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Cellulite is an aesthetically distressing skin condition that manifests as dimples and depressions, producing an uneven sur-
face to the skin. Occurring in 80% to 90% of females, mostly on the thighs, buttocks, and hips, it is associated with profound
negative psychosocial and quality of life issues. Its ethiopathogenesis and pathophysiology are likely to be multifactorial
and complex and not fully understood. There is no effective treatment for cellulite, although a number of different treatment
modalities are available, from noninvasive to minimally invasive. The efficacy of most treatments is unpredictable and im-
provements in cellulite appearance are short lived, although significant progress has been made with newer treatments.
This review provides an update on the current state of knowledge about cellulite, with an emphasis on patient assessment
and an individualized treatment approach for optimal results.

Level of Evidence: 5
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Therapeutic

Cellulite is a dermatologic condition that predominantly af-
fects postpubertal females." It is characterized by topo-
graphic changes of the skin, especially in areas of greater
fat storage, mainly the thighs, buttocks, and hips.
Clinically, the topographic changes manifest as dimpling,
denting, or nodulation, leading to an uneven surface of
the skin. The dimpling gives the skin the appearance of
“mattress-like,” “cottage cheese,” or “orange peel,” which
is the characteristic clinical appearance of cellulite.
Medically, cellulite is referred by various terms, including
gynoid lipodystrophy, nodular liposclerosis, edematofibro-
sclerotic panniculopathy, adiposis edematosa, dermopan-
niculosis deformans, and status protrusus cutis,’ reflecting
some of the perceived pathophysiology of this condition.
Although a painless condition, because it is aesthetically
unappealing, cellulite is associated with profound negative
psychosocial effects. Body dissatisfaction, psychosocial

distress, anxiety, and decreased quality of life are highly
prevalent among females with cellulite.*® Consequently,
many females seek treatment for cellulite. In 2021, over
86,000 minimally invasive cellulite treatments were per-
formed by surgeons from the American Society of
Aesthetic Plastic Surgeons.6

There are numerous treatments for cellulite, from nonin-
vasive to minimally invasive modalities.> However, the
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treatment of cellulite remains a challenge, partly because it
is a complex disorder with an enigmatic etiopathogenesis
and partly because of the limited efficacy of available treat-
ments. This review provides an update on the current state
of knowledge about cellulite, with an emphasis on patient
assessment and an individualized treatment approach for
optimal results.

EPIDEMIOLOGY

Very little is known about the prevalence and incidence of
cellulite as well as the predisposing factors for cellulite de-
velopment because of a paucity of robust epidemiologic
data. Despite this shortcoming, it is widely reported in the
literature that an estimated 80% to 90% of postpubertal fe-
males are affected by this condition.>*’~° Females of all
races/ethnicities are affected, although Caucasian females
are more susceptible than Asian or African American fe-
males.>® There is no particular age of onset for cellulite.
It can occur at any age postpuberty, although it mostly ap-
pears between the ages of 20 and 30.%3

Males are rarely affected by cellulite. In about 2% of
males, cellulite may develop due to androgen deficiency
secondary to castration, hypogonadism, Klinefelter’s syn-
drome, or estrogen or antiandrogen therapy for prostate
cancer.?>?

ETIOPATHOGENESIS

The etiopathogenesis and pathophysiology of cellulite
have not yet been fully elucidated. But an anatomical study
of cadavers has provided some insights.10 Based on this
study, from an anatomic standpoint, cellulite may be re-
garded as an architectural disorder of the dermis and the
associated subcutaneous tissue (Figure 1).

In the gluteal region where cellulite most commonly oc-
curs, the subcutaneous tissue consists of 5 different tissue
layers (the dermis, superficial fat, superficial fascia, deep
fat, and deep fascia) and 2 types of fibrous collagenase
septa (short, thin septa and the tall, thick septa). The short,
thin septa connect the superficial fascia to the dermis and
the long, thick septa connect the deep fascia to the dermis.
The short septa are more numerous than the long septa but
are less stable while the long septa are less numerous but
have greater stability.

The fat lobules in both adipose layers are arranged in a
honeycomb-like structure and are enclosed by fibrous con-
nective tissue with the fibrous septa interdigitating the lob-
ules. The superficial fat globules are significantly higher in
number but are smaller in height and width compared with
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Figure 1. Subcutaneous gluteal architecture in females.”
Structure and arrangement of skin and subcutaneous tissue in
individuals with (A) low-to-normal BMI or (B) high BMI. The
arrows demonstrate the interplay of biomechanical forces (red
arrows: outward force of fat lobules; lavender arrows: inward
tethering force of the septal network, with illustrated
dimorphism between the numerous short and thin septa [small
lavender arrows] vs the fewer long and thick septa, which have
greater stability [large lavender arrows]; yellow arrows: inward
containment force of the dermis). BMI, body mass index.
Artwork created by and published with permission from Dr
Levent Efe, CMI.
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Figure 2. Subcutaneous gluteal architecture in males.™
Structure and arrangement of skin and subcutaneous tissue in
individuals with low-to-normal BMI (upper panel) or high BMI
(lower panel). The arrows demonstrate the interplay of
biomechanical forces (red arrows: outward force of fat lobules;
lavender arrows: inward tethering force of the septal network,
with illustrated dimorphism between the numerous short and
thin septa vs the fewer long and thick septa, which have
greater stability [lavender arrows]; yellow arrows: inward
containment force of the dermis). BMI, body mass index.
Artwork created by and published with permission from Dr
Levent Efe, CMI.

the fat lobules in the deep fatty layer. Thus, the deep fatty
layer is significantly thicker than the superficial fatty layer.
An increase in body mass index (BMI) is associated with
anincrease in the thickness of both fatty layers: an increase
in the height of the superficial layer and an increase in the
number of fat lobules in the deep layer.

According to the architectural disorder hypothesis, im-
balances in the inherent biomechanical forces within the
septa, adipose layers, and the dermis contribute to cellulite
development. The septa (short and long) impart an inward
tethering force, while the adipose tissue layers impart an
outward force, and the dermis imparts an inward contain-
ment force. As the short septal connections are less stable,
they are unable to contain the superficial fat lobules, caus-
ing an imbalance of forces and resulting in a dimple being
created at the inflexible thick septal connection to the der-
mis (subdermal junction). In females with low-normal BMI,
the dimple created may or may not be recognized as clin-
ical cellulite. In females with high BMI, the height of super-
ficial fat lobules and the thickness of both fatty layers
increase, exaggerating the imbalance of forces at the sub-
dermal junction, which alters and weakens the subdermal
junction, resulting in more pronounced dimples and de-
pressions. Fat may herniate through the long septa. Fat
herniation, however, is a secondary event and not a prima-
ry cause of cellulite.

Males rarely have cellulite, and this may be explained by
the gender dimorphism in the fibrous septal network and
the adipose layers (Figure 2).'° While the fibrous septa
are oriented vertically to the dermis in females, they are ori-
ented at approximately 45° angle to the dermis and criss-
cross in males (Figure 3)>" Males also have more
numerous short, thin septa (Figure 2).'° Further, the septa
in males are stronger and more stable than those in fe-
males. Females have fewer fat lobules and the fat lobules
are greater in height and width. These sexual differences
in the number and morphology of fat globules are more
prominent in the superficial fatty layer than in the deep fatty
layer. Thus, in a given area, males have a greater number of
subcutaneous fat lobules and a greater number of septa.
The greater stability and inward force provided by the high-
er number of septal connections in males means that
males, even obese males, are less susceptible to the ap-
pearance of cellulite.

Because gender is a primary influencer of the biomechan-
ical forces atthe subdermal junction, the female sex hormone
estrogen likely plays a pivotal role in the development of cel-
lulite.® In addition, high-estrogen states, such as pregnancy,
nursing, chronic oral contraceptive use, or hormone replace-
ment therapy in postmenopausal females, appear to exacer-
bate or worsen the progression of cellulite.

Besides the architectural disorder and gender dimor-
phism hypotheses, there are 2 other hypotheses for the de-
velopment of cellulite: the vascular and the inflammation
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Figure 3. Septal dimorphism.® (A) Vertical septa in females
and (B) crisscrossed septa oriented at 45° angle in males.
Artwork created by and published with permission from Dr
Levent Efe, CMI.

hypotheses. The vascular hypothesis posits that dermal
vascular and metabolic changes similar to those found in
chronic venous stasis may play a role in cellulite develop-
ment." According to this hypothesis, the precapillary arte-
riolar sphincters in the affected areas are altered,
increasing capillary permeability. Additionally, altered, hy-
perpolymerized glycosaminoglycans are deposited in the
capillary walls, causing pressure on the capillary walls.
The combination of increased capillary permeability and
pressure on the capillary walls leads to leakage of fluid
into the interstitial spaces between the fat lobules and in-
terlobular septa. The ensuing intercellular edema and tis-
sue hypoxia elicit neovascularization and thickening and
sclerosis of the fibrous septa, which leads to accentuation

Table 1. Risk Factors for Cellulite®

Gender

Age

Genetics

Race

Increased subcutaneous fat

Diet

Sedentary lifestyle

Pregnancy

of skin irregularities and ultimately the appearance of
cellulite.

The inflammation hypothesis for cellulite development
arose from the observation of tenderness when pinching
the affected skin.® It has been proposed that low-grade
septal inflammation may be responsible for dermal atro-
phy13 and that chronic inflammation may play a role in the
fibrous septal development.9 Inflammation may also be a
cause of the endothelial damage seen in cellulite. In proin-
flammatory states such as obesity and insulin resistance,
presence of macrophages, Th1l cells, mast cells,
interleukin-6, and tumor necrosis factor alpha can contrib-
ute to endothelial damage.3

A number of other factors may also contribute to the de-
velopment or worsen the severity of cellulite (Table 1).2
Aging negatively impacts the dermis and the fat lobules.
Aging reduces the collagen and elastin content of the der-
mis, atrophying the dermis. Fat herniation can increase at
the subdermal junction through an atrophied dermis. With
aging, there is also hypertrophy of fat lobules.” Enlarged
fat lobules may cause further imbalances of the biome-
chanical forces within the subcutaneous layer. Advancing
age, thus, increases the risk of cellulite development.
Indeed, elderly females with a high BMI have the greatest
risk of developing or worsening of cellulite.”® Age, howev-
er, is unlikely to be a primary contributor because aging of
the dermis occurs in both genders.

Improper diet and lifestyle factors may contribute to the
development of cellulite or increase its severity.14
High-carbohydrate diets and a sedentary lifestyle can
lead to hyperinsulinemia and stimulate lipogenesis.
Alcohol consumption also stimulates lipogenesis.
Lipogenesis may result in an overall increase in body fat
content, thus increasing the risk of developing cellulite.
Another important principle is that the fat content differ-
ence between high and low BMlI is due to the hypertrophy
of fat globules (Figures 1, 2). Fat globules or fat cells do not
multiply, they undergo hype- or hypotrophy with weight
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Table 2. Nirnberger—Midiller Classification”

0 Skin is smooth in both lying down and standing positions

| Skin is smooth at rest but shows a mattress-like appearance when
pinching

] Skin is smooth at rest but has a mattress-like appearance when
standing

11 Skin has a mattress-like appearance in both lying down and
standing positions

gain or weight loss. During weight gain, the septal network
does stretch but does not shrink from weight loss. This is
important in patients who have undergone weigh loss as
the septal network will be elongated and weak leading to
the necessity of more complex procedures addressing
both septae and skin.

PATIENT ASSESSMENT

Clinical evaluation of a patient presenting for cellulite treat-
ment begins with careful assessment of the areas of con-
cern to determine the main contributing or exacerbating
factors for cellulite appearance, including skin laxity, der-
mal atrophy, volume loss, or fat deposition. In addition,
there are several conditions that mimic cellulite; thus, the
differential diagnosis should not be overlooked. For exam-
ple, lipoatrophy, generalized edema or lymphedema, and
generalized obesity may clinically appear as depressions
in the skin."”® Using treatments intended for cellulite may
lead to an exacerbation of these mimicking conditions.

Clinical evaluation is performed with the patient stand-
ing, with legs hip width apart, and not lying down.
Standing places a greater tension on the fibrous septa
and helps in visualizing the dimples. In the prone position,
there is less tension on the fibrous septa and the dimples
tend to disappear. Initially, the patient should be standing
relaxed, without muscle contraction. This is followed by
having the patient contract the underlying muscles and
pinching the affected area with the thumb and index finger.
Active muscle contraction and pinching accentuate the
dimples, making them more visible. The use of handheld
lights may also assist in visualizing the dimples.

The severity of cellulite may be graded by using one of sev-
eral validated scales that are available for this purpose. The
Nurnberger—Miiller Scale and the Cellulite Severity Scale
(CSS) are the most commonly used in clinical trials to evaluate
treatment effect. The Nirnberger—Miiller Scale uses visual
assessment of dimple severity and a pinch test of the skin
to categorize skin appearance into 4 grades (O-lIl; Table 2)."
It is easy to administer without the need for a visual tool/scale;
but is an unvalidated, purely qualitative scale.”

Table 3. Cellulite Severity Scale'™®

Item Cellulite severity description

No. of depressions 0 =no depressions
1=1-4 visible depressions
2 =5-9 visible depressions

3 =10 +visible depressions

Depth of depressions 0 =no depressions
1=superficial depressions
2 = medium-depth depressions

3 =deep depressions

0 =no raised areas

1=orange peel appearance

2 = cottage cheese appearance
3 = mattress appearance

Morphology of skin surface alterations

Skin laxity 0 = absence of laxity
1=slight draped appearance
2 = moderate draped appearance

3 =severe draped appearance

Nirnberger—Miiller classification 0 =grade O
scale 1=grade |

2=gradelll

3=grade lll

The CSS, on the other hand, is a validated qualitative and
quantitative scale that uses 5 items: number of depressions,
depth of depressions, morphology of skin surface alter-
ations, skin laxity, and the Nurnberger—Miller Scale
(Table 3).16 Each of the items is rated on a scale of 0 to
3. Total scores of 1to 5 indicate mild cellulite, 6 to 10 indicate
moderate cellulite, and 11 to 15 indicate severe cellulite.
Although a comprehensive scale, the CSS does not capture
the patient perspective.” Also, the multiple ratings may be
cumbersome to use in clinical practice and they are not val-
idated for cellulite other than in the buttocks and thighs.

In clinical practice, pretreatment and posttreatment pho-
tographs of the affected areas are usually taken to evaluate
treatment effects. Patient positioning and lighting are critical
components for photographs. Ideally, photographs should
be taken without the influence of outside light, since time
of day can affect the lighting, and with the same positioning.

TREATMENT OPTIONS

Many agents/devices targeting various steps/pathways im-
plicated in the etiopathogenesis of cellulite are available to
help treat or diminish cellulite appearance, including topi-
cal agents, oral treatments, massage, energy-based devic-
es (radiofrequency [RF], laser or light therapy, and acoustic
wave therapy), subcision, and injectable treatments (der-
mal fillers and biologics; Table 4).238%"18 Among these,
the earlier treatments, such as topical agents and massage,
focused on addressing the underlying impaired microcircu-
lation and drainage deficiencies. But as the understanding
of the pathophysiology of cellulite evolved, later treat-
ments, such as subcision, focused on addressing the archi-
tectural disturbances in cellulite.
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Table 4. Types of Treatment for Cellulite

Topical agents

Oral supplements

Massage

Energy-based therapy

Radiofrequency
Light/laser
Acoustic wave

Subcision

Manual

» Vacuum-assisted
Laser-assisted
Chemical

« Acoustic

Injectable fillers

Topical Agents

Topical agents are one of the earliest treatments for cellulite
and numerous gels and creams are available for this purpose.
They mostly contain a combination of active ingredients, typ-
ically methylxanthines (aminophylline, theophylline, and caf-
feine), retinol, and botanical extracts.>>&°1"® Stimulation of
cutaneous microcirculation, dermal neocollagenesis, and li-
polysis; inhibition of lipogenesis, inflammation, and oxidation;
and lymphatic drainage and edema reduction are some ofthe
purported effects of the topical agents.

Caffeine and retinol are the most studied ingredients in
oral formulations. Caffeine acts by inhibiting phosphodiester-
ase, thereby inducing lipolysis. It also stimulates cutaneous
microcirculation and is an antioxidant.'®2° Retinoids act by in-
creasing dermal thickness, increasing angiogenesis, synthe-
sizing new connective tissue components, and increasing
the number of active fibroblasts."”""® Placebo-controlled, ran-
domized studies have reported significant improvement in
cellulite severity with caffeine and/or retinol-containing topi-
cal preparations but these studies were small and of short
duration.?"?? A systematic review and meta-analysis of topi-
cal products for cellulite reduction found a moderate efficacy
in thigh circumference reduction.?® In the absence of robust
data on clinical efficacy and durability of effects, none of the
topical formulations currently available and utilized for the
treatment of cellulite are approved by the United States
Food and Drug Administration (FDA).

Oral Supplements

A plethora of oral supplements are utilized to improve skin
appearance. Supplements containing extracts of Vitis vinif-
era, Ginkgo biloba, Centella asiatica, Melilotus officinalis,
Fucus vesiculosus, fish oil, and borage oil are thought to

be useful in cellulite treatment because of their antioxidant
effects.®* Aronia juice may help reduce cellulite, as it is be-
lieved to enhance cellular metabolism, increase collagen
and elastin synthesis, reduce edema and bowel inflamma-
tion, and improve microcirculation. There is very little clini-
cal evidence of efficacy with these supplements, and none
have received FDA approval. However, significant im-
provement in cellulite severity and skin appearance was re-
ported in a placebo-controlled study in females with
moderate cellulite with oral collagen consumption over a
6-month period.?®

Massage

Massage is one of the oldest methods to treat cellulite that
works by stimulating lymphatic drainage, thereby address-
ing the underlying impaired microcirculation and drainage
deficiencies associated with cellulite.?® Massage can be
performed manually or mechanically with the help of devic-
es. Manual massage is rarely performed in clinical practice.

LPG Endermologie (Endo-Systems, LLC, Fort Lauderdale,
FL) is an FDA-approved, combined positive and negative
pressure, vacuum-assisted mechanical massage system
for cellulite treatment.?”?® Using positive pressure from 2
rollers and negative pressure from aspiration to the skin
and subcutaneous tissue, LPG Endermologie works by
causing nonlethal damage to adipocytes which are redis-
tributed to achieve a better skin contour. In observational
studies, 15 sessions of 30 to 45 min each twice a week of
whole-body endermologie showed significant improve-
ment in cellulite appearance but durability of the effects
was notreported. A prospective, randomized trial, however,
found itto be only partially better than aminophylline topical

cream.?®

Energy-Based Therapy

Noninvasive, energy-based devices utilizing RF, light and
lasers, and acoustic waves have been extensively studied
for the treatment of localized adiposity and/or skin laxity,
2 factors that may contribute to cellulite appearance.

Radiofrequency

RF devices deliver thermal energy via electrode(s) to the
target area. Thermal energy is produced from the resis-
tance to the flow of an electrical current through the dermis
and subcutaneous tissue; this resistance is referred to as
bioimpedance. The heat generated elevates the tissue
temperature at the target area, stimulating collagen dena-
turation, remodeling, and neocollagenesis, which cumula-
tively lead to skin tightening.2'® Depending on the type
of device utilized, the therapeutic effect of RF treatment
may vary and is dictated by a combination of parameters,
including energy density, exposure time, polarity of the
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radiofrequency, surface cooling, and the method of
application.>

RF devices are available in various iterations: the first-
generation devices include unipolar, monopolar, or bipolar
devices and the newer generation devices include multipo-
lar, multigenerator, or temperature-controlled devices.>™
The depth of penetration of the thermic energy differs be-
tween the devices, with the multipolar devices having the
greatest depth of penetration followed by monopolar and
then unipolar devices. Bipolar devices have the least depth
of penetration.30 In temperature-controlled devices, where
superficial skin layers are cooled at the same time, RF can
penetrate to the deeper fat tissue and stimulate lipolysis,
resulting in circumference reduction.®' Some of the RF de-
vices also integrate other technologies, such as infrared
light, vacuum suction, and pulsed-electromagnetic fields.'

RF devices, particularly the newer generation devices,
have been shown to be effective in reducing the appear-
ance of cellulite in clinical studies.>?3° Several of these de-
vices have been approved by the FDA for cellulite
treatment, including the Velasmooth and Velashape sys-
tems (Syneron Medical; Yokne’am lllit, Israel), a bipolar RF
device with infrared light and mechanical manipulation of
the skin; Exilis Elite (BTL Aesthetics; Newcastle, UK), a mo-
nopolar RF device; Venus Legacy (Venus Concept; Ontario,
Canada), a multipolar RF device with pulsed magnetic
fields; Endymed Body Shaper (Endymed; Freehold, NJ), a
multigenerator RF device; ThermiRF (Thermi Aesthetics;
Hayward, CA), a novel temperature-controlled RF device
with internal probes; Viora Reaction, a bipolar/multipolar
RF device with vacuum action.”® RF therapy, however, is
limited by the need for multiple treatment sessions to see
visible results, which are short lived. RF is also associated
with bruising although that resolves over time.?

Light and Laser Therapy

Similar to RF devices, light and laser devices work by emit-
ting thermal energy into the target area.>®""'® The extent
to which the emitted energy penetrates the target tissue
(dermis or subcutaneous tissue) is dependent on the wave-
length. The heat generated stimulates collagen remodeling
and increases microcirculation, potentially improving cellu-
lite appearance.

The use of light/laser devices, such as intense pulse light;
810 nm diode laser alone or in combination with massage,
vacuum, and ultrasound; and long-wave infrared light, for
cellulite treatment has not been conclusive.®®3” A low-level
laser light therapy (LLLT) employing green 532 nm diodes
as a stand-alone procedure without massage or mechani-
cal manipulation was found to improve the appearance of
cellulite after six 30 min treatments over a 2 week period.>®
Reduction in at least 1 stage on the Nurnberger—Miiller
grading scale was seen in about half of the treated patients,
which persisted for up to 6 weeks posttreatment. Most

LLLT-treated subjects were also satisfied with the improve-
ment in cellulite. The long-pulsed 1064 nm neodymium-
doped yttrium-aluminum-garnet (Nd:YAG) laser produced
mild-to-moderate improvement in cellulite severity in
some subjects after 3 treatments at 4 weeks intervals.>®
There is, thus, some evidence of benefit for lasers but the
need for multiple sessions and the lack of durability of re-
sults are limitations.

Acoustic Wave Therapy

Acoustic wave therapy is widely used to treat musculoskel-
etal injuries, as it helps improve cutaneous microcircula-
tion, neocollagenesis, and lymphatic drainage.*® Because
of these effects, acoustic waves are also used as a treat-
ment for cellulite to help restructure the skin and improve
its topography.

Radial shock waves (radial pressure waves) and focused
shock waves (extracorporeal shock wave therapy [ESWT))
are the 2 types of acoustic waves used in cellulite treat-
ment. Radial waves diverge as soon as they are discharged
and the energy of the waves diminish upon skin penetra-
tion and result in low energy diffuse waves at the target
site. Because radial waves are low energy, they are gener-
ally thought to have superficial tissue effects; but they can
penetrate up to 25 mm, thus reaching subcutaneous fat
and connective tissue structures.*’ Focused shockwaves
(ESWT), in contrast, are high-energy acoustic waves that
penetrate deep into the tissue. The energy of focused
shockwaves does not diminish upon skin penetration but
converges to achieve maximal energy at the target site.

Cellactor (Storz Medical, Tagerwilen, Switzerland) and
Z-wave (Zimmer, Irvine, CA) are the main acoustic wave
therapy devices that are used for cellulite treatment.
Improvement in cellulite appearance or severity has been
reported in several studies**~*® but usually 6 to 8 treat-
ment sessions are needed to see a visible reduction.*’
Data on the durability of results beyond 1 year are lacking.

Subcision

Subcision is recommended for cellulite depressions pre-
sent at rest only and not for depressions that are visible
with muscle contraction.®*® It is a surgical technique that
severs the fibrous septal bands tethering the dermis to
the subcutaneous adipose tissue. With the severing of
the fibrous septa, biomechanical forces within the subcuta-
neous layer are redistributed, fat lobules are redistributed
into spaces created by the procedure, and fat protrusion
is mitigated, resulting in a smoothening of the skin surface.
Subcision can be performed manually or it can be vacuum
assisted or laser assisted. More recent techniques include
chemical subcision, using collagenase enzyme injections,
and acoustic subcision.
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Figure 4. Cellulite treatment algorithm. Treatment is based on
the underlying structural alteration of the fibrous septa and/or
the exacerbating factors that worsen cellulite appearance—
volume loss, excess fat, and skin laxity.

Manual Subcision

Manual subcision is usually performed using a forked can-
nula or an 18 G noncoring needle inserted to a depth of
about 10 to 20 mm into the subcutaneous adipose layer,
parallel to the skin surface.*® Efficacy was demonstrated
in a large retrospective study in subjects with advanced
cellulite of the buttocks/thighs.*® After a single treatment,
almost 80% of subjects were satisfied with their results,
which persisted at 2 years follow-up. Notable posttreat-
ment adverse events included excessive elevation of treat-
ed areas in 15% of subjects, painful bruising for up to 4
months in 90% of subjects, and hemosiderin pigmentation
for up to 10 months in all patients; all of which resolved
spontaneously without further treatment.

More recently, a novel manual device (Avéli, Revelle
Aesthetics, Inc.; Mountain View, CA) has been developed
that utilizes a Targeted, Verifiable Subcision method for se-
lectively identifying and manually releasing the specific
septa responsible for causing cellulite depressions in a pre-
cise manner.*® In an open-label, multicenter study, the de-
vice was shown to be effective in improving the
appearance of moderate-to-severe cellulite; 95% of sub-
jects achieved a mean >1-point reduction in the CSS at 6
months. Adverse events were similar to other manual sub-
cision devices and included mild-to-moderate bruising/ec-
chymosis in all patients, mild-to-moderate temporary
soreness/pain/tenderness in about 50% of patients, and
mild edema in about 50% of patients. All adverse events re-
solved spontaneously without treatment. The device has
received FDA approval for the treatment of cellulite on
the buttocks and thighs.

Although efficacious, the main drawback of manual sub-
cision is its adverse effects.*® In addition, the procedure
also has the potential for inconsistent results because it is
contingent on the surgeon having the proper skills and
technique to perform the subcision. Particularly critical is
the surgeon’s ability to maintain the correct depth of 10 to
20 mm. If subcision was to be performed too superficially,
excessive elevation or skin necrosis could occur, while

too deep a subcision could lead to negligible improvement
in the targeted depressions.9

Vacuum-Assisted Subcision

A vacuum-assisted subcision system has been developed
in response to the shortcomings of manual subcision.
This FDA-approved system (Cellfina system, Ulthera, Inc;
Mesa, AZ) uses a unique vacuum-assisted tissue capture
platform to provide precise control of the depth and area
of release for repeatable durable results.”®>° Treatment
depth (6 or 10 mm) and area (5 cm or 3 X 6 cm) are adjust-
able and user selectable. Tissue release is accomplished
through the mechanical action of a reciprocated razor-thin
(0.45 mm) microblade. The system also enables controlled
infiltration of tumescent anesthetic solution at the precise
depth of the intended release with an integrated 3 inch
22 G multiple side-hole needle.

The safety and efficacy of this vacuum-assisted system
were demonstrated in a multicenter clinical study.'°
After 1 treatment, at 1-year follow-up, 93% of subjects with
moderate to severe cellulite had >1 point improvement in
the CSS and 94% were satisfied with their results. Most
common adverse effects were ecchymosis/bruising,
edema, areas of palpable softness, and soreness. All
adverse events were mild in severity, of short duration,
and resolved spontaneously. Results were durable, lasting
>3 years.”®

Laser-Assisted Subcision

In laser-assisted subcision, targeted disruption of subcuta-
neous fibrous septa is performed with percutaneous sub-
dermal delivery of laser energy. The best evidence on
the safety and effectiveness of this modality comes from
the FDA approved, minimally invasive, 1440 nm Nd:YAG
with a 1000 m side-firing fiber laser at 8 to 10W
(Cellulaze system; Cynosure, Inc.; Westford, MA). In a mul-
ticentered study, a single treatment of the thighs and/or
buttocks with the 1440 nm Nd:YAG laser showed sustain-
able improvement in the appearance of cellulite for at least
1year in 90% of the treatment sites.®' High treatment satis-
faction was also reported by at least 90% of physicians and
subjects at 6 months.>?

Chemical Subcision

Collagenase isolated and purified from Clostridium histoly-
ticum selectively hydrolyzes the triple helical region of
collagen and is FDA approved for the treatment of
collagen-associated disorders (such as Peyronie’s disease
and Dupytren’s contracture).>®> Collagenase Clostridium
histolyticum  (CCH) comprises 2  collagenases,
Collagenase | (AUX-I, Clostridial class | collagenase) and
Collagenase Il (AUX-II; Clostridial class Il collagenase), in
a 111 ratio. The 2 collagenases have different specificities
but work synergistically providing broad collagen
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Figure 5. A 46-year-old female patient (A) prior to and (B) 9 months after cellulite treatment by manual subcision using the new
FDA-approved device (Avéli; Revelle Aesthetics, Inc.). Note, no prior procedures had been performed on the buttocks.

hydrolyzing reactivity. CCH can act on subdermal collagen
found in the fibrous septa involved in the development of
cellulite.

In phases 2 and 3 randomized, placebo-controlled trials,
CCH significantly improved cellulite appearance in females
with moderate-to-severe cellulite of the buttocks or pos-
terolateral thighs.>*®% A total of 0.84 mg of CCH was ad-
ministered subcutaneously in three 0.1 mL aliquots in 3
treatment sessions approximately 21 days apart.
Improvement was durable through 2 years of follow—up.56
CCH was generally well tolerated. The most common ad-
verse events were injection-site bruising and pain.

In 2020, the FDA approved a CCH preparation (Qwo,
Endo Aesthetics LLC; Malvern, PA) for the treatment of
moderate-to-severe cellulite of the buttocks in adult fe-
males.®>” However, on December 6, 2022, the manufactur-
er announced the termination of the production and sale of
Qwo due to concerns about the extent and variability of
bruising following initial treatment as well as the potential
for prolonged skin discoloration.%®

Acoustic Subcision

In acoustic subcision, rapid acoustic pulses are used to dis-
rupt fibrous septae and stimulate neocollagenesis through
acoustic shearing.>® Rapid acoustic pulses are generated
using a new technology (Rapid Acoustic Pulse technology,
Allergan Aesthetics; Irvine, CA). The acoustic wave device
using this technology (RESONIC, Allergan Aesthetics), has
been approved by the FDA for long-term improvement in
cellulite appearance up to 1 year.?® The device, when
placed on the skin and activated, emits high-frequency
acoustic waves up to 50 times per second, which

reportedly physically change the fibrous septa while rees-
tablishing a smooth skin topography. Results are seen after
1 treatment session lasting less than an hour. In an open-
label, multicenter study, all subjects had a mean CSS re-
duction of 1.01 (a 29.5% reduction from baseline) at 12
weeks after a single treatment.>® Skin laxity was graded
as improved, much improved, or very much improved in
67% of treated areas and satisfaction rate was 93% among
study subjects. No unexpected or serious adverse events
were noted at treatment or follow-up. Overall average
pain score during treatment was 2.4 (0—10 pain scale)
and 0.3 immediately posttreatment. Clinical improvements
in cellulite were seen for up to 12 months and subjects are
continued to be followed up to ascertain long-term durabil-
ity of outcomes.®!

Injectable Treatments

There are 2 types of injectable treatments: injectable bio-
logics and injectable fillers. The injectable biologic, collage-
nase from C. histolyticum, was reviewed under the
Chemical Subcision section. The injectable fillers, calcium
hydroxylapatite and poly-L-lactic acid, are reviewed in this
section.

Injectable Fillers

Calcium hydroxylapatite (CaHA; Radiesse; Merz North
America, Inc.; Raleigh, NC) is currently approved for the cor-
rection of moderate-to-severe facial wrinkles and folds, the
correction of volume loss in the dorsum of the hands, and
the improvement of moderate-to-severe loss of jawline
contour.®? In its undiluted form, it is highly viscous and is
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Figure 6. lllustration of the new FDA-approved device (Avéli;
Revelle Aesthetics, Inc.) used to treat the patient shown in
Figure 5. Artwork created by and published with permission
from Dr Levent Efe, CMI.

used as a volumizing agent.®® When diluted 1:2 or more, it
loses its viscoelastic properties and ceases to be a volumiz-
ing agent. In this diluted state, CaHA is a suspension of mi-
crospheres, which when injected subcutaneously can be
distributed over a large surface area. Diluted CaHA induces
neocollagenesis and elastogenesis which can lead to in-
creased dermal thickness, skin elasticity, and pIiabiIity.64
Based on these beneficial skin effects, diluted CaHA has
been used as a treatment for cellulite. In a retrospective
study, a single treatment of diluted CaHA in combination
with microfocused ultrasound with visualization was found
to significantly improve cellulite severity and skin laxity
from baseline in females with moderate-to-severe cellulite
with high subject satisfaction. Both treatments were well
tolerated.®®

Poly-L-lactic acid (PLLA; Sculptra, Galderma Laboratories,
L.P.; Fort Worth, TX) is an injectable volumizer. It is FDA ap-
proved for the correction of shallow to deep nasolabial fold
contour deficiencies and other facial wrinkles for use in im-
munocompetent subjects and for the restoration/correc-
tion of HIV-associated facial lipoatrophy.®® PLLA is also a
biostimulator that stimulates neocollagenesis, leading to
skin tightening. PLLA treatments (3 treatments every 4
weeks), in combination with subcision, have been shown
to significantly improve cellulite severity.67 In another

study, subcision followed by PPLA treatments in the same
treatment session improved cellulite-associated flaccidity,
which lasted over a 2-year follow-up period.®® Subject sat-
isfaction was high in both studies.

TREATMENT ALGORITHM

Cellulite treatment should be individualized and address the
underlying structural alteration of the fibrous septa and/or
the exacerbating factors that worsen cellulite appearance—
volume loss, excess fat, and skin laxity (Figure 4). The goal
is to address the anatomic disturbances in each layer: the
dermis, adipose tissue, and connective tissue. Often, >1
treatment modality may be needed to address the underly-
ing contributing factors. Combining treatments that target
different tissue planes can be safely performed on the
same day. However, consideration should be givento sched-
uling treatments on different days per patient comfort or if
there is a perceived increased risk to the patient.

Subcision is reserved for the treatment of severe cellulite,
that is, for cellulite depressions/dimples present at rest only.
Prior to this procedure, tumescent fluid is percutaneously in-
filtrated within the target area to elevate the subcutaneous
tissue from the underlying vital structures and create a plane
for the safe performance of subcision and anesthetize the
area.® The author’s preferred technique is manual subcision
using the new FDA-approved device (Figures 5, 6). The sep-
tae, as previously described, vary in thickness and orienta-
tion and thus difficult to assess clinically. Therefore, the
device utilized should have the immediate ability to confirm
if the “dimpling” is released. Utilizing a device that releases
and confirms the release of the septae is important for more
predictable outcomes. It is also important to keep in mind
that additional procedures to address skin quality or volume
change may have to be addressed in subsequent proce-
dures. Patients should be made aware of the potential
need for multiple treatment modalities to address the multi-
ple etiologies of cellulite.

In addition to treatment, all patients should be advised to
undergo lifestyle modifications and/or maintain a healthy
lifestyle that should include a low fat, low sodium diet; reg-
ular exercise; and smoking and alcohol restriction.>"
Excessive weight gain from an improper diet and a seden-
tary lifestyle can exacerbate cellulite appearance." At the
same time, excessive weight loss should also be avoided
as this can lead to skin laxity and worsen cellulite
appearance.

CONCLUSIONS

Cellulite is an aesthetically distressing skin condition most-
ly affecting females. Multiple therapeutic approaches are
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available but many only ameliorate cellulite appearance or
reduce its severity. Treatments that target the fibrous septa
appear to produce more significant improvement that is
more durable. Whether these latter treatments can
completely “cure” cellulite or prevent its recurrence re-
mains to be seen. Further elucidation of the etiopathogen-
esis and pathophysiology of cellulite is needed to produce
more targeted therapies in the future. For the present, a
treatment strategy that utilizes a combination of modalities
targeting the multiple etiologies of cellulite might produce
the best results.

Acknowledgments

The authors thank Kalanethee Paul-Pletzer, PhD for literature
review, writing, and editorial support and Levent Efe for illus-
trative work.

Disclosures

Dr Gabriel is a consultant for Allergan (Irvine, CA) and 3 M/KCI
(San Antonio, TX). The remaining authors declared no poten-
tial conflicts of interest with respect to the research, author-
ship, and publication of this article.

Funding

The authors received no financial support for the research, au-
thorship, and publication of this article, including payment of
the article processing charge.

REFERENCES

1. Khan MH, Victor F, Rao B, Sadick NS. Treatment of cellu-
lite: part I. Pathophysiology. J Am Acad Dermatol. 2010;
62(3):361-370. doi: 10.1016/j.jaad.2009.10.042

2. Davis DS, Boen M, Fabi SG. Cellulite: patient selection and
combination treatments for optimal results—a review and
our experience. Dermatol Surg. 2019;45(9):1171-1184. doi:
10.1097/DSS.0000000000001776

3. Arora G, Patil A, Hooshanginezhad Z, et al. Cellulite: pre-
sentation and management. J Cosmet Dermatol. 2022;
21(4):1393-1401. doi: 10.1111/jocd.14815

4. Hexsel D, Hexsel C, Weber M. Social impact of cellulite
and its impact on quality of life. In: Goldman M, Hexsel
D, eds. Pathophysiology and Treatment (Basic Clinical
Dermatology), 2nd ed. CRC Press; 2010:1-5.

5. Hexsel D, Siega C, Schilling-Souza J, Stapenhorst A,
Rodrigues TC, Brum C. Assessment of psychological, psy-
chiatric, and behavioral aspects of patients with cellulite: a
pilot study. Surgical Cosmetic Dermatol. 2012;4(1):131-136.

6. The Aesthetic Society’s Cosmetic Surgery National Data
Bank: statistics 2021. Aesthet Surg J. 2022;42
(Supplement_1):1-18. doi: 10.1093/asj/sjac116

7. Young VL, DiBernardo BE. Comparison of cellulite severity
scales and imaging methods. Aesthet Surg J. 2021;41(6):
NP521-NP537. doi: 10.1093/asj/sjaa226

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Bass LS, Kaminer MS. Insights into the pathophysiology of
cellulite: a review. Dermatol Surg. 2020;46 Suppl 1(1):
S77-S85. doi: 10.1097/DSS.0000000000002388
Friedmann DP, Vick GL, Mishra V. Cellulite: a review with a
focus on subcision. Clin Cosmet Investig Dermatol. 2017,
10:17-23. doi: 10.2147/CCID.S95830

Rudolph C, Hladik C, Hamade H, et al. Structural gender
dimorphism and the biomechanics of the gluteal subcuta-
neous tissue: implications for the pathophysiology of cel-
lulite. Plast Reconstr Surg. 2019;143(4):1077-1086. doi: 10.
1097/PRS.0000000000005407

Nirnberger F, Miller G. So-called cellulite: an invented
disease. J Dermatol Surg Oncol. 1978;4(3):221-229. doi:
10.1111/j.1524-4725.1978.tb00416.x

Curri SB. Cellulite and fatty tissue microcirculation.
Cosmet Toilet. 1993;108(4):51-58.

Kligman AM. Cellulite: facts and fiction. J Geriatric
Dermatol. 1997;5:136-139.

Tokarska K, Tokarski S, Wozniacka A, Sysa-Jedrzejowska
A, Bogaczewicz J. Cellulite: a cosmetic or systemic issue?
Contemporary views on the etiopathogenesis of cellulite.
Postepy Dermatol Alergol. 2018;35(5):442-446. doi: 10.
5114/ada.2018.77235

Green JB, Cohen JL. Cellfina observations: pearls and pit-
falls. Semin Cutan Med Surg. 2015;34(3):144-146. doi: 10.
12788/j.sder.2015.0176

Hexsel DM, Dal’forno T, Hexsel CL. A validated photonu-
meric cellulite severity scale. J Eur Acad Dermatol
Venereol. 2009;23(5):523-528. doi: 10.1111/1.1468-3083.
2009.03101.x

Pérez Atamoros FM, Alcald Pérez D, Asz Sigall D, et al.
Evidence-based treatment for gynoid lipodystrophy: a re-
view of the recent literature. J Cosmet Dermatol.
2018;17(6):977-983. doi: 10.1111/jocd.12555

Sadick N. Treatment for cellulite. Int J Womens Dermatol.
2018;5(1):68-72. doi: 10.1016/j.ijwd.2018.09.002

Velasco MVR, Tano CTN, Machado-Santelli CM,
Consiglieri VO, Kaneko TM, Baby AR. Effects of caffeine
and siloxanetriol alginate caffeine, as anticellulite agents,
on fatty tissue: histological evaluation. J Cosmet
Dermatol. 2008;7(1):23-29. doi: 10.1111/j.1473-2165.2008.
00357.x

Herman A, Herman A. Caffeine’s mechanisms of action
and its cosmetic use. Skin Pharmacol Physiol. 2013;26(1):
8-14. doi: 10.1159/000343174

Roure R, Oddos T, Rossi A, Vial F, Bertin C. Evaluation of
the efficacy of a topical cosmetic slimming product com-
bining tetrahydroxypropyl ethylenediamine, caffeine, car-
nitine, forskolin and retinol, in vitro, ex vivo and in vivo
studies. Int J Cosmet Sci. 2011;33(6):519-526. doi: 10.1111/
j-1468-2494.2011.00665.x

Dupont E, Journet M, Oula ML, et al. An integral topical gel
for cellulite reduction: results from a double-blind, ran-
domized, placebo-controlled evaluation of efficacy. Clin
Cosmet Investig Dermatol. 2014;7:73-88. doi: 10.2147/
CCID.S53580

Turati F, Pelucchi C, Marzatico F, et al. Efficacy of cosmetic
products in cellulite reduction: systematic review and meta-


https://doi.org/10.1016/j.jaad.2009.10.042
https://doi.org/10.1097/DSS.0000000000001776
https://doi.org/10.1111/jocd.14815
https://doi.org/10.1093/asj/sjac116
https://doi.org/10.1093/asj/sjaa226
https://doi.org/10.1097/DSS.0000000000002388
https://doi.org/10.2147/CCID.S95830
https://doi.org/10.1097/PRS.0000000000005407
https://doi.org/10.1097/PRS.0000000000005407
https://doi.org/10.1111/j.1524-4725.1978.tb00416.x
https://doi.org/10.5114/ada.2018.77235
https://doi.org/10.5114/ada.2018.77235
https://doi.org/10.12788/j.sder.2015.0176
https://doi.org/10.12788/j.sder.2015.0176
https://doi.org/10.1111/j.1468-3083.2009.03101.x
https://doi.org/10.1111/j.1468-3083.2009.03101.x
https://doi.org/10.1111/jocd.12555
https://doi.org/10.1016/j.ijwd.2018.09.002
https://doi.org/10.1111/j.1473-2165.2008.00357.x
https://doi.org/10.1111/j.1473-2165.2008.00357.x
https://doi.org/10.1159/000343174
https://doi.org/10.1111/j.1468-2494.2011.00665.x
https://doi.org/10.1111/j.1468-2494.2011.00665.x
https://doi.org/10.2147/CCID.S53580
https://doi.org/10.2147/CCID.S53580

12

Aesthetic Surgery Journal Open Forum 5(0)

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

analysis. J Eur Acad Dermatol Venereol. 2014;28(1):1-15. doi:
10.111/jdv.12193

Luebberding S, Krueger N, Sadick NS. Cellulite: an
evidence-based review. Am J Clin Dermatol. 2015;16(4):
243-256. doi: 10.1007/s40257-015-0129-5

Schunck M, Zague V, Oesser S, Proksch E. Dietary supple-
mentation with specific collagen peptides has a body
mass index-dependent beneficial effect on cellulite mor-
phology. J Med Food. 2015;18(12):1340-1348. doi: 10.
1089/jmf.2015.0022

Chang P, Wiseman J, Jacoby T, Salisbury AV, Ersek RA.
Noninvasive mechanical body contouring: (Endermologie)
a one-year clinical outcome study update. Aesthetic Plast
Surg. 1998;22(2):145-153. doi: 10.1007/s002669900182
Glleg AT. Treatment of cellulite with LPG endermologie.
Int J Dermatol. 2009;48(3):265-270. doi: 10.1111/j.1365-
4632.2009.03898.x

Kutlubay Z, Songur A, Engin B, Khatib R, Calay O,
Serdaroglu S. An alternative treatment modality for cellu-
lite: LPG endermologie. J Cosmet Laser Ther. 2013;15(5):
266-2670. doi: 10.3109/14764172.2013.787801

Collis N, Elliot LA, Sharpe C, Sharpe DT. Cellulite treat-
ment: a myth or reality: a prospective randomized, con-
trolled trial of two therapies, endermologie and
aminophylline cream. Plast Reconstr Surg. 1999;104(4):
1110-1114. doi: 10.1097/00006534-199909020-00037
Narsete T, Narsete DS. Evaluation of radiofrequency de-
vices in aesthetic medicine: a preliminary report. J
Dermatol Ther. 2017;1(1):5-8.

Fritz K, Samkova P, Salavastru C, Hudec J. A novel selec-
tive RF applicator for reducing thigh circumference: a clin-
ical evaluation. Dermatol Ther. 2016;29(2):92-95. doi: 10.
1111/dth.12304

Romero C, Caballero N, Herrero M, Ruiz R, Sadick NS,
Trelles MA. Effects of cellulite treatment with RF, IR light,
mechanical massage and suction treating one buttock
with the contralateral as a control. J Cosmet Laser Ther.
2008;10(4):193-201. doi: 10.1080/14764170802524403
Sadick N, Magro C. A study evaluating the safety and effi-
cacy of the VelaSmooth system in the treatment of cellu-
lite. J Cosmet Laser Ther. 2007;9(1):15-20. doi: 10.1080/
14764170601134461

Sadick NS, Mulholland RS. A prospective clinical study to
evaluate the efficacy and safety of cellulite treatment us-
ing the combination of optical and RF energies for subcu-
taneous tissue heating. J Cosmet Laser Ther. 2004;6(4):
187-190. doi: 10.1080/14764170410003039
Wanitphakdeedecha R, Sathaworawong A, Manuskiatti W,
Sadick NS. Efficacy of multipolar radiofrequency with pul-
sedmagnetic field therapy for the treatment of abdominal
cellulite. J Cosmet Laser Ther. 2017;19(4):205-209. doi: 10.
1080/14764172.2017.1279332

Peterson JD, Goldman MP. Laser, light, and energy devic-
es for cellulite and lipodystrophy. Clin Plast Surg.
2011;38(3):463-474. doi: 10.1016/j.cps.2011.02.003

Bagatin E, Miot HA, Soares JL, et al. Long-wave infrared ra-
diation reflected by compression stockings in the treat-
ment of cellulite: a clinical double-blind, randomized and

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

controlled study. Int J Cosmet Sci. 2013;35(5):502-509.
doi: 10.1111/ics.12073

Jackson RF, Roche GC, Shanks SC. A double-blind,
placebo-controlled randomized trial evaluating the ability
of low-level laser therapy to improve the appearance of
cellulite: LLLT improves the appearance of cellulite.
Lasers Surg Med. 2013;45(3):141-147. doi: 10.1002/Ism.
22119

Truitt A, Elkeeb L, Ortiz A, Saedi N, Echague A, Kelly KM.
Evaluation of a long pulsed 1064-nm Nd:YAG laser for im-
provement in appearance of cellulite. J Cosmet Laser
Ther. 2012;14(3):139-144. doi: 10.3109/14764172.2012.
685480

Adatto M, Adatto-Neilson R, Servant J-J, Vester J, Novak
P, Krotz A. Controlled, randomized study evaluating the ef-
fects of treating cellulite with AWT/EPAT. J Cosmet Laser
Ther. 2010;12(4):176-182. doi: 10.3109/14764172.2010.
500392

Russe-Wilflingseder K. Acoustic wave treatment for cellu-
lite—a new approach. AIP Conf Proc, 2010; 1226(1):25-30.
doi: 10.1063/1.3453782

Knobloch K, Joest B, Kramer R, Vogt PM. Cellulite and fo-
cused extracorporeal shockwave therapy for non-invasive
body contouring: a randomized trial. Dermatol Ther
(Heidelb). 2013;3(2):143-155. doi: 10.1007/513555-013-0039-5
Russe-Wilflingseder K, Russe E, Vester JC, Haller G, Novak
P, Krotz A. Placebo controlled, prospectively randomized,
double-blinded study for the investigation of the effective-
ness and safety of the acoustic wave therapy (AWT®) for
cellulite treatment. J Cosmet Laser Ther. 2013;15(3):
155-162. doi: 10.3109/14764172.2012.759235

Schlaudraff KU, Kiessling MC, Csészdr NB, Schmitz C.
Predictability of the individual clinical outcome of extra-
corporeal shock wave therapy for cellulite. Clin Cosmet
Investig Dermatol. 2014;7:171-183. doi: 10.2147/CCID.
S59851

Nassar AH, Dorizas AS, Shafai A, Sadick NS. A random-
ized, controlled clinical study to investigate the safety
and efficacy of acoustic wave therapy in body contouring.
Dermatol Surg. 2015;41(3):366-370. doi: 10.1097/DSS.
0000000000000290

Hexsel D, Camozzato FO, Silva AF, Siega C. Acoustic wave
therapy for cellulite, body shaping and fat reduction. J
Cosmet Laser Ther. 2017;19(3):165-173. doi: 10.1080/
14764172.2016.1269928

Knobloch K, Kraemer R. Extracorporeal shock wave thera-
py (ESWT) for the treatment of cellulite—a current metaa-
nalysis. Int J Surg. 2015;24(Pt B):210-217. doi: 10.1016/j.
ijsu.2015.07.644

Hexsel DM, Mazzuco R. Subcision: a treatment for cellulite.
Int J Dermatol. 2000;39(7):539-544. doi: 10.1046/j.1365-
4362.2000.00020.x

Stevens WG, Kaminer MS, Fabi SG, Fan L. Study of a new
controlled focal septa release cellulite reduction method.
Aesthet Surg J. 2022;42(8):937-945. doi: 10.1093/asj/sjac010
Kaminer MS, Coleman WP, Weiss RA, Robinson DM,
Coleman WP, Hornfeldt C. Multicenter pivotal study of
vacuume-assisted precise tissue release for the treatment


https://doi.org/10.1111/jdv.12193
https://doi.org/10.1007/s40257-015-0129-5
https://doi.org/10.1089/jmf.2015.0022
https://doi.org/10.1089/jmf.2015.0022
https://doi.org/10.1007/s002669900182
https://doi.org/10.1111/j.1365-4632.2009.03898.x
https://doi.org/10.1111/j.1365-4632.2009.03898.x
https://doi.org/10.3109/14764172.2013.787801
https://doi.org/10.1097/00006534-199909020-00037
https://doi.org/10.1111/dth.12304
https://doi.org/10.1111/dth.12304
https://doi.org/10.1080/14764170802524403
https://doi.org/10.1080/14764170601134461
https://doi.org/10.1080/14764170601134461
https://doi.org/10.1080/14764170410003039
https://doi.org/10.1080/14764172.2017.1279332
https://doi.org/10.1080/14764172.2017.1279332
https://doi.org/10.1016/j.cps.2011.02.003
https://doi.org/10.1111/ics.12073
https://doi.org/10.1002/lsm.22119
https://doi.org/10.1002/lsm.22119
https://doi.org/10.3109/14764172.2012.685480
https://doi.org/10.3109/14764172.2012.685480
https://doi.org/10.3109/14764172.2010.500392
https://doi.org/10.3109/14764172.2010.500392
https://doi.org/10.1063/1.3453782
https://doi.org/10.1007/s13555-013-0039-5
https://doi.org/10.3109/14764172.2012.759235
https://doi.org/10.2147/CCID.S59851
https://doi.org/10.2147/CCID.S59851
https://doi.org/10.1097/DSS.0000000000000290
https://doi.org/10.1097/DSS.0000000000000290
https://doi.org/10.1080/14764172.2016.1269928
https://doi.org/10.1080/14764172.2016.1269928
https://doi.org/10.1016/j.ijsu.2015.07.644
https://doi.org/10.1016/j.ijsu.2015.07.644
https://doi.org/10.1046/j.1365-4362.2000.00020.x
https://doi.org/10.1046/j.1365-4362.2000.00020.x
https://doi.org/10.1093/asj/sjac010

Gabriel et al

13

51.

52.

53.

54.

55.

56.

57.

58.

of cellulite. Dermatol Surg. 2015;41(3):336-347. doi: 10.
1097/DSS.0000000000000280

DiBernardo BE, Sasaki GH, Katz BE, Hunstad JP, Petti C,
Burns AJ. A multicenter study for cellulite treatment using
a 1440-nm Nd:YAG wavelength laser with side-firing fiber.
Aesthet Surg J. 2016;36(3):335-343. doi: 10.1093/asj/
sjv203

DiBernardo B, Sasaki G, Katz BE, Hunstad JP, Petti C,
Burns AJ. A multicenter study for a single, three-step laser
treatment for cellulite using a 1440-nm Nd:YAG laser, a
novel side-firing fiber, and a temperature-sensing cannula.
Aesthet Surg J. 2013;33(4):576-584. doi: 10.1177/
1090820X13480858

Yang KK, Bennett N. The history of collagenase clostridi-
um histolyticum. Sex Med Rev. 2015;3(4):289-297. doi:
10.1002/smrj.54

Sadick NS, Goldman MP, Liu G, et al. Collagenase clostrid-
ium histolyticum for the treatment of edematous fibro-
sclerotic panniculopathy (cellulite): a randomized trial.
Dermatol Surg. 2019;45(8):1047-1056. doi: 10.1097/DSS.
0000000000001803

Bass LS, Kaufman-Janette J, Joseph JH, et al. Collagenase
clostridium histolyticum-aaes for treatment of cellulite: a
pooled analysis of two phase-3 trials. Plast Reconstr
Surg Glob Open. 2022;10(5):e4306. doi: 10.1097/GOX.
0000000000004306

Kaufman-Janette JA, Bass LS, Xiang Q, McLane MP, Kirby
MT, Vijayan S. Efficacy, safety, and durability of response
of collagenase clostridium histolyticum-aaes for treating
cellulite. Plast Reconstr Surg Glob Open. 2020;8(12):
e3316. doi: 10.1097/GOX.0000000000003316

QWO™  (collagenase  clostridium histolyticum-aaes)
Prescribing Information. Endo Aesthetics; 2020. Accessed
January 1, 2023. https://www.endoaesthetics.com/qwo/
Endo Press Release. Endo to Cease Production and Sale of
Qwo® (collagenase clostridium histolyticum-aaes).
December 6, 2022. Accessed January 1, 2023. https:/inves

59.

60.

61.

62.

63.

64.

65.

66.
67.

68.

tor.endo.com/news-releases/news-release-details/endo-cea
se-production-and-sale-qwor-collagenase-clostridium.

Tanzi EL, Capelli CC, Robertson DW, et al. Improvement in
the appearance of cellulite and skin laxity resulting from a
single treatment with acoustic subcision: findings from a
multicenter pivotal clinical trial. Lasers Surg Med.
2022;54(1):121-128. doi: 10.1002/Ism.23448

Resonic™ for cellulite reduction. Accessed September 7,
2022. https:/www.resonic.com/cellulite-reduction/how-it-
works.

Tanzi EL. Energy-based approach to cellulite: the role for
Soliton’s RAP technology. Modern Aesthetics. 2021,
March/April: 28-30.

Radiesse® (calcium hydroxylapatite) Instructions For Use.
Merz Aesthetics; 2016.

Lorenc ZP, Black JM, Cheung JS, et al. Skin tightening with
hyperdilute CaHA: dilution practices and practical guid-
ance for clinical practice. Aesthet Surg J. 2022;42(1):
NP29-NP37. doi: 10.1093/asj/sjab269

Yutskovskaya YA, Kogan EA. Improved neocollagenesis
and skin mechanical properties after injection of diluted
calcium hydroxylapatite in the neck and décolletage: a pi-
lot study. J Drugs Dermatol. 2017;16(1):68-74.

Casabona G, Pereira G. Microfocused ultrasound with visu-
alization and calcium hydroxylapatite for improving skin lax-
ity and cellulite appearance. Plast Reconstr Surg Glob Open.
2017;5(7):e1388. doi: 10.1097/GOX.0000000000001388
Sculptra. Instructions for Use. Galderma; 2021.
Swearingen A, Medrano K, Ferzli G, Sadick N, Arruda S.
Randomized, double-blind, placebo-controlled study of
poly-L-lactic acid for treatment of cellulite in the lower ex-
tremities. J Drugs Dermatol. 2021;20(5):529-533. doi: 10.
36849/JDD.5380

Mazzuco R. Subcision™ plus poly-I-lactic acid for the treat-
ment of cellulite associated to flaccidity in the buttocks
and thighs. J Cosmet Dermatol. 2020;19(5):1165-1171. doi:
10.1111/jocd.13364


https://doi.org/10.1097/DSS.0000000000000280
https://doi.org/10.1097/DSS.0000000000000280
https://doi.org/10.1093/asj/sjv203
https://doi.org/10.1093/asj/sjv203
https://doi.org/10.1177/1090820X13480858
https://doi.org/10.1177/1090820X13480858
https://doi.org/10.1002/smrj.54
https://doi.org/10.1097/DSS.0000000000001803
https://doi.org/10.1097/DSS.0000000000001803
https://doi.org/10.1097/GOX.0000000000004306
https://doi.org/10.1097/GOX.0000000000004306
https://doi.org/10.1097/GOX.0000000000003316
https://www.endoaesthetics.com/qwo/
https://investor.endo.com/news-releases/news-release-details/endo-cease-production-and-sale-qwor-collagenase-clostridium
https://investor.endo.com/news-releases/news-release-details/endo-cease-production-and-sale-qwor-collagenase-clostridium
https://investor.endo.com/news-releases/news-release-details/endo-cease-production-and-sale-qwor-collagenase-clostridium
https://doi.org/10.1002/lsm.23448
https://www.resonic.com/cellulite-reduction/how-it-works
https://www.resonic.com/cellulite-reduction/how-it-works
https://doi.org/10.1093/asj/sjab269
https://doi.org/10.1097/GOX.0000000000001388
https://doi.org/10.36849/JDD.5380
https://doi.org/10.36849/JDD.5380
https://doi.org/10.1111/jocd.13364

	Cellulite: Current Understanding and Treatment
	EPIDEMIOLOGY
	ETIOPATHOGENESIS
	PATIENT ASSESSMENT
	TREATMENT OPTIONS
	Topical Agents
	Oral Supplements
	Massage
	Energy-Based Therapy
	Radiofrequency
	Light and Laser Therapy
	Acoustic Wave Therapy

	Subcision
	Manual Subcision
	Vacuum-Assisted Subcision
	Laser-Assisted Subcision
	Chemical Subcision
	Acoustic Subcision

	Injectable Treatments
	Injectable Fillers


	TREATMENT ALGORITHM
	CONCLUSIONS
	Acknowledgments
	Disclosures
	Funding
	REFERENCES




