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Cellulite: Presentation and Management 

Abstract 

Cellulite is a common dermatological condition with a female preponderance, affecting up to 

90% post-pubertal females. It is characterized with dimpling and denting of the skin surface, 

giving it a Peau d’orange appearance. Once considered to be a benign physiological isolated 

skin condition of only an aesthetic concern, cellulite is now considered a pathological entity 

with systemic associations and a negative psychological impact on patients. Several treatment 

options from lifestyle modifications, topical cosmetic therapies to energy-based devices have 

been studied for its treatment. However, treatment remains a challenge despite many new 

modalities in the armamentarium. Laser and light therapies along with radiofrequency are 

useful treatment options with good safety profile. Acoustic wave therapy, subcision, and 

1440-nm Nd:YAG minimally invasive laser are beneficial in cellulite reduction. 

Methodological differences in the trials conducted, makes it difficult to compare different 

treatment modalities. Overall, treatment needs to be individualized based on the patient 

characteristics and severity of the condition. Combination of treatments is often required in 

most patients for reducing cellulite. 
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Introduction 

Cellulite is a painless skin condition involving aesthetic concerns with dimpling and denting 

of the skin surface, giving it an orange peel appearance. It is a common condition occurring 

in about 80%-90% of post-pubertal women of all races.
1
 Almost all women think that they 

have cellulite at some time in their lives. It is seldom related to obesity and methods of fat 

reduction do not work well for the condition. It occurs mostly in areas with greater fat storage 

like the thighs, buttocks and abdomen.
2
 It is also known as gynoid lipodystrophy, 

edematofibrosclerotic panniculopathy or nodular liposclerosis.
1
 The treatment remains a 

challenge, with several topical treatments, lifestyle modifications, non-invasive device-based 

treatments, intralesional and surgical modalities having been tried.  

The term cellulite is a misnomer as it has no relation to cellulitis, nor is it derived from it. The 

“sense of cellulitis in cellulite is erroneous”.
3
 This was interestingly emphasized in the title of 

the same article “So-called cellulite: an invented disease”.
3
 Cellulite is also called gynoid 

lipodystrophy as it is mostly seen in areas of female fat distribution. This nomenclature points 

to it being associated with lipodystrophy.
4
  

Etiology and physiology of cellulite 

The etio-pathogenesis of cellulite still remains an enigma, but the dermis and the 

subcutaneous tissue are implicated alone or in combination.
5
 Obesity may worsen the 

condition.
1
 Cellulite has been associated with estrogen and an increase in the estrogen levels 

accelerates its formation. Estrogen can be responsible for different steps implicated in the 

pathogenesis of cellulite.
5
  

Menopause also worsens the condition due to increased vascular permeability and poor blood 

vessel tone. Dermal atrophy in the affected areas, the alteration in the subcutaneous septae, 

hypoxia, increased lipogenesis and inflammation have all been postulated as contributory 

factors and they may all be responsible together. 

Men are rarely affected and low androgen levels may be a causative factor.
5
 Low androgen 

levels in men seen in conditions such as Klinefelter’s syndrome, hypogonadism or after 

castration, may contribute to the development of cellulite in them. Anti-androgen therapy for 

prostate cancer may also lead to cellulite.
6
  

Genetic, environmental, and hormonal factors have been implicated in the development of 

cellulite. Caucasian race is more prone to develop it. Improper lifestyle is an important 
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contributor for its acceleration of development.
4
  Alcohol stimulates lipogenesis, dehydration 

and impaired storage of fat.
4
  

Newer insights into the mechanobiology of cellulite 

Initially considered to be a non-inflammatory skin condition, cellulite is now being 

recognised as a distinct pathologic entity with inflammation playing a key role.
4
 

The concept of sex-typical differences in the skin of the thighs and buttocks was proposed as 

early as 1978 by Neurnberger and Muller. Deep biopsies from 150 cadavers and 30 live 

women with cellulite revealed that the dermis of the skin of males is thicker, with 

subcutaneous fat being present in polygonal sections rather than vertical standing units which 

are wider and taller in females. The fibrous septae separating the fat compartments criss-cross 

in males are oriented at aproximately 45º, rather than being vertically present as in females 

(Figure 1). These findings suggest the female preponderance of cellulite by protrusion of 

subcutaneous fat called “papillae adiposae” through the thinned dermis as one of the 

pathogenetic pathways of developing cellulite.
3,5

 

These findings also explain the “mattress phenomenon” due to the “pinch test”. Cellulite 

exhibiting this is also known as “incipient cellulite”, where the dimpling occurs only on 

pinching the skin.
7
 Dimpling occurs on the surface of the female skin and just furrows on the 

male skin. The “mattress phenomenon” is not a cardinal sign of cellulite but denotes that it is 

due to the sex-typical skin structure and hence better termed “status protrusus cutis”.
3
  

Aging also reduces thickness of the dermis by reducing the collagen and elastin thus making 

fat protrusion more into the dermis. The fat globules become more hypertrophied with age.
3
 

This explains potential of cellulite occurrence more common with advancing age, but since 

dermis aging is seen in both genders, it may not be a primary contributor to its development. 

Elderly women with higher body mass index are at higher risk for the development of 

cellulite.
8
 Cellulite can worsen in obese females,

8
 but can occur in lean women as well. 

However, magnetic resonance imaging (MRI) studies have shown a difference in the 

orientation, thickness and even number of fibrous septae.
7-9

 These studies showed more 

abundant and sclerotic fibrous septae.
10 

 

Interestingly, there was no correlation between the presence of cellulite and fat herniations 

and the presence of “full-blown cellulite” occurring without pinching, the “incipient 

cellulite”. Both were due to tethering of the skin by the vertical fibrous strands, weakening 

the connective tissue thus causing the fat to herniate thus suggesting fat herniation is a 

secondary event.
7
  

Pathophysiology of cellulite 
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There are four hypotheses to explain the physiology of cellulite; sex-specific dimorphic skin 

structure, alteration in the fibrous septae of the subcutis, vascular factors and inflammation.
7  

According to the vascular hypothesis, the precapillary arteriolar sphincter in the affected 

areas is altered. Moreover, deposition of altered, hyperpolymerised glycosaminoglycans 

(GAGs) causes pressure on the capillary walls with exudation of fluid in the spaces between 

the fat lobules and inter-lobular septae.
7
 Hypoxia and intercellular oedema set the stage for 

fibrogenesis with increase in the number and thickness of the inter-lobular septae. Hypoxia 

also leads to resistance to lipolytic mechanisms and a low estrogenic state and high 

carbohydrate intake cause the fat globules to become more hypertrophied and nodular.
11

 

Endothelial damage is associated with presence of reactive oxygen species and the release of 

proinflammatory cytokines. Inflammation itself could be the cause of endothelial damage. 

When associated with obesity and insulin resistance, the presence of macrophages, Th1 cells 

and mast cells can contribute to the blood vessel damage occurring in cellulite. 

Proinflammatory cytokines such as IL6 and TNF alpha are also associated with 

cardiovascular risk.  Inflammation was proposed as a contributor to the development of 

cellulite due to presence of tenderness on pinching the affected skin. According to Kligman, a 

low-grade septal inflammation is responsible for dermal atrophy.
12

  

Hypoxia inducible factor 1 (HIF-1) protein is increased in cellulite. In a study, women with 

an allele polymorphism for HIF-1 did not develop cellulite, or developed a mild form.
13

 Low 

levels of adiponectin and high levels of leptin have been implicated in the development of 

cellulite.
4
  

Histopathology of cellulite 

At the microscopic level, there is a hypertrophy and dystrophy of the adipocyte structure, 

increased fibrosis of the interdigitating septae and enlargement and thickening of the vascular 

endothelium leading to microangiopathy.
14

 Septal inflammation may be observed. Later 

stages show atrophy and dystrophy of the skin, extensive vascular damage, and appendage 

disturbances. Noticeably, there may be a blurring of the border between the skin and the 

underlying tissue. 

Association with systemic disease 

Cellulite is now considered to be more than just an aesthetic problem.
15

  It is associated with 

negative psychological impact. With increasing insights into the pathogenesis, cellulite is 

now being considered as a systemic problem. There now seems to be a correlation between 

the stage of cellulite and the predisposition of systemic disease.
4
 Because of involvement of 

certain common pathological mechanisms, cellulite may be associated with insulin resistance, 
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obesity and increased cardiovascular risk.
4
 Hyperinsulinemia can accelerate lipodystrophy. 

There is a loss of the endocrinal functional ability of the dystrophic adipose tissue.
 4

  

 

Treatment 

Treatment of cellulite involves targeting various steps and pathways postulated in the etio- 

pathogenesis. Although, combination therapies have been tried, still there is no effective 

treatment. 

Lifestyle modification 

This is an important step in genetically predisposed individuals and in preventing the 

worsening of cellulite. Excess weight can lead to more visible appearance of cellulite. In 

some people, reduction of body weight and maintaining it can be useful to reduce cellulite. A 

proper diet with low fat and sodium content, exercise and restricting smoking and alcohol are 

recommended 
16,17

 for cellulite as well improvement of general heath.  

Exercise remains an important treatment for cellulite to prevent increase in amount of body 

fat. Regular exercise to maintain proper muscle mass should be advised to the patients. If 

texture of the skin is lost during weight loss, it may also make cellulite more visible. 

Therefore, aggravating factors for weight gain or excess weight loss should be avoided.  

 

Anti-cellulite products 

Topical treatment 

Topical preparations are mostly available as over the counter gels or creams. The main 

ingredients are caffeine, methylxanthines, retinol, ascorbic acid, alpha bisabolol, carica 

papaya extract, other plant extracts, vegetable oils, urea and squalene.
18

 These therapies are 

postulated to work by causing decreased lipogenesis, improvement of microcirculation, 

increase in extracellular matrix synthesis and integrity, decreased inflammation and oxidation 

and increased lipolysis. Usually, multiple ingredients with different mechanisms of action are 

combined in a formulation. Caffeine is used in topical preparations because of its lipolytic 

property. However, there are limitations for use of caffeine, one of them being tendency to 

precipitate and result in clumps formation depending on the vehicle. There have been efforts 

to produce nanoemulsion containing caffeine with addition of surfactants for overcoming this 

challenge.
19

  According to the results of an animal study, emulsion with siloxanetriol alginate 

caffeine can promote the lipolytic action on fatty tissue whereas sodium benzoate addition to 

the preparations can inhibit efficiency of caffeine.
20

 Formulation developments, thus may 

play a role in efficacy of topical caffeine containing formulations. In another study efficacy 
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of extract of Trichilia catigua and Ptychopetalum olacoides Bentham applied once daily for 2 

months was examined in 27 women between 20-40 years of age with moderate cellulite. 

There was significant reduction in the circumference of specific body areas. This therapy is 

expected to work by causing reduction in oedema and improvement of local 

microcirculation.
21

  

A sugar-derivative sulfo-carrabiose in a 3% cream applied twice a day for 8 weeks showed an 

improvement in cellulite.
22

 However, a study reported that improvements with topical agents 

was short-lived, less than 2 weeks.
23

 Thai herbal formulations have also been tried and shown 

to improve cellulite in a double-blind randomised trial.
23

 In a double-blind, placebo-

controlled, randomized study, involving 44  females between the age of 25-55 years with 

mild-moderate cellulite, 81% claimed an improvement in their cellulite based on a 

questionnaire versus 32% of the placebo group.
18

 A systematic evaluation of the scientific 

evidence of the efficacy of topical cosmetic products in cellulite reduction concluded that 

they had a moderate efficacy in thigh circumference reduction. This review included 21 

original studies, mostly including women. However, only 7 controlled trials were included 

for meta-analysis. The included studies had significant heterogeneity. The active ingredients 

in these preparations included one of the three components xanthenes, herbal components or 

retinoids or complex formulations, mostly containing xanthenes.
24

 More evidence from larger 

multicentric controlled clinical trials is required for establishing specific topical formulation 

for the treatment of cellulite. 

 

Oral supplements 

A questionnaire-based study concluded that women below the age of 55 years are the most 

common consumers of anti-cellulite products. According to this study, use of topical products 

scored over the use of oral supplements which carry more of a risk to benefit ratio.
25

 Among 

the oral supplements, oral collagen has been tried for cellulite.
26

 In a double-blind, placebo-

controlled study involving 105 women, 2.5 g of the collagen peptide given over a period of 6 

months resulted in significant reduction in cellulite as compared to the placebo group.
27

  

Massage 

Endermologie is a US FDA-approved treatment for the treatment of cellulite. It involves 

mechanical massage with an apparatus by creating positive and negative pressure. The LPG 

endermologie system uses positive pressure from two rollers and negative pressure from 

aspiration from the skin and subcutaneous tissue. An observational study using 15 sessions of 

30-45 minutes each twice a week showed significant improvement however, there was no 
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information on the durability of results.
5
 In a study, it was only partially better than 

aminophylline topical cream.
28

 This works on the principle of physical decongestion with 

lymphatic drainage and improving extracellular fluid.
29

  

Subcision 

It is recommended for cellulite depressions occuring at rest. Subcision involves the breaking 

of bands that tether the reticular dermis to the subcutaneous fat, thus improving the skin 

topography and redistribute subcutaneous tension forces. It also helps to push the fat lobules 

into spaces created by the subcision.
1,30

 Subcision may be manual, vacuum-assisted or laser-

assisted. Percutaneous infiltration of tumescent fluid is done, which not only creates a plane 

for subcision by elevating the subcutaneous tissue from the underlying vital structures, but 

also anesthetizes the area.
1
 Manual subcision is performed using a forked cannula or an 18-G 

needle, maintaining a correct depth of about 10-20 mm.
30

The potential inconsistency of 

performing subcision with a manual method led to the use of a vacuum-assisted device which 

has a more-controlled depth of inserting the subcision blade and better control of the 

tumescent anesthesia.
1,31

 

Extracorporeal shock wave therapy (ECSW) 

Acoustic waves are used to improve neo-collagenesis, microcirculation and lymphatic 

drainage.
32

 Initial mechanical stimulus by the pressure peak, leads to matrix mobilization of 

cells by mechanotransduction of the signal. The shock wave cavitation following this causes 

mechanical disruption of cellulite and localized adiposities, helps restructure the skin,
33,34

 and 

improves the cellulite outcome by inducing collagen remodeling.  Low doses of 

0.018mJ/mm
2
 to a depth of 5 mm administered over 4 cm

2
 squares with 100 shots per 

square
33

 as well higher doses of 0.25mJ/mm
2
 to the underlying muscle have described.

35
 

Overall focused as well as radial ECSW therapy devices have been found useful, albeit with a 

latency of 2-6 months.
35

  

Thus, some evidence for potential benefit is seen with acoustic wave therapy,
36

 but several 

treatment sessions are required to see the visible reduction. 

Radiofrequency (RF) 

Radiofrequency (RF) is one of the most frequently used energies in medicine and particularly 

in the aesthetics medicine. The radiofrequency types to be distinguished are unipolar, 

monopolar, bipolar and multipolar RF. However, its selective application is a novel approach. 

If superficial skin layers are cooled at the same time for protection, RF can even penetrate to 

the deeper fat tissue and there lead to apoptosis and thus fat cell degradation and 

circumference reduction.
37-39
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The effect of the RF treatment depends on the combination of parameters such as energy 

density, exposure time, polarity of the radio frequency, surface cooling and the method of 

application.
40,41

  

Multipolar selective radiofrequency is achieved by combining multiple plus and minus poles 

in a single applicator. Here, the energy of the radiofrequency emitted is selectively 

accumulated in the fat, which means selectivity of the storage capacity and conductivity of 

the fat. The energy is selectively delivered to the adipose tissue through contactless applicator 

and then transformed into heat. This selectiveness relies on the impedance difference between 

fat and other tissues, led by the respective absence and presence of water. The aimed process 

to be provoked is the apoptosis of fat cells. This can be applied to abdomen and upper thighs 

and shows a considerable reduction in circumference.
42

 

Monopolar and multipolar RF have a greater depth of penetration compared to bipolar RF. It 

works on the principle of bioimpedance.
1
 Electrothermal effects are responsible for the 

denaturation of collagen, neocollagenesis and skin tightening.
5,33

 It has been used in 

combination with pulsed magnetic therapy and dynamic muscle action.
43,44

 A study evaluated 

effects of radiofrequency and dynamic muscle activation in treatment of abdominal cellulite 

in 25 females. Six weekly radiofrequency and dynamic muscle activation treatments resulted 

in significant reduction in abdominal circumference at 1, and 4-week follow-ups. Satisfaction 

with treatment outcome was reported by 92% patients.
43

 
 

In another study, non-invasive cellulite treatments based on simultaneous application of 

monopolar RF and targeted pressure energy evaluated the application in women with 

cellulite. The results showed that this application is effective and safe for treating cellulite. 

The level of clinical improvement after 4 sessions is comparable to results reported after 6-20 

sessions in studies on stand-alone RF/laser/targeted pressure energy devices, however needs 

less devices, less time per treatment and less sessions.
45

 Limitations of radiofrequency 

include short lived results and need for several treatment sessions. Bruises can be seen after 

treatment with radiofrequency, which disappear with course of time. 

 

Laser and light devices 

Laser energy penetrates the dermis or subcutaneous tissue depending on their wavelength. 

Local heating of tissue causes collagen remodeling and improves the microcirculation. 

Earlier use of intense pulse light, 810 nm diode laser alone or in combination with massage, 

vacuum and ultrasound were not conclusive.
46,47

 In a double-blind, placebo-controlled 

randomized trial involving 68 patients, 532nm diode using 17 mW output has been reported 
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to be effective without combination with other modalities.
48 

Low level laser therapy was 

effective in reducing at least one stage on the Nurnberger-Muller grading scale in 55.88% 

patients versus 8.82% in sham-treated group (p<0.0001).
48

 A multicenter study involving 37 

patients using a three step procedure with 1440 Nd:YAG minimally-invasive side-firing fiber 

at 8-10 W, showed sustainable improvement in the appearance of cellulite for at least 1 

year.
49

 The procedure resulted in high satisfaction score for both the physician and patient. 

This modality has been reported to be most promising in laser and light devices.
50 

Thus, some 

evidence for potential benefit is seen with 1440 nm Nd:YAG minimally invasive laser.
36

 

Overall, an important challenge for assessing the strength of evidence is methodological 

issues in the studies with laser- and light-based modalities and radiofrequency.
 

 

Dermal fillers  

Calcium hydroxyapatite and poly-L-lactic acid (PLLA) are used to smoothen the skin in 

patients with cellulite.
50 

It also helps to increase dermal thickness to make it harder for fat to 

dimple through the skin. Calcium hydroxyapatite in dilutions of 1:1 to 1:4 (1.5–6 mL of 

diluent) injected using the canula or needles in radial, Asterix or linear threading technique 

reported notable reductions in skin flaccidity and increase in skin density and thickness of the 

abdominal skin after only one session.
51-52

 PLLA is bio stimulatory filler, that stimulates 

body’s own collagen production thus also tightening the skin. It has been used in dilutions of 

8 to 20 mL, with a good response at 12 ml dilution combined with subcision. A study 

involving 24 patients combined with Subcision reported persistent improvement in a 2 year 

follow up. There was no occurrence of nodules or granulomas in the patients treated with 

subcision plus PLLA.
53

  

Collagenase Clostridium Histolyticum (CCH) 

CCH is approved by the US FDA for the treatment of collagen-associated disorders like 

Peyronie’s disease and Dupytren’s contracture. CCH hydrolyses collagen under physiologic 

conditions and is composed up of two purified collagenases known as AUX-1 and AUX-II. 

Its acts on the fibrous septae involved in the development of cellulite.
54

 In an open label 

extension of a previous phase 2 randomized controlled trials, women with moderate to severe 

cellulite were subcutaneously administered CCH 0.84 mg in three treatment sessions 

perpendicular and at 45º angle to the skin in 0.1-mL aliquots. Improvements were observed to 

last through 2 year follow up.
55,56

 
 

Qwo™ (CCH-aaes) is approved by the FDA for the treatment of moderate to severe cellulite 

in the buttocks of adult women.
57
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Ultrasound 

High frequency sound waves deliver acoustic energy to increase tissue shrinkage, induce 

collagenosis and neoelastogenesis have been in use for body sculpting. Superficial dermis is 

heated to 60 to 70ºC, resulting in thermal tissue coagulation (1mm
3
), activating the wound 

healing cascade, collagen contraction creating short and thick fibrils, and production of new 

collagen.
58

 Microfocused ultrasound results in thermal injury zones up to a depth of 7-8mm 

in the musculoaponeurotic layer sparing superficial epidermis, while high intensity focused 

ultrasound (HIFU) can target depths of 13mm essential for abdominal cellulite. HIFU 

cavitation results in architectural changes in the subcutaneous fat tissue, disrupting the 

cellulite structure and smoothens dimpling.
59 

HIFU can be used for tightening and recently 

also for fat reduction.
 
Focused ultrasound is able to heat tissue up to 65-70° C in small 

microscopic areas.
 
HIFU can penetrate much deeper with high energy than other techniques. 

The penetration depth into the tissue depends on the wavelength, the higher the frequency, 

the more superficial the effect.  Using the new handpieces of 6 mm, 9 mm or recently 13 mm 

penetration depth, effects in the fatty tissue which lead to circumferential reduction and 

tightening.
 

HIFU treatment effectively reduced abdominal fat in a porcine model; it 

accurately treated the target subcutaneous fat layer and the subcutaneous fat was reduced 

effectively via ultrasonic measurement after HIFU treatment. Macrofocused ultrasound was 

successfully used for body contouring and fat reduction in pre-clinical and clinical 

studies.
41,60,61 

High frequency ultrasound in combination with vacuum drainage, suction and massage have 

shown mild improvement in abdominal cellulite.
59,62

 In an open label study 28 patients 

underwent weekly transdermal focused ultrasonic lipolysis and vacuum drainage for a 

maximum of eight sessions. Significant reduction in circumference of abdominal girth was 

seen with ultrasonic lipolysis.
62

 Compared to radiofrequency, induction of both 

neocollagenosis and neoelastogenesis appears to be an added advantage.
63 

Combination of 

both modalities showed improvement in abdominal cellulite.
64

 Overall, there is no strong 

evidence to suggest that ultrasound alone can be significantly reduce cellulite. Combination 

with other treatment, can decrease cellulite appearance. More evidence is required for 

demonstrating its efficacy in reduction of cellulite.  

Carboxytherapy 

Transcutaneous administration of carbon dioxide by inducing a shift in oxygen dissociation 

curve to the right and vasodilatation induces neovascularization. In a study two sessions per 

week with infused fixed volume of 250 mL of CO2 per 100 cm
2
 of treated surface of 
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abdomen showed an objective change in morphology of adipocytes on histopathology with 

no change observed in the body mass index or body weight.
65

  

Intravenous bolus injections and continuous flow of 20-30ml/sec can also be used safely 

without hypercapnia or any other side effects with mild pain and aches.
66-68

 In a study 

involving 48 females with cellulite at thighs, subcutaneous infusion of 6 sessions at weekly 

interval has been shown to be as effective in cellulite and localized adiposities as 

mesolipolysis. In this study, follow up was done for 6 months showed significant reduction in 

thigh circumference and cellulite grading scale.
69

 Some patients may have discomfort during 

the treatment. In some patients, temporary bruising may also be seen. 

Other newer treatment: 

Resonic
TM

 is an FDA approved device for cellulite which works with rapid acoustic pulse 

technology. This is a non-invasive treatment which can reduce dimple and improves the 

cellulite appearance. The results are seen after one treatment session lasting for less than a 

hour.
70

 The results may persist for three months.   

Treatment needs to be individualized based on the patient characteristics and severity of the 

condition. Exercise should be recommended to all patients with cellulite. For mild to 

moderate cases, topical preparations may be tried first.  

  

Conclusion 

This review summarizes the present pathophysiological understanding of cellulite. Suggested 

treatment options include lifestyle modification, topical preparations which reduce 

lipogenesis, improve microcirculation, increase extracellular matrix synthesis and integrity, 

and increase lipolysis, oral collagen peptide massage, subcision, extracorporeal shock wave 

therapy, radiofrequency, laser and light devices, dermal fillers, collagenase clostridium 

histolyticum, ultrasound and carboxytherapy. Combination treatment is useful. Further 

research may refine the treatment algorithm and approach to its management; however, a 

combination approach remains the best way forward.
71,72
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