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Background: Botulinum toxin A (BTxA) has gained popularity as a nonsurgical
aesthetic treatment for skin rejuvenation. However, previous studies on intrader-
mal BTXA have shown inconsistent results. This systematic review and meta-analysis

phDgy | With trial sequential analysis aimed to assess the efficacy and safety of intradermal
William Richard Webb, Méc, BTxA for facial rejuvenation.
phD+ ] Methods: Following PRISMA guidelines, a comprehensive search was conducted in

various databases from January 2008 to March 2023. Outcome measures included
sebum production, pore size, skin hydration, skin texture, erythema index, facial
wrinkles, and facelift. Eligible studies included human-based clinical trials and
prospective cohort studies published in English, focusing on healthy populations
requiring facial rejuvenation. Two authors independently screened the titles and
abstracts, followed by a full-text review to determine study eligibility. Data extraction
and quality assessment were performed by two authors using predefined criteria.

Results: Ten studies met the inclusion criteria, including five randomized con-
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trolled trials and five prospective cohort studies with 153 participants. Studies
revealed positive effects of intradermal BTXA on various outcome measures related
to facial rejuvenation. These effects included improvements in sebum production,
pore size, erythema index, facial wrinkles, skin texture and elasticity, and overall
facelift but not skin hydration. All failed to reach the required information size in
the trial sequential analysis.

Conclusions: Findings suggest positive outcomes in multiple attributes of skin
quality and facial rejuvenation. However, more high-quality research is needed

FAMS]qq f| to establish definitive conclusions. These findings contribute to the evidence
Greg Goodman, MBBS, FACD, base for nonsurgical aesthetic treatments, emphasizing the importance of
MDsss I | ongoing research in this field. (Plast Reconstr Surg Glob Open 2024; 12:¢6084; doi:
o 10.1097/GOX.0000000000006084; Published online 23 August 2024.)
INTRODUCTION Botulinum toxin A has also demonstrated a wide range

The pursuit of youthful skin and aesthetic appeal
continues to drive nonsurgical aesthetic treatments.
Among these, botulinum toxin A (BTxA) is considered
a significant treatment modality in the field of facial
rejuvenation.’?
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of therapeutic potentials such as hyperhidrosis and dysto-
nia, spasticity, overactive bladder, and migraines, provid-
ing relief and improving quality of life for patients.™

A wealth of clinical studies and patient experiences
have highlighted its effectiveness in reducing wrinkles
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and fine lines.” Recently, intradermal (often referred
to as “microbotox,” “mesobotox,” “babybotox,” and
“microdroplets”) injection of BTxA for skin rejuvena-
tion; skin texture, tone, and elasticity; and the delicate
erasure of time’s footprints beckons aesthetic practitio-
ners’ interest again to what was pioneered by Woffles
Wu.'" Despite widespread use and acceptance of this
treatment in facial aesthetics, much of the supporting
evidence is anecdotal or derived from studies of lower
methodological quality.

This systematic review and meta-analysis thus aimed
to assess the effectiveness of BTxA on the enhance-
ment of skin quality attributes and facial rejuvenation.
Furthermore, traditional meta-analyses may face the risk
of reaching premature conclusions due to random errors
and potential bias. By incorporating trial sequential anal-
ysis (TSA), these risks can be mitigated to enhance the
quality and reliability of the findings.'*"

MATERIALS AND METHODS

This systematic review with meta-analyses was con-
ducted in accordance with the Systematic Reviews and
Meta-Analysis (PRISMA) guidelines.'*'” The review was
based on recommendations outlined in the Cochrane
Handbook of Systematic Reviews of Interventions.'® A con-
cise description of the study protocol was registered to the
International Prospective Register of Systematic Reviews
(PROSPERO) (www.crd.york.ac.UK/prospero, record ID:
CRD42023388601).

Data Sources and Search Strategy

The search began in October 2022, updated in March
2023, across databases like PubMed/MEDLINE, Embase,
Cochrane CENTRAL, CBM, Web of Science, CNKI, VIP,
and Wanfang, covering literature from January 2008 to
March 2023. Online registries and grey literature sources,
including ClinicalTrials.gov and OpenGrey, were also
reviewed for unpublished trials. Search terms related to
BTxA and its effects on facial rejuvenation were used,
combining free text and index terms with Boolean opera-
tors for efficiency. The detailed search strategy is pre-
sented in Supplemental Digital Content 1, and references
of retrieved articles were manually checked for more stud-
ies. (See table, Supplemental Digital Content 1, which dis-
plays the search strategy. http://links.lww.com/PRSGO/
D440.)

Study Selection Criteria

Studies were included if they met the eligibility cri-
teria described as PICOS: P (patients): general healthy
population requiring facial rejuvenation; I (interven-
tion): intradermal (and the associated terms) BTXA;
C (control): none; O (outcome): assessing the overall
effect of BTXA on facial rejuvenation, namely skin qual-
ity, sebum production, skin hydration, pore size, ery-
thema index, facial wrinkle, skin texture and elasticity
and facelift; S (study design): human-based clinical trials
and prospective cohort studies published in English only.
Articles exclusively focused on one area of the face were
also excluded.
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Takeaways

Question: What is the evidence for the effectiveness of
intradermal injection of botulinum toxin A (BTxA) in
improving skin quality attributes and facial rejuvenation?

Findings: Analysis of 10 studies (five randomized trials,
five cohort studies) with 153 participants showed that
intradermal BTXA improves several rejuvenation markers
(sebum production, pore size, erythema, wrinkles, skin
texture, and elasticity), except hydration. None met the
sample size for trial sequential analysis.

Meaning: Preliminary results suggest BTxXA benefits vari-

ous skin aspects, highlighting the need for more extensive
research for definitive conclusions.

Two authors (E.R. and P.R.) independently screened
the titles and abstracts and removed duplications. Studies
searched were exported to the EndNote Reference Library
software version 20.0.1 (Clarivate Analytics).

Full texts of potentially useful articles were reviewed
in their entirety, and any discrepancies and disagreements
were addressed and resolved by a third author (J.C.).

Outcomes of Interest and Outcome Measure

The outcomes of interest were sebum production,
pore size, skin hydration, skin texture, erythema index,
wrinkles and overall facelift. The detailed outcomes of
interest and outcome measures are presented in Table 1.

Data Extraction

Two authors (E.R. and P.R.) independently extracted
data with a predesigned data extraction form, in which
study characteristics (first author, publication year and
country), participant characteristics, (including the num-
ber of participants in the intervention and control group),
intervention characteristics (the total dose/dilution of
BTxA injection), and outcomes of interest were included.

Quality Assessment of Studies

Two authors (E.R. and PR.) evaluated each study’s
methodological quality using the Cochrane risk of bias
assessment.'”'® To ensure consensus, a third author (J.C.)
was consulted to resolve any disagreements. The risk
of bias was assessed based on criteria such as random
sequence generation, allocation concealment, participant
and personnel blinding, outcome assessment blinding,
incomplete outcome data, selective outcome reporting,
and other biases. Interrater reliability was calculated
using kappa values, indicating quality from very good
to poor. For test-retest reliability, authors reassessed half
their articles one month later to reduce recall bias.'

Disclosure statements are at the end of this article,
following the correspondence information.

Related Digital Media are available in the full-text
version of the article on www.PRSGlobalOpen.com.
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The Newcastle-Ottawa Scale (NOS) was used to assess
the quality of the cohort studies. NOS score 1-5 was con-
sidered a high risk for bias, 67 was moderate, and a score
of more than 7 was considered a low risk of bias.?

Grading the Quality of Evidence

The assessment of each outcome measure was con-
ducted by two authors (P.R. and E.R.) using the Grading
of Recommendations Assessment, Development, and
Evaluation (GRADE) approach, as outlined in the

Table 1. Outcomes of Interest and Outcome Measures

GRADEpro Guideline Development Tool.? The inter-
rater agreement for myelination and sulcation was mea-
sured using a free-marginal kappa statistic, with a value of
k more than 0.7 indicating high reliability.?'

Publication Bias

Funnel plots were generated, and bias assessment was
conducted using Egger bias statistics.”” If evidence of pub-
lication bias was present, the trim and fill method was used
to address this.?

Outcomes Outcome of Interest

Outcome Measures

Reduction in excessive sebum
production

Sebum production

Sebumeter measurements to quantify sebum levels on the skin surface, com-
monly expressed as sebum units (pg/cm?)

Skin hydration Enhancement of skin hydration levels

Corneometer measurements to assess skin hydration by measuring the skin’s

capacitance, presented as arbitrary units (AU)

Pore size Reduction in visible pore size Quantitative analysis of pore size using imaging techniques or microtopography-
based measurements expressed in millimetres or as a percentage change
Erythema index Reduction in skin redness or Chromameter or spectrophotometer measurements of erythema index, provid-

inflammation

ing quantitative values based on colorimetry

Facial wrinkle Decrease in the severity and depth of

Objective evaluation using three-dimensional imaging systems or subjective

assessment using validated scales like the Wrinkle Severity Rating Scale
(WSRS)
Quantitative assessment using imaging techniques, such as fringe projection or

facial wrinkles

Skin texture and Improvement in skin smoothness and

elasticity elasticity cutometer measurements, providing parameters like roughness, elasticity, or
firmness
Facelift Enhancement in facial contour and ~ Visual assessment by trained evaluators, objective measurements using vali-
lifting effect dated grading scales (eg, Lemperle scale), or three-dimensional imaging
techniques to analyze volumetric changes and facial symmetry
[ Identification of studies via datab and regist ] [ Identifi of studies via other method: J
—
o Records removed before
S screening: Records identified from:
E Records identified from: Duplicate records removed (n Websites (n = 2)
Databases (n = 561) > =334) Organisations (n =1)
g Registers (n =12) Records marked as ineligible Citation searching (n = 1)
3 by automation tools (n = 28) etc.
Records screened »| Records excluded
(n=211) *| (n=169)
l v
Reports sought for retrieval N . Reports sought for retrieval .| Reports not retrieved
o (n=42) *1 Reports not retrieved (n=4) "l n=0)
= (n=0)
: ' !
a
Reports assessed for eligibility N Reports assessed for eligibility N
(n=42) ”| Reports excluded: (n=4) "1 Reports excluded:
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—
Fig. 1. PRISMA flow diagram.
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Table 2. Continued

Total No. Patients
Recruited

Inter-

Botulinum

Toxin A Type

Control

vention

Outcome Measure(s)

Outcome (s) of Interest

Facelift

Dose/Dilution
Dilution of 1 vial:7mL (500 U

Type of Study
2020 Prospective observa- ABO

Author Year

Wanitphakdeede-

No.

30
Hemiface

30

Hemi-

Photographic documenta-

tion was obtained using a

in 7mL of NS); 0.04 mL, was

injected per point.

tional study

cha et al®

face

two-, and three-dimensional

imaging system, Vectra H1,
(Canfield Scientific, Inc,

Fairfield, N.J.).
Subjective satisfaction scale,

20 Subjects

20 Sub-
jects

corneometer/mexameter/
reviscometer/sebumeter.

trans epidermal water
loss, elasticity, skin
surface roughness,

Erythema, melanin,
hydration.

30 U BoNTA (diluted in 2.6 mL
saline solution, concentration

powder

2017 Prospective observa- BoNTA
tional study

Zhu et al*®

10

at 12.5 U/mL); 2 pL in every
point.

(HENGLI)

Kapoor et al., 2010

Kim et al,, 2019

Sapra et al,, 2017

Sayed et al,, 2019

Shin et al., 2022

® ® ® | ® | ® |Blinding of participants and personnel (performance bias)
® O ® | ® | O | Blindingof outcome assessment (detection bias)

® O @ @ @ |Sclective reporting (reporting bias)

® ® O ® | @ | ncomplete outcome data (attrition bias)
® ® O ®| @ Otherbias

® ® @ ® | @ |Random sequence generation (selection bias)
® ® ® ® | @ | Alocation concealment (selection bias)

Fig. 2. Risk of bias summary: review of authors’ judgements about
each risk of bias item for included RCTs.

Statistical Analysis

Review manager (“Revman”) for Mac (version 5.4.1,
Cochrane Collaboration, Oxford, United Kingdom) was
used for all statistical analyses. The data from studies were
pooled using a random-effects model. Results were ana-
lyzed by analyzing standard mean differences (SMDs)
with their respective 95% confidence intervals (CIs).
Random-effects meta-analysis (DerSimonian and Laird)
and fixed-effects meta-analysis (Mantel-Haenszel) were
used to calculate the effect, and a more conservative point
estimate of the two was used for the final reporting.***
Sensitivity analysis was done to see if any individual study
was driving the results and to implore reasons for high
heterogeneity. As per Higgins et al, the scale for hetero-
geneity was considered.?”* Finally, TSA was conducted to
determine the required information size (RIS) and the
cumulative Z-curve’s breach of important trial sequential
monitoring boundaries.'*'*%

Patient and Public Involvement
There was no patient or public involvement in the
design or reviewing process.

Deviation from the Protocol
There was no deviation from the protocol.



RESULTS

Study Selection Process

The search strategy yielded a total of 577 findings.
After initial screening, 211 unique articles remained.
Among these, 169 articles were excluded due to their
study design, which included narrative reviews, meta-
analyses, and case studies. Of the remaining 42 studies, 32
were excluded due to lack of data or inappropriate data.
Finally, five randomized controlled trials (RCTs)*** and
five prospective studies™ ™ were deemed suitable for the
quantitative analysis (n = 10; Fig. 1).

The PRISMA checklist has also been included as
Supplemental Digital Content 2 to ensure adherence to
reporting guidelines.” (See table, Supplemental Digital
Content 2, which displays the PRISMA checklist. http://
links.lww.com/PRSGO/D441.)

Characteristics of the Included Studies and Subjects

A total of 153 participants were included in these
studies. Eight studies were split face design, and at least
one arm was treated with BTxA. Mean age of the partici-
pants was 41 (30-54) years; 92.1% of all participants were
women. OnabotulinumtoxinA [(ONA); Botox; Allergan
Aesthetics, an AbbVie Company, Irvine, Calif.] was uti-
lized in three studies,’”** whereas abobotulinumtoxinA
[(ABO); Dysport; Medicis Aesthetics, Scottsdale, Arizona;
Azzalure, Galderma Laboratories, Lausanne, Switzerland
(outside of the United States)] was used in three stud-
ies. 9738 IncobotulinumtoxinA  [(INCO); Xeomin,
Merz, Frankfurt am Main, Germany],” prabotulinum-
toxinA [ (PRABO); Jeuveau, Evolus, Inc. Newport Beach,
Calif.],”letibotulinumtoxinA [(LETIBO) Botulax, Hugel
America, Inc],*® Botulinumtoxin A [(REFI) Refinex; KC
Pharmaceuticals, Pomona, California],”> and lanbotu-
linumtoxin A [ (LANBO) Hengli, Prosigne, Lantox, Lazox,
Redux, Liftox, HBTX-A and CBTX-A, Lanzhou Institute
of Biological Products, Lanzhou, China]* each appeared
in one study (Table 2).

PRS Global Open ¢ 2024

Outcomes of Interest
Four articles explored the effect on sebum produc-

tion,”*** four on pore size,””*?* two on skin hydra-
tion,”* five on skin texture,””’#** two on erythema
index,*"* four on wrinkles,*** and four on overall face-
lift**%>*7 following intradermal BTxA injection.

Dose and Dilution

Studies showed varied dilutions and doses across
different BTxA products. For instance, Chang et al
administered 20-25 U on half of the face using a 100
U in 10mL normal saline (NS) solution, equating to
0.02mL per spot. Kapoor et al and Jun et al used 2 U per
0.1mL and 0.05mL (2 U) per spot, respectively, across
different facial areas. Kim et al injected 15 U intrader-
mally into one cheek, whereas Sayed et al used 10 U per
patient with a 2 U per 0.1 mL concentration. Sapra et
al compared 76.5 units of ONA and 189.5 units of ABO
on different face halves with specific dilutions. Shin et
al limited their dose to 20 U total, Sirithanabadeekul et
al offered two dilution options for their injections, and
Wanitphakdeedecha et al used a dilution resulting in 500
U in 7mL of NS. Zhu et al applied 30 U of BTxA with a
concentration of 12.5 U per mL. This variability under-
scores the lack of standardization in BTxA application
techniques (Table 2).

Quality of the Evidence
Risk of Bias Assessment

The included RCTs were classified as moderate risk.
One study exhibited bias in the blinding of the partici-
pants and personnel,” three in the blinding of outcome
assessment,”*? two in incomplete outcome data,”*' one
in selective reporting,” and two in other domains™*
(Figs. 2 and 3).

All studies showed a strong methodological approach
with a low risk of bias in random sequence generation
and allocation concealment. Blinding of participants
and personnel had a low risk of bias (20%), whereas
blinding of outcome assessment showed a high risk

Random sequence generation (selection bias) _

Allocation concealment (selection bias) _

Blinding of participants and personnel (performance bias) _
Blinding of outcome assessment (detection bias) _
Incomplete outcome data (attrition bias) _

Selective reporting (reporting bias) _

0% 25% 50% 75%  100%

Il Low risk of bias

[ ] Unclear risk of bias

[ High risk of bias

Fig. 3. Overall risk of bias graph presented as percentages across all included RCTs.
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(60%). About 60% of studies had a low risk, and 40%
had a high risk of attrition bias. Selective reporting bias
was low overall (20%), with comprehensive outcome
reporting. Other biases were low in 60% of studies and
high in 40%. The NOS assessed the quality of five other
studies. Four studies were of good quality based on
patient selection, three had excellent comparability, and
four showed good quality in outcome/exposure assess-
ment (Table 3).

GRADE Assessment and Reliability Statistics

For GRADE, all xs were very good (0.88). Test-retest
reliability following a 1-month interval between assess-
ments showed the same result (Table 3).

Sponsorship Disclosure

Out of the 10 included trials, only three were commer-
cially sponsored. The study conducted by Chang et al** was
supported by Allergan Pharmaceuticals, Taiwan; Kim et
al*® was sponsored by Daewoong Pharmaceutical, Korea;
and lastly, Shin et al” was sponsored by Medytox, Korea
(Table 3).

Publication Bias

There was no evidence of publication bias despite
the small number of studies included. The funnel plots
of studies included in the pore size showed a symmetrical
shape with an outlier, which indicates true heterogeneity
rather than publication bias (Fig. 4).

Table 3. Quality Reporting and Commercial Sponsorship Disclosures

Newcastle-  GREDE Evi-

No. Author Year Botulinum Toxin A Type ROB Ottawa Score dence Profile Commercial Sponsor
1 Chang etal” 2008 ONA — Low Low Allergan, Taiwan
2 Kapoor et al” 2010 ONA Moderate — Low None
3 Junetal” 2018 Botulax — Low Low None
4 Kim et al® 2019 PRABO Moderate — Low Daewoong Pharmaceutical
5  Sayed etal® 2019 Botulinum toxin A (Refinex) Moderate — Low None
6  Sapraetal® 2017 ONA/ ABO Moderate — Moderate None
7  Shin et al” 2022 INCO Moderate — Moderate Medytox, Korea
8  Sirithanabadeekul et al™ 2018 ABO — Low Low None
9  Wanitphakdeedecha etal® 2020 ABO — Moderate Low None

10  Zhuetal®* 2017 BoNTA powder (HENGLI) — Moderate Low None
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Fig. 4. Funnel plot for the publication bias of the included studies. SE: Standard error.
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BTXA Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD  Total Mean SD  Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Sebum Production
Kapooret al., 2010 0.7 0.4 10 0.8 0.5 10 14.1% -0.221-0.84,0.41) =
Kimet al,, 2019 42 16.4 23 43.48 16.88 23 32.4% -2.321-3.08,-156) —.—
Sayed etal,, 2019 1.25 0.79 20 2.4 0.68 20 28.2% -1531-2.24,-0.82) —
Shinet al., 2022 1.33 3.11 18 3.13 8.48 18 25.3% -0,281-0,90,0.35) =
Subtotal (95%) CI 71 71 100.0% -1.07 (-2.04, -0.09] >
Heterogeneity:Tau= 0.86; Chi*=24.80, df=3 (P <0.0001); I’=88%
Test foroverall effect: Z= 2.15 (P=0.03)
Pore Size
Kapooret al., 2010 0.1 0.6 10 0.6 0.4 10 17.2% -0.971-150, -0.43) -
Sapra etal,, 2017 02 033 10 1.1 0316 10 17.2% -2.731-3.61, -185) —
Sayed etal., 2019 2 0.5 20 2.4 0.68 20 34.6% -0.591-1.22,0.05) ]
Shinetal., 2022 5.2  7.33 18 53.07 8.96 18 31.0% -5.721-7.26,-4.17)
Subtotal (95%) CI 58 58 100.0% -2.34 [-3.90, -0.78] ‘
Heterogeneity: Tau*= 2.30; Chi*=47.48, df =3 (P <0.00001); I’=94%
Test for overall effect: Z= 2.95 (P= 0.003)
Skin Hydration
Kimet al.,, 2019 51.44  9.75 23 53.48  10.39 23 53.6% -0.201-078, 0.38) _‘::
Zhuetal., 2017 56.44 8.59 20 58.62 7.02 20 46.4% -0.271-0.90,0.35)
Subtotal (95%) CI 43 43 100.0% -0.23 [-0.66, 0.19] *
Heterogeneity:Tau*=0.00; Chi*=0.03, df=1 (P=0.87); I’=0%
Test foroverall effect: Z= 1.08 (P= 0.28)
Skin Texture
Kapooretal.,, 2010 1.6 0.8 10 1.6 0.9 10 12.3% 0001-0.51,0.51) -
Kimetal., 2019 8.8 90.56 23  84.38 98.81 23 28.3% -0.771-1.20, -0.33) -
Sapra et al., 2017 3.167 0.712 10 3.95 0.367 10 12.3% -1351-2.05, -0.66) ——
Shinet al., 2022 8 53.3 18 14 93.3 18 22.3% -0.081-073, 0.58) =
Zhuet al., 2017 0.46 012 20 0.5 0.03 20 24.8% -0.451-1.08,0.18) -
Subtotal (95% Cl) 81 81 100.0% -0,52 [-0.97, -0.06] L 3
Heterogeneity:Tau*=0.18; Chi*=12.67, df= 4 (P= 0.01); I'=68%
Test foroverall effect: Z= 2.23 (P= 0.03)
Erythema Index
Kimetal., 2019 264.83  83.7 23 356.68 87.34 23 50.2% -L061-168, -0.43) -
Zhuetal.,, 2017 264.12  65.12 20 290.14 69 20 49.8% -0.381-1.01,0.25) Sall
Subtotal (95% Cl) 43 43 100.0% -0,72 [-1.38, -0.06] .
Heterogeneity:Tau*=0.13; Chi*=2.25, df =1 (P=0.13); = 56%
Test foroverall effect: Z= 2.13 (P= 0.03)
Wrinkles
Changetal. 2008 211 0.93 9 2.56 1.01 9 25.4% -0.441-1.38,0.50) ——
Junetal, 2018 -0.21 0.19 3 0.25 0.3 3 4.9% -1.471-3.60,0.67) I
Sapraetal,, 2017 -0.11  0.32 10 0.11 0.33 10 13.5% -0.611-1,90,0.68) ——
Shinet al., 2022 1.13 1.36 18 1.87 1.36 18 56.1% -0.531-1.17,0.10) -
Subtotal (95% Cl) 37 39 100.0% -0.57 [-1.04, -0.09) L g
HeterogeneityTau’= 0.00; Chi*=0.76, df= 3 (P=0.86); I'= 0%
Test foroverall effect: Z= 2.34 (P= 0.02)
Face Lift
Changetal. 2008 2,11 0.93 9 2.56 1.01 9 15.3% -0.441-1.38,0.50) —
Sapraetal., 2017 3.35 0.668 10 4.17 1.06 10 16.9% -0.841-2.16,0.49) ——
Sirithanabadeekulet al., 2018 1 033 10 1.7 0.35 10 16.9% -1971-3.08,-0.86) —_—
Wanitphakdeedechet al.,, 2020 -0.04 0.42 30 1.05 0.83 30 50.9% -1.641-2.23,-105) -
Subtotal (95% Cl) 59 59 100.0% -1.27 [-1.95, -0.58] <
Heterogeneity:Tau*=0.25; Chi*= 6.28, df= 3 (P=0.10); I*= 52%
Test foroverall effect: Z= 3.63 (P= 0.0003)
t t t t
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Fig. 5. Comparison of BTxA with control for the skin attribute changes. IV, inverse variance.

Results of Meta-analysis
On the Skin Quality Attributes

The meta-analysis of the sebum secretion shows a sig-
nificant reduction in sebum production compared with
the saline injection side [SMD = - 1.07, 95% CI; (- 2.04
to — 0.09), P=0.03 and z score = 2.15]. The heterogene-
ity among the included studies was significant and moder-
ately high [I? = 88%, P < 0.0000].

There was a significant improvement for the pore size
subgroup [SMD = - 2.34, 95% CI -3.90 to 0.78, P=0.003].
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A moderately high and significant heterogeneity was found
[12=94%, P< 0.00001].

For skin hydration and skin texture, the injection of
BTxA does not improve skin hydration compared with the
control side [SMD =-0.23, 95% CI; - 0.66, 0.19, P=0.26],
but significantly improved skin texture [SMD =-0.52, 95%
CL -0.97, -0.06, P = 0.03] with moderate heterogeneity
percentage (I* = 68%].

For the meta-analysis of erythema index, wrinkles
and facelift were all significantly improved after the
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injection of BTXA in comparison with the control (ery-
thema index; SMD = - 0.72, 95% CI; - 1.38, - 0.06, P
= 0.03), (wrinkles; SDM = -0.57, 95% CI; -1.04, -0.09,
P=0.02), (facelift; SMD = - 1.27, 95% CI; - 1.95, - 0.58,
P=0.0003) (Fig. 5).

On the Outcome with Different BTxA Products

ONA, PRABO, REFI, and INCO explored the effect on
sebum production,”***; ONA, REFI, and INCO on pore
size®¥=%: ONA, ABO, INCO, and LANBO on skin tex-
ture”*'55:3159 LTANBO and PRABO on erythema index™";
ONA, ABO, LETIBO, and INCO on wrinkles*; and
finally, ONA and ABO reported overall facelift.?*57:%
Further analysis revealed no statistical difference in the
outcome neither for the product (SMD = - 0.29, 95% CI;
-0.72,0.32, P=0.42), nor dilution (SMD =-0.28,95% CI,;
-0.76, 0.34, P=0.34), with high heterogeneity (I* = 86%,
P<0.0001).

Sensitivity Analysis

A sensitivity analysis was conducted by excluding one
study at a time from the three sponsored trials (Chang
et al’”?; Kim et al*; Shin et al’'), followed by the genera-
tion of pooled SMD for the rest of the studies. No sig-
nificant changes were observed, suggesting the results
were robust.

Trial Sequential Analysis

RIS data were estimated using a variance-based model
with a significance level (a) of 0.05 and a power () of
0.20. The cumulative Z-curve for each parameter, as
depicted in Figures 6-12, reveals that it crossed the trial
sequential monitoring boundary for beneficial effects.
However, it did not reach the required level of RIS, indi-
cating that the available evidence is currently insufficient
to draw definitive conclusions (Figs. 6-12).

DISCUSSION

The analysis revealed a significant reduction in sebum
production, facial pores, erythema, wrinkle improvement,
and facelift effects, but results for skin hydration were
inconclusive across various BTxA products and dilutions.
Despite these findings, none met the required RIS bound-
ary for conclusive evidence, indicating the need for more
RCTs to confirm these outcomes.

The observed variability in BTXA doses and dilutions
across studies highlights a lack of standardized treatment pro-
tocols for facial rejuvenation, complicating direct compari-
sons due to differing efficacy, result longevity, and side effects.
This inconsistency impacts clinical and economic aspects,
influencing treatment frequency, costs, and challenges in
achieving consistent outcomes. The absence of standardiza-
tion also obscures the treatment’s ideal efficacy-safety balance.
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Fig. 6. TSA of trials explored the effectiveness of BTXA in the reduction of sebum production. The cumulative Z-curve has not crossed the

RIS (189) but crossed conventional benefit boundary.
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Fig. 7. TSA of trials explored the effectiveness of BTxA in the reduction of pore size. The cumulative Z-curve has not crossed the RIS (2499)

but crossed conventional benefit boundary.

Numerous in vivo and in vitro studies have posited
elaborate mechanisms elucidating the enhancement of
various skin quality attributes, especially sebum produc-
tion, after the intradermal administration of BTxA.*-%

Within the sebaceous glands, two primary receptor
types, muscarinic acetylcholine (mAChR) and nicotinic
acetylcholine (nAChR), are involved; m2AChR is expressed
in the suprabasal sebocytes, whereas the a7nAChR is
highly immunoreactive in the ductal cells of the sebaceous
glands.'**% ACh, interacting with a7nAChR, contributes
to lipid synthesis in sebocytes by activating ERK signaling.
This interaction potentially promotes sebocyte differentia-
tion, as mature sebocytes exhibit high levels of a7nAChR
expression.*"%%*

BTxA can influence the release of vascular endothe-
lial growth factor, which affects vasodilation, and it can
inhibit the release of cathelicidin and other inflammatory
mediators. Additionally, it has been observed that BTxA
may inhibit mast cell degranulation, thereby promoting
an antiinflammatory effect. Substance P and calcitonin
gene-related peptides, which are involved in the regula-
tion of inflammation, are also thought to contribute to the
alleviation of facial flushing.”*

The exact way BTxA reduces pore size is not fully
understood, but it may involve decreasing sweat and seba-
ceous gland activity and relaxing muscles, which indirectly
might shrink pores. Its antiinflammatory effects could also
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reduce inflammation around pores, and BTxXA may help
remodel the skin’s structure, leading to smaller pores by
lessening skin stretch.

Despite focusing on prospective trials, noteworthy
retrospective studies exist. Park et al assessed intrader-
mal incobotulinumtoxin A’s impact on sebum secretion,
face laxity, and facial pores. They observed significant
reductions within 1 week, sustaining through 12 weeks,
with peak improvements at week 4.”” A study conducted
by Rose et al showed significant improvement in sebum
production of the forehead in patients with oily skin.” A
retrospective clinical analysis by Shah et al with 20 patients
demonstrated that intradermal injection of BTXA signifi-
cantly reduces (17 of 20 patients) sebum production and
pore size within 4 weeks of treatment.”

Our study found that BTxA did not significantly
improve skin hydration, lacking a direct mechanism and
solid clinical proof for this effect. Research has since
explored using hyaluronic acid alongside or after BTxA
to address hydration. Applying hyaluronic acid before
BTxA may improve treatment distribution and longevity,
aiding in skin restoration and potentially enhancing BTxA
benefits.*”

This is the most recent systematic review and meta-
analysis, including TSA on the efficacy of intradermal
BTxA on skin quality, to our knowledge. Key strengths
include PROSPERO registration for transparency,
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Fig. 8. TSA of trials explored the effectiveness of BTXA in improvement of skin hydration. The cumulative Z-curve has not crossed the RIS
(89) but crossed conventional benefit boundary and touched area of futility, indicating that any future meta-analysis is unlikely to show a
significant difference, even though more clinical trials may be conducted until the RIS is achieved.

strict inclusion and exclusion criteria for precise study
selection, and thorough statistical analysis using TSA
and multilevel sensitivity analysis for strong findings.
Additionally, comparing meta-analysis results with real-
world evidence provides a complete view for healthcare
professionals.®"-*?

However, statistical significance does not always mean
noticeable benefits in real life. Clinical outcomes of
BTxA vary due to individual factors, dosage, and dilution,
requiring personalized treatment plans. This variability
can affect results outside controlled studies. Therefore,
some patients may see minor improvements, whereas oth-
ers expect more significant changes. Clinicians should set
realistic expectations.

Limitations in our systematic review and meta-analyses
should be acknowledged. Small sample sizes for most
outcomes hinder broader applicability. Variability in
outcome definitions introduces potential reporting bias.
Heterogeneity in studies, attributed to diverse BTxA types,
dilution protocols, study populations, and follow-up dura-
tions, complicates the analysis. Despite these challenges,
we conducted sensitivity, subgroup, and trial sequential
analyses to validate our meta-analysis results.

Future studies should prioritize larger sample sizes
for enhanced statistical power and generalizability.
Standardizing outcome definitions is crucial, and research-
ers must address heterogeneity through standardized

treatment protocols, including dose, dilution, extending
follow-up, and uniform inclusion criteria.

CONCLUSIONS

Despite promising results following intradermal BTxA
for facial rejuvenation and the popularity of practice, this
study emphasizes the need for more RCTs to validate these
findings. Such measures will contribute to illuminating
the path forward, marking the journey from the era of
eminence to the dawn of evidence-based practice in aes-
thetic medicine.

Egram Rahman, MBBS, MS, MMEd, PhD
Department Plastic and Reconstructive Surgery
Royal Free Hospital

Pond Street, Hampstead, NW3 2QG

United Kingdom

E-mail: Eqram.rahman@gmail.com
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