentage of
error on the mean values is ranging from 0.1%
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Fig. 1. Average of the skin temperature as a function of (a) the
acclimatization time, (b) absorption of a hot beverage, (c) Period of
the day and (d) body position.
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Fig. 2. Average of the skin temperature as a function of the room
temperature (Error bars correspond to the standard deviation).

TABLE 1. Repeatability results on five measurements

Parameters P value (ANOVA)

Percentage of

error on the mean

Sa 9.96E-01 1.53%

Sz 9.89E-01 1.57%

Sq 9.94E-01 1.73%

Median temperature 9.99E-01 0.10%

Temperature amplitude 9.98E-01 0.96%

Number of cold areas 9.63E-01 11.08%

Surface of cold areas 9.66E-01 9.16%

Number of hot areas 5.06E-01 7.17%

Surface of hot areas 9.96E-01 3.53%

Fig. 3. Illustration of thigh thermograph as a function of the grade of cellulite: (a) Grade of cellulite 0 and (b) Grade of cellulite 4.

TABLE 2. Reproducibility results on 4 investigators

Parameters P value (ANOVA)

Sa 6.21E-01

Sz 7.04E-01

Sq 6.29E-01

Median temperature 5.53E-01

Temperature amplitude 7.96E-01

Number of cold areas 7.04E-01

Surface of cold areas 6.24E-01

Number of hot areas 1.73E-01

Surface of hot areas 6.68E-01

TABLE 3. Correlation between clinical grading and thermal parameters

Parameters

Pearson’s coefficient (R) and P value

R (P)

Cellulite visible

without pinching

Cellulite visible

with pinching

Sa 0.53 (<0.0001) 0.46 (<0.0001)
Sz 0.53 (<0.0001) 0.42 (0.0001)

Sq 0.54 (<0.0001) 0.45 (<0.0001)
Median temperature 0.26 (0.019) 0.25 (0.0273)

Temperature amplitude 0.01 (0.942) 0.17 (0.1481)

Number of cold areas 0.49 (<0.0001) 0.42 (0.0001)

Surface of cold areas 0.49 (<0.0001) 0.37 (0.0009)

Number of hot areas 0.42 (0.0002) 0.44 (<0.0001)
Surface of hot areas 0,51 (<0.0001) 0,46 (<0.0001)
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(median skin temperature) to 11.08% (number
of cold areas). No statistical (ANOVA) difference
was found between the four different investiga-
tors when measuring the reproducibility of the
protocol (Table 2).

Accuracy
Table 3 shows the Pearson’s coefficient (R) and
the P-value R (P) of the correlation between
thermal parameters and clinical evaluation. The
strongest correlations were observed for Sa
(R = 0.53), Sz (R = 0.53), Sq (R = 0.45) and the
surface of hot pixels. Higher correlations were
also observed between thermal parameters and
cellulite without pinching compared to the
cellulite with pinching. Figure 3 shows the
images of the skin temperature of the thigh of
two different volunteers. Figure 3(a) corre-
sponds to the thermograph of a volunteer with
a grade 0 of cellulite. The temperature is
homogenous. Figure 3(b) corresponds to the
thermograph of a volunteer with a grade 4 of
cellulite. We observe a general decrease of the
temperature, a decrease of the thermal homoge-
neity and the apparition of hot and cold areas.

Discussion

Skin imaging provides numerous methods
enabling to document the skin changes in gen-
eral and the cellulite more particularly (15).
Some available methods such as the 3D imaging
(16) and the profilometry (17) focus on the skin
surface topography. Others, such as echography
are made to capture the internal structure of the
skin. These methods can be used to document
the structural benefits of the cosmetic/dermato-
logic procedures. However, it is also interesting
to follow the functional changes. Consequently,
monitoring the skin temperature would give
information related to the blood flow throw the
skin (14). Previous publications have high-
lighted the link between the skin temperature
and the cellulite (4, 9).
In this paper, we present a method we devel-

oped and validated to assess the cellulite thanks
to a thermal camera. Despite the thermal plates
have been used to describe the cellulite state, to
the best of our knowledge, there is no data pub-
lished related to the use of a thermal camera
for cellulite evaluation. Beyond the high thermal
resolution of the camera (0.02°C), this method

enables a non contact image acquisition. More-
over, the images are digitally processed rather
than subjectively graded, and the results are
comparable among different experiments.
In order to develop and to validate the meth-

odology, we have followed a three steps pro-
cess to reduce most of the variation in data
acquisition that are usually related to thermal
imaging measurements (6). The design of exper-
iment and the repeatability/reproducibility test
included a relatively low number of subjects (3
and 5, respectively). However, the objective of
this DOE was to assess the influence of several
environmental and body related factors rather
than to measure human temperature variability.
Consequently, it was more meaningful to have
multiple experiments under different conditions
rather than few experiments with a lot of vol-
unteers. On the contrary, we included 39
women in the correlation study in order to have
a minimum of five volunteers for each type of
cellulite (type I to IV).
The image analysis process extracts parame-

ters describing the overall skin temperature
(median T°; T° amplitude), the homogeneity of
the temperature (Sa, Sz, Sq) and the visual con-
trast between hot and cold areas on the images
(number and surface of cold and hot areas).
These parameters were selected to mimic the
expertise of the graders analyzing the thermal
plates. The scale proposed in the literature
evolves from a uniform hot skin, to a leopard
skin and finally to a uniform cold skin. Thus,
the skin overall temperature and homogeneity
are related to the cellulite.
The skin temperature is simultaneously influ-

enced by several parameters. Consequently, a
DOE is the most appropriate statistical approach
to depict the influence of these parameters. For
this study, we focused on parameters which
were most likely, to our view, related to the skin
temperature. However, we restricted our investi-
gation to a limited population in order to avoid
additional biases. Examples of inclusion criteria
are: having regular menstrual cycles, having a
stable weight for at least 3 months and not modi-
fying theirs sports habits during the study.
A screening DEO was preferred to a full fac-

torial design for budget and time limitations.
The screening design required 12 experiments
while the full factorial one would need 72.
However, regarding the expected variations in
skin temperature, the screening design was
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found sensitive enough to detect the influence
of the parameters included in the model. The
results show that the period of the day when
the acquisition is done significantly influence
the skin temperature. On the same trend,
the absorption of a hot beverage before the
measure and the body position slightly affect
the temperature. The effect of the period of the
day and the hot beverage may be related to the
body internal metabolisms, while the body posi-
tion (sitting vs. lying/standing) may be related
to the body weight pressure close to the area of
measurement (thigh). A linear relation between
the skin and the room temperatures can be
noticed between 20.5°C and 25°C, which make
sense. The slight decrease of the skin tempera-
ture when the room is between 19°C and 20.5°C
may be related to the temperature difference
between the external environment and the room
of measurement, knowing that there was no per-
iod of acclimation for this experiment. Finally,
the DOE enables to build an acquisition protocol
that was validated with the next experiences.
The repeatability and reproducibility tests do

not show any statistically significant differences
between the different experiments, meaning that
the protocol can be consistently used by differ-
ent investigators. The error in the measures
ranges from 0.10% for the median temperature
to 11.08% for the number of cold areas. The
parameters related to the contrast between cold
and hot areas require a more intensive process-
ing algorithm and are therefore more sensitive
to small deviations in the acquisition. However,
in overall, the percentage of error stays in the
expected margin for an in vivo method.
The thermal images clearly show that the cel-

lulite increases the presence of hot and cold

inhomogeneous spots. The hot spots may be
related to the edema caused by the leak of fluid
from the damaged blood vessels while the cold
spots may be linked to the blood stasis.
The computed parameters were compared to

the clinical assessment of the cellulite by an
expert grader in order to connect the measure
to a real human perception. We found that most
of the selected parameters were significantly
correlated (P < 0.05) with the orange peel aspect
of the skin. However, the parameters related to
the skin homogeneity had higher correlation
coefficient than those related to the skin temper-
ature. This may be explained by the robustness
of the quantiles (median T°; T° ampli-
tude = max T° – min T°) to small changes. All
the parameters assessed were better linked to
the cellulite visible without pinching than with
pinching. This cellulite is usually more severe
and more prone to affect the vascular layer.
In conclusion, these experiments demonstrate

that the thermal camera can be used to reliably
document the changes in the skin temperature
that are related to the presence and the severity
of cellulite. These changes may help profession-
als to better understand and follow the benefits
of the procedures they are administrating.
Moreover, as all the electronic devices, thermal
cameras are becoming more powerful, while
being more affordable. Thus, they can become a
meaningful tool in dermatological offices.
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