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Botulinum toxin A in dentistry and orofacial surgery: an
evidence-based review — part 2: cosmetic applications

Ines Novo Pereira' and Haidar Hassan*!

Key points

e Botulinum toxin type A (BoNTA) is
safe and may be a valuable addition to
the armamentarium of dental surgeons
and allied specialities. The risk of adverse
events seems to be strongly dependent
of injection techniques. Changes on bone
tissues following the toxin injections into
masseter muscles and the long-term
implications remains to be elucidated.

Abstract

® Future studies may help to provide robust
evidence-based clinical recommendations
for cosmetic BONTA use, independently
or on a combined approach, and to
understand the benefits for unilateral
masseter hypertrophy or congenital
unilateral drooping of mouth corners.

It is yet necessary to fully understand the
long-term safety and cost-effectiveness
associated with repeated injections of

all toxin formulations against other
treatment modalities currently being
used.

Objective An evidence-based review on the role of botulinum toxin type A (BoNTA) on diverse cosmetic applications of interest to dental

practitioners and allied specialities. In this context, to identify the cosmetic treatments that have an evidence-based rationale against areas

requiring further research, with a view to assess the safety and efficacy of BONTA.

Data source and selection A comprehensive search was conducted using Cochrane Library of Systematic Reviews, Cochrane Central

Register of Controlled Trials, and PubMed (Medline) electronic databases. Thirty-nine studies of variable quality were included. The Best

Evidence Topics (BETs) Critical Appraisal Tool was used to facilitate the quality assessment of relevant studies.

Data extraction Based on current level Il evidence, BONTA was safe and effective to improve facial contour, reduce volume and thickness

of bilateral hypertrophic masseter. Conservative doses using a combined approach of BONTA and hyaluronic acid was recommended as a

safe and effective treatment for perioral enhancement supported by level Il evidence. There was limited evidence, not higher than level Ill,

to support BoNTA effectiveness for gummy smile associated to perioral musculature hyperactivity, while jawline sculpting targeting the

platysma muscle had lower level IV evidence up to this date.

Conclusion BoNTA has been widely used off-label for the investigated cosmetic orofacial conditions, with reports of ‘good patient and

practitioner satisfaction’. However, there is limited high-quality evidence to support the long-term safety and effectiveness of repetitive

BoNTA injections. Additionally, no studies were found that provided a cost-effectiveness evaluation of BONTA formulations against other

current cosmetic interventions. Well-designed clinical trials, including long-term follow-up, would help to provide robust evidence-based

recommendations for clinical practice, supporting BONTA popularity, independently or in a combined approach.

Introduction

Botulinum toxin (BoNT) is an exotoxin
synthesised by gram-positive anaerobic bacteria
— Clostridium botulinum, commonly found in
the surrounding environment.! At least eight
antigenically different serotypes have been
identified; BoNT type A and B were the most
studied.> While five distinct formulations
of these two serotypes have been approved
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by the US Food and Drug Administration
(FDA) for medical practice, botulinum toxin
type A (BoNTA) formulations are used on
a larger scale in comparison to BoNT type
B. Type A (BoNTA) formulations include:
onabotulinumtoxinA-OnaBoNTA (Botox/
Vistabel), abobotulinumtoxinA-AboBoNTA
(Dysport/Azzalure), incobotulinumtoxinA-
IncoBoNTA (Xeomin/Bocouture), and since
2019, prabotulinumtoxinA-xvfs-PraBoNTA
(Jeuveau/Nabota).? Each of these BoNTA-
containing preparations are unique and not
interchangeable.* Thus, recognition of the
similarities and differences among distinct
BoNTA preparations is crucial to ensure the
correct application, in order to achieve optimal
outcomes and safe clinical practice.'**>
Recent literature has highlighted a steady
growth over the years of non-surgical and

minimal invasive procedures, with BONTA
remaining the most prevalent cosmetic
treatment in the US (2019).¢ The range
of BoNTA applications has expanded
exponentially since its first introduction
into the market, with considerable clinical
trials in progress for registration.” The
toxin’s widespread popularity is a reflex
of the ongoing research, allowing greater
knowledge of its underlying physiology,
confirming that BoNTA is safe, minimally
invasive, and effective for several cosmetic
and therapeutic conditions.'® Accordingly,
there is a growing number of clinical
dentistry applications, as well as dentists
engaging in BONTA delivery, making up the
steady growth of the BoNTA industry.®® In
2017, one study documented that there were

approximately 2,500 dentist prescribers of
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BoNT in the UK.’ This figure is considerably
superior when compared to any other
speciality.®

Objectives

This evidence-based review aimed to identify,
categorise and critically appraise current
literature on the safety and efficacy of
BoNTA cosmetic applications, in each of the
recognised dental and orofacial conditions of
interest to dentists and allied specialities. Thus,
in this context, this review was performed
to summarise the best available scientific
evidence and potentially promote safer and
effective clinical care. The Best Evidence
Topic (BestBETs) methodology was used,
which follows a well-structured approach,
with the purpose of answering specific three-
part clinical questions: ‘In the treatment of
cosmetic dental and orofacial conditions, is
BoNTA a safe and effective intervention?’

Materials and methods

Data sources

Following the BestBETs methodology, an
evidence-based review was performed using
the Advance search on PubMed (Medline),
Cochrane Library of Systematic reviews
and Central Register of Controlled Trials
databases to screen for relevant papers.
Various terms combined with key text terms,
which originated different constructions
of search terms, have been used through
the elective search engines (see online
Supplementary Appendix A for keywords
and Booleans).

An initial scan of the literature on this
topic anticipated limited relevant evidence
in which the selected studies would be
highly heterogeneous, and the outcomes
were likely not suitable for a meta-analysis.

Therefore, the BestBETs method has

Fig. 1 PRISMA flowchart - search results
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been selected, as it is a suitable format to
synthesise and appraise evidence when there
is limited high-quality data available. First
pioneered in the emergency department, the
BestBETs method has disseminated to other
medical specialities and has been regularly
published in peer-reviewed journals. This
methodology has been previously described
in the literature.!

Data selection
Two independent reviewers (INP and HH)

have systematically searched the databases

and any disagreements on inclusion and
exclusion criteria were resolved through
a discussion. See Figure 1 for explicit
search results, with the full text evaluation
narrowed down to 97 potentially relevant
papers. Reference lists of all included papers
were manually searched and followed the
search parameters (shortlisted in Table 1).
The analysis yielded 39 relevant studies on
cosmetic applications. These were collected
into basic BETs evidence tables, while
classified and appraised for their quality
for the purpose of the three-part research

® Human studies e Studies related to orofacial therapeutic applications or adjuvant treatment
¢ Articles in English Language/English translation ¢ For facial aesthetics, upper face applications were excluded: glabellar lines,
® The search was carried out from inception up to March 2020 forehead lines or ‘crow’s feet’ (this article was streamlined to concentrate
® For PubMed (Medline) data search was limited to meta-analysis, systematic on the lower face, where the mouth plays a central role)

review (SR), controlled clinical trials, randomised controlled clinical trial e Single case reports

(RCT), clinical trial, consensus development conference (NIH included), e The studies already analysed on selected SRs (recognised as the strongest

observational study

¢ Type of participants: studies recruiting either male or female patients and

without any age or ethnic restrictions

¢ Type of intervention: no restrictions regarding BoNTA injection depth,
formulations, manufactures, dosages, or techniques

Key:
* = One exception was the RCT by A. Carruthers et al.'* included in Cavallini et al.® systematic review.

method to evaluate clinical effectiveness of interventions), to avoid
repetitive studies providing lower level of evidence

e Literature reviews without background or enlightenment on treatment
options, or unclear methodology

This SR evaluated BoNTA safety for cosmetic treatment in all facial areas, having found only one RCT on the lower face. Therefore, due to its significance to also
evaluate BoNTA efficacy on perioral enhancement, this study was also included for analysis.
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Table 2 Risk of bias in included RCTs

Wei, 2014 Low’ Unclear Unclear Low Unclear Unclear
Park, 2017 Low Low Low Unclear Low Low
Lee, 2015 Low" Unclear Unclear Low Unclear Unclear
Lee, 2017 Low" Unclear Unclear Low Unclear Unclear
Cohen, 2012 Low Low Low Unclear Low Low
Kadunc, 2007 Low’ Low Low Low Unclear Low
A. Carruthers, 2010 Low Low (V/x) Low Unclear Low Low
J. Carruthers, 2010 Low Low (+//x) Low Unclear Low Low
Hexsel, 2013 Low Unclear Unclear Unclear Unclear Unclear

Key:

* = No randomisation method or tool mentioned.

\/x = single-blind (assessor) or no blinding but outcome unlikely to be influenced. Attrition bias was evaluated by screening the exclusion criteria and withdrawal.

question, using the adapted BETs critical
appraisal tool.!' Although there are other
validated critical appraisal tools, the BETs
checklist was selected because it is an easy
and useful tool to evaluate different study
types’ methodological soundness to assess
any confounding factors, potential bias and
study limitations, having been suggested
as a complement to the methodology of
BestBETS.! The data extracted and appraised
for each study was confirmed by reviewer
consensus.

Regarding the exclusion criteria, it is
worth noting that the evolving emphasis on
facial aesthetics advocates a patient-tailored
panfacial approach, recognising the impact
that treating one area could have on other
areas. Accordingly, the facial expression
muscles have compound physiologic and
anatomic interactions instead of acting in
isolation.!>!3 Nevertheless, the study was
streamlined to concentrate on the mid- and
lower face, where the mouth plays a central
role, therefore excluding BONTA treatments
of glabellar and forehead lines, or ‘crow’s
feet’, fundamental aspects of the upper face
appearance.!?13

Assessment of study quality and risk

of bias

The relevant studies found by the search
strategy were firstly categorised in terms of
type of study and level of evidence (LOE),
following the study-quality hierarchy
criteria outlined by the latest Oxford Centre

for Evidence-Based Medicine ratings.!® The
LOE of the studies included were classified
as: level I — systematic review (SR) of
randomised trials (RCTs) or n-of-1 trials;
level II - individual RCTs or observational
study with dramatic effect; level III — SR
of non-randomised controlled cohort/
follow-up study (or individual studies); level
IV - SR of case series, case-control studies, or
historically controlled studies (or individual
studies); and level V — mechanism-based
reasoning or expert opinion. Level was
graded up or down based on study quality,
imprecision, indirectness, inconsistencies, or
effect size. We accepted the authors’ quality
classification of their own study or included
papers and did not attempt to re-classify
them.

The next step was to evaluate the detailed
methodology using the adapted BETs critical
appraisal checklist.! Finally, the risk of bias
assessment for included RCTs was performed
according to the Cochrane Methodology
for Systematic Reviews of Interventions,!”
in respect of randomisation sequence
generation, allocation concealment, blinding
of participants and personnel, blinding of
outcome assessment, incomplete outcome
data, selective reporting, and other potential
sources of bias. Each item was scored as low,
unclear, or high risk of bias and expressed
in Table 2. The scoring was performed
independently by the reviewers (INP, HH),
and any disagreement was resolved by
consensus. The overall risk of bias regarding

each RCT was judged based on the following:
1) low risk, if all domains were scored as ‘low’
or only one as ‘unclear’; 2) unclear, if two or
more domains were estimated ‘unclear’; and
3) high, if at least one domain was scored
as ‘high’. Of the included SRs, we accepted
the authors’ own risk of bias assessment
for included RCTs and did not attempt to
re-classify them.

Data extraction and outcomes

Two reviewers (INP, HH) independently
extracted data on study design, outcomes
and quality. Clinical and patient-related
outcomes and adverse events were reviewed
in detail. Due to the large number of
BoNTA applications being evaluated, each
with several available assessment tools,
when reporting, we extracted data on
improvements in each individual condition-
related cosmetics and concentrated on the
outcomes most reported in the different
studies, with either objective or subjective
assessment tools. Refer to Table 3 for a
brief description of the outcomes that were
collected and LOE associated, where findings
were simplified with symbols to facilitate

comparisons.

Data analysis and reporting

The included studies were summarised in
BestBET tables, using the standardised form
to provide the relevant data of each study.
Due to the heterogeneous nature of the

outcomes in the included studies for each
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Table 3 Outcomes collected (cont. on page 5)

Masseter hypertrophy

Thickness of masticatory muscles ? +/++

Thickness of masseter muscle only ? +/++ + +
Volume of masseter muscles ? +/++ +

Volume of masticatory muscles ? +/++

Measurement of change in facial contour ? +/++ + +
Patient satisfaction with degree of changes in muscle bulk/ ? +/x' +
facial contour

Thickness and volume on non-injected masseter side ? X/--
Difference in thickness and volume between strengthen/restrict | ? +/++

masticatory action

Difference in thickness and volume between unilateral/bilateral | ? +/--
injection

Differences in thickness and volume between single injection/ ? +/++ +/++

more sessions

Differences in facial contour between single injection/more sessions | ? +/++ +/++
Subcutaneous thickness ? x/x"

Intergonial angle width of mandibular angle area ? x/x’

Bone volume of mandibular gonial angle ? -/

AEs/complications

No systemic complications reported. Mild, temporary local AEs observed

Mainly for higher dosages and dispersion: (most common) — expectable decreased chewing power/bite weakness/
abnormal mastication/muscle fatigue (after 2-4 weeks, may persist for 1-2 months), self-limited bruising, haematoma,
swelling, pain at injection site and unnatural smile/asymmetric facial expressions (easily prevented with adequate
injection technique). Other — paradoxical bulging of the muscle (usually when thin skin and thick muscle), dizziness,
headache, suboptimal results, allergic reaction, TM| limitations, cheek hallow, worsened jowls or sagging, sunken of
temporal fossa, xerostomia, neurapraxia, other rare complications. Disuse osteopenia of the condyle and mandibular
area — raised concerns, particularly due to incidence of osteoporosis and osteopenia among women (gender more
frequently seeking treatment) — no long-term studies in humans to comment on potential skeleton changes.

Perioral lines

Perioral strain and wrinkles severity +/X' [++/-- +
Patient-reported results/satisfaction +/X' [++/-- +
Lip augmentation: upper lip at rest/lip fullness +/X'[++]-- +

AEs/complications

No severe complications. Most AEs were mild to moderate, spontaneously resolved

For treatment in the lips, occurrence rate was dose-dependent — lips numbness, bruising, weakness, upper lip
elongation, thinner appearance, dryness, fullness, swelling and difficulties in eating and drinking, mild herpes simplex.
Influenza-like syndrome.

Drooping of mouth
corners — marionette
lines

Degree of drooping of the mouth +/-- 4 +
Severity of oral commissures and marionette lines +/-- + +
Overall clinical improvement/efficacy of sadness appearance +/x’ + +
Patient satisfaction + tolerability +/-- 4 4
Preservation times -

AEs/ complications

No serious complications reported

Discomfort while speaking, playing wind instrument difficulties, herpes labialis

Excessive gingival
display — ‘gummy
smile’

EGD severity/improvement/percentage of improvement +/x’ +
Duration of effects/return to baseline values ?/x’ ?
Patient satisfaction/level of satisfaction +/x' +
Smile index improvement +/x’
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AEs/ complications

No serious long-term AE reported. Short-term AE within the first weeks post-treatment. Most can be corrected with additional
BoNTA, others can cause dysfunction that last for several months. Most related to poor injection technique and dose.

speaking, or smiling.

Pain and/or twitching at injection site, headache, dizziness, facial or smile asymmetries, ‘joker smile’, ptosis of upper lip
or oral commissure — ‘sad appearance’, lengthening upper lip, inferior lip protrusion, drooling or difficulties in eating,

Platysma — jawline

sculpting

Lower face contour improvement +/++
Overall lower facial sagging and neck appearance improvement +/++
Level of satisfaction (participant/investigator) +/++
Platysma bands improvement +/--
Lower face wrinkles improvement +/x

AEs/ complications

No complications reported

Key:
AEs = adverse effects
++ or

+ or - = improvement/worsening compared to baseline

x = no change or significant improvement/worsening compared to baseline

x’ = no change or significant improvement/worsening compared to control group
? = inconclusive or low evidence

condition, a meta-analysis was not possible
to perform. For each recognised BoNTA
application, when there were sufficient
studies of level I/II evidence, the studies
presenting lower LOE were not considered for
discussion, unless these were recent studies
relevant to the three-part question. Whereas
when the best evidence relied on level III/
IV/V studies, these were all considered.
In addition, evidence was judged ‘high’,
‘moderate’ or ‘low’ based on the conclusions
of included studies and overall quality and
risk of bias assessed.

Results

Data extraction

See Figure 1 for the PRISMA flowchart for
data abstracted.!® Online Supplementary
Appendix B shows the summary of papers
from the initial search utilised to identify
BoNTA applications concerning dental
practitioners. Online Supplementary
Appendix C illustrates the 39 relevant
studies identified according to each
aesthetic orofacial condition considering its
relevance, reliability and credibility, based
on those suggested by the latest Oxford
Centre for Evidence-Based Medicine LOE,
which acknowledges the importance of SRs
of randomised trials as the strongest LOE,
while giving space to the expert opinions

= significant improvement/worsening compared to control group

and mechanism-based reasoning lowest
level V.1¢ Online Supplementary Appendix
D presents the domains of adapted BETs
critical appraisal worksheets used with an

assessment for each study.!

Summary of the findings

This evidence-based review (part two)
focused on the BoNTA cosmetic applications.
The graphic illustrated in Figure 2 provides
an overview of relevant studies with
corresponding LOE. The results are presented
in a descending order of evidence.

Search and study selection — study
characteristics and quality

Masseteric hypertrophy

The search regarding the safety and efficacy
of BoNTA for masseteric hypertrophy
produced 11 articles of sufficient
quality.192021,2223,24,252627,2829 The highest
evidence level I was one Cochrane review
in 2013,% that was unable to identify
RCTs or controlled trials. Since then, only
four level II RCTs were found;?%252627 this
involved 158 participants with sample sizes
ranging from 20 to 98, follow-ups from
12 weeks to at least 15 months, and only
one trial was double-blinded. In addition,
two level III studies were included,?"?* of
which one was a single-blinded prospective

Heaviness sensation, mild unilateral reduction in lower lip retraction. Dysphagia and neck weakness
(Nefertiti technique). Pain and bruising at injection site

trial enrolling 50 participants and with
long four-year follow-up.?! The other was
a group-controlled cohort enrolling ten
participants proving the final assessment
at three months.? Furthermore, three level
IV studies were considered,'**** including
one clinical case series involving 680
participants,? one single-blinded cohort
enrolling 252 participants,® from which
we accepted the authors’ own classification,
and one evidence-based review,!® citing
additional three level III*®3!32 and nine
level IV studies.33343536,37,38,3940.41 Fjnally,
one level V literature review completed the
search.?® Inclusion criteria varied among
level II studies, ranging from measurement
of changes in subcutaneous thickness or
hard tissues alongside muscle or soft tissues
effects, assessment on how to improve
duration of masseter muscle reduction or
the effect of a second injection. Level III
studies included long-term management
on bilateral masseter hypertrophy or
unilateral cases. Treatment effectiveness in
the East Asian population, aetiology and
incidence rate of treatment complications,
or the proposal of a tailored protocol based
on muscle bulge-type classification, were
involved in level IV studies. The level V
study provided a comprehensive review on
complications related to BoNTA for lower
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face contouring. Outcome assessment tools
varied greatly among studies, ranging from
ultrasonographic imaging, computerised
tomography (CT) scan, photography, clinical
assessment and patient self-assessment
scales, 3D laser scanning or 3D-CBCT scan.
Overall characteristics of included studies are
available in the BestBETs table (see online
Supplementary Appendix C).

Perioral lines

Research regarding BoNTA use for perioral
lines produced 13 relevant papers. Of these,
six were level II studies,'*1542434445 which
included one SR evaluating the safety of
BoNTA in facial aesthetic treatments and
five RCTs. The SR only included one RCT
for perioral region and was downgraded
to level II owing to the unclear risk of bias
or study quality assessment performance.
The five RCTs involved a combining
total of 252 participants, which included
only two male subjects, with sample sizes
ranging from 12 to 90. Three studies
reported the use of OnaBoNTA (Botox)
and two selected AboBoNTA (Dysport).
The majority performed the final efficacy
and safety assessment approximately at
six months; only one study had a longer
follow-up of 36 months, and another study
reported a five-month final appointment.
All studies evaluated BoNTA safety and
efficacy for perioral rhytids. However, the
results presented different objectives, which
included: comparisons between two or three
doses targeting only the perioral area or the
whole face, assessment of BONTA treatment
benefits in contrast to HA injections or both
combined for lower face rejuvenation, with
one study evaluating the efficacy of BONTA
pre-treatment to enhance chemabrasion. In
addition, two level IV studies were found
enrolling 32 and 18 participants each,
with short follow-ups of three months and
2-3 weeks, respectively. The first level IV
study reported an effective dual treatment
with BoNTA and HA for the perioral area
with objective measuring;*® the latter was
the first case series reporting the use of
BoNTA for perioral vertical rhytids.*” The
remaining five studies were expert consensus
providing clinical recommendations for
BoNTA treatment alone, on a dual modality
or multimodal approach.!>134849.50 Qverall
characteristics of included studies are
available in the BestBETs table (see online
Supplementary Appendix C).

Fig. 2 Overview of BoNTA studies — cosmetic applications in dentistry
(enhancement of an individual smile and perioral appearance blended
with facial aesthetic concerns) - and level of evidence (I-V)

Perioral lines

Drooping of mouth corners — marionette lines
The search conducted on the use of BONTA to
uplift mouth corners and enhance marionette
lines had an overlap of seven included
studies for perioral lines amelioration, which
included three level II RCTs and four level
V expert recommendations.!14444548,49,50
Three additional case series were found
targeting exclusively downturned mouth
corners, with/without deep oral commissure
and/or marionette lines caused by an
hyperfunctional depressor anguli oris (DAO)
muscle.’5253 Of these, one was level
IV evidence and for the other two, we
accepted the authors’ classification of level
V. Overall, this involved 159 participants
with sample sizes ranging from 16 to 107,
and final assessment at three months
or one year. BONTA formulations varied
among the studies, including OnaBoNTA
(Botox), IncoBoNTA (Xeomin), or PraBoNTA
(Nabota). Overall characteristics of included
studies are available in the BestBETs table
(see online Supplementary Appendix C).

Excessive gingival display — ‘gummy smile’

Most published studies on BoONTA safety and
efficacy for excessive gingival display (EGD)
were case series, with small sample sizes and
short follow-ups. The two SRs conducted by
Nasr et al.>* and Duruel et al.>®, as well as a
meta-analysis by Chagas et al.,*® have overall
included six prospective studies (n = 145)

Number of studies

available on this subject,’7:5859.60.61.62 jn
which OnaBoNTA (Botox) was the primary
formulation used, with only one study
reporting the administration of AboBoNTA
(Dysport). The two SRs were downgraded
to level IV. For one SR, we accepted the
authors’ own classification;>* the other had
methodological limitations with unclear
study quality and risk of bias assessment for
included studies.’® The meta-analysis had
level III classification, owing to the included
prospective studies’ moderate-to-poor quality
score. Four additional studies have been
included;®3¢4%5% of those, one was a level III
prospective cohort,® and three were level IV
clinical studies.®*¢>% The highest quality of
evidence was provided by the recent cohort
conducted by Cengiz et al.®, enrolling 28
participants without significant gender or
age differences, which investigating the
efficacy of BONTA administered to either
levator labii superioris alaeque nasi (LLSAN)
or orbicularis oris (OO) muscles, and the
meta-analysis by Chagas et al.® on the
treatment effectiveness duration. The level
IV clinical studies either evaluated the role of
BoNTA as an adjunct to lip repositioning flat
surgery, or following orthodontic treatment
for the management of EGD with or without
vertical maxillary excess, respectively.®%
Other case series investigated BoNTA
injection site according to the different
EGD types due to hyperactivity of upper lip
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muscles.® This involved a total of 20 female
participants, with sample sizes ranging from
3-10, and the final assessment varying from
15 days to 24 weeks. Outcome assessment
tools were mostly clinical measurements
and standardised frontal photography to
evaluate EGD severity, improvement, and
duration of effects. Only one study evaluated
the level of satisfaction with the VAS scale.
Overall characteristics of included studies are
available in the BestBETs table (see online
Supplementary Appendix C).

Jawline sculpting - platysma

The search regarding BoNTA safety and
efficacy for jawline contouring targeting
the platysma muscle produced a total of six
relevant articles of sufficient quality. Of these,
three were retrospective studies,®”*% while
one was a prospective trial and an extension of
a primary study with follow-up at day 15.7%7!
Overall, the LOE for three of these studies was
level IV, and one level V, for which we accepted
the authors’ classification. This involved a
total of 572 participants, with sample sizes
ranging from 30 to 192. OnaBoNTA was the
most recurring formulation, followed by
AboBoNTA, and one study reported the use
of IncoBoNTA. The outcomes reported varied
among the studies. This included lower face
contour improvement, overall lower face
or full-face amelioration, facial sagging and
neck rejuvenation, level of satisfaction with
treatment and results. Outcome assessment
tools were mostly standardised photography
and patient/investigator questionnaires.
Only one study reported the use of validated
scales. In addition, two level V consensus
recommendations for Asian and western
populations were included.*7? The latter
was a repetitive study from research involving
perioral lines. Overall characteristics of
included studies are available in the BestBETs
table (see online Supplementary Appendix C).

Study risk of bias

Of the 39 included studies, ten were level
Il evidence and nine were RCTs. Risk of
bias was evaluated in the nine studies. Of
these, four related to masseter hypertrophy,
three for perioral enhancement (including
perioral lines, marionette lines and drooping
of mouth corners), and two exclusively for
perioral lines (Table 2).

Masseteric hypertrophy
From the four RCTs included, the majority

had small sample sizes (n = 20) and short
follow-up periods, ranging from 3-6 months.
Only one had a larger sample (n = 98) and
longer follow-up (16 + 2.3 months). Two
were group-controlled and the other two
compared the effects of a single injection
to a second BoNTA injection four months
apart. Risk of bias was evaluated in the
four included studies (Table 2). Only one
had a risk that was estimated low for most
subdivided risks; however, for attrition bias,
it was unclear if the loss to follow-up of
three participants, with similar reasons and
unlikely to be related with true outcome,
may not have created an unbalanced number
between groups with impact on outcome.
All the remaining RCTs had an overall risk
estimated unclear. None have reported the
randomisation method or have addressed
blinding of participants and personnel or
outcome assessment. For reporting bias,
there was insufficient information to permit
judgement.

Perioral enhancement - perioral lines,
drooping of mouth corners, marionette lines
From the five RCTs included, two were
double-blind, two were single-blind and
one was an open-label trial; three were
parallel-design and multicentre studies, one
was single-centre, and another was a split-
face study. Risk of bias was evaluated in the
five included studies (Table 2). Overall, all
had a risk that was estimated low for most
subdivided risks, except one study that was
scored unclear risk of bias. For selection bias,
only one study did not report the method or
tool used for randomisation. For performance
bias, two complemented trials were single-
blind, although it was estimated that the
outcome was unlikely to be influenced. Only
one study did not address this outcome or the
blinding of outcome assessment, for which
detection bias was also estimated unclear. For
attrition bias, most studies presented missing
outcome data owning to loss follow-up.
There was insufficient reporting to permit
judgement if the missing data was likely to
be related to true outcomes. For reporting
bias, two studies were scored unclear due to
insufficient information for key outcomes
(for example, in one trial, the outcome
assessment for the lower face after the four-
week follow-up is not clear).

Efficacy and safety outcomes
A brief description of the outcomes that were

SYSTEMATIC REVIEW

collected, with the LOE for each key efficacy
parameter, is shown in Table 3. BestBET
tables available in online Supplementary
Appendix C summarise the 39 identified
studies and provides full detail of methods
of evaluation, outcomes reported, study
designs, LOE, interventions, as well as study
limitations for each study. The key findings
are summarised below.

Masseteric hypertrophy

The highest LOE for masseteric hypertrophy
was the Cochrane review in 2013, that was
unable to support or refute BONTA safety and
efficacy for benign over-developed masseter
muscles.?? Since then, only four RCTs
were found.?*?%2627 Wei et al.?” illustrated a
prolonged masseter muscle reduction when
patients were instructed to strengthen their
masticatory movements immediately after
BoNTA injections, during the denervated
atrophic stage of the masseter muscle, at
the expense of a higher risk of paradoxical
bulging of other masticatory muscles,
particularly of temporalis muscle. This study
(n = 98) also demonstrated the treatment to
be effective and safe, with low incidence
of mild and transient adverse effects (AE),
and high percentage of patient satisfaction
compared to baseline.?” Lee et al.?®> RCT
(n = 20) demonstrated greater muscle
reduction and aesthetic results with a second
BoNTA injection after four months. This
timing was considered capable to maintain
the maximum change seen at three months.
The other RCTs provided by Park et al.** in
2018 and Lee et al.? had interesting findings
on the effect of BoNTA injections into
masseter muscle on soft and hard tissues.
The former showed that this procedure only
significantly affected the muscle thickness
and not subcutaneous thickness, from
muscle to skin. Moreover, the measurements
of subcutaneous thickness provided by
ultrasonography confirmed the need for an
injection needle longer than 8 mm, and 29 G
half-inch long needles were recommended.?
The latter raised concerns regarding the
significant noted consequences on hard
tissues with repetitive BONTA injections.
While a more effective improvement in
masseteric hypertrophy and sustained
facial contour results were demonstrated
with a second BoNTA injection, changes in
mandibular angle bone volume was reported,
although without differences in intergonial
angle width of mandibular angle area.?¢
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Level III/IV studies have supported the
safety and effectiveness of BoNTA for
masseteric hypertrophy and acknowledged
a lOW AE risk.19,21,24,28,29,30,31,32,33,34,35,36,37,38,
39,4041 In 2018, Peng et al.,**** with a large
study population (n = 680), attempted to
categorise the AE according to the aetiology
(non-muscular, toxin effect or injection
site-related) and evaluated the incidence
rate, which has proven to be low. Most
complications occurred within 2-4 weeks
post-injection and resolved in 12 weeks,
including the reduced ability to chew
(30%) and bruising (2.5%), with other
complications reporting an incidence rate
less than 1%.% The same author performed
a level V literature review and revealed that
non-specific AE, such as local pain and
swelling, were also commonly reported.
While the incidence rate for paradoxical
bulging of the temporalis or upper part
of the masseter muscle, sunken cheeks,
sagging, asymmetric facial expressions,
and headache varied greatly, the risk of
xerostomia and neurapraxia was very low
and controversial.”® A sound anatomy
knowledge and 3-4 injections within
the safety zone at 1 cm from all margins,
with longer needle sizes to avoid injecting
parotid gland, were deemed more essential
to mitigate AE risk than BoNTA dose. Xie
et al.?® proposed a protocol according to
masseter muscle thickness and bulging type
classification; this reported tailored approach
improved safety, effectiveness in reducing
masseter volume, and ameliorated lower face
contour. In addition, Cheng et al.* provided
an evidence-based review and concluded
that the ideal patients likely to benefit
from BoNTA treatment were the younger
presenting a wider mandible or square-face
due to masseter hypertrophy. Older patients
with sagging jowls were not ideal candidates,
whereas larger cheekbones, excessive fat
on upper masseter muscles, or associated
bruxism scenarios would require special
considerations. The author highlighted
that several injection techniques have
been described. However, the three-point
triangular pattern has been recommended.
The most commonly chosen location for
masseteric intramuscular BONTA injections
is the safety zone located under an imaginary
line connecting the earlobe and the angle
of the mouth, and between the posterior
and anterior easily palpable borders of the
contracted masseter, 1 cm away. Based on

LOEV, this review reported that the optimal
dose remains controversial, albeit men
generally require higher doses, and 20 U
(OnaBoNTA) was considered the minimal
effective dosage for both genders.® BONTA
was told to provide longer-lasting outcomes
compared to type B.* LOE III supported
that multiple factors are likely to determine
the optimal dosage, including: individual
differences, injection technique, and type of
BoNTA. Doses and muscular thickness tend
to decrease with repetitive treatments.®* The
ideal frequency for BONTA injections was still
uncertain; however, 2—4 yearly injections to
maintain results have been recommended.
2 All BONTA formulations (including newest
ParaBoNTA) had comparable efficacy with
the same number of injections, but no
conversion ratio has been established, and
without evidence-based efficacy advantage,
OnaBoNTA was the most used. 7563

Other level III studies showed that doses
and muscular thickness tend to decrease with
ongoing treatments.?* Shome et al.*! 2019
prospective trial (n = 50) with a long four-
year follow-up, recommended the frequency
of injections to maintain satisfactory results
to be before masseter re-hypertrophy at
approximately three months, when the
average of masseter muscle reduction was
reported 12%. This study also revealed that
lower dosages with a repetitive pattern can
significantly increase short- and long-term
treatment safety and effectiveness, with
higher patient satisfaction regardless of
age and gender, in comparison to a single
dosage.?!

Cha et al.? cohort study (n = 10) reported
that for facial asymmetry of muscular origin,
unilateral injection on the affected masseter
muscle was safe and significantly effective.
Changes in muscle volume and thickness
was also noted at the non-injected side,
but these were not statistically significant.
Overtime, the decrease in muscle thickness
on the injected-side was significant, while the
non-injected side remained constant, hence
the lower face become less asymmetric. It
was also reported that unilaterally injected
muscles were likely to have less reduction
in thickness and volume compared with
bilateral injections.

Perioral lines

Cavallini et al.’> SR confirmed the safety
profile of approved BoNTA formulations
(except newest PraBoNTA) for short- and

medium-term cosmetic treatment of all
facial one-thirds. However, conclusions were
based on only one RCT (n = 90) available
on perioral treatment.'* Complications
reported on the lower face were mild
and transient. This involved mostly lip
asymmetries and imbalance of perioral
region, lip dryness, numbness, bruising,
swelling, muscle weakness with functional
disturbances, mild herpes simplex, and
influenza-like symptoms. Chang et al.*¢ level
IV prospective study (n = 32), one of the
most recent on this subject, reported scarce
quantitative evidence for specific treatment
of perioral region, despite the increasing
demand and proposed therapies for perioral
enhancement. Based on validated tools
(dynamic 3D digital image and FACE-Q
questionnaire), this study concluded that
BoNTA combined with hyaluronic acid (HA)
resulted in significant reduction of perioral
strain, with high patients’ satisfaction,
particularly older patients with considerable
age-related changes.

Since the first prospective case series
(n = 18) by Semchyshyn et al.*” in 2003,
demonstrating positive effects with
intradermal BoNTA injections in smoothing
dynamic perioral wrinkles, there have been
level II evidence studies supporting BONTA
safety and significant effectiveness on this
facial area.!#42434445 These RCTs (n = 252)
also showed the treatment to be well
tolerated with high patient satisfaction.
However, Cohen et al.*> and Hexsel et
al.® evaluated different BONTA doses and
confirmed that complications risk is dose-
dependent for perioral region. While the
different doses did not seem to influence
the level of satisfaction or duration of
effectiveness, both Carruthers et al.'**
RCTs, and more recent level IV studies,*
have provided growing evidence of greatest
efficacy, with significant improvement on
duration of effect and patient satisfaction
with a combined approach of BONTA and
HA. Carruthers et al.'*** level II studies
provided a comparative evaluation between
treatments with BONTA only or combined
with HA, or HA independently, and showed
the duration of effects to be approximately
58 days, 146 days, and 100 days, respectively.
Kadunc et al.*> RCT demonstrated that
pre-treatment with BoNTA injections
optimised the maintenance of great clinical
results of chemodermabrasion for perioral
enhancement.*
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consensus reports providing clinical

were several
recommendations.!>13484950 [t has been
generally accepted that BONTA injections in
the perioral area should be very superficial/
intradermal and symmetrical. Although the
number of BONTA injection-sites varied from
two to five points, it has been recognised
that these should be slightly distant from
the vermillion border, at least 5 mm away
from the Cupid’s bow apex and medial
oral commissure, to avoid flattening of
the midline, or drooping and drooling of
the lips, respectively. A two-week review to
evaluate results and correction, if necessary,
has been considered as appropriate, and
the maximum dose per injection point
ranged from 0.5-1 U. For a combination
approach, either one session or sequential
stages have been considered viable options.*
While some authors have recommended for
BoNTA injections to precede a subsequent
lowered dose of HA, on a single session, to
avoid the resultant swelling from the fillers
administration,'® the opposite has also been
suggested based on the hypothesis that HA
injection can provide structural support and
reduce the BONTA amount.*

Drooping of mouth corners — marionette lines
The search on the use of BoNTA to
uplift mouth corners and enhance
marionette lines included seven repetitive
studies. 2144445484950 None of the additional
studies found, targeting exclusively the
conditions caused by an hyperfunctional
DAO muscle, were of higher LOE than level
IV.515253 Nonetheless, these corroborated
the findings of the RCTs (n = 180)
demonstrating BONTA injections safety and
significant effectiveness in lifting mouth
corners and enhancing oral commissures
and marionette lines.!**45 Moreover,
simultaneous use of lower BONTA and HA
doses yielded cumulative improvements
conferring greatest efficacy, safety, and
patient satisfaction on the treatment of a
saddened and aged appearance. Carruthers
et al."** RCTs demonstrated a duration effect
of approximately 79 days on a dual modality
compared to the 48 days seen with BONTA
standalone therapy. Jeong et al.>® level V
study reported that this dual approach
was effective in lifting the mouth corner
in young patients intolerant to surgical
intervention. Qian et al.>! case series (n = 36)
reported satisfactory results for congenital

unilateral cases. Visible improvement of
depressed stern and aged appearance was
visible at week 2, with maximal effects at
the first month, that were preserved for 6-9
months.

There are no guidelines for a multimodal
approach, with some authors preferring
either a single or staged intervention, with
BoNTA injections first following by HA
administration, or vice versa.'** Different
BoNTA injection-sites, depths and techniques
have been reported, one example is the Bae
et al.*? level IV prospective study (n = 16)
where an additional BoNTA intramuscular
injection within the mentalis muscle to
rebalance perioral musculature has been
recommended. However, there is consensus
regarding the importance of conservative
doses in the perioral area to minimise the
risk of lip asymmetries, lengthening of upper
lip, proprioceptive and functional disorders
including nutrient intake, speech and
vocalisation, when targeting the OO muscle.
Whereas treating the DAO can result in the
involvement of other overlapped muscles
and promote drooling, oral incompetence,
and smile asymmetries, thus injections into
this muscle should not exceed 4-8 U.1350

EGD - ‘gummy smile’
The highest quality of evidence for BONTA
safety and efficacy on EGD involved two
level I1I studies. One was a recent prospective
cohort (n = 28) conducted by Cengiz et al.®
demonstrating that OnaBoNTA injections
of 5 U into LLSAN or 2.5 U into OO can
be effective to correct EGD with gingival
exposure between 2-8 mm. The significant
improvement in the amount of visible
gingiva, increase in smile index, and level
of satisfaction translated on the VAS scores
were comparable for both techniques,
and without differences between genders.
Regardless of the technique used, the return
to baseline values was estimated to start at
four months; however, at six months, the
visible gingiva measurements were still not
at the initial values. No AEs were reported,
thus the author concluded that quicker
effects when targeting the OO muscle may
not compensate the risk of more severe AE.
The level III meta-analysis by Chagas et
al.>¢ also reported that BONTA therapy had a
significant impact on improving EGD caused
by upper lip muscle hyperactivity, with high
level of satisfaction. The maximal were

obtained at two weeks, with gradual decrease
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up to 12 weeks. However, some of the
included studies reported that the beneficial
effects of BONTA did not return to baseline
values up to 24 weeks, and it has been
speculated that these effects may last up to
30 or 32 weeks with repetitive injections. For
this reason, the author concluded that there
was limited evidence to determine an ideal
BoNTA dose and effectiveness longevity.>®
The two level IV SRs conducted by Nasr
et al.>* and Duruel et al.*> reported that
BoNTA was safe and an effective option
for EGD (=2 2 mm) associated to muscle
hyperactivity, when a minimally invasive
approach was preferred, or as an adjuvant
to surgical interventions. Based on post-
treatment surveys, patient satisfaction was
high. However, the percentage of EGD
improvement greatly varied among included
studies, with potential correlation between
the type of EGD or injection-site. Significant
improvement was associated with anterior or
mixed EGD type, while less improvement was
linked to posterior or asymmetric EGD types,
when the LLSAN was not the targeted muscle.
No serious long-term AEs reported. However,
short-term AEs with incidence within the
first week’s post-treatment occurred. This
included: pain and/or twitching at the
injection-site, headache, dizziness, facial or
smile asymmetries, ‘joker smile’, ptosis of
upper lip or oral commissure, lengthening of
upper lip, inferior lip protrusion, drooling or
difficulties with eating, speaking, or smiling.
No conclusions could be drawn regarding
the relation between BoONTA dose and
duration of effects. However, starting with
low dose and touch-up later if necessary has
been recommended to minimise the risk
of AEs. Duruel et al.>® SR was accompanied
by a case report where 5 U BoONTA (Botox)
was injected in each ‘Yonsei point’ located
1 cm lateral to the ala and 3 cm above lip
line, to correct mixed EGD type. Great
improvement lasting 20 weeks and without
AEs was reported. The same author presented
a level IV clinical study (n = 3) using the
same injection point for several EGD types
(anterior, mixed, or asymmetric) and
reported 100% improvement in all cases
with great level of satisfaction. The time
to repeat treatment was estimated to be
24 weeks.*® The same technique with a lower
dose of 3 U (Botox) was used in another level
IV clinical study (n = 10) for persistent EGD
(6-8 mm during smiling) due to upper lip
muscle hyperfunction following orthodontic
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treatment.® This study reported significant
EGD improvement with BoNTA adjunctive
treatment compared to baseline at a 15-day
follow-up. Aly et al.®® level IV clinical trial
presented seven cases of skeleton type II
and prognathic maxilla with persistent
EGD (5§ mm when smiling) due to upper
lip hypermobility and moderate vertical
maxillary excess following lip repositioning
flat surgery. This study evaluated EGD
improvement with 2.5 U BoNTA (Botox)
injections into two sites, the ‘Yonsei point’
and an additional point targeting the levator
labii superioris muscles (LLS), two weeks
post-surgery. BONTA effects onset reported
at day 15, maximum effect seen at week two
post-injection, with 2 mm gingival display
stable. The results were still satisfactory after
one year, with gingival exposure of 3 mm
reported.

Platysma — jawline sculpting

Awaida et al.”®’' (2018) crossover clinical
trials (n = 30) demonstrated that microbotox
dermal injection into anterior fibres of upper
platysma to redefine mandibular border
and the Nefertiti technique targeting upper
platysma posterior fibres to address platysma
bands are both safe and effective. The
authors reported significant improvement
of neck volume, jowls, and platysma bands
at rest with microbotox technique, with
approximately 150 injections, and one or
two syringes used with 70 U of AboBoNTA
(Dysport). A complementary approach with
the Nefertiti lift performed after two weeks,
if residual platysma bands present, was
recommended for full lower face and neck
rejuvenation. Participants and investigators
demonstrated high satisfaction with both
techniques. However, most participants
preferred the microbotox technique for skin
tightening effect and improvement in lower
face contour, despite this technique being
perceived as more painful. Improvement in
skin texture was also noted with microbotox,
but this trial was not investigating this
outcome.”®”! Zhou et al.®® 2019 retrospective
study (n = 192) corroborated the safety
and efficacy of the microbotox technique
with 20 U to 30 U for mid/lower facial
sagging, particularly in younger patients.
A significant improvement was reported
in overall mid/lower face aesthetics from
both investigators and participants.
Younger participants reported satisfaction,
perception of younger and tightened face

was significantly higher compared to
investigators or older participants scores.
For excessive facial fat descent seen in older
patients, a combined approach, especially
with surgical interventions, was suggested
to improve treatment efficacy.®

Almeida et al.®® retrospective open label
study (n = 161) described a novel technique
for superficial BONTA injections into upper
platysma anterior portion and reported
high satisfaction rate, as well as minimal AE
risk for toxin spread. Not only an anterior
neck lifting effect with enhancement and
slimming contour was achieved, but also
an improvement in horizontal rhytids at
and below the chin and mandibular line,
as well as in deep vertical lines lateral to
oral commissures was noted. The mean dose
injections per side was 16 U-20 U and seven
injections distributed in two horizontal
rows 2 cm apart, and one deep injection
at the chin.®® The unexpected finding of
lower face dynamic rhytids amelioration
was also reported by Awayda et al.”®"!
with both Nefertiti-lift and microbotox
techniques. However, in those trials this
was not statistically significant. In 2020,
a retrospective cohort (n = 189) collected
information regarding BoNTA units used
per facial area, and related AEs for full face
and neck rejuvenation treatments.®’ This
study observed that BONTA mean doses
were slightly higher in male participants,
and injections into the platysma to improve
mandibular contour was one of the most
injected facial areas. The author reported
that full face and neck BoNTA injections
was safe, improved jawline contour and
definition with facial slimming effect,
marionette lines and labial commissures.
While in this study the microbotox
technique was only used to target the
platysma muscle, the author suggested
that full-face BoNTA injections with this
technique was safe and with promising
excellent results; however, the efficacy was
not objectively assessed.®’

The dosage and concentration of BONTA
injections into platysma for jawline
contouring varied according to ethnic
population, muscle strength, injection site,
technique, or BONTA formulation. Wu et al.”
recommended OnaBoNTA microdroplets
total dose of 56 U for Asian population and
suggested diluting the solution with LA to
decrease the discomfort. Sundaram et al.*
recommended a maximum dose of 60 U

with BONTA and HA combined approach
for western population. Most studies agreed
that conservative initial doses and a two-
week follow-up for touch-up if necessary is
the safest option. Only one case of dysphasia
and neck weakness resolved in two weeks
was reported with the Nefertiti-lift.”*”!
Zhou et al.® also referred a transient ‘fat-
apple phenomenon’ when malar fat pad is
elevated to a higher position, common when
dealing with excessive facial soft tissue, or
disconnected jaw due to insufficient BONTA.
In the Almeida et al.®® study, there was
one participant that reported a heaviness
sensation and two cases of mild unilateral
reduction in lower lip retraction, which was
not noticeable by the affected participants.
Self-limited acne and bruising at the
injection site were the most common and
expectable AEs.®

Discussion

This evidence-based review was performed
to provide a summary of the available
evidence regarding the safety and
effectiveness BoNTA formulations for
cosmetic interventions of interest to dental
professionals and allied specialities. It was
reassuring that all studies confirmed BoNTA
safety profile and only a few AEs were
reported for each indication, and these
were mostly mild and transient. BONTA
administration into the masseter muscles
reportedly encounters the risk of irreversible
VII nerve injury,’ but this has not been
reported. From the studies produced by
the search regarding BoNTA effectiveness,
only one level I study could be found
for masseter hypertrophy. However, this
Cochrane systematic review did not find
any high-quality studies eligible in 2013.
Therefore, the highest LOE was of level II.

Level Il

Overall, ten level II studies could be found:
four RCTs for masseter hypertrophy,?2.2526.27
one SR and five RCTs for perioral
lines.14154243,4445 Of these, one RCT was
extracted from the included SR, and
three RCTs also evaluated BoNTA safety
and efficacy for drooping of mouth corners
with/without marionette lines and/or
oral commissures folds.!**4*> For masseter
hypertrophy, from the four RCTs included,
only one had a larger sample size with longer
follow-up. The risk of bias was estimated
low only for one study, the remaining three
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had an unclear risk. In contrast, for perioral
enhancement, the majority had an overall
risk estimated low.

Masseter hypertrophy
An oval facial shape, with a soft narrowing
lower-third contour and wider appearance
in the mid-third of the face, is becoming
increasingly desirable worldwide.!® Facial
appearance is influenced by the size and
thickness of the jawbone, subcutaneous fat
tissue, and the large masseter muscle.?! First
described by Legg in 1880, benign masseteric
hypertrophy is an unusual condition
characterised by a unilateral or bilateral
abnormal enlargement approximately at
the angle of the mandible.?? The aetiology
is uncertain, and while it is more prevalent
in some ethnic groups (such as Asian), and
between teens and 40 years old, it is not
gender-specific.?'?? It is noteworthy that most
level II studies pertaining to BONTA safety
and efficacy for masseter hypertrophy are
from investigations on Asian women, which
is compatible with gender and population
in more demand of a slimmer facial profile,
albeit several consensus recommendations
exist for the western population.!24849:50
The masseteric hypertrophy soft
prominence is commonly related to negative
perception of facial attractiveness particularly
to women. It may be the cause of a square
jaw and facial asymmetry in the unilateral
cases. Occasionally, it may be associated
with facial pain and trismus, intermittent
or not.?! Although there is controversy,
several diagnostic methods have been
recommended to assist clinical findings. In
conjunction, computer tomographic (CT)
scan and magnetic resonance imaging (MRI)
are regarded as the gold standard diagnostic
tool.?> However, only two level II studies
have reported the use of CT scans to assist
with diagnose and outcome assessments.
Ultrasonographic imaging to evaluate
masseter muscle volume and thickness was
the most common assessment tool used.
With varying level of success, simple
pharmacotherapy with muscle relaxants,
anxiolytics, and antidepressants, or the
provision of occlusion adjustments, with/
without the use of splints, have been reported
for the treatment of symptomatic cases. More
invasive surgical procedures include muscle
reduction, removal of the jaw angle, buccal
fat pad resection, and masseteric nerve
neurectomy. Radiofrequency volumetric

reduction and BoNTA injection into the
masseter muscle are also considered as
treatment possibilities.??
The key parameters assessed for
effectiveness of BoNTA were: masseter
muscle thickness and volume, measurement
of change in facial contour and patient
satisfaction with the degree of change.
These were the outcomes most referred in
level II or lower LOE studies. Level II studies
consistently reported that BONTA injections
into hypertrophic masseter muscles provided
significant reduction in muscle thickness and
volume, with significant improvement in
facial contour with high patient satisfaction
compared to baseline.
Nevertheless, the
varied among level II studies. Alongside

inclusion criteria

the evaluation of muscle or soft tissues
effects some RCTs measured the changes
in subcutaneous thickness or hard tissues,
while other RCTs either assessed if the
adjustment of masticatory movements
following BoNTA injections would prolong
duration of masseter muscle reduction or the
effects of a second injection. The key results
supported by level II studies were: prolonged
aesthetic facial contour demonstrated when
participants were instructed to strengthen
their masticatory movements during the
denervated atrophic stage of the masseter
muscle, at the expense of a higher risk of
paradoxical bulging of other masticatory
muscles, particularly of temporalis muscle;
greater muscle reduction and sustained
aesthetic facial contour results reported
with a second BoNTA injection. Four months
was considered as the best time for the
second injection, in order to maintain the
maximum effects achieved at three months.
This procedure did not affect subcutaneous
thickness and required an injection needle
longer than 8 mm and 29 G half-inch long
needles; changes in the mandibular angle
bone volume were demonstrated, although
without differences in intergonial angle
width of the mandibular angle area.
Recently, animal studies showed severe
consequences in the masticatory muscle
fibre constitution and proportion following
BoNTA injections into the masseter muscle,
such as: loss of skeletal volume, density,
and fat in replacement of contractile
tissue.!>7>7677 Moreover, it has been observed
in humans that repeated high doses of BONTA
injections resulted in the ‘osteoporotic’
effect at the condyle and mandibular
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ramus.?%’87 Therefore, the findings of one
level II study regarding the effects on bone
tissues following BONTA treatment for
bilateral masseter hypertrophy, although it
has reported fewer changes on hard tissues
in comparison to animal studies, may raise
some concerns. It is noteworthy that this
study presented some limitations, with an
unclear risk of bias score. The lack of placebo
control and small sample size may have
influenced the outcomes. Furthermore, the
short six-month follow-up prevented being
able to evaluate if a sustained reduction of
bone volume or gradually recovery would be
the most likely long-term effect. Thus, more
well-designed RCTs are required for further
clarification.

Regarding BoNTA safety, none of the level
II studies reported systemic complications
or serious AEs. Only one RCT observed mild
and temporary AEs which involved bruising,
swelling, headache, pain at injection site,
muscle fatigue, bite weakness, and hollow
cheek. This was in line with level IV and
V studies that attempted to categorise the
AFEsaccording to the aetiology and evaluated
the AE prevalence on BoNTA injections for
masseter hypertrophy, which proven to be
low. Most complications occurred within
2-4 weeks post-injection and resolved in
12 weeks. A sound anatomy knowledge and
3-4 injections within the safety zone, at
1 cm from all margins, were deemed more
essential to mitigate the risk of AE than
BoNTA dose.

Another important finding was that
the evidence behind the use of BoNTA for
unilateral masseteric hypertrophy is very
limited, and primarily based on single case-
reports, mostly without accurate assessment
tools. Only one small cohort (n = 10) could
be found showing that unilateral injection
on the affected masseter muscle was safe and
significantly effective. This level III study
refuted previous concerns of a potential
compensatory hypertrophy on the non-
injected side, demonstrated only a minimal
decrease on muscle thickness and volume on
the untreated area. However, this is still to be
validated with level II studies.

It is noteworthy that level I1I/IV studies also
reported that lower dosages with a repetitive
pattern can increase short- and long-term
treatment safety and effectiveness, with
higher patient satisfaction, regardless of
age and gender, in comparison to a single
dosage. Although the optimal dose remains
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controversial, and multiple factors are likely
to determine the ideal dosage (individual
differences, injection-technique, type of
BoNTA), 20 U (OnaBoNTA) was considered
the minimal effective dosage for both genders.

Perioral lines

The perioral region is characterised by great
dynamism and complex interplay of several
muscles. The perioral rhytids, also known as
‘smoker lines’, are the vertical lines radiating
from the lip border to the surrounding area.
These are mostly associated to the age-related
multilevel changes, such as lip atrophy,
perioral soft tissues volume loss with
underlying bone resorption, and the OO
muscle repetitive activity.!>!4 The dynamic
perioral wrinkles are more prevalent in
women that, comparatively to men, have
less blood vessels, sweat and sebaceous
glands in the labial dermis, and subsequently
more vertical lip lines, which in the absence
of a beard also becomes noticeable.*® Thus,
in general, the male facial lower third
presents fewer signs of ageing, despite
showing significant thicker and larger facial
muscles with greater functional activity that
encourages deeper rhytids.®’ It is noteworthy
that only one level Il RCT evaluating BONTA
safety and efficacy for perioral rhytids
investigated eight male participants, from
a sample enrolling 90 participants, which is
compatible with the gender in more demand
of perioral enhancement.

The most successful treatment for this
facial region subject to significant alterations
during ageing is yet to be determined.*
Traditionally, surgical, ablative, or resurfacing
interventions have been performed to restore
the balance and harmony of the mid and
lower face.*> Nowadays, dermal fillers have
been widely used to restore volume and static
lines around the mouth, including nasolabial
folds, marionette lines and lip lines.*® BONTA
has also been introduced as a safe, well-
tolerable and effective treatment option, or
adjuvant to other therapies to synergistically
improve the appearance in this area, tackling
a broader spectrum of concerns, with longer-
lasting results.'* Moreover, BONTA ability to
modulate mimic muscles activity has been
linked to a preventative effect of wrinkles
formation and even enhancement of skin
quality with cumulative treatments.*

The key parameters assessed for
effectiveness of BONTA were: perioral strain
and wrinkles severity, lip augmentation,

patient reported results and satisfaction.
These were the outcomes most referred in
level II or lower LOE studies. Level II studies
reported that BoNTA injections into OO
muscle provided significant reduction in
perioral strain, with significant improvement
in perioral rhytids severity, and high patient
satisfaction compared to baseline.

All level II and lower LOE studies
reported BoNTA injections as a safe
treatment for perioral lines. However, the
effectiveness of perioral lines also relies
on mouth functionality preservation.*#’
The recognition of lower toxin dosages
importance to successfully treat perioral
lines has been well stablished in all studies
with high LOE. Cohen et al.** and Hexsel
et al.¥ RCTs evaluated different BONTA
doses and confirmed that higher doses
did not influence the level of satisfaction
or duration of effectiveness, while the risk
of complications was dose-dependent for
perioral region.

The standard regimen in modern practice
has been the combination of hyaluronic
acid dermal fillers (HA) to BoNTA, which
level II RCTs have proven to be safe, while
significantly improving the duration of
effects, the need for additional injections
or higher doses, with greater patient
satisfaction.*?>* For outcome assessment, all
level II studies used subjective measurement
tools based on facial photography, vertical
lip length values, multiple investigator
or participant scales and questionnaires.
Chang et al.*® recent level IV study reported
that the dual modality demonstrated to be
highly effective. The perioral muscular strain
and patient satisfaction were objectively
measured with validated 3D digital imaging
and FACE-Q questionnaire.

Other treatment modalities have been
used in conjunction with BoNTA for perioral
enhancement, including chemoabrasion,
cosmeceuticals, broadband light, and
fractioned lasers.'*#2 The use of conservative
BoNTA doses, in conjunction with other
therapies, is thought to provide long-
lasting and greater effects while reducing
AE risks.!* However, the present evidence-
based review found a highest of level II
evidence to support this synergistic effect
with concomitant use of BONTA mostly
with hyaluronic acid(HA),'** and one
RCT with chemodermabrasion for perioral
enhancement.*

The presence of individual asymmetries,

anatomic variations, patients’ needs and
expectations, reflects the different choices of
BoNTA dosages, injection-sites, or procedures
sequence on a combined approach. Several
consensus recommendations in different
countries have been the only source for
specific guidance on dual or multimodal
lower

approaches to enhance the

face.12:13/48,49,50

Drooping of mouth corners — marionette lines
The presence of perioral rhytids, drooping
of the lip corners with/without deep oral
commissures folds and/or marionette
lines, giving the impression of an old and
sad appearance, are a common aesthetic
concern.' These are consequence of facial
expression, genetics, ageing, photoageing,
and smoking - being accentuated by
the normal repetitive contraction or
hypertrophic perioral musculature.®! Usually,
BoNTA injection techniques target the DAO
to address melomental folds or uplift mouth
corners, the OO muscle to enhance perioral
rhytids, and the mentalis muscle to correct
chin projection and soft tissues appearance.
Recently, some authors have also proposed
treatment of the platysma to reduce lower
face dynamic rhytids on selected patients.®®

The bilateral downturned mouth corners,
or reverse smile line, conveys negative
feelings, while the unilateral cases can
produce asymmetries, which compromises
the ideal of a youth and attractive
appearance.?! Several congenital and acquired
factors have been involved in its aetiology,
with the repetitive movements of the facial
muscles associated, or not, to malocclusions
or micrognathia, the soft tissues and bone
changes overtime thought to exacerbate this
condition.*? In the young, drooping of oral
commissures is primary caused by the DAO
muscle hyperactivity.** In older individuals,
the acquired downturned mouth corners
are usually accompanied by deep oral
commissures folds and/or marionette lines
(melomental folds); a consequence of facial
ageing involving reduced skin elasticity,
loss of subcutaneous fat, soft tissues ptosis
with bone resorption and remodelling, and
to some extent also due to the overaction
of the DAO, platysma, and mentalis
muscles.®? The challenge of treating complex
musculature and age-related changes of the
highly dynamic perioral area, which often
involves concomitant improvement of
perioral lines, drooping of mouth corners,
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deep oral commissures, and marionette
lines, may explain why the search for BONTA
use on these two cosmetic indications had
an overlap of seven studies as well as the
findings'12,14,44,45,48,49,50

The marionette lines are the vertical lines
seen at the oral commissures extending
downward towards the chin. The position of
these folds relates to the middle of the DAO
muscle upper part, which has a triangular
shape with the base on the mandibular
origin.*? In one study conducted by Choi et
al.®? the cheilion and pupil were appointed
as reliable facial landmarks of the DAO
and depressor labii inferioris(DLI) based
on a 3D scanning system with dissections
observations; a novel approach opposing
to the common practice of identifying the
modiolus, upon the patient frowning, to
target these muscles during BoNTA injection.

For an uplift of the mouth corners, level
IT RCTs reported that BONTA injections have
successfully downregulated the activity of
the muscles responsible for pulling down the
mouth corners, particularly the DAQ.144445
The key parameters assessed for effectiveness
of BONTA were: degree of drooping of the
mouth, oral commissures and marionette
lines severity, overall clinical improvement
of sad appearance, patient tolerability or
satisfaction, and preservation times. These
were the outcomes most referred in level 11
or lower LOE studies.

All level II and lower LOE studies
reported that BoNTA injections was a safe
treatment for downturned mouth corners,
oral commissure folds and marionette lines.
Similar to what was reported for perioral
rhytids enhancement, all studies with high
LOE recognised the importance of BONTA
conservative doses in the perioral area to
minimise the AE risk.'****> Thus, there is
a consensus that injections into the DAO
should not exceed 4-8 U.12484950 BoNTA
and HA administered in conjunction again
take the central role in the literature. This
dual approach has demonstrated to be well-
tolerable, safest, more reliable, and effective
to correct a sadness appearance caused by
the drooping of mouth corners, deep oral
commissures, and marionette lines.!***
Moreover, level II studies revealed higher
patient satisfaction and supported those
repetitive combined treatments yielded
cumulative improvements.!444

The level 1V/V studies found targeting
exclusively the conditions caused by an

hyperfunctional DAO muscle corroborated
the findings of level II RCTs.5+%25% There
was only one level V case-series evaluating
the safety and clinical efficacy of BONTA
treatment for congenital unilateral cases.
Qian et al.*! reported satisfactory results that
were preserved for 6-9 months. However,
to ameliorate deep oral commissures and/
or melomental folds associated to perioral
ageing, when a nonsurgical approach is
preferred, the author confirmed that a
multimodal therapy was more effective.

Level IlI
Excessive gingival display
The diagnosis of EGD, also termed ‘gummy
smile’, occurs when there is more than the
ideal (1-2 mm) gingival exposure between
the smile line and the gingival margin of
the maxillary incisors, while spontaneously
smiling, considering the age, gender,
and periodontal health variables’*. The
EGD exceeding 3 mm is often considered
unattractive and more preponderant in
women, who tend to have a higher smile
line comparatively to men.®® The smile
line, usually with a convex appearance
and represented by the lower margin of
upper lip, significantly changes in older
individuals, in whom a lower lip line and
more mandible teeth display prevails.*®
Published data described differing aetiologies
behind the excessive gingival exposure
(skeletal/dentoalveolar/soft tissue) and has
highlighted the importance of stablishing
the causative factor/multifactor, to determine
which treatment plan is best indicated.
Several therapeutic modalities have
been informed to the correction of EGD.
These are frequently multidisciplinary with
either orthodontic temporary appliance,
orthognathic surgery, crown lengthening
techniques, lip repositioning, and muscle
resection.* When the cause is attributed
to the perioral musculature hyperactivity,
the use of BoNTA has been recommended,
either as monotherapy or pre-/post-surgical
adjunctive procedure.®* Available studies
suggested that many individuals reject
surgical treatment plans for the correction of
lip musculature. These treatment options can
be costly, complex, cause great discomfort
and a risk of morbidity.* In addition,
orthodontic treatment primarily targets the
hard tissue, thus when used independently
is not amenable to address the problem
completely.®* First documented by Polo
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in 2005, BoNTA use for EGD has revealed
promising results, by partially denervating
upper lip musculature and overcoming these
obstacles, with high patient satisfaction
level. 5484

To identify the muscle responsible for
gummy smile, a case-series by Mazzuco
and Hexsel classified EGD into four types
(anterior, posterior, mixed and asymmetric),
based on the area of excessive gingival
display.’” Although other BoNTA injection-
sites have been described, the OO site is
thought to have some advantages due to
its rapid effect with a lower effective dose.®*
However, being this muscle involved in
several basic functions (eating, drinking,
speaking), it was associated with higher
discomfort in the advent of injection
complications.®®8* Therefore, the LLSAN
has been considered as the critical muscle
for BONTA treatment success,’*% while
the ‘Yonsei point’, which lies at the centre
of LLS, LLSAN, and zygomaticus minor
muscle vectors, was the preferable site for
BoNTA intramuscular injection among the
available studies.>>*%81 Common practice
in the management of EGD has been a
single injection into this point, identified
by Hwang et al.®*85 However, the number
of injections on each side ranged from 1-3
points.>* Generally, a conversion rate of
2.5:1 between AboBoNTA and OnaBoNTA
with comparable results has been accepted,
with the maximum dose of 2-5 U each side
being sufficient.>>%¢ However, the dosage,
the number or site of BONTA injection may
be influenced by gender, severity of EGD,
type of smile, and designated target muscle
volume and size.5*#*

Available level III/IV studies showed that
BoNTA can be effective on EGD management,
yet not without some inconsistencies.>* The
key parameters assessed for effectiveness of
BoNTA were: EGD severity or percentage of
improvement, level of satisfaction, smile
index improvement and duration of effects.
Level III/IV studies reported high patient
satisfaction and significant increase in smile
index. However, for effectiveness longevity
and EGD percentage of improvement the
results greatly varied, without an obvious
correlation to the number of injections or
BoNTA formulations.®> Although Nasr et al.**
observed a potential correlation with the
type of EGD and injection site.

While the safety of BONTA therapy in
the management of EGD was confirmed
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in all available studies, with no long-term
or severe complications associated, short-
term AEs with incidence within the first
week’s post-treatment were reported. Most
could be corrected with additional BoNTA,
others caused dysfunction that lasted several
months.>* Higher doses and poor injection
techniques was associated to increased
AEs.>*%084 Therefore, several authors have
recommended an initial low dose of BONTA
and, if necessary, a top-up performed by
experienced clinicians at a later stage.>¢81

BoNTA for EGD has been used worldwide,
with numerous variations in injection sites
and doses used to target individualised
characteristics contributing to the
controversies surrounding this approach.®*
In the absence of standardised protocols, the
procedural differences and the clinician’s
own experience may reflect the heterogeneity
among clinical results, particularly regarding
the reported percentage of EGD improvement
and treatment longevity values. To what
extent one technique may favour more
positive or negative outcomes, it is still
unknown. Nevertheless, from the available
level III/IV studies, BONTA is safe and may
significantly improve EGD during smiling
caused by perioral muscle hyperactivity, with
high patient satisfaction.

Level IV

Platysma — jawline sculpting

Initial reports of BONTA use in the neck
targeted the undesirable platysma bands.
Since then, the understanding of BoNTA
administration into the platysma muscle
benefits has evolved to include the jawline
contour improvement and, more recently,
the lower facial wrinkles amelioration.®%8657
Other procedures to reshape the lower face
have been published, including dermal
fillers, energy-based devices, lipofilling and/
or a surgical approach.® Currently, there
is no consensus regarding the optimal
management.®® It has been postulated that
the ideal candidates for BONTA injections into
the platysma for lower face contour are those
presenting sufficient skin elasticity, lower face
hyperdynamic wrinkles or jawline distortion
while exposing the lower teeth during smiling
or upon platysma contraction.®’

The key parameters assessed for
effectiveness of BONTA were: lower face
contour improvement, overall facial sagging
and neck appearance amelioration, level
of satisfaction of both participants and

investigators, and other facial aesthetic
improvements (for example, platysma bands
or wrinkles improvement).

Awaida et al.’®”! compared both Nefertiti
lift and microbotox techniques and
concluded that both techniques were safe
and with high patient acceptance. The
former was more effective to enhance
platysma bands; the latter revealed superior
improving the jowls, neck soft tissues ptosis,
and skin quality. Without an objective
evaluation tool and limited to the Asian
population, Zhou et al.®® corroborated the
safety and efficacy of microbotox technique
for mid/lower facial sagging, particularly in
younger patients. However, for excessive
facial fat descent, a surgical approach was
suggested to improve treatment efficacy.®
Novel injection techniques are continuously
evolving with reportedly low incidence of AE
and high satisfaction rate.*>’’! One example
is the new approach introduced by Almeida
et al.,*® for superficial BONTA injections
into upper platysma anterior portion. The
author reported clinical improvement for all
key efficacy outcomes, as well as minimal
AE risk for toxin spread. While D’Emilio et
al.®” suggested that full-face BONTA dermal
injections were safe and with promising
excellent results; however, the efficacy was
not objectively assessed.®”” These dermal
injections of BONTA can be painful and Wu
et al.”® recommended diluting the solution
with LA to decrease the discomfort.

All available studies highlighted the
severe AEs that can occur when treating
the thin platysma muscle that lies above
the anterior muscle of the neck, including
voice alterations, dysphagia, dry mouth,
neck and lower face muscles weakness with
subsequent lip asymmetries, altered smile or
other expressions, when injecting into the
upper neck. Therefore, high doses and deep
BoNTA injections into the upper platysma
region are not recommended. Nevertheless,
all studies on jawline contouring targeting
the platysma muscle, having LOE not
higher than level IV, did demonstrate
positive outcomes, with longevity varying
from 3-6 months, with no serious AE and
high satisfaction rates.#67:68:69.7071.72 BoONTA
injections addressing the platysma muscle
for enhancement of lower facial contour
and particularly hyperdynamic lines is a
relatively new concept, this may explain
the limited evidence available. Furthermore,

the jawline sculpting effect was a secondary

finding while addressing platysma bands to
rejuvenate the neck or sweat and sebaceous
glands in the skin, with the Nefertiti-lift
and microbotox technique, respectively.*#
This discovery was the tipping point for
the upsurge of many procedural variations,
which have been attempting to improve
safety and efficacy.??°

Limitations

The present evidence-based review does
have its weaknesses. Firstly, it did not
consider unpublished or grey literature in
the way that systematic reviews do, and
the search was conducted using limited
databases. Hence, it is possible that some
evidence on the topic may have been
missed. Secondly, the evolving emphasis on
facial aesthetics advocates a patient-tailored
panfacial approach, recognising the impact
that treating one area could have on other
areas. Accordingly, the facial expression
muscles have compound physiologic and
anatomic interactions instead of acting
in isolation.!? Nevertheless, the study was
streamlined to concentrate on the mid- and
lower face, where the mouth plays a central
role, therefore excluding BoNTA treatments
of glabellar and forehead lines, or ‘crow’s
feet’, fundamental aspects of the upper face
and overall facial appearance. Finally, by
excluding the studies already evaluated in
the included SRs or by accepting the results
of these higher LOE reviews regarding the
own judgement of quality and risk of bias
assessment for the included primary studies,
there is the risk of over-generalisation of
results.

Future directions

From the encouraging results of the
present evidence-based review, the authors
concluded that BoNTA is safe and may be a
valuable addition to the armamentarium of
dentists and allied specialities. Future studies
may help to provide robust evidence-based
clinical recommendations for cosmetic
BoNTA use, independently or on a combined
approach. This would potentially contribute
to reduce the risk of AEs that seems to be
strongly dependent of injection techniques.
High-quality studies to investigate BONTA
benefits for unilateral masseter hypertrophy
or congenital unilateral drooping of mouth
corners are needed. The changes on bone
tissues following BoNTA injections into
masseter muscles and the long-term
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implications remain to be elucidated. Overall,
well-designed randomised controlled clinical
trials with longer follow-ups enriched with a
qualitative analysis are necessary, particularly
to fully understand the long-term safety and
cost-effectiveness associated with repeated
injections of BONTA formulations against
other treatment modalities currently being
used. Standardised and validated tools for
patient-reported outcomes (for example,
FACE-Q questionnaires) and objective
outcome measures (for example, 3D digital
imaging) should be incorporated to evaluate
the results.

Clinical bottom line

Based on current level II studies, BONTA
was safe and effective to improve facial
contour, and reduce volume and thickness
of bilateral hypertrophic masseter.
Conservative doses on a combined
approach of BoNTA and hyaluronic acid
were recommended as a safe and effective
treatment for perioral enhancement
supported by high evidence. There was
limited evidence, not higher than level 11I,
to support BONTA effectiveness for gummy
smile associated with perioral musculature
hyperactivity, while jawline sculpting
targeting the platysma muscle had lower
level IV evidence up to date.
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