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Background: Cellulite is one of the worst tolerated aesthetic

imperfections. Edema that accompanies cellulite causes disor-

ders of blood flow what may be observed as changes in the

skin surface temperature. The aim of this paper was to

develop a new method based on the analysis and processing

of thermal images of the skin for biometric evaluation of sever-

ity of cellulite and monitoring its treatment.

Methods: The observations of the treatment effects were con-

ducted on 10 females (33.4 � 6.4 years). Thermal images of

the volunteers’ thighs were captured before starting the ther-

apy (T0). In the following stages: T1, T2, and T3, thermal

images were captured 2 weeks after the first, second and third

Alidya treatment administration, respectively. Profiled algo-

rithms were developed to determine the mean Grey Level

Co-occurrence Matrix (GLCM) contrast in the acquired

thermograms.

Results: The mean GLCM contrast for the phase T0 was

70.91, and for the stages T1, T2, and T3: 57.78, 41.80, and

38.53, respectively.

Conclusion: The use of proposed method (GLCM contrast)

enables biometric evaluation of the effectiveness of cellulite

treatment. Traditionally used parameters of infrared analysis

such as local points of the maximum and minimum tempera-

ture or the median temperatures are not useful in thermal,

biometric evaluation of anti-cellulite preparations.
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GYNOID LIPODYSTROPHY (cellulite) is one of the
worst tolerated aesthetic defects (1–4). It

affects 80–90% of women after puberty (5).
Among the factors predisposing to cellulite are:
gender, race, body weight, hereditary factors,
age (3, 6). The pathogenesis of cellulite onset is
still unknown. It is the consequence of blood and
lymphatic microcirculation damage which leads
to structural changes in fatty layer and surround-
ing collagen matrix. In particular, superficial
microcirculation seems to be less efficient and,
due to altered permeability of blood vessels,
there occurs subcutaneous tissue edema which
compresses the vessels further disrupting the
flow of blood and lymph. Microcirculation
imbalance causes a ‘vicious cycle’ in the develop-
ment of cellulite. Inadequate microcirculation,
lymphatic and blood flow decreases causing

higher pressure in the tissues, leading to lowered
circulation. This condition can induce sclerosis
and a reduced replacement of collagen fibers.
There may also occur an impaired trophic reac-
tion of adipocytes to endocrine and/or neuroen-
docrine stimuli, associated with edema, vascular,
and fibrotic damage (7, 8).
Studies using laser Doppler flowmetry show

that the blood flow in the skin covered by cellulite
is reduced by 35% (9). Microcirculation disorders
occurring in cellulite cause local skin temperature
disturbances. The skin with cellulite signs has
characteristic areas of stagnant blood – in these
places the temperature is raised (hyperthermia),
and has ischemic areas – the temperature is low-
ered (hypothermia). The greater the contrast
between these areas – congestion and ischemia,
the more pronounced the cellulite is (9, 10).
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Microcirculation disorders manifested by
abnormal temperature of the skin surface cov-
ered in cellulite can be the basis for determining
a Cellulite Severity Scale (CSS) (9, 11). Analysis
of skin temperature can be implemented using
thermographic methods.
Thermographic studies can be conducted

using a contact method – thermal plates or a
non-contact method – an infrared camera (9, 11).
The use of a contact method based on liquid crys-
tals enables to determine severity of cellulite only
on a subjective scale (7). The scale consists of four
stages: grade 0–1 of cellulite – a shade spot in
thermal images; grade 2 of cellulite – leopard
skin thermal images; grade 3 of cellulite – black
holes in thermal images (7).
Unlike most other techniques, the use of an

infrared camera supported by methods of
image analysis and processing allows to per-
form biometric (quantitative) analysis of the
severity of cellulite lesions. Thermography is a
non-invasive, safe, painless, non-contact and
relatively inexpensive technique.
The advantage of thermography is that it can

be used repeatedly by repeating the test in a
short period of time. Importantly, thermo-
graphic studies using an infrared camera allow
archiving of acquired thermograms, and then
using the methods of image analysis and pro-
cessing for quantitative identification of param-
eters of the skin covered in cellulite.
The search for new ways of getting rid of

cellulite is not possible without the develop-
ment of biometric methods for assessing the
progress of this popular subcutaneous tissue
disorder. Currently, cellulite severity is mainly
assessed using subjective scales and simple
anthropometric methods. They do not allow for
biometric evaluation of severity of lesions as
well as assessment of the effectiveness of cel-
lulite treatment.
The aim of this study was to develop a

method based on the analysis and processing of
thermal skin images for biometric evaluation of
cellulite severity and monitoring its treatment.

Materials and Methods

Patients
The observations were conducted in 10 females
aged 21–46 years (mean 33.4 � 6.4), who were
under cellulite treatment in an aesthetic medi-
cine practice.

The patients were marked with symbols from
P1 to P10. In all the patients, cellulite was iden-
tified based on a physical examination (visual
inspection). The inclusion criteria were: no con-
traindications for local cellulite treatment and
the patient’s consent for the acquisition of ther-
mal images. The treatment was performed by
qualified personnel according to standard pro-
cedures suggested by the manufacturer of the
test product. The aim was both biometric analy-
sis of the treatment effectiveness and analysis of
the treatment technique. In accordance with the
requirements of the Declaration of Helsinki, the
participants were informed about the purpose,
nature, and method of research.

Stages of research
The subject of analysis – region of interest (ROI)
– was the skin covering the back of the volun-
teers’ thighs in the range from 5 cm above the
knee to the line defined by the buttock. The
acquisition of thermal images was conducted in
a standing position. The volunteers were asked
not to use any cosmetics on the day of examina-
tion that could affect the measurements. The
study was conducted in highly reproducible
conditions. The mean room temperature was
21.0 � 1.44°C, and the mean humidity was
51.23 � 12.56%. These values are within the
range specified by the manufacturer of the
infrared camera for optimum measurement con-
ditions. The measurement parameters were
each time calibrated with respect to the envi-
ronmental conditions (temperature, humidity,
distance from the object).
The study was divided into four stages. In

step ‘zero’ (T0), the images of the volunteers’
skin were captured before ongoing procedures.
In the following stages, T1 and T2, thermal
images were acquired about 2 weeks after the
first and second treatment respectively and
immediately before the next treatment involving
the use of Alidya. In the next step T3, the skin
thermograms were acquired 2 weeks after the
last (third) treatment. The time interval between
successive Alidya applications was 14 � 3 days.
The volunteers prior to the thermal measure-

ment were acclimated to the room conditions
standing there for at least 20 min. The use of
infrared analysis to evaluate the skin surface
temperature required minimizing the measure-
ment errors resulting from:
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• wrong estimation of the object emissivity,
• determination of the IR radiation reflected

from objects in the environment of the test
subjects,

• atmospheric attenuation, dispersion, and
emission,

• changes in the radiation of optical camera
components,

• incorrect methodology for the measurement
procedure,

• convection of air currents,
• patient’s emotional state,
• effect of the patient’s clothes,
• thermal conductivity from limited and dif-

fused sources of heat,
• skin vascularization,
• meals consumed in the past 24 h,
• crossed radiation,
• undisclosed diseases of probands.

All these aspects were taken into considera-
tion in the acquisition of thermal images of the
volunteers’ skin.

Tested product
The assessment concerned the effectiveness of
cellulite treatment conducted with Alidya, Ghi-
mas SpA, Italy. Alidya (Anti Lipo Dystrophic
Agent) is a class III medical material, which
was registered with the main indication for the
treatment of gynoid lipodystrophy (cellulite)
and it is routinely used in aesthetic medicine
cabinets. The product is lyophilisate (340 mg)
prepared to be dissolved in 10 mL of water for
injection; it is applied topically in the form of
transdermal injections within the altered skin in
a single dose of 1–2 ampoules.

Infrared camera
The acquisition of thermal images was per-
formed using a FLIR T420sc infrared camera
operating in the wavelength range of 7.5–
13 lm. The resolution of images was 320 9 240
pixels and the resolution of the infrared camera
was <0.045°C. The images were captured using
a lens with a focal length f = 18 mm. The room
where thermograms were acquired was
designed for thermal measurements – no win-
dows (blinds), lack of heat, and cold sources,
lack of air-moving devices. The data acquisition
and analysis were performed using the FLIR
ResearchIR version 3.5 (FLIR Systems, Inc.,

Wilsonville, OR, USA) and Matlab version 12.0
(The MathWorks, Inc., Natick, MA, USA).

Acquisition of thermograms
A total of 40 sequences of thermal images were
captured – one sequence for each of the 4 stages
of the study (T0, T1, T2, and T3) for each of 10
volunteers. Thermal images were recorded in
*.fcf format. Then the image sequences were
converted to *.mat, which enabled their expor-
tation to Matlab, followed by their analysis and
processing in this environment.
The obtained sequence of images of the back

area of the thighs was the main subject of anal-
ysis. As the image sequences were captured
every 2 weeks, it was impossible to perform
three identical projections corresponding to the
steps T0–T3. To determine the suitability of indi-
vidual pixels of successive images, it was neces-
sary to correct shifts and rotations. For each
registered series of images, the first image (T0)
was taken as a model. The positions of the
other images in the series (T1–T3) were cor-
rected with respect to the model. Correction of
the positions of individual images concerned
the selection of three parameters: position cor-
rection in the row axis, position correction in
the column axis, and correction of rotation rela-
tive to the center of the image.

Grey Level Co-occurrence Matrix method
The Grey Level Co-occurrence Matrix (GLCM)
method was applied to determine the difference
between adjacent temperature fields. The use of
GLCM was to determine the homogeneity of
the distribution of temperature fields on the
patients’ thighs before and after the treatment.
The contrast calculated on the basis of GLCM
was adopted as a measure of homogeneity. The
idea of the GLCM method is to calculate
the number of neighborhoods of each pixel in
the ROI indicated by the operator or in the
entire image. These neighborhoods can be ana-
lyzed in different directions: horizontally, verti-
cally, and diagonally. The closest possible
neighborhoods are most often analyzed – for
example, horizontally, these are two pixels
existing next to each other. The number of
neighborhoods occurring between individual
pixel brightness values is stored in GLCM by
determining the number of neighborhoods

3

Biometric evaluation of cellulite treatment



between pixels with brightness ‘1’ and ‘0’. In
the case analyzed below, ‘1’ corresponds to a
black pixel – ‘cold’, ‘0’ to a white one – ‘warm’.
Then, the contrast is calculated based on
GLCM. The analysis of the results for the sam-
ple, artificial images shown in Fig. 1a and b
gave the following results:
Artificial images were chosen in such a way so

that the total number of white (‘warm’) and black
(‘cold’) pixels was equal. For the image b), the
contrast is very high (0.501), while for the image
a) small (0.0103). This is also reflected in the
GLCM shown in the tables. The number of
neighborhoods of pixels ‘1’ -> ‘0’ for the image a)
is only 51 – this is one of the edges of the white
square. For the image b), there are 2474 neighbor-
hoods of pixels ‘1’ -> ‘0’ – this is due to the large
number of white pixels with an adjacent black
pixel. This method enables to quantitate the con-
trast in the ROI, thus it allows for the qualitative
determination of the homogeneity degree of the
distribution of temperature fields in the course of
cellulite. In the above example, a two-dimen-
sional model (0.1) was used, while in the ana-
lyzed case an n-dimensional model was applied,
where n is the temperature difference between
adjacent pixels of thermal images.

Results

Analysis of distribution of temperature fields
enables to determine the minimum, maximum

and median temperatures within each ROI.
However, these are not the parameters that
allow for biometric evaluation of the effective-
ness of the test product. This is due to the fact
that any minor temperature disturbance, includ-
ing even one pixel, can falsify the result. Conse-
quently, GLCM contrast was used. This
parameter describes the temperature differences
through the analysis of the matrix of tempera-
ture fields. Accordingly, the smaller the mean
contrast, the more homogeneous, and thus more
desirable, the distribution of temperatures on
the skin surface.
Minimum local skin temperature recorded

within the ROI was 26.89°C – patient P3, stage
T0. In turn, for patient P5 and stage T2, a maxi-
mum local temperature of the skin was 34.19°C.
Figure 2 shows examples of the results for

patient P2 for stages T0 – T3. The left column
shows an illustrative thermal image, which is
the basis for determining the ROI. The middle
column shows the three-dimensional visualiza-
tion of the skin temperature in the ROI. The
right column shows the statistical information
on the number of neighborhoods of pixels of
individual temperatures, which is used to deter-
mine the mean GLCM contrast in the ROI.
The mean temperature in the ROI for all test

subjects measured before treatment and after
the first, second, and third treatment was
30.77°C, 30.57°C, 30.73°C, and 30.17°C, respec-
tively (Figs 3 and 4). What is important, there

Fig. 1. Artificial images of the different contrast of the GLCM built with the same number of black – cold ‘0’ and white – warm ‘1’ pixels.

4

Wilczyński et al.



was no satisfactory correlation between the
mean temperatures recorded in the ROI before
and after a series of treatments – the correlation
coefficient R2 = 0.5937. No satisfactory correla-
tion was also observed between the minimum
mean temperatures in the ROI for the study
stages from T0 to T3 (29.71°C, 29.53°C, 29.49°C,
28.63°C, respectively; R2 = 0.7659). In turn, for
the maximum mean temperatures in the ROI –
for T0 – T3: 31.83°C, 31.56°C, 31.67°C, 31.81°C
respectively – the correlation coefficient indi-
cated an unsatisfactory fit (R2 = 0.0008).

Grey Level Co-occurrence Matrix analysis
shows a clear decrease in the mean GLCM con-
trast with the progress of the therapy: the mean
GLCM contrast in the ROI for stage T0 (before
treatments) was 70.91, and for stages T1–T3 it
was 57.78, 41.80, and 38.53, respectively (Fig. 5).
The maximum GLCM contrast indicating the

greatest temperature differences between the
two test fields was seen in patient P10 for stage
T0 and amounted to 118.52 (Fig. 6). The mini-
mum GLCM contrast indicating the most homo-
geneous distribution of temperature fields – at

Fig. 2. Thermograms of the ROI (left column), three-dimensional visualization of temperature in the ROI (middle column) and GLCM contrast
for patient P2 in all stages of the study: T0 – before treatment, T1 – T3 after the first, second, and third treatment, respectively.
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the same time pointing to the smallest severity
of cellulite – was registered for patient P4 for
stage T3 (after the last treatment) and amounted
to 23.45. The difference in the mean values of
GLCM contrast before treatment and after a

series of three treatments was 32.38, represent-
ing an increase of 45.66%.
The largest reduction in the GLCM contrast

was observed between the stages T0 ? T1 and
T1 ? T2, 13.13 and 15.98 respectively, while
between the stages T2 ? T3 the contrast
decreased by only 3.27 (Fig. 5).
There was a high correlation between the

mean GLCM contrast and the treatment/study
stage: R2 = 0.9461 (Fig. 5). However, there was
no correlation between the mean temperature in
the ROI and the mean GLCM contrast:
R2 = 0.0089 (Fig. 7).

Discussion

Gynoid lipodystrophy (cellulite) is a disorder
with multifactorial etiology. It is a disorder of
the skin surface topography leading to changes
in the appearance of its surface. Edematous
fibrosclerotic panniculopathy of the subcuta-
neous tissue is responsible for a visible change
in the skin covered in cellulite. Edema

Fig. 3. Mean temperatures in the ROI and standard deviation for
all of the patients (P1-P10) in successive stages of the study: T0 –
before treatment, T1, T2, T3 – approximately 2 weeks after the first,
second, and third treatment, respectively.

Fig. 4. Distribution of mean temperatures in the ROI for each
patient in the subsequent stages of the study: T0 – before treatment,
T1, T2, T3 – approximately 2 weeks after the first, second, and third
treatment, respectively.

Fig. 5. Mean GLCM contrast and standard deviation of the individ-
ual stages of the study: T0 – before treatment, T1, T2, T3 – approxi-
mately 2 weeks after the first, second, and third treatment,
respectively.

Fig. 6. Distribution of mean GLCM contrasts in individual patients
in subsequent stages of the study: T0 – before treatment, T1, T2, T3 –
approximately 2 weeks after the first, second, and third treatment,
respectively.

Fig. 7. Correlation between the mean temperature in the ROI and
mean GLCM contrast taking into account all stages of the study
(T0 – T3).
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occurring in the course of cellulite causes
impaired blood and lymph flow within the sub-
cutaneous tissue (9, 11). Flow disorders may be
observed as changes in the skin surface temper-
ature (9, 11).
In this study, it has been shown that the use

of infrared analysis supported by methods of
image analysis and processing enables to spec-
ify changes in the skin temperature and spatial
distribution of temperature fields on the skin
surface in the course of cellulite (Fig. 2).
There are no studies known from literature

which allow for quantitative evaluation of the
temperature fields or their homogeneity degree
in the course of treatment of gynoid lipodystro-
phy. Among the fairly numerous publications
related to the use of thermography in medicine
there dominate qualitative and semi-quantita-
tive evaluations (11–14), while only a few show
quantitative measurements (15).
Supporting thermography with methods of

image analysis and processing gives much
broader capabilities than traditional methods
such as clinical photography, anthropometric
assessment or the use of relative scales, e.g.,
CSS (12). The results from computer analysis
are obtained automatically, are repetitive, cali-
brated, and independent of human factors
related to both the patient and the specialist
carrying out the examination.
The use of infrared analysis supported by

image analysis and processing methods allowed
for biometric evaluation of the effectiveness of
Alidya. The mean difference in the GLCM con-
trast in all studied patients for stage T0 ? T1

was 13.13, for T1 ? T2 – 15.98, while for T2 ?
T3 the contrast decreased only by 3.27. This
indicates that the first two treatments yielded
the expected results.
It is also worth noting that regardless of the

baseline severity of cellulite (GLCM contrast),
the final stage of changes (after the second and
third treatment) was similar in all patients – the
lowest standard deviation of the mean value of
GLCM for stages T2 and T3. Therefore, it seems
that the more advanced cellulite, the higher the
effectiveness of treatment.
It should also be noted that the standard

parameters used in thermal measurements, such
as a local maximum and minimum temperature
as well as median temperatures in the ROI, are
not clinically relevant. Any minor disturbance
of temperature, resulting from, for example,

exfoliation of the skin or hair in the ROI may sig-
nificantly disturb the analysis. Such an area will
be treated as a local minimum or maximum,
which is not synonymous with edematous disor-
ders which impair circulation in the course of
cellulite. Lack of significance of local temperature
maxima and minima as well as the assessment of
the mean temperature in the ROI is confirmed by
the absence of correlation between the minimum,
mean, and maximum temperatures and the mean
GLCM contrast (Figs 3 and 7).
In the available literature, there are no data

on the use of GLCM methods for the analysis
of thermal images in the diagnosis or monitor-
ing of cellulite treatment. It seems that if this
method supported by analysis of GLCM con-
trasts allowed for biometric evaluation of the
effectiveness of Alidya, it may find a wider
application. No other methods, including
anthropometric ones, are able to determine the
advancement of cellulite in such a precise way.
The GLCM method was also used to assess

the severity of the degree of cellulite in the pub-
lication of De la Casa Almeida et al. (1). They
used the GLCM method in the analysis of skin
images captured in visible light. This involves
some limitations that do not relate to the analy-
sis discussed in this paper. Images recorded in
visible light (1) are very sensitive to the way of
illuminating an object. Even small differences in
the angle of light incident on the imaged object
give rise to significant differences in grey levels
of an image, which is reflected in the resulting
GLCM contrast. Hence, De la Casa Almeida
et al. (1) acquired images of relaxed and con-
tracted buttocks. A change in the skin structure
determined by muscle tension resulted in a sig-
nificant difference in obtained parameters,
including the GLCM contrast. In addition, when
assessing the effectiveness of the performed
procedures, it is necessary to acquire skin
images within a specified period of time. Thus,
obtainment of exactly the same projection in an
image in visible light is very difficult. The cur-
vature of the buttocks and the skin structure
are very sensitive even to small changes in the
angle of incidence of light rays. In this regard,
infrared analysis has an advantage over imag-
ing in visible light because it is less sensitive to
factors associated with the image acquisition
parameters, operator’s skills or the patient. No
differences were registered in thermograms of
relaxed and contracted muscles within the ROI.
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However, attention should be also paid to
limitations of the used GLCM method in the
analysis of thermal images. Thermal evaluation
of disorders in the course of cellulite is possible
only if there are pathologies in the circulation
in the dermis and the subcutaneous tissue
resulting from edema. However there are exam-
ples in the literature, when disturbances in the
symmetry and structure of connective tissue in
the course of cellulite are not accompanied by
circulatory disorders. Such changes usually
affect young slim women (4, 5). In this case, an
alternative method of analysis of the severity of
changes in the course of cellulite can be spatial
analysis of the skin surface carried out, for
example, using ultrasound diagnostics (16) or
photographic documentation (1).
The developed method for quantitating the

distribution of temperature fields in the course
of cellulite treatment using Alidya might allow
in the future for its use in biometric determina-
tion of the safety and effectiveness of other
products and cellulite treatments. Moreover, the
use of the newly developed automated methods
for assessing temperature fields and their distri-
bution will probably enable to optimize the
composition of other anti-cellulite preparations.
There may also be an attempt to correlate the

safety and effectiveness of cellulite treatments
with baseline characteristics and attributes of
probands. This study demonstrated a positive
correlation between the effectiveness of treat-
ment and severity of cellulite.

Conclusions

The use of thermography supported by methods
of image analysis and processing (GLCM
contrast) enabled biometric evaluation of the
effectiveness of the anti-cellulite preparation,
Alidya. The use of infrared imaging allows for
acquisition of repetitive projections, irrespective
of the lighting, operator and patient (e.g., muscle
tension), which gives a definite advantage over
the visualization of cellulite under UV-VIS light.
Traditionally used parameters of infrared analy-
sis such as: local maximum and minimum
temperatures or median temperatures in the
ROI, are not useful in thermal, biometric evalua-
tion of anti-cellulite preparations. No satisfactory
correlation between temperature parameters of
the skin and GLCM contrast was obtained.
Obtainment of a clinically noticeable effect of
cellulite treatment using Alidya requires at least
two applications. There was a poor correlation
between the effectiveness of treatment and initial
severity of cellulite (R = 0.49).
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