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Background: Measurements of scar quality are essential to evaluate the effective-
ness of scar treatments and to monitor scars. A large number of scar scales and
measurement devices have been developed, which makes instrument selection
challenging. The aim of this study was to provide an overview of the content (ie,
included items) of all outcome measurement instruments that measure scar qual-
ity in different types of scars (burn, surgical, keloid, and necrotizing fasciitis), and
the frequency at which the instruments and included items are used.

Methods: A systematic search was performed in PubMed and Embase.com up to Oc-
tober 31, 2018. All original studies reporting on instruments that measured at least 1
characteristic of scar quality were included and the instrument’s content was extracted.
Results: We included 440 studies for data extraction. Included instruments (N =
909) were clinician-reported scales (41%), measurement devices (30%), patient-
reported scales (26%), and combined clinician- and patient-reported scales (3%).
The Observer scale of the Patient and Observer Scar Assessment Scale, the Cu-
tometer, the Patient Scale of the Patient and Observer Scar Assessment Scale, and
the modified Vancouver Scar Scale were the most often used instrument in each
of these categories, respectively. The most frequent assessed items were thickness,
vascularity, pigmentation, pliability, pain, and itch.

Conclusion: The results of this study lay the foundation for our future research,
which includes an international Delphi study among many scar experts, and an inter-
national focus group study among scar patients, aiming to elucidate how scar qual-
ity must be defined and measured from both professional and patient perspectives.
(Plast Reconstr Surg Glob Open 2019;7:¢2424; doi: 10.1097/GOX.0000000000002424;
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INTRODUCTION
Measurements of scar characteristics are essential
to evaluate the effectiveness of scar treatments and to
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monitor scars over time. Several visual (eg, color), tactile
(eg, pliability), and sensory (eg, itch) characteristics of the
scar can contribute to overall scar quality. Measurements
of scar quality can be performed by different types of out-
come measurement instruments, including measurement
devices and scar assessment scales. Measurement devices
usually measure 1 characteristic of scar quality. Scar assess-
ment scales allow for the evaluation of multiple character-
istics of scar quality, from a clinician’s and/or a patient’s
perspective. Clinician-reported scar scales capture clini-
cians’ opinion on visual and tactile characteristics, where-
as patient-reported scales enable the assessment of sensory
characteristics in addition to patients’ opinion on the vi-
sual and tactile characteristics of their scar(s).

The most appropriate outcome measurement instrument
to measure scar quality should be chosen based on the follow-
ing characteristics: (1) the content, (2) the type of instrument,
(3) the feasibility, and (4) the measurement properties (eg, re-
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liability, validity)." However, this is a challenging task, as a large
number of outcome measurement instruments are available,
each measuring (characteristics of) scar quality in a slightly dif-
ferentway. To aid users in instrument selection and to promote
standardization of measurements, recommendations on the
best and most appropriate instrument are necessary, prefer-
ably based on a high-quality systematic review of the clinimet-
ric properties of available outcome measurement instruments,
thereby updating previous systematic reviews performed for
this purpose.”” However, before these recommendations can
be provided for the construct scar quality, there must be con-
sensus worldwide on how scar quality should be defined and
measured and which scar characteristics are most important
from the perspectives of professionals and patients. To reach
this agreement, a complete understanding of everything that
has been used or is being used to measure scar quality is neces-
sary. Therefore, the aim of our systematic review is to provide
an overview of the content (ie, included items) of all the out-
come measurement instruments used in studies that measure
scar quality in different types of scars and the frequency at
which the instruments and included items are reported.

METHODS

Electronic Search Strategy

A systematic literature review was conducted according
to the Preferred Reporting Items for Systematic Reviews
and Meta-analyses statement (www.prisma-statement.org).
PubMed and Embase.com were searched from inception
up to October 31, 2018, by M.E.C. and J.C.F.K. The search
strategies are represented in the figure (Supplementary
Digital Content 1, which displays systematic search strat-
egy, hitp://links.lww.com/PRSGO/B215). The search query
included thesaurus terms and free-text terms for “scars”
or “keloid” and “burns” or “skin” or “necrotizing fasciitis”
or “surgical” and “assessment” or “tool” and “quality” or
“outcome.” Animal studies were excluded.

Selection of Studies

Two reviewers (M.E.C. and K.A.AK.) independently
screened all titles and abstracts to select eligible articles.
Full-text screening and data extraction were performed
by 3 different authors (M.E.C., KA.AK., LEM.d.H.) and
were always checked by one of these authors. Differences
between reviewers were discussed and if consensus was
not reached, a third reviewer (L.B.M.) was consulted. The
screening procedure was conducted with the use of the
web-based software platform Covidence (www.covidence.
org). To select relevant outcome measurement instru-
ments, we applied the following criteria:

Types of Studies and Language

Original research studies, both quantitative and quali-
tative, only written in English were included. Conference
abstracts, protocols, opinion papers, and systematic reviews
were excluded. We did not appraise studies on the basis of
their quality, nor did we perform a risk of bias analysis, as the
purpose of this review was to determine the content of all of
the outcome measurement instruments used in the literature
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to measure scar quality, including nonvalidated and ad hoc
instruments, and not the results of included studies.

Population

Studies concerning humans of all ages with burn, sur-
gical, keloid, and necrotizing fasciitis scars were included.
Studies on patients with acne scars, scars resulting from
other dermatological diseases, and scarring of tissue other
than the skin were excluded.

Outcome Measurement Instruments

We defined scar quality as visual, tactile, and sensory
characteristics. Studies were eligible when they used or
reported outcome measurement instruments (ie, mea-
surement devices or scar scales) that measured at least
1 specific characteristic of scar quality and defined how
these characteristics were quantified. Studies that merely
mentioned a scar characteristic without specifying how
this characteristic was quantified were excluded. Studies
using invasive methods or reporting on biological charac-
teristics of scar quality alone (eg, obtained by histology)
were not considered for this study, because these methods
are not applicable in clinical practice.

Data Extraction

The following data were extracted from included studies
directly into Excel tables: (1) study design; (2) characteristics
of the patient population: sample size, age of participants,
scar types; and (3) characteristics of the reported outcome
measurement instrument(s): the type of instrument, num-
ber of items concerning scar quality, and the content of these
items. Identified outcome measurement instruments were
categorized based on their type (ie, clinician-reported scale,
patient-reported scale, combined clinician-reported and pa-
tientreported scale, and measurement device). When a scar
assessment scale consisted of different subscales with an own
sum score, the subscales were extracted as separate instru-
ments. A scar scale consisting of different subscales with one
total sum score was considered one instrument. This was also
the case when the scale consisted of both clinician-reported
and patient-reported items (ie, combined clinician-reported
and patientreported scales). Scar scales were considered
modified versions of original scar scales when items were
added, omitted or rephrased, or the response options or
answering categories were changed. Each modified version
was considered a separate scale. Measurement devices were
categorized based on the construct they aim to measure. Of
all included outcome measurement instruments, only items
referring to scar quality were extracted. Therefore, items
concerning physical and psychosocial functioning and items
such as “overall opinion” and “satisfaction with treatment”
were excluded. The identified items were categorized based
on (our perception of) the intended meaning.

RESULTS

Literature Search
The literature search identified 2,506 records: 1,192
through PubMed and 1,314 through EMBASE (Fig. 1).
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Fig. 1. Flow chart for the selection of studies according to the Preferred Reporting Items for Systematic

Reviews and Meta-analyses (PRISMA)-statement. .

After removal of duplicates, 1,569 articles remained,
of which the titles and abstracts were screened. This
resulted in the selection of 649 articles. After full-text
screening, 440 articles were included for data extrac-
tion.

Characteristics of the Studies

Table 1 shows the characteristics of the included
studies. The majority (88%) were studies in which the
outcome measurement instruments were used to clini-
cally evaluate patients. These studies used a median of
2 (range: 1-8) different outcome measurement instru-
ments of scar quality. Other included studies were studies
to develop outcome measurement instruments (5%) and
clinimetric studies (7%) of individual instruments. Most
studies included only patients with surgical scars (40%)
or only patients with burn scars (36%). Fewer studies
reported only on patients with keloid scars (10%). The
remaining articles included 2 or more types of scars in
their study (14%).

Characteristics of the Outcome Measurement Instruments

The majority of instruments used to measure scar qual-
ity were clinician-reported scales (41%), measurement
devices (30%), and patient-reported scales (26%). Few in-
struments were combined clinician- and patient-reported
scales (3%).

Table 1. Study Characteristics

Included Studies N =440 (100%)

Study design

Clinical studies 386 (88%)
Clinimetric studies 31 (7%)
Development studies 23 (5%)
Population
Patients with surgical scars 175 (40%)
Patients with burn scars 160 (36%)
Mixed* 62 (14%)
Patients with keloid scars 43 (10%)

Age category population

Adults 214 (49%)
Mixed 146 (33%)
Children (<18'y) 30 (7%)

Unknown 50 (11%)

Included outcome measurement instrument
Type of outcome measurement instrument

909 (100%)

Clinician-reported scar scales 375 (41%)
Measurement devices 271 (30%)
Patientreported scar scales 236 (26%)
Combined clinician- and patient-reported 27 (3%)

scar scales

*Mixed population consisting of =2 types of scars.

Clinician-reported Scales

Table (Supplemental Digital Content 2 a), http://links.
lww.com/PRSGO/B216) provides an overview of identified
clinician-reported scar scales, including the items used to
measure scar quality, and their frequency of occurrence.
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Table 2. Five Most Frequently Included Items in Different Types of Outcome Measurement Instruments

Order of Most Frequently Assessed Items

Type of Instrument First Second Third Fourth Fifth

Clinician-reported Thickness Pigmentation Vascularity Pliability Surface irregularity
scar scale

Patient-reported scar scale Pain Itch Color Thickness Pliability

Combined Vascularity Thickness Itch Pliability Pain

Measurement device Vascularity Pliability Thickness Pigmentation Moisture

We identified 31 different (versions of) clinician-reported
scales. Most frequently used scales were the second ver-
sion of the Patient and Observer Scar Assessment Scale
(POSAS) (70 times),” the Vancouver Scar Scale (VSS) by
Sullivan etal.? (61 times), and the modified VSS by Baryza
and Baryza'’ (58 times). The VSS was modified most often.
The 31 clinician-reported scales included a median of 4
(range: 1-7) items to measure scar quality. Besides these
31 scales, we identified 49 different scales without a name,
which were categorized as “unlabeled.” All unlabeled
scales were reported only once. The 3 most frequently
used items in all clinician-reported scales were thickness,
pigmentation, and vascularity (Table 2).

Patient-reported Scales

Our search identified 39 different patientreported
(sub)scales (see table, Supplemental Digital Content 2b,
http://links.lww.com/PRSGO/B216). The Patient Scale of
the first and second POSAS version®'!, which are identi-
cal, was the most frequently used patient-reported scale
(111 times). The POSAS was followed by the Burn Specific
Health Scale-brief."” This is a quality of life scale including
2 items of scar quality, which was reported 5 times. The
following scales were third most reported (4 times): the
Appearance scale of the Patient Scar Assessment Ques-
tionnaire,"” the Dermatology Life Quality Index," and
the University of North Carolina “4P” Scar Scale.”” The
patient-reported scales used a median of 6 items (range:
1-13) to measure scar quality. Besides these 39 scales, we
found 64 scales without a name, which were categorized as
“unlabeled.” Most frequently assessed items of scar quality
within patient-reported scales were pain, itch, and color, as
shown in Table 2.

Combined Patient- and Clinician-reported Scales

We found 9 instruments that combined clinician-
and patient-reported items (see table, Supplemental
Digital Content 3, which displays the overview of com-
bined clinician-reported and patientreported scar
scales, included items and frequency of occurrence,
http://links.lww.com/PRSGO/B217). The modified VSS
by Nedelec et al."® was most often used (9 times). The
second most reported scale was the modified VSS by
Oliveira et al.'” (6 times), followed by the Kyoto Scar
Scale (2 times).'"® In addition to these 9 scales, we iden-
tified 4 different unlabeled scales, which were reported
only once. Vascularity, thickness, and pliability were the
most often assessed clinician-reported items and pain
and itch the most often assessed patient-reported items
in these scales (Table 2).
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Measurement Devices

We found 50 different measurement methods, of
which the Cutometer (32 times) was most frequently used,
followed by the Dermaspectrometer (25 times) (see table,
Supplemental Digital Content 4, which provides an over-
view of measurement devices used to measure scar quality,
http://links.Iww.com/PRSGO/B218, and calipers/rulers
and ultrasound (both 24 times). The majority of measure-
ment devices measured 1 item, although some of the in-
cluded devices were able to measure additional items, up
to a maximum of 5 items. The most frequently used items
were vascularity, pliability, and thickness (Table 2).

DISCUSSION

This is the first study which used a systematic method to
provide a complete overview of the content of all validated
and nonvalidated outcome measurement instruments of
scar quality, including measurement devices and scar as-
sessment scales, and to provide the frequency that instru-
ments and included items are used in the literature. The
most frequently assessed items in all included outcome
measurement instruments were thickness, color (consist-
ing of vascularity and pigmentation), pliability, pain, and
itch, indicating that these scar characteristics are consid-
ered most relevant. Heterogeneity in the content of instru-
ments that measure the same construct (ie, scar quality)
identified in this study indicates that there is a lack of con-
sensus among patients, clinicians, and researchers on the
most important characteristics of scar quality.

Clinician- and Patient-reported Scar Scales

Our search showed that clinician-reported scales
were more frequently used than patient-reported scales.
A likely explanation could be that clinicians traditionally
have been the main assessors of scars. It was not until the
last decades that there has been increased awareness of
the importance of involving patients in clinical decision-
making.” This movement toward patient involvement
has become apparent in the field of scar assessment by
the growing number of scarspecific patientreported
scales.*>*% Some of these scales are not yet widely re-
ported because either they are relatively new and un-
known or their validation process is still ongoing.

The Observer Scale of the second version of the PO-
SAS was the most frequently reported clinician-reported
scar scale. However, if we had not distinguished modified
versions of instruments, the VSS, including all its modi-
fied versions, would have been the most frequently re-
ported clinician-reported scar scale. The frequent use of
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the VSS and POSAS is supported by survey studies which
identified these scales as the preferred scales to compre-
hensively measure scar quality among burn clinicians.*
The Patient Scale of the POSAS was the most used patient-
reported scale, with a frequency of 22 times as high as the
second most frequently used patient-reported scale, the
Burn Specific Health Scale-brief. This difference can be
explained by the focus of our study on the construct scar
quality and the fact that the Patient Scale of the POSAS is
the only patient-reported scale that exclusively consists of
items measuring scar quality, as opposed to other included
scales which, in addition to items of scar quality, include
items on quality of life or satisfaction. The predominance
of the Patient Scale of the POSAS has highly influenced
our results on the distribution of patient-reported items.
To eliminate this effect, we recalculated the items without
the inclusion of the Patient Scale of the POSAS. This did
not change the order of frequency of items reflecting scar
quality in patient-reported scales.

Measurement Devices

Measurement devices were found to be used nearly as
often as clinician-reported scar scales. Measurement de-
vices are deemed important in scar evaluation because
they are thought of as “objective.” However, they are not
free of observers’ interpretations nor measurement er-
rors. Measurement devices are often expensive, impracti-
cal, time-consuming, and only capable of measuring 1 scar
quality characteristic. Therefore, clinical studies mostly
use a combination of scar scales and measurement devices
to measure multiple aspects of scar quality.

Content of Outcome Measurement Instruments

When considering all types of outcomes measurement
instruments, thickness, color (consisting of vascularity and
pigmentation), and pliability were the most assessed visual
and tactile items, whereas pain and itch were the most
commonly assessed sensory items (Table 2). The items
most frequently included in clinician-reported scales cor-
respond to the items noted by clinicians as key elements
of scar outcome measurement instruments in qualitative
studies.”** If we make the same comparison between
items most frequently included in patient-reported scales
and the results of qualitative studies among patients re-
porting on scar characteristics that matter the most to
them, we find an agreement on pain, itch,”* thickness,
pliability, and color.?”** However, in addition to these char-
acteristics, patients have also reported inflammation, sen-
sation, surface irregularities, hardness, hydration, fragility,
stretch ability, tightness, burning sensation, and sensitivity
to be important aspects of their scars.”***" These aspects
were identified in qualitative studies of which most were
content validity studies (ie, interviews or focus groups)
conducted to determine the content of patient-reported
scales measuring health-related quality of life such as the
Patient-Reported Impact of Scars Measure (PRISM)*’ and
the Brisbane Burn Scar Impact Profile.?’ This indicates
that the patient’s perspective is not adequately assessed in
the majority of included patient-reported scales. This can
be explained by the lack of proper content validity stud-

ies as part of patient-reported scale development in many
instruments. Qualitative studies are vital in scale develop-
ment, not only to determine the most relevant items but
also to ensure the comprehensiveness and the compre-
hensibility of the items, the instructions, and the answer-
ing categories used in the scale.”

Use of Outcome Measurement Instruments

During this systematic review, we have made several
noteworthy observations regarding the use of outcome
measurement instruments. Based on these observations,
we would like to give some recommendations concerning
the use and modification of validated scales, the terminol-
ogy, and definition of items.

Many modifications of the content of established scar
scales were found in this study. The most frequently modi-
fied scar scale was the VSS. Major modifications, such as
adding or omitting items of the original scale, result in a
new scale of which the outcomes are incomparable with
the outcomes measured by the original scale. An example
of a minor modification is the alteration of the answer-
ing categories of the item height: “0. flat, 1. <2mm, 2.
2-5mm, 3. >5 mm” by changing 3. into 5-6mm, and by
adding an extra fourth category: >6 mm. Although such a
modification might seem minor and insignificant, a 5 mm
raised scar would be classified differently by each scale,
which makes these results less comparable. Furthermore,
clinicians and researchers using modified scales might
not be aware of the existing differences and may use the
instruments interchangeably. Another precarious mat-
ter for users is that the specific content of used outcome
measurement instruments is often not clearly described
in the method section, nor appropriately referred to in
the article. This makes it more difficult for readers to cor-
rectly assess the content of instruments, especially when
several modified versions exist. Therefore, we would ad-
vise against modifications of validated scales. However, if
done, validation of the new scale is crucial and asking the
copyright holders of the original scale for permission.”
Furthermore, we strongly advise to clearly describe the
modifications made to the content of a selected scale in
articles, and assigning either a version number or new
name to it.

The items included in outcome measurement instru-
ments were categorized according to our understand-
ing of their intent. Items with different terminology but
comparable meanings were grouped, resulting in syn-
onyms for aspects of scar quality. Comparable synonyms
were also described in recent qualitative studies with pa-
tients,””* which confirms that differences exist in the way
scar characteristics are defined. During this study, we en-
countered that the meaning of items was often poorly or
not described and that multiple interpretations of a term
existed. This complicated categorization of the items, and
in some cases compelled us to examine the answering cat-
egories to find the meaning of items. For example, the
item “contour” was used in different scales to refer to the
shape, thickness, or surface irregularities of the scar, and
“texture” was used to refer to the surface irregularities or
pliability. We would like to recommend authors to provide
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a clear definition of each item—especially when it con-
cerns an item that can have different interpretations.

Users must realize that the content (eg, items and
answering categories) of instruments are developed for
a specific construct, population, and purpose of use.” If
any of these conditions are changed, the quality of the
scale should be assessed in the new context. We would
like to give several examples of inappropriate usage of
instruments that we came across during this study. First,
the “Hollander Wound Evaluation Scale (HWES),” de-
veloped for the assessment of wounds, was used to assess
scar quality. However, as wound severity is a different con-
struct than scar quality, the items included in the HWES
are not appropriate to measure scar quality—an issue
which its developers also addressed when they modified
the HWES into a scar-specific scale which is known as the
Stony Brooks Scar Evaluation Scale.” Second is the use
of clinician-reported scales as patientreported or proxy-
reported scales. It is debatable if patients or parents of pa-
tients value the same scar characteristics as clinicians, and
if they are able to understand questions that are designed
to be answered by clinicians. Third, multiple studies evalu-
ated scar characteristics such as pliability, thickness, and
vascularity from photographs. However, these characteris-
tics are impossible to evaluate on the basis of photographs
alone, as palpation of the skin is necessary to provide a
sound assessment. With the rise of e-health and telemedi-
cine, we anticipate that photographic scar assessment will
become more popular in the future. Therefore, we advise
to use instruments that take the pitfalls of 2-dimensional
evaluation into account.

Limitations and Future Research

Alimitation of this review is that we have only included
studies written in English. As a result, we may have failed
to capture specific scar aspects that are deemed important
in non-English speaking countries. Another important
drawback is that this review does not provide recommen-
dations on the best available instrument for measuring
scar quality. These recommendations are necessary to
encourage clinicians and researchers to start using the
same, most suitable instrument, and should be based on
critical evaluation of the content, the quality (ie, clini-
metric properties), and the feasibility of instruments."*!
However, before this can take place, it is of paramount
importance that internationally, patients, clinicians, and
researchers agree on which scar characteristics are es-
sential for a comprehensive measurement of scar quality.
The results of this study have formed the foundation of
an international Delphi study among many scar experts
(ie, professionals and researchers involved with scar eval-
uation) and an international focus group study among
scar patients, aiming to elucidate how scar quality must
be defined and measured from both perspectives. A uni-
versally established definition of scar quality will facilitate
the evaluation of content validity of outcome measure-
ment instruments, and therefore will assist in the process
of providing recommendations on the most appropriate
instrument. High-quality, standardized measurements
of scar quality will improve the evaluation of treatment
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strategies, and limit reporting bias in studies. In addition,
well-defined constructs help formulate clearly framed re-
search questions, which is highlighted in the Cochrane
handbook as the first and most important decision in pre-
paring a systematic review.” Furthermore, it will enhance
the comparability of study results worldwide, which will
not only increase the quality of systematic reviews but also
the level of evidence of the outcomes of meta-analyses on
scar quality in the future. Moreover, less studies will be
needed to come to a conclusion about the efficacy of scar
treatment, reducing the amount of research waste in this
field.
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