
79

aaps
Archives of
Aesthetic Plastic Surgery

ORIGINAL 
ARTICLE

http://dx.doi.org/10.14730/aaps.2016.22.2.79
Arch Aesthetic Plast Surg 2016;22(2):79-86
pISSN: 2234-0831 eISSN: 2288-9337

Botulinum Toxin Type A for Treatment of Masseter 
Hypertrophy: Volumetric Analysis of Masseter Muscle 
Reduction over Time

INTRODUCTION
The concept of beauty has long been defined by regional and cul-
tural differences. These differences, however, are changing at a fast 

pace to create a homogenization of standards of beauty. In Asian 
countries, the egg-shaped face of Western people is generally pre-
ferred over the square-angled face that is often seen in Asians. As 
such, there has been increasing interest and demand for facial con-
touring procedures throughout Asian countries, including masse-
teric resection and/or mandible angle ostectomy [1]. However, giv-
en the length of recovery and the complication profile, efforts have 
been made to utilize non-surgical modalities for treatment. Since 
its introduction, botulinum toxin A injection has become an im-
portant modality in the treatment of a square-angled jaw [2]. The 
efficacy and the long-term results are well documented in the liter-
ature, including two previous reports from our group [3,4]. What 
is not known, however, is when and how masseter muscle reduc-
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tion occurs. The purpose of this study is to systematically evaluate 
changes to the masseter muscle at weekly intervals to determine 
the physiologic effects of the injection during the treatment period.

METHODS
Eight of the patients with masseteric hypertrophy who presented 
to our clinic from October of 2012 to July of 2013 desiring botuli-
num toxin A injection were randomly selected to participate in this 
study. Prior to injection, ultrasound was used to measure the size 
(thickness) of the masseter muscle. To standardize our findings, all 
measurements were taken on the same point on the masseter by 
the same provider using the same ultrasound equipment. In addi-
tion, all injections were given by the same provider using the same 
injection technique. 

 In order to measure the thickness of the masseter muscle, the 
anterior and posterior borders of the masseter were first determin-
ed by having the patient clench his or her teeth. Next, the midpoint 
of the muscle was determined by drawing a line connecting the 
earlobe to the corner of the mouth, and an ultrasound probe was 
then placed gently on the skin. Care was taken not to apply too 
much pressure on the probe as this can compress the muscle and 
thus reduce the perceived thickness of the muscle.
 Each bottle containing 100 units (U) of botulinum toxin A (Bot-
ulax®, Hugel pharma Co., Ltd, Seoul, Korea) was reconstituted to a 
final concentration of 40 U per cc in sterile saline. The masseter was 
injected at three points within a safe zone along the muscle as de-
scribed in our previous article (Fig. 1) [4]. Depending on the thick-
ness of the masseter muscle, 0.8 cc (32 U) to 1.0 cc (40 U) was in-
jected in each masseter at the initial visit. 
 Each patient was seen on a weekly basis for 15 consecutive weeks. 
At each visit, the thickness of each masseter muscle was measured, 
once with the muscle at rest (resting phase) and again at maximum 
contraction after asking the patient to clench his or her teeth (clench-
ing phase). Given that the time to the onset of action of botulinum 
toxin A is between 2 to 9 days, an additional 0.2 cc (8 U) to 0.3 cc 
(12 U) was injected at the 2-week visit if there was evidence of re-
sidual masseter muscle activity during the clenching phase. Four of 
the eight patients were followed for an additional 10 weeks (25 total 
weeks). 
 Data analysis was performed using SAS software version 9.2 
(SAS Institute, Cary, NC, USA). The Wilcoxon singled rank test 
was used to compare the data (reported as the mean±standard de-
viation, median, and minimum value-maximum value) at each en-
try point. P-values of less than 0.05 were considered significant.

RESULTS
All patients enrolled in the study completed either the 15- or 25-
week treatment protocol. All patients had a reduction in the thick-
ness of the masseter muscle and were satisfied with the results. There 
were no complications to report throughout the treatment period. 
 On average, 0.92±0.08 cc (36.8±3.2 U) and 0.89±0.06 cc (35.6± 
2.4 U) of botulinum toxin A was injected to the left and right side, 
respectively (Table 1). Three of the eight patients required an addi-

Table 1. Dose of follow-up group

Injection

Dose

Left Right

N Mean±SD Median Min–Max N Mean±SD Median Min–Max

Baseline 8 36.8 ± 3.2 U 37.2 U 32–40 U 8 35.6 ± 2.4 U 36 U 32–38 U

2nd injection 3 10.8 ± 2.4 U 12 U 8–12 U 2    12 ± 0.0 U 12 U 12–12 U

U, Unit.

Fig. 1. Reference landmarks for injection. A quadrangular zone is 
drawn demarcating the area in which the masseter is well-developed 
and is at a safe distance from vital anatomic structures. Three injec-
tion points are selected taking into consideration the diffusion po-
tential of the toxin. [Reprinted from "Aesthetic plastic surgery in Asians: 
principles and techniques", by Pu LLQ, 2015, p.176. Copyright 2015 
by the CRC Press. Reprinted with permission].
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tional injection at a 2-week follow-up visit with an average of 0.27± 
0.06 cc (10.8±2.4 U) and 0.30±0.00 cc (12.0±0.0 U) of toxin to 
the left and right side, respectively. 
 The baseline thickness of the masseter muscle with clenching 
and at rest was 15.03±1.21 mm and 12.93±0.66 mm, respectively 

(Table 2). At a 15-week follow-up, the muscle thickness with clench-
ing and at rest was 10.69±1.39 mm and 9.76±0.92 mm, respec-
tively, a statistically significant reduction in size from the baseline 
(P<0.05). However, at a 25-week follow-up for 4 of the 8 patients, 
the muscle size with clenching and at rest was 12.25±0.86 mm and 

Table 2. Masseter muscle thickness of follow-up group at week 15 and week 25

Week N

Masseter muscle thickness (mm)

Clenching Resting

Mean ± SD Median Min–Max Mean ± SD Median Min–Max

0 8 15.03 ± 1.21 15.33 12.35~15.95 12.93 ± 0.66 12.90 11.95~13.90
15 8 10.69 ± 1.39 10.43 8.50~12.35 9.76 ± 0.92 9.53 8.50~11.25
25 4 12.25 ± 0.86 12.30 11.15~13.25 10.99 ± 0.85 10.85 10.10~12.15
Change (week15-week0) -4.34 ± 1.31 -4.00 -6.30~-2.35 -3.17 ± 0.62 -3.27 -4.00~-2.20
   P-value   0.0078* 0.0078*
Change (week25-week0) -3.08 ± 0.64 -3.18 -3.65~-2.30 -2.01 ± 0.28 -2.00 -2.30~-1.75
   P-value 0.1250 0.1250

*Statistically significant.

Table 3. Masseter muscle thickness of follow-up group

Week N

Masseter muscle thickness (mm)

P-valueClenching Resting Clenching-resting

Mean ± SD Median Min–Max Mean ± SD Median Min–Max Mean ± SD Median Min–Max

  0 8 15.03 ± 1.21 15.33 12.35–15.95 12.93 ± 0.66 12.90 11.95–13.90 2.10 ± 0.78 2.35 0.40–2.80 0.0078*
  1 8 13.24 ± 0.89 13.05 11.51–14.30 12.59 ± 0.72 12.48 11.75–13.75 0.65 ± 0.46 0.67 -0.24–1.20 0.0156*
  2 8 12.14 ± 1.20 12.18 10.30–13.75 11.89 ± 0.93 12.03 10.30–13.00 0.26 ± 0.33 0.10 0.00–0.80 0.0156*
  3 8 11.33 ± 0.99 11.20 10.10–12.80 11.26 ± 0.92 11.13 10.10–12.70 0.07 ± 0.12 0.02 0.00–0.35 0.1250
  4 8 10.65 ± 0.88 10.53 9.45–12.20 10.56 ± 0.83 10.40 9.45–12.00 0.09 ± 0.08 0.13 0.00–0.20 0.0625
  5 8 10.52 ± 0.96 10.50 9.30–12.05 10.35 ± 0.81 10.33 9.30–11.50 0.17 ± 0.19 0.15 0.00–0.55 0.0625
  6 8 10.66 ± 0.88 10.48 9.60–11.90 10.16 ± 0.69 10.15 9.25–11.20 0.49 ± 0.27 0.53 0.00–0.80 0.0156*
  7 8 10.77 ± 0.85 10.75 9.45–11.90 10.09 ± 0.67 10.00 9.20–11.05 0.68 ± 0.33 0.80 0.15–1.00 0.0078*
  8 8 10.61 ± 0.93 10.53 9.20–11.85 9.93 ± 0.70 9.75 9.00–11.05 0.69 ± 0.34 0.70 0.20–1.05 0.0078*
  9 8 10.42 ± 0.98 10.30 8.95–11.90 9.83 ± 0.69 9.65 8.80–10.85 0.59 ± 0.34 0.60 0.15–1.15 0.0078*
10 8 10.42 ± 1.20 10.18 8.80–12.45 9.75 ± 0.76 9.58 8.75–10.90 0.67 ± 0.49 0.63 0.05–1.55 0.0078*
11 8 10.35 ± 1.13 10.08 8.85–12.40 9.71 ± 0.76 9.58 8.70–10.90 0.64 ± 0.42 0.58 0.15–1.50 0.0078*
12 8 10.41 ± 1.05 10.25 8.85–12.25 9.78 ± 0.75 9.68 8.75–11.10 0.64 ± 0.35 0.60 0.10–1.15 0.0078*
13 8 10.45 ± 1.11 10.28 8.60–12.20 9.79 ± 0.82 9.60 8.60–11.20 0.66 ± 0.33 0.67 0.00–1.00 0.0156*
14 8 10.48 ± 1.29 10.23 8.45–12.55 9.78 ± 0.91 9.55 8.45–11.30 0.71 ± 0.42 0.60 0.00–1.25 0.0156*
15 8 10.69 ± 1.39 10.43 8.50–12.35 9.76 ± 0.92 9.53 8.50–11.25 0.92 ± 0.98 0.60 0.00–3.20 0.0156*
16 4 10.31 ± 1.46 10.30 8.55–12.10 9.73 ± 1.05 9.75 8.45–10.95 0.59 ± 0.44 0.55 0.10–1.15 0.1250
17 4 10.36 ± 1.42 10.35 8.65–12.10 9.76 ± 0.95 9.80 8.60–10.85 0.60 ± 0.50 0.55 0.05–1.25 0.1250
18 4 10.59 ± 1.53 10.55 8.80–12.45 9.84 ± 0.99 9.85 8.65–11.00 0.75 ± 0.54 0.70 0.15–1.45 0.1250
19 4 10.61 ± 1.46 10.73 8.75–12.25 9.81 ± 0.93 9.88 8.65–10.85 0.80 ± 0.54 0.85 0.10–1.40 0.1250
20 4 10.66 ± 1.40 10.78 8.85–12.25 9.74 ± 0.93 9.65 8.70–10.95 0.92 ± 0.57 1.07 0.15–1.40 0.1250
21 4 10.79 ± 1.38 10.95 8.95–12.30 10.03 ± 0.98 10.05 8.80–11.20 0.76 ± 0.42 0.90 0.15–1.10 0.1250
22 3 11.67 ± 0.85 11.25 11.10–12.65 10.60 ± 0.65 10.30 10.15–11.35 1.07 ± 0.20 0.95 0.95–1.30 0.2500
23 3 12.05 ± 0.88 12.00 11.20–12.95 10.87 ± 0.75 10.65 10.25–11.70 1.18 ± 0.21 1.25 0.95–1.35 0.2500
24 3 12.13 ± 0.98 12.05 11.20–13.15 11.03 ± 0.94 10.85 10.20–12.05 1.10 ± 0.10 1.10 1.00–1.20 0.2500
25 4 12.25 ± 0.86 12.30 11.15–13.25 10.99 ± 0.85 10.85 10.10–12.15 1.26 ± 0.22 1.28 1.05–1.45 0.1250

*Statistically significant.
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10.99±0.85 mm, respectively, both of which were not a statistically 
significant reduction in size from the baseline (P=0.125). 
 Next, we analyzed our data to see if there was any differential ef-
fect of the toxin injection on the muscle with (clenching phase) or 
without (resting phase) contraction (Table 3, Fig. 2 and 3). The dif-
ference between the size of the muscle at the clenching and resting 
phases was statistically significant up to the first 2 weeks. From 
weeks 3 to 5, this difference was no longer apparent but became 
statistically significant again from weeks 6 through 15. This change 
in significance from weeks 3 to 5 may indicate that the toxin has a 

greater effect on the clenching phase compared to the resting phase. 
The statistical significance of the difference between the clenching 
and resting phase was lost again from weeks 16 through 25, but this 
may have been due to the smaller sample size for these 10 weeks. 
 The peak of the size reduction occurred at week 11 with a 4.68 
±1.06 mm reduction for the clenching phase and a 3.23±0.47 mm 
reduction for the resting phase, representing a reduction of 31.1% 
and 25.8% from the baseline, respectively (Table 4). Although there 
was gradual muscle size recovery over the study period after week 
11, there was a discernable reduction of 4.34 ±1.31 mm for the 

Fig. 2. Masseter muscle thickness at each visit by subject.
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Fig. 3. Masseter muscle thickness at each visit.
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clenching phase and 3.17±0.62 mm for the resting phase at week 
15 (28.8% and 24.6% reduction, respectively); and 3.08±0.64 mm 
for the clenching phase and 2.01±0.28 mm for the resting phase at 
week 25 (20.1% and 15.6% reduction, respectively). 
 Lastly, the weekly change in muscle size for both the clenching 
and resting phases was analyzed (Table 5). For the clenching phase, 
size reduction occurred up to week 11 with the greatest reduction 
occurring 1 week after injection (1.79±0.63 mm, representing an 
11.8% reduction). Gradual muscle size recovery occurred after 
week 11. For the resting phase, size reduction occurred up to week 
21 with the greatest reduction occurring between weeks 1 and 2 
(0.71±0.36 mm, representing a 5.7% reduction). There was gradu-
al recovery in muscle size after week 21 but, as with the clenching 
phase, the masseter did not return to the baseline thickness.

DISCUSSION
There has been a homogenization of what defines beauty through 
globalization and the advent of global mass media. From an anthro-
pometric standpoint, Asians often have a wider face and a more 
developed mandible [1]. The width of the lower face is determined 
by a combination of the mandibular bone, masseter muscle, and 
overlying subcutaneous fat tissue. For example, the average gap be-
tween the masticatory muscles of a Western women is from 105 to 
109 mm whereas the average for a Korean women is from 117.80 
to 125.25 mm, showing that Korean women have a gap that is ap-
proximately 12 to 20 mm wider than Western women [5-9]. It is 
evident that the thickness of the masseter muscle can contribute 

greatly to the perception of a wide-angled face. This, however, is 
often viewed as an unaesthetic characteristic and has led to increas-
ing attention to procedures aimed at attaining a narrower, more 
Westernized face. As such, much attention has turned to reduction 
of a square-angled mandible. 
 However, attempts to reduce the size of the lower face are not 
new. To achieve a slim and smooth contour line of the lower face, 
conventional treatment has concentrated on two approaches: sur-
gical resection of the masseteric muscle or modeling ostectomy of 
the square-angled mandible [10-12]. Since Legg [13] first described 
bilateral masseteric hypertrophy as a benign condition character-
ized by bilateral enlargement of the masseter muscles in 1880, con-
servative treatments, including systemic medications, have been 
described. Gurney [14] in 1947 performed a masseteric resection 
through skin incision, and in 1951, Converse used the intraoral 
route to resect the masseteric muscle together with the bone [3,4,14]. 
 In 2001, von Lindern et al. [15] reported on the successful use of 
botulinum toxin A (Dysport) for treatment of masseteric hypertro-
phy. Since it was first used in 1976 for facial spasms, the use of bot-
ulinum toxin has expanded to treatment of a myriad of problems, 
including facial rhytids, a square-angled mandible, hyperhidrosis, 
and even migraines [16-19]. 
 We published our initial report on the efficacy of botulinum tox-
in A for the treatment of masseter hypertrophy in 2005 [3]. This 
was followed by a long-term retrospective analysis in 2010 [4] where 
we showed the efficacy of the injections over a longer period of 
time. In addition, we showed that there is a positive correlation be-
tween the number of injections and the decrease in muscle size. 
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Table 4. Change and percent change of masseter muscle thickness from baseline

Week State N

Masseter muscle thickness (mm)

Change Percent change

Mean ± SD Median Min–Max Mean ± SD Median Min–Max

  1 Clenching 8 -1.79 ± 0.63 -1.75 -3.00~-0.84 -11.77 ± 3.65 -11.42 -18.81~-6.80
Resting 8 -0.34 ± 0.16 -0.35 -0.60~-0.15 -2.63 ± 1.27 -2.77 -4.55~-1.08

  2 Clenching 8 -2.89 ± 0.83 -3.03 -3.80~-1.80 -19.17 ± 5.06 -19.63 -24.49~-11.58
Resting 8 -1.04 ± 0.34 -1.02 -1.65~-0.65 -8.17 ± 3.05 -7.59 -13.81~-5.13

  3 Clenching 8 -3.70 ± 0.92 -3.87 -4.80~-2.25 -24.47 ± 5.24 -25.97 -30.09~-17.68
Resting 8 -1.67 ± 0.35 -1.82 -2.00~-0.95 -13.06 ± 3.07 -14.13 -15.85~-6.96

  4 Clenching 8 -4.38 ± 0.99 -4.50 -5.40~-2.45 -28.95 ± 5.53 -30.20 -35.71~-19.84
 Resting 8 -2.37 ± 0.38 -2.47 -2.85~-1.65 -18.43 ± 3.20 -18.56 -23.17~-12.09
  5 Clenching 8 -4.51 ± 0.91 -4.58 -5.45~-2.90 -29.90 ± 5.02 -30.71 -36.73~-23.48

Resting 8 -2.58 ± 0.25 -2.58 -3.00~-2.15 -20.04 ± 2.56 -20.49 -24.39~-15.75
  6 Clenching 8 -4.37 ± 0.94 -4.43 -5.85~-2.75 -28.94 ± 4.99 -29.73 -36.68~-22.27

Resting 8 -2.77 ± 0.20 -2.75 -3.10~-2.45 -21.46 ± 1.89 -22.13 -23.48~-19.05
  7 Clenching 8 -4.26 ± 0.90 -4.08 -5.90~-2.90 -28.20 ± 4.55 -27.19 -36.99~-23.48

Resting 8 -2.84 ± 0.24 -2.80 -3.30~-2.55 -22.03 ± 2.00 -22.02 -25.00~-19.05
  8 Clenching 8 -4.42 ± 0.93 -4.18 -6.10~-3.15 -29.27 ± 4.85 -28.03 -38.24~-23.79

Resting 8 -3.01 ± 0.30 -2.90 -3.65~-2.70 -23.29 ± 2.47 -22.98 -27.65~-20.50
  9 Clenching 8 -4.61 ± 0.95 -4.45 -6.35~-3.40 -30.58 ± 5.00 -30.27 -39.81~-24.76

Resting 8 -3.10 ± 0.34 -3.07 -3.80~-2.60 -24.01 ± 2.64 -24.03 -28.79~-21.14
10 Clenching 8 -4.61 ± 1.11 -4.38 -6.50~-3.50 -30.61 ± 6.26 -29.76 -40.75~-21.94

Resting 8 -3.18 ± 0.41 -3.20 -3.95~-2.60 -24.65 ± 3.30 -25.58 -29.92~-20.15
11 Clenching 8 -4.68 ± 1.06 -4.58 -6.40~-3.50 -31.06 ± 5.87 -31.12 -40.13~-22.26

Resting 8 -3.23 ± 0.47 -3.23 -4.05~-2.50 -24.97 ± 3.62 -25.77 -30.68~-20.15
12 Clenching 8 -4.62 ± 0.98 -4.45 -6.05~-3.50 -30.64 ± 5.25 -30.27 -37.93~-23.20

Resting 8 -3.16 ± 0.50 -3.27 -3.90~-2.45 -24.43 ± 3.75 -25.29 -29.55~-18.68
13 Clenching 8 -4.58 ± 0.93 -4.28 -6.00~-3.75 -30.44 ± 5.17 -30.32 -37.62~-23.51

Resting 8 -3.14 ± 0.52 -3.25 -3.85~-2.40 -24.36 ± 4.12 -24.70 -29.17~-17.95
14 Clenching 8 -4.55 ± 1.05 -4.25 -6.15~-3.40 -30.27 ± 6.18 -30.76 -38.56~-21.32

Resting 8 -3.16 ± 0.58 -3.22 -3.95~-2.30 -24.47 ± 4.72 -25.49 -29.92~-17.22
15 Clenching 8 -4.34 ± 1.31 -4.00 -6.30~-2.35 -28.83 ± 7.88 -29.70 -39.50~-15.99

Resting 8 -3.17 ± 0.62 -3.27 -4.00~-2.20 -24.56 ± 4.95 -26.09 -30.30~-17.58
16 Clenching 4 -4.11 ± 0.67 -4.00 -5.00~-3.45 -28.66 ± 4.70 -29.67 -33.11~-22.19

Resting 4 -2.98 ± 0.53 -3.08 -3.50~-2.25 -23.53 ± 4.80 -23.26 -29.29~-18.29
17 Clenching 4 -4.06 ± 0.66 -3.92 -4.95~-3.45 -28.29 ± 4.48 -29.10 -32.78~-22.19

Resting 4 -2.94 ± 0.51 -3.10 -3.35~-2.20 -23.19 ± 4.32 -23.42 -28.03~-17.89
18 Clenching 4 -3.84 ± 0.79 -3.65 -4.95~-3.10 -26.74 ± 5.43 -27.13 -32.78~-19.94

Resting 4 -2.86 ± 0.50 -3.00 -3.30~-2.15 -22.62 ± 4.40 -22.68 -27.62~-17.48
19 Clenching 4 -3.81 ± 0.61 -3.62 -4.70~-3.30 -26.58 ± 4.44 -26.99 -31.13~-21.22

Resting 4 -2.89 ± 0.51 -3.05 -3.30~-2.15 -22.79 ± 4.24 -23.03 -27.62~-17.48
20 Clenching 4 -3.76 ± 0.50 -3.65 -4.45~-3.30 -26.22 ± 3.66 -27.10 -29.47~-21.22

Resting 4 -2.96 ± 0.20 -2.90 -3.25~-2.80 -23.43 ± 2.60 -22.65 -27.20~-21.22
21 Clenching 4 -3.64 ± 0.40 -3.58 -4.15~-3.25 -25.36 ± 3.12 -26.50 -27.53~-20.90

Resting 4 -2.68 ± 0.39 -2.67 -3.15~-2.20 -21.15 ± 3.69 -20.19 -26.36~-17.89
22 Clenching 3 -3.45 ± 0.49 -3.60 -3.85~-2.90 -22.88 ± 3.70 -24.49 -25.50~-18.65

Resting 3 -2.35 ± 0.20 -2.35 -2.55~-2.15 -18.13 ± 0.58 -18.35 -18.58~-17.48
23 Clenching 3 -3.07 ± 0.45 -3.10 -3.50~-2.60 -20.35 ± 3.55 -20.53 -23.81~-16.72

Resting 3 -2.08 ± 0.10 -2.05 -2.20~-2.00 -16.10 ± 0.49 -15.83 -16.67~-15.81
24 Clenching 3 -2.98 ± 0.55 -3.05 -3.50~-2.40 -19.81 ± 4.20 -20.20 -23.81~-15.43

Resting 3 -1.92 ± 0.16 -1.85 -2.10~-1.80 -14.87 ± 1.96 -14.23 -17.07~-13.31
25 Clenching 4 -3.08 ± 0.64 -3.18 -3.65~-2.30 -20.09 ± 4.27 -20.71 -24.15~-14.79

Resting 4 -2.01 ± 0.28 -2.00 -2.30~-1.75 -15.55 ± 2.56 -15.86 -17.89~-12.59
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Table 5. Change and percent change of masseter muscle thickness from a week ago

Week State N

Masseter muscle thickness (mm)

Change Percent change

Mean ± SD Median Min–Max Mean ± SD Median Min–Max

  1 Clenching 8 -1.79 ± 0.63 -1.75 -3.00~-0.84 -11.77 ± 3.65 -11.42 -18.81~-6.80
Resting 8 -0.34 ± 0.16 -0.35 -0.60~-0.15 -2.63 ± 1.27 -2.77 -4.55~-1.08

  2 Clenching 8 -1.10 ± 0.53 -1.03 -1.90~-0.40 -8.40 ± 4.16 -8.51 -14.62~-2.83
Resting 8 -0.71 ± 0.36 -0.65 -1.45~-0.35 -5.69 ± 3.12 -4.91 -12.34~-2.76

  3 Clenching 8 -0.81 ± 0.31 -0.85 -1.25~-0.20 -6.57 ± 2.28 -6.61 -10.08~-1.94
Resting 8 -0.63 ± 0.32 -0.65 -1.20~-0.20 -5.29 ± 2.64 -5.54 -9.72~-1.93

  4 Clenching 8 -0.68 ± 0.34 -0.65 -1.20~-0.20 -5.94 ± 2.85 -5.76 -9.38~-1.98
Resting 8 -0.70 ± 0.27 -0.70 -1.00~-0.20 -6.17 ± 2.32 -6.21 -8.70~-1.98

  5 Clenching 8 -0.13 ± 0.15 -0.15 -0.45~0.05 -1.28 ± 1.51 -1.32 -4.55~0.43
Resting 8 -0.21 ± 0.17 -0.15 -0.50~-0.05 -1.94 ± 1.58 -1.49 -4.55~-0.44

  6 Clenching 8 0.14 ± 0.38 0.20 -0.45~0.70 1.43 ± 3.78 1.87 -4.27~7.53
Resting 8 -0.19 ± 0.21 -0.20 -0.45~0.20 -1.73 ± 2.04 -1.94 -4.27~2.15

  7 Clenching 8 0.11 ± 0.24 0.05 -0.15~0.60 1.10 ± 2.41 0.44 -1.56~6.00
Resting 8 -0.07 ± 0.09 -0.08 -0.20~0.05 -0.72 ± 0.89 -0.76 -1.98~0.53

  8 Clenching 8 -0.16 ± 0.10 -0.18 -0.30~0.00 -1.51 ± 1.01 -1.68 -2.75~0.00
Resting 8 -0.16 ± 0.12 -0.17 -0.35~0.05 -1.63 ± 1.20 -1.75 -3.54~0.45

  9 Clenching 8 -0.19 ± 0.24 -0.18 -0.70~0.10 -1.85 ± 2.25 -1.66 -6.36~0.99
Resting 8 -0.09 ± 0.20 -0.13 -0.40~0.20 -0.92 ± 2.01 -1.28 -4.02~2.11

10 Clenching 8 0.00 ± 0.28 -0.05 -0.30~0.55 -0.15 ± 2.49 -0.54 -2.88~4.62
Resting 8 -0.08 ± 0.13 -0.10 -0.25~0.15 -0.87 ± 1.30 -1.07 -2.50~1.40

11 Clenching 8 -0.07 ± 0.19 0.00 -0.45~0.10 -0.59 ± 1.80 0.04 -4.33~1.06
Resting 8 -0.04 ± 0.11 -0.05 -0.20~0.10 -0.45 ± 1.12 -0.54 -2.12~1.07

12 Clenching 8 0.06 ± 0.19 0.03 -0.15~0.35 0.69 ± 1.85 0.24 -1.49~3.66
Resting 8 0.07 ± 0.15 0.05 -0.15~0.30 0.73 ± 1.50 0.56 -1.40~3.17

13 Clenching 8 0.04 ± 0.15 0.08 -0.25~0.25 0.31 ± 1.58 0.75 -2.82~2.42
Resting 8 0.01 ± 0.10 0.05 -0.15~0.15 0.08 ± 1.06 0.52 -1.71~1.42

14 Clenching 8 0.03 ± 0.21 0.03 -0.20~0.35 0.15 ± 1.86 0.24 -2.00~2.87
Resting 8 -0.01 ± 0.11 0.00 -0.15~0.10 -0.19 ± 1.17 -0.00 -1.74~1.01

15 Clenching 8 0.21 ± 0.75 -0.05 -0.20~2.05 2.08 ± 7.28 -0.49 -1.59~19.90
Resting 8 -0.01 ± 0.08 -0.03 -0.15~0.10 -0.13 ± 0.83 -0.22 -1.61~1.00

16 Clenching 4 0.01 ± 0.19 0.00 -0.20~0.25 0.07 ± 1.71 0.06 -1.94~2.11
Resting 4 -0.03 ± 0.09 -0.05 -0.10~0.10 -0.30 ± 0.85 -0.54 -1.05~0.92

17 Clenching 4 0.05 ± 0.04 0.05 0.00~0.10 0.54 ± 0.48 0.49 0.00~1.17
Resting 4 0.04 ± 0.10 0.05 -0.10~0.15 0.47 ± 1.10 0.51 -0.91~1.78

18 Clenching 4 0.22 ± 0.18 0.25 0.00~0.40 2.10 ± 1.64 2.31 0.00~3.79
Resting 4 0.07 ± 0.05 0.05 0.05~0.15 0.75 ± 0.43 0.55 0.50~1.38

19 Clenching 4 0.02 ± 0.19 0.03 -0.20~0.25 0.30 ± 1.77 0.17 -1.61~2.46
Resting 4 -0.02 ± 0.09 0.00 -0.15~0.05 -0.21 ± 0.81 0.00 -1.36~0.52

20 Clenching 4 0.05 ± 0.17 0.05 -0.15~0.25 0.55 ± 1.61 0.57 -1.36~2.40
Resting 4 -0.08 ± 0.39 0.07 -0.65~0.20 -0.71 ± 3.85 0.75 -6.40~2.08

21 Clenching 4 0.13 ± 0.12 0.08 0.05~0.30 1.20 ± 1.12 0.79 0.41~2.82
Resting 4 0.29 ± 0.22 0.22 0.10~0.60 2.95 ± 2.30 2.16 1.15~6.32

22 Clenching 3 0.27 ± 0.10 0.30 0.15~0.35 2.32 ± 0.82 2.74 1.37~2.85
Resting 3 0.17 ± 0.13 0.15 0.05~0.30 1.61 ± 1.27 1.34 0.50~3.00

23 Clenching 3 0.38 ± 0.33 0.30 0.10~0.75 3.31 ± 3.00 2.37 0.90~6.67
Resting 3 0.27 ± 0.14 0.35 0.10~0.35 2.49 ± 1.31 3.08 0.99~3.40

24 Clenching 3 0.08 ± 0.10 0.05 0.00~0.20 0.65 ± 0.80 0.42 0.00~1.54
Resting 3 0.17± 0.20 0.20 -0.05~0.35 1.46 ± 1.78 1.88 -0.49~2.99

25 Clenching 4 0.66 ± 1.13 0.17 -0.05~2.35 6.50 ± 11.46 1.42 -0.45~23.62
Resting 4 0.34 ± 0.68 0.05 -0.10~1.35 3.52 ± 7.17 0.41 -0.98~14.21
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The purpose of the current study was to evaluate the thickness of 
the masseter muscle at weekly intervals to determine the physio-
logic effects of injection, for both the resting and clenching phases. 
 In summary, the following conclusions can be drawn from the 
data presented:
 1)  Clenching strength is the first to be affected by botulinum 

toxin A injection, leading to a differentially greater reduction 
in muscle thickness during the clenching phase compared to 
the resting phase during the first week.

 2)  For the resting phase, the greatest size reduction occurs at week 2.
 3)  The greatest reduction from baseline occurs at week 11 for 

both the clenching and resting phases.
 4)  For both phases, but especially for the clenching phase, there 

is gradual size recovery after week 11, but the increase is not 
significant up to week 21.

 5)  Although there was a statistically significant reduction in the 
thickness of the muscle at a 15-week follow-up, this signifi-
cance was lost at a 25-week follow-up. This may be attributed 
to our sample size as only 4 out of the 8 patients were followed 
up to 25 weeks. However, there was still a gross reduction in 
muscle thickness at 25 weeks after treatment, attesting to the 
longevity of the effects of botulin toxin A on the treatment of 
masseteric hypertrophy.

 A confounding variable is that three of our patients required an 
additional injection at a 2-week follow-up visit for residual muscle 
activity. We have previously reported, however, on the benefits of 
such booster injections for overall treatment success in a select group 
of patients [1,3,4]. Moreover, a booster injection at a 2-week follow-
up visit is routinely performed for botulinum toxin A injection for 
facial rejuvenation. Given the results of our study, re-injection at 4 
weeks may be better for maximizing the physiologic response of 
the muscle to the toxin.
 One of the limitations of this study is the small sample size. A 
larger sample size may have given us a more statistically significant 
reduction in size over a longer period of time. However, the patients 
were selected at random and all of our patients individually display-
ed similar trends in reduction of muscle size during the same treat-
ment intervals. 

CONCLUSION
Botulinum toxin A injection was found to objectively reduce mas-
seteric hypertrophy with a differential effect on the clenching ver-
sus resting phases in our small sample. It would be worth investi-
gating this modality for the treatment of a square-angled mandible 
in a clinical trial in the future.

PATIENT CONSENT
Patients provided written consent for the use of their images.
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