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BACKGROUND The Clinician Reported Photonumeric Cellulite Severity Scale (CR-PCSS) and Patient
Reported PCSS (PR-PCSS) are newly developed tools for assessing cellulite severity.

OBJECTIVE To report on the reliability, validity, and ability to detect a change in cellulite severity on the
buttocks of adult women with the CR-PCSS and PR-PCSS.

MATERIALS AND METHODS Content validity of both scales was established through concept elicitation and cog-
nitive interviews. Test–retest reliability was evaluated, and intra-rater (both scales) and inter-rater (CR-PCSS only) reli-
ability were estimated using intraclass correlation coefficients (ICCs) for agreement and consistency. Ability to detect a
changewas determined using the Subject–Global Aesthetic Improvement Scale (GAIS) or Investigator-GAIS as anchors.

RESULTS For the CR-PCSS (n = 6) at baseline and Day 2, the mean interrater ICCs were $0.70 and mean
intrarater ICCs (95% confidence interval [CI]) were $0.81 (0.72–0.90) for both buttocks. For the PR-PCSS (n = 99)
at baseline and Day 14, the mean test–retest reliability ICCs (95% CI) were$0.86 (0.79–0.91) for both buttocks. A
clinically meaningful change was 1.0 point on the PR-PCSS and 1.0 on the CR-PCSS.

CONCLUSION The CR-PCSS and PR-PCSS reliably assess cellulite severity of the buttocks and can detect a
clinically meaningful change after treatment for cellulite.

Supported by Endo Pharmaceuticals Inc., Malvern, PA. J.L. Cohen N.S. Sadik, and M.P. Goldman have served as
consultants for Endo Pharmaceuticals Inc.

Cellulite, a condition that affects 80% to 98% of
postpubertal women, is an alteration in the skin

topography that results in a dimpled or undulated
appearance of the affected skin, primarily located on
the buttocks and thighs.1–3 Although several cellulite
grading scales are available, none have integrated both
patient’s and clinician’s perspectives into scale

development consistent with the US Food and Drug
Administration (FDA) recommendations for
developing measures suitable for use in clinical
research trials.

Scales commonly used to assess cellulite severity
include the Nürnberger–Müller scale (1978) and the
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Hexsel Cellulite Severity Scale (CSS; 2009).4,5 The
photonumeric scale (Hexsel CSS) was the first stan-
dardized and objective method of grading cellulite
severity3,5; it added additionalmorphologic features to
the Nürnberger–Müller scale (i.e., number and depth
of depressions; aspect of raised areas; and degree of
laxity, flaccidity, or sagging skin).5 The Hexsel CSS is
reproducible but has been complex and cumbersome
to administer6 and does not have a patient self-
assessment component. Additional scales, such as the
Global Aesthetic Improvement Scale (GAIS),7

although not designed specifically to assess cellulite,7

have been adapted for use in assessing changes in cel-
lulite severity in clinical trials,8,9 by both clinicians
(Investigator-GAIS [I-GAIS]) and patients (Subject-
GAIS [S-GAIS]).10

Given the need for a simple, easily understood cel-
lulite severity–specific grading scale for both clini-
cians and patients, the Clinician Reported
Photonumeric Cellulite Severity Scale (CR-PCSS)
and Patient Reported PCSS (PR-PCSS) were devel-
oped. These 5-point photonumeric severity scales
were designed to assess cellulite severity on the
buttocks or thighs. In a phase 2 collagenase clos-
tridium histolyticum trial (ClinicalTrials.gov iden-
tifier: NCT02724644) that used the CR-PCSS to
determine cellulite severity, the CR-PCSS score at
Day 1 (screening) significantly correlated with the
Hexsel CSS total score.11 Aligned with guidance
from the FDA, new CSS measurement properties to
be assessed include reliability, validity, and ability to
detect a change.12

The objective of this article is to report on a series of
noninterventional studies that determined the reli-
ability, validity, and ability to detect buttock cellulite
severity changes using the CR-PCSS and PR-PCSS.

Methods

Clinician Reported Photonumeric Cellulite

Severity Scale—Buttocks

Concept Elicitation and Cognitive Interviews
Photographs selected for use in the CR-PCSS and PR-
PCSS were either from cellulite studies conducted by the

sponsor or from separate photograph shoots supported
by the sponsor. The 5-point severity scale labels were
chosen based on review of previous aesthetic scales13,14

and iterative feedback from the FDA. Descriptors were
developed for each label to help ensure reliable distinc-
tions between ratings levels. Twelve board-certified
aesthetic clinicians (n=10dermatologists;n=2 cosmetic
surgeons) from geographically diverse US locationswith
substantial clinical practice experience in aesthetic med-
icine participated in qualitative interviews to provide
guidance to scale developers in the terminology used to
define cellulite and the assessment of cellulite severity.
The clinicians also provided feedback on draft scales
containing photographs with varying levels of cellulite
severity and corresponding labels and text descriptors
(CR-PCSS). Based on feedback from 12 interviews, a set
of scale labels and descriptors was developed.

Clinician Reported Photonumeric Cellulite Severity
Scale Intrarater and Interrater Reliability

Scale Reliability Using Photographic Images. Board-
certified clinicians (n = 5)with$10 years clinical practice
experience in aesthetic medicine were recruited for the
study. Clinician training was achieved through video
recording on use of the CR-PCSS, and a qualification
assessment was performed to demonstrate proficiency in
its use. CR-PCSS test–retesting involved assessments at
Days 1 and 14 of digital images of women with cellulite
who had participated in other clinical trials
(ClinicalTrials.gov identifiers: NCT01518907 and
NCT01987986). On Day 1, each clinician rated the
cellulite severity of buttocks for 100 randomized
digital photographs. On Day 14, the clinicians were
retrained in use of the CR-PCSS and subsequently
rated the same 100 digital photographs in a different
random order. Intrarater and interrater reliability
were determined using intraclass correlation
coefficients (ICCs) and 95%confidence intervals (CIs)
at Days 1 and 14. Two reliability estimates were used,
both based on a 2-way analysis of variance (ANOVA)
as follows: the ICC for consistency was based on
consistent ordering of photographs, whereas the
agreement estimate was based on exact agreement
among clinicians.15 Sample size determinations were
based on unpublished data from a previous CR‐PCSS
interrater and test–retest reliability study of 3
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clinicians. If the true reliability was 0.80, 5 clinicians
rating 100 photographs at 2 time points would ensure
that an observed ICC of 0.80 would exceed a 0.70
reliability criterion with 95% confidence (i.e., a lower
bound of 95%
CI >0.70).

Scale Reliability Using Live Patient Assessments. The
CR-PCSS was intended to be used clinically, thus it
was necessary to validate the CR-PCSS using in-
person (i.e., live) assessments. Women aged $18
years were recruited for participation and self-rated
their overall cellulite severity as none, almost none,
mild, moderate, or severe during a prescreen phone
call. Women were screened by a clinician with >10
years of experience rating cellulite severity, and this
individual was independent and separate from
clinicians involved in reliability assessments.
Women with inflammation; an active infection;
tattoo(s) located within 2 cm of the areas to be
evaluated; current treatment of cellulite; or recent
use (within the previous 12 months) of injectables,
laser treatment, liposuction, radiofrequency
treatment, or surgery for cellulite in the areas to be
evaluated were excluded.

Each of 2 areas (i.e., left and right buttock) was
assessed individually, and 1 area was defined as the
“screening area.” This screening area was used to
classify women to reach a target enrollment at each
cellulite area of the 5 severity levels. A total of 6
board-certified clinicians with $4 years of clinical
practice experience in core aesthetic medicine spe-
cialties and naive to the CR-PCSS were trained on
the use of CR-PCSS by video and in-person
instruction at baseline, using live models. Clinicians
were blinded to the screening assessments. CR-PCSS
test–retesting involved assessments at baseline and
Day 2. Each clinician rated the left and right buttock
of each woman. Various methods were used
to minimize clinician recall bias, including rating a
large number of women, changing the order of
evaluations on Day 2, having the visual field limited
only to areas under evaluation, and having no
physical contact or verbal interactions with partic-
ipants. Intrarater and interrater reliability were
determined by calculating the ICC and 95% CI at

baseline and Day 2 using the same statistical meth-
odology15 as in the photograph reliability study. If
the true ICC was 0.80, 5 or 6 clinicians rating 80
patients at 2 time points would ensure that an
observed ICC of 0.80would exceed a 0.70 reliability
criterion with 95% confidence (i.e., a lower bound
of 95% CI >0.70), assuming all model assumptions
were met (e.g., no rater or time main effects).

Ability to Detect Change
A clinically meaningful change was estimated using
anchor-based methods (anchoring change to clini-
cally understood and validated assessments) as rec-
ommended by the FDA guidance on patient-related
outcomes.12 For the CR-PCSS, the anchor was the
I-GAIS. The ability of the CR-PCSS to detect a
change was based on pooled data from 2 identically
designed, phase 3, randomized, double-blind,
placebo-controlled trials of collagenase clostridium
histolyticum-aaes (CCH; QWO�, Endo Aesthetics
LLC, Malvern, PA) for the treatment of cellulite of
the buttocks (ClinicalTrials.gov identifiers:
NCT03428750 and NCT03446781). Outcomes
using the CR-PCSS (dependent variable) and the
I-GAIS (independent variable) were analyzed with a
Kruskal–Wallis 1-way ANOVAmodel to determine
the clinically meaningful change thresholds. Statis-
tical significance (e.g., H value, p-value) was deter-
mined by pairwise 2-sided multiple comparison
analysis (Dwass-Steel-Critchlow-Fligner method).
Spearman correlations were used to assess the
association between changes in the CR-PCSS and
I-GAIS.

Patient Reported Photonumeric Cellulite

Severity Scale—Buttocks

Concept Elicitation and Cognitive Interviews
Twenty-four women (aged 23–55 years) with mod-
erate to severe cellulite (thigh/buttocks) from 3
geographically diverse US locations participated in
concept elicitation interviews to provide informa-
tion on their experience with cellulite and how they
defined cellulite severity. During the interviews, the
women were also asked to rank-order by cellulite
severity 5 photographs developed for the PR-PCSS
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and provide spontaneous descriptors of the photo-
graphs. Participants then provided feedback on
draft labels and descriptors. An additional 23
women (aged 26–55 years) with cellulite partici-
pated in cognitive interviews (qualitative step in a
scale development process using verbal probing or
thinking-out-loud methodology) and were asked, in
the absence of photographic cues or labels, to rank-
order descriptors that had been revised based on
concept elicitation interviews. A second round of
cognitive interviews was performed with 11 women
(aged 21–60 years) with cellulite to confirm content
validity of revised descriptors.

Patient Reported Photonumeric Cellulite Severity
Scale Test–Retest Reliability

Scale Reliability Using Photographic Images. Adult
women (n=99)with varyingdegrees of cellulite from6
US locations were recruited for the study. On Day 1,
digital photographs were taken of each woman’s left
and right buttock.Womenwere instructed in theuse of
the PR-PCSS and also provided written instructions.
Women self-rated the cellulite severity of their left and

right buttock images displayedona computer.OnDay
14, women were retrained on use of the PR-PCSS and
subsequently self-rated the Day 1 digital images in a
different random order. Test–retest reliability was
determined using ICCs and 95% CIs, using the same
statistical methodology as studies described above. To
increase the opportunity for recruitment of less com-
mon cellulite severity levels (e.g., none and severe) and
to account for attrition between visits, it was estimated
that 84 enrolled participants would ensure an
observed ICC of 0.80.

Ability to Detect a Change
As noted above, a clinically meaningful change was
estimated based on FDA guidance.12 The S-GAIS was
the anchor for the PR-PCSS. As with the CR-PCSS,
the ability of the PR-PCSS to detect a change in cel-
lulite severity was based on pooled data from the 2
identically designed CCH trials with outcomes using
the PR-PCSS (dependent variable) and the S-GAIS
(independent variable) analyzed using similar statis-
tical methodology. Correlation between changes in
the PR-PCSS and S-GAIS was determined by Spear-
man correlation.

Figure 1. Patient Reported Photonumeric Cellulite Severity Scale and Clinician Reported Photonumeric Cellulite Severity

Scale for the buttocks.
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Results

Clinician Reported Photonumeric Cellulite

Severity Scale

Concept Elicitation and Cognitive Interviews
Cognitive interviews with 10 dermatologists and 2
plastic surgeons (75.0%men)with amean6 SDof 23.0
6 10.7 years in clinical practice were conducted to
establish content validity for the CR-PCSS by adapting
andrefining the labels and textdescriptors (Figure1); this
was conducted to make the descriptors broadly relevant
to cellulite and to distinguish between categorieswithout
being overly complex.

Interrater and Intrarater Reliability

Scale Reliability Using Photographic Images
CR-PCSS intrarater reliability was calculated at
Days 1 and 14 with 5 male clinicians (mean age 6
SD, 57.6 6 7.6 years) with an average of 26 6 10.0
years of clinical practice. At Days 1 and 14,
individual clinician ICC point estimates for
intrarater reliability were >0.80. Point estimates for
ICC (95% CI) for consistency ranged from 0.84
(0.77–0.89) to 0.90 (0.86–0.93). Point estimates for
ICC (95% CI) for agreement ranged from 0.80
(0.63–0.89) to 0.89 (0.83–0.93). There was 1
clinician for whom the CI lower limit for the ICC for
agreement was <0.70. Overall CR-PCSS interrater
photographic reliability for the 5 clinicians was

calculated on Days 1 and 14 for the 100 digital
photographs of varying levels of cellulite severity of
the buttocks. The lower limits for the 95% CI of the
mean ICC point estimates were >0.70 for both days.
At Day 1, the mean ICC (95% CI) point estimates
were 0.86 (0.81–0.89) and 0.84 (0.78–0.88) for
consistency and agreement, respectively. At Day 14,
the mean ICC (95% CI) point estimates were 0.84
(0.80–0.88) and 0.83 (0.78–0.88) for consistency
and agreement, respectively.

Scale Reliability Using Live Patient Assessments
Six clinicians (3 plastic surgeons; 3 dermatologists
[5 men; 1 woman]) were included in the in-person
assessments (18.0 median years in practice, post-
residency). Ninety-three women were screened, 81
were enrolled, and 76 (mean age6 SD, 45.16 15.5
years) participated in both CR-PCSS assessments.
CR-PCSS intrarater reliability for the 6 clinicians
was calculated between baseline and Day 2 (See
Supplemental Digital Content, Table S1, http://
links.lww.com/DSS/A489); overall mean ICC point
estimates were within an acceptable range with a
mean of $0.81 for both the left and right buttock.
When assessed at baseline and Day 2, the CR-PCSS
mean interrater reliability scores among the 6 clini-
cians were within the acceptable range at$0.70 for
each buttock for both assessments (See Supplemen-
tal Digital Content, Table S1, http://links.lww.com/
DSS/A489).

Figure 2. Cumulative distribution function for a CR-PCSS change from baseline to Day 71 in buttocks, by I-GAIS category.

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

Scale.
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Ability to Detect a Change
Pooled data from 2 identically designed clinical tri-
als of 793 women with cellulite (mean age 6 SD,
46.7 6 10.6 years; range 18–78 years) treated with
CCHwere analyzed to determine the threshold for a
meaningful change in cellulite severity. Most of the
793 women were White (n = 620 [78.2%]) and
predominantly Fitzpatrick skin Types I-III (n = 473
[59.6%]; Types IV-VI, n = 320 [40.4%]). Based on a
1-point and 2-point change in the I-GAIS for the
target buttock, the mean 6 SD threshold of signifi-
cant change for the CR-PCSSwas 0.75 points60.58
(p < .0001) and 1.45 points 60.69 (p < .0001),
respectively (Figure 2). Effect sizes were 21.55
and 23.11 for a 1-point and 2-point change,
respectively. Correlation between the change from
baseline to Day 71 in CR-PCSS and I-GAIS
was 20.65 (p < .001).

Patient Reported Photonumeric Cellulite

Severity Scale

Concept Elicitation and Cognitive Interviews
Concept elicitation and cognitive interviews established
content validity of the PR-PCSS. For the PR-PCSS, 47
women (White [89.4%]; mean age6 SD, 40.06 9.0
years) with cellulite were interviewed over several stages
to adapt and refine the labels and descriptors from the
CR-PCSS to create the PR-PCSS (Figure 1). Content
validity of the PR-PCSS was established by correct
ordering of photographs during the concept elicitation
phase and correct ordering of descriptors during the
cognitive interviews.

Test–Retest Reliability

Scale Reliability Using Photographic Images
For the PR-PCSS test–retest reliability assessment,
data from 99 women (mean age 6 SD, 40.6 6 12.9
years; range 19–72 years) with cellulite were included.
The PR-PCSS demonstrated good reliability with the
same point estimates for test–retest reliability for
agreement and consistency within each quadrant
ranging from0.86 (right buttock) to 0.87 (left buttock)
and lower bounds of the CI all $0.79 (See Supple-
mental Digital Content, Table S2, http://links.lww.
com/DSS/A490).

Ability to Detect a Change
Based on a 1-point and 2-point improvement in the
S-GAIS for the targetbuttock, themeanthreshold6 SDof
significant change for the PR-PCSS was 0.94 points
60.76 (p < .0001) and 1.45 points60.81 (p < .0001),
respectively (Figure3).Effect sizeswere21.89and22.89
fora1-pointand2-pointchange, respectively.Correlation
between the change from baseline to Day 71 in the
PR-PCSS and S-GAIS was20.58 (p < .001).

Discussion

The CR-PCSS and PR-PCSS were developed to provide
clinicians and patients with simple, easily understood
tools to rate cellulite severity on the buttocks during
clinical research and routine clinical practice. Both the
CR-PCSS and PR-PCSS demonstrated good test–retest
reliability assessing cellulite severity of thebuttocksusing

Figure 3. Cumulative distribution function for a PR-PCSS change from baseline to Day 71 in buttocks, by S-GAIS category.
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digital photographs. The CR-PCSS also demonstrated
good test–retest and interrater reliability using live
patient assessments. Interrater reliability was not per-
formed for the PR-PCSS because women did not evalu-
ate cellulite severity of other women. Importantly,
clinically meaningful change thresholds for cellulite
severitywere established for theCR-PCSSandPR-PCSS.

Tissue stabilized–guided subcision system16 cellulite
studies included a 4-point photonumeric scale in which
clinicians scored photographs for the number and depth
of depressions.8 Intraclass correlation coefficient for
intrarater reliability was 78%; interrater reliability
was$0.81 at 3 and 12 months. Correlations between
clinician reported and patient reported outcomes were
not reported. Cellulite studies using a 1440-nm
neodymium-doped yttrium aluminum garnet laser
with a side-firing fiber and temperature-sensing cannula
included a 5-point photonumeric scale with which cli-
nicians scored the number of evident dimples and
severity of linear undulations using photographs.17

Interrater kappa values ranged from 0.69 to 0.90, and
intrarater kappa values ranged from 0.75 to 0.92.17 In
this study, the CR-PCSS using live assessment and the
PR-PCSS using photographs produced acceptably com-
parable ratings of cellulite severity. As well, good
agreement between CR-PCSS and PR-PCSS ratings has
been presented.18 These data compare favorably versus
data from other clinical trials that have assessed con-
cordance between other validated patient-rated and
clinician-rated aesthetic scales.19 For example, the cor-
relation coefficient between patient-rated and clinician-
rated outcomes was 0.28 in a 2014 trial in patients with
submental fat.20

No firm cutoff for an ICC has been universally estab-
lished. Other health-related quality of life instruments
have defined the threshold for acceptable test–retest
reliability as an ICC of >0.60 or$0.70.21–23 In contrast
to defining a threshold for acceptable reliability, other
publicationshave suggestedgradesof reliabilitybasedon
the ICC. In a study by Cicchetti and colleagues, the
authors recommended a scale range as follows: <0.40
(poor), 0.40 to 0.59 (fair), 0.60 to 0.74 (good),
and$0.75 (excellent),24 with slightly different cutoffs
recommended by Koo and colleagues as follows: <0.5
(poor), 0.5 to 0.75 (moderate), 0.75 to 0.9 (good),

and >0.9 (excellent).25 In this study, the threshold for
acceptable reliability was considered an ICC$0.70,
with the 95% CI lower boundary$0.62, which is con-
sistent with other published criteria.23

Unlike some other cellulite severity scales,8,17,26 the CR-
PCSS was validated using live patient assessments. The
CR-PCSS and PR-PCSS were shown to be sensitive to
clinically meaningful changes in cellulite severity. Effect
sizes for 1-level and 2-level improvement in the PR-PCSS
were large at21.89 and22.89, respectively. The data
suggest a PR-PCSS rating change score of 1.0 from
baseline toDay 71 is indicative ofmeaningful change for
patients because this level of change was associated with
ratings of meaningful improvement and satisfaction on
external anchor variables (S-GAIS) and also was asso-
ciated with an effect size >1, which is consistent with a
large effect. Similar results were observed for the CR-
PCSS (basedon I-GAIS).Thusoverall, a1-level change in
cellulite severitywas found tobe clinicallymeaningful by
both patients (PR-PCSS) and clinicians (CR-PCSS).

Limitations of these analyses include the restricted range
of skin tone (60%ofwomenwere Fitzpatrick skinTypes
I–III) among the women included in the studies, and the
potential inherent risk of subjectivity and emotional
response to self‐evaluation with the PR-PCSS. In addi-
tion, clinician training could have been more extensive.
In conclusion, the CR-PCSS and PR-PCSS are valid and
reliable outcome measures for determining cellulite
severity and should be considered for evaluating cellulite
severity in clinical trials and real-world settings.
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