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ABSTRACT

Hypertrophic scars (HTS) are elevated scars which
occur due to abnormalities in wound healing after
injury and may be associated with pain, pruritus and
functional impairment. Despite multiple available
treatment options, there is no universal approach to
treating HTS. We searched the Web of Science (Core
Collection), MEDLINE and EMBASE databases. Title,
abstract and full-text screening, along with data
extraction, were performed in duplicate. Risk of bias
was assessed using the Cochrane risk-of-bias tool.
The Vancouver Scar Scale (VSS) scores and mean
differences were used for meta-analysis. We
screened 3800 abstracts and included 34 randomised
controlled trials evaluating treatments for HTS in
adults. Silicone and laser modalities improved VSS
scores by 5.06 (95% CI: 6.78, 3.34) and 3.56 (95% CI:
5.58, 1.54), respectively. Intralesional triamcinolone
combined with silicone or 5-fluorouracil was supe-
rior to intralesional triamcinolone monotherapy.
Limitations of this study include exclusion of studies
which did not utilise VSS, and pooling of studies
based on common modalities. Further studies are
needed to examine the efficacy of existing and

emerging treatment modalities for HTS. Our study
supports the treatment of HTS in adults with silicone
gel or sheets, injected triamcinolone (preferably
combined with 5-fluorouracil or silicone products),
pulsed dye laser and fractionated CO2 laser.

Key words: hypertrophic scar, management, review,
treatment, wound healing.

Abbreviations:

5-FU 5-fluorouracil
AE adverse event
BTX-A botulinum toxin type A
CO2 carbon dioxide
ECM extracellular matrix
Er:YAG erbium yttrium aluminium garnet
FCO2 fractional CO2

GAS global assessment score
HTS hypertrophic scars
IPL intense pulsed light
ITT intention-to-treat
MD mean differences
MSS Manchester Scar Scale
NAFR non-ablative fractional resurfacing
Nd:YAG neodymium-doped yttrium aluminium garnet
PDL pulsed dye laser
PGA patient global assessment
PhGA physician global assessment
POSAS Patient and Observer Scar Scale
RCT randomised controlled trial
ROB risk of bias
SD standard deviation
TAC triamcinolone acetonide
VAS visual analog scale
VSS Vancouver Scar Scale
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WHAT THIS RESEARCH ADDS

• What this research adds is a rigorous up to date
review of the management of a common and
important problem.

INTRODUCTION

Hypertrophic scars (HTS) are visible, elevated scars caused
by abnormal wound-healing processes secondary to der-
mal injury1 and may result in pain, pruritus, reduced aes-
thetics and functional impairment.2–4 HTS occur when
there is either an insufficient degradation or remodelling
of extracellular matrix (ECM) proteins due to imbalances
in the expression of matrix metalloproteinases, or due to
excessive ECM deposition from hyperactivity of fibroblasts
and myofibroblasts.1 Although HTS may form after any
mechanism of skin injury, they are estimated to occur in
40–70% of surgical patients, in up to 90% of burn patients2

and in 14% of patients with acne.5

Current guidelines recommend silicone sheets or gel as
a first-line agent for preventing and treating HTS.6,7 Sili-
cone promotes hydration and subsequently decreases cap-
illary activity and collagen deposition but can cause
contact dermatitis.6,7 Other studies support the use of
intralesional injection of triamcinolone acetonide (TAC),
which decreases inflammation while increasing vasodila-
tion,8 but is associated with increased risk for hypopig-
mentation, skin atrophy and telangiectases.7 Several
reports utilised novel treatment modalities, including
lasers, and pressure garments.9 Despite the numerous
treatment options available, there is no universally
accepted approach to managing HTS. The aim of this sys-
tematic review was to determine the most effective treat-
ment options for HTS in adults.

METHODS

We conducted a systematic review of the literature adher-
ing to PRISMA reporting guidelines.10 Our protocol was
registered and published on the PROSPERO database
(CRD42020173635).

Study eligibility criteria

Eligibility criteria for this review were as follows:

• Population: adults (age > 18) with HTS.
• Intervention: any HTS treatment modality, regardless of

previous treatments received, duration of therapy or
length of follow-up.

• Comparator: non-intervention or criterion standard (in-
tralesional TAC).

• Outcomes: quantitative and qualitative assessments of
scars including symptomatic improvements.

• Study design: randomised control trials (RCT).Studies
examining patients with keloids in addition to HTS were
only included if subgroup data were available, and only

the data from patients with HTS were included in the
analysis.

Exclusion criteria

Non-human studies, non-English studies and non-original
studies were excluded from this review. Studies including
patients with HTS and keloids that did not perform a sub-
group analysis were excluded. Studies exclusively examin-
ing keloid scars were excluded.

Primary and secondary outcomes

Primary outcomes were improvements to HTS characteris-
tics, including the following: mean scar size, pigmentation,
pliability and symptomatic improvement. These character-
istics were reported by participants or observers using var-
ious standardised scoring scales [e.g. Vancouver Scar Scale
(VSS)] (Table S1). Secondary outcomes were adverse reac-
tions to interventions.

Risk of bias

Studies included in full-data extraction were independently
assessed by five reviewers (A.J., C.C., R.R., M.S. and M.S.)
using the Cochrane risk-of-bias tool (version 2.0).11 This
tool utilises the following domains to assess bias: randomi-
sation process, deviations from intended interventions,
missing outcomes, measurement of outcome and selection
of the reported result. The overall risk of bias for each
study was generated by the algorithm included in the
Cochrane risk-of-bias tool.11 The risk of bias was judged to
be in one of three categories: low, some concerns and high.
Conflicts were resolved by discussion until a consensus
was reached with input from the senior reviewer (I.M.).

Literature search and screening

We searched MEDLINE and EMBASE from 1980 to 31
December 2019 using the OVID interface. We additionally
searched the Web of Science database and hand-searched
reference lists of included studies. Search keywords and
MeSH terms used are listed in Tables S2–S4.
The search strategy was developed in collaboration with

a biomedical librarian and a statistician (V.K. and C.L).
Title, abstract and full-text screening were conducted inde-
pendently in duplicate by five reviewers (A.J., C.C., M.S.,
M.S. and R.R.) using Covidence software.12 Full-text
screening was performed on studies to be included. At the
full-text screening stage, studies were excluded if they did
not follow the predetermined PICOS criteria. Disagree-
ments were resolved through discussion and with input
from the senior reviewer (I.M.) when necessary.

Data extraction

Data extraction was completed by two of the five reviewers
(A.J., C.C., R.R., M.S. and M.S.) on a standardised
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extraction form. Extracted data included the following:
title, authors, year of publication, gender and age of partic-
ipants, number of patients, scar aetiology, Fitzpatrick skin
types, treatment modality, follow-up period, outcome mea-
sures used and values for the outcomes before and after
treatment. If data items were incomplete, additional infor-
mation was obtained by contacting the authors.

Meta-analysis

Mean VSS scores with standard deviations (SD) before
and after treatment were extracted from primary studies.
VSS was chosen as the standard because it was the most
commonly used outcome measure in the studies included
in our meta-analysis. Studies which did not report one or
both of those values were excluded from analysis. Mean
differences before and after each treatment were com-
puted. Random-effects models for mean differences were
fitted for the entire pool of studies, and for subgroups of
studies using a specific modality, such as laser, silicone,
intralesional TAC, other treatments (microneedling,
onion extract gel, pressure garments) and no treatment,
and a test for subgroup differences was computed. All
analyses were completed in R using the metafor statisti-
cal package.

RESULTS

Our literature search yielded 6313 non-duplicate articles,
6156 were excluded from title and abstract review (Fig. 1).
Of the 157 studies retrieved for full-text screening, 123
were excluded. Thirty-four studies were included in this
review, and seven studies met the criteria to be included
in the meta-analysis.

Study characteristics

The 34 included studies were published between 1992 and
2019 (Table 1). Studies were conducted in Canada (n = 1),
the United States of America (n = 5), Egypt (n = 4), Iran
(n = 7), China (n = 4), South Korea (n = 3), Germany
(n = 2), Pakistan (n = 2), Belgium (n = 1), Brazil (n = 1),
Hungary (n = 1), Turkey (n = 1), the Netherlands (n = 1)
and the United Kingdom (n = 1). In total, 1410 patients
were included in our analysis. Mean age was 33 years
(range 3–81). Of the 1410 patients, 662 were male, 615
were female, and 133 were of unspecified gender. Mean
follow-up was 4 months (range 1–18).

Lasers

Pulsed dye laser (PDL) was examined in five studies
(Table 2). PDL was superior to both TAC and erbium
yttrium aluminium garnet (Er:YAG) laser in lowering VSS
(54% reduction for PDL, P < 0.01 vs 25% for TAC,
P > 0.043 vs 49% for Er:YAG, P < 0.024),13 but showed no
statistically significant difference when compared to frac-
tional carbon dioxide (FCO2) laser14 or to long-pulsed
neodymium-doped yttrium aluminium garnet (Nd:YAG)

laser alone.15 PDL combined with FCO2 laser was superior
to PDL (66% vs 57% improvement in VSS, P < 0.05)16 or
FCO2 laser alone (35% vs 56% improvement in global
assessment score (GAS), P = 0.003).17 However, in a split-
scar study of 20 patients, Wittenberg and colleagues 18

demonstrated that neither PDL nor silicone gel sheets
showed differences in improvement in blood flow, elastic-
ity, volume, pruritus, pain and burning in HTS compared
with the control group.
FCO2 was evaluated in seven studies. FCO2 laser led to a

greater decrease in VSS compared with placebo (43% vs
0%, P = 0.027)19 and Er:YAG laser (51% vs 27%).20 Intense
pulsed light (IPL) and FCO2 laser combined showed
greater improvement in the Manchester Scar Scale (MSS)
and POSAS compared with FCO2 laser alone (40% vs 36%
decrease in MSS, P < 0.001 and 70% vs 36% decrease in
POSAS, P < 0.001).21

Er:YAG laser was evaluated in two studies and showed
limited efficacy. FCO2 laser was shown to be superior to
Er:YAG laser in reducing VSS.20 Both thermal and ther-
moablative mode settings of Er:YAG laser were shown to
be effective in reducing redness, hardness and scar eleva-
tion (73% and 53% reduction in total score from baseline,
P < 0.001), and the addition of silicone gel did not produce
any additional benefit (42% vs 41% reduction in total score
from baseline, P < 0.001).22

Non-ablative fractional resurfacing (NAFR) was evalu-
ated in two studies. In a split-scar study of 22 patients,
NAFR reduced pain although the magnitude of the
improvement was not reported in this study.23 NAFR did
not produce a significant improvement on the VAS mea-
sured by blinded physician observers.23 Another split-scar
study showed NAFR was effective in improving overall
appearance as assessed by patients (48%, P = 0.03 and
75%, P = 0.001 improvement for high-density and low-
density NAFR respectively).24 However, pigmentation, ery-
thema, texture and overall appearance as assessed by both
blinded observers and patients did not reach statistical sig-
nificance when compared to control.

Injections

Intralesional TAC was evaluated in six studies. As dis-
cussed above, PDL and TAC combined showed greater
reduction of VSS compared with TAC monotherapy.13 TAC
and silicone sheeting in combination were superior to TAC
alone in reducing VSS scores although the magnitude of
improvement was not specified.25 Combination therapy of
TAC and 5-FU was noted to be superior in decreasing scar
height (69% vs 47%, t = 4.781, P < 0.001) and preventing
recurrence (18% vs 39%, P = 0.012) vs TAC alone.26 Stud-
ies comparing TAC to silicone monotherapy reported
mixed results. In a half-scar study, silicone gel had a
shorter time to improvement (3.9 days vs 6.8 days,
P < 0.05) and was more favoured by patients (2 of 14
patients favoured TAC, 11 of 14 patients favoured silicone,
and 1 patient had no preference) compared with TAC.27

Furthermore, silicone led to greater improvement in VSS
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compared with TAC (62% vs 25%, P = 0.0001).28 However,
another study found TAC and silicone gel sheeting resulted
in comparable improvements in VSS scores.29

Botulinum toxin type A (BTX-A), pentoxifylline and
EXC001 (an antisense oligonucleotide targeting skin tis-
sue growth factor) were evaluated in one study each.
Compared to placebo, BTX-A showed a statistically
insignificant (P > 0.09) 20% decrease in scar pliability,
vascularity, pigmentation and height.30 Pentoxifylline was
associated with limited efficacy, although the findings

may only apply to patients with peribuccal HTS. Pentoxi-
fylline increased the degree of mouth opening, a
surrogate measurement for scar elasticity, by approxi-
mately 8% compared with placebo (P < 0.001).31 In a
study examining equal bilateral scars after breast sur-
gery, the scar treated with EXC001 combined with sur-
gery was associated with lower physician-rated POSAS
(3.6 vs 6.0), patient-rated POSAS (4.1 vs 6.5) and VAS
scores (30.7 vs 56.7) compared to the scar treated with
surgery alone.32

Figure 1 PRISMA diagram of study selection process.
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Silicone

Silicone was evaluated in 15 studies.18,22,27,29–31,33,34–41

Compared to placebo, silicone products improved the sur-
face roughness and pruritus of burn scars but did not sig-
nificantly decrease the overall patient or physician
measured POSAS scores compared with placebo.40 Silicone
led to better improvement for all elements of VSS except
pain (55% vs 38% improvement in overall VSS score) in a
half-scar study.38 When topical silicone gel was compared
with sheets, both were equally effective in lowering VSS
scores (54% reduction for gel vs 52% reduction for sheets)
and superior to onion extract gel, which yielded a 35%
decrease in overall VSS score.35 Wahba and colleagues 28

also showed a greater reduction in VSS scores in patients
treated with silicone and phonophoresis vs those treated
with onion extract and phonophoresis (62% vs 42%
decrease in overall VSS score). However, silicone gel and
onion extract gel were equally effective in reducing overall
VSS and other scale scores.39

In a study of 67 patients, silicone gel sheets were inferior
to polyurethane dressing in decreasing the scar index, a
measure of colour, matte, contour, distortion and texture
(29% vs 34%).41

Topical therapies

Topical losartan (an angiotensin II receptor antagonist)
and enalapril (an angiotensin converting enzyme inhibitor)
were evaluated in two studies. Losartan ointment reduced
VSS, mainly vascularity and pliability, by an additional 20%
compared with placebo.42 Enalapril-treated scars were
smaller in size and had lower itch scores compared with
placebo scars after 6 months of treatment.43

Other treatments

Pressure garments were evaluated in two studies. High-
pressure garments (20–25 mmHg) were found to be better
at reducing scar thickness (40% vs 20%) and redness
(55% vs 28%) compared with low-pressure garments (10–
15 mmHg).44 The addition of silicone to pressure therapy
did not improve treatment efficacy.34

Massage therapy was evaluated in three studies. Silicone
gel sheeting with lanolin deep massage resulted in signifi-
cant reduction of thickness (32%) and pliability (35%)
compared with lanolin deep massage alone.36 The combi-
nation of silicone gel sheeting, pressure therapy and lano-
lin deep massage showed the greatest improvement in
scar thickness compared with each treatment given as
monotherapy.37 Burn rehabilitation massage therapy com-
bined with standard therapy led to a greater degree of
improvement in pain (46%, P < 0.001) and pruritus (43%,
P < 0.05) than standard therapy alone.45

Microneedling was evaluated in one study. At 3-month
follow-up, microneedling improved VSS scores by nearly
43% (P < 0.05).46 When compared to FCO2 laser, micro-
needling resulted in a 2-fold greater improvement in VSS
scores and showed better patient satisfaction.46

T
ab

le
2

C
on

ti
n
u
ed

A
u
th
or

,
ye

ar
n

T
re
at
m
en

t
ar
m

F
ol
lo
w
-u

p
pe

ri
od

(m
on

th
s)

O
u
tc
om

e
m
ea

su
re

u
se

d
M
ea

n
va

lu
es

be
fo
re

(�
SD

)
M
ea

n
va

lu
es

af
te
r

(�
SD

)*
Si
de

ef
fe
ct
s

H
ed

ay
at
ya

n
fa
rd

,
20

18
17

N
o
tr
ea

tm
en

t
6

V
SS

8
8

–

Is
aa

c,
20

10
8

N
o
tr
ea

tm
en

t
1.
25

M
ax

im
u
m

or
al

op
en

in
g
(m

m
)

44
.8
0
�

1.
36

0.
66

�
0.
2

–

D
en

ta
l
di
st
an

ce
(m

m
)

43
.8
6
�

1.
22

0.
32

�
0.
41

M
oh

am
m
ad

i,
20

18
30

N
o
tr
ea

tm
en

t
6

M
ea

n
si
ze

N
/A

2.
30

�
0.
64

–
It
ch

in
g
sc
or

e
N
/A

2.
43

�
0.
67

T
h
ic
kn

es
s

N
/A

N
/A

M
om

en
i,
20

09
38

N
o
tr
ea

tm
en

t
4

V
SS

9.
09

5.
68

–
So

n
g,

20
18

30
N
o
tr
ea

tm
en

t
3

V
SS

N
/A

5.
4
�

1.
1

–
V
an

D
er

W
al
,

20
10

23
N
o
tr
ea

tm
en

t
12

PO
SA

S
(p
h
ys
ic
ia
n
)

4.
5

3
–

PO
SA

S
(p
at
ie
n
t)

5.
05

3
T
ah

er
i,
20

19
5

N
o
tr
ea

tm
en

t
6

m
V
SS

11
11

.5
–

B
ol
de

d
(n

)
in
di
ca

te
s
sp

li
t-
sc
ar

st
u
dy

.
It
al
ic
is
ed

va
lu
es

de
n
ot
e
pe

rc
en

ta
ge

ch
an

ge
s
or

ov
er
al
l
ch

an
ge

s
in

ou
tc
om

e
sc
or

e
(w

h
en

n
o
m
ea

n
s
pr

ov
id
ed

).
5-
F
U
,
5-
fl
u
or

ou
ra
ci
l;
E
r:
YA

G
,

er
bi
u
m

la
se

r;
F
C
O

2
,
fr
ac

ti
on

al
C
O

2
la
se

r;
G
A
S,

gl
ob

al
as

se
ss
m
en

t
sc
or

e;
IP
L
,
in
te
n
se

pu
ls
ed

li
gh

t;
M
SS

,
M
an

ch
es

te
r
Sc

ar
Sc

al
e;

m
V
SS

,
M
od

ifi
ed

V
an

co
u
ve

r
Sc

ar
Sc

al
e;

N
A
F
R
,
n
on

-
ab

la
ti
ve

fr
ac

ti
on

al
re
su

rf
ac

in
g;

N
dY

A
G
,
n
eo

dy
m
iu
m
-d
op

ed
YA

G
la
se

r;
PD

L
,
pu

ls
ed

dy
e
la
se

r;
Ph

G
A
,
Ph

ys
ic
ia
n

G
lo
ba

l
A
ss
es

sm
en

t;
PO

SA
S,

Pa
ti
en

t
an

d
O
bs

er
ve

r
Sc

ar
A
ss
es

sm
en

t
Sc

al
e;

SD
,
st
an

da
rd

de
vi
at
io
n
;
T
A
C
,
tr
ia
m
ci
n
ol
on

e
ac

et
on

id
e;

V
A
S,

vi
su

al
an

al
og

u
e
sc
al
e;

V
SS

,
V
an

co
u
ve

r
Sc

ar
Sc

al
e.

Management of hypertrophic scars 13

� 2022 Australasian College of Dermatologists.



Adverse events

Of the 34 studies included in this review, 14 reported
adverse events (AEs) following their respective interven-
tions (Table 2). Laser treatments were associated with
pain, oedema, erythema and hyperpigmentation.15,17,20,22–24

The most common AEs associated with TAC were telang-
iectasia (24%), hypopigmentation (20%) and skin atrophy
(18%).26,33 When TAC was combined with 5-FU, telangiec-
tasia and hypopigmentation decreased to 3.5% and 5.3%,
respectively.25 Pentoxifylline injection was associated with
injection-site pain.31 Following EXC001 injection, erythema
was reported in 12% as well as reported cases of keloid for-
mation.32 Most studies reported no AEs associated with sili-
cone gels or sheets, although local dermatitis (3%),41 skin
maceration and pruritus have been reported.35

Risk of bias assessment

Of the 34 studies included, 11 studies scored low, 6 studies
scored medium, and 17 scored high on overall risk of bias
(Fig. 2). The studies were subdivided into those which per-
formed an intention-to-treat (ITT) analysis (n = 15) and
those which performed a per-protocol analysis (n = 19). Of
the 15 studies with ITT analysis, only one study39 was
associated with a low risk of bias, while 518,23,28,30,40 and
917,20,25,29,31,33,35,37 studies were associated with moderate
and high risk of bias, respectively.

To examine the possible impact of risk of bias on study
results, effect sizes from studies with low risk of bias were
compared with those from studies with high risk of bias.
There was no correlation observed between risk of bias
and effect size.

Meta-analysis

Of the 34 studies included in our review, VSS was the most
commonly used outcome measure for scar assessment and
was chosen for use in the meta-analysis. Seven studies
examining the effects of TAC, laser, silicone and other
therapies on VSS were included in the quantitative analy-
sis. Silicone, laser and other treatments showed a 5.06
(95% CI: 6.78, 3.34), 3.56 (95% CI: 5.58, 1.54) and a 3.35
(95% CI: 4.58, 2.12) decrease, respectively, in the mean
differences in VSS scores compared with no treatment
(Fig. 3). Other treatments showed significant results only
when microneedling, onion extract gel and pressure ther-
apy were pooled under one category. Since only one study
examined TAC, the data lacked power for meaningful
comparison.

DISCUSSION

Our meta-analysis identified silicone, intralesional TAC,
FCO2 laser and PDL as efficacious treatment modalities for
HTS in reducing VSS scores. When combined with silicone

Figure 2 Risk-of-bias assessment of included studies.
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or 5-FU, intralesional TAC was more effective compared
with intralesional TAC alone. The meta-analysis showed
greatest efficacy for topical silicone, followed by laser, then
other treatments utilising microneedling, onion extract gel
and pressure therapy. The greatest magnitude of VSS
decrease was reported with Nd:YAG laser (5.1), yet results
were based on a single study which had a high risk of bias.15

The findings that highlight silicone, FCO2 laser and PDL
as some of the most effective treatment modalities for HTS
are consistent with other guidelines and reviews.6,7,47–49

However, previous studies note a higher rate of recurrence
associated with FCO2 laser.7 Bao and colleagues50 recom-
mend TAC and 5-FU as first-line treatment for HTS and
keloids, citing excellent outcomes, improved VSS scores
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Figure 3 Meta-analysis of select studies reporting changes in Vancouver Scar Scale (VSS) (n = 7).
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and fewer adverse reactions compared to monotherapy
with TAC, verapamil, cryotherapy, IPL, PDL, silicone or
Nd:YAG laser. This is consistent with Kafka and colleagues 48

who also found the TAC and 5-FU combination to be
superior to TAC, 5-FU, silicone gel sheeting and PDL. Nis-
chwitz and colleagues49 refrained from recommending a
distinct treatment modality for hypertrophic scars due to
heterogeneity of the studies included, but also highlighted
the importance of TAC with 5-FU.
Further, evidence from studies included in our review

indicates that massage in combination with silicone prod-
ucts is more effective than silicone alone. This is supported
by evidence that manual massage reduces scar banding
and pruritus as well as improving pliability.51

Our meta-analysis found greatest evidence for the use of
silicone products in treating HTS. This is in contrast to Bao
and colleagues and Kafka and colleagues, who found TAC
in combination with 5-FU to be most effective. Addition-
ally, Bao and colleagues examined treatment efficacy for
both keloids and HTS, unlike our study which examined
HTS only. The molecular differences between keloids and
HTS may impact response to treatment.52

There are several limitations to this study. Most of the
studies with the low risk of bias performed per-protocol
analysis. Studies which did not use VSS to measure clinical
outcomes or those which measured VSS but did not
include mean before intervention, mean after and SD were
not included in the meta-analysis, as studies with different
outcome measures could not be compared meaningfully. A
limitation of VSS is its disregard of patient-reported symp-
toms such as pain or pruritus.53 Thus, our meta-analysis
also does not comment on whether interventions help alle-
viate these parameters. For studies reporting the VSS as
individual components, we could not combine the SD aris-
ing from each component and these studies were not
included in the meta-analysis. The omission of studies
during the meta-analysis reduces the generalisability of
the study. To perform the meta-analysis, we pooled the
results from different laser modalities including PDL,
FCO2 and Er:YAG into a single group which may have
introduced heterogeneity. In addition, there can be signifi-
cant heterogeneity even within the same group of lasers
depending on the specific device, settings, number of
treatments and treatment intervals. Similarly, we have
pooled all forms of silicone including topical gel and
sheeting under one category. We found significant hetero-
geneity (I2 = 95.6%), which can be explained by the
diverse range of the interventions and patient demograph-
ics in the studies included in our review. Differences in
duration, mechanism and location of scar, Fitzpatrick skin
type, wound tension, method of closure, skin handling,
postoperative scar management, duration and regimen of
treatment modalities and duration of follow-up are addi-
tional sources of heterogeneity. Although several studies
examining bleomycin, cryotherapy, imiquimod, shave or
deep excision, and electrosurgery were identified in the
search process, they were not included in the systematic
review or meta-analysis as they did not meet inclusion cri-
teria. As there are no clear guidelines on defining

clinically significant improvement in scar healing, we have
reported the per cent improvement of each intervention.
Further studies are required to determine a consensus def-
inition of clinical improvement.

CONCLUSION

In this review, we examined various HTS treatment regi-
mens and found the most evidence for silicone, TAC in
combination with silicone or 5-FU, and laser therapies, par-
ticularly FCO2 laser and PDL therapies. Our meta-analysis
based on studies utilising the VSS found silicone products
to have the highest level of efficacy in reducing vascularity,
pliability, pigmentation and height. Silicone had the lowest
incidence of side effects, with 3–7% of patients experienc-
ing temporary dermatitis. Further studies are needed to
examine the efficacy of existing and emerging treatment
modalities for HTS in order to facilitate the creation of up-
to-date and evidence-based guidelines.
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