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Abstract
Cellulite is characterized by dimpled contour alterations of the skin and is present in approximately 85% to 90% of 

postpubertal females. Although the pathophysiology of cellulite remains to be fully elucidated, experimental evidence 

indicates a multifactorial process involving the number and types of fibrous septae, microvascular dysfunction, subcuta-

neous inflammation, decreased dermal thickness with age, and fat deposition. Cellulite is a major cosmetic concern for 

many women, and a number of both noninvasive (eg, massage, cosmeceuticals, laser therapy) and minimally invasive 

techniques (eg, subcision, collagenase injection) have been evaluated to improve the appearance of the affected skin. 

However, evidence for many of these treatments is limited, largely due to the lack of a validated, convenient tool for the 

standardized evaluation of cellulite severity. Various imaging modalities have been employed to characterize cellulite se-

verity and the impact of treatment, but only 2-dimensional and 3-dimensional digital photography have been adequately 

validated. However, in many cases, imaging findings do not correlate with subjective measures of cellulite severity. 

A number of cellulite rating scales have been developed; some provide only a qualitative measure, whereas others do 

not fully capture all clinically relevant aspects of cellulite, including the perspective of the patient. There remains an 

unmet need for global adoption of a validated scale that can be utilized easily by clinicians and patients in clinical and re-

search settings. We propose features that should be included in an ideal rating scale for assessment of cellulite severity.

Editorial Decision date: July 24, 2020; online publish-ahead-of-print August 12, 2020.

The term cellulite describes dimpled contour alterations of 

the skin that are present in approximately 85% to 90% of 

postpubertal females.1 Although the term was first used in 

1873,2 the first clinical description of cellulite was not published 

until 1920, when it was described as a noninflammatory mes-

enchymal disorder attributable to abnormal water metabo-

lism.1,3 Despite the high prevalence of cellulite in adult women, 

controversy persisted for several decades over whether cellu-

lite represented a normal physiologic process or a pathologic 

condition. This debate was complicated by frequent and in-

appropriate interchangeable use of the terms “cellulite” and 

“cellulitis” (a potentially serious skin infection) to describe the 

same condition.2-4 However, in 1978, Nürnberger and Müller4 

concluded in a landmark paper that cellulite formation was a 

natural, gender-linked, physiologic process. This conclusion 

was based on detailed anatomic studies of the skin in females 

and males and on epidemiologic data indicating that signs of 

cellulite are present in women of all racial groups.4

Many synonyms have been employed to describe cel-

lulite. In their classic description, Nürnberger and Müller4 

concluded that the term dermo-panniculosis was most 
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appropriate from a histopathologic perspective, be-

cause the characteristic histologic features of cellulite 

are confined to the collagen and elastica but occur in the 

hypodermis and the corium. Other potential synonyms in-

clude adiposis edematosa, status protusus cutis (incipient 

cellulite), nodular liposclerosis, gynoid lipodystrophy, and 

edematous fibrosclerotic panniculopathy.5

Anatomy and Etiology of Cellulite

Cellulite primarily affects the thighs and buttocks and 

sometimes the lower legs and abdomen, and it is char-

acterized by skin alterations that have been described 

as “orange peel,” “cottage cheese,” or “mattress-like” in 

appearance.1,5 In contrast to obesity, which is character-

ized by hypertrophy and hyperplasia of adipocytes with 

no specific anatomic location, cellulite results from a var-

iety of ultrastructural, inflammatory, histochemical, and 

biochemical changes in the dermis, microcirculation, and 

adipocytes.5,6 The pathophysiology of cellulite formation 

remains to be fully elucidated; however, it appears to be 

a multifactorial process in which the number and types of 

fibrous septae, microvascular dysfunction, subcutaneous 

inflammation and fibrosis, decreased dermal thickness 

with age, and adipose tissue deposition may all play a 

role.1,5,7-9 For example, estrogen, oxidative stress, and in-

flammation may promote fluid retention by altering local 

vascular and lymphatic drainage, resulting in edema.6 In 

addition, due to increased fibrogenesis and collagen de-

position, the number of subdermal collagen cords (septae) 

is reduced in areas of cellulite and arranged perpendicular 

to the skin surface. By contrast, in skin without cellulite, 

there are more septae connections arranged tangentially 

to the surface.5,9,10 Due to this spatial distribution, thinning 

of the septae, and a reduced number of septae connec-

tions, increased pressure forces subcutaneous fat into the 

interface between the dermis and hypodermis, resulting in 

the dimpled skin appearance.3,9,11 A “2-hit” hypothesis has 

been proposed, whereby impaired microcirculation in the 

gluteofemoral fat (the first hit) leads to hypoxia (the second 

hit), which in turn leads to fibrosis of the subcutaneous con-

nective tissue.7 Cellulite is also associated with adipocyte 

hypertrophy and increased subcutaneous fat,1,9,11,12 but, as 

noted above, the presence of microvascular changes and 

structural changes in the dermis distinguish it from obesity.6 

However, obesity may exacerbate the skin changes asso-

ciated with cellulite.1,3,5,9,13

The pathophysiologic processes responsible for the 

development of cellulite may be modulated by a number 

of potential risk factors that include gender, race, and 

lifestyle factors.5 Gender differences in fascial architec-

ture have been observed from birth (Figures 1 and 2).4,9 

There is also evidence to support roles for both genetic 

predisposition and ethnicity: although cellulite is seen 

in women of all races,4 it tends to be more common in 

white women.5 In addition, lifestyle factors such as a high-

carbohydrate diet or sedentary habits may promote cel-

lulite formation via effects on body fat content or vascular 

stasis, respectively.5 In some women, cellulite becomes 

apparent with age.14 Contour irregularities (eg, loss of 

elasticity and sagging), which develop as a woman ages, 

are likely the result of increased skin laxity, which has 

been shown to be highly correlated with increasing age 

and body mass index.15 The association of contour irregu-

larities and age is also supported by anatomical studies4 

and histological studies demonstrating that skin exhib-

iting laxities shows dermal atrophy because of loss of col-

lagen and reduced collagen biosynthesis, degradation of 

elastin fiber, and loss of hydration.16-18 The development 

of late-onset cellulite may be a factor of underlying ana-

tomical structure that is prone to cellulite, with good skin 

surface tension (eg, elasticity) masking the underlying de-

fect when women are younger. The loss of skin elasticity 

that occurs through the normal aging process may then 

“unmask” cellulite.

Evaluating Cellulite

Cellulite is a notable cosmetic concern for many women, 

and numerous treatment approaches have been em-

ployed in attempts to improve the appearance of affected 

skin.19 Potential treatment strategies include noninvasive 

interventions such as mechanical stimulation to improve 

lymphatic drainage; topical therapy to improve micro-

vascular circulatory flow or to reduce fat deposition or 

inflammation; acoustic wave therapy (AWT); or the appli-

cation of laser, light, or radiofrequency energy and minim-

ally invasive techniques, such as subcision or collagenase 

clostridium histolyticum injection.1,19 However, high-quality 

evidence to support the use of many of these treatments 

is limited. A 2015 systematic review found that the majority 

of the 67 studies reviewed had methodologic flaws, such 

as a failure to assess cellulite severity as an end point or 

insufficient statistical analyses.19 This finding highlights a 

key unmet need in both clinical practice and research: a 

validated and convenient tool for the standardized evalu-

ation of cellulite severity and treatment efficacy.19 Although 

various scales and other techniques have been developed 

to assess cellulite severity (Table  1),4,6,10-13,20-43 these are 

not universally employed in clinical trials.19 Most of the 

scales currently available do not feature a patient-reported 

component, which the US Food and Drug Administration 

(FDA) now recommends.44 In addition, there are currently 

no validated biophysical techniques to evaluate cellulite; 

most studies have utilized surrogate measures, such as im-

aging or biomechanical assessments.19 This paper reviews 
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the rating scales and imaging techniques currently avail-

able for evaluating cellulite.

CELLULITE SEVERITY RATING SCALES

A number of cellulite severity rating scales have been de-

veloped, each of which has particular advantages and limi-

tations (Table 2).4,6,20-28,31,42,43,45

The Nürnberger-Müller Classification

The oldest cellulite classification system was proposed by 

Nürnberger and Müller.4 This categorizes skin appearance 

into 4 grades (0-III).4 In grades I and II, the skin is smooth at 

rest but shows a mattress-like appearance on pinching or 

standing, respectively; in grade III, the skin has a mattress-

like appearance in both the lying and standing positions. 

Grades II and III can be subclassified into mild, moderate, 

or severe.46 This classification is based on a simple pinch 

test (pinching skin between thumb and index finger), but it 

is purely qualitative and has not been validated (Table 2). 

Furthermore, it does not describe specific features of cellu-

lite23; therefore, different clinical aspects or severities may 

be assigned to the same grade.20

The Cellulite Severity Scale

In contrast to the Nürnberger-Müller classification, the 

Cellulite Severity Scale (CSS) was developed to incorp-

orate specific clinical and morphologic aspects of cellu-

lite that may affect severity level.20 The CSS is a widely 

employed photonumeric scale developed from a photo-

graphic study of 55 women participating in clinical trials 

of cellulite therapies.20 It consists of 5 items, including the 

Nürnberger-Müller classification, each of which is rated on 

a scale from 0 to 3; scores of 1 to 5 indicate mild cellulite, 

6 to 10 indicate moderate cellulite, and 11 to 15 indicate 

severe cellulite.20 Although this scale provides both quali-

tative and quantitative measures of cellulite severity, it ap-

plies only to cellulite located on the buttocks and thighs; it 

has not been validated for areas less commonly affected 

by cellulite, such as the arms or abdomen.20

Figure 1.  Fascial architecture of females.9 Structure and arrangement of skin and subcutaneous tissue of individuals with low to 
normal BMI (upper panel) or high BMI (lower panel) are shown. The arrows demonstrate the interplay of biomechanical forces 
(blue arrows: outward force of fat lobules; red and grey arrows: inward tethering force of the septal network, with illustrated 
dimorphism between the numerous short and thin septae [grey arrows] vs the fewer long and thick septae, which have greater 
stability [red arrows]; orange arrows: inward containment force of the dermis). Reprinted with permission from Rudolph et al.9 
BMI, body mass index.



Figure 2.  Fascial architecture of males.9 Structure and arrangement of skin and subcutaneous tissue of individuals with low 
to normal BMI (upper panel) or high BMI (lower panel) are shown. The arrows demonstrate the interplay of biomechanical 
forces (blue arrows: outward force of fat lobules; red and grey arrows: inward tethering force of the septal network, with 
illustrated dimorphism between the numerous short and thin septae [grey arrows] vs the fewer long and thick septae, which 
have greater stability [red arrows]; orange arrows: inward containment force of the dermis). Decreased probability of a 
mattress-like skin appearance at the skin surface in men may be due to the greater number of fibrous connections between 
the superficial fascia and the dermis, providing greater stability. Reprinted with permission from Rudolph et al.9 BMI, body 
mass index.

Table 1.  Cellulite Severity Scales and Techniques to Evaluate 
Efficacy in Clinical Trials

•  Cellulite severity rating scales  

–Nürnberger-Müller classification4  

–Cellulite Severity Scale20,21 and Modified Cellulite Severity Scale22  

–Curri scale6  

–DiBernardo scoring system23  

–Cellulite Dimples—At Rest and Cellulite Dimples—Dynamic scales43  

–Clinician Reported and Patient Reported Photonumeric Cellulite Se-

verity Scales24,25,42  

–Investigator and Subjective Global Aesthetic Improvement Scales26  

•  Imaging techniques  

–2D or 3D digital photography12,22,23,27-33  

–3D laser skin surface scanner34  

–Ultrasonography12,27,34-36  

–Laser doppler flowmetry37  

–Thermography38,39  

–Magnetic resonance imaging10,11,13,40  

–Computed axial tomography41  

•  Measurement of skin biomechanics  

–Skin elasticity12,27,32,34  

–Surface roughness32,34  

–Skin surface profile (waviness)35

2D, 2-dimensional; 3D, 3-dimensional.

An initial validation showed good intraclass correlations 

and consistency for both thighs and buttocks,20 and sub-

sequent validation in a Spanish female population also 

showed good intraobserver and interobserver reliability 

and internal consistency.21 However, the latter study also 

reported that the degree of laxity, flaccidity, or sagging skin 

did not contribute significantly to the consistency of the 

scale, raising questions about the clinical relevance of this 

component.21 A modified version of the CSS was utilized in 

a study of the efficacy of AWT in the treatment of cellulite.22 

This version omitted the Nürnberger-Müller staging, which 

requires physical contact with the patient, because assess-

ments were based on blinded evaluation of 2-dimensional 

(2D) photographs.22 However, the skin laxity component of 

the CSS was retained.

Curri Scale

An alternative classification, originally proposed by Curri, 

classifies cellulite into 4 grades on the basis of clinical and 

histopathological changes (Table 2).6 Although this system 

evaluates multiple aspects of cellulite, it provides only a 

qualitative measure of severity and is largely based on 

histopathologic evaluation, which is not feasible in routine 

clinical practice.

DiBernardo Scoring System

DiBernardo et al developed a photonumeric scale in which 

the number of evident dimples and the severity of linear 

undulations (contour irregularities) are graded from 0 to 4 

(Figures 3 and 4).23 This scale combines elements of both 

the general (qualitative) Nürnberger-Müller staging and the 

more detailed (quantitative) CSS.23
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Table 2.  Cellulite Severity Rating Scales

Scale Validated Cellulite severity description Advantages Limitations

Nürnberger-Müller 

classification4

No •  Grade 0: Skin is smooth in both lying-down 

and standing positions;  

•  Grade I: Skin is smooth at rest but shows a 

mattress-like appearance on pinching;  

•  Grade II: Skin is smooth at rest but has a 

mattress-like appearance on standing;  

•  Grade III: Skin has a mattress-like  

appearance in both lying-down and standing 

positions;  

•  Grades II and III can be subdivided into 

mild, moderate, or severe27,31

Uses pinch test (ie, easy  

to administer without need of a 

visual tool/scale)

•  Qualitative  

•  Not validated  

•  Does not describe specific  

features of cellulite23  

•  Different clinical aspects or  

severities may be classified to 

same grade20

CSS20,21 Yes 5 items, scored 0-3:  

•  Number of evident depressions  

•  Depth of depressions  

•  Morphologic appearance of skin surface 

alterations  

•  Grade of laxity, flaccidity, or sagging skin  

•  Nürnberger-Müller classification  

•  Mild cellulite: total score 1-5  

•  Moderate cellulite: total score 6-10  

•  Severe cellulite: total score 11-15

•  Validated scale  

•  Includes specific features of 

cellulite potentially amenable to 

therapeutic interventions  

•  Qualitative and quantitative

•  Based on evaluation of thighs 

and buttocks; other areas not 

validated  

•  Grading of laxity, flaccidity, and 

sagging of skin may  

reduce reliability of scale  

•  May be cumbersome to use in 

clinical practice because it incorp-

orates multiple ratings  

•  Does not capture the patient 

perspective

Modified CSS22 No Similar to original CSS, except Nürnberger-

Müller staging was omitted

•  Includes specific features of 

cellulite potentially amenable to 

therapeutic interventions  

•  Qualitative and quantitative

•  Lack of validation  

•  Includes skin laxity

Curri scale6 No •  Grade I: asymptomatic; areolar layer may 

be thickened, with increased capillary per-

meability;  

•  Grade II: pallor, decreased temperature, and 

decreased elasticity after skin compression; 

periadipocyte hyperplasia and hypertrophy, 

with capillary dilatation, microhemorrhages, 

and increased capillary basement membrane 

thickness;  

•  Grade III: padded skin or orange-peel ap-

pearance, with pain on palpation, decreased 

elasticity, pallor, and decreased temperature; 

histopathologically, collagen fibril neogenesis, 

sclerosis of internal layer of small artery walls, 

venous dilation, obliteration of border be-

tween dermis and SC tissue, and adipocyte 

inclusion within deep connective tissue;  

•  Grade IV: similar to grade III; greater 

number of visible, palpable, painful nodules; 

wavy appearance of skin surface. Histo-

pathologically, some nodules encapsulated 

by dense connective tissue and lobular 

fatty tissue have disappeared; microscopi-

cally, diffuse liposclerosis, telangiectasias, 

microvarices and varices, and epidermal 

atrophy

Incorporates both clinical and  

histopathological features  

of cellulite

•  Qualitative  

•  Unclear if validated  

•  Histopathologic assessment 

unlikely to be feasible in  

routine clinical practice

DiBernardo 

scoring 

system23

Yes Number of dimples and contour undulations  

severity graded 0-4

Combines elements of both  

general (Nürnberger-Müller) and 

specific (CSS) scoring systems

Does not measure exact depth 

or volume of cellulite dimples to 

quantify cellulite condition

Cellulite Dimples—

At Rest and 

Cellulite Dim-

ples—Dynamic 

scales43

Yes Cellulite dimples graded on a 5-point scale  

from 0 (no dimples) to 4 (severe dimples [≥17  

depressions]) in static (at rest) or dynamic 

state

•  Scales are robust; no training is 

needed to  

administer them  

•  Dimples are assessed in the 

static and dynamic states  

•  Easy to use

•  Specific for cellulite dimples 

and not all cellulite-related skin 

deformities  

•  Patient perspective not  

determined



Cellulite Dimples—At Rest and Cellulite 
Dimples—Dynamic Scales

Cellulite Dimples—At Rest and Cellulite Dimples—Dynamic 

scales  were developed to assess the severity of cellu-

lite dimples on the thigh and buttocks in the static state 

(eg, at rest) or dynamic state.43 Both scales utilize photo-

graphs that facilitate assessment of the severity of cellulite 

dimples on a 5-point scale ranging from 0 (no depres-

sions) to 4 (very severe depressions). For both intrarater 

and interrater reliability, intraclass correlation coefficients 

were ≥0.81 (almost perfect) for the static state scale, and 

between 0.61 and 0.80 (substantial) for the dynamic state 

scale.

Clinician Reported and Patient Reported 
Photonumeric Cellulite Severity Scales

The Clinician Reported Photonumeric Cellulite Severity 

Scale (CR-PCSS) and the Patient Reported Photonumeric 

Cellulite Severity Scale (PR-PCSS) were developed to 

assess cellulite severity on the buttocks (Figure  5A)  

or thighs (Figure 5B) and allow assessment from the clin-

ician (CR-PCSS) and patient perspectives (PR-PCSS).24,25 

These scales utilize photographs in which cellulite severity 

is rated as a single item on a 5-point scale, ranging from 

0 (none) to 4 (severe).24 In an evaluation of data from 375 

women enrolled in a Phase 2 trial, good correlation was 

shown between the CR-PCSS and PR-PCSS overall and in 

each area rated (buttocks and thighs).24 In 2 phase 3 studies, 

the CR-PCSS and PR-PCSS for buttocks were utilized to 

assess improvement in cellulite severity.47 As single-item 

scales, the CR-PCSS and PR-PCSS may be easier to utilize 

in routine clinical practice than multi-item scales such as the 

CSS.24 However, at present, these 2 scales have been valid-

ated only for the buttocks and thighs.

Investigator and Subjective Global 
Aesthetic Improvement Scales

The Global Aesthetic Improvement Scale is a 5-point scale 

rating global aesthetic change in appearance compared 

with pretreatment.26 The Investigator Global Aesthetic 

Improvement Scale and the Subjective Global Aesthetic 

Improvement Scale have been utilized to rate changes 

in the appearance of cellulite based on before-and-after 

digital photographs.42 Assessments are based on a 7-point 

scale ranging from +3 (very much improved) to −3 (very 

much worse).24 These scales are widely employed in clin-

ical trials, but the utilization of subjective ratings of before-

and-after images may introduce response bias.45

Features of an Ideal Rating Scale

Standardization and implementation of a validated scale 

to assess cellulite are important to allow comparisons of 

treatment results across clinical trials. However, at present, 

no single, standardized, universally accepted measure-

ment of cellulite severity has been recommended or en-

dorsed by regulatory authorities or professional societies 

for utilization in clinical trials.42 Furthermore, not all scales 

adequately address all clinically relevant aspects of cel-

lulite. For example, in addition to dimples, some patients 

may show elongated horizontal streaks, particularly in the 

Scale Validated Cellulite severity description Advantages Limitations

CR-PCSS and 

PR-PCSS24,25

Yes Cellulite severity graded on a 5-point scale 

from 0 (none) to 4 (severe)

•  Developed in accordance with 

FDA guidance on patient-reported 

outcome measures42  

•  Single-item scale facilitates 

broad use  

•  Allows assessment from both 

clinician and patient perspective  

•  Correlate with established 

measures of cellulite severity 

(CSS, I-GAIS, S-GAIS)

Limited to buttocks and thighs

I-GAIS and 

S-GAIS26,42

Not 

reported

•  Based on before-and-after digital 

photographs  

•  Severity expressed on 7-point scale ran-

ging from +3 (very much improved) to −3 (very 

much worse)24

•  Commonly used  

•  Scores correlate with estab-

lished measures of cellulite se-

verity (CSS)

Potential risk of response bias45

CR-PCSS, Clinician Reported Photonumeric Cellulite Severity Scale; CSS, Cellulite Severity Scale; FDA, US Food and Drug Administration; I-GAIS, Investigator Global 

Aesthetic Improvement Scale; PR-PCSS, Patient Reported Photonumeric Cellulite Severity Scale; S-GAIS, Subjective Global Aesthetic Improvement Scale; SC, 

subcutaneous.

Table 2.  Continued
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medial thigh.48 This is an important clinical consideration, 

because different skin defects will require different treat-

ment approaches. Scales are needed to represent and, 

ultimately, treatments are needed to address all aspects 

of the cellulite defect. Conversely, some cellulite features 

captured in certain scales may not provide clinically useful 

information about cellulite severity. For example, several 

studies have shown that although skin laxity is included 

in the CSS, it is not correlated with cellulite severity; 3,27,49 

thus, it should not be considered as part of a scale to as-

sess cellulite severity. Ideally, rating scales to assess cel-

lulite severity should combine reproducible results with 

published documentation of validation, ease of utilization, 

and inclusion of the patient perspective (Table 3).4,6,20-26,43

Since 2009, the FDA has required that outcome as-

sessments utilized in clinical trials be validated to support 

labeling claims.44 Such validation is important to reduce 

bias and establish confidence in the objectivity and repro-

ducibility of the measurement.50 It is recommended that 

measurement reliability be demonstrated by multiple live 

assessments and assessment of interrater and intrarater 

reproducibility.44 Patients may have different perceptions 

of treatment response than clinicians do, and, although 

barriers remain,51 there is increasing awareness of a need 

for more patient-centric approaches to treatment. For ex-

ample, the 21st Century Cures Act emphasizes the need 

for patient engagement in drug development and re-

quires regulatory agencies to create standards and guid-

ance on the utilization of patient-reported outcomes52; 

FDA guidance recommends that treatment evaluations 

include the patient’s perspective.44 It is noteworthy that 

although at least 3 cellulite severity rating scales (CSS, 

DiBernardo, and CR-PCSS/PR-PCSS) have been clinically 

validated,3,20,23,25 only the CR-PCSS/PR-PCSS includes the 

A B

C

E

D

Figure 3.  The DiBernardo scoring system for evaluating cellulite dimples in women.23 The number of evidence dimples are 
rated on a 0 to 4 scale. Each photo is marked with 5 circles, which may or may not contain a dimple. This ensures that the 
evaluator is not confused by nondimpling irregularities and avoids bias by not being explicitly told where dimples are located. 
Photos show (A) score 0 (no dimples); (B) score 1 (1 dimple); (C) score 2 (2 dimples); (D) score 3 (3 dimples); (E) score 4 (4 or 
more dimples). Reprinted with permission from DiBernardo et al.23



patient’s perspective on cellulite appearance.24,25 To en-

sure acceptance of a given scale and its widespread adop-

tion into clinical practice, it will be important to demonstrate 

ease of utilization by both clinicians and patients.42 As reg-

ulatory bodies begin to require patient-reported outcomes 

in drug development, future research will need to resolve 

discrepancies in representation of the clinical expectations 

of patients, particularly in aesthetic medicine.

IMAGING TECHNIQUES EMPLOYED TO 
ASSESS CELLULITE SEVERITY

Several imaging techniques have been used to evaluate 

cellulite (Table 1), including 2D or 3-dimensional (3D) digital 

photography, ultrasonography, and magnetic resonance 

imaging (MRI). Key features of these techniques are sum-

marized in Table 4.6,10-13,20-23,25,28,30,34,35,39,41,49,53,54

2D or 3D Digital Photography

2D or 3D digital photography has been utilized to evaluate 

efficacy in studies of both noninvasive22,31-33 and minim-

ally invasive23,27-30,55 treatments of cellulite on the thighs 

or buttocks. 3D digital photography utilizes algorithms to 

transform 2D images to 3D images that can provide infor-

mation about skin morphology and volumes of depres-

sions or elevations.32,33 Noninvasive treatments evaluated 

by digital photography include AWT,22,32 radiofrequency,31 

and a dual-wavelength laser/suction device.33 In a random-

ized, controlled trial of 17 patients treated with AWT on the 

thighs and buttocks, 2D digital photography evaluated by 

A B

C

E

D

Figure 4.  The DiBernardo scoring system for evaluating cellulite contour irregularities in women.23 Contour irregularities are 
rated on a 0 to 4 scale. Photos show (A) score 0 (none: no depressions or raised areas); (B) score 1 (superficial irregularities: 
generalized, small depressions with no protuberances; (C) score 2 (mild irregularities: pattern of mild linear undulations 
with alternating areas of protuberances and depressions); (D) score 3 (moderate irregularities: pattern of moderate linear 
undulations with alternating areas of protuberances and depressions); (E) score 4 (severe irregularities: severe generalized 
linear undulations with alternating areas of protuberances and depressions). Reprinted with permission from DiBernardo et al.23
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A

B

Figure 5.  PR-PCSS and CR-PCSS for assessment of cellulite severity in women for the (A) buttocks and (B) thigh. CR-PCSS, 
Clinician Reported Photonumeric Cellulite Severity Scale; PR-PCSS, Patient Reported Photonumeric Cellulite Severity Scale. 
©2017 Auxilium Pharmaceuticals, LLC. All rights reserved.



4 blinded observers showed statistical improvement in 

CSS scores at 3 months compared with the untreated leg. 

3D assessment also showed significant (P = 0.01) improve-

ments in skin surface waviness and dimple depression 

and elevation at 3 months.22 A second randomized clinical 

trial involving 25 patients treated with AWT on the thighs 

and buttocks and assessed by 3D digital photography 

also showed significant improvement compared with the 

untreated leg in both dimple depressions (treated, 50.0%; 

untreated, 20.0%; P = 0.02) and elevations (treated, 55.0%; 

untreated, 15.0%; P = 0.002) at 3 months.32

In an observational study involving 20 patients treated 

with a dual-wavelength (650 and 915 nm) laser-suction and 

massage device, 3D digital photography showed improve-

ments in skin surface irregularities at 1, 3, and 6 months, 

but no statistical analysis of these changes was per-

formed.33 In a further study, 50 patients were treated with 

bipolar fractional radiofrequency, and cellulite severity was 

assessed employing 2D digital photographs evaluated by 

3 blinded dermatologists utilizing the Nürnberger-Müller 

classification.31 Treatment success was defined as ≥1-point 

improvement in the treatment measures in accordance 

with FDA guidance.31 This study showed a statistically sig-

nificant mean (± standard error of the mean) reduction in 

the number of dimples (1.1 ± 0.1, P < 0.0001) and an improve-

ment in undulation severity measured on a 5-point scale 

(0.6 ± 0.1, P < 0.0001) at 6 months.31

Minimally invasive treatments assessed by 2D 

or 3D digital photography in clinical studies include 

1440-nm neodymium-doped yttrium-aluminum-garnet 

(Nd:YAG) laser23,27,30,56 and manual or vacuum-assisted 

subcision.28,29,55,57 In a prospective study of 25 patients 

treated with the 1440-nm Nd:YAG laser and side-firing fiber, 

2 independent evaluators utilized 2D digital photographs 

to assess treatment efficacy at 2  years according to the 

Nürnberger-Müller classification.27 Improvements in skin ap-

pearance were reported, but no statistical analysis was per-

formed.27 A second study, involving 15 patients treated with 

a similar device, noted significant improvement at 6 months 

in dimple and contour irregularities (P < 0.005) assessed by 

2D digital photography evaluated by independent, blinded 

individuals utilizing the photonumeric 5-point DiBernardo 

scale.30 In addition, 3D digital photography showed signifi-

cant improvement in dimple depth at both 3 and 6 months 

(P = 0.0002 and P = 0.0003, respectively).30

Utilizing 2D and 3D digital photography, DiBernardo re-

ported improvements in skin appearance in 10 women with 

moderate-to-severe cellulite treated with a side-firing 1440-

nm pulsed laser.56 Subsequently, an observational study in 

57 patients treated with the same device at 5 centers dem-

onstrated significant improvement in mean dimple number 

at 2, 3, and 6  months (P  <  0.001), as evaluated by inde-

pendent observers utilizing the 5-point DiBernardo scoring 

system.23 In an observational study of 55 patients treated 

with vacuum-assisted subcision and assessed by 2D dig-

ital photography evaluated by independent blinded phys-

icians, there were significant improvements in mean CSS 

scores at 3 months (2.1 ± 0.7 points; P < 0.0001) and 1 year 

(2.0  ± 0.8 points; P  <  0.0001).28,29 These improvements 

were durable for up to 3  years (n  =  45; 2.0  ± 1.0 points; 

P < 0.0001) and 5 years (n = 37; 1.8 points; P < 0.0001).29,57

Technical Considerations With Digital Photography 
Both 2D and 3D photography are widely utilized in aes-

thetics research. In clinical practice, 3D photography is the 

preferred choice where available, but 2D photography is 

primarily utilized to document cellulite severity. At the time 

of writing, 3D capture devices capable of stitching multiple 

Table 3.  Features of an Ideal Rating Scale to Assess Cellulite Severity

Scale Demonstrated  

reliability

Validated Ease of use Skin laxity assessment 

included

Availability of clinician 

and patient scales

Nürnberger-Müller classification4 No20,23 No Yes No No

CSS20,21 Yes Yes No Yes No

Modified CSS22 Yes No No Yes No

Curri scale6 No No No No No

DiBernardo scoring system23 Yes Yes Yes No No

Cellulite Dimples—At Rest and Cellulite  

Dimples—Dynamic scales43

Yes Yes Yes No No

CR-PCSS; PR-PCSS24,25 Yes Yes Yes No Yes

I-GAIS; S-GAIS26 No Not reported Yes No Yes

CR-PCSS, Clinician Reported Photonumeric Cellulite Severity Scale; CSS, Cellulite Severity Scale; I-GAIS, Investigator Global Aesthetic Improvement Scale; PR-PCSS, 

Patient Reported Photonumeric Cellulite Severity Scale; S-GAIS, Subjective Global Aesthetic Improvement Scale.
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images together in a reproducible manner are new to the 

market. Ultimately, the 3D photography model should pre-

vail for 2 reasons: lighting requirements are eliminated 

from the equation, and accurate, volumetric measure-

ments of the defects can be quantified.

Obtaining reproducible results with digital photography 

is another challenge. Tangential lighting and the utilization 

of standardized distances and camera settings and posi-

tioning are essential for reliable results.23,28,30,58 The type 

of lighting is also important, and although soft boxes may 

be utilized to diffuse light and minimize shadows, direct 

light is preferred in most situations. In addition, it has been 

recommended that the same photographer take all photo-

graphs, particularly in clinical studies.23 The majority of the 

studies described above utilized methods for standard-

izing camera settings, lighting conditions, and patient posi-

tions for 2D digital photography.22,23,27,28,30,31,56 Similarly, 

the majority of studies utilized independent or blinded 

evaluators to review 2D photographs.22,23,27,28,30,31 In ge-

neral, analyses are considered more reliable when evalu-

ators are blinded and independent from the study.49

One advantage of 3D digital photography is that it can 

provide information about dimple depth,30,33,56 whereas 

2D photography can flatten the skin surface, obscuring 

surface detail.49 Photographic assessment of cellulite is 

currently the only validated technology for determination 

of cellulite severity,3,20,25 and thus, the FDA has recom-

mended that assessments of efficacy in trials of cellulite 

treatments should utilize photonumeric scales. In a small 

study of 26 healthy women with grade I  to III cellulite 

(Nürnberger-Müller classification), a positive correlation 

(R  =  0.77; P  <  0.01) was reported between dermatolo-

gist photographic evaluation of cellulite severity and the 

photonumeric CSS; however, correlations between clinical 

evaluations and objective measures of skin thickness or 

elasticity were poor.49

Ultrasonography

High-frequency ultrasonography measures the acoustic 

signal recorded for a digital soundwave reflected from 

biological tissues and provides direct visualization of 

Table 4.  Imaging Techniques Used to Assess Cellulite Severity

Technique Measurement of cellulite 

severity

Used in clinical practice? Used in  

research?

Comments

2D/3D photog-

raphy20-23,25,28,30,49

Measures:  

•  Waviness of skin surface  

•  Dimple depression and 

elevation

2D photography is primarily 

used to document cellulite 

severity  

3D photography is used 

where available

Yes •  Photographic assessment is the only 

validated method of measuring cellulite 

severity, and the use of photonumeric 

scales is recommended by the FDA for the 

evaluation of new treatments  

•  Standardized camera settings, lighting 

conditions, and patient positioning are  

important for reproducibility  

•  In research studies, evaluators should 

ideally be blinded and independent 

Ultrasonography12,13,34,35 Provides direct visualization 

of the epidermis and dermal 

thickness

Very little clinical use  

Used in research to show fat 

herniation into the dermis

Yes •  Operator technique is important for 

image quality  

•  Dermis–hypodermis and dermis– 

subcutaneous length correlate with  

cellulite severity

Thermographic  

techniques6,39,53

Uses measurements of skin 

temperature to grade  

cellulite severity

No Yes •  Considered subjective because skin 

temperature can be affected by multiple 

factors, including sun exposure, fever, 

smoking, and menstrual cycle phase in 

women  

•  Can be combined with less subjective 

and more quantitative techniques  

(eg, photonumeric scales)  

•  Cellulite must be accompanied by 

edema for adequate assessment

MRI10,11,13 Used to visualize skin  

architecture of the dermis 

and hypodermis

No Yes •  Primarily used in research setting

Computed axial  

tomography41,54

Used to assess adipose 

tissue thickness

No Yes •  Primarily used in research setting  

•  Good correlation with MRI results

2D, 2-dimensional; 3D, 3-dimensional; FDA, US Food and Drug Administration; MRI, magnetic resonance imaging.



epidermal and dermal thickness (Figure  6).49,53,56 This 

type of imaging can measure dermal or adipose tissue 

thickness and provides information about changes in 

fibrosclerotic tissue that could affect the appearance of 

cellulite.36 However, image quality is highly dependent on 

operator technique.13 Ultrasonography has been utilized 

to characterize cellulite12,34 and to evaluate treatment effi-

cacy in clinical studies.27,35,56 In 1 study, 94 healthy women 

aged 20 to 60 years with Nürnberger-Müller grade 0 or II 

cellulite had epidermal and total skin thickness assessed 

by ultrasound.12 Irrespective of age, a 30% increase in total 

skin thickness was seen in women with grade II cellulite 

compared with those without cellulite (P  <  0.001).12 The 

length of the dermis–hypodermis interface was also signifi-

cantly (P < 0.001) longer in women with cellulite in all age 

groups compared with those without cellulite (grade 0), re-

flecting herniation of the hypodermis into the dermis.12

In another study, 51 women with thigh cellulite were as-

sessed utilizing ultrasound.34 Cellulite severity (scale 0-9) 

was determined by independent observers from images 

obtained utilizing a 3D skin surface laser scanner. There 

was a significant correlation (R ≥ 0.4; P  <  0.05) between 

cellulite severity and the area of the dermal–hypodermal 

border, which could be predicted from percentage fat 

(P  <  0.001) and the dermal–subcutaneous surface area 

(R = 0.7; P = 0.02).34

A double-blind, placebo-controlled, clinical study of 105 

women with moderate cellulite (Nürnberger-Müller grade 

II-III) treated with bioactive collagen peptides showed a 

strengthening of connective tissue following peptide treat-

ment.35 The peptide treatment group experienced a sig-

nificant increase in relative dermis density from baseline 

(7.3) to 6 months (7.7; P < 0.05), whereas the placebo group 

A B

Figure 7.  Magnetic resonance imaging of cellulite from this 29-year-old woman at (A) baseline and (B) after subcision.60 
Baseline image (A) shows a clear spot on the top of the depressed lesion with a perpendicular thick fibrous septum associated 
with this lesion and (B) the same area 7 months after subcision, showing the severed septum. Arrows 1 and 2 indicate anatomic 
structures utilized as a guide to obtain the same slices of bone and muscle layer, respectively. Arrow 3 points to the septum 
arising from the muscle. Reprinted with permission from Hexsel et al.60

Figure 6.  Ultrasonography of the dermis of a woman 
presenting with cellulite.56 Images are of the dermis (green), 
hypodermis (black), and dermal–hypodermal interface 
showing fat herniations into the dermis at baseline (left) 
and 6 months after treatment with a 1440-nm pulsed laser 
(right). The vertical measured length is 12 mm in each image. 
Reprinted with permission from DiBernardo et al.56
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showed a progressive loss of dermis density from base-

line (6.8) to 6  months (6.4; P  <  0.01).35 Furthermore, the 

length of the border between the dermis and hypodermis 

was significantly (P < 0.05) shortened in the peptide treat-

ment group compared with the placebo group, and the 

length of this border correlated with cellulite severity.35 

The mean (± standard deviation) CSS was improved from 

baseline in peptide-treated patients (treatment, 2.4 ± 0.4;  

placebo, 2.4 ± 0.4) to 6 months (treatment, 2.1 ± 0.4; placebo,  

2.2 ± 0.5; P < 0.05), but the FDA criterion of a 1-point im-

provement was not met.59

In a prospective study of 25 patients treated with the 

1440-nm Nd:YAG laser and side-firing fiber, ultrasound im-

ages demonstrated a more compact and dense dermis 

and a more defined border between the dermis and 

hypodermis compared with baseline.27 However, the 

changes were not statistically analyzed, and no correlation 

with cellulite severity was reported.27

In summary, based on ultrasound assessments, only 

the dermis–hypodermis or dermis–subcutaneous inter-

face length has been shown to correlate with cellulite 

severity.12,34,35 Moreover, in treatment studies,27,35 ultra-

sound has been employed to characterize skin architec-

ture after treatment, but not to establish efficacy. It also 

should be noted that a study has reported a poor correla-

tion between ultrasonographic findings and clinical rating 

scales.49 For these reasons, ultrasonography has a limited 

role in clinical practice.

Thermographic Methods

Thermography evaluates the temperature of the skin 

to create a “map” of different colors, reflecting different 

temperatures on the skin surface. A  homogenous green 

or rosy color indicates a lack of cellulite, whereas dark 

spots (referred to as “black holes” or “leopard skin”) indi-

cate more advanced grades of cellulite.6,38 However, fac-

tors such as sun exposure, fever, smoking, and menstrual 

cycle phase can affect skin temperature6 and, hence, 

thermography is considered a subjective measure of cel-

lulite severity.39 Another limitation of thermography is that 

cellulite must be accompanied by edema for adequate 

assessment.39,53

Thermography has been utilized primarily in research 

settings38,39 rather than in the clinic. In 1 study involving 

39 healthy women with cellulite graded according to the 

Curri scale,38 initial findings showed that skin temperature 

variability was influenced by time of day (P = 0.0007), body 

position (P  =  0.02), and consumption of a hot beverage 

(P = 0.05), but not by acclimatization time; subsequent ex-

perience confirmed the reproducibility of thermographic 

measurements.38 Thermal parameters relating to tempera-

ture homogeneity showed significant correlations with cel-

lulite grade.38

The combination of thermography with image analysis 

and processing techniques can offer less subjective and 

more quantitative assessments than thermography alone.39 

For example, in 1 study, 10 women were evaluated by ther-

mography before and after treatment with a transdermal 

cosmeceutical product.39 The Grey Level Co-occurrence 

Matrix method was utilized to determine the difference 

between adjacent temperature fields and successfully 

demonstrated cellulite improvement (ie, reduction in mean 

Grey Level Co-occurrence Matrix contrast) following treat-

ment. However, a validated CSS was not utilized, and no 

statistical analysis of the data was performed.39

Table 5.  Techniques Used to Measure Skin Biomechanics in Women With Cellulite

Technique Measurement of cellulite severity Used in clinical 

practice?

Used in  

research?

Comments

Measurement of skin  

elasticity3,27,49

Skin elasticity measured by suction 

probe and combined with objec-

tive measures of cellulite severity

No Yes To date, no studies have shown skin  

elasticity to be a relevant assessment tool 

for measurement of cellulite severity

Measurement of skin  

surface roughness34

Measured by 3D imaging and com-

bined with objective measures of 

cellulite severity

No Yes Correlations reported between surface 

roughness and severity of cellulite

Measurement of skin  

surface profile (waviness)35

Measured by 3D scanning and 

combined with objective measures 

of cellulite severity

No Yes Improvements in skin waviness have not 

been reported to correlate with cellulite 

severity

Optical computed  

tomography53

Measured by reflecting infrared 

light from internal structures in 

the skin

No Rarely •  Offers good resolution due to high  

frequency of infrared waves  

•  However, infrared waves can only  

penetrate approximately 1000 μm into the 

skin; hence, only the epidermis and  

papillary dermis can be adequately 

visualized

3D, 3-dimensional.



Magnetic Resonance Imaging

The architecture of the dermis and hypodermis can be 

visualized utilizing high-resolution in vivo MRI. However, 

because the technology is not readily available, it has 

been employed primarily in the research setting and has 

been utilized to investigate cellulite-related changes in 

skin architecture in a number of studies.10,11,13,60 In a study 

involving 67 healthy volunteers with or without cellulite, 

women with cellulite had a thicker dermis (P < 0.01), thicker 

adipose tissue (P = 0.0001), and a higher percentage of per-

pendicular fibrous septae (P < 0.001) compared with men 

or women without cellulite.11 In a smaller study involving 

18 participants (12 females, 6 males), the percentile of adi-

pose tissue compared with connective tissue in a given 

volume of hypodermis and the percentile of hypodermic 

extrusions inside the dermis were significantly (P  < 0.05) 

correlated with visually assessed cellulite grade.13 In an-

other study that involved 30 women with cellulite in the 

buttocks, septae were visualized in 96.7% of areas with 

cellulite depressions compared with 16.7% of areas with no 

cellulite (P < 0.001); there was no relationship between cel-

lulite severity (CSS score) and septae thickness.10

One study utilized MRI to evaluate changes in cellulite 

following manual subcision in 2 women with severe cellu-

lite of the buttocks.60 The CSS grade improved to moderate 

at 1 month after subcision, and these improvements were 

maintained for an additional 7 months.60 MRI confirmed that 

the septae were severed following subcision (Figure 7), but 

MRI was not utilized to grade cellulite severity.60

Computed Axial Tomography

Similar to MRI, computed axial tomography has been util-

ized primarily in the research setting as a cellulite diag-

nostic tool. Computed axial tomography can only measure 

fatty tissue thickness41; it cannot characterize the dermis 

or microcirculation.6 Another concern that has limited the 

application of this imaging technique is patient exposure 

to radiation from the x-ray.54 Of note, quantitation of total, 

visceral, and subcutaneous fat area with MRI vs computed 

axial tomography was similar between the 2 techniques, 

and results were strongly correlated in 7 healthy patients (4 

men, 3 women; mean age ± standard deviation, 27.6 ± 7.3).41

MEASUREMENT OF SKIN BIOMECHANICS

Measurements of skin biomechanics have been utilized to 

evaluate cellulite-related changes in the physical properties 

of skin. Such biomechanical measures include skin elasticity, 

surface roughness, and skin waviness (Table 5).3,27,34,35,49,53 

Skin elasticity can be measured by utilizing a controlled 

vacuum from a suction probe to assess skin traction and re-

laxation.49 This approach has been utilized in a number of 

studies both to evaluate skin elasticity in relation to cellulite 

severity12,34 and to assess treatment efficacy.27,32 A  study 

involving 62 females and 10 males showed no significant 

correlation between cellulite severity (assessed by inde-

pendent observers on a 0-9 scale; based on 3D skin surface 

laser scanning) and skin laxity.34 Similarly, in a study involving 

94 healthy women with Nürnberger-Müller grade 0 or II cel-

lulite, skin elasticity decreased with age (P = 0.003) and be-

tween age groups (21-30 years vs 31-40 years; P = 0.02), but 

the effect did not correlate with cellulite grade.12

In a prospective study of 25 patients treated with the 1440-

nm Nd:YAG laser and side-firing fiber, skin elasticity was sig-

nificantly increased compared with baseline values (P < 0.01), 

but a correlation with cellulite severity was not performed.27 

A randomized clinical trial involving 25 patients treated with 

AWT who were assessed by 3D digital photography demon-

strated a significant improvement in elasticity for the treated 

leg compared with the untreated leg (treated, 33.3%; un-

treated, 5.6%; P = 0.03) 1 week after treatment, but a relation-

ship with cellulite severity was not demonstrated.32 To date, 

no studies have demonstrated the relevance of skin laxity as 

an assessment tool to evaluate cellulite severity.21,27,49

A few studies have investigated skin surface roughness 

as a measure of cellulite severity. In 1 study, cellulite se-

verity (scale 0-9) showed significant correlations with 2 key 

measures of surface roughness: the mean maximum pro-

file depth over the entire skin (Svm, R = 0.86; P = 0.008) 

and the ratio between the roughness surface area and flat 

surface area (Sdr, R = 0.86; P = 0.002).34 In a randomized 

clinical trial with 25 patients treated with AWT, significant 

improvement in surface roughness was observed 1 week 

after treatment in the treated leg compared with the un-

treated leg (treated, 30.0%; untreated, 5.0%; P = 0.04).32

In the study of bioactive collagen peptides discussed 

previously,35 a significant 8% reduction (P  < 0.05) in skin 

waviness was observed in peptide-treated patients at 

6  months compared with placebo.35 However, although 

mean cellulite severity (measured utilizing the pinch test) 

was significantly improved from baseline, the FDA criterion 

of 1-point improvement in cellulite severity was not met, 

and no relationship between the improvements in skin sur-

face profile and cellulite severity was observed.35

Optical coherence tomography can provide detailed 

images of the skin architecture. This technique involves 

measuring infrared light waves reflected from internal 

structures within the tissue; the high frequency and band-

width of infrared light results in improved resolution com-

pared with other imaging modalities such as ultrasound.53 

However, a limitation of this technique is that infrared light 

can only penetrate approximately 1000 μm into the skin; as 

a result, the hypodermis cannot be visualized adequately.53
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CONCLUSIONS

The appearance of cellulite reflects changes in both the 

dermis and hypodermis. As a result, numerous scales and 

imaging technologies have been utilized to quantify and as-

sess cellulite. Strengths of this review included that the in-

formation provided is the most comprehensive evaluation of 

scales to assess cellulite severity to date. The presentation 

of the strengths and weaknesses of scales currently utilized 

in clinical practice and research allows for an improved para-

digm in cellulite assessment based on previous experience 

and the literature. A limitation is that the key features of an 

ideal scale may differ depending on the application of the 

scale (eg, research or clinical) and language and/or ethnic 

considerations of the users. Furthermore, the weaknesses 

in a scale for this purpose are inherent because of the multi-

factorial nature of cellulite (eg, presentation, structure, form, 

and etiology). As our understanding of these parameters in-

creases, the scale and imaging techniques can be optimized 

for assessment of a particular parameter. Many of the scales 

currently in use have limitations, such as a purely qualita-

tive nature or a failure to capture clinically relevant features 

of cellulite. The CR-PCSS and PR-PCSS may be considered 

the best available cellulite rating scales currently because 

they are validated and, when utilized together, provide both 

clinician and patient perspectives. However, there remains 

an unmet need for a validated scale that can be utilized 

easily by the clinician and the patient, in both the clinical 

and research settings, to assess cellulite affecting a range 

of body areas. Similarly, there is a need for reliable imaging 

techniques to better characterize cellulite and treatment ef-

ficacy. Currently, photography is the only technology that 

has been validated as a component of cellulite severity as-

sessments. Ultrasonography, MRI, thermography, and skin 

biomechanics have been employed in studies of the patho-

physiology of cellulite and in interventional studies, but to 

date, results obtained with these techniques have not been 

shown to correlate with cellulite severity. Further research 

into the assessment of cellulite severity is warranted.
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