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Abstract

Background Postoperative facial scarring can be a signif-
icant psychological burden for patients to carry after sur-
gery, often resulting in prolonged mental health
dysfunction. Currently, there is no established method to
prevent facial scar formation; however, there are several
methods to prevent facial scar hyperplasia and improve
scar quality. Botulinum toxin A (BTA) has been widely
used due to its properties of muscle paralysis and known
success in plastic surgery and cosmetology. This meta-
analysis aimed to evaluate the efficacy of BTA in pre-
venting postoperative facial scar hyperplasia and improv-
ing scar quality.

Methods PubMed, MEDLINE, EMBASE, web of science,
and Cochrane libraries were searched for randomized
controlled trials (RCTs) (published before May 2021)
wherein BTA was used for the treatment of facial scars.
The efficacy and safety of BTA were evaluated by the
following scales: the Vancouver Scar Scale (VSS), Visual
Analog Scale (VAS), Observer Scar Assessment Scale
(OSAS), Patient Scar Assessment Scale (PSAS), and Stony
Brook Scar Evaluation Scale (SBSES); the BTA effect on
scar width and complications was also assessed.
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Results Ten RCTs involving 114 cases were included.
Through quantitative analysis, the BTA injection group had
a higher VAS score, lower VSS score, lower OSAS score,
and smaller scar width. However, no significant difference
was noted in the incidence of postoperative complications
between the two groups.

Conclusions This meta-analysis demonstrated that BTA
can safely improve the appearance of postoperative facial
scars by significantly inhibiting scar hyperplasia and
improving scar quality.
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assign a level of evidence to each article. For a full
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please refer to the Table of Contents or the online
Instructions to Authors www.springer.com/00266.

Keywords Scars - Facial - Postoperative - Botulinum
toxin A

Introduction

Postoperative scars are unpleasant, especially on the face or
any other conspicuous area, and preventing them is a key
point of emphasis in plastic surgery. Facial scars not only
disfigure the appearance but can also cause dysesthesia
with itching, pain, and dysfunction resulting from scar
contractures [1]. These adverse effects are physically
inconvenient and often present a real psychological burden
for the patient [2]. Tension is an important factor affecting
wound healing and the postoperative scar appearance on
the face. Wound tension is generated by elastic retraction
of the dermis and movement of the musculature in the deep
layers [3]. Persistent tension may prolong the inflammatory
phase during wound healing and increase the risk of scar
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hyperplasia [4]. Simultaneous contraction of the deep
muscles may lead to persistent microtrauma and hyper-
trophic scar formation [4].

Due to the physical and psychological adverse effects
attributed to facial scarring, ongoing research efforts have
been devoted to inhibiting scar formation [1]. For example,
several methods, such as lasers [5], have been used to
inhibit scar proliferation and improve the appearance of
facial scars. However, despite the use of such methods,
finding a safe and effective method for preventing scars has
not yet been realized [1]. Botulinum toxin studies have
been encouraging and in recent years, the clinical appli-
cability of botulinum toxin type A (BTA) has been grad-
ually expanded, and it may now be an effective method for
anti-scar treatment [6, 7].

Botulinum toxin is characterized by seven serotypes,
with type A most commonly used in plastic surgery [8]. In
1973, Alan Scott first administered botulinum toxin to the
lateral rectus muscle in a monkey [9]. BTA has been used
to treat muscle dysfunction disorders, such as strabismus
and blepharospasm, and also can be used cosmetically to
relieve dynamic facial wrinkles [10]. The neurotoxin pro-
duces a marked effect by inhibiting the release of acetyl-
choline [10]. BTA inhibits scar hyperplasia by temporarily
paralyzing the muscles adjacent to the wound and reducing
the wound tension [11]. Furthermore, at the cellular level,
BTA can impact cell growth and differentiation as well as
cell signaling during scar formation [3]. In vitro studies
have proved that BTA directly suppresses fibroblast-to-
myofibroblast differentiation [3], and it is known to prevent
transforming growth factor beta 1 (TGF-B1) expression,
which is considered to be an important factor affecting scar
hyperplasia [7, 12, 13]. Therefore, the aforementioned
results provide a theoretical basis for BTA use in the
management of postoperative scar formation [14].

There have been several randomized controlled trials
(RCTs) investigating the BTA effect on scar hyperplasia
inhibition [15-17]. However, there is a lack of systematic
and comprehensive evaluation on the effectiveness of BTA
in inhibiting scar hyperplasia and improving postoperative
appearance. Therefore, we systematically reviewed rele-
vant RCTs and performed a quantitative analysis to provide
a comprehensive evaluation of the efficacy of BTA in
preventing postoperative facial scars.

Methods and Materials

The meta-analysis was performed according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) standards [18]. Our meta-analysis was
registered on the INPLASY (INPLASY202170077).
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Search Strategy

PubMed, MEDLINE, EMBASE, web of science, and
Cochrane libraries were searched for all RCTs (published
before May 2021) wherein BTA was used for the treatment
of postoperative facial scars. The search terms were
“face”, “cheek”, “chin”, “eye”, “forehead”, “mouth”,

“nasolabial fold”, “nose”, “scar”, “scars”, “scarred”,
“scarring”, ‘‘cicatrix’’, “Botulinum Toxin”, “Botulinum
oxin, e s ostridium Botulinum Toxins”,
T T A”, “Clostrid Botul T ”?

“Toxin, Botulinum”, “randomized controlled trial”,
“controlled clinical trial”, “randomized”, *“placebo”, and
“randomly”. Studies were listed with key information
using Microsoft Word 2017 (Microsoft Corp., Redmond,
WA, USA) by two investigators.

Inclusion and Exclusion Criteria

All original published RCTs describing the use of BTA in
preventing postoperative facial scars were included. The
search was not conducted with any language or regional
restrictions, and if a foreign language article was found, an
English version of the article was sought or translated into
English. Duplicate studies, animal experiments, in vitro
studies, case reports, review articles, editorials, meeting
abstracts, letters or viewpoints, studies that included fewer
than 10 participants, and studies with full text or date not
available were excluded (Fig. 1).

Data Extraction and Quality Assessment

Data were extracted from the included articles by two
reviewers (S.Y. and M.RJ.) independently. Data were
collected on the following parameters: country, age, sex,
scar location, BTA concentration, injection site and time,
control group reagent, outcome measures, complications,
and follow-up time. Two authors applied the Cochrane
Handbook tool to independently perform a quality assess-
ment of the literature of the included studies. In case of
disagreement, it was reassessed by another author (Z.S.).

Statistical Analysis

Review manager 5.4 was used to analyze the data and
perform the meta-analysis. The mean differences (MDs)
value or standardized mean differences (Std. MDs) value
was calculated by the inverse variance method for contin-
uous variables, and the Mantel-Haenszel method and odds
ratio (OR) were applied for dichotomous variables. Com-
bined values were expressed with 95% confidence intervals
(CIs), and differences were considered statistically signif-
icant if the result was p < 0.05. The heterogeneity of each
included study was evaluated using I°. A fixed effect model
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Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-Analysis flow diagram, literature search, and selection process for included

studies

was used if the calculated result was <50%; otherwise, a
random effect model was used. Begg’s test and funnel plots
were used to evaluate publication bias in the meta-analysis.
A symmetric graph indicated that publication bias may not
exist. Conversely, an asymmetric graph indicated possible
publication bias or systematic difference between large-
sample and small-sample studies. Begg’s test with a
rejection region of p = 0.05 was used to evaluate the
existence of publication bias. Sensitivity analyses were
performed by removing each included study one by one,
changing the inclusion criteria, or excluding a certain type
of study to identify the impact of the corresponding study.

Results

A total of 114 case studies were retrieved after the initial
search, and 44 remained after inclusion criteria application.
Upon further review of these, 16 case studies ultimately
met the criteria. These 16 articles were read carefully in
full text, and 10 of them were finally included in this study
[1, 19-27]. The literature characteristics of the included
studies are summarized in Table 1. The 10 articles contain
a total of 344 cases with approximately 19-59 cases per
study. All the enrolled patients were evaluated for post-
operative scars. Eight studies [1, 19-23, 25, 26] applied
0.9% normal saline as the control group, while no special
treatment for the control group in the two other studies was
noted [24, 27]. The most commonly used BTA concen-
tration was 25 u/mL [1, 19, 20, 24], two studies [22, 23]

used BTA at a concentration of 50 u/mL, and the
remaining four studies used concentrations of 10 u/mL
[27]1, 40 u/mL [26], 75 u/mL [21], and 100 uw/mL [25],
respectively. The follow-up interval for all the studies was
at least 6 months. Seven studies set the Vancouver Scar
Scale (VSS) [19, 20, 22-25, 27] and the Visual Analog
Scale (VAS) as the outcome measures
[1, 19, 20, 22, 23, 26, 27]. Five [19, 20, 22, 24, 25] of the
RCTs reported using scar width as the results index. In
addition, two [1, 27] RCTs reported the use of the Patient
and Observer Scar Assessment Scale (POSAS), and only
one [1] study reported the use of the Stony Brook Scar
Evaluation Scale (SBSES).

Analysis of Outcome Indicators
VAS Comparison

VAS is the simplest scar scale in management and use, and
the value range of this index is O to 10, where “0” is the
worst and “10” is the best. The observer needs to make a
subjective judgment on the scar. It is related to the prog-
nosis of the facial scar; however, it does not describe the
specific scar characteristics [28]. VAS was used in seven
RCTs involving 336 cases to evaluate the final scar out-
comes between the experimental and control groups. The
results of the quantitative analysis showed that the facial
scar with BTA injection had a higher VAS score than the
control group (MD = 1.10, 95% CI = 0.89 to 1.30, p <
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Table 1 Date summary of included studies

Authors, year Study No.of Country Age (mean+SD) (years) Sex Scar location
type  cases - -
Experience Control Experience Control
group group group group
Chang RCT 59 China 3.13+0.37*%  3.17£0.25*  F (11); M (19) F (10); M (19)  Upper lip
2014 (1)
Chang RCT 58 China 24.70+7.16  21.87£8.00 F (18);M (12) F (14); M (14)  Upper lip
2014 (2)
Gassner RCT 31 America 62.00£18.20 60.20£16.70 F (6); M (10) F@);, Ml Forehead
2006
Huang RCT 30 China 23.60+2.18 23.60+2.18 F (30); M (0) F (30); M (0) Intraocular canthus
2019
Hu RCT 19 China 12.29+£11.64 12.29£11.64 F (7); M (7) F (7); M (7) Forehead (n=13),
2018 cheek (n=1)
Jowl (n=1), Eyebrow
(n=1)
Temporal (n=2),
Nasolabial fold
(n=1)
Kim RCT 45 Korea 38.79+13.01 34.67+£12.84 F (13); M (11) F (10 ); M (11) Forehead (n=39),
2019 Glabella (n=6)
Lee RCT 30 Korea 34.33+16.99 30.27+10.90 F (6); M (9) F (8); M (7) Forehead
2018
Navarro-Barquin 2019 RCT 22 Mexico  8.91£5.39%  4.82+1.47* F (3); M (8) F(6); M (5 Upper lip
Zelken RCT 26 China 53.50+20.40 53.50£20.40 F (16); M (10) F (16); M (10)  Forehead
2016
Ziade RCT 24 France 38.91£14.52 46.00+£24.02 F (3); M (8) F (6); M (7) Front (n=11), Upper
2013 lip (n:3), chin
(n=2), eyebrow
(n=2), cheek
(n=3), nose (n=1),
temple (n=2)
Control  Intervention Outcome Complications Mean follow-up
- indicators (month)
Experience
Time Concentration ~ Site
0.9% Immediately 25 Subjacent VAS, VSS None 6
saline orbicularis oris muscle scar width
0.9% Immediately 25 Torbicularis oris muscle 5 mm VAS, VSS None 6
saline either side of the wound scar width
0.9% Within 24 h after 75 musculature adjacent to the wound VAS Mild headaches 6
saline wound closure in a diameter of approximately 1 (control group
to 3 cm around the wound edges n=1)
0.9% postoperative days 6 to 50 Orbicularis oculi muscle depressor VSS, VAS Mild drooping 6
saline 7 supercilii muscle lid
(experience
group n=1)
0.9% Immediately 50 Intradermal at a distance of 5Smm  VAS, VSS None 6
saline on either side of the wound scar width
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Table 1 continued

Control Intervention Outcome  Complications Mean follow-
- indicators up (month)
Experience
Time Concentration  Site
0.9% Within 25 Around the sutured site VSS, VAS None 6
saline postoperative within a 0.5cm distance  ggSES
days 5 in the intralesional and PSAS
intradermal layer 0OSAS
pathology
no Within 25 Forehead area except the  VSS None 6
treatment  postoperative supraorbital rim scar width
days 5
0.9% 7-10 days before 100 Bilaterally oral sacral VSS Asymmetric oral commissure 6
saline surgery muscle scar width (experience group n=1)
wound dehiscence
(control group n=2)
0.9% 10 days before 40 frontalis muscle VAS none 6
saline surgery
no Within 72 h after 10 facial muscles VAS, VSS asymmetrical smile 12
treatment wound closure PSAS, (experience group n=1)
OSAS

*The unit of the age is month

RCT randomized controlled trial, F female, M male, SD standard deviation, VSS Vancouver Scar Scale, VAS Visual Analog Scale, OSAS
Observer Scar Assessment Scale, PSAS Patient Scar Assessment Scales, SBSES Stony Brook Scar Evaluation Scales

0.00001) with an acceptable heterogeneity (I° = 47%)
(Fig. 2).

VSS Comparison

VSS is the earliest scar assessment scale first used for the
therapeutic evaluation of burn scars. VSS evaluates the
overall condition of a scar in a scored form by observing
the pigmentation, vascularity, pliability, and height [29]. A
total of seven studies involving 291 case-control compar-

preliminary analysis (I° = 59%); therefore, the random
effects model was used for analysis. The results indicated
that the BTA injection group had lower overall VSS scores
(Std. MD = — 0.64, 95% CI = — 1.03 to — 0.25, p =
0.001). We subsequently attempted to assess the source of
overall heterogeneity by subgroup analysis of the four
subitems of the VSS. Analysis of two RCTs with a detailed
comparison of each subitem revealed that there was a
significant difference in scar pliability between the exper-
imental and control groups (MD = — 0.26, 95% CI =

isons reported VSS

scores, and some heterogeneity

— 0.45 to — 0.07, p = 0.008), while no statistical differ-

between the included studies was found through  ence in the other three subitems was noted (Fig. 3).
Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Chang 2014(1) 8.43 0.56 30 7.19 0.95 29  25.7% 1.24[0.84, 1.64] e
Chang 2014(2) 7.47 0.64 30 6.1 1.06 28 19.9% 1.37[0.92, 1.82] s —
Hu 2018 5.76 1.48 19 4.97 1.78 19 3.8% 0.79[-0.25, 1.83]
Huang 2019 7.98 1.22 30 7.61 1.11 30 11.8% 0.37[-0.22, 0.96] -
Kim 2019 7 0.71 24 6.05 0.71 21 23.8% 0.95[0.53,1.37] —
Zelken 2015 8.5 1 26 73 1.1 26 12.6% 1.20[0.63,1.77] e —
Ziade 2013 8.13 1.16 11 5.94 2.04 13 2.4% 2.19[0.89, 3.49] —_—
Total (95% CI) 170 166 100.0% 1.10 [0.89, 1.30] <
Heterogeneity: Chi? = 11.34, df = 6 (P = 0.08); I* = 47% 5_2 _51 51 23

Test for overall effect: Z = 10.59 (P < 0.00001)

Favours [experimental] Favours [control]

Fig. 2 The forest plot showed that the botulinum toxin type A (BTA) injection group had a higher Visual Analog Scale (VAS) score than the
control group, suggesting that BTA can minimize the extent of the postoperative facial scar
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Experimental Control Std. Mean Difference Std. Mean Difference

a Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chang 2014(1) 2.7 1.29 30 2.76 1.44 29 17.5%  -0.04 [-0.55, 0.47] —
Chang 2014(2) 2.45 1.52 30 3.5 1.88 28 17.1% -0.61[-1.14,-0.08] e E—
Hu 2018 4.68 2.34 19 5.24 2.55 19 14.9% -0.22[-0.86, 0.41] L E—
Huang 2019 1.43 0.54 30 1.85 0.59 30 17.2% -0.73[-1.26,-0.21] S —
Lee 2018 3.6 1.23 15 5.5 1.6 15 12.2% -1.30[-2.09,-0.50] ————
Navarro-Barquin 2019 1.1 1.05 11 3.22 1.2 11 9.1% -1.81[-2.83,-0.79] —"""—
Ziade 2013 2.75 0.88 11 3.5 2.47 13 11.9%  -0.38[-1.19, 0.43] e E—
Total (95% CI) 146 145 100.0% -0.64 [-1.03, -0.25] s
Heterogeneity: Tau? = 0.15; Chi® = 14.64, df = 6 (P = 0.02); I = 59% I } |

27 -1

Test for overall effect: Z = 3.24 (P = 0.001)

0 1
Favours [experimental] Favours [control]

Experimental Control Mean Difference Mean Difference
b Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Hu 2018 1.34 0.71 19 1.55 0.85 19 15.1% -0.21[-0.71, 0.29] —
Huang 2019 0.63 0.43 30 09 04 30 84.9% -0.27[-0.48, -0.06] = =
Total (95% Cl) 49 49 100.0% -0.26 [-0.45, -0.07] L 2
Heterogeneity: Chi? = 0.05, df = 1 (P = 0.83); 1> = 0% 5_2 _51 3 i 5

Test for overall effect: Z = 2.64 (P = 0.008)

Fig. 3 a The forest plot showed that the BTA injection group had a
lower overall Vancouver Scar Scale (VSS) score than the control
group. b To examine the cause of heterogeneity in the overall VSS

POSAS Comparison

A total of two eligible studies involving 69 cases used the
POSAS for its outcome measure assessment. The BTA
injection group showed a lower Observer Scar Assessment
Scale (OSAS) score than the control group, and there was a
significant difference between the two groups (MD
— 0.83,95% CI = — 1.33 to — 0.34, p = 0.001), with no
significant heterogeneity (I° = 0%) (Fig. 4). However, with
Patient Scar Assessment Scale (PSAS), no significant sta-
tistical difference between the two groups was noted.

Scar Width Comparison

The degree of scar proliferation after wound healing can be
reflected in the final scar width [30]. Five studies reported
detailed follow-up results of this outcome measure. Two of
them [19, 20] measured and compared the scar width of
two points, and one of them [20] measured the scar width
using two different methods. The pooled results showed
that the scar width of the BTA injection group was smaller
than that of the control group (MD =— 1.05, 95% CI
=— 1.27 to— 0.83, p < 0.00001), with no significant
heterogeneity (P = 0%) (Fig. 5).

Favours [experimental] Favours [control]

scores, we performed subgroup analyses of the individual subscores
of VSS and found that scar pliability was significantly improved in
the experimental group compared to that in the control group

SBSES and Adverse Events Comparison

SBSES is an objective indicator of scar evaluation that
focuses more on the assessment of scar appearance [31].
The SBSES score was used as the outcome measure in only
one study, and no statistically significant conclusion was
made. We analyzed four studies [21, 23, 25, 27] on
reported adverse reactions. The pooled results showed that
the BTA injection appeared safe. Our fixed effects model
indicated no significant association between BTA injection
and complications (pooled relative risk, 0.99, 95% CI, 0.22
to 4.53, p = 0.99), with no significant heterogeneity (I° =
0%) (Fig. 6).

Risk of Bias, Publication Bias, and Sensitivity Analysis

All the studies used for the analysis were assessed for risk
of bias according to the Cochrane Handbook, and the
results indicated that these studies were all low risk
(Fig. 7). Publication bias was examined using the funnel
plot (Fig. 8) and Begg’s test. No significant publication
bias was found in this meta-analysis. Funnel plots were
largely symmetrical, and the results of Begg’s test showed
that the p values were > 0.05. The sensitivity analysis

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Kim 2019 14.83 1.22 24 15.95 1.12 21  64.1% -0.94[-1.56,-0.32] ——
Ziade 2013 8.75 2.07 11 11.75 5.71 13 35.9% -0.65[-1.48, 0.18] S —
Total (95% Cl) 35 34 100.0% -0.83[-1.33,-0.34] i
Heterogeneity: Chi? = 0.29, df = 1 (P = 0.59); I = 0% ’_2 _=1 3 i 2‘

Test for overall effect: Z = 3.30 (P = 0.0010)

Favours [experimental] Favours [control]

Fig. 4 The forest plot showed that the BTA injection group had a lower Observer Scar Assessment Scale (OSAS) score than the control group
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Chang 2014(1) 0.33 0.13 30 0.47 0.13 29 15.5% -1.06[-1.61, -0.52] . —
Chang 2014(1)* 0.33 0.11 30 0.45 0.11 29 15.5% -1.08[-1.63, -0.53] —_—
Chang 2014(2) 0.72 0.25 30 1.03 0.42 28 15.8% -0.89[-1.43, -0.35] I —
Chang 2014(2)* 0.62 0.18 30 0.95 0.31 28 143% -1.30[-1.87,-0.73] ———=——
Chang 2014(2)** 0.63 0.18 30 0.92 0.36 28 15.4% -1.02[-1.57,-0.47] —_—
Hu 2018 0.32 0.15 19 0.43 0.15 19 10.7% -0.72[-1.38,-0.06] - —
Lee 2018 0.32 0.11 15 0.49 0.19 15 7.8% -1.07 [-1.84, -0.29]
Navarro-Barquin 2019 1.9 0.56 11 3.89 1.69 11 4.9% -1.52[-2.49,-0.55] —
Total (95% CI) 195 187 100.0% -1.05[-1.27,-0.83] ’
Heterogeneity: Chi? = 2.95, df = 7 (P = 0.89); I* = 0% I_z —Il 5 i 2:
Test for overall effect: Z = 9.54 (P < 0.00001) Favours [experimental] Favours [control]
Fig. 5 The forest plot showed that the BTA injection group had a smaller scar width than the control group
Experimental Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Gassner 2006 0 16 1 15 21.5% 0.29[0.01, 7.76] =
Huang 2019 1 30 0 30 22.0% 3.10[0.12, 79.23] =
Navarro-Barquin 2019 1 11 2 11 35.2% 0.45 [0.03, 5.84] L
Ziade 2013 1 11 0 13 21.2% 3.86[0.14, 104.65] = »
Total (95% CI) 68 69 100.0% 0.99 [0.22, 4.53]
Total events 3 3

ity: Chi? = = = C12 = 09 b : } } j
Heterogeneity: Chi* = 2.02, df = 3 (P = 0.57); I° = 0% bo1 o1 1 0 100

Test for overall effect: Z = 0.01 (P = 0.99)

Favours [experimental] Favours [control]

Fig. 6 The forest plot indicated no significant difference in the incidence of complications between the BTA injection group and the control

group.

suggested that the results of this meta-analysis were
reliable.

Discussion

Scar formation occurs after the body is traumatized and
then the skin protects the wound through nascent fibrin,
resulting in wound healing by resolution rather than
regeneration [19]. Wound healing includes three phases:
inflammatory, proliferative, and remodeling phases. In the
first two phases, granulation tissue and extracellular matrix
are produced under regulation in a certain order [32].
However, under the influence of external factors, this order
may be broken, adversely affecting the balance between
the production and degradation of these substances; this
leads to the production of hypertrophic scars and possibly
keloids [4]. Insufficient reduction of the tension of the
incision and poor nutritional status are both external factors
that break this balance [32]. In addition, tissue microtrauma
caused by repeated activity or displacement of damaged
tissue will intensify the inflammatory response and cellular
metabolic activity in the incision area, resulting in
increased extracellular collagen levels, increased gly-
cosaminoglycan deposition, and hypertrophic scar forma-
tion [33]. Facial expressions are produced by the
contraction of the facial muscles, and since these muscles
are superficial without bony insertions, the muscle

movement causes tension across the adjacent skin and
subcutaneous tissue [19]. When the direction of the wound
is perpendicular to the underlying facial muscle, the mus-
cular contraction produces tension at the incision edge,
which increases the risk of a widened scar and hypertrophic
scar formation [14].

Botulinum toxin is a potent neurotoxin that acts as a
transient muscle paralytic that can be extracted from
Clostridium botulinum into six different serum serotypes.
Among the different serotypes, type A (BTA) and type B
(botulinum toxin B) are used to treat different disorders
[34], and BTA has been used for neurological and skin
appendage disorders [35]; it has also been used to improve
the appearance of facial lines [36]. Since 2000 [14], efforts
have been made to explore and elucidate the effect of facial
scar hyperplasia inhibition and improving postoperative
appearance [24]. The mechanism of BTA for inhibiting
scar hyperplasia includes three main characteristics: (1)
reduce tension [11], (2) inhibit fibroblast proliferation and
differentiation and promote their apoptosis [37], and (3)
inhibit the expression of TGF-B1 [7]. Wound tension is one
of the key factors associated with scar hyperplasia [38, 39].
Multiple surgical techniques have been used to reduce the
tension around the wound. BTA temporarily paralyzes the
adjacent muscles, reducing muscle activity and tension
[40]. No current molecular mechanism clearly illustrates
that BTA can inhibit scar hyperplasia; however, it report-
edly can inhibit proliferation and promote fibroblast
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Fig. 7 Risk of bias graph of the 10 studies

apoptosis [37]. Fibroblasts can secrete collagen and TGF-
B1, and both are important factors affecting scar formation
[37, 41]. Damaged skin tissue secretes inflammatory
mediators that activate melanocytes [42]. It has been
reported that BTA can reduce this activation by inhibiting
local infiltration of those inflammatory cells [41]. It has
been postulated that BTA inhibits scar hyperplasia mainly
in the early stage of scar formation by reducing fibroblast
proliferation and differentiation. Therefore, early postop-
erative injection of BTA enhances scar hyperplasia inhi-
bition and improves the appearance of the facial scar [8].

There are various types of scar treatments, and effec-
tively evaluating their results is something that should not
be ignored in clinic practice. Historically, the therapeutic
effect of scar treatment was assessed by descriptive clinical
observation and camera comparison. This article attempted

@ Springer

to analyze the treatment efficacy of BTA injection via scar
assessment scales. In our meta-analysis, five scales were
used to evaluate scar status as a study outcome measure.
VAS is the simplest scar assessment scale, which can be
used for diverse scar assessments, and VSS and POSAS
were originally designed to evaluate burn scars; SBSES
was developed to evaluate scars of surgical incisions with a
focus on cosmetic appearance [43]. VAS is widely used for
scar assessment as a subjective evaluation method [44].
Due to the characteristics of the scale, such as sensitivity,
reproducibility, and accessibility, VAS was more suit-
able to evaluate simple facial scars [1]. Our analysis
showed that the results of this scar scale were statistically
significantly different between the BTA injection group
and control group, which suggested that BT A has favorable
effects on facial scar formation. VSS consists of the fol-
lowing components: pigmentation, vascularity, pliability,
and scar height [43]. Through the analysis of the seven
studies [19, 20, 22-25, 27], we found that the overall score
of VSS in the BTA injection group was lower than that in
the control group. However, there was medium hetero-
geneity among the studies (I° = 59%). Upon further anal-
ysis, we found that the heterogeneity may be caused by the
differences of the four VSS subscores; therefore, subgroup
analysis was performed based on the four subscales.
However, due to incomplete data, subgroup analysis was
only performed in two RCTs. Through the review of the
results of the included literature and qualitative analysis,
we found that among these subscores, the most signifi-
cantly improved subscore was pliability. These results
indicate that BTA injection can significantly reduce wound
tension and inhibit fibroblast proliferation, thereby
improving the overall VSS score [22].

VSS and VAS have some limitations. They are depen-
dent on clinicians and do not focus on real patient dis-
comfort. To compensate for these limitations, POSAS has
been used for scar assessment, and it is the first scale to
integrate the views of the observer and patients [45]. PSAS
included six items on a 10-scale assessment, and OSAS has
five items on a 10-scale assessment. Compared to the
actual scar, these scales pay more attention to reflect the
subjective experience. However, the scale items of PSAS
consist of pain and pruritus, which are uncommon with
facial scarring [43]. Our results showed that there were
significant differences between the BTA injection group
and the control group; some inadequacies cannot be
ignored in using these scales to evaluate facial scars. These
scales were commonly used to assess healing in severe and
complex wounds with tissue loss; they may have limited
value for postoperative facial scarring where there was no
significant tissue loss with optimum local conditions
[46, 47]. In contrast, SBSES scale was more suitable for the
evaluation of simple facial scars because it focuses more on
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Fig. 8 No publication bias exists in the included studies, including
the evaluation of BTA inhibition of scar hyperplasia by the indicated
outcome measures (VAS, VSS, OSAS, and scar width). a No
significant publication bias was found when the BTA effect was
evaluated by VAS. b No significant publication bias was found when

the aesthetic appearance [43]. The scale contains six items
with the possible category scores being 0 or 1 [48]. How-
ever, only one of the included studies [1] evaluated facial
scarring using this scale; therefore, we were unable to
make an effective analysis and draw meaningful
conclusions.

In addition to the scale assessment, five studies
[19, 20, 22, 24, 25] evaluated the role of BTA in scar
hyperplasia by comparing the scar width at the 6-month
follow-up. Upon analysis, we found that the scar width of
the experimental group was smaller at the 6-month follow-
up, which further confirmed that BTA could reduce the
incision tension, inhibit fibroblast proliferation and differ-
entiation, and then improve the appearance of the facial
scar. In addition, biopsy results further confirmed the role
of BTA in inhibiting scar hyperplasia. Masson trichrome
stain showed that the control group had a denser collagen
fiber deposition than the BTA group [1]. The action time of
BTA is up to 6 months, similar to a normal wound healing
process. This means that BTA has sustained muscle tone
relief, which may explain the superior effect of the BTA

the BTA effect was evaluated by VSS. ¢ No significant publication
bias was found when the BTA effect was evaluated by OSAS. d No
significant publication bias was found when the BTA effect was
evaluated by scar width

injection group at 6 months. In our studies, the follow-up
time of one study [27] was extended to 1 year, thereby
creating a treatment time window wherein BTA effectively
inhibits scar hyperplasia. The process by which BTA
works, either by delay or disruption of scar formation, may
be important to elucidate with the ultimate goal of long-
term scar reduction.

The injection protocol of BTA was varied among the 10
included studies. First, the total injection dose and the
injection concentration of the BTA were not frequently the
same. In the 10 included RCTs, the total injection dose of
the BTA was diverse due to the different divisions of the
injected facial subunit, with its total dose ranged from 5 to
80 U. Different dose of BTA produces different diffusion
rates, which in turn results in different inhibitory scar
hypertrophic effects [49]. A recent split-scar experiment
has proven that high-dose BTA can better inhibit scar
hyperplasia than low-dose BTA [50]. Another important
parameter in the BTA injection scheme was the injection
concentration. The most common BTA injection concen-
tration in the literature included in this meta-analysis was
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25 U/mL. Different from the injection dose, a high con-
centration of BTA may inhibit proliferation, suppress
keratinocyte migration, and reduce angiogenesis, thereby
affecting wound healing [51]. Second, the injection time of
BTA was also different in each study. Most studies injected
BTA between the immediate postoperative period and
7 days postoperatively [1, 19-24, 27]; however, two stud-
ies injected BTA preoperatively [25, 26]. Although injec-
tion times vary, most of the findings suggested that early
BTA injection can effectively improve postoperative scar
outcomes [52]. The injection time, doses, and BTA con-
centrations were not identical among studies, and no
standardized injection protocol was noted. More high-
quality RCTs with large-sample sizes are needed to
investigate the optimal injection protocol of BTA for pre-
venting postoperative scar hyperplasia and guide clinical
applications.

This meta-analysis has some limitations. First, the total
sample size of the study is insufficient, and all the studies
did not perform a comparative assessment of all the out-
come measures between the experimental and control
groups. Second, the difference in the concentration, dose
and time of the BTA injection, and patient demographics
increases the heterogeneity of the meta-analysis. Third, the
scars located in different aesthetic areas of the face, muscle
activity, and response to BTA were variable in different
areas, which may lead to diverse results.

Conclusion

This literature review and meta-analysis comprehensively
evaluated 10 RCTs and found that BTA can effectively
prevent scar hyperplasia to improve the postoperative
appearance of facial scars. Meanwhile, scar injection with
BTA at therapeutic doses was found to be safe by analysis.
Therefore, patients undergoing facial surgery can be treated
early with BTA injections to prevent scar proliferation and
acquire a satisfactory postoperative aesthetic appearance.
Further, a comprehensive and systematic evaluation of the
effect of BTA on preventing scar hyperplasia is still needed
with a larger data volume of clinical controlled
experiments.

Funding The authors have nothing to disclose.The named authors
have no commercial interest and financial or material support.

Human and animal rights This article does not contain any studies
with human participants or animals performed by any of the authors.

Informed consent For this type of study informed consent is not
required.

@ Springer

Reference

1. Kim SH, Lee SJ, Lee JW, Jeong HS, Suh IS (2019) Clinical trial
to evaluate the efficacy of botulinum toxin type A injection for
reducing scars in patients with forehead laceration: a double-
blinded, randomized controlled study. Med (Baltimore)
98(34):¢16952

2. Tebble NJ, Thomas DW, Price P (2004) Anxiety and self-con-
sciousness in patients with minor facial lacerations. J Adv Nurs
47(4):417-426

3. Jeong HS et al (2015) Effect of botulinum toxin type A on dif-
ferentiation of fibroblasts derived from scar tissue. Plast Reconstr
Surg 136(2):171e-178e

4. Sherris DA, Larrabee WF Jr, Murakami CS (1995) Management
of scar contractures, hypertrophic scars, and keloids. Otolaryngol
Clin North Am 28(5):1057-1068

5. Chowdhury B et al (2021) Laser in surgical scar clearance: an
update review. J Cosmet Dermatol. https://doi.org/10.1111/jocd.
14325,July2,2021

6. Xiao Z, Zhang F, Cui Z (2009) Treatment of hypertrophic scars
with intralesional botulinum toxin type A injections: a prelimi-
nary report. Aesthetic Plast Surg 33(3):409-412

7. Xiao Z, Zhang F, Lin W, Zhang M, Liu Y (2010) Effect of
botulinum toxin type A on transforming growth factor betal in
fibroblasts derived from hypertrophic scar: a preliminary report.
Aesthetic Plast Surg 34(4):424-427

8. Ibrahim O, Keller EC, Arndt KA (2014) Update on botulinum
neurotoxin use in aesthetic dermatology. Semin Cutan Med Surg
33(4):152-156

9. Scott AB, Rosenbaum A, Collins CC (1973) Pharmacologic
weakening of extraocular muscles. Invest Ophthalmol
12(12):924-927

10. Cocco A, Albanese A (2018) Recent developments in clinical
trials of botulinum neurotoxins. Toxicon 147(1):77-83

11. Sherris DA, Gassner HG (2002) Botulinum toxin to minimize
facial scarring. Facial Plast Surg 18(1):35-39

12. Lu L et al (2005) The temporal effects of anti-TGF-B1, 2, and 3
monoclonal antibody on wound healing and hypertrophic scar
formation. J Am Coll Surg 201(3):391-397

13. Reid RR, Roy N, Mogford JE, Zimmerman H, Lee C, Mustoe TA
(2007) Reduction of hypertrophic scar via retroviral delivery of a
dominant negative TGF-beta receptor II. J Plast Reconstr Aesthet
Surg 60(1):64-72

14. Gassner HG, Sherris DA, Otley CC (2000) Treatment of facial
wounds with botulinum toxin A improves cosmetic outcome in
primates. Plast Reconstr Surg 105(6):1948-1953

15. Li YH et al (2018) A randomized, placebo-controlled, double-
blind, prospective clinical trial of botulinum toxin type A in
prevention of hypertrophic scar development in median ster-
notomy wound. Aesthetic Plast Surg 42(5):1364-1369

16. Abedini R, Mehdizade Rayeni N, Haddady Abianeh S, Rahmati J,
Teymourpour A, Nasimi M (2020) Botulinum toxin type A
injection for mammoplasty and abdominoplasty scar manage-
ment: A split-scar double-blinded randomized controlled study.
Aesthetic Plast Surg 44(6):2270-2276

17. Elshahed AR, Elmanzalawy KS, Shehata H, ElSaie ML (2020)
Effect of botulinum toxin type A for treating hypertrophic scars: a
split-scar, double-blind randomized controlled trial. J Cosmet
Dermatol 19(9):2252-2258

18. Moher D et al (2015) Preferred reporting items for systematic
review and meta-analysis protocols (PRISMA-P) 2015 statement.
Syst Rev 4(1):1

19. Chang CS, Wallace CG, Hsiao YC, Chang CJ, Chen PK (2014)
Botulinum toxin to improve results in cleft lip repair. Plast
Reconstr Surg 134(3):511-516


https://doi.org/10.1111/jocd.14325,July2,2021
https://doi.org/10.1111/jocd.14325,July2,2021

Aesth Plast Surg (2022) 46:395-405

405

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Chang CS, Wallace CG, Hsiao YC, Chang CJ, Chen PK (2014)
Botulinum toxin to improve results in cleft lip repair: a double-
blinded, randomized, vehicle-controlled clinical trial. PLoS ONE
9(12):e115690

Gassner HG et al (2006) Botulinum toxin to improve facial
wound healing: a prospective, blinded, placebo-controlled study.
Mayo Clin Proc 81(8):1023-1028

Hu L et al (2018) Effects of botulinum toxin on improving facial
surgical scars: a prospective, split-scar, double-blind, randomized
controlled trial. Plast Reconstr Surg 141(3):646-650

Huang RL, Ho CK, Tremp M, Xie Y, Li Q, Zan T (2019) Early
postoperative application of botulinum toxin type a prevents
hypertrophic scarring after epicanthoplasty: a split-face, double-
blind, randomized trial. Plast Reconstr Surg 144(4):835-844
Lee SH, Min HJ, Kim YW, Cheon YW (2018) The efficacy and
safety of early postoperative botulinum toxin A injection for
facial scars. Aesthetic Plast Surg 42(2):530-537
Navarro-Barquin DF et al (2019) Use of the type A botulinum
toxin in patients submitted to cheiloplasty to improve results in
scarring in patients with nonsyndromic cleft lip and palate. Eur J
Plast Surg 42(3):291-294

Zelken J et al (2016) Donor site aesthetic enhancement with
preoperative botulinum toxin in forehead flap nasal reconstruc-
tion. Ann Plast Surg 77(5):535-538

Ziade M et al (2013) Use of botulinum toxin type A to improve
treatment of facial wounds: a prospective randomised study.
J Plast Reconstr Aesthet Surg 66(2):209-214

Sung YT, Wu JS (2018) The visual analogue scale for rating,
ranking and paired-comparison (VAS-RRP): a new technique for
psychological measurement. Behav Res Methods
50(4):1694-1715

Thompson CM, Sood RF, Honari S, Carrougher GJ, Gibran NS
(2015) What score on the vancouver scar scale constitutes a
hypertrophic scar? results from a survey of north American burn-
care providers. Burns 41(7):1442—-1448

Refahee SM et al (2020) Is PRP effective in reducing the scar
width of primary cleft lip repair? A randomized controlled clin-
ical study. Cleft Palate Craniofac J 57(5):581-588

Prodromidou A et al (2015) Botulinum toxin for the prevention
and healing of wound scars: a systematic review of the literature.
Plast Surg (Oakv) 23(4):260-264

Burns JL, Mancoll JS, Phillips LG (2003) Impairments to wound
healing. Clin Plast Surg 30(1):47-56

Bae DS, Koo DH, Kim JE, Cho JM, Park JO (2020) Effect of
botulinum toxin A on scar healing after thyroidectomy: a
prospective double-blind randomized controlled trial. J Clin Med
9(3):868

Bellows S, Jankovic J (2019) Immunogenicity associated with
botulinum toxin treatment. Toxins (Basel) 11(9):1-22

Casteldo M et al (2017) Botulinum toxin type A therapy for
cervical dystonia. Cochrane Database Syst Rev 12(12):cd003633
Small R (2014) Botulinum toxin injection for facial wrinkles. Am
Fam Physician 90(3):168-175

Xiao Z, Qu G (2012) Effects of botulinum toxin type a on col-
lagen  deposition in  hypertrophic  scars.  Molecules
17(2):2169-2177

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Suarez E, Syed F, Rasgado TA, Walmsley A, Mandal P, Bayat A
(2014) Skin equivalent tensional force alters keloid fibroblast
behavior and phenotype. Wound Repair Regen 22(5):557-568
Suarez E, Syed F, Alonso-Rasgado T, Mandal P, Bayat A (2013)
Up-regulation of tension-related proteins in keloids: knockdown
of Hsp27, a2B1-integrin, and PAI-2 shows convincing reduction
of extracellular matrix production. Plast Reconstr Surg
131(2):158e-173e

Qiao Z, Yang H, Jin L, Li S, Wang X (2021) The efficacy and
safety of botulinum toxin injections in preventing postoperative
scars and improving scar quality: a systematic review and meta-
analysis. Aesthetic Plast Surg. https://doi.org/10.1007/s00266-
021-02196-5,March5,2021

Lee BJ, Jeong JH, Wang SG, Lee JC, Goh EK, Kim HW (2009)
Effect of botulinum toxin type a on a rat surgical wound model.
Clin Exp Otorhinolaryngol 2(1):20-27

Ortonne JP, Bissett DL (2008) Latest insights into skin hyper-
pigmentation. J Investig Dermatol Symp Proc 13(1):10-14
Vercelli S, Ferriero G, Sartorio F, Stissi V, Franchignoni F (2009)
How to assess postsurgical scars: a review of outcome measures.
Disabil Rehabil 31(25):2055-2063

Duncan JAL et al (2006) Visual analogue scale scoring and
ranking: a suitable and sensitive method for assessing scar
quality? Plast Reconstr Surg 118(4):909-918

Bae SH, Bae YC (2014) Analysis of frequency of use of different
scar assessment scales based on the scar condition and treatment
method. Arch Plast Surg 41(2):111-115

Nguyen DQ, Potokar T, Price P (2008) A review of current
objective and subjective scar assessment tools. J Wound Care
17(3):101-106

Stavrou D, Haik J, Weissman O, Goldan O, Tessone A, Winkler
E (2009) Patient and observer scar assessment scale: how good is
it? J Wound Care 18(4):171-176

Singer AJ, Arora B, Dagum A, Valentine S, Hollander JE (2007)
Development and validation of a novel scar evaluation scale.
Plast Reconstr Surg 120(7):1892-1897

Brodsky MA, Swope DM, Grimes D (2021) Diffusion of botu-
linum toxins. Tremor Other Hyperkinet Mov. https://doi.org/10.
7916/D88W3C1M,August2,2021

Chen Z et al (2021) The effect of botulinum toxin injection dose
on the appearance of surgical scar. Sci Rep 11(1):13670
Gugerell A, Kober J, Schmid M, Buchberger E, Kamola LP,
Keck M (2016) Botulinum toxin A: dose-dependent effect on
reepithelialization and angiogenesis. Plast Reconstr Surg Glob
Open 4(8):e837

Kim YS, Lee HJ, Cho SH, Lee JD, Kim HS (2014) Early post-
operative treatment of thyroidectomy scars using botulinum
toxin: A split-scar, double-blind randomized controlled trial.
Wound Repair Regen 22(5):605-612

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1007/s00266-021-02196-5,March5,2021
https://doi.org/10.1007/s00266-021-02196-5,March5,2021
https://doi.org/10.7916/D88W3C1M,August2,2021
https://doi.org/10.7916/D88W3C1M,August2,2021

	A Systematic Review And Meta-Analysis: Botulinum Toxin A Effect on Postoperative Facial Scar Prevention
	Abstract
	Background
	Methods
	Results
	Conclusions
	Level of Evidence III

	Introduction
	Methods and Materials
	Search Strategy
	Inclusion and Exclusion Criteria
	Data Extraction and Quality Assessment
	Statistical Analysis

	Results
	Analysis of Outcome Indicators
	VAS Comparison
	VSS Comparison
	POSAS Comparison
	Scar Width Comparison
	SBSES and Adverse Events Comparison
	Risk of Bias, Publication Bias, and Sensitivity Analysis


	Discussion
	Conclusion
	Funding
	Reference




