
                          Davies, P., Cuttle, L., & Young, A. (2021). A Scoping Review of the
Methodology Used in Studies of Genetic Influences on the
Development of Keloid or Hypertrophic Scarring in Adults and
Children After Acute Wounding. Advances in Wound Care , 10(10),
557-570. https://doi.org/10.1089/wound.2020.1386

Publisher's PDF, also known as Version of record
License (if available):
CC BY-NC
Link to published version (if available):
10.1089/wound.2020.1386

Link to publication record in Explore Bristol Research
PDF-document

This is the final published version of the article (version of record). It first appeared online via Mary Ann Liebert
at 10.1089/wound.2020.1386. Please refer to any applicable terms of use of the publisher.

University of Bristol - Explore Bristol Research
General rights

This document is made available in accordance with publisher policies. Please cite only the
published version using the reference above. Full terms of use are available:
http://www.bristol.ac.uk/red/research-policy/pure/user-guides/ebr-terms/

https://doi.org/10.1089/wound.2020.1386
https://doi.org/10.1089/wound.2020.1386
https://research-information.bris.ac.uk/en/publications/67a2dd21-0161-41e9-8922-b2ffe3def71c
https://research-information.bris.ac.uk/en/publications/67a2dd21-0161-41e9-8922-b2ffe3def71c


CRITICAL REVIEW ARTICLES

A Scoping Review of the Methodology Used
in Studies of Genetic Influences on the Development
of Keloid or Hypertrophic Scarring in Adults
and Children After Acute Wounding

Philippa Davies,1,i Leila Cuttle,2 and Amber Young1,3,*
1Bristol Center for Surgical Research and Bristol Biomedical Research Center, Bristol Medical School, University of Bristol,

Bristol, United Kingdom.
2Faculty of Health, School of Biomedical Sciences, Queensland University of Technology, Brisbane, Australia.
3Children’s Burn Research Center, University Hospital Bristol and Weston NHS Foundation Trust, Bristol, United Kingdom.
iORCID ID (https://orcid.org/0000-0002-2678-7126).

Significance: Keloid and hypertrophic scarring are common following acute
wounds. However, the variability in scarring outcomes between individuals
and in particular, the association between genetic factors and scarring, is not
well understood. This scoping review aims to summarize the methodology used
in studies of genetic influences on the development of keloid or hypertrophic
scarring in adults and children after acute wounding. The objectives were to
determine the study designs used, the characteristics of participants included,
the tools used to assess scarring and the length of follow-up after wounding.
Recent Advances: The review was conducted according to Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. Med-
line, Excerpta Medica Database (EMBASE), Web of Science, Biosciences In-
formation Service (BIOSIS), Prospective Register of Systematic Reviews
(PROSPERO), The Human Genetic Epidemiology (HuGE) Navigator (database
of genetic association studies), and the genome-wide association study Catalog
were searched from January 2008 to April 2020. Cohort studies and case–control
studies that examined the association between one or more genetic variations
and the development of keloid or hypertrophic scarring were eligible for inclu-
sion. A narrative synthesis that grouped studies by wound type was conducted.
Critical Issues: Nine studies met the inclusion criteria (five in burns, four surgi-
cal wounds, and none in other types of acute wounds). Seven assessed hyper-
trophic scarring, one keloid scarring, and one both scar types. Seven studies used
a prospective cohort design. All studies used subjective methods (clinician or
patient observation) to assess scarring. There was considerable variation in how
scar scales were operationalized.
Future Directions: This review identified a small body of evidence on genetic
susceptibility to scarring after acute wounding. Further studies are needed, and
in a wide range of populations, including patients with wounds caused by trauma.
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SCOPE OF THE REVIEW AND ITS
SIGNIFICANCE

This scoping review (a type of research syn-
thesis that aims to map the literature on a par-
ticular topic) focuses on the methodology used in
studies of the association of genetic variants and
the development of hypertrophic or keloid scarring
following acute wounding. It considers the study
designs used, characteristics of included partici-
pants and methods used to assess scarring. It is
the first review to address these issues. The review
brings together and provides an overview of the
small body of evidence in the area and makes rec-
ommendations for the conduct of future studies.

TRANSLATIONAL RELEVANCE

Studies of the association between genetic vari-
ants and the development of hypertrophic or keloid
scarring can increase understanding of which in-
dividuals are at risk of developing these types of
scars following acute wounding. This review focu-
ses on the methodology used in the small number
of studies conducted to date and makes recom-
mendations that will strengthen future research in
the area.

CLINICAL RELEVANCE

An increased understanding of how scarring
quality is influenced by genetic factors will help to
enable personalized patient management in acute
wound care. Scar prevention measures such as
pressure therapy, splinting, and silicones could be
better targeted at patients who are most at risk
of hypertrophic or keloid scarring, while avoiding
unnecessary treatment and hospital visits for those
who do not need such measures.

BACKGROUND

Scar formation is part of the body’s healing re-
sponse following wounding, such as surgery, burns,
lacerations, or other damage to the dermis (e.g.,
insect bites, skin piercing, vaccinations, infection).
While wound healing commonly results in some
form of blemish at the site of the wounding, some
individuals experience an excessive inflammatory
healing phase resulting in an imbalance between
the destruction and deposition of extracellular ma-
trix metabolism, and the development of hyper-
trophic or keloid scarring.1,2

Hypertrophic scars are typically raised with a
pink, purple, or red color from increased vascu-
larization or dyspigmentation (hyper- or hypopig-
mentation) and they do not extend beyond the
margins of the original wound.3 Keloid scars are

similar in appearance but continue to grow beyond
the confines of the original wound and invade
surrounding healthy skin.4

Studies have estimated the prevalence of hy-
pertrophic scarring to be between 32% and 72%
after burn injury5 and between 40% and 70% fol-
lowing surgery.6 Keloid scars are estimated to de-
velop in 5–15% of wounds.7 The impact of scarring
on patients’ lives is related to both physical and
psychosocial effects.8 Physical effects of scarring
include pain, itch, limited range of motion, and
sleep disturbances.9 Psychological effects include
reduced self-esteem and confidence and increased
levels of stigmatization, anxiety, and depression.10

The underlying cause for the difference in scar-
ring outcomes between individuals with similar
wounds is not well understood. A better under-
standing of who is at high risk of hypertrophic or
keloid scarring would mean that preventative
treatments such as pressure garment therapy and
silicone gel sheeting could be targeted appropri-
ately, improving outcomes for these patients while
also avoiding unnecessary treatments in patients
that do not need them and reducing costs to health
care systems.

Risk factors for hypertrophic scarring include
young age, bacterial wound infection, anatomical
area, skin tension, and the size and depth of the
injury.11,12 Some studies have also reported a
greater risk of hypertrophic scarring in individuals
with darker skin.13,14 Keloids usually present in
younger patients3 and are more common in indi-
viduals of African, Hispanic, and Asian descent.15

The varied incidence in ethnic populations, evi-
dence of familial heritability, and presence in twins
suggest that there may be a genetic susceptibility
to keloid scarring.4

Genetic epidemiology is the study of the role of
inherited factors in disease etiology.16 Candidate
gene and genome-wide association studies have
identified genetic variants that are associated with
the development of disease in clinical areas, includ-
ing type 2 diabetes, autoimmune diseases, and schi-
zophrenia.17 To date, there has only been a small
body of research on the genetic variants of scarring.

This scoping review aims to identify and sum-
marize the methodology used in studies of genetic
associations with the development of keloid or
hypertrophic scarring in adults and children after
acute wounding.

METHODS

A scoping review was conducted to inform the
design of a longitudinal burn cohort study to assess

558 DAVIES, CUTTLE, AND YOUNG



the impact of genetic composition on long-term
scarring. Scoping reviews have been defined as ‘‘a
type of knowledge synthesis, following a systematic
approach to map evidence on a topic and iden-
tify main concepts, theories, sources, and knowl-
edge gaps’’.18 This type of evidence synthesis can
be used to give an indication of the amount and
type of evidence available and to confirm the rele-
vance of inclusion criteria and potential review
questions.19

This review was conducted by following the
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) extension for scop-
ing reviews.18

The questions addressed by the review were:

� What types of study design have been used?

� What are the characteristics of participants
included in the studies?

� How long have studies followed up partici-
pants after the initial wound?

� Which tools have been used to assess scarring?

Eligibility criteria
Study designs suitable for inclusion were system-

atic reviews, cohort studies (prospective or retro-
spective), and case–control studies that examined
the association between one or more genetic vari-
ations and the development of keloid or hypertro-
phic scarring in patients of any age or race and
after any type of acute wound. Detailed inclusion
criteria are shown in Table 1.

Search methods
A systematic review published in 2009 of the

genetics of raised dermal scarring was identified.20

Studies included in this review were screened for

eligibility and new studies published beyond this
date were sought (the exact date of the search was
not published therefore searches were dated from
2008 to ensure overlap).

The following electronic databases were sear-
ched from January 1, 2008 to April 31, 2020:
Medline, Excerpta Medica Database (EMBASE),
Web of Science, Biosciences Information Service
(BIOSIS), Prospective Register of Systematic Re-
views (PROSPERO), The Human Genetic Epi-
demiology (HuGE) Navigator (database of genetic
association studies) and the genome-wide associ-
ation study (GWAS) Catalog, which captures
GWASs. The searches included terms for keloid
and hypertrophic scarring combined with terms for
genetics (see Supplementary Appendix S1 for a
sample Medline search strategy).

Reference lists of included studies and identified
systematic reviews were also screened for eligibil-
ity. Internet searches were conducted and experts
in the field contacted. Only English language pub-
lications were included. Conference abstracts were
excluded.

Study selection
Titles and abstracts identified by the searches

were screened by one reviewer (P.D.) and those
that were clearly irrelevant were excluded. A ran-
dom sample of 200 abstracts were selected and
screened independently by a second reviewer (A.Y.).
Full-text reports were obtained for all remaining
references and assessed against the inclusion cri-
teria by two independent reviewers (P.D. and A.Y.).
Disagreements were resolved by discussion or,
where agreement could not be reached, by consul-
tation with a third reviewer. The selection pro-
cess is shown in a PRISMA study selection flow
diagram21 in Fig. 1.

Table 1. Eligibility criteria

Question Components Details

Study design Systematic review
Randomized controlled trial
Cohort study (prospective or retrospective)
Case–control study

Population/setting Cohort study: Adults or children (>1 month old) with an acute wound of any etiology in any setting.
Case–control study: Cases are individuals/tissue samples with hypertrophic or keloid scarring. Controls are individuals/tissue

samples where a wound healed with normal or no scarring.
Exclusions: animal studies, in vitro studies, case–control studies using tissue samples where the case and control have been

taken from the same individual, acne (inflammatory skin condition).
Index prognostic factor Studies may investigate specific genetic markers (genetic variant studies) or be genome wide (genome-wide association

studies). Any method of genotyping will be considered.
Outcome (cohort studies) or definition

of cases (case–control studies).
Presence or extent of hypertrophic or keloid scarring assessed by a verified method (e.g., validated rating scale such as the VSS

or POSAS).
Timing A minimum of 6 months should have elapsed between the injury and outcome assessment

POSAS, Patient and Observer Scar Assessment Scale; VSS, Vancouver Scar Scale.
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Data extraction
Data were extracted using a standardized data

extraction form by one reviewer (P.D.). Any items
of uncertainty were referred to a second reviewer
(A.Y.).

Data were extracted on the following: study
details (author, year, country, setting, study de-
sign, length of follow up, study dates); population
(sample size, inclusion/exclusion criteria, method
of identification and recruitment, race, age, sex,
details of wound e.g., size, depth, cause of wound or
burn, length of time to healing, details of treat-
ments received e.g., dressings, topical agents, sur-
gical interventions); type of scarring (keloid or
hypertrophic), including details of any measure-
ment tool/instrument used and cutoff thresh-
olds; candidate genes investigated and genotyping
methods used; other prognostic factors for scarring
considered.

As this is a scoping review, our primary aim was
to provide an overview of research in the area as
opposed to providing estimates of the strength of
association between genetic variants and the de-

velopment of keloid or hypertrophic scarring. We
did not, therefore, conduct risk of bias assessment
of identified studies.19

Synthesis
Studies were grouped by population and a nar-

rative overview was conducted of the amount and
types of evidence available, populations consid-
ered, and scarring assessments made.

RESULTS

The searches of bibliographic databases retri-
eved 2,135 records and a further 16 were identified
from the 2009 review. After removing duplicates,
1,366 references were screened by title and ab-
stract. Agreement between the two reviewers for
the random sample of dual screened references
was 98% (Cohen’s j 0.9, 95% confidence interval
0.85–0.98). Full-text reports of 86 references were
obtained and screened against the prespecified
eligibility criteria. Seventy-seven articles were ex-
cluded (Fig. 1).

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram.
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The most common reasons for exclusion were
that the study population did not all have an acute
wound (e.g., the use of healthy controls in a case–
control study, n = 24, 31.2%), the study examined
gene expression and not genetic variation between
individuals (n = 14, 18.2%), and the study design did
not fit the inclusion criteria (i.e., not a cohort or case–
control design; n = 14, 18.2%).

Nine studies were identified that were eligible
for inclusion. Characteristics of the included stud-
ies are shown in Table 2. Five studies recruited
patients with burns22–26 and four recruited pati-
ents with surgical wounds.27–30 No other acute
wound studies were identified that met the inclu-
sion criteria.

Study design
All five burn wound studies used a prospective

cohort design where participants were recruited at
the time of wounding and followed up to evaluate
scarring (Table 2). All studies aimed to predict
hypertrophic scarring (no studies of keloid scarring
in burns patients were identified). Three looked
at the association of one of more candidate genes
with the development of scarring,22,24,25 one was
a GWAS23 and one an exome-wide association
study.26 The number of participants enrolled
across the five studies ranged from 300 to 953
(median 638, interquartile range [IQR] 501–717).
Four studies performed a sample size calculation
and reported that they were adequately powered.

Of the four surgical wound studies, two studies
used a prospective cohort design.27,30 One study
was a nested case–control design28 (all cases were
identified from a cohort and matched controls se-
lected from the same cohort) and the fourth used a
case–control design.29 Two studies focused on the
role of genetic variation in the development of hy-
pertrophic scarring,28,30 one of keloid scarring,29

and one of both hypertrophic and keloid scar-
ring (although no cases of keloid scarring were
detected).27

All of the surgical wound studies explored the
association of one of more candidate genes with the
development of scarring. There were no genome-
wide association studies identified. The number of
participants enrolled in the studies ranged from 72
to 874 (median 180, IQR 79–721). None of the
studies reported a sample size calculation.

Inclusion/exclusion criteria
Inclusion criteria required burn wound partici-

pants to be adults (‡18 years) in four studies22–25

with no age threshold in the fifth26 (Table 2). Four
studies recruited participants at risk of developing
hypertrophic scarring due to delayed healing or

having burns that were at least partial thickness in
depth. One study excluded participants with keloid
scarring (no reason given26).

Participants in all four acute surgical wound
studies were ‡18 years. Surgery was cesarean
section (n = 2),27,28 cardiac surgery (n = 1),29 and
melanoma excision (n = 1).30 One study excluded
people with recorded histories of pathological scar
formation or benign or malignant tumors 27 and
one excluded patients whose incision overlapped
with previous surgeries or trauma.28

Characteristics of study participants
The median age of burn wound participants

ranged from 39.0 to 40.0 years in the adult stud-
ies22–25 and was 27.9 years in the study that in-
cluded children26 (Table 3). The percentage of male
participants ranged from 57.9% to 71.0% (median
68.7, IQR 62.0–71.0%). The majority of partici-
pants in the studies were white/Caucasian (median
77.5%, IQR 76–79%).

The mean age of participants across the four
surgical wound studies ranged from 29.4 to 64.8
years. All participants were Chinese in one
study.27 No information about race was reported in
the other three studies (Table 3 for further details
of study participants). Further details of study
participants are shown in Table 3.

Methods used to assess scarring
All five burn wound studies22–26 evaluated

scarring using the Vancouver Scar Scale (VSS)
(Table 4). There was variability in how the studies
operationalized the VSS to determine hypertrophic
scarring. Two studies employed a dichotomous
outcome based on total VSS score (<7).24,25 The
other studies22,23,26 used one or more subscales of
the VSS separately and these were treated as con-
tinuous measures in the analyses (pigmentation
was dichotomized in one study22). Three studies
reported details of the scar scale assessor, as either
research nurses24,25 or study investigators22 and
two studies23,26 did not report who performed the
assessment. The median time of final scar assess-
ment ranged from 6.4 to 10.4 months.

Further details of the methods used to assess
scarring are reported in Table 4.

Two of the surgical wound studies assessed
scarring using the VSS,29,30 another used the
patient and observer scar assessment scale (PO-
SAS) and Scar Cosmesis Assessment and Rating
(SCAR) Scale,28 and the fourth study27 did not
use a rating scale, instead classifying scars as
normal, hypertrophic, or keloid based on defined
clinical features (time since surgery and physi-
cal appearance of the scar). There was variability
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in how the included studies operationalized the
scales to determine scarring.

Two of the surgical wound studies reported details
of who conducted the assessment (study investigators
or ‘‘trained examiners’’).28,30 Length of follow-up was
6 months in one study,28 12–18 months in a second,27

a mean of 13 months in the third study,30 and unclear
in the final study.29 Further details in Table 4.

Missing data
One burn wound study reported no missing

data.25 The percentage of participants that could
not be included in the analyses due to missing data
across the other four studies ranged from 15.7% to
25.2%.

Two surgical wound studies reported no missing
data.27,28 The percentage of participants that could
not be included in the analyses due to missing data
in the other two studies was 27%29 and 77%.30

Further details are reported in Table 3.

Comparison of studies of burns patients
and other types of wounds

The sample sizes of the studies of burns patients
(median 638 IQR 501–717)22–26 were larger than
those for studies of surgical wounds (median 180,
IQR 79–721),27–30 but this difference was not sta-
tistically significant (Mann–Whitney U, p = 0.14).
Where studies reported a dichotomous outcome
(i.e., presence or absence) of hypertrophic or keloid
scarring, a much higher percentage of participants
in the burns’ studies developed these forms of
scarring than in the studies of other types of wound
(46.1% vs. 10.7%, w2 = 123.7, p < 0.00124,25,27–29).

Length of follow-up was shorter in most of the
burns’ studies than length of follow-up in studies of
surgical wounds, although there was some over-
lap between studies (between 3 and 12 months in
the burns’ studies, and 6 and 18 months, where
reported, in the surgical studies).

DISCUSSION

This scoping review aimed to summarize the
methodology used in studies of genetic associations
with the development of keloid or hypertrophic
scarring after acute wound injury in adults and
children. We identified a small body of evidence in
burns patients and those with surgical wounds. No
studies of other types of wounds (e.g., trauma) were
identified. Most studies looked at the association
between genetic variants and hypertrophic scarring
rather than keloid outcomes. Only one study clearly
reported that all participants had been followed up
for at least a year. More than three quarters of in-
cluded participants were white in five of the six
studies that reported information about race.

Seven of the nine studies included in this review
used a prospective cohort design (participants were
recruited at the time of wounding and followed up
over time to determine the incidence of hypertrophic
or keloid scarring). Case–control studies are com-
mon in genetic association research31 as they are
faster and less costly to conduct than cohort studies
(in a case–control study, participants are recruited
based on outcome status and exposure is retrospec-
tively determined).32 However, case–control studies
can be biased if the controls are not selected from the
same population as the cases and have therefore not
had the same potential to be diagnosed as a case.31

The retrospective nature of data collection in
case–control studies can also be a source of bias. In
studies of genetic association, the presence or ab-
sence of genetic variants can be reliably assessed
retrospectively, but other characteristics of par-
ticipants that may affect the outcome (e.g., treat-
ment received) can be subject to recall bias,
inaccurate recording, or inconsistent measurement
between participants.33 Cohort studies follow up
participants selected from one population and, if
prospectively designed, the investigator has com-
plete control over the data that are collected on
participants.33 Thus they can avoid the biases in-
herent in case–control studies.

Many of the included studies did not report a
sample size calculation. Lack of statistical power is a
common problem in genetics research.34 Most genes
contributing to complex disorders are associated
with only a very modest increase in disease risk, and
so large samples are needed to detect these with
sufficient power.35 It is important therefore that
researchers estimate the required sample size when
planning their study using appropriate methods.36

All of the studies relied on subjective methods to
assess scarring (based on observer or patient opinion).
Objective measurement tools such as imaging devices
have been developed but studies to evaluate their
accuracy and reliability are scarce.37 Most studies
used rating scales, such as the VSS38 and POSAS,39 to
determine scarring, but there was considerable het-
erogeneity in how scales were operationalized.

Comparability of studies would be increased by
using the same outcome definition and measure-
ment sale.40 However, there is currently no con-
sensus on which scar scale is best,41 what score on a
scale constitutes clinically relevant hypertrophic or
keloid scarring,42 or even how hypertrophic and
keloid scarring are defined.43 Most scar scales rely
on clinicians’ judgment rather than the patients’
opinion. Consequently, their focus is on a relatively
narrow range of features that do not incorporate
patient-observed issues such as pain and itch41 and
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the cosmetic, functional, and psychologi-
cal sequalae of scarring.44

Scar quality is affected by length of
follow-up, which was short in many
studies, particularly in those involv-
ing burns patients. Improvements in
scar quality have been observed in the
12–36 months following both burns45

and incisional scars.46 A shorter length
of follow-up may therefore have resulted
in the misclassification of scarring in
some included studies.

This scoping review has established
several gaps in the literature. First, no
studies were identified involving pati-
ents with acute wounds due to trauma.
Second, very few studies of keloid scarring
were identified. Finally, the majority of
participants in the included studies were
white/Caucasian, which may limit the generaliz-
ability of their findings to other ethnic groups. Epi-
genetic and environmental factors may also play a
role in the development of hypertrophic or keloid
scarring.47 These were not the focus of this review.

Some potential limitations of our review should
be acknowledged. First, the review was limited to
English language publications for pragmatic rea-
sons. Conference abstracts were also excluded
as these would not have contained sufficient in-
formation about study methodology. It is possible
therefore that a complete set of studies was not
identified. Second, only 15% of references were
screened by two reviewers. However, interrater
reliability for the dual screened references was
high, indicating a strong degree of confidence in
the selection process.

Finally, our review was hampered by the quality
of reporting in the included studies, many of which
did not report details such as numbers eligible,
detailed inclusion and exclusion criteria, power
calculations, or treatments received by partici-
pants to reduce or prevent scarring. It is important
that studies are reported fully and transparently.
It is recommended that researchers consult the
STrengthening the REporting of Genetic Associa-
tion Studies (STREGA) guidelines48 for the re-
porting of genetic association studies when
publishing their studies.

SUMMARY

This article reports the findings of a scoping
review of the methodology used in studies of ge-
netic influences on the development of keloid or

hypertrophic scarring in adults and children. A
small body of evidence was identified in burns and
surgical patients, and mostly relating to hypertro-
phic scarring.

Further studies are needed, especially of keloid
scarring, and in a wider range of populations, in-
cluding patients with wounds caused by trauma.
Future studies should recruit large and ethnically
diverse populations and follow up participants for
at least 12–36 months to allow for adequate scar
maturation.41,42 The methodological literature sup-
ports the use of a prospective cohort design to re-
duce the risk of bias in the findings.32,33 Further
research to achieve consensus on how scar quality
should be defined and measured is also needed.44,49
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TAKE-HOME MESSAGES

� An increased understanding of who is at risk of developing hypertrophic
or keloid scarring will facilitate personalized medicine, where scar pre-
vention measures can be targeted at those patients who need them most.

� A small body of evidence exists on the association between genetic
variants and hypertrophic or keloid scarring following acute wounding.

� All studies have been conducted in patients who have experienced burns
or surgical wounds and mostly of hypertrophic scarring.

� Sample sizes were small, participants were mostly white/Caucasian,
and length of follow-up was often too short to allow adequate scar
maturation.

� It is recommended that future research uses a prospective cohort design,
recruiting large samples of participants from ethnically diverse popula-
tions and following up participants for at least 12 months.

� Further research and consensus on how to define and measure scar
severity is needed.
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SNP ¼ single nucleotide polymorphism

STREGA ¼ STrengthening the REporting
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