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Abstract

Background: In Japanese clinical practice, two approaches using botulinum toxin A (BTA) are used to improve wrinkles
in upper and lower forehead areas without any complications, namely upper forehead subcutaneous (sc)/lower forehead
intradermal (id) injections and upper forehead sc/glabellar intramuscular (im) injections.

Aim: To investigate the therapeutic effects of combining upper forehead sc and glabellar im BTA injections on forehead
wrinkles.

Methods: Twenty-two participants were assigned to two groups: group A received upper forehead sc/lower forehead id
injections, while group B received upper forehead sc/glabellar im injections. Pain intensity, effects on forehead and glabellar
wrinkle severity, eyebrow height/balance, side effect questionnaires, and patient satisfaction were assessed.

Results: Forehead wrinkle severity was significantly reduced at week 4 in both groups. During the follow-up period, the
severity in group B was consistently lower than group A. Glabellar wrinkles significantly improved only in group B. No
abnormalities in eyebrow height or balance and no significant differences in pain intensity were observed. No serious side
effects were reported, and patient satisfaction was consistently higher in group B than group A.

Conclusions: The results suggest that upper forehead sc/glabellar im injections are more useful in treating forehead wrinkles

than upper forehead sc/lower forehead id injections.
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o J
Introduction forehead wrinkles and are the most frequently performed
cosmetic procedure worldwide for rejuvenation of the upper

Botulinum toxin A (BTA) injections are the most face [1,2]. Furthermore, wearing protective masks during
commonly performed noninvasive procedure to treat the recent coronavirus disease pandemic obscured the lower
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part of the face, thereby highlighting the upper and midface
areas. This further increased the popularity of cosmetic
procedures, even after the pandemic, to remove forehead
wrinkles [3].

Wrinkles are formed by dermal atrophy and repetitive
contraction of the underlying facial muscles [3,4]. BTA
inhibits the release of acetylcholine at the neuromuscular
junction, causing muscle relaxation, which subsequently
smooths the overlying skin and reduces the development of
dynamic wrinkles during muscle contraction [2].

When treating forehead wrinkles, BTA is generally
injected intramuscularly at 5-8 points in the frontalis
muscle, which causes the wrinkles [5]. The therapeutic use
of BTA is generally safe and well tolerated [3]. However,
since BTA acts directly on the neuromuscular junction, it
may cause complications such as eyebrow ptosis, eyebrow
asymmetry, and blepharoptosis when muscle relaxation and
the associated skin stretching effects are more active than
expected [6,7]. The complication rate has been reported to be
0.6%-20% [8]. Facial expressions reflect and express various
emotions. Therefore, it is critical to avoid any complications,
either visual or functional, caused by this cosmetic procedure
[3]. Obtaining the maximum treatment effect without
complications leads to high patient satisfaction.

Most of the BTA-induced complications are caused by
excessive muscle relaxant activity as previously described.
Therefore, BTA intramuscular (im) injections within
1.5-2 cm above the eyebrows is often avoided to prevent
eyebrow ptosis. However, in that case, it becomes difficult
to completely remove expression wrinkles in the lower
forehead area [3,9].

The muscle relaxation effect is stronger the closer
the injection site is to the muscle. Therefore, to reduce
complications in the treatment area, previous studies have
used intradermal (id) or subcutaneous (sc) injections rather
than im ones or injecting small doses at multiple points
[5,10-12]. Additionally, a detailed procedure for im injection,
particularly to the corrugator supercilii and procerus
muscles, to treat glabellar wrinkles without adverse events
has also been recently reported for facial muscles where BTA
is frequently injected [13,14]. In Japan, a combined procedure
of upper forehead sc and lower forehead id injections has
been conventionally used to treat upper and lower forehead
wrinkles and avoid any complications [12]. However, recently,
a combination procedure involving upper forehead sc and
glabellar im injections has been used empirically in daily
medical practice. Despite the fact that we have also noted the
effectiveness of the treatment in clinical practice, to the best
of our knowledge, information regarding its efficacy and side
effects has yet to be reported in the literature.
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Therefore, this study aimed to clarify the therapeutic
effects of combining upper forehead sc and glabellar im BTA
injections.

Materials and Methods
Study Participants

A total of 22 women aged between 25 and 61 years
with upper and lower forehead wrinkles participated in
this study. The inclusion criteria required participants to
have slight glabellar wrinkles (glabellar lines) in addition
to upper and lower forehead wrinkles. Exclusion criteria
included participants with a history of BTA or filler injections
such as hyaluronic acid within the past 4 months, those with
glaucoma, chronic respiratory, or neuromuscular disease,
those who were breastfeeding or pregnant, and those with
compensatory frontalis hyperactivity.

Ethics

This study was performed in accordance with the
Helsinki Declaration, and all participants provided informed
consent. The protocol was approved by the Institutional
Review Board of Shiba Palace Clinic, Japan (approval number
152201_rn-35050).

BTA

BTA (50 units/vial, BOTOX Vista®) purchased from
Allergan Japan (Tokyo, Japan) was dissolved in 2.5 mL of saline
(4 units/0.1 mL) at the time of use. The appropriate units of BTA
were injected according to the following experimental design.

Experimental Design

This study was a single-centre prospective randomized
controlled pilot study conducted at the Imaizumi Skin Clinic
(Tokyo, Japan). Participants (n = 22) were randomly assigned
to two groups, namely the upper/lower forehead injection
group (group A, n = 11, mean age: 42.36 + 9.37 years) and
the upper forehead/glabella injection group (group B,n=11,
mean age: 44.09 * 7.59 years).

Figure 1 shows the BTA injection sites for both groups.
The upper and lower forehead regions were separated by a
horizontal line drawn 2 cm above the eyebrows. In group A,
BTA was injected subcutaneously into 9 points (total 6 units)
in the upper forehead area and intradermally into 13 points
(total 4 units) in the lower forehead area. In group B, BTA
was injected subcutaneously into 9 points (total 6 units) in
the upper forehead area and intramuscularly into 7 points
(total 14 units) in the glabellar complex, which are mainly
composed of corrugator supercilia and procerus muscles.
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Group B

Injection site Injection route No of injection points Total injection dose

Upper forehead Subcutaneous 9 6 units
Lower forehead Intradermal 13 4 units
Upper forehead Subcutaneous 9 6 units

Glabellar Intramuscular 7 14 units

Figure 1: Botulinum toxin A (BTA) injection sites in the forehead and glabellar areas of patients in groups A and B. The upper
and lower forehead regions were separated by a horizontal line drawn 2 cm above the eyebrows. In group A, BTA was injected
subcutaneously into 9 points (total 6 units) in the upper forehead area and intradermally into 13 points (total 4 units) in the
lower forehead area. In group B, BTA was injected subcutaneously into 9 points (total 6 units) in the upper forehead area and

intramuscularly into 7 points (total 14 units) in the glabellar complex.

J

Pain intensity, wrinkle severity, bilateral eyebrow height/
balance, subjective side effect questionnaires, and patient
satisfaction reflecting all wrinkle-improving effects and
side effects were assessed and compared between the two
treatment groups. Pain intensity was assessed immediately
after the procedure.

The improvement in forehead wrinkles was evaluated by
examining the severity of wrinkles before the BTA injection
(week 0) and at weeks 4, 8, and 12 after the injection.
Glabellar wrinkles, which were observed in all patients, were
also assessed at the same intervals as forehead wrinkles.

Eyebrow height/balance, subjective side effect
questionnaires, and patient satisfaction were assessed at
weeks 4, 8, and 12.

Evaluation Methods

Pain intensity assessment: Pain intensity immediately
after the BTA procedure was assessed for all participants
using a 100-mm visual analogy scale (VAS) ranging from 0
(no pain) to 100 (very severe pain) [15]. The patient marked
the degree of subjective pain on that line. Pain intensity was
quantified by measuring the distance from the 0-mm point.
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Wrinkle severity assessment: The status of resting (static)
and hyperkinetic (dynamic) wrinkles in the forehead and
glabellar areas of the patients was determined by two
dermatologists who were not involved in the treatment
process.

The degrees of the forehead and glabellar wrinkles observed
in both conditions for each patient were classified into five
scales according to the wrinkle rating scale, as shown in
Figure 2A, using some modifications of previous criteria [16].

The severity of wrinkles for each patient was finally graded
into five levels from 0 to 4 by the combination of static and
dynamic wrinkle severity, as shown in Figure 2B: Grade
0: no wrinkles in both static and dynamic states, Grade
1: no wrinkles in the static state but minimal wrinkles in
the dynamic state, Grade 2: minimal wrinkles in the static
state and mild wrinkles in the dynamic state, Grade 3: mild
wrinkles in the static state and moderate wrinkles in the
dynamic state, and Grade 4: moderate wrinkles in the static
state and severe wrinkles in the dynamic state.
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(A) Wrinkle rating scale

Forehead wrinkles

Glabellar wrinkles

-

No wrinkles Minimal wrinkles Mild wrinkles Moderate wrinkles Severe wrinkles
B) Wrinkle severit
Condition ( ) y
Static No wrinkles No wrinkles Minimal wrinkles Mild wrinkles Moderate wrinkles
Dynamic No wrinkles Minimal wrinkles  Mild wrinkles = Moderate wrinkles Sever wrinkles

Figure 2: Wrinkle severity assessment. The degrees of the forehead and glabellar wrinkles observed in static and dynamic
conditions for each patient were classified into five scales according to the wrinkle rating scale (A). The severity of wrinkles
for each patient was finally graded into five levels from 0 to 4 by the combination of static and dynamic wrinkle severity (B).

J

Eyebrow height/balance measurement: All participants’
faces were photographed at rest to measure eyebrow height
and balance. Bilateral eyebrow heights were calculated as
the normalized eyebrow height ratio according to previously
reported procedures [12]. In brief, as shown in Figure 3,
Microsoft PowerPoint 2019 (Microsoft, Corp., Redmond, WA,
USA) was used to draw a horizontal line (line b) between the
bilateral lateral canthus and bilateral vertical midpupillary

lines (line a) from line b to the upper edge of the brows. The
eyebrow height ratio of each side was normalized by the
length of line b using formula (1). The eyebrow balance of
both sides was calculated as the balance ratio using formula
(2). The value of 1.0 means perfect symmetry. Eyebrow
height ratio = length of line a/length of line b (1). Eyebrow
balance ratio = eye height ratio of right side/eye height ratio
of left side (2).

-

calculated using formulas (1) and (2).

.

Figure 3: Measurement of eyebrow height. Line b indicates the horizontal line between bilateral lateral canthus, and line a
indicates the mid-pupillary lines from line b to the upper edge of the brow. The eyebrow heights and balance of both sides were
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Subjective adverse effect questionnaire: Various
subjective postoperative side effects, including postoperative
pain, forehead heaviness, and double eyelid narrowing, were
investigated using an open-ended questionnaire.

Evaluation of patient satisfaction after BTA injection:
Patient satisfaction after BTA injection was measured for all
subjects using a 100-mm VAS scale ranging from 0 (totally
dissatisfied) to 100 (totally satisfied) [17,18]. The patient
marked the subjective degree of satisfaction on the line. The
satisfaction was quantified by measuring the distance from
the 0-mm point.

Statistical analysis: All data for pain intensity, wrinkle
severity, bilateral brow height/balance, and patient
satisfaction were expressed as mean * standard error of the
mean (SEM). The statistical significance of pain intensity
between groups A and B was assessed using the Mann-
Whitney U test. The statistical significance of wrinkle severity
and patient satisfaction after BTA injections in both groups
was assessed using the Mann-Whitney U test (between-
group comparisons) or Tukey’s multiple comparison test

(postoperative changes) after two-way analysis of variance
(ANOVA). The statistical significance of right (R) and left (L)
eyebrow heights and postoperative changes in both groups
was evaluated using the Mann-Whitney U test and Tukey’s
multiple comparison test after two-way ANOVA, respectively.
The statistical significance of the R/L balance ratio between
both groups and the postoperative changes in both groups
was evaluated using the Mann-Whitney U test and Tukey’s
multiple comparison test after two-way ANOVA, respectively.
The threshold for statistical significance in all analyses was
set at P < 0.05. All analyses were performed using GraphPad
Prism software version 8.4.2 (GraphPad Software Inc., San
Diego, CA, USA).

Results
Pain Immediately after the BTA Procedure

Figure 4 exhibits the levels of subjective pain intensity
immediately after BTA treatment in groups A and B, 30.7
7.4 and 24.8 *+ 4.0, respectively. No significant differences
were observed between the two groups.

o W =
— =] —
T T |

Pain intensity (VAS, mm)
-y
—

Group A

groups (Mann-Whitney U test).

Figure 4: Pain intensity immediately after the BTA procedure. Intensity was assessed using a 100-mm visual analogy scale
(VAS) ranging from 0 (no pain) to 100 (very severe pain). The pain intensity was quantified by measuring the distance from
the 0-mm point. Each value represents the mean * SEM (n = 11). No significant differences were observed between the two

Group B
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Improvement Effect of BTA Injection on
Forehead and Glabellar Wrinkles

Figure 5A shows the typical dynamic forehead wrinkle
status (photos) and changes in wrinkle severity (graphs) after
BTA injection in patients of groups A and B. Pretreatment
wrinkle severity (week 0) was 1.73 £ 0.19 in group A and 2.09
+0.21 in group B, without significant difference between the
two groups.

The dynamic wrinkles observed in the upper and lower
forehead areas before treatment were almost improved
in both groups after week 4. Although the severity was
also significantly decreased in both groups (Group A: P <
0.01, Group B: P < 0.001), the severity at week 4 started to
increase gradually with time. Nonetheless, the severity in
group B was always lower than that in group A during the
follow-up period. Statistically, a decreasing trend (P = 0.069)
and a significant decrease (P < 0.05) were observed in group

B at weeks 4 and 8, respectively.

Figure 5B shows the typical dynamic glabellar wrinkle
status (photos) and changes in wrinkle severity (graphs)
after BTA injection in patients of groups A and B. All patients
in groups A and B had slight dynamic glabellar wrinkles
before treatment (Grade 1), with no significant difference
between them. Glabellar wrinkles observed before BTA
treatment in group A did not improve throughout the 12-
week follow-up period. However, group B showed significant
improvement (P < 0.001). The severity, which was 1.0 before
treatment, improved to 0 (i.e., complete improvement) at
week 4. Although the improvement gradually weakened
thereafter, it remained >50% (0.45 + 0.16) at week 12.
Statistical comparisons between the two groups showed that
group B had a significantly higher improvement at weeks 4
(P<0.001) and 8 (P < 0.01) compared with group A.

-

(A) Forehead wrinkles
Week 0 Week 4 Week 8  Week 12

1

Group A

BTA injection

Dynamic Grading Scale

0 2 4 6 8 10 12
Pre Post-BTA injection (Week)

(B) Glabellar wrinkles
Week 0 Week 4 Week 8  Week 12

1.2
- Group A
% 1.0 % +
Zos ¢
s
Zo6 t -
o= i
5 04 *'*]_/I
] i 1t y ) ‘
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0 2 4 6 8 10 12
Pre Post-BTA injection (Week)

Figure 5: Changes in the severity of forehead (A) and glabellar wrinkles (B) after BTA injection in groups A and B. The photos
show the dynamic wrinkle status of the patient’s forehead and glabellar before (week 0) and after BTA injection (weeks 4, 8,
and 12) in groups A and B. Wrinkle severity was graded into five levels from 0 to 4. Each value represents the mean + SEM (n

Hork

=11)."P<0.01 and P < 0.001 vs. pretreatment week 0 (two-way ANOVA + Tukey’s multiple comparison test). P < 0.05, 1P <

0.01, and "*P < 0.001 vs. group A (two-way ANOVA + Mann-Whitney U test).

Eyebrow Height and Balance

Figure 6 shows the changes in height (Figure 6A) and
balance (Figure 6B) of the right and left eyebrows after BTA
injection in groups A and B.

Before treatment (week 0), the right (R) and left (L)
eyebrow heights were 0.297 + 0.010 and 0.286 + 0.012 in
group A and 0.310 # 0.012 and 0.309 # 0.009 in group B,

Fujimaki A, et al. Treating the Forehead Lines with Combination of Forehead and Glabellar

respectively (Figure 6A). The R/L eyebrow height balance
was 1.042 + 0.024 in group A and 1.006 * 0.035 in group B
(Figure 6B). No significant differences in the eyebrow heights
and the R/L balance were observed between the two groups.

Compared with pretreatment, no significant changes
were observed in height (Figure 6A) or R/L balance (Figure
6B) of the bilateral eyebrows in both groups at 4, 8, and 12
weeks after BTA treatment.
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Figure 6: Changes in the right and left eyebrow heights (A) and bilateral eyebrow balance (B) after BTA injection in groups A
and B. The height and balance were calculated using formulas (1) and (2). Each value represents the mean * SEM (n = 11). No
significant differences were observed between the height of right (R) and left (L) eyebrows at weeks 0 (pretreatment), 4, 8, and
12 and postoperative changes in both groups (two-way ANOVA + Mann-Whitney U test or Tukey’s multiple comparison test).
No significant differences were observed in the R/L balance ratio between both groups and the postoperative changes in both
groups (two-way ANOVA + Mann-Whitney U test or Tukey’s multiple comparison test).

Subjective Adverse Effect Questionnaire these symptoms improved spontaneously within 4 weeks

after BTA injection without any treatment. No complaints

In the subjective open-ended questionnaire regarding of other side effects were reported throughout the 12-week
postoperative side effects, 2 of 11 patients in group A and 1 of follow-up period.

11 in group B complained of mild eyelid heaviness. However,

Figure 7: Changes in patient satisfaction after the BTA procedure in groups A and B. The satisfaction was assessed using a 100-
mm visual analogy scale (VAS) ranging from 0 (totally dissatisfied) to 100 (totally satisfied). Patient satisfaction was quantified
by measuring the distance from the 0-mm point. Each value represents the mean + SEM (n = 11). ‘P < 0.05 and ™P < 0.001 vs.
week 4 (two-way ANOVA + Tukey’s multiple comparison test). No significant differences were observed between both groups

at weeks 4, 8, and 12 (two-way ANOVA + Mann-Whitney U test).
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Patient Satisfaction

Figure 7 shows the changes in patient satisfaction after
BTA treatment in groups A and B. Patients in both groups
showed higher satisfaction at 4 weeks after treatment
(Group A: 76.5 = 7.1, Group B: 91.2 + 2.6), and there was no
significant difference between the two groups. However, the
high satisfaction levels in both groups gradually decreased
over time. More specifically, a significant decrease was
observed at weeks 8 (P < 0.05) and 12 (P < 0.001) in group
A and at week 12 (P < 0.001) in group B. Although this
difference in changes between the two groups was not
statistically significant, the satisfaction levels in group B

were consistently higher than those in group A.

Figure 8 shows the correlation between patient
satisfaction and forehead wrinkle severity throughout BTA
treatment. Each value represents the mean + SEM (n = 11) of
the patient satisfaction (y) and wrinkle severity (x) assessed
at weeks 4, 8, and 12 after BTA injection in groups A and B.
Our results revealed a high negative linear correlation (y =
-50.659x + 111.11 and correlation coefficient R* = 0.7828),
indicating that satisfaction increased as wrinkle severity
decreased, and vice versa.

100 B:4W y =-50.659x + 111.11
i R?=10.7828
A 4W
~_~ 80 i ‘ g,
E .
g B:8W _
2 60 - 1A-8W
= .
= mow
= B:12W
- :
® 40 F
= A:12W
2
<
n
20 F
0 A A '] A L L Il L L A A A A A |
0.10 0.40 0.70 1.00 1.30 1.60
Wrinkle severity (Dynamic Grading Scale)
Figure 8: Correlation between patient satisfaction and forehead wrinkle severity throughout BTA treatment. Each value
represents the mean + SEM (n = 11) of patient satisfaction (y) and wrinkle severity (x) assessed at weeks 4, 8, and 12 after
BTA injection in groups A (A:4W-A:12W) and B (B:4W-B:12W), revealing a high negative linear approximation correlation (y
=-50.659x + 111.11 and correlation coefficient R? = 0.7828).

Discussion

BTA injections are commonly used to treat expression
wrinkles on the forehead area and are usually injected
intramuscularly [5]. However, complications are a significant
issue pertaining to this treatment, including eyebrow ptosis,
eyebrow asymmetry, and blepharoptosis caused by excessive
muscle relaxant activity [6-8]. Although the optimal approach

Fujimaki A, et al. Treating the Forehead Lines with Combination of Forehead and Glabellar

to prevent these complications is to avoid im injections
above the eyebrows, this makes the complete treatment of
wrinkles in the lower forehead area very difficult [3,9]. In
Japan, two procedures involving upper forehead sc/lower
forehead id (group A in this study) and upper forehead sc/
glabellar im injections (group B in this study) are performed
in daily clinical practice to reduce wrinkles in the upper and
lower forehead areas without any complications. The BTA
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dose differed between the two groups, with 10 units used in
group A and 20 units in group B. The differences between
the two procedures were not only limited to the dose but
also included the injection site, injection route, and number
of injection points (Figure 1). Despite these differences, the
varying BTA doses are considered equivalent in terms of
efficacy and safety under these conditions. To the best of our
knowledge, no study has previously compared the efficacy
and complications of these two procedures. This study is the
first to evaluate both aspects in a single institution.

In general, BTA improves wrinkles by selectively blocking
nerve transmission at the neuromuscular junction [2,19].
However, its blocking effect gradually fades 3-4 months
after the procedure [19-21] due to the formation of new
neuromuscular junctions through nerve sprouting over time
[19]. Therefore, repeated injections are usually required to
maintain the therapeutic efficacy of BTA [19,21].

Our results showed that the severity of wrinkles in the
entire forehead area, including the upper and lower forehead
regions, in both groups significantly decreased at 4 weeks
after BTA injection. However, it gradually increased from
weeks8to 12 (Figure 5A). Thisresultsuggests thatthe wrinkle
improvement effect of BTA reached its peak after 4 weeks of
treatment and gradually started to fade, in accordance with
the results of previous reports [22,23]. The wrinkle severity
in group B was always lower than that in group 4, indicating
that this treatment approach to improving wrinkles was
more effective in group B than in group A. In this study, all
patients had slight glabellar wrinkles in addition to forehead
wrinkles. Therefore, the effect on glabellar wrinkles was also
evaluated (Figure. 5B). Glabellar wrinkles observed before
BTA treatment significantly improved in group B but not in
group A. This result suggests that group B has an advantage
over group A.

Wrinkle relapse is a common process due to the limited
durability of BTA action [19,20]. Therefore, to maintain the
therapeutic efficacy of BTA, repeated injections are usually
required [19,21]. Because the muscle fibers of the frontalis
muscle are partially fused with the glabellar complex, BTA
injection into the glabellar complex may have also affected
the muscle fibers of the lower part of the frontalis muscle
[9]. Therefore, the wrinkle improvement effect in the entire
forehead, including the glabellar area, was consistently
higher in group B than in group A, and the effect was superior
to that of group A even at 12 weeks. This superiority of
group B suggests that the wrinkle improvement effect may
be sustained more than that of group A even with repeated
injections.

With respect to BTA treatment, it is critical to avoid
complications such as eyebrow ptosis, eyebrow asymmetry,

Fujimaki A, et al. Treating the Forehead Lines with Combination of Forehead and Glabellar

and blepharoptosis [7,8]. The present study demonstrated
that there was no statistically significant difference in pain
intensity immediately after BTA treatment between the
two groups (Figure 4). Additionally, we did not observe any
abnormalities pertaining to eyebrow height or balance in
both groups after BTA injection (Figure 6), and no serious
side effects were reported in the questionnaire. Our findings
suggest that both procedures investigated in the present
study were appropriate and safe procedures for improving
forehead wrinkles, including the lower forehead area.

Despite the fact that patient satisfaction in both groups
was found to be higher after four weeks of treatment, it
then gradually decreased over time (Figure 7). Patient
satisfaction with BTA treatment is a critical success factor
in cosmetic procedures and depends on the interaction of
numerous variables [22]. Considering that no complications
occurred with either procedure, this decrease in satisfaction
may be related to wrinkle relapse. Therefore, when we
investigated the correlation between wrinkle severity
or degree of improvement (x) and satisfaction level (y)
after BTA treatment, we identified a high negative linear
correlation between these two variables (Figure 8: y =
-50.659x + 111.11, correlation coefficient R? = 0.7828). This
result clearly reflects patient psychology in that satisfaction
increased when wrinkles were improved by BTA treatment,
while satisfaction decreased when the improvement effect
was not sustained. Therefore, the postoperative decrease in
patient satisfaction revealed in the present study might be
due to wrinkle relapse rather than to the development of any
side effects. Our results showed no statistically significant
difference in satisfaction change after one injection
between the two groups. However, satisfaction tended to
be consistently higher in group B than in group A. This is
thought to be because the degree of wrinkle improvement in
group B was always greater than that in group A.

Overall, the results of this comparative study suggest that
both treatment approaches are appropriate for improving
forehead wrinkles, including the lower forehead area, which
is difficult to treat without any side effects. The total BTA dose
in group B (20 units) was twice that in group A (10 units),
indicating that the cost price of BTA in group B was twice
that in group A. Therefore, the treatment cost in group B was
higher than that in group A. However, compared with group
A, group B was characterized by higher treatment efficacy
and satisfaction for forehead wrinkles, suggesting that group
B might be more suitable or advantageous for improving
forehead wrinkles, including the lower forehead area.

This study had several limitations. First, considering
the small sample size enrolled, our conclusions need to be
validated in future randomized controlled trials with larger
sample sizes. Second, this study focused on the efficacy of
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single-injection treatments. The duration of BTA treatment
efficacy impacts not only the retreatment interval but
also leads to higher costs and patient inconvenience [22].
Future studies should investigate the effects, duration, and
recurrence of repeated treatments.

Conclusion

This study compared the efficacy and complications
of two BTA treatments involving upper forehead sc/lower
forehead id (group A) and upper forehead sc/glabellar
im injections (group B) in patients with upper and lower
forehead wrinkles at a single institution. A summary
comparing key outcome measures between groups A and B
is shown in Table 1. Our results showed that both procedures
improved forehead wrinkles, including the lower forehead
area, which is difficult to treat, without any complications.

However, treatment in group B consistently exhibited
higher efficacy and patient satisfaction than those in group
A. Additionally, the glabellar wrinkles before BTA treatment
significantly improved in group B but not in group A. Our
findings indicate that upper forehead sc/glabellar im
injections may be more appropriate or advantageous than
upper forehead sc/lower forehead id injections for patients
with wrinkles in the upper and lower forehead areas.

Comparison Between the

Key Outcome Measures Two Groups

Pain intensity A=B
Forehead wrinkles
improvement A<B
Glabellar wrinkles
improvement A<B
Eyebrow height or
imbalance: None A=B
Serious side effects: None A=B
Patient Satisfaction A<B

Table 1: A summary table comparing key outcome measures
between groups A and B.

Group A: Upper forehead sc/lower forehead id injections of
BAT

Group B: Upper forehead sc/glabellar im injections of BAT
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