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Background: Botulinum toxin type A (BTX-A) injection is being widely used off-label for 
muscular hypertrophy, including deltoid muscle hypertrophy. However, very few studies 
have evaluated the optimal dosage and its clinical response.
Objective: This study aimed to assess the efficacy and safety of different doses of Prabotuli-
num toxin A (PBoNT) for treating deltoid muscle hypertrophy.
Methods: Twelve particiapants with bilateral deltoid muscle hypertrophy were enrolled and 
randomly received either 16 U or 32 U of PBoNT. In each participant, the same dose was ad-
ministered to both deltoid muscles. Both participants and evaluators were blinded. Deltoid 
muscle thickness and upper arm circumference were measured on day 0, and weeks 2, 4, 
and 12 after the PBoNT injection.
Results: Upper arm circumference significantly decreased in both groups; however, deltoid 
muscle thickness was reduced in the 16 U group only. No major complications were reported 
in both groups. However, a few minor complications were reported in the 16 U injection 
group.
Conclusion: Both 16 U and 32 U of PBoNT intramuscular injections are safe and effective in 
treating deltoid hypertrophy.
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INTRODUCTION

Asian women have recently become more interested in upper 
arm contouring. Although brachioplasty, liposuction, and 
other procedures are being tried for upper arm contouring, 
these techniques are mainly for contouring arm flab1. To date, 
very few studies have been performed on deltoid contouring.

Botulinum toxin type A (BTX-A) injection into the masseter 
muscle has been used as an off-label treatment to improve fa-
cial contours. For the same aesthetic purpose, BTX-A injections 
are used to treat gastrocnemius and trapezius hypertrophy2-6.

In a recent pilot study, it was observed that injecting 25 U 

of BTX-A significantly reduces the thickness of the deltoid 
muscle after 2 to 12 weeks; however, participant satisfaction 
and clinical improvement were not significant7. This study 
was intended to evaluate the effectiveness and safety of differ-
ent dosages of BTX-A in treating deltoid muscle hypertrophy 
and upper arm contouring.

MATERIALS AND METHODS

Twelve healthy Korean women (age, 28~40 years) with hyper-
trophy of both deltoid muscles were enrolled in this double-
blinded, randomized multi-center clinical trial after obtaining 
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informed consent. To reduce the effect of fat on deltoid hy-
pertrophy, women with a body mass index (BMI) of less than 
25 were selected. The study was approved by the Institutional 
Review Board of Chung-Ang University Hospital (IRB No. 
2020-007-445). We received the patient’s consent form about 
publishing all photographic materials.

Prabotulinum toxin A (PBoNT) (NABOTA®; Daewoong 
Pharmaceutical Co. Ltd.) was used in the study. Participants 
randomly received either 16 U or 32 U of PBoNT via intra-
muscular injection in the deltoid muscle. PBoNT was injected 
at 8 points, each 1 cm apart within a 2×5 cm region situated 5 
cm below the acromion, where nerves and arteries do not pass 
(Fig. 1). For 16 U group (2 U per point), PBoNT 100 U was 
diluted in normal saline 2.5 ml. PBoNT 100 U was diluted in 
normal saline 5 ml in 32 U group (4 U per point).

Particiapants were assessed and photographs were taken 
at baseline and 2, 4, and 12 weeks after the PBoNT injection. 
The size of the deltoid muscle was calculated by measuring the 
thickness of the deltoid muscle and upper arm circumference. 
The thickness of the deltoid muscle was measured twice by 
ultrasound, once in the anatomical position (relaxed) and the 
other with arms vertically raised (contracted). The thickness 
was determined by dividing the ultrasound image screen into 
5 equal parts and the average of the four shortest straight dis-
tances from the boundary line was calculated. The evaluation 
of the thickness was conducted by the same investigator to 

minimize variation and bias. The measurement technique was 
identical to that used in our pilot study7. The circumference of 
the upper arm was measured using a measuring tape at a point 
2.5 cm below the acromion, between the anterolateral point 
and the posterolateral point of the deltoid muscle.

Participant satisfaction score was assessed using a 5-point 
scoring system (1, unsatisfied; 2, slightly unsatisfied; 3, neu-
tral; 4, slightly satisfied; and 5, satisfied). Clinical improve-
ment was assessed by two blinded dermatologists using paired 
pre- and post-treatment photographs with a 5-point scoring 
system (1, improved; 2, minimally improved; 3, steady-state; 
4, minimally worsened; 5, worsened). All adverse events were 
recorded throughout the study period.

IBM SPSS version 26.0 for Windows (IBM Corp.) was used 
for statistical analyses. Wilcoxon’s signed-rank test was used 
to compare the thickness of the deltoid muscles and the cir-
cumference of the upper arm before and after the treatment. 
Two-way repeated measures analysis of variance (ANOVA) 
was used to assess differences in deltoid thickness and upper 
arm circumference in both groups at different time points. 
The agreement between the assessments of the two blinded 
dermatologists was evaluated by Cohen’s kappa. The frequen-
cy of adverse effects was evaluated using the chi-square test. p-
values <0.05 were considered statistically significant.

Fig. 1. (A) Participants received botu-
linum toxin type A injections at 8 dif-
ferent points that were 1 cm apart in 
a 2×5 cm region located 5 cm below 
the lower edge of the acromion. (B) 
The circumference of the upper arm 
was measured using a measuring tape 
at a point 2.5 cm below the acromion 
between the anterolateral point (AP) 
and posterolateral point (PP).
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RESULTS

Twelve participants were enrolled and none were lost to fol-
low-up. The average thickness of the deltoid muscles and the 
circumference of the upper arms at each visit are shown in Fig. 
2. At the baseline, there were no significant differences in up-
per arm circumference and deltoid thickness between the 32 U 
and 16 U groups. The average thickness of the deltoid muscle 
showed a decreasing trend following PBoNT injection in both 
groups; however, the 16 U injection group showed a significant 
reduction in the upper shoulder at 2, 4, and 12 weeks and low-
er shoulder at 4 and 12 weeks (Fig. 2A). Upper arm circumfer-
ence also decreased after PBoNT injection in both groups. In 
the 32 U injection group, a significant decrease was observed 
compared to baseline at 4 and 12 weeks in the contracted posi-

tion and weeks 2, 4, and 12 in the relaxed position. In the 16 U 
injection group, a significant decrease was observed at 2, 4, 
and 12 weeks in the contracted position and weeks 2 and 4 in 
the relaxed position (Fig. 2B). Both the 32 U group and the 
16 U group showed a reduction in deltoid muscle thickness 
and upper arm circumference with time, but there were no 
significant differences between the two groups. Fig. 3 shows 
representative photographs of the 16 U injection group.

Participants with a satisfaction score of 4 or higher were 
defined as the “satisfied group.” The satisfied group comprised 
66.67%, 83.33%, and 66.67% of participants from the 32 U 
injection group and 16.67%, 16.67%, and 16.67% of partici-
pants from the 16 U injection group at weeks 2, 4, and 12, re-
spectively. In clinical evaluation through photographs by two 
blinded dermatologists, the percentage of upper arms with a 

Fig. 2. Analysis of the deltoid muscle 
size. (A) Deltoid hypertrophy was 
significantly improved in the 16 U 
injection group at weeks 4 and 12 
compared to the baseline. (B) The up-
per arm circumference of participants 
in both groups was significantly im-
proved at weeks 8 and 12 compared 
to baseline (*p<0.05, **p<0.01).

2.5

2.0

1.5

1.0

0.5D
e
lt
o
id

th
ic

k
n
e
s
s

(c
m

)

0

32 U (contracted)

16 U (contracted)

32 U (relaxed)

16 U ( )relaxed

Day 0

1.86

2.02

1.31

1.42

2 weeks

1.85

1.83

1.32

1.27

12 weeks

1.71

1.79

1.24

1.16

4 weeks

1.74

1.65

1.25

1.19

A

33

32

31

30

29

28

27

26

U
p
p
e
r

a
rm

c
ir
c
u
m

fe
re

n
c
e

(c
m

)

32 U (contracted)

16 U (contracted)

32 U (relaxed)

16 U ( )relaxed

Day 0

30.65

30.47

31.18

30.84

2 weeks

30.34

29.96

30.72

30.59

12 weeks

29.15

29.23

28.54

28.74

4 weeks

29.38

29.62

29.51

29.83

B

*

**

*

**

*

*

*

*
***

**

** **
** **



358

YG Koh, et al

score of grade 2 or lower was defined as the “responder rate.” 
The responder rates of the 32 U group at weeks 2, 4, and 12 
were 50.00%, 25.00%, and 16.67%, respectively, while those of 
the 16 U group were 25.00%, 66.67%, and 50.00%, respectively. 
Cohen’s kappa was calculated as 0.24, meaning fair agreement.

No major adverse events such as muscular dystrophy or 
moderate/severe muscle weakness were observed in any group. 
Several minor adverse events, including ecchymosis, pain, 
swelling, and mild weakness were observed in both groups. 
The incidence of adverse events was significantly less in the 
16 U group (13 cases) compared to that in the 32 U group (26 
cases) (p<0.05).

DISCUSSION

BTX-A is used widely for improving glabellar wrinkles, hy-
perhidrosis, body contouring, and other non-invasive facial 

aesthetic procedures8. Mechanistically, BTX inhibits presyn-
aptic exocytosis of acetylcholine-containing vesicles at the 
neuromuscular junction, which occasionally leads to muscle 
weakness and paralysis9. Therefore, it is important to standard-
ize BTX-A doses to prevent these complications10. In a previous 
pilot study, although objective measures indicated improve-
ments, participants expressed low satisfaction, possibly because 
the aesthetic improvement did not meet their expectations7. 
Additionally, this study aims to determine whether the low aes-
thetic improvement observed in the previous study was caused 
by an inadequate BTX-A dosage or by the limited ability of 
BTX-A injection in correcting aesthetics of the upper arm.

Like the previous study, this study demonstrated improve-
ments in objective measures after BTX-A injection, but subjec-
tive evaluations were not satisfactory. The disparity between 
the objective measurements and subjective evaluations may 
be attributable to confounding factors such as skin quality, fat 
distribution, and muscle shape, in addition to muscle bulk1. 
Although individuals with high BMI values were excluded, 
participants with low muscle mass and high fat mass may 
have been dissatisfied with the overall improvement. These 
variables likely acted as confounding factors and caused 
unexplained disparities. These findings suggest that BTX-A 
injection effectively improves deltoid muscle hypertrophy, but 
combining it with other procedures, such as liposuction, may 
increase overall cosmetic satisfaction.

This study has several limitations. Firstly, it was a pilot 
study with a small sample size and short-term follow-up. Sec-
ondly, the severity of deltoid hypertrophy and the dominant 
arm was not evaluated. In a previous trial for gastrocnemius 
hypertrophy, different doses of botulinum toxin were injected 
based on the disease severity11. It is worth noting that the 
dominant arm has more muscle mass than the non-dominant 
arm, which may require dose adjustments to achieve a sym-
metric shape and efficacy on both sides. Therefore, further 
studies are needed, including different dose settings, consid-
eration of the dominant arm, larger sample sizes, and longer 
follow-up periods.

Ultrasound was used in this study to measure deltoid 
mucle thickness. Ultrasound is relatively inexpensive and easy 
to perform, it does require a skilled technician to operate the 
equipment12. Computed tomography, magnetic resonance 
imaging, or 3D mapping technology are also useful for mea-
suring muscle thickness, but they have their own limitations, 

A B
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Fig. 3. Clinical photographs of the study participants. (A) Deltoid 
muscles in the relaxed state at baseline. (B) Deltoid muscles in the 
contracted state at baseline. (C) Deltoid muscles in the relaxed 
state with improved contour at week 12 following prabotulinum 
toxin A (PBoNT) (16 U) injection. (D) Deltoid muscles in the con-
tracted state with improved contour at week 12 following PBoNT 
(16 U) injection.
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such as higher costs compared to sonography5,13,14.
In this study, the efficacy and safety of BTX-A injection at 

16 U and 32 U doses for deltoid hypertrophy were evaluated. 
Both doses of BTX-A were found to be effective in reducing 
deltoid muscle volume. However, to achieve overall cosmetic 
satisfaction, it is recommended to combine BTX-A injections 
with other procedures for upper arm contouring.
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