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ABSTRACT

Background: Postoperative scarring of the face can cause a serious psychological burden on people. Botulinum toxin type A has
shown potential effectiveness in preventing scarring after facial surgery. The study aims to evaluate the role of botulinum toxin
type A in postoperative scar management.

Methods: We searched PubMed, Embase, MEDLINE, the Cochrane Library (CENTRAL), and Web of Science for all rand-
omized controlled trials (RCTs) on the use of botulinum toxin type A in the treatment of postoperative facial scars, including all
English articles published up to April 15, 2024.

Results: Twelve randomized controlled trials involving 351 patients undergoing facial surgery were included. Quantitative anal-
ysis, STATA 17.0 software was used for meta-analysis, and fixed-effect and random-effects models were selected according to the
size of heterogeneity, and the results were expressed as SMD and 95% CI for continuous data and OR and 95% CI for dichotomous
data. Subgroup analyses were performed according to the different control groups. The OR and 95% CI of adverse effects were
1.74 (0.41-7.43). The p value of adverse reactions and PSAS results was greater than 0.05.

Conclusion: Due to the small heterogeneity of scar width, OSAS, and PSAS, SMD and 95% CI were —1.00 (—1.20 to 0.80),
—0.61 (—1.0 to 0.13), and —0.08 (—0.56 to 0.39), respectively, using a fixed-effect model. Due to large heterogeneity, VAS and
VSS scores were scored using a random-effects model, with SMDs and 95% CIs of 1.00 (0.47-1.53) and —0.41 (-0.73 to 0.1),

respectively.
Trial Registration: PROSPERO number: CRD42024538070

1 | Introduction

Whether it is trauma or postsurgical skin lesions for birth de-
fects, these skin lesions inevitably lead to scarring. Facial scar-
ring can have a significant negative impact on the patient's
mental health because facial scars are different from body
scars, which are covered by clothing, and facial scars cannot
be completely hidden, so the main thing to reduce the bur-
den of facial scars on patients is to reduce the facial scars and

make them less conspicuous [1]. The tension at the edge of the
wound plays a hindering role in the wound healing process, so
tension is one of the significant factors affecting wound heal-
ing; thus, reducing the skin surface tension is an important
factor affecting the final beauty effect of the scar [2]. The elas-
tic retraction of the dermis and the atrophy of the musculature
are the sources of skin tension [3]. The facial muscles are more
tense, and the healing skin wound is constantly tense, leading
to healing complications [4].
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Many of the surgeries, lasers, radiation, and compression
therapies used to treat facial scars are advanced, but none of
them are very effective [5-8]. Because the drug injection is less
invasive to the skin and does not require high technology, it
is widely used in the treatment of scars [9]. The case report
also confirmed the healing effect of chemotherapy fixation
on facial skin wounds [4]. In recent years, there have been
many randomized controlled trials (RCT) of facial scars, but
in general, the sample size of each study was relatively small
[10-20]. Some studies have shown that botulinum toxin can
significantly improve the shape and texture of scars and re-
duce the incidence of scarring, while others have not been con-
clusive. Therefore, there is a need for a systematic review and
comprehensive analysis of existing studies to evaluate the role
of botulinum toxin more comprehensively and objectively in
postoperative scar management.

The purpose of this article is to comprehensively and systemat-
ically evaluate the efficacy and safety of botulinum toxin in the
treatment of postoperative facial scars through meta-analysis
and to improve the evidence support for the clinical treatment
and prevention of facial scars. We hope that through the in-depth
discussion of this study, we can provide patients with more effec-
tive postoperative scar management strategies and improve their
quality of life and well-being.

2 | Methods
2.1 | Search Strategy

We performed our meta-analyses according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) standards checklist [21]. PubMed, Embase,
MEDLINE, and the Cochrane Library (CENTRAL) were
searched in the computer for published studies up to April 2024.
English search terms include: (“botulinum” and “Botulinum
Toxins, Type A” and “randomized controlled trials” and “ran-
domized” and “RCT” and “face” and “cheek” and “eye” and
“forehead” and “mouth” and “nose” and “clip” and “scar” and
“cicatrix” and “facial scar” and “facial cicatrix”). Strictly follow
the Mesh subject heading. Randomized controlled studies were
used, with or without blinding and allocation concealment. To
identify studies to be included, the above: The search strategy
was constructed according to the PICOS principle: P (patients
undergoing facial surgery), I (inject with BTX-A), C (placebo-
treat or no treatment), O (improvement of postoperative scarring
of the face). Here are the exclusion criteria for this article: (1)
non-English articles; (2) animal experiments; and (3) systematic
reviews, case reports, reviews, editorials, conferences, letters, or
opinions. See the Supporting Information for details.

2.2 | Data Extraction

Two review staff independently screened the literature accord-
ing to the inclusion and exclusion criteria. The extracted data
included: (1) general characteristics: authors and time; (2)
study characteristics: number of included patients, age, gender,
loss to follow-up, BTX-A injection dose, treatment, and control

Records identified through
database searching:
Pubmed-28,Embase=37,
Medline=34,Web of science-15,
Cochrance library=20,wiley=7
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FIGURE 1 | The process of selecting articles eligible for meta-
analysis. Ten of the studies compared BTA with normal saline, and two
studies compared BTA with no treatment. The concentration of botuli-
num toxin type A in the experimental group ranged from 10 to 75U/mL.
Three of the articles were about birth defects, five were caused by sur-
gery, and three were wounds caused by trauma.

measures; (3) outcome measures: observation time, outcome in-
dicators, adverse reactions, etc.

2.3 | Quality Assessment

Assessed according to the risk assessment methodology pro-
vided in the Cochrane manual, STATA 17 software pooled and
generated a risk bias map. When there is a disagreement, the
third researcher joins to discuss the decision.

2.4 | Statistical Analysis

Data were meta-analyzed using STATA 17. The Q statistic and
the I? statistic were used for heterogeneity testing, and when
I’<50% and p> 0.1, a fixed-effect model was used; otherwise,
a random-effects model would be used. Publication bias in
meta-analyses was assessed using funnel plots and Begg's
test, and if p> 0.05, there was no publication bias; otherwise,
there was publication bias. Standardized mean differences
(SMDs) were used for continuous data and odds ratios (ORs)
for dichotomous data, and a 95% confidence interval (95% CI)
was calculated. The results were statistically significant with
p <0.05 as the difference.
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The
type of

Age (mean +SD) Sex (M/F)

Total

(Continued)

TABLE 1

Outcome
indicators

Loss

Follow-up

Wound wound

Control

Injection site  Injection time

Concentration

Experience Control

Control

Experience

rate

Control

Design Experience

Year

Author

VAS

Forehead  Trauma

0.9%
saline

Musculature ~ Within 24 h after

11/4 75

60.20+16.70 10/6

62.00+18.20

26%

16 15

RCT

2006

Gassner,

H.G.

wound closure

adjacent to

the wound in

a diameter of

approximately

1-3cm around

the wound

edges

1,3,6 VAS,

Forehead  Trauma

0.9%
saline

Within
postoperative

Around the
sutured site

25

11/10

34.67+12.84 11/13

RCT 24 21 25% 38.79+13.01

2019

Kim,

SBSES,

S.H.

PSAS
OSAS

days 5

within a 0.5cm

distance

Abbreviations: F, female; M, male; MMSS, Modified Manchester Scar Scale; OSAS, Observer Scar Assessment Scale; PSAS, Patient Scar Assessment Scale; RCT, randomized controlled trials; SBSES, Scar Evaluation Scale; VAS,

visual analog scale; VSS, Vancouver Scar Scale.

3 | Evidence Synthesis
3.1 | Baseline Characteristics

A total of 141 articles were obtained from the literature search.
In the end, 12 articles were included [1, 10-20]. The flowchart of
literature screening is shown in Figure 1. Ten of the studies com-
pared BTA with normal saline, and two studies compared BTA
with no treatment. The concentration of botulinum toxin type A
in the experimental group ranged from 10 to 75U/mL. Three of
the articles were about birth defects, five were caused by surgery,
and three were wounds caused by trauma. The basic characteris-
tics of the included studies are shown in Table 1.

3.2 | Quality Evaluation

We assessed the risk of bias of all studies used for the analysis
according to the Cochrane Manual, and the results indicated
that the studies were at low risk. The specific quality evaluation
is shown in Table 2 and Figure 2.

3.3 | Outcome

There were statistically significant differences in the scores of vi-
sual analog scale (VAS), Vancouver Scar Scale (VSS), scar width,
and Observer Scar Assessment Scale (OSAS), and there was no
statistically significant difference between Patient Scar Assessment
Scale (PSAS) and adverse effects, and there was no publication bias.

3.3.1 | Visual Analog Scale

Eleven RCTs with a total of 432 patients used VAS to assess final
scar outcomes between the trial and control groups [10-20]. A
preliminary analysis (I>=84.5%) found some heterogeneity be-
tween the included studies; therefore, the random-effects model
was used for statistical analysis. The results showed that the over-
all VAS score was higher in the BTA injection group than in the
control group (SMD =1.00, 95% CI: 0.47-1.53, p=0.005, Figure 3).

3.3.2 | Vancouver Scar Scale

At present, it is a relatively common scar assessment method in
the world, which is measured in four aspects: observation of scar
pigmentation, blood circulation, scar texture, and scar thickness
without the help of special tools. The inclusion included 304
cases (eight studies) reporting VSS scores, and preliminary anal-
ysis suggested some heterogeneity between the included studies
(I>=43.6%); the results showed that the overall VSS score in the
BTA group was lower than in the control group (SMD =-0.41,
95% CI: —0.73 to —0.1, p=0.039, Figure 4).

3.3.3 | Scar Width
The width of the scar can be a visual indication of the degree of scar

hyperplasia that has formed after surgery. In seven randomized
controlled trials involving 436 cases, scar width was used to assess
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FIGURE2 | Risk of bias map and risk of bias summary plot. All studies used for analysis assessed risk of bias according to the Cochrane Manual,

and the results indicated that the studies were at low risk.
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1
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1
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1
1
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)

T

I
-3.57

FIGURE 3
0.47-1.53, p=0.005).

| The result of the VAS score. The results showed that the BTA injection group had a higher overall VAS score (SMD =1.00, 95% CI:
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FIGURE4 | The result of the VSS score. There was some heterogeneity between the studies included in the primary analysis (I =43.6%); the re-
sults showed that the overall VSS score was lower in the BTA injection group (SMD =—0.41, 95% CI: —0.73 to —0.1, p=0.039).

Study
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Huang, Y 2021 | -+
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:

T = T
-1.86 0 1.86

FIGURE 5 | The result of the scar width score. The results of quantitative analysis showed that the facial scar width in the BTA group was lower

than that in the control group (SMD =-1.00, 95% CI: —1.20 to —0.80, p <0.05).

7 o0f 12



Study

Ziade, M 2013

Kim, S. H 2019

Overall (I-squared = 0.0%, p = 0.838)
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-0.55 (-1.37, 0.27)

-0.65 (-1.25, -0.05)

061 (-1.10,-0.13)
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35.05

64.95

100.00

FIGURE 6 | The result of the OSAS score. The results of quantitative analysis showed that the OSAS score of the BTA group was lower than that
of the control group, and the difference was statistically significant (SMD =—0.61, 95% CI: —1.0 to —0.13, p=0.013<0.05).

Study

Ziade, M 2013

L 3

Kim, S. H 2019

Overall (I-squared = 0.0%, p = 0.845)

¢+
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-0.15 (-0.95, 0.66)

-0.05 (-0.63, 0.54)

-0.08 (-0.56, 0.39)

%

Weight

34.67

65.33

100.00

951

FIGURE7 | The result of the PSAS score. There was no significant heterogeneity in PSAS (I2=0.0%, Q-test p=0.845>0.1). The results of quanti-
tative analysis showed that there was no significant difference (SMD =-0.08, 95% CI=-0.56 to 0.39, p=0.733>0.05).
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final scar outcomes between experimental and control groups,
and there was no significant heterogeneity in preliminary analysis
(I?=0). The results of quantitative analysis showed that the facial
scar width in the BTA group was lower than that in the control
group (SMD=-1.00, 95% CI: —1.20 to —0.80, p <0.05, Figure 5).

3.3.4 | POSAS

Among scar assessments, POSAS is currently the most compre-
hensive and commonly used scar assessment scale, as it is the
first scale to integrate the views of the observer and the patient.
POSAS consists of two questionnaires, the OSAS and the PSAS,
which are used for the observer and the patient, respectively.
There was no significant heterogeneity in the preliminary analy-
sis of OSAS (I?=0.0%, Q-test p=0.838 > 0.1). The results of quan-
titative analysis showed that the OSAS score of the BTA group
was lower than that of the control group, and the difference was
statistically significant (SMD=-0.61, 95% CIL: —1.0 to —0.13,
p=0.013<0.05, Figure 6). There was no significant heterogene-
ity in PSAS (I?=0.0%, Q-test p=0.845>0.1). The results of quan-
titative analysis showed that there was no significant difference
(SMD =-0.08, 95% CI=—-0.56 to 0.39, p=0.733>0.05, Figure 7).

3.3.5 | Adverse Effects

Adverse effects were reported in four studies, two of which
were ptosis in the BTX group, one was asymmetrical smiling

in the BTX group, and one was a mild headache in the control
group. Adverse events were analyzed using binary data. After
combining the data, a fixed-effect model was used because
there was no significant heterogeneity (I>=0). There was no
significant correlation between BTA injection and the con-
trol group (RR=1.74, 95% CI: 0.41-7.43, p=0.46, Figure 8).
Therefore, in summary, BTA injection is safe for postoperative
scar management.

3.4 | Publication Bias

Publication bias was assessed using funnel plots and Begg's test.
In this meta-analysis, VAS, VSS, OSAS, and scar width were
used as the outcome measure to evaluate the study of BTA in-
hibiting scar hyperplasia. No significant publication bias was
found. The funnel plot was basically symmetrical, and Begg's
test showed p>0.05, as shown in Figure 9.

3.5 | Subgroup Analysis

3.5.1 | Outcome Measures

Subgroup analyses were performed for the inclusion of three
studies based on differences in saline or no treatment in the con-
trol group. The results are shown in Table 3. VSS, VAS, and scar
width were all statistically significant; the results were consis-
tent with the previous results.

Study %
ID OR (95% ClI) Weight
'
Lin, M (2022) —o 3.15(0.12, 82.16) 16.33
'
1
Huang, R (2019) e 3.10 (0.12, 79.23) 16.73
:
1
Ziade, M (2013) - > 3.86 (0.14, 104.65) 14.20
Gassner, H. G (2006) * 0.29 (0.01, 7.76) 52.74
Overall (I-squared = 0.0%, p = 0.657) 1.74 (0.41,7.43) 100.00

SiE

.01

-

FIGURE 8
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| The result of the adverse effects score. There was no significant correlation between BTA injection and the control group (RR=1.74,

95% CI: 0.41-7.43, p=0.46). Therefore, in summary, BTA injection is safe for postoperative scar management.
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4 | Discussion

Wound healing is a complex biological process that is typi-
cally divided into three main stages: inflammatory, prolifer-
ative, and remodeling. Inflammatory phase: When the skin
is damaged, the body immediately initiates an inflammatory
response. The main purpose of this stage is to remove dam-
aged tissue, prevent infection, and start the healing process.
The inflammatory response is caused by blood vessel dilation
and increased vascular permeability, which allows white blood
cells and other immune cells in the blood to enter the dam-
aged area. These cells remove bacteria and dead tissue and
release pro-inflammatory mediators that facilitate the healing
process. Proliferative stage: After the inflammatory stage, the
wound begins to enter the proliferative stage. At this stage,
new blood vessels begin to grow (angiogenesis), providing
oxygen and nutrients to the damaged area. At the same time,
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FIGURE 9 | The Begg's test is a test that normalizes the rank cor-

relation between the effect size and the variance of the effect value to
determine the severity of publication bias, and the closer it is to zero,
the more serious the problem. When VAS, VSS, scar width, and OSAS
assessed the effect of BTA, the Begg's test did not find significant pub-
lication bias.

fibroblasts begin to move to the damaged area and produce
collagen, the main structural protein of the skin, forming new
connective tissue. This process causes the wound to gradually
close and form granulation tissue, which is ready to proceed to
the next stage. Remodeling stage: After the hyperplastic stage,
the wound enters the remodeling stage. At this stage, the newly
formed tissue is gradually reshaped and strengthened. The fi-
broblasts continue to produce collagen and begin to rearrange
to strengthen the structure of the wound. This process can
take several months or even more than a year until the wound
is fully healed and at full strength. These stages are usually
sequential and overlapping, rather than strictly separate. The
speed and quality of wound healing are influenced by a vari-
ety of factors, including the size and depth of the wound, the
health status of the individual, nutritional status, age, and en-
vironmental factors [22-25].

Scars, especially on exposed body parts, are difficult to hide
and may cause psychological distress. Therefore, it is very im-
portant to find an effective and convenient scar prevention and
treatment method. This can well improve the psychological
condition of patients and also play a positive role in the primary
disease [26].

Inrecentyears, many advances have been made in the mechanism
of BTA in the prevention and treatment of scars. Prophylactic
injection of BTXA effectively reduces scar formation in skin
wounds. This is related to the fact that BTA can inhibit the polar-
ization of M1 macrophages, thereby inhibiting the promotion of
tissue inflammation and scar formation by M1 macrophages in
the early stage of wound healing, which is related to the JAK2/
STAT1 and IxB/NFxB pathways [27]. By blocking the activation
of JNK, ERK, and p38 MAPK, BTA can inhibit the production of
NO and TNF-a in RAW264.7 macrophages induced by lipopoly-
saccharide at the transcriptional level and inhibit the expression
of macrophages, thus reducing the inflammation in the process
of scar production and inhibiting scars [28]. Botulinum toxin is
a neuromuscular blocker that causes muscle paralysis and re-
laxation by blocking the transmission of nerve impulses to the
muscles. During wound healing, excessive muscle tension may

TABLE 3 | Subgroup analysis.
Heterogeneity
Number of test results Meta-analysis results
Outcome measures included studies P2 p Effect model Effect size (95% CI) D
VAS 12 84.5% 0.00 Random effect 1.00 (0.47 to 1.53) 0.005
BTA vs. Saline 11 72.9% 0.00 Random effect 0.91 (0.55to 1.27) 0.007
BTA vs. Blank 1 — — — 1.29 (0.40 to 2.18) 0.004
VSS 8 43.6% 0.09 Random effect —0.41 (-0.73 to —0.1) 0.039
BTA vs. Saline 6 26.9% 0.23 Fixed effect —0.33(=0.58 to —0.07) 0.011
BTA vs. Blank 2 58.0% 0.12 Fixed effect —0.893 (—1.46 to —0.32) 0.002
Scar width 10 0% 0.94 Fixed effect —1.00 (—1.20 to —0.80) 0.000
BTA vs. Saline 9 0% 0.91 Fixed effect —1.00 (—1.20 to —0.79) 0.000
BTA vs. Blank 1 — — — —1.09 (-1.86 to —0.32) 0.006

Abbreviations: BTX, botulinum toxin; VAS, visual analog scale; VSS, Vancouver Scar Scale.
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lead to the formation of scar tissue. Thus, reducing muscle tone
by injecting botox, which reduces tension in the area of trauma,
may help prevent scar formation and is thought to be the main
mechanism for its traditional clinical use [2, 29].

The efficacy and safety of BTA in the treatment of postopera-
tive scars were evaluated by six rating scales. According to the
analysis of the 12 included studies, the PSAS scale was not sta-
tistically significant, and the number of studies using the MMSS
and SBSES scales as outcome indicators was too small to con-
duct a joint effect size analysis. Other scales were statistically
significant. In addition to the scales, scar width was also used
to assess the effect of BTA on scars. By analysis, the scar width
of the experimental group was smaller than that of the control
group, which also demonstrated the effectiveness of BTA in
postoperative scar management. Adverse events were analyzed
according to binary data to evaluate the safety of BTA, and the
results showed that there was no statistically significant differ-
ence between the experimental group and the control group. No
serious complications occurred, and minor complications disap-
peared spontaneously during the follow-up. In conclusion, BTA
was safe. In addition, the control group was divided into normal
saline and no treatment for subgroup analysis, and finally ob-
tained the same results.

4.1 | Strengthen and Limitations

More RCTs were included, the sample size was expanded, the sta-
bility and reliability of the results were improved, and subgroup
analyses were performed according to the differences between
the control groups to explore the differences in effects between
different subgroups. The reason for the different doses of BTX in
each group was not specifically analyzed for heterogeneity.

5 | Conclusions

Botulinum toxin is effective and safe in postoperative scar man-
agement. The results of the meta-analysis showed that botu-
linum toxin could effectively reduce the symptoms of redness,
swelling, sclerosis, and pain of postoperative scars and promote
the healing and smoothing of scars. In addition, the use of botu-
linum toxin in postoperative scar management has no significant
serious side effects or safety concerns. Therefore, botox can be
used as an effective and safe method for postoperative scar man-
agement. However, more clinical studies are needed to further
validate its efficacy and safety.
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