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1. Background

Scarring after a burn may lead to reduced body esteem [1],
reduced quality of life [2-4], and symptoms such as itch and pain
[5,6] which canimpact on sleep and return to work for years after
the injury has occurred [7]. Thus, the identification of successful
interventions to effectively manage scarring after-burn is
important for burn patients and the professionals treating them.

Many intervention studies have relied on a burn scar rating
scale as the sole method to evaluate scarring [8-17]. However, the
ability to evaluate the effectiveness of interventions is hampered
by a lack of high quality scar rating scales, as found in a recent
systematic review [18] which investigated the clinimetric
properties of 18 burn scar rating scales. In that review by Tyack,
a high quality rating could be given to only one component of the
patient observer scar assessment scale (POSAS).

While systematic reviews of the quality of scales are useful
for guiding researchers and clinicians, these reviews should be
interpreted in the context of the studies included (i.e.,
characteristics of the participants, whether there is sufficient
support for testing at a single point in time versus testing over

time) [19,20]. Recognition of the importance of these contexts
can guide further testing and refinement of existing burn scar
rating scales or the development and testing of new burn scar
rating scales. To date, systematic reviews of burn scar scales
have failed to consider these contexts, despite being highlight-
ed in other systematic reviews [21-23].

Thus, this paper provides a guide to choosing the most
appropriate burn scar rating scale based on the required
content and purpose; and the characteristics of the burn
population with whom the scale will be used. The feasibility of
administering the scales is also reviewed as clinicians are
likely to rely heavily on this feature in practice. In addition,
this paper will update the current evidence for the clinimetric
quality of available burn scar rating scales.

2. Method
2.1. Data sources and search strategy
An electronic search of Medline, CINAHL, and EMBASE

databases from 1990 to 2011 were used to identify English
articles related to burn scar rating scales in the original
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Table 1 - Summary of the clinimetric quality and interpretability of burn scar rating scales.

Measure Publication Content Construct Internal Reliability® Responsiveness Interpretability
year validity validity consistency

VSS [34] 1990 0 ? 0 ? ? 0
MVSS [Baryza, [46]] 1995 0 ? 0 0 ? ?
MVSS [Draaijers, [39]] 2004 0 ? ? - 0 0
MVSS [Nedelec, [29]] 2000 0 ? 0 ? 0 0
MVSS [Oliveira, [36]] 2005 0 ? 0 0 ? ?
POSAS [35] 2004 ? 2b ? e ? ?
MAPS [52] 2005 ? ? 0 ? ? 0
VAS [Masters, [52]] 2005 ? 0 0 0 ? 0
Rating: + = high quality; ? = indeterminate, — = low quality, 0 = no data available (as per Terwee [19]).

@ Reliability has been scored for 1 rater only as this is most clinically viable.
 Indeterminate evidence in general however 1 study has demonstrated some high quality evidence of validity consistent with the hypothesis.

¢ Vascularity subscale and total scores only.

systematic review by Tyack et al. [18]. Therefore, an updated
literature search was performed in MEDLINE, CINAHL, and
EMBASE from 2010 to 2012 using keywords such as ‘burns’
and ‘thermal injury’ with ‘scar’, ‘cicatrix’, ‘rating’, ‘assess-
ment’, ‘measure’, ‘tool’ or ‘Seattle’, ‘Hamilton’, ‘pruritis’,
‘elastic’, ‘thick’, ‘volume’, ‘hypertrophic’, ‘vascular’, ‘col-
our’, ‘evaluation’, ‘quantify’, ‘outcome’, ‘spectrophometry’.
All searches were limited to articles in English and humans
only. Only scales that had evidence of testingin two or more
clinimetric areas were included (refer to Table 1). These
clinimetric areas included validity, reliability, responsive-
ness (as a component of validity) and interpretability. An
additional recent paper [24] was included to review the
feasibility of scar rating scales.

2.2. Clinimetric criteria for reviewing the purpose of each
scale
2.2.1. Burn scar rating scales for discriminative purposes

(distinguishing between patient groups)

To be recommended as a tool to assess differences between
individuals at a single point in time, a scale was required to
display both validity and reliability. Validity is ideally
demonstrated by showing that the scale is consistent with
an accepted external measure at a single point in time [25]
while reliability is demonstrated by either test-retest
reliability in stable subjects or inter-rater reliability [20].
A reliability coefficient of 0.7 or greater was used as a
threshold to judge whether acceptable reliability had been
achieved [19].

2.2.2. Burn scar rating scales for longitudinal evaluative
purposes (measuring change over time within patient groups)
To be recommended as a tool for measuring change over two
or more time points, the scale was required to demonstrate
validity (ideally longitudinal validity) [19,25]; reliability and
responsiveness. Reliability was ideally demonstrated by test-
retest reliability in stable subjects [25] for which coefficients
exceed 0.5 [20], or a small measurement error determined
when absolute measurement error was less than the minimal
important change [19,20]. Responsiveness was ideally demon-
strated using an external criterion or anchor-based method to
determine the clinical importance of change [19]. For some
papers responsiveness data were calculated using the means

and standard deviations reported in treatment effectiveness
studies by the authors of this paper.

2.2.3. Burn scar rating scales for predictive purposes

To be recommended for predicting concurrent or future
outcomes (predictive) the measure was required to have at
least some support for validity (ideally between the measure
and an external measure at a single point in time) [25]; in
addition to support for reliability (i.e., test-retest reliability in
stable subjects or interrater reliability) [20,26].

2.3. Characteristics of subjects

For scar assessment, the age of participants, gender, scar site,
number of surgical procedures, type of graft, time to wound
healing, depth of burn, and time after-burn were important
characteristics to consider due to their influence on the
physical properties of the skin or scar [17,27-31]. We also chose
to include studies that addressed number of surgical proce-
dures, type of graft, and time to wound healing as they were
found to be risk factors for hypertrophic scarring [32].

Only those characteristics that varied most across scales
(i.e., age, gender, time after-burn) are presented in Table 2 as
decisions regarding those characteristics need to be made to
guide the choice of scar scale. Where very small numbers of
children or lower limb scar sites were tested in studies (i.e.,
two or fewer), the scale was not considered to have been
tested in these sub-groups. Recommendations were made
for choosing a scale based on the characteristics of the
sample tested (i.e., age, gender), when 50% or more of the
studies providing evidence for a clinimetric area reported
information on that characteristic. A summary of informa-
tion across all clinimetric properties is presented in Table 2
when evidence was available for at least two clinimetric
properties of the scale (e.g., information regarding gender
was available for validity and responsiveness of the POSAS
although not for other clinimetric properties so was
summarised in Table 2).

3. Results

The 29 papers included in the recent systematic review [18]
were included in this paper [15,29,33-59] along with an



Table 2 - Guide to choosing a burn scar rating scale.?

Scale Purpose Content Sample characteristics Feasibility
Evaluation Evaluation at two  Patient-report itch Children® Adults® Males? Females Time Fast to administer Available in
at a single or more time and pain scale post-burn (<10 mins) a published paper®

time point points (longitudinal)

VSS [34] X I X = I I I 0-100 months - Yes

MVSS [Baryza [46]] X X X v (16+) v v v - - Yes

MVSS [Draaijers, [35]] x X X v (15+) - - - 3 months to - Yes
360 months

MVSS [Nedelec, [29]] x X » - 1/ v 2-9 months Yes Yes

MVSS [Oliveira, [36]] P X v v 2-17 X - - <24 months - Yes

POSAS [35] I v 4 v 12+ - v v 3 months to Yes Yes
>360 months

MAPS [52] X X X X I - - - No No

VAS [Masters, [52]] X X v X v - - 1-19 months - No

MVSS (Oliviera) tested in children only; POSAS 15-85 years; MAPS 18-79 years; VAS Masters no information.

& = Some testing; x = no testing; - = insufficient testing or no information provided on testing for that group.

® The minimum age of testing in children where information was available: VSS (Sullivan) 3 years+; MVSS (Baryza) 16 years+; MVSS (Draaijers) 15 years+; MVSS (Nedelec) 10 years+; MVSS (Oliviera) 2—
17 years; POSAS 12 years+; MAPS and VAS (Masters) tested in adults only.

¢ Age of testing in adults: VSS (Sullivan) 18-75 years; MVSS (Baryza) 18-65 years; MVSS (Draaijers) 18-73 years; MVSS (Nedelec) 18-74 years.

d Percentage of males tested across studies that reported information on gender: VSS (Sullivan) 60-100%; MVSS (Baryza) 44-74%; MVSS (Draaijers) no information; MVSS (Nedelec) 66-80%; mVSS
(Oliviera) 60%; POSAS 50-57%; MAPS 86%; VAS (Masters) no information.

¢ References where scales are published: VSS (Sullivan) (34); MVSS (Baryza) [46]; MVSS (Draaijers) [35]; MVSS (Nedelec) [29,42,43,48], MVSS (Oliviera) [36]; POSAS [35].

et
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additional seven new papers that were identified in an
updated literature search [10,14,60-63].

The updated clinimetric properties of the scar rating
scales are summarised in Table 1. The only change to the
previously published summary of clinimetric properties
was for the POSAS where preliminary evidence of respon-
siveness from a prospective cohort study [60], showed a
moderate effect size between pre-operative and post-
operative percutaneous collagen induction therapy scores
(Cohen’s d=0.59). However, the evidence was rated
indeterminate due to the lack of clear hypotheses and
with no data indicating whether this change was clinically
meaningful.

Additional preliminary evidence for responsiveness was
also available for the Vancouver Scar Scale (VSS) (Sullivan)
from a study looking at the effectiveness of two silicone gel
treatments and topical onion extract, with the smallest
effect size being for the topical onion extract group
(Cohen’s d =2.36; large effect size) [14]. For the modified
Vancouver Scar Scale (MVSS) (Baryza), preliminary evi-
dence of responsiveness was available from a single cohort
study which examined the effectiveness of combined
dermabrasion and thin skin graft with allograft surgical
treatment for depigmentation (Cohen’s d=3.84; large
effect size) [9]. However no changes to the clinimetric
properties of scales occurred as a result of additional
evidence of validity or responsiveness.

We pose a series of questions below that are designed to
assist the reader in choosing the most appropriate burn scar
rating scale for their purpose. These questions are supported
by further detail in Table 2 which presents information on the
characteristics of subjects and the availability of the scale
from a published paper. Two scenarios are presented to
illustrate the use of information in the text and the tables to
guide the selection of a scar rating scale for clinicians and
researchers.

3.1.  What is the preferred content of the scale?

3.1.1. Patient opinion of scarring and patient reported
symptoms

If the inclusion of the patient’s overall opinion of the scar
appearance, itch or pain is important then the POSAS is
recommended. However, this recommendation is based on
minimal testing of reliability [35], no testing of validity in
children aged less than 12 years [62], and testing using
insufficient numbers for children to provide high quality
evidence. As even less testing has occurred using other patient
scales (ie., MVSS Oliviera; MVSS Nedelec; VAS Masters) these
scales are not recommended.

3.1.2. Physical properties of scarring

The majority of scales [the VSS (Sullivan), MVSS (Baryza),
MVSS (Draaijers), MVSS (Nedelec), MVSS (Oliviera), and
POSAS observer scale] can be considered if vascularity or
colour, height or thickness, pliability or pigmentation is
important. Only the POSAS observer scale contains a
relevant item to assess surface irregularity [35] and the
MAPS is the only scale to assess border height of the scar
[52].

3.2 What is the intended purpose of the measure —
measurement at a single time point to discriminate between
subjects or groups of subjects, or measurement over time to
detect change within subjects?

3.2.1. Single time point

For measurement at a single point in time the POSAS is
recommended. Evidence from several studies supported inter-
rater reliability and validity using an external criterion at a
single point in time [35,39,54,62]. The VSS (Sullivan) was not
recommended as inter-rater reliability was not demonstrated
[29,36] and no evidence of other reliability was available.

3.2.2.  Multiple time points

For measurement over time to detect change within subjects,
either the POSAS or VSS (Sullivan) is recommended. Prelimi-
nary evidence was available for responsiveness of the POSAS
in the form of a treatment effect over time, using data from
Aust [60]. The MVSS (Nedelec) and MAPS had evidence for test-
retest reliability however did not have evidence for respon-
siveness, thus these scales were not recommended.

3.3. What are the characteristics of the sample to be
assessed?

The application of clinimetric findings to populations with
characteristics other than those tested needs careful
consideration. For example, current evidence does not
support the extrapolation of findings based on testing of
adult males to adult females with burn scarring, as burn
scarring in adults has been found to be influenced by gender
[32]. However, no such evidence exists in children. Whilst
the clinimetric properties of each scale were examined using
the characteristics of the groups or subgroups tested (where
sufficient information was available) no changes to the
clinimetric quality of the scales resulted (Table 1). This was
in part due to the small sample size of sub-groups tested in
many studies (i.e., less than 50). For example, in the study by
Jarrett [55] despite testing sufficient numbers of scar sites in
one subgroup (e.g., males) but not another (e.g., females) for
ahigh qualityrating; there were other methodologicalissues
that prevented a high quality rating for the subgroup of
males. A summary of the characteristics of subjects tested is
presented in the proceeding text and Table 2 to guide
decisions regarding the characteristics that are important to
consider.

3.3.1. Age

All scales except for the MVSS (Oliviera) can be considered
for assessing burn scars in adults and older children as
these scales were tested in these groups (refer Table 2 for
details).

Only the MVSS (Oliviera) can be considered for assessing
burn scars in children across a wide age-range; with children
aged 2-17 tested in a single study. Other scales such as the
POSAS can be considered for older children (refer Table 2 for
details), however details such as the age and gender of the
older children were not available. This lack of information
meant the clinimetric properties of scales tested using older
children were unable to be examined separately from adults.
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3.3.2.  Gender

The VSS (Sullivan), MVSS (Baryza), MVSS (Nedelec) and
POSAS can be considered for testing males or females.
However, the majority of testing occurred in males. For
example, in studies testing the VSS (Sullivan) 60-100% of
the participants were males where information was
available.

3.3.3. Ethnicity
The VAS (Masters) can be considered for testing Caucasian
subjects as it was tested solely using Caucasian subjects.
Whilst the MVSS (Nedelec) [42,43] and MVSS (Oliviera) [36] can
be considered for testing Fitzpatrick skin typesI to VI, minimal
testing of Fitzpatrick skin type V and VI occured, thus caution
needs to be exercised when generalising results to skin type V
and VI

Most of the scales [VSS (Sullivan), mVSS (Baryza), POSAS,
MAPS, VAS] received some testing using Caucasian subjects
butinformation on ethnicity was provided by only one study
for most of the scales [MVSS (Baryza), MVSS (Oliviera), MVSS
(Nedelec), POSAS, MAPS, VAS]. A lack of information on the
breakdown of ethnicity in many studies prevented evalua-
tion of the clinimetric properties using different ethnic
groups.

3.3.4. Burn depth and time after-burn

The MVSS (Baryza) can be considered for testing deep dermal
burns when validity is the area of interest as testing occurred
using this depth of injury in a study with evidence for validity
[10]. A lack of information on the burn depths of scar sites
tested (e.g., the number of scar sites that had full thickness
burns versus deep partial burns) in studies pertaining to all of
the scales, meant other recommendations were not able to be
provided.

With respect to the time after-burn, all of the scales except
the MVSS (Baryza), MVSS (Nedelec), and MAPS can be
considered for testing in the first months to first few years
after-burn (refer Table 2 for details), as testing occurred in the
first few months after-burn to years. Wide variation in the
information reported in studies testing the MVSS (Baryza) and
a lack of information in studies testing the MAPS meant
information could not be summarised for these scales. The
MVSS (Nedelec) can only be recommended for testing burns
two to nine months after-burn as no testing occured outside
this period.

3.3.5. Location of the scarring

The majority of the scales [VSS (Sullivan), MVSS (Baryza),
MVSS (Nedelec), POSAS] were tested predominantly on the
upper limb using information from studies in which a
breakdown of scar sites was provided. A much smaller
number of other scar sites (i.e., lower limb, trunk, face,
head and neck) were tested across studies (e.g., 12 other
sites for the VSS (Sullivan) compared to 20 upper limb sites
and 8 other sites for the MVSS (Baryza) compared to 68
upper limb scar sites. Whilst the MVSS (Oliviera) was
tested in thigh and forearm sites only no breakdown of the
percentage of each site was provided. No information on
scar sites tested was available for the MAPS or VAS
(Masters).

3.4. Is feasibility important (including time to administer
and ease of administration)?

3.4.1. Administration time

Based on available information, the MVSS (Nedelec) and
POSAS scales are recommended if a short administration time
of less than 5 minutes is required. The MAPS may take up to
20 minutes [55]. Administration time was not available for all
other reviewed scales.

3.4.2. Scale availability, readability and comprehensiveness,
ease of administration and scoring

Only the MAPS is not available in a published paper unlike the
other scar rating scales, with contact with the original authors
required to obtain the scale and the reference colour
photographs [18]. The references for published papers that
contain the scales are provided below Table 2. No formal
testing of the readability and comprehensibility has been
completed for any of the scales by intended users [18] thus no
recommendation can be provided on these aspects. Ease of
completion, scoring and interpretation have been tested for
the POSAS and MVSS (Nedelec) with therapists scoring the
MVSS (Nedelec) as easier to complete, score and interpret than
the POSAS [24].

4. Application to practice scenarios
4.1.  Scenario (1)

Researchers are planning to conduct a controlled, longitudinal
study in an Australian hospital at multiple time-points;
comparing the effectiveness of pressure garments and silicone
to a control group who received pressure only. The sample will
include Causasian adolescents and adults after-burn aged 13
years or older at the time of skin healing to 18-months. The
researchers are particularly interested in assessing itch and
pain, as well as the height and pliability of scars. As objective
scar assessment tools will also be administered in the study
(i.e., ultrasound, cutometer) a short administration time is
preferred, although the responsiveness of the measure is the
primary consideration.

4.1.1. Recommended approach to selecting an appropriate
scale for scenario 1

For an adolescent and adults smaple the MVSS (Baryza), MVSS
(Draaijers) and POSAS would be suitable. However, as the
MVSS (Baryza) and POSAS have been tested predominantly
using upper extremity sites the authors decide they will also
need to do some clinimetric testing using other sites if they
choose one of these measures, as they do not consider it
reasonable to assume the estimates of validity and reliability
for these scales can be extended to other scar sites in their
study (i.e., face/head, torso and lower extremity). In terms of
feasibility, the POSAS is likely to take a little longer than the
other measures; however, considering the longitudinal nature
of the study, the researchers can see from Table 2 that the
POSAS is one of the only measures with a patient-report scale
including itch and pain that has been tested in adults and
adolescents. The researchers also observe that the response
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scale of the POSAS has more points than the other scales
making it more likely to pick up changes over time. So the
POSAS is selected for the study.

4.2, Scenario 2

Burn surgeons wish to monitor the severity of scarring
routinely in children aged 0 to 14 years with burns attending
a paediatric outpatient clinic at 6-months after-burn. They will
focus on measuring the physical properties of the worst area
of burn scarring. The measure will be administered by
occupational and physiotherapists in a busy outpatient burn
clinic. Feasibility is a primary consideration, however, it is the
intention of the surgeons to publish their findings thus
clinimetric properties are also considered important.

4.2.1. Recommended approach to selecting an appropriate
scale for scenario 2

Using Table 2, the surgeons start by looking at the
feasibility column and consider the POSAS and the MVSS
(Nedelec) but not the MAPS, which can take up to
20 minutes to administer. However, the surgeons notice
from Table 2 that only the POSAS has evidence to support
use at a single point in time and that testing has only been
conducted in children 12 years or older. Despite this, the
surgeons decide to use the MVSS (Nedelec) as they only
want to focus on the physical properties of scarring and as
they have read that therapists consider the MVSS (Nedelec)
easier to administer, score and interpret than the POSAS.
However, they decide to test the inter-rater reliability of
the MVSS (Nedelec) on their sample of children aged 0 to 14
years with burn scarring before finally committing to use of
the MVSS (Nedelec); as multiple therapists will be using the
measure, and to strengthen the evidence for use in
children younger than 12 years. They decide to conduct
reliability testing on upper limb sites and Caucasian
children only as they wish to commence their study
shortly and believe it will require too many subjects to
test reliability of the MVSS (Nedelec) on other sites and
with other ethnic sub-groups. Whilst the surgeons are aware of
evidence of the influence of gender on scarringin adults they are
aware of no such evidence in children so decide not to consider
gender when selecting a scar scale for children. The column for
time after-burn in Table 2 indicates that most of the scales are
suitable for assessing scars at 6-months. From Table 1 the
surgeons see that there is indeterminate evidence for the
construct validity of the MVSS (Nedelec) which is similar to the
rating for the POSAS that further supports their decision to
prioritise feasibility.

5. Discussion

The aim of this paper was to provide clinicians and
researchers with a guide to choosing a burn scar rating scale
with a unique focus on the purpose of the scale and the
characteristics of the patient sample with whom the scale will
be used. We recommend the POSAS for discriminating
between patient groups and both the POSAS and VSS (Sullivan)
for measuring change over time.

However, if a scale needs to be used with children, a skin
type or ethnicity other than Caucasian, or scar sites other than
the upper limb then the choice of scales is more limited due to
alack of testing in these sub-groups. The choice of scale can be
made by combining the purpose of the scale (i.e., discriminat-
ing between groups or measuring change) with the required
content and sample characteristics, and feasibility features
(see Table 2); as illustrated by the scenarios presented.

The importance of interpreting the clinimetric properties of
a scale in light of

the sample characteristics has been emphasised by experts
in the area of

scale development and testing [19,20], as well as in
systematic reviews of outcome measures for groups including
children experiencing pain [21], bracial plexus injuries [22],
and children with congenital hemiplegia [23]. We have
presented a synthesis of research in these areas as well as
other areas to highlight the importance of considering validity
and reliability in the context of the sample characteristics and
the purpose for using the scale. The guide presented in Table 2
included the sample characteristics of age, gender and time
after burn as there was little variation in other characteristics
across studies. However, much of the evidence of the
influence of these factors on burn scarring originates from
one retrospective study of adult burn patients [32]. Thus,
prospective studies are needed to confirm the importance of
these characteristics particularly in children.

Where scale testing has not included people with dark
brown or black pigmented skin, minimal females, children
and scar sites apart from the upper limb, then further testing
should occur using sufficient numbers of these groups (refer
Terwee [19] for guidelines). Whilst the authors included
sample characteristics shown to influence the skin or scarring
it may be that there are other factors that are important to
consider when selecting a burn scar scale. A greater level of
detail regarding sample characteristics in future studies would
assist in advancing evidence regarding the scales most
suitable for testing groups (or sub-groups).

While the patient scale of the POSAS was recommended for
evaluating patient-reported symptoms, this recommendation
was based on minimal evidence to support the clinimetric
properties of the scale. Further testing of patient scales is
needed as the importance of evaluating patient reported
symptoms of scarring such as itch has been highlighted by
studies that have linked itch to wound healing and scarring
after-burn [6,64].

The purpose of scales included in this paper was not
discussed by the original authors of any of the burn rating
scales; however, most have been used for discriminative
purposes (determining differences between groups). However,
scales are often used for purposes other than what they were
originally designed for without issues [20] — a view adopted by
the authors of this paper. For example, a scale designed for
evaluating scarring at a single pointin time in a clinical setting
may then be used for predicting quality of life at scar
maturation. However, it must be recognised that in order to
use the scale for multiple purposes the scale must meet the
criteria necessary for each and every measurement purpose
for which it will be used (i.e., evaluative, predictive, discrimi-
native) [20]. No scale met all of the ideal criteria for use at a
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single point in time (discriminative) or to measure change over
time (evaluative). Thus recommendations were made using
evidence of other types of validity or reliability.

Whilst feasibility has been reported as a priority for
clinicians in their choice of a scar assessment scale [65], it
is argued that for researchers a higher priority should be
placed upon sound clinimetric properties of a chosen scale.
For clinicians a balance needs to be achieved between
feasibility and sound clinimetric properties as there is limited
benefit in selecting a scale that takes a short time to
administer if the information it yields is of poor quality [20].
Surveys of burn health professionals [24,65] have found the
MVSS (Nedelec) faster to administer and preferred by
therapists over the POSAS due to ease of completion and
ease of interpretation of the descriptors. Further testing of the
feasibility of scales is required to broaden evidence in this
area.

6. Conclusions

The selection of burn scar rating scales needs to be matched
to the content and purpose of the scale as well as the
characteristics of the sample and the feasibility of the scale. A
summary of all of these features has been presented in
addition to an update on the clinimetric properties of scales to
guide the selection of burn scarratingscales for clinicians and
researchers for discriminative or evaluative purposes. No
scale met all of the ideal criteria for use at a single point in
time (discriminative) or to measure change over time
(evaluative).
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