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Cellulite treatment: a comprehensive literature review
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Summary

An effective and long-term treatment of cellulite has not been well established. To our
knowledge, no review has analyzed the whole range of treatments for this condition.
We conducted a review of in vivo studies on humans adopting the key words “cellulite”
and “treatment.” The studies were included according to eligibility criteria. We
performed an analysis to estimate the overall effect of cellulite treatments from clinical
studies. Medline library was screened up to December 2014 to identify eligible studies.
We included 73 original studies in the present review. All of them were clinical studies,
in most of them, only women were recruited. Above the studies searched up, 66 tested
the effectiveness of an exclusive treatment performed without the association to other
procedures: 11 topical agents, 10 shock-wave therapy, 10 radio frequency, eight laser
therapy, five oral therapy, four manual massage therapy, three carbon dioxide therapy,
two compressive therapy, two infrared therapy, one dermabrasion, and 11 devices that
use an association of multiple treatments. Seven papers tested a combination of two or
more treatments. The mean difference of clinical morphologic features and
ultrastructural changes between the treated group and the controlled showed
significant heterogeneity between studies. It is still difficult to indicate an exclusive and
effective single treatment for this condition. Our analysis purposed to obtain a complete
overview of the available treatments in cellulite reduction.
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Introduction

cally disturbing dimpling of the skin seen most com-

"o

Cellulite (also called “gynoid lipodystrophy,” “edema-
teous fibrosclerotic panniculopathy,” or “local lipodys-
trophy”) is defined as a localized metabolic disorder of
subcutaneous tissue that alters the local body shape
leading to a unesthetic appearance of the skin called
“orange peel” or “cottage cheese-like.”'

Important to know, cellulite is to be distinguished
from cellulitis, which is an inflammation of the adipose
tissue. Cellulite affects 80-90% of all females.> It is not
considered as a pathological condition but as estheti-

Correspondence: Andrea Sisti, MD, Plastic Surgery Division, General and
Specialist Surgery Department, University of Siena, Siena, Italy. E-mail:
asisti@gmail.com

Accepted for publication May 3, 2015

224

monly on the thighs and buttocks.* Macroscopically,
cellulite is characterized by dimpling, visible either
spontaneously or after provoking maneuvers.

The cause of cellulite is still a matter of debate. It is
considered an endocrine-metabolic microcirculatory
disorder that causes interstitial matrix alterations and
structural changes in subcutaneous adipose tissue.
However, its pathogenesis is not completely under-
stood. Cellulite is a physiological phenomenon or at
least, it has a physiological origin, which is character-
istic of women, and multicausal, with the coexistence
of a number of factors that trigger, perpetuate, or exac-
erbate it. The outstanding factors include, among others,
connective tissue architecture, estrogen action, micro-
vascular alterations, and certain genetic and hormonal
characteristics.” As regards the pathophysiological
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genesis of cellulite, it is considered that cellulite repre-
sents a condition in which fibrosis arises with the pro-
liferation of fibroblasts around adipose cells in
association with progressing peripheral circulatory fail-
ure and metabolic failure in normal tissue, thereby
leading to progressively enhancing metabolic failure in
adipose tissue and eventually to adipose tissue degener-
ation and advanced fibrosis in the surrounding tis-
sues.® A number of different classification systems have
been used to categorize cellulite according to its clinical
and histopathologic changes.”® Current classification
system sorts the changes on a scale of four grades.’
There is a wide range of products and professional
approaches (surgical or not) to treat cellulite.'® A vari-
ety of treatment options have evolved ranging from
topical retinol to interstitial laser.>11722 Little scien-
tific evidence exists to support any of the many adver-
tised treatments for it. An efficacy testing of this
variety of procedures is still missing, and there has
been no large-scale study demonstrating their effective-
ness, 22324

To our knowledge, no systematic review and meta-
analyses have been performed to examine the whole
range of the treatments disposable.>”

The aim of this study was to evaluate and summa-
rize the efficacy of all the treatments in cellulite reduc-
tion from published data in human studies using a
systematic approach.é"7

Materials and methods

A systematic literature review of the PubMed database
was performed using the following key words: “cellu-
lite,” “treatment.” Additional articles were selected
reviewing the references of the papers identified using
this algorithm. Inclusion criteria among these papers
were as follows:

e Paper is a case study, case report, clinical trial,
open-label prospective study, case series, retrospec-
tive study.

e Cellulite was the primary aim of treatment.

e Studies are in vivo on humans.

Exclusion criteria were as follows:

e Paper is a review of literature.

e The treatment is not specified, and it is impossible
to deduce it from the text.

e Articles have not specific outcome measures.

The entire PubMed database was considered, until
December 2014. Both English and not-English lan-
guage papers were included. No studies were excluded
a priori because of weakness of design of data quality.
Each article was tabulated as follows: authors, year of
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the study, number of patients, age of patients (years),
study design, type of treatment, duration and fre-
quency of treatment, outcomes measures, post-treat-
ment follow-up, outcomes, and adverse events.
Disagreements of judgment were resolved by discussion
between the review team members. All kinds of cellu-
lite treatment were considered, including studies that
used personal techniques. The publications were
screened manually and reviewed to identify reports for
cellulite treatment. Three investigators independently
reviewed and extracted data from the papers according
to the predetermined criteria.

Results

We found 233 references in PubMed. One hundred
and sixty articles were excluded (Fig. 1). We finally
collected 73 articles (Table 1), which satisfied our
inclusion criteria: 70 were prospective studies, and 3
were retrospective studies. All of them were clinical
studies.

The first study was published in 1997,%° and most
of the articles were published in the 2010-2013 per-
iod. Most of the studies recruited women only. The
smallest trial®” enrolled 1 patient, and the biggest one
enrolled 272 541 subjects.?® Most of the controlled
trials included a placebo group or a control group.
Most of the studies that reported information on age at

Literature Search using “Cellulite Treatment” key words
Database: PubMed
Both English and not-English papers, until December 2014

l

233 articles

l Screening for abstract

182 articles

Manuscript review and
applications of inclusion criteria

Total amount of

articles included: 73

Figure 1 Flow diagram of study selection.
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baseline included women below 45 years old, and the
mean age was generally between 20 and 48 years.
The efficacy of the treatment was mainly assessed
using instrumental evaluations (such as thigh circum-
ference, ultrasound analysis, and photography) and
clinical observations.

Among the studies searched up, 63 tested the effec-
tiveness of an exclusive treatment performed without
the association to other procedures: 11 topical agents,
10 extracorporeal shock-wave therapy, 10 radio fre-
quency, eight laser therapy, five oral therapy (three
pill-based therapy and two juice therapy), four manual
massage therapy, three carbon dioxide therapy, two
compressive therapy, two infrared therapy, one derm-
abrasion, and 11 devices that use a association of mul-
tiple treatments (massaging, rolling, sucking, infrared,
and radiofrequency). The combined treatments were
the following: intense pulsed light and retinyl-based
cream, Nd: YAG laser combined with autologous fat
transplantation, dual-wave length laser and massage,
topical agents in conjunction with a low-calorie diet,
exercise and lower body pressure intervention, laser
therapy and vibration therapy, cryolipolysis, and
shock-wave therapy.?—>>

The metrics used for evaluation of the results of the
treatments were heterogeneous. The gradation scales
used were varied and often proposed by individual
authors. Only in some cases, there has been the use of
internationally standardized rating scales. The most
used was cellulite severity scale (CSS).”

Also with regard to the questionnaires proposed to
patients, there is no uniqueness among studies. The
more standardized among these questionnaires was the
Dermatology Life Quality Index (DLQI).>® Age of patients
was not specified in 22/73 papers (30.1%). Follow-up
ranged from O to 30 months. Post-treatment follow-up
totally missed in 45.2% of the studies (33/73).

The postoperative outcome was satisfactory, with
almost all the performed treatments. In general, almost
all of the patients were satisfied with the improvement
in their skin apearance.

Pooling the data, side effects were observed in a
small percent of patients. They were only minor
adverse events, all localized on the treated areas: bruis-
ing, edema, erythema, decrease in sensibility, numb-
ness, and itching. No major complication was
observed. All the side effects resolved in a short time
after treatment.

About the outcomes, we did not observe a significant
difference between the studies that took into consider-
ation single treatments and those that considered the
tested combined treatments.

234

Laser therapy, appears to be the one that provides
the best results in terms of long-term persistence,
although it is not free from side effects post-treat-
ment.>” ** Neodymium-doped yttrium aluminum gar-
net (Nd: YAG) laser was the type of laser used in each
of the 8 studies that we found from the literature
review.

Post-treatment erythema, edema, ecchymosis, dyses-
thesia, and pain were observed in a significant percent
of patients, but disappeared in 3 months, at the latest.

Discussion

Treatment options for cellulite are varied and numer-
ous.!® The final objective of these treatments is to
improve the appearance of cellulite and maintaining its
response over a period of time. While many treatments
claim to be able to improve the appearance of cellulite,
this condition remains elusive to treatment.”® In fact,
no treatment is completely successful as none is more
than mildly and temporarily effective. Despite the lack
of evidence to support efficacy, treatment options con-
tinue to proliferate.””

The first noninvasive device for the treatment of cel-
lulite is known as Endermologie. It is a cellulite treat-
ment that combines very firm massaging, rolling, and
sucking at the skin's surface. The skin is pulled into a
mechanical massaging device and kneaded between its
rollers to promote lymphatic drainage and alter the
skin’s architectural framework. Poor outcomes of this
treatment were observed.*®®°

Further suction, mechanical massage, and light-
based devices are the VelaSmooth and its next-genera-
tion device, the VelaShape. VelaSmooth and VelaShape
use infrared light, along with radiofrequency energy,
to improve the appearance of cellulite. VelaShape com-
bines the VelaSmooth treatment head with a smaller
treatment head, known as the VelaContour. These
devices demonstrated to provide medium-high improve-
ment of cellulite appearance, even if there was not a
long follow-up time.>3:%9:¢9

One of the first combination devices featuring suc-
tion, massage, and low-level diode laser light sources,
as well as contact cooling was the TriActive. Noo-
theti*? compared VelaSmooth system vs. TriActive sys-
tem in a randomized controlled trial. Although there
was improvement in the reduction of cellulite for each
device individually, there was no significant difference
between VelaSmooth or TriActive devices in the follow-
ing categories: reduction of thigh circumference, photo-
graphic evaluation, and perceived change in before
and after photographic grading. There was a statisti-

© 2015 Wiley Periodicals, Inc.



cally significant increase in the incidence of post-treat-
ment bruising with the VelaSmooth compared to Tri-
Active.

Regarding carboxytherapy, prospective studies
have shown a decrease in the subepidermal thickness
and clinical improvement consisting in increasing the
elasticity of the skin and reducing the circumference of
the treated areas. Crackling sensation beneath the skin
was the most frequent side effect. Adverse effects were
always meager and resolved spontaneously within a
short time after completion of therapy.

Other energy-based modalities have also been shown
to be effective for the treatment of cellulite. Radiofre-
quency (RF) technology has become a standard treat-
ment in esthetic medicine with many indications due
to its versatility, efficacy, and safety.”®° Radiofrequen-
cy currents are commonly used in dermatology to treat
cutaneous and subcutaneous tissues by heating.'°® RF
differs from lasers in that it uses an electric current
rather than a light source.'®" It is used worldwide for
cellulite reduction, acne scar revision, treatment of
hypertrophic scars and keloids, rosacea, and inflamma-
tory acne in all skin types.'®*> However, the most com-
mon indication for RF technology is the nonablative
tightening of tissue to improve skin laxity and reduce
wrinkles. Radiofrequency energy can be applied to
body skin to create tightening without surgical inci-
sions and recovery time.'®> Immediate abdominal skin
tightening and fat reduction were clinically observed in
several studies,>8:01:62:65.:67.68.72.73.86.88 yith 3 high
satisfaction rate. The benefit of RF in terms of reduc-
tion of abdomen and cellulite appearance is today well
established.'* Additional modalities include fractional
RF, sublative RF, phase-controlled RF, and combina-
tion RF therapies that apply light, massage, or pulsed
electromagnetic fields. In contrast to first-generation
monopolar/bipolar and “X-polar,” RF systems which
use one RF generator connected to one or more skin
electrodes, multisource radiofrequency devices use six
independent RF generators allowing efficient dermal
heating to 52-55 °C, with no pain or risk of other side
effects.!*®

Extracorporeal shock-wave therapy
87.90.95 (ESWT) demonstrated to provide a significant
diminution in the subcutaneous fat layer thickness and
a reduction of the averaged circumference of thighs.
There is also an additional benefit for patients in reduc-
ing the cellulite appearance and improving the skin
firmness. Adverse effects of this treatment are pain,
redness, and minor bruising, localized in the treated
area. Important to remember, pregnancy is considered
a contraindication for extracorporeal shock-wave treat-

17,18,74

27,28,55,59,64,71,81,
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ment.’°® Siems®® found increased concentrations of
serum malondialdehyde and plasma protein carbonyls
in cellulite patients with edematous and lipid-enriched
dermis resulting from oxidative stress. Concentrations
of both these substances decreased after application of
ESWT. Also lipid peroxidation products were released
demonstrating the sclerosis-preventing effect of ESWT
(smoothening of dermis and hypodermis). Expression of
factors stimulating angiogenesis and lymphangiogene-
sis was not induced by ESWT.>°

The first study that we found in literature regarding
the use of laser in the treatment of cellulite dates back
to 2008. Goldman®? reported the biggest number of
adverse effects, using a combination treatment with
Nd: YAG laser and autologous fat transplantation:
edema (75%), decrease in sensibility (71.1%), ecchy-
mosis (15.3%), and hemosiderosis (1.9%). Nevertheless,
the majority of patients (84.6%) rated the results of
treatment as either good or excellent. The follow-up
time ranged from 12 to 30 months.

DiBernardo,®® in 2013, tested 1440-nm Nd: YAG
laser with a side-firing fiber and temperature-sensing
cannula, in a multicenter study on 57 patients. At
6 months post-treatment, blinded evaluators rated at
least a 1-point improvement in the appearance of cel-
lulite in 96% of treated sites. Blinded evaluators were
also able to correctly identify baseline vs. post-treat-
ment photos in 95% of cases. At least 90% of patients
and physicians reported satisfaction with the results of
treatment throughout 6 months. Sasaki,*> in 2013,
evaluated the safety and efficacy of the 1440-nm laser
and the duration of the clinical benefits during 2 years.
Of the 24 subjects who underwent treatment, only 20
were available for the 6-month follow-up assessment.
Objective measurements at 2 years demonstrated an
increase over the baseline mean skin elasticity (34%)
and mean dermal thickness (11%), as well as an
increase in the average percentage of dermal thicken-
ing determined by ultrasound imaging. Independent
investigator global assessments were rated higher for
grade II subjects than for grade III subjects throughout
the 2-year follow-up period.

Topical treatments showed good results at the end of
treatment time. Post-treatment follow-up was not con-
sidered in any of the studies dealing with topical
agents. Over the years, new products have been devel-
oped that can produce results on skin thickness and
elasticity of the skin affected by cellulite.

Al-Bader®® revealed a potent cocktail of ingredients
that when combined together can act in vitro to mark-
edly improve lipolysis mechanisms and by way of stim-
ulating procollagen I can also have an effect on the
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surrounding extracellular matrix. The in vitro actions
of the ingredients were translated in vivo, where a clin-
ical improvement of cellulite condition was observed.

Roure’® evaluated the efficacy of a topical cosmetic
slimming product combining tetrahydroxypropylethy-
lenediamine, caffeine, carnitine, forskolin, and retinol.
The “orange peel” aspect and “stubborn cellulite” were
both significantly improved on all body areas after
4 weeks of applying the anticellulite product and con-
tinued to improve throughout the test. Starting from
week 8, tonicity was significantly enhanced vs. base-
line on all sites except thigh. After 12 weeks of appli-
cation, an average of 79% (ranging from 64.5% to
96%) of the subjects presented improvements in their
skin condition. As for a cosmetic purpose, caffeine is
used as an active compound in anticellulite products
because it prevents excessive accumulation of fat in
cells. This alkaloid stimulates the degradation of fats
during lipolysis through inhibition of the phosphodies-
terase activity. Caffeine has potent antioxidant proper-
ties. It helps protect cells against the UV radiation and
slows down the process of photoaging of the skin. Caf-
feine contained in cosmetics increases the microcircula-
tion of blood in the skin and also stimulates the
growth of hair through inhibition of the 5-a-reductase
activity.'®” Furthermore, bioceramic-coated neoprene
garment occlusion seems to potentiate the effect of top-
ical agents in cellulite reduction.'*

Unique and bold attempt for the treatment of cellu-
lite was the use of the subcision technique,*’ usually
performed for the treatment of postacne scars. The
results of 282 patients were encouraging, at the cost of
a high percentage of immediate side effects (pain,
bruises, and hemosiderosis).

The main limits of this analysis were the high heter-
ogeneity of the study populations. Selection bias and
lack of common outcome measures were some of the
problems that prevented a proper meta-analysis.
Although this review is not a meta-analysis, we criti-
cally assessed the literature and tried to identify high-
quality studies. Moreover, many of the technique
papers showing favorable results are biased from
authors promoting their preferred treatment.

Conclusions

Recent advances in technology have drastically
improved esthetic treatment for skin. Even if there is a
high number of treatments for cellulite reduction avail-
able on the market, there is not a treatment that may
be defined as the final and definitive therapy for this
condition. Cellulite is a multifactor disease that requires
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a multidisciplinary approach for the treatment. This is
the reason why it is still difficult to indicate an exclu-
sive and effective single treatment for this condition.
Available studies in literature showed a better success
of the combined treatments, than the single treat-
ment.2°>> Follow-up observation is essential, as the
maintenance of long-term results is one of the main
targets of anticellulite treatments.
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