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Efficacy and safety of Botulinum
toxinA for improving esthetics in
facial complex: A systematic review
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Aim: To evaluate efficacy and safety of Botulinum toxinA for improving
esthetics in the facial complex and correlating them to the dosage and side
effects through a systematic review. Methods: A literature search was
performed using PubMed, Medline, Web of Sciences, and Scopus databases.
Quality of studies was appraised through the GRADE system. This review
follows the ‘Preferred reporting items for systematic review and meta-analysis
protocols’ (PRISMA-P) 2015 statement. Efficacy was analyzed through
improvement rate and effect sizes. Graphical comparison of efficacy and
ocular adverse effects (adverse effects around the eye) at various anatomical
locations was made by calculating the average improvement rate and adverse
events. Results: Twenty-five studies were included in this systematic review
after application of the inclusion criteria. Moderate to severe cases in
glabellar, lateral canthal, and forehead regions showed higher improvement

ISSN 0103-6440 (e} (D)
~ BY

1 Post graduate student, Department of Oral
Rehabilitation, University of Otago School
Dentistry, Dunedin, New Zealand

2 Associate Professor, Department of Oral
Rehabilitation, University of Otago, Dunedin,
New Zealand

3 Senior Lecturer, Department of Oral
Rehabilitation, University of Otago, Dunedin,
New Zealand

4 Lecturer, Department of Oral Rehabilitation,
University of Otago, Dunedin, New Zealand

5 Pro-Vice-Chancellor, Division of Health
Sciences, University of Otago, Dunedin, New
Zealand

Correspondence: Dr. Vincent Bennani
Department of Oral Rehabilitation, University
of Otago 310 Great King St, North Dunedin,
Dunedin 9016
e-mail:ncent.bennani@otago.ac.nz

rates between 20U to 50U, with an effect lasting up to 120 days. Gender and
age seemed to have a direct effect on efficacy. Headaches were the most
common adverse effect, followed by injection site bruising; all adverse effects . . .
resolved within 3-4 days. Conclusions: Treatment with Botulinum toxinA to Key Words. I_30tu||r_1um toxinA,
enhance esthetics of facial complex is efficient and safe at all recommended esthetics, facial, efficacy,
dosages. Presence of complexing proteins influenced the efficacy of BoNT- adverse effects

A. undesirable muscular adverse effects around the eyes were more

predominant when treating the glabellar region. There was no correlation

found between the BoNT-A dosage and side effects, however, an increase in

dosage did not always lead to an increase in efficacy.

Introduction

The face being a critical feature of communication and appearance is profoundly affected by self-
perception and self-esteem(1). A couple of the common esthetic complaints encountered in the facial
region are facial wrinkles and a gummy smile(2). Hyperfunctional muscles in the facial region is one of
the prominent causes of these functional and esthetic concerns(3). Surgical approaches to resolve these
can be invasive, irreversible and may not be ideal for all patients. Over the years, more techniques that
are conservative have emerged for resolving these esthetic concerns(4). One such technigue involves
the use of a neurotoxic protein called Botulinum toxin A (BoNT-A)(5). This toxin inhibits the docking
of acetylcholine vesicles on the inner surface of the cellular membrane, which prevents the release of
acetylcholine into the neuromuscular junction. This mechanism prevents the activation of muscle fibers,
and resulting in reduction of tone in the injected muscle(5,6).

The Food and Drug Administration (FDA) of the United States of America approved BoNT-A for
cosmetic use in the facial region in 2002 (Submission tracking no.: BL 103000/5000). Following this
approval, BoNT-A gained popularity amongst medical and dental practitioners for facial cosmetic use.
As with any exogenous compound injected into the human body, BONT-A has shown to manifest
adverse effects. Some of the adverse effects seen in past studies using BoONT-A are headaches, pain at
injection site, and mild bruising(7). Undesirable muscular adverse effects are esthetically compromising
and can impact the phycological well-being of the patient. It also can prolong the treatment recovery
time(1,2). Hence, a detailed understanding of the causative factors might aid in producing safer
experiences for patients undergoing BoNT-A treatment. The current review focuses on the adverse
effects of BONT-A along with their possible causes.

BONT-A as a cosmetic treatment modality has been widely discussed in literature reviews (2,8).
However, the co-relation between dosage and efficacy is unclear. Dastoor et al. (2007) study discussed
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a controversial correlation between dosage and efficacy. They identified that a higher dosage sometimes
resulted in higher efficacy and conversely it sometimes resulted in a lower efficacy(8). Hence, their
study could not establish the pattern of dosage curve. Another, review by Gadhia and Walmsley (2009),
looked into the efficacy and safety profiles in the region of facial complex. Their study also showed a
high variance in dosage recommendations making the correlation between the effect and dosage nuclear
(7). Parameters such as muscle type, muscle volume, age, gender, and the presence of complexing
proteins within the BoNT-A compound might have the potential to influence the efficacy of BoNT-
A(6,10,11). This puts forth the need to validate these parameters when considering efficacy. Therefore,
this review addresses these concerns by including the parameters that influence efficacy and it aims to
assess the efficacy and safety profile of BoONT-A for improving esthetics of the facial complex.

Materials and methods

The current systematic review was conducted in accordance with the protocols underlined in the
Preferred reporting items for systematic review and meta-analysis protocols’ (PRISMA-P) 2015
statement(12). The population, intervention, comparison, and outcomes for this systematic review were
as follows: Population - Patient requesting esthetic treatment in facial complex; Intervention- BONT-A;
Control — Placebo; Outcome — Improved esthetics of facial complex.

The databases of Medline (1996 to 2017), Scopus, PubMed and Web of Sciences were used to

conduct a literature search. The search syntax was as follows:
((“botulinum toxinA” OR “botulinum toxin*” OR “acetylcholine release inhibitors*”’) AND (“esthetic,
dental” OR “facial muscle*” OR “hyperactive facial muscle” OR smiling OR skin OR “gummy smile”
OR “excessive gingival display” OR chin OR “chin projection”) AND (efficacy OR efficiency) AND
(“treatment outcome” OR “adverse effects” OR “side effects” OR safety))

Reference lists of trials and BoNT-A review studies were also hand searched. The initial search
resulted in a total of 1531 articles. Removal of duplicates and application of inclusion criteria reduced
the number of studies to 530 unique studies. Primary screening of titles, abstracts, and exclusion criteria
further reduced the number of studies to 54. Upon full text review 33 studies were excluded due to
inconsistency in data collection and result expression, resulting in 25 studies that were included in this
study. Full text studies were screened by 2 reviewers (RG and VB) to evaluate the quality of the studies.
They appraised the included studies by applying the GRADE system published by the British Medical
Journal Clinical (13). The score was determined by a sum of the individual scores in the following
category: type of study, quality, consistency, directness, and effect size. Quality of studies were graded
as high (at least 4 points overall), moderate (3 points), low (2 points), and very low (1 point or less).

The studies included in this systematic review have only used BoNT-A as a treatment option for
improving esthetics in the facial region. Included studies are from 1996 to 2017 which involve adults
(18 years or above) and which compared the efficiency of BoNT-A with placebos in the Glabellar, lateral
canthal, and forehead regions. Studies that lacked a placebo control group but had a moderate/high
GRADE score (13), were included as there was a lack of placebo-controlled studies for gummy smile
and chin projection groups. Case reports having a sample size of 5 or below, and non-English studies
were excluded. Studies that did not provide either improvement rate or pre-treatment and post-treatment
mean values were also excluded. Results of the search and final sample size derivation is explained
through a PRISMA flowchart (Figure 1).
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Figure 1: PRISMA Data flow of literature search

Results

Studies recorded efficacy data on various scales, hence only the improvement rate at maximum
frown expressed in terms of percentage improvement were considered for graphical comparison. In
17(14-30) out of 25 studies across fixed time intervals: 7 days (1 week), 30 days (4 weeks) and 112-120
days (16 weeks). Seven (31-37) studies provided pre-treatment and post-treatment data. One(38) study
provided mean percentage improvement. The studies that provided pre- and post-treatment data were
useful in calculating the net improvement through Cohen’s effect size. Cohen suggested that < 0.2 be
considered a 'small' effect size, 0.5 represents a 'medium' effect size and > 0.8 a 'large' effect size(39).

Twenty(14-32,34) placebo-controlled studies and 5(33,35-37,38) prospective studies were included
in this review paper. These studies used Abobotulinum toxin/BonTA (Dysport, Ipsen:France),
OnaBotulinum toxinA (Botox, Allergan Inc:U.S.A), DaxiBotulinum toxinA and IncoBotulinum toxinA
(Xeomin, Merz Pharmaceuticals GmbH:Germany) for the following facial muscles: Glabellar lines
(corrugator supercilii, procerus, depressor supercilii)(n=12), lateral canthal lines (orbicularis oculi)
(n=3), glabellar lines and forehead lines (n=3), lateral canthal lines and forehead lines (corrugator
supercilii, procerus, depressor supercilii and frontalis) (n=1), gummy smile (upper lip elevator muscles)
(n=4), chin projection (mentalis muscle) (n=2) (Tables 1 & 2).
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Table 1: GRADE score of the reviewed studies

Authors Tg? * Quality clc?r?sgiggnogy Directness Esfif;:t Score Grade
study
Ascher et al., 20044 4 0 1 0 N.A 5 High
Brandt et al., 2009%° 4 0 1 0 N.A 5 High
Carruthers et al., 201416 4 0 1 0 N.A 5 High
Carruthers et al., 2013%7 4 0 1 0 N.A 5 High
Carruthers et al., 200218 4 0 1 0 N.A 5 High
Carruthers et al., 200319 4 0 1 0 N.A 5 High
Carruthers et al., 201720 4 0 1 0 N.A 5 High
Fagien et al., 2007% 4 0 1 0 2 7 High
Harii and Kawashima, 4 0 1 0 N.A 5 High
Kane et al., 20092 4 0 1 0 N.A 5 High
Kerscher et al., 201524 4 0 1 0 N.A 5 High
Lowe et al., 200225 4 0 1 0 N.A 5 High
Lowe et al., 2005%6 4 0 1 0 N.A 5 High
Rzany et al., 20067 4 0 1 0 N.A 5 High
Solish et al., 201628 4 0 1 0 N.A 5 High
Wu et al., 2009%° 4 0 1 0 N.A 5 High
Keen et al., 199430 4 0 1 0 N.A 5 High
Beer et al., 20053 2 0 1 0 N.A 3 Moderate
Feng et al., 20152 4 0 1 0 N.A 5 High
Hsu and Frankel, 201733 2 0 1 0 3 Moderate
Lowe et al., 199634 4 0 1 0 6 High
Polo, 2008% 2 0 1 0 4 High
Suber et al., 20143 2 0 1 0 N.A 3 Moderate
Sucupira and Abramovitz et 2 0 1 0 0 3 Moderate
Mazzuco and Hexsel, 2010% 2 0 1 0 N.A 3 Moderate

The quality of reporting of the studies by using the GRADE system in this review are noted in
Table 1. The studies reviewed were analyzed in 2 different categories. The first group of studies, which
expressed the efficacy of BoNT-A through percentages of improvement rate, are represented in Table
2. Twenty(14-16,18,19,20,22-23,25-29,31-37) studies used BoNT-A with complexing proteins and
3(17,20,24) studies used BoNT-A free of complexing proteins. Feng et al. (2015) used Hengli Botulinum
toxinA (HBTX-A, China), in which the complexing protein presence was not specified(21). In 2 papers,
the BoNT-A manufacturer used was not specified(30,38). The remaining studies are represented in
Table 3 and they expressed efficacy of BoNT-A through means and standard deviations recorded by
observers. Effect sizes were calculated in these studies based on the means and standard deviations
provided. Sixteen studies(14-29) were used to calculate average improvement rate at 30 days in the
glabellar, lateral canthal and forehead region at different doses and the values were plotted on the graphs
(Figures 2 to 4) for easier correlation. The placebo commonly used was either sterile preservative-free
normal saline or all constituents present in the active group without the active ingredient Botulinum
toxin. Efficacy of BoNT-A with complexing proteins (AboBotulinum toxinA and OnaBotulinum
toxinA) was compared with that of BoNT-A free of complexing proteins (Daxibotulinum toxinA,
IncoBotulinum toxinA) at various doses whenever possible. Correlation of anatomical and ocular
adverse effects (adverse effects around the eye) were also assessed by calculating the percentage of
reported ocular adverse effects across the studies.
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Table 2: Improvement rates adverse effect incidence expressed in percentage

Efficacy - outcome

Numbe  Subjects Improvement rate (%)
Authors Year r of Mean age Dosage
subjects  (years) Day7-8 Day 30 Day112-120 A Rank
a b a a b (%)
o 48.6 25U 72.4 51.7 14.7
Ascher etal, n=119 50.9 50U 931 759 8.8 High
2004 488 75U 759 759 0
48.3 Placebo 133 6.7 5.8
G Brandtetal., n=158 43.1 50U 893 757 242 202 470 High
2009% 427 Placebo 39 98 41 6.1 40.0
L Carruthers et al., n= 445 46.7 24U =76 =52 ~89 =78 ~58 ~43 39.1 High
201416 46.2 Placebo ~ = =12 =13 =I5 ~28 33.0
G Carruthers et al., n=276 46.6 20U* 875 712 7.1 High
2013" 46.4 Placebo 9.8 109 2.2
G Carruthers et al., n=264 44.7 20U 82.3 69.1 83.7 79.4 26.2 67.6 28.1 High
200218 44.3 Placebo 49 294 16 235 0 350 333
G Carruthers etal., n=273 47.7 20U ~65.0 =78. 76.7 699 244 52.7 26.9 High
2003" 46.4 Placebo ~70 ~22 =50 =18 29 =35 37.2
49.0 20U* 100 100 88.2 82.4 24.3
& Carruthers et al., B 50.0 40U* 100 100 974 897 264 _
201720 n=268 47.0 60U 100 100 854 878 322 High
50.0 20U 97.6 95.2 80.5 70.7 29.8
50.0 Placebo - 52 0 2.9 0 2.9 13.0
R ” _ 442 10U-183 715 73.7 30.6 28.3 .
Fengetal. 2015%  n=488 428 20U-183 857 87.4 60.6 26.7 High
443 Placebo 2.4 5.7
6 Rarii & 10U 818 841 864 841 238 357 674 _
Kawashima, 200822 "7135 45.7 20U 886 818 886 932 318 455 750 High
Placebo 0 0 0 2.1 0 0 59.2
50U 96.0 96.0
G ] 49.2 60U 90.0 89.0 31.0 .
20'33?? sl n=816 70U 810 850 High
80U 61.0 76.0
48.7 Placebo 0-9 9-0 28.0
20U%(G) 98.1 95.1 417
. 474 10-20U*(F)  93.3 913 417 61.9
2‘0‘155”50*‘” etal, | _1z6 12U%L) 923 93.2 30.1 High
Placebo (G) 5.9 6.3 2.2
475 Placebo (F) 9.8 4.2 6.5 54.9
Placebo (L) 17.6 14.6 15.2
. 46.9 6U >89.0
Lov;lse etal., n= 60 495 12U >95.0 11-25 High
2002 46.3 18U >95.0
N.S Placebo N.S
3U 36.4 40.0 455 42.4 27.3 194 17.0
L 6U 515 375 51.5 48.4 333 40.6 17.0
250"5,“”25 el n=162 47.0 12U 645 552 871 733 419 400 150 High
18U 60.6 45.2 84.8 51.6 394 25.8 16.0
Placebo 125 16.7 15.6 14.8 9.4 6.3 18.0
F n=110 46.6 10U 86.1 41
Z(TOZ:ZQV etal., for 3 Placebo 18.9 5.4 High
n=111 46.4 10U 86.3 138
for 5 Placebo 7.90 105
F Qqli 30U 84.7 89.8 339
ggfélzzh el n=175 46.8 40U 929 912 35.1 High
Placebo - 59 136 153 25.4
G Wu et al., 2009%° n=227 417 20U 91.7 911 941 952 52.9 52.9 323 High
44.1 Placebo 35 17 35 0 17 0 19.3
FL Keenetal., n=11 42.8 16U (F) 100  90.9 272 High
1994% Placebo- NS NS
9 Mazzuco and n=16 N.S 5-15U 75.1 6.2 Moderate
Values expressed as % unless otherwise indicated
F =- Forehead region, G = Glabellar region, L = Lateral canthal region, g = Gingival region
AE= adverse effects (% incidence rate), = = approximate value, * Bont-A free of complexing protein, N.S=not specified, U= Units,

, a= at maximum frown; b= at rest
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Table 3: Improvement rate expressed in terms of effect sizes and adverse effect incidence expressed in percentage

Assessment Number Mean Baseline Week 1 Week 4 Week 12 . AE
Author/s Year of age Dosage Effect size Rank
used . a b a b a b a (%)
subjects (years)
c | oh ; 5U -08+1.2 -13+1.2 -0.8+0.9 11 g
Beer et al., ange from _ Moderate
20053t baseline n=20 N.S N-R
Placebo -02+1.2 -02+1.1 -0.1+0.8 0.1
. . 0.4+ . .
N i) Maximum 20U 28+09 1.7+08 0.7+0.8 05%08 1.2+06 05 i)5.51ii)2.7
Fagien et al., . _ . .
200722 contraction n=70 44.0 15 High
i) Rest i)0
Placebo 2.8+0.4 1.7+£0.9 2.8+0.6 1.7+£0.9 i) 0
i) Vertical
€ Hsu and position of
33 i i
Frankel, 2017 begonion n=11 463 125U 14%02 0101 144018 0101 0.2 NR  Moderate
ii) Horizontal ii) 0.4
position of
pogonion
G Lowe et al., i) Glabellar line 10U 542+10 75%21 30.8£23.6 2.03+23 379+119 3'107i i)2.3ii) 2.7
199634 length '
ii) Depth at n=30 N.S 20 High
Placebo 8.1+3.02 63.7 +£159 8.6+3.0 64.9 +16.6 i)0.11ii)0.0
9 Polo, 2008% Gingival n=30 24.4 250  52%14 01 =+ 36 10 Moderate
display 11
9 Suber et al., Gingival _ i
20143 display n=14 34.0 4-6U 48+09 0.7+13 35 N.R Moderate
9 Sucupira and Gingival
Abramovitz, display n=52 N.S 1.95U 3.6 0.6 0.7 N.R Moderate
2012%7

- Indicates improvement of mean from baseline

N.S = not specified
N.R = not recorded
C = Chin region

g = Gingival region
G = Glabellar region
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Efficacy

Efficacy was assessed through improvement rate at maximum frown and rest for facial lines and at
maximum smile for excessive gingival display, by both the investigator and the patient. BONT-A showed
a higher improvement rate compared to placebo at all given doses and the effect reached its peak at 30
days (Table 2). The average calculated from the improvement rate at maximum frown for the 3 regions
(Glabellar, lateral canthal and forehead region) at 30 days are plotted on Figure 2. Improvement rate for
the glabellar region increased from 20U to 50U, but beyond that they showed a decline. In the lateral
canthal region an increase in the improvement rate was observed for injections of 3U to 12U. The
improvement rate curve remained relatively flat up to 15U and then showed a slight decline (Figure 3).
Highest improvement rate (92.9%) was found in the forehead region and was seen for 40U of BoNT-A
with complexing proteins. However, BoNT-A free of complexing proteins showed a similar
improvement rate of 91.3% for a dose of 10U to 20U (Figure 4). To standardize the results Cohen’s
effect size was calculated for all the available pre- and post- study measurements (Table 3). BONT-A
resulted in a large magnitude of effect, while placebo showed zero/very small effect (Table 3). The mean
ages of patients included in this review ranged from 41 to 50 years and they ranked moderate (grade 2)
to severe (grade 3) on the facial wrinkle scale. Carruthers et al. (2013) compared efficacy of BONT-A
in patients below 50 years of age and above 51 years of age and they found a statistically significant
difference (p > 0.05)(19).

Free of complexing protam

—&—With complexing protein

100.0 100.0

100

90

80

Improvement rate (%)
P

B0

50

0 10 20 30 40 50 60 70 80 a0

Dosage (Units)

Figure 2: Summary of average improvement rate of complexing protein free and

complexing protein rich BoNT-A at 30 days in the glabellar region

Adverse effects

The most frequently reported adverse effects in the glabellar and lateral canthal regions were
headache, nasopharyngitis, and abnormal sensation in the eye. None of these were statistically different
when comparing the BoNT-A group and the placebo group (p > 0.05)(18,29). Most headaches lasted
only a few hours and all resolved successfully(18,21,23,32,34). The calculated percentages of general
adverse effects (minor and major effects) across all the studies are represented in Table 2 and 3.While
treating glabellar region, undesirable muscular adverse effects were only seen around the eyes, such as
eyelid ptosis/blepharoptosis and drooping of the eyebrow. Reported adverse effects in the region of the
forehead were painful injection site, eyebrow dropping, change in shape of eyebrow, and a heavy
forehead(30). The average values of the undesirable muscular adverse effects around the eyes from the
20 studies are graphically represented in Figure 5. There were no cases of blepharoptosis or eyelid ptosis
in the lateral canthal region for both BoNT-A and the placebo(16,25,26). Amongst 4(35-38) studies on
gummy smile, 1 study reported 1 case of asymmetric smile and 1 case of difficulty in smiling while
treating posterior gummy smile(38). Polo (2008)(35) reported greater pain at the injection sites and
twitching by 4 subjects, while 1 subject reported headache and dizziness after the injection session. Both
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were transient and lasted for only a few hours(35). Studies in the region of the chin did not record any
significant adverse effects, with all the observed effects being mild in severity and short lived(31,33).

Discussion

Efficacy of BoNT-A in improving esthetics has been proven in individual studies, however
evaluating efficacy at different doses is not well defined. A limitation of this review is that long-term
efficacy and safety could not be concluded due to irregular and short follow-up periods in the available
studies. In addition, there was an absence of comparative trials in the region of chin and gingiva.
Similarly, adverse effects and efficacy of the BoNT-A free of complexing protein could not be
concluded due to shortage of studies.

Studies included in the current review treated patients with moderate to severe cases of facial
wrinkles and BoNT-A was efficacious at all treated ages(14-32,34). However, there are various factors
that affect the efficacy of BONT-A therapy. One of these factors is the viscoelasticity of human skin,
which varies with anatomical region and age(10). Carruthers et al. (2003) found that the magnitude of
wrinkle improvement with BoNT-A was consistently less for patients above 51 years of age, compared
with those under 50 years of age(19). One possible reason for this is the slow degeneration of elastin
and collagen networks as the dermis thins with age(10). It is also important to consider the fact that
muscle content decreases with age, which might make the action of BoNT-A less effective(40).
Additionally, with increase in age the skin’s ability to recover from stress decreases(10). This might
enhance wrinkles after the effect of BONT-A fades. This fact was not evaluated in this review, as all the
included studies involved a first-time BoNT-A intervention. It would be interesting to evaluate the
change in efficacy on further intervention.

Another factor affecting efficacy is the gender of the subject. Fagien et al. (2007) study showed the
highest effect size (5.5 at maximum smile) (Table 3). When looking at the demographics of the
population, this study included only female subjects(32). Muscle morphology and fiber content vary
between genders, as women have more of Type | muscle fibers, which are slower in contraction(41).
These muscle fibers might show a better treatment effect with BoNT-A as it further relaxes the
muscle(41,42). This could be one parameter for the clinician to consider while evaluating outcomes.

A factor influencing efficacy that is also worth noting is the presence of complexing proteins in the
BoNT-A compound. In the glabellar region, BONT-A free of complexing proteins showed a higher
improvement rate than BoNT-A which contained complexing proteins at all doses (20, 40, 50U) (Figure
2). The improvement rate showed a decline for doses of 60U to 80U, establishing a negative correlation
at higher doses(14-20,22,29)(Figure 2). This data could not be analyzed for lateral canthal lines (Figure
3) and excessive gingival display as complexing protein free BoONT-A was not used in these
studies(16,25,26,35-38). However, for the studies that looked at the forehead region, the average
improvement rate (Figure 4) showed that complexing protein free BONT-A resulted in higher values for
efficacy for a comparatively lower dosage than the BONT-A with complexing proteins. The complexing
protein free solutions of 10U — 20U studied by Kerscher et al. (2015) displayed higher improvement
rate to 30U (84.7%) complexing protein containing BoNT-A studied by Solish et al. (2016)(24,28).
Correlation between the complexing protein content in the BoNT-A and efficacy could not be firmly
established due to insufficient data(24,27,28). This interesting correlation can be an area of interest for
further research.
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Figure 3: Summary of average improvement rte of complexing protein rich BoNT-A at 30
days in the lateral canthal region

Figure 4: Summary of average improvement rate of complexing protein free and
complexing protein rich BoNT-A at 30 days in the forehead region

The studies reported that the effect of BoNT-A appeared to be higher than the placebo, with
statistical superiority achieved at several time points, up to day 120(14,20,22,28,29) (Table 2).
Reduction in glabellar, lateral canthal, and forehead lines at maximum frown and rest occurred within
1-week post-injection. The glabellar line severity showed greater improvement during maximum
contraction than at rest. However, the results were sustained longer at rest(14,17-19). The studies also
show a good agreement between investigator’s ratings and participant’s rating(15,20,22,28,29). Average
improvement rate calculated at maximum frown in glabellar region at 30 days showed the highest
improvement rate (92.8%) for 50U protein containing BoNT-A (Figure 2). Studies in the region of
lateral canthal lines used lower doses of BoONT-A when compared to glabellar region. The highest
improvement rate was observed for 12U (91.05%) (26) (Figure 3). In the region of the forehead, 10U
five-injection pattern (3 glabellar injection points with 2 additional forehead points) showed similar
results when compared with a 3-injection pattern (3 glabellar injection points)(27). In contrast, Kerscher
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et al. (2015) supported the view of treating the glabellar region along with the forehead to increase
efficacy(24).

Another use of BONT-A is in the treatment of excessive gingival display, which is also referred to
as ‘gummy smile’. Mazzuco & Hexsel (2010) believed that gummy smile is mainly caused due to
extensive contraction of 2 group of muscle fibers namely - levator labii superioris alaeque nasi muscle
(anterior gummy smile) and zygomatic muscles (posterior gummy smile)(38). Follow-up period for
BoNT-A treatment in the included studies ranged from 2 weeks(36,37) to 24 weeks(35). Effect sizes of
improvement calculated from results gathered before and after BONT-A treatment for Polo (2008), Suber
et al., (2014) and Sucupira & Abramovitz (2012) were 3.64, 3.45 and 0.65 respectively (Table 3). The
study by Mazzuco & Hexsel (2010) did not provide improvement rates for patients before BONT-A
injection. The authors represented their results via improvement percentages that ranged from 15.8% to
100%(38) (Table 2). Gingival display gradually reverted from 2 weeks post-injection through 24
weeks(35). This wide range of results makes us question the underlying etiology; as skeletal based
etiology cannot be masked with BoNT-A treatment(5,36). Dose recommendations for gummy smile is
dependent on the type and extent of gingival display. Further investigations into the action of BoNT-A
on excessive gingival display is required to consider treatment with BoNT-A as an independent
treatment modality.

Only 2 studies observed the effects of BONT-A on chin projection(31,33). The effects of BONT-A
were observed to be more prominent than the placebo in both studies(31,33). Projection of the chin
showed peak response at 4 weeks(31) (Table 3). Chin contour and the position of the pogonion improved
in all mild cases selected when toxin was applied to the mentalis muscle (33). Further investigations
into the action of BoONT-A on chin projection is required to consider treatment with BONT-A as an
independent treatment modality.

Although the rate of occurrence of adverse effects was high across the included studies, they were
considered to be mild and reversible. The incidence of adverse effects was recorded in both the BoNT-
A and placebo groups. Of the 25 studies included in this review, 4 studies recorded no adverse effects
caused by the BoNT-A or the placebo intervention(31,33,36,37). BoNT-A showed higher incidence of
adverse effects than placebo in 11 studies(14-17,20-24,27-29). Seven studies reviewed multiple doses
of BoNT-A and found no statistical difference in the incidence of adverse effects among the different
doses of BoNT-A(14,20,21,23,25,28). Headaches were the most common adverse effect followed by
injection site bruising, which resolved within 3-4 days(14-20,23,28,29). Three studies assessing the
effect of BONT-A in glabellar lines reported undesirable muscular effects around the eyes. The adverse
effects were resolved within an average duration of 20 to 40 days without medication(18,19,27).
Average incidence of undesirable muscular effects around the eyes were calculated for each intervened
region (Figure 5). Lateral canthal region had no adverse effects around the eyes for both BoNT-A and
placebo (16,25,26). The glabellar region had the highest incidence (8.5%), followed by the forehead
region (4.9%). However, it is difficult to isolate the adverse effects to the forehead region, as 3 out of
the 4 studies treated the forehead region along with the glabellar region and they showed high adverse
effects incidence rates around the eyes (Table 2)(24,27,28). Keen et al. (1994) treated the forehead
region with the lateral canthal region and showed the least abnormality around the eyes (0.9%)
(30)(Figure 5). Adverse effects like bruising and headache did not vary based on the anatomical site
treated, whereas, undesirable muscular abnormalities were specific to the glabellar region. Lateral
canthal line injections showed no such adverse effects despite the proximity to the ocular region. It was
also interesting to note that BONT-A showed higher incidence rates of adverse effects than placebo for
both the glabellar and forehead regions (Figure 5). Hence, anatomical location and the depositing
solution (BoNT-A or placebo) are potential risk factors for overall adverse effects with undesirable
muscular abnormalities especially around the eyes.
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Figure 5: Summary of average ocular adverse effects with BoNT-A and placebo

It appears that case selection plays a major role in the efficacy outcome of the treatment with BoNT -
A. It is also important to understand that an increase in dosage does not always lead to an increase in
efficacy. For excessive gingival display and chin projection the treatment with BoNT-A could not be
concluded as an independent treatment modality due to lack of studies. Further studies on the adverse
effects of BONT-A in different regions of the face would be beneficial in understanding their cause. This
systematic review has identified a possible correlation between the efficacy outcome of the treatment
with the age of the patient. However, more studies evaluating this concept are required to confirm this
correlation. BoONT-A free of complexing protein showed higher efficacy at all given doses. However,
more studies evaluating this would be helpful in knowing the magnitude of improvement in efficacy.
Knowing the factors influencing the improvement rate will help the clinician in case selection and
communication with the patient of the potential adverse effects associated with BONT-A treatment. The
clinician should be aware and cautious about the possibility of undesirable muscular effects around the
eyes when treating the glabellar and forehead regions.

Conclusions
Within the limitations of this systematic review the following conclusions can be made:
- BoNT-A was found to be effective in improving esthetics in the facial complex involving
glabellar, lateral canthal and forehead regions.
- Treatment with BONT-A was observed to be safe in all the facial complex areas.
- Presence of complexing proteins influenced the efficacy of BONT-A. Undesirable muscular
adverse effects around the eyes were more predominant when treating the glabellar region.
- There was no correlation found between the BONT-A dosage and side effects.
- An increase in BoNT-A dosage did not always lead to an increase in efficacy.

Resumo

Objetivo: Avaliar a eficicia e seguranca da toxina botulinica-A para melhorar a estética no
complexo facial e correlaciond-la com a dosagem e os efeitos secundarios através de uma revisao
sistematica. Métodos: Foi realizada uma pesquisa bibliografica utilizando bases de dados PubMed,
Medline, Web of Sciences, e Scopus. A qualidade dos estudos foi avaliada através do sistema GRADE.
Esta revisdo segue a declaracdo "Preferred reporting items for systematic review and meta-analysis
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protocols” (PRISMA-P) 2015. A efic4cia foi analisada através da taxa de melhoria e da dimensédo dos
efeitos.A comparacdo gréafica da eficacia e dos efeitos adversos oftalmolégicos (efeitos adversos em
torno do olho) em varios locais anatémicos foi feita através do calculo da taxa média de melhoria e dos
eventos adversos. Resultados: Vinte e cinco estudos foram incluidos nesta revisao sistematica ap6s a
aplicacdo dos critérios de inclusdo. Casos moderados a graves em regides glabelares, canais laterais e
testa mostraram taxas de melhoria mais elevadas entre 20U a 50U, com um efeito que durou até 120
dias. O sexo e a idade mostraram ter efeito direto na eficacia. As dores de cabeca foram o efeito adverso
mais comum, seguido de hematomas no local da injecgéo; todos os efeitos adversos foram resolvidos
em 3-4 dias. Conclus@es: O tratamento com toxina botulinica-A para melhorar a estética do complexo
facial é eficiente e seguro em todas as dosagens recomendadas. A presenca de proteinas complexas
influenciou a eficicia do BONT-A. Os efeitos adversos musculares indesejaveis a volta dos olhos foram
mais predominantes no tratamento da regido glabelar. N&o foi encontrada qualquer correlacdo entre a
dosagem de BoNT-A e os efeitos secundarios, contudo, um aumento da dosagem nem sempre levou a
um aumento da eficacia.
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