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Abstract

Aesthetic cellulite is a disorder characterized by the skin with an “orange peel” appearance and has negatively affected 
the self-esteem and social life of more than 80% of post-pubertal women. The content in question covers the scarcity of 
evaluative studies in the area of aesthetics and favors the standardization of a technique for evaluating this dysfunction. 
The present study aimed to verify the use of thermography as an auxiliary method in the diagnosis of possible circulatory 
alterations in the gluteal region, as in cases of cellulite appearance, and to investigate the possibility of preventing its 
worsening. This is an observational study, carried out with eighteen female volunteers aged between 18 and 35 years 
old, with striae alba in the gluteal region, without drug treatment with photosensitive substances, or using isotretinoin, 
or still applying any specific topical treatment on the buttocks. The participants were divided into 2 groups, which 
were group 1 (non-uniform thermographic images) and group 2 (uniform thermographic images). Assessments of the 
cellulite’s appearance were performed through conventional photographs, thermography, and by 3 specialists in the field 
of dermatofunctional physiotherapy. The results showed that the severity of cellulite cannot be classified only through 
a visual assessment or questionnaires, since the participants who do not have the physical characteristic of cellulite, 
demonstrated through the thermography, a circulatory compromise, which suggests a possible risk in developing 
cellulite. Therefore, this study concluded that a previous diagnosis through a thermographic camera can help in the 
prevention of this dysfunction.
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INTRODUCTION

Dermopaniculosis, known as aesthetic cellu-
lite, is a disorder characterized by an “orange-
-peel” appearance and has affected more than 
80% of post-pubertal women1. This change can 
be generated due to an increase in the lipid 
content in the adipose cells in a localized way 
together with the accumulation of local inters-
titial fluid2,3,4.

Aesthetic cellulite predominantly affects fe-
males and is present in all races, with the white 

race being the most affected1. Its pathophy-
siology is not fully understood; however, it is 
known that the structural increase in fat cells 
can stretch the collagen septa that support the 
skin, pulling them downwards, giving the skin 
the visible feature of punctual depressions5,6,7.

The accumulation of interstitial fluid at the 
site can also generate this stretching of the sep-
ta by increasing local pressure, and this agglo-
meration of fluid in the long term can solidify 
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through the polymerization of the fluid, thus 
leading to fibrosis6,7,8. Among the most affected 
areas, the trochanteric region, the buttocks, 
and the back of the thighs are highighted9. The 
impairment of the local circulation due to the 
pressure exerted on the vessels by the increase 
in fat cells can affect the blood and lymphatic 
network in the long term, causing a decrease 
in the passage of liquids to other regions or 
even favoring stasis and generating liquid re-
tention10,11.

Local liquid stagnation can create protecti-
ve channels and favor the process of polymeri-
zation of the interstitial fluid, which can induce 
fibrosis of the septa supporting the skin, with 
a reduction in circulation of up to 35% in pla-
ces affected by cellulite12. Estrogen may play a 
key role in the physiology of this dysfunction. 
Moreover, studies report that the increase in 
the activity of collagen-producing cells and fi-
broblasts favors the increase in the synthesis 
of glycosaminoglycans and collagen; therefore, 
there is an increase in capillary pressure and 
liquid stasis7. According to Bauer10, the excessi-
ve deposition of fat through the stimulation of 
estrogen in the main areas of cellulite involve-
ment could justify the influence of this hormo-
ne on the development of cellulite.

Although it is not considered a pathological 
condition13, the quality of life, especially in wo-
men in whom there is a predominance of up to 
90% of cases, can be directly affected in terms 
of low self-esteem and social interaction14. This 
is due to the arrangement of the connective 
septa which are arranged perpendicular to the 
skin, protruding towards its surface, in which 
any increase in the level of triglycerides in the 
fat cells will have a tendency to pull the skin 
downwards through the distension of the colla-
gen septa, generating skin depressions8. On the 
other hand, in males, the connective septa are 
obliquely arranged at 45° angles to the skin, 
which ends up making it difficult protruding 
towards the epidermis, and for this reason, it is 

less incident4,5,8,9.
Some main aspects that can influence the 

aggravation or the appearance of these altera-
tions in the cutaneous relief in female individu-
als are physical inactivity, age, poor diet, and 
the use of contraceptive agents15.

Exams such as magnetic resonance imaging 
and diagnostic ultrasound have been used as 
non-invasive techniques to assess and diagno-
se cellulite appearance, especially digital ther-
mography16. Thermography has the advantages 
of having a lower cost and, above all, is more 
practical for professionals who works with 
cellulite treatment17.

Bauer et al. (2020)10 demonstrate that skin 
with no visible change in skin relief is more 
uniform in thermography images, with little va-
riation in color and with approximate tempe-
ratures. However, in affected skins, there are 
hotter spots than the unaffected regions, with 
strong coloring and there is not a uniform tone 
or close to being uniform.

Professionals in the field of dermatofunc-
tional physiotherapy and the like, who seek 
to obtain satisfactory results in the treatment 
of aesthetic cellulite, must carry out a detai-
led anamnesis and evaluation of the patient. 
Therefore, the application of a thermographic 
camera at the first evaluation must collaborate 
with the identification of contributing factors 
for the appearance of the dysfunction in ques-
tion, which may not be seen without the aid of 
the equipment.

Given the above, the present study aimed 
to verify the use of thermography as an auxi-
liary method in the diagnosis of possible cir-
culatory changes in the gluteal region, as in 
cases of cellulite appearance, and to investiga-
te the possibility of preventing its worsening. 
Therefore, the present study sought to analyze 
and compare the visual aspect of conventio-
nal and thermographic photography, to iden-
tify the habitual and physical characteristics of 
the studied volunteers, and to identify, through 
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thermography, the circulatory behavior of the 
individuals who do not present the physical 
characteristics of the cellulite appearance but 
may progress to the dysfunction in question.

It is presumed that the inclusion of thermo-

graphy images should enrich the professional's 
knowledge about the patient, offering more 
information that allows for drawing up an ade-
quate treatment plan for the cellulite appearan-
ce.

METHODOLOGY

Study location and ethical aspects
This is an observational study carried out 

at the Department of Physiotherapy at the 
Federal University of Pernambuco (UFPE), at 
the Electrothermophototherapy Laboratory 
(LETER). This study is part of the clinical trial 
called "The use of a thermographic camera in 
aiding the diagnosis of cellulite appearance", 
approved by the Ethics Committee, with the 
approval number: 4,173,122 developed in the 
period from December 2020 to September 
2021.

The participants of this study have their ethi-
cal commitment assured and the confidentiali-
ty of the use of their data as recommended by 
resolution 466 of December 2012, of the Na-
tional Health Council (NHC). The information 
collected will be preserved and archived in 
the main evaluator's personal computer at the 
address: Avenida José Ferreira Lins, 477, Bair-
ro Imbiribeira, Recife - PE - under CEP: 51170-
320, for a minimum period of five years.

Inclusion and exclusion criteria
In relation to the participants of this study, 

in total there were 36 women who agreed to 
participate in the study through the consent 
of the Informed Consent Form (ICF), which 
contained all the information about the stu-
dy. In addition, the participants filled out an 
anamnesis form, prepared by the main author 
of this study, through the Google Forms® pla-
tform, so that it was possible to collect their 
main daily habits and then relate them or not 
to their current dysfunction. The inclusion cri-

teria were women aged between 18 and 35 
years old, female, with striae alba in the glute-
al region, without drug treatment with photo-
sensitive substances, or using isotretinoin, or 
undergoing specific topical treatment on the 
buttocks. Moreover, the participants who ac-
cepted to be part of this study following the 
inclusion criteria, duly evaluated by anam-
nesis and after signing the informed consent 
form, were invited to go to the research site to 
take the photographs. Exclusion criteria were 
patients with a BMI above the limit (18.5 to 
24.9 kg/m2), use of photosensitive drugs, a 
high phototype, and unavailability.

Data collection and analysis
From the total of 18 volunteers participa-

ting in this study, 36 images were analyzed, 
and for each volunteer, one conventional 
photograph and one thermographic photogra-
ph were taken, totaling 18 photographs using 
a conventional photographic camera and 
18 using a thermographic camera. From the 
analysis with thermographic photographs, the 
volunteers were then divided into 2 groups: 
group 1, composed of 10 participants who 
presented non-uniform thermographic ima-
ges, and group 2, composed of 8 participants 
who presented a more uniform coloration in 
the thermography image.

The cameras were positioned at a distance 
of 100 cm from the volunteers and the height 
of the cameras was adjusted according to the 
height of the volunteers. A black cotton fabric 
background was used to standardize the loca-
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tion of the photos, and the environment was 
maintained at a temperature between 18º and 
23ºC controlled by air conditioners, and relati-
ve humidity between 40 and 70%, monitored 
with the aid of thermo-hygrometer KT-908®.

The thermography equipment used was FLIR 
Systems – E40bx® (FLIR® Company, Wilsonvil-
le, Oregon, USA), with a sensitivity of 0.05ºC, 
infrared resolution of 160 x 120 pixels, program-
med with an emissivity of 0.987, reflected tem-
perature of 20°C, picture-in-picture fusion, and 
a rainbow palette, in addition to a professional 
conventional Canon® brand camera, model Re-
bel T100 for conventional photographs.

The volunteers were instructed not to prac-
tice any physical exercise before the proce-
dure, as well as to remain in an orthostatic 
position for 5 minutes before capturing the 
thermography, for acclimatization of the ca-
mera. Prior body rest is necessary so that 
blood circulation does not undergo stimuli 
that may influence its flow. Participants were 
also asked to wear black bikini bottoms or un-
derwear, so that the area was as exposed as 
possible, and the fabric color did not influen-

ce the temperature of the photos.
Thermographic analyses were performed 

by 3 specialists in the field of dermatofunc-
tional physiotherapy, from a file on the Goo-
gle Forms platform containing the 36 photos 
of the experimental groups. Among the first 
18 thermographic evaluations, the specialists 
should select 2 options from the 4 available, 
referring to approximate temperature unifor-
mity; non-standardization of temperature; 
skin with fibroedema; and skin without fibro-
edema. The other 18 analyses were related 
to the classification according to Nurnberger 
and Muller regarding the degree of severity 
of fibroedema, such as: grade 0, without fi-
broedema; grade 1, mild fibroedema; grade 
2, moderate fibroedema; and grade 3, severe 
fibroedema18,19.

Statistical analysis
Data were expressed as mean and standard 

deviation and percentage of cases found in 
the studied sample. Statistical tests were not 
performed to compare the groups, the analy-
sis presented is a qualitative analysis.

RESULTS

After searching the MEDLINE database 
with the terms “cellulite and thermography”, 
in the last 5 years, using the PubMed inter-
face, 3 articles were found, but one did not 
address this subject, one was unavailable, 
and only one of these was used herein. In the 
Scientific Electronic Library Online - SciELO, 
no studies were found using the terms mentio-
ned above, and in the Science Direct databa-
se, 4 articles were displayed, however, none 
of them elaborated the topic.

Of the 36 volunteers who were interes-
ted in participating in the study, 8 were ex-

cluded because 5 of them were not available 
to commute during the research hours, 1 was 
using photosensitive medication, 1 had a BMI 
above the limit, and 1 had a phototype above 
III. In addition, 10 participants withdrew from 
going to the site to conduct the study. There-
fore, 18 volunteers participated in the study 
until its completion, which were purposely di-
vided according to their thermographic pho-
tographs into 2 groups. Figure 1 presents a 
flowchart that illustrates the division and loss 
process of the volunteers participating in this 
study.
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Figure 1 – Representative flowchart of the division process and loss of the number of volunteers.

Table 1 presents the common and physical cha-
racteristics of the volunteers, where it was possible 
to identify some factors that can cause or even wor-

sen the cellulite appearance, with an emphasis on 
the lack of physical exercise, low water intake, use 
of tight clothing, and the use of contraceptives.

Table 1 – Common and physical characteristics of the volunteers (n=18). Recife, PE, 2022.

CHARACTERISTICS NON-UNIFORM THERMOGRAPHY UNIFORM THERMOGRAPHY

Practices physical exercise 50% (5/10) 62.5% (5/8)
Uses contraceptive method 30% (3/10) 37.5% (3/8)

Wears tight clothing 60% (6/10) 100% (8/8)
Spends a lot of time sitting 90% (9/10) 87.5% (7/8)

Drinks +2L/day or ideal according to their 
weight 30% (3/10) 25% (2/8)

Shows signs of depression in the skin 90% (9/10) 25% (2/8)
BMI above normal 30% (3/10) 0% (0/8)
BMI below normal 10% (1/10) 12.5% (1/8)

Average age 26.5 25.37
 
The group “non-uniform thermography” refers to the volunteers in which most had visual characteristics of the cellulite appearance and the thermographic exam showed 
circulatory changes. In the “uniform thermography” group, the change in the circulation of the gluteal region was not demonstrated by the thermographic analysis.

Figure 2 (images A and C) shows two vo-
lunteers, both with visible cellulite-like alte-
rations using conventional photography, al-

though with thermal photography, the second 
volunteer (image D) did not show signs of al-
tered circulation.

Eligible volunteers 
(n=36)

Division (n=18)

Group 1 (n= 10) 
Non-uniform 

Thermography

Group 2 
(N=8) Uniform 
Thermography

Excluded (n=8)
-Unavailable schedule (n=5)

-BMI above limits (n=1)
-Photosensitive medication 

use (n=1)
-High Phototype (n=1)

Withdrawals (n=10)
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Figure 2 – Images A and B correspond to the same participant, in which it was possible to identify the 
cellulite appearance both in the conventional photographic image (A) and in the thermographic image (B). In 
image C, another participant presented depressions characteristic of the cellulite appearance, but in image 
D, there were no changes seen through thermography, as opposed to what was observed in image B.

Figure 3 represents thermographic images of 
four different volunteers, where it was possible to 
perceive the non-numerical temperature difference 

among them, classifying them as grade 0 (no celluli-
te), grade 1 (mild cellulite), grade 2 (moderate cellu-
lite), and grade 3 (severe cellulitis), respectively.

Figure 3 – (A) No cellulite, (B) Mild cellulite, (C) Moderate cellulite, and (D) Severe cellulite.
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The analysis of conventional and thermo-
graphic photographs of the three specialists in 
the field of dermatofunctional physiotherapy 
showed, in some analyses, discrepancies be-
tween the answers. Among the 18 analyses of 
thermographic evaluations regarding the uni-
formity or not of the temperature, as well as 

the presence of aesthetic cellulite or not, the 
three evaluators agreed with most questions 
(61.1%) and did not agree with the other ques-
tions (38%). On the other hand, in the analy-
sis of the 18 conventional photographs, only 
22.22% of the answers were similar among 
professionals.

DISCUSSION

Although the sample number was small 
(n=18), there were 6 volunteers who used 
contraceptive methods, 3 of them using the 
contraceptive pill, 2 using the IUD (copper 
and Mirena), and 1 who used a vaginal ring, 
which corresponds to approximately 30% of 
participants in both groups. Friedmann et al.15 
evaluated cellulite aggravation in users of this 
type of medication. In this study, it was ob-
served that a study participant who used the 
contraceptive method had the clinical signs 
of this dysfunction, on the other hand, it was 
also observed that 2 other volunteers, althou-
gh they used the contraceptive method, did 
not show signs of this dysfunction. Thus, it is 
worth noting that hormonal changes present 
at the beginning of puberty, such as the in-
crease in estrogen, also facilitate the develo-
pment of the orange peel appearance in wo-
men through lipogenesis, which is stimulated 
in certain parts of the body18,20.

Stefania et al.21 related high BMI with the 
appearance of cellulite. In this study, it was 
found that even with the BMI within the nor-
mal range of 18.5 to 24.9 kg/m2, 7 volunteers 
had a cellulite appearance or “orange peel” 
condition. Corroborating this result, Bass and 
Kaminer9 highlighted that the protrusion of the 
fat cell to the surface of the skin is a secondary 
event, that is, the increase in the thickness of 
the septa is what causes the depressive chan-
ges in the cutaneous relief.

Rudolph et al.22 reported that the increase 
in body mass index that alters the subcuta-

neous structure (thickening) was related to the 
worsening of body dysmorphia through incre-
ased tension in the collagen network. That is, 
the adipocyte protrusion is directed towards 
the skin surface while the fibers undergo oppo-
site tension, which consequently causes the 
skin to be pulled down into the fiber which is 
more tense. However, this increase in fat cells 
usually covers an entire area, such as in the 
gluteal region. It is therefore believed that all 
adipocyte rows receive an equal stimulus for 
growth, otherwise there would be clear dysre-
gulations in the skin. For this reason, it cannot 
be confirmed that the increase in lipid content 
is a determining factor for the development of 
cellulite, because if this hypothesis were true, 
we would have verified depressions in all areas 
of the gluteus and not only in isolated points, 
as observed in the volunteers studied herein.

Studies such as the one by Mirrached et 
al.23 verified, through an analysis of magnetic 
resonance imaging, that there was no corre-
lation between the thickening of the fat layer 
and the worsening of the cellulite appearance, 
which corroborates the results of the present 
study that overweight is not necessarily one of 
the causes of the appearance of cellulite.

Furthermore, the results of the study by 
Amore et al.24 agree with the findings of this 
study, when they demonstrated that physical 
activity, age, and changes in body weight are 
not significant factors for the appearance of 
the disorder that affects the appearance of 
the skin. In this study, volunteers with a BMI 
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below, normal, or above the ideal levels pre-
sented the dysfunction, as well as those who 
practiced physical exercises of different ages 
(20 to 32 years old). Furthermore, Amore et 
al.24 concluded that the depth and extension 
of the depressions were related to the seve-
rity of the cellulite condition; however, it is 
currently known that the fibrosis found in the 
septa of the superficial subcutaneous layer is 
the cause of this padded appearance, regar-
dless of severity25. Furthermore, Tokarska et 
al.26 highlighted that physical inactivity could 
worsen this orange-peel appearance due to 
muscle hypotonicity of local blood vessels, 
which consequently can lead to local hemos-
tasis.

Studies14,22,26 have reported age as a factor 
that facilitates the onset of the dysfunction 
in question. However, the present study se-
lected women aged between 20 and 32 ye-
ars old, with a similar mean age between the 
groups; therefore, the age of the sample of 
this study was not a causal factor for the de-
velopment of the cellulite appearance. On the 
other hand, Hexsel et al.27 demonstrated that 
advancing age could lead to the aggravation 
of cellulite.

The pathophysiology of cellulite is not yet 
fully elucidated, although some studies have 
stated that circulatory impairment can in-
fluence both its manifestation and its exacer-
bation15,28. Local hypoxia, inflammation, and 
polymerization are directly linked to this im-
paired circulation, and are not only reflected 
in physical signs, but also in symptoms such 
as heaviness in the legs, pain, and decreased 
sensitivity, including greater local sensitivity 
to cold17,24.

The fact that thermography indicated a 
change in circulation in 2 volunteers who did 
not have the visual characteristic of an oran-
ge-peel appearance, may possibly indicate 
that these volunteers are evolving to acquire 
the dysfunction11. Inflammation and vasocons-

triction are two of the main characteristics of 
cellulite, and the first sign of progress towards 
acquiring the condition is precisely the change 
in circulation that leads to a depressive cha-
racteristic, which can be noticed in the long 
term (months or even years) or even when 
pressing the skin17,29. Bauer et al.10 carried out 
a study similar to the present one, where they 
used thermography as an evaluative factor for 
cellulite and according to the analysis of the 
thermographic image they were classified as: 
no cellulite, mild cellulite, moderate cellulite, 
and severe cellulite. Herein, we performed 
the same classification with the images of the 
volunteers of the current study (Figure 3) ma-
nually since other studies performed it with 
the help of artificial intelligence10.

In one volunteer of Figure 2 (C and D), 
thermography (D) was uniform, that is, wi-
thout significant visible circulatory changes; 
however, in conventional photographs (C), 
the skin showed some depression points that 
suggest a cellulite appearance. These results 
suggest that the alteration in the circulation 
may not be found in some cases, confirmed 
by the study by Wilczynski et al.12; therefore, 
alterations in the connective tissue cannot be 
captured in thermographic exams.

The results of this study suggest that the 
severity of cellulite can be analyzed through 
thermography. In short, the thermographic 
camera used by professionals in the field of 
dermatofunctional physiotherapy, and the 
like, is a recent technique used to investigate 
the development of cellulite appearance, and, 
therefore, the number of scientific articles is 
also scarce. As the study began during the 
COVID-19 pandemic, the number of volun-
teers was limited and the distance from the 
research site also influenced the withdrawal 
of participation. Therefore, we suggest a gre-
ater number of participants in order to obtain 
more reliable data on the use of the ther-
mographic camera to aid in the diagnosis of 
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aesthetic cellulite; although the results of this 
study suggest that a previous diagnosis throu-

gh the thermographic camera can help in the 
prevention of this dysfunction.

CONCLUSION

The severity of cellulite cannot be classified 
only through a visual assessment or question-
naires, since, as seen in this study, participants 
who do not have the physical characteristics 
of cellulite demonstrated a circulatory impair-
ment evidenced by thermography, which may 
indicate a possible risk of acquiring cellulite.

We validated the hypothesis concerning the 
aid of thermography in the bodily assessment 
of cellulite, since it was possible to identify cir-
culatory changes in patients who had not yet 
developed the characteristics of an "orange 
peel", which could be used to guide the pa-
tient on preventing the aggravation of this alte-

ration. Another finding was related to patients 
who had an orange-peel appearance, but not 
all of them had a deficiency in local circulation, 
so the goals and treatment of these patients 
should not be the same. Therefore, it is conclu-
ded that a previous diagnosis through a ther-
mographic camera can help in preventing the 
implication of aesthetic cellulite.

Finally, although thermography has proved 
to be quite useful in finding circulatory chan-
ges, it is still necessary to carry out more rese-
arch with specific photographs for the analysis 
of cellulite, as well as to increase the sample 
data.
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