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Reliability and Photographic Equivalency of the Scar Cosmesis
Assessment and Rating (SCAR) Scale, an Outcome Measure

for Postoperative Scars

Jonathan Kantor, MD, MSCE, MA

IMPORTANCE Until recently, no ideal valid, feasible, and reliable scar scale existed to
effectively assess the quality of postoperative linear scars. The Scar Cosmesis Assessment
and Rating (SCAR) scale was developed and validated as a tool to assess the quality of
postoperative scars in clinical and research settings.

OBJECTIVE To assess the reliability of using photographs in lieu of live patient scar rating
assessments, and to determine the interrater and intrarater reliability of the SCAR scale.

DESIGN, SETTING, AND PARTICIPANTS This was a reliability study to assess clinicians' interrater
and intrarater reliability, as well as the reliability of using high-quality macrophotographs of
postoperative scars. Patients were from a private practice dermatology clinic, with assessed
scars representing a range of surgical procedures including those performed by
dermatologists, plastic surgeons, and general surgeons. Assessments were performed by an
international multidisciplinary team from dermatology, plastic surgery, surgical oncology,

emergency medicine, and physiatry, using photographs and live patient assessments. A single

photograph was assessed for each patient's scar. Data were obtained between August 3,
2015, and January 18, 2016. Data analysis occurred between January 18, 2016, and July 29,
2016. Using the intraclass correlation coefficient (ICC), the scale was tested for photographic
equivalency as well as interrater reliability and intrarater reliability by 5 raters on a set of 80
total patient scars, 20 of which were analyzed for photographic equivalency and the
remaining 60 of which were analyzed for interrater and intrarater reliability.

MAIN OUTCOMES AND MEASURES The SCAR scale that measures postoperative scar cosmesis,

with scores ranging from O (best possible scar) to 15 (worst possible scar), based on 6
clinician and 2 patient items was used. Of those 60 in the photographic subgroup, 10 were
rated using not only the SCAR scale but also the Patient and Observer Scar Assessment Scale
and the Vancouver Scar Scale, and 10 were assessed twice by the same rater at different
times to assess intrarater reliability.

RESULTS Patients' ages ranged from 18 to 96 years, with Fitzpatrick skin types | through VI.
Thirty-seven were male, and 43 were female. A set of 20 live patient scars with associated
photographs, as well as a separate set of 60 photographs, were rated; 10 patients were
assessed twice for intrarater reliability. The SCAR scale ratings using photographs were found
to be largely equivalent to live patient assessments, with ICCs of 0.99 (95% Cl, 0.96-0.99)
and 0.98 (95% Cl, 0.96-0.99). The interrater reliability of the overall scale showed an ICC of
0.95 (95% Cl, 0.96-0.99) using a 2-sample random-effects model. Intrarater reliability found
ICCs ranging from 0.96 to 0.99 with 5 separate raters. Modeling the overall SCAR score
predicted whether the rater would consider the scar undesirable, with an odds ratio of
association of 1.76 (95% Cl, 1.24-2.2). A secondary analysis of Fitzpatrick skin types IV, VI, and
VI demonstrated a sustained interrater reliability, with an ICC of 0.93 (95% Cl, 0.86-0.98).

CONCLUSIONS AND RELEVANCE The SCAR scale is a reliable rating scale for postoperative
linear scars, and photographs may reliably be used in lieu of live patient assessments. The
SCAR scale therefore represents a reliable standard rating scale for postoperative scar
cosmesis.
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11 desirable scars are alike; all undesirable scars are un-

desirable in different ways. Assessing the merits of vari-

ous surgical approaches and outcomes is predicated on
the existence of clinically valid and statistically reliable mea-
surement scales. Many scales, of varying length and complex-
ity, have been described for assessing scars.!* Historically, the
Vancouver Scar Scale (VSS)® was used to assess scarring, al-
though this 4-item scale was initially developed to assess burn
scars rather than postoperative linear scars, which have a very
different set of clinical considerations. More recently, the Pa-
tient and Observer Scar Assessment Scale (POSAS) was devel-
oped for burn scars,® although several years after initial scale
development it was reliability tested for linear scars as well.”
Other scar scales in use include the Hamilton Scale,® the Se-
attle Scale,® the Manchester Scar Scale,'° the Stony Brook Scar
Evaluation Scale, the University of North Carolina 4P Scar
Scale,'? and their variants.

Until recently, however, no psychometrically rigorous scale
existed that was designed from the ground up to assess the evo-
lution of postoperative linear scar cosmesis and function.'®> The
Scar Cosmesis Assessment and Rating (SCAR) scale, whose
initial development and validation has been described
separately,'* was developed as a rating scale for postopera-
tive linear scars that could be used with both live patients and
photographs, while capturing change in a particular scar com-
ponent over time. This scale was built on prior work, includ-
ing the development of a patient rating scale that highlighted
the need to differentially weight scar hypertrophy, spread, and
erythema when assessing scar quality.!® The SCAR scale is thus
unique in that the items are weighted based on the degree of
clinical importance assigned by the multispecialty validity
committee, as well as patients.

The aim of this study was to (1) assess whether high-
quality clinical photographs may be used in lieu of live SCAR
scale assessments by raters and (2) to assess both the interrater
and intrarater reliability of the SCAR scale on a range of post-
operative scars.

Methods

Several steps are required to develop a psychometrically rigor-
ous rating scale; the details of this methodology have been pre-
viously described.>'® Scoring of the SCAR scale (Table 1) is based
on 6 observer-scored items and 2 patient-scored items.!* No
identifying characteristics were recorded, so no written in-
formed consent was received other than a blanket photo-
graphic release that was signed by all patients. No compensa-
tion was given to participants. The institutional review board
at St Vincent’s Medical Center considered the study exempt (see
the study protocol in the Supplement). Eighty patients and scars
were divided as follows: 20 were analyzed for photographic
equivalency (ie, both live scar and photograph were exam-
ined), and 60 photographs of the 60 remaining patients ana-
lyzed by 5 raters. Of those 60, 10 were rated using not only the
SCAR scale but also the Patient and Observer Scar Assessment
Scale and the Vancouver Scar Scale, and 10 were assessed twice
by the same rater at different times to assess intrarater reliability.
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Key Points
Questions What is the reliability of the Scar Cosmesis Assessment

and Rating (SCAR) scale, and can photographs be assessed in lieu
of live patient ratings?

Findings In this reliability study of a set of 60 patient scars, the
interobserver reliability was excellent, with an intraclass
correlation coefficient (ICC) of 0.95, while the intraobserver
reliability showed ICCs ranging from 0.96 to 0.99 on a subset of 10
scars. Near-equivalence was seen between photographic and
in-person rating on a separate set of 20 patient scars.

Meaning These findings, coupled with the excellent feasibility of
the scale, suggest that the SCAR scale could become the new
standard outcome measure for postoperative scar quality.

Photograph and Live Patient Equivalency

Prior to completing the full reliability study, the SCAR scale
was assessed for equivalency between its use on live patients
and high-quality photographs. Photographs were taken with
a specialized macrolens and flash (Canon EOS 70D 20.2 MP
SLR; Canon EF 100-mm /2.8 L IS USM lens; Canon MR-14EX
II Macro Ring Lite). The camera settings were set to auto-
matic, the LED flash unit was set to TTL (through the lens)
metering, and all photographs were taken at the camera’s
maximum resolution using standard JPEG compression.
Intrarater reliability to assess for photograph and live patient
equivalency was calculated for 2 raters for a set of 20 live
patient scars and photographs of these scars. Live patient
assessments were performed in a single 1-day session, and
assessors were able to palpate and closely observe the scars.
Grading of the photographs was then performed 1 week later
with photographs set in a random order.

Assessment of Interrater and Intrarater Reliability
Interrater reliability was assessed by a group of 5 clinicians (4
board-certified dermatologists and 1 physician’s assistant) who
scored a separate set of 60 high-quality scar photographs of scars
reflecting a broad range of patient ages, skin types, and sever-
ity. Clinicians were purposely not trained on the SCAR scale
using baseline photographs, a technique consistent with the de-
velopment of other scar rating scales>-® and other rigorous out-
come measures in dermatology'” to avoid favorably biasing the
interrater reliability findings. All patients were rated using the
SCAR scale and an overall visual analog scale (VAS) for scar qual-
ity. A subset of 10 patients was also evaluated using the OSAS
and VSS. Representative photographs are shown in the Figure.
To assess for intrarater reliability, 10 patients were as-
sessed twice by each rater. To minimize the chance of recall,
raters were not informed beforehand that selected scars would
be rated twice, which were randomly inserted into the pho-
tographic set.

Secondary Logistic Regression Analysis

A secondary analysis of internal consistency was performed on
both the full data set as well as the subset of 10 scars assessed by
all 3 scales to assess whether the overall SCAR scale, as well as
the OSAS and VSS, predicted the presence of a desirable scar.
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Secondary Analysis for Fitzpatrick Skin Types IV to VI

A secondary analysis of the interrater reliability of SCAR scale
was performed for scars of patients with Fitzpatrick skin types
1V, V, and VI.

Statistical Analysis

Interrater reliability was assessed with the intraclass correla-
tion coefficient (ICC) using a 2-way random-effects model.'®
Intrarater reliability was calculated using the ICC with a 1-way
random-effects model.’® All modeling was performed both with
individual scale components and the overall SCAR score, and
results are reported with 95% CIs. Univariate and multivari-
ate logistic regression was used as a secondary analysis of in-
ternal consistency by modeling a desirable scar (as defined by
a single desirability question) as the dependent variable. All
statistical analyses were performed using Stata software
(version 13 for Mac; Stata Corp).

|
Results

Scar and Patient Characteristics

Data were obtained between August 3, 2015, and January 18,
2016. Data analysis occurred between January 18, 2016, and
July 29, 2016. Assessed scars included a wide range of clini-
cal outcomes, from nearly undetectable scars to large
keloids, and in patients with a wide age range (18-96 years) and
varying skin types (Fitzpatrick types I-VI). Thirty-seven were
male, and 43 were female. SCAR scale clinician scores found
in this study ranged from O to 13, reflecting the full range of
possible scores.

Photograph and Live Patient Equivalency

There was near equivalence between SCAR scale ratings for live
patients and for high-quality photographs. The ICC for each
of 2 raters on a separate 20-scar set of live patients and pho-
tographs was 0.99 (95% CI, 0.96-0.99) and 0.98 (95% CI, 0.96-
0.99), suggesting clinical equivalence between the SCAR scale’s
use on live patients and high-quality macrophotographs. The
lowest ICC for any 1 component of the scale was for the hy-
pertrophy and atrophy component, which was 0.90 (95% CI,
0.73-0.96) for one rater and 0.96 (95% CI, 0.91-0.99) for the
other.

Interrater and Intrarater Reliability

For interrater reliability, the ICC for the overall scale, using a
2-sample random-effects model, was found to be outstand-
ingat 0.95. Descriptive statistics for all scar assessment scales
and each of their components, as well as the ICC for each scale
component, are included in Table 2. Overall, the interrater re-
liability of the scale was equal to or better than previously re-
ported scales. This finding suggests that there is remarkable
agreement between different clinicians when scoring the SCAR
scale.

Intrarater reliability for the SCAR scale was similarly ex-
cellent, with 1-sample random-effects model ICCs ranging from
0.96 to 0.99 for each rater using a 1-way random effects model
(P < .001 for all comparisons). This highlights the outstand-
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Table 1. The Scar Cosmesis Assessment and Rating (SCAR) Scale

Clinician Items
Scar spread

Scale Ratings
0, None to near-invisible

1, Pencil-thin line

;, Mild _spread, noticeable on close
inspection
3, Moderate spread, obvious scarring
4, Severe spread
Erythema 0, None

1, Light pink, some telangiectasias
may be present

2, Red, many telangiectasias may be

present

3, Deep red or purple
Dyspigmentatiop (includes 0, Absent
ot L presen
Track marks or suture marks 0, Absent

1, Present
Hypertrophy/atrophy 0, None

1, Mild: palpable, barely visible

hypertrophy or atrophy

2, Moderate: clearly visible

hypertrophy or atrophy

3, Severe: marked hypertrophy or
atrophy or keloid formation

Overall impression 0, Desirable scar

1, Undesirable scar
Patient items

Have you been bothered by any 0, No

itch from the scar in the past
24h? 1, Yes

Have you been bothered by any 0, No

gilril]?from the scar in the past 1, Yes

Total score range 0 (best possible scar) to 15 (worst

possible scar)

ing test-retest reliability of the SCAR scale, meaning that the
same observer is likely to rate the same scar with the same over-
all score when assessed a second time.

Secondary Logistic Regression Analysis

Internal consistency, which was previously found to be very
good (Cronbach a = .77, average interitem covariance of 0.11),
was further demonstrated by a secondary logistic regression
analysis. Modeling the overall SCAR score significantly pre-
dicted whether the rater would consider the scar desirable with
an odds ratio of association of 1.76 (95% CI, 1.24-2.2; P < .001).
Thus for each 1-point increase in the SCAR scale thereisa 76%
increased risk of the scar being considered undesirable. More-
over, in a multivariate logistic regression model, with a desir-
able scar as a binary outcome and including the SCAR scale,
OSAS, and VSS, only the SCAR scale demonstrated statistical
significance. These secondary analyses highlight the robust-
ness of the SCAR scale as a clinically valid outcome measure.

Secondary Analysis for Fitzpatrick Skin Types IV to VI

Theinterrater reliability of the SCAR scale on scars in patients with
Fitzpatrick type IV, V, and VI skin (n = 20) was excellent, with
an ICC of 0.93 (95% CI, 0.86-0.98). The ICC for the erythema
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Figure. Representative Scar Photographs

@ Scar on forearm

Scar on back

Scar on chest

@ Scar on back

Values are represented as means (95% Cls) for all 5 raters. A, Observer scar
assessment scale (OSAS), 11.0 (4.6-17.4); Vancouver Scar Scale (VSS), 3.2
(1.8-4.6); Scar Cosmesis Assessment and Rating (SCAR) scale, 3.8 (2.2-5.4).

B, OSAS, 6.8 (0-14.8); VSS, 1.2 (0.2-2.2); SCAR, 2.4 (1.0-3.8). C, OSAS, 174
(6.5-28.3); VSS, 2 (1.1-2.9); SCAR, 4.6 (2.9-6.3). D, OSAS, 10.6 (5.4-15.8); VSS, 2.4
(1.0-3.8); SCAR, 3.4 (1.9-4.8).

component in this patient subset was similarly excellent at 0.92
(95% CI, 0.84-0.96), suggesting that the SCAR scale is appropri-
ate for use in diverse populations with multiple skin types.

|
Discussion

The SCAR scale represents a reliable outcome measure for
linear scar assessment that may be used to assess both live pa-
tients and high-quality scar photographs. The ability to reli-
ably assess photographs of scars is a significant advantage of
this scale because it allows future outcome studies and clini-
cal trials to include a wide array of raters from varying geo-
graphic locales.

The SCAR scale should be understood in the context of
preexisting scar assessment scales. It includes 6 observer
components and 2 patient components, which adds signifi-
cantly to its feasibility. Including additional components in the
SCAR scale, such as scar age and anatomic location, would re-
sult in possibly overfitting the statistical model while losing

JAMA Dermatology January 2017 Volume 153, Number 1

track of the goal of the outcome measure: to measure the over-
all quality of an individual scar to permit valid, reliable, and
clinically meaningful conclusions to be drawn when compar-
ing interventions and techniques.

Most of the SCAR scale components are graded as either
binary (yes/no) outcomes or are linked to a clinically objec-
tive outcome. This approach is shared with other scales, such
as the VSS. The OSAS, in contrast, uses a 1-10 rating for each
item. While the advantage of the latter approach is that a broad
range of choices are available, ultimately this results in a se-
ries of multiple VASs that capture the assessors’ overall im-
pression of the scar rather than the presence or absence of spe-
cific objective clinical findings.

The SCAR scale’s overall score is generated by combining
the clinician and patient sections; while these may be re-
ported separately, asin the POSAS, the relative rarity of patient-
reported symptoms of itch or pain means that this is not nec-
essary in clinical practice. Unlike the POSAS, the SCAR scale
does not include both observer and patient assessments of the
same outcomes. Studies have consistently demonstrated a high
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Table 2. Descriptive Statistics and Interrater Reliability of Scar Assessment Scales?®

Scale Component Mean (SE) (95% Cl) 1CC (95% Cl)
SCAR Total score 4.15 (0.15) (3.85-4.44) 0.95 (0.93-0.97)
Spread 1.61 (0.06) (1.49-1.72) 0.92 (0.89-0.95)
Erythema 0.49 (0.04) (0.42-0.57) 0.92 (0.88-0.95)
Dyspigmentation 0.74 (0.02) (0.69-0.79) 0.66 (0.51-0.77)
Track marks 0.27 (0.02) (0.22-0.32) 0.77 (0.66-0.85)
Hypertrophy/atrophy 0.69 (0.04) (0.61-0.78) 0.92 (0.88-0.94)
Overall impression 0.34 (0.03) (0.29-0.39) 0.84 (0.77-0.90)
0SAS Total score 14.76 (2.02) (10.69-18.83) 0.95 (0.88-0.99)
Vascularity 2.20(0.35) (1.50-2.90) 0.89 (0.73-0.97)
Pigmentation 2.08 (0.22) (1.63-2.53) 0.73 (0.36-0.92)
Thickness 1.84 (0.35) (1.13-2.55) 0.94 (0.85-0.98)
Relief 1.66 (0.35) (0.96-2.36) 0.95 (0.87-0.99)
Pliability 1.74 (0.36) (1.02-2.46) 0.96 (0.90-0.99)
Surface area 2.28 (0.35) (1.58-2.98) 0.93 (0.83-0.98) Abbreviations: ICC, intraclass
Overall opinion 2.96 (0.36) (2.24-3.68) 0.91 (0.77-0.98) correlation coefficient:
VSS Total score 2.96 (0.41) (2.13-3.79) 0.97 (0.91-0.99) OSAS, observer scar assessment
Pigmentation 0.84 (0.10) (0.63-1.04) 0.40 (0-0.82) Zﬁ:sssnf::t :ﬁzré‘ﬁ;iﬂ;e:
Vascularity 0.76 (0.11) (0.53-0.99) 0.92 (0.81-0.98) SE, standard error; VAS, visual analog
Pliability 1.02 (0.19) (0.64-1.40) 0.97 (0.91-0.99) scale; VSS, Vancouver Scar Scale.
Height 0.34 (0.10) (0.14-0.54) 0.96 (0.91-0.99) 2A 2-way random-effects model was
VAS Overall 66.57 (1.43) (63.75-69.38) 0.91 (0.84-0.95) used for all analyses. P <001 for all

comparisons.

correlation between observer and patient measures,®”2° and
thus an opinion-based measure for overall patient assess-
ment of the scar is unlikely to add significantly to the value of
a rating system, while concomitantly introducing increased
complexity and potential bias. Moreover, as has been re-
cently explored with psoriasis outcome measures, the redun-
dancy inherent in longer and more complex scoring systems
may be counterproductive.?!

Preexisting scar assessment scales have significant short-
comings. The Stony Brook scar evaluation scale was devel-
oped in the context of emergency medicine primarily for as-
sessing the quality of laceration repairs.!* While it shares some
features with the VSS,?? its main advantage—binary yes/no out-
comes for several important scar features, such as spread and
hypertrophy—is also an important drawback because it fails to
capture degrees of quality difference in the scar or respon-
siveness to change, and also does not capture the differential
importance of certain scar characteristics.

The Manchester Scar Sale,'° also developed for linear scars,
has several significant drawbacks as well.? It does not differ-
entially weight certain scar characteristics, includes some
unclear item definitions, and fails to include scar spread, per-
haps the most important measure of linear scar quality. It also
demonstrated significant intrarater variability between in-
person and photographic assessments.

Other disadvantages of previously developed scales in-
clude the nebulousness of some of the terminology used; cli-
nicians, and even those adept at rating scars, may not be
familiar with the differences between “pliability,” “relief,”
and “thickness,” yet all 3 of these items are included in the
POSAS. Similar challenges exist in other scales as well.

jamadermatology.com

By including a separate rating for “desirable scar,” the SCAR
scale is able to take into account myriad subtle changes that
affect scar quality, such as involvement of multiple cosmetic
subunits, without including a large number of separate items.
This allows the SCAR scale to capture the overall cosmeticand
functional outcome and improves its validity while not de-
tracting from its feasibility.

Another strength of this scale is the incorporation of a
multidisciplinary team in its development, because a group
including specialists from dermatology, plastic surgery, sur-
gical oncology, physiatry, and emergency medicine was
involved in the validation and reliability assessments. Of note,
the SCAR scale was not developed in the context of a particu-
lar clinical trial, which is helpful because some authors have
questioned whether instruments developed for a particular trial
may bias its outcomes.”?* Another strength of the SCAR scale
is its use of separate scores for erythema and dyspigmenta-
tion, which should allow investigators to capture improve-
ment in 1 or both components as scars evolve over time or are
treated with adjuvant approaches.!?-24

Limitations

This study has several limitations. Numerous other outcome
measures exist for linear scars, and some—such as VSS and
POSAS—have been used widely in a variety of settings. Still,
these preexisting scales were not initially developed for lin-
ear postoperative scars, and therefore some vestiges of their
prior incarnation as burn scar assessment tools persist.
Moreover, in the POSAS the large number of measures all
sharing a 10 item choice response lends itself to several
important biases, such as central tendency (avoidance of the
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extremes of response), positive skew (satisfaction or accept-
ability questions tend to elicit more positive responses),
underlying cause (an overall poor scar may receive low
assessments on all components), and others.?*> The value of
an alternative outcome measure therefore should be seen
within this context.

Other limitations of this study include the overall general-
izability of the raters’ responses (although including 5 raters from
varying clinical backgrounds helps mitigate this concern) and
whether the high reliability of photographic equivalency found
in this study would generalize to the non-macrophotographs
occasionally used in clinical practice. Another possible limita-
tion is the number of raters and scars included in the study, al-
though the number of raters and assessed scars in this reliabil-
ity study are higher than those used in most previously
developed rating scales.! The SCAR scale also does not include
objective measures of the physical properties of the scar be-
cause requiring specialized measurement equipment for color,
thickness, and other components would drastically reduce the

Reliability and Photographic Equivalency of the SCAR Scale

feasibility of this scale and would make it inappropriate for use
as a clinical (as opposed to research) outcome measure. The
SCAR scale also does not address functional impairment and the
psychosocial impact of scars, although both of these are very
infrequently seen in postoperative linear scars.

. |
Conclusions

The SCAR scale is a feasible and reliable scar assessment in-
strument. Further studies may help delineate ideal cutpoints
for acceptable, desirable, and unacceptable scarring, as well
as exploreitsresponsiveness, or sensitivity to change over time.
The SCAR scale provides a unique combination of an out-
come measure designed for linear scars that may be used by
examining photographs, rather than live patients, and that may
be completed in less than 30 seconds by most raters. These at-
tributes contribute to its potential use as a tool in both daily
practice and clinical research.
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