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Abstract
Background: Botulinum Toxin-A (BTX-A) injection for masseter hypertrophy may induce decreases 
in soft tissue bulging degree in the subzygomatic area (subzygomatic depression). This study aimed 
to investigate the efficacy of Three-Dimensional (3D) scanning technology as a quantitative method 
to evaluate this complication.

Materials and Methods: Between July 2019 and December 2021, imaging data of patients (aged 
18 to 45 years) who received BTX-A injection for single longitudinal masseter hypertrophy were 
retrospectively analyzed. Changes in the soft tissue bulging degree in the masseter muscle area and 
subzygomatic area, assessed using Artec EVA 3D scanner, before and 2 and 6 months after surgery 
were quantitatively analyzed and expressed by linear and surface distance. Statistical analysis was 
performed on this 3D data.

Results: Between July 2019 and December 2021, 91 patients with single longitudinal masseter 
hypertrophy were included in the study according to the exclusion criteria and received BTX-A 
injection. Compared with preoperative values, a statistically significant decrease was noted in 
the curve line in the subzygomatic area 2 months after the operation (P<0.05), with no statistical 
difference between the preoperative and 6-month postoperative values (P>0.05). Most patients 
experienced a decrease in the bulging degree of the soft tissue in the subzygomatic and masseter 
muscle areas at 2 months postoperatively, and some patients maintained the effect at 6 months after 
surgery.

Conclusion: BTX-A injection could induce subzygomatic area depression to different extents 
during treatment of single longitudinal masseter hypertrophy, and 3D scanning technology was an 
accurate and intuitive way to present reliable data.
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Introduction
The shape of masseter muscles plays an important role in lower facial contours. Because of 

the uniqueness of oriental aesthetics, modern women prefer a smooth and rounded face shape as 
people with prominent zygomatic arches are considered masculine [1]. Factors such as heredity 
and daily habits may lead to varying degrees of unilateral or bilateral masseter hypertrophy, which 
may affect the aesthetics of lower facial contours [2-5]. The current methods to improve masseter 
hypertrophy include traditional surgery, Botulinum Toxin-A (BTX-A) injection, and radio 
frequency ablation [6]. Compared with traditional surgery, which may lead to trauma and scarring, 
BTX-A has received great attention in shaping facial contours in the past 20 years because of safety 
and time efficiency [7,8]. Relevant studies have confirmed that decreases in masseter volume after 
BTX-A injection can be observed using Computed Tomography (CT) and ultrasonography [9-11]. 
In addition, many studies have reported that patients may experience side effects or complications 
after BTX-A injection for treating masseter hypertrophy [12-14]. Interestingly, according to the 



Zhang S, et al.,

2

Clinics in Surgery - Plastic Surgery

Remedy Publications LLC., | http://clinicsinsurgery.com/ 2023 | Volume 8 | Article 3619

aesthetics in modern oriental countries, decreases in soft tissue 
bulging of the subzygomatic area caused by BTX-A is considered a 
type of complication, which may visually highlight the morphology 
of the zygomatic arch. Few clinical studies have assessed decreases 
in soft tissue bulging of the subzygomatic area (subzygomatic 
depression) caused by BTX-A injection [12,15]. Three-Dimensional 
(3D) scanning technology is an emerging technology that can more 
accurately evaluate changes in soft tissue bulging of any area around 
the face after injection compared with other traditional methods, 
which focuses more on masseter muscle volume change [3]. In this 
study, 3D scanning technology was used to measure changes in soft 
tissue bulging degree rather than the muscle volume change in the 
subzygomatic area to bridge the gaps that little data presents the 
directly morphological change under this kind of injection.

Thus, we hypothesized that BTX-A injection for treating masseter 
hypertrophy could cause the complication of soft tissue depression 
in subzygomatic area and 3D scanning technology as an emerging 
measurement could directly and accurately present the morphological 
change in lower face, which is recommended to use to collect data.

Materials and Methods
Patients

Between July 2019 and December 2021, patient data were 
retrospectively analyzed according to the principles of the Declaration 
of Helsinki. Patients injected with 60 U BTX-A in total (30 U in every 
lateral face) with single longitudinal masseter hypertrophy were 
enrolled. Patients (aged 18 to 45 years) were excluded if they had (1) 
obvious depression in the subzygomatic area; (2) history of cranio-
maxillofacial trauma, operation history, or BTX-A injection in the 
past 2 years; (4) unqualified, indistinct, and incomplete image data; 
(5) less follow-up time than 6 months; and (6) changing BMI (Body 
Mass Index) values less than 0.5 within 6 months.

Surgical methods
A standard 2.5-mL dilution of 100 U BTX-A (Botox) was mixed 

with normal saline so that each 0.1 ml of liquid contained 4 U. The 
injection point was determined after the injection region was selected: 
The lower and the upper boundaries being the mandibular margin and 
the straight line from the angulus oris to the most inferior part of the 
earlobe, respectively. Therefore, the anterior and posterior margins of 
the masseter muscle together with the upper and lower boundaries 
form a safe region for injection [3]. In this study, patients with single 
injection point method were included, and the point was the safe area 
of the deep layer of the masseter muscle and the prominent one.

Image collection
We acquired 2D and 3D image data of patients before and 2 and 6 

months after the surgery. Patients maintained head upright position 
during standard 2D imaging using a digital camera of Nikon N16184 
(Nikon Imaging Korea Co., Ltd.). We acquired 3D data using the 
Artec Eva 3D scanner (Artec Europe Sàrl, Luxemburg), which is a 
convenient fast scanner that captures the shape of a subject digitally 
at high resolution to produce high-quality images in the shortest 
time. Because of the 50-micron scanning accuracy and 100-micron 
resolution, the device can efficiently scan small objects with complex 
details and sharp edges. The software of Artec Eva 3D called Artec 
Studio 13 Professional calculates the linear distance, curve distance, 
path, surface distance, and angle according to scan data [16].

The same physician acquired all images using the same machine. 

Patients with their head upright and facial muscle relaxed were 
photographed using the Artec Eva 3D scanner with a high-resolution 
camera probe at a circle distance of approximately 30 cm to 50 cm. 
Artec Eva 3D restored the captured information to a 1:1 3D digital 
image model, and the scan results were not affected by the probe, 
patients’ body surface distance-, and their position.

Marker point selection
Representative body surface marker points were selected as 

shown in Figure 1: Earlobe point (D), angulus oris point (F), chin 
apex point (G); Line DF was the surface distance from the earlobe 
point to the angulus oris point; Line DG was the surface distance from 
the earlobe point to the chin apex point, and the change in masseter 
volume was expressed by the change in length of the lines DF and 
DG postoperatively compared with preoperative values. Figure 1b: 
The width of the lower face (AA1) was the widest straight distance of 
the lower face in a positive view. Figure 1c: Postoperative 3D images 
were superimposed on preoperative images to produce cloud figures, 
with red representing the increased tissue bulging degree and blue 
representing the decreased tissue bulging degree. Point J was the 
point that the soft tissue bulging degree changed most in the masseter 
area, and ΔJ was the bulging degree change in the masseter area. With 
tragus point as point I and nasal wing as point E, a vertical line was 
made from point J to the IE line, crossing at the point K, connecting 
JK, and taking the midpoint as L that was considered the soft tissue 
bulging degree measurement point in the subzygomatic area. ΔL 
represented the soft tissue bulging degree change in the subzygomatic 
area.

Grading
Three plastic surgeons not involved in this study and three non-

medical practitioners were invited to analyze and grade the depression 
in the subzygomatic area and assess the therapeutic effect based on 
2D images collected at 2 months postoperatively compared with their 
preoperative counterparts. The depression was graded according to 
four levels: (1) no significant change; (2) mild change; (3) obvious 
change; and (4) significant change. Including the consistent grading 
results of these 2D data agreed by more than 3 persons, the involved 
data were quantitatively analyzed using 3D scanning technology to 
classify the surface bulging degree change range at point J and point 
K (Table 1).

According to the grade of measured point surface bulging degree 
change, every lateral case morphological change in the subzygomatic 
and therapeutic areas was analyzed using 3D scanning technology at 
2 months preoperatively 2 months and 6 months postoperatively.

Statistical analyses
Metrological data satisfying normality tests are presented as 

mean ± Standard Deviation (SD) and statistically analyzed using the 
SPSS 20.0 software (GraphPad Software, Inc., La Jolla, CA, United 
States). All statistical analyses were performed using paired t-tests, 
with p-values <0.05 considered statistically significant.

Results
Among the enrolled 113 patients, 91 (aged 18 to 45 years, 

average age, 31.7 years) (19 male and 72 female) were included and 
retrospectively analyzed according to the exclusive criteria (182 
lateral sample sizes). All the patients included had qualified and 
complete image data, who are Asian patients with single longitudinal 
masseter hypertrophy (mainly in northeast China), and there was 
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no significant difference in the anatomical structure of the masseter. 
Individual cases with obvious weight changes before and after surgery 
have been excluded, and the fluctuation of BMI of enrolled patients 
was under 0.5, and the age of male and female patients conforms to 
the normal distribution.

A 25-year-old female patient with single longitudinal masseter 
hypertrophy received a 1-point (30 U at each point) BTX-A injection 
within the safe region and 60 U in total. At 2 months postoperatively, 
the width of the lower face significantly reduced, the mandibular 
line was sharper, the angle of the mandibular angle was softer, and 
the subzygomatic area was significantly depressed than those before 
surgery (Figure 2).

A 26-year-old female patient with single longitudinal masseter 
hypertrophy received a 1-point (30 U at each point) BTX-A injection 
within the safe region, and the total dose was 60 U. At 2 months 
postoperatively, the width of the lower face was significantly reduced, 
the lower contour was smoother, and the soft tissue bulging degree in 
the subzygomatic area was significantly decreased compared with the 
preoperative counterparts (Figure 3).

Moreover, in the lower facial curve distance measurement project 
of the 26-year-old female patient, the length of the DF line in this 
case was 109.17 mm before surgery, 103.79 mm at 2 months after the 
surgery, and 107.05 mm at 6 months after the surgery. The length of 
the DG line in this case was 128.01 mm before the surgery, 122.57 
mm at 2 months after the surgery, and 127.56 mm at 6 months after 
the surgery. In the soft tissue bulging degree measurement project, 
"-" indicated a decrease in soft tissue bulging degree, and blue areas 
indicated a corresponding location depression. The bulging degree 
of soft tissues in the treatment area decreased by 3.573 and 0.913 
mm at 2 and 6 months after the surgery, respectively, compared with 
their preoperative counterparts. The bulging degree of soft tissues 
in the subzygomatic area decreased by 1.173 and 0.592 mm at 2 
and 6 months after the surgery, respectively, compared with their 
preoperative counterparts. Furthermore, the bulging degree of the 
soft tissue in the subzygomatic area decreased 2 months after the 
surgery, and the bulging degree of the soft tissue in the masseter area 
significantly reduced (Figure 4).

According to the statistical analyses, the length of AA1 (n=91), 
DF (n=182), and DG (n=182) significantly reduced compared with 

Figure 1: Schematic diagram of measuring method. (a) Marking points on the body surface of the lower face. Earlobe point (D); angulus oris point (F); chin 
apex point (G); the length changes of Line DF and Line DG show the therapy effect on master muscle. (b) Measuring width of the lower face. The horizontal line 
according the double angulus oris level intersects with the neutral face at point A and point A1. The length of AA1 shows the therapy effect of BTX-A. (c) The 
measured surface point changes in the treatment area and sub-zygomatic area are indicated. Point J is the surface point bulging degree changes most in masseter 
area. Point L is the midpoint of vertical line JK of connected line IE.

Figure 2: Comparison of the photos of the 25-year-old patient before operation, 2 months and 6 months after operation. Preoperative (a), postoperative 2 months 
(b) and 6 months (c) neutral position. Preoperative (d), postoperative 2 months (e) and 6 months (f) oblique position.
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preoperative values and 2-month postoperative values (P<0.001). 
However, the length of the AA1, DF, and DG were not significantly 
different between 6 months post-surgery and before surgery (P>0.05) 
(Figure 5).

After three plastic surgeons and three non-medical practitioners 
completed the analyses, graded the depression in the subzygomatic 
area, and assessed the therapeutic effect of these postoperative 
2-month 2D data and chose the consistent 3D quantitative analysis 
results, the corresponding quantification results of the measured 
surface points in the masseter area ΔJ and in the subzygomatic area 
ΔL graded into four levels were as follows (Table 1). According to 
the degrees, after 2 months of injection, the percentage of lateral 
cases with a soft tissue bulging degree reduction in the masseter 
area was 96.1%, of which 11 lateral cases (6.0%) had mild change, 
132 lateral cases (72.5%) had obvious changes, and 32 lateral cases 
(17.6%) had significant changes. The percentage of lateral cases with 

soft tissue bulging degree reduction in the subzygomatic area was 
95.6%, of which 39 lateral cases (21.4%) had mild changes, 128 lateral 
cases (70.3%) had obvious changes, and 7 lateral cases (3.8%) had 
significant changes. After 6 months of injection, the lateral cases with 
soft tissue bulging degree reduction in the masseter area were only 
61 (33.5%), and all of which were mild change. The lateral cases with 
subzygomatic soft tissue bulging degree reduction were 81 (44.5%), of 
which 71 lateral cases (39.0%) had mild change, 10 lateral cases (5.5%) 
had obvious changes, and the rest of lateral cases had no significant 
changes (Figure 6).

Discussion
Chinese women with prominent zygomatic arches are considered 

aggressive and masculine [17]. Roundly facial contours are more 
acceptable to eastern aesthetics, thus the shape of the subzygomatic 
area occupies a very important place in the Asian facial aesthetics [18]. 
In recent years, BTX-A injection for treating masseter hypertrophy 

Figure 3: Comparison of the photos of the 26-year-old patient before operation, 2 months and 6 months after operation. Preoperative (a), postoperative 2 months 
(b) and 6 months (c) neutral position. Preoperative (d), postoperative 2 months (e) and 6 months (f) oblique position.

Figure 4: The results of 3D scanning measurement of the 26-year-old female patient. (a) The length of DF and DG before operation. (b) The length of DF and DG 
at 2 months after operation. (c) The length of DF and DG at 6 months after operation. (d) Comparison between 2 months after operation and before operation. (e) 
Comparison between 6 months after operation and before operation.
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sometimes has resulted in of subzygomatic area depression, which 
may induce more prominent zygomatic arch visually. Therefore, the 
current study assessed in depth the effect of BTX-A injection on the 
soft tissue in the subzygomatic area after treatment.

Based on reviewed literature, maximum research on changes 
in facial soft tissues was achieved by measurement methods such 
as graphic pictures, CT scan and ultrasound, where the accuracy 
is slightly lower than that of 3D scanning technology [10,12]. For 
quantitative evaluation, 3D scanning technique was used to accurately 
assess the soft tissue bulging degree changes in the masseter area 
after BTX-A injection for single longitudinal masseter hypertrophy, 
and to focus on concurrent soft tissue changes in the subzygomatic 
area. The advantages of the 3D measurement method include (1) 
no need to directly touch the face, which avoids squeezing the soft 
tissue and deformation [19] and (2) theoretically, the error rate of 
the camera system and the digital reconstruction system is minimal 
[20]. The digital measurement can accurately observe the bulging 
degree of depression in the subzygomatic area, which can provide 
scientific guidance for using BTX-A in the treatment of the masseter 
hypertrophy [11].

The shape of masseter muscle hypertrophy can be divided into 
five types: minimal type (no obvious bulge), single longitudinal type 
(mono type), double longitudinal type, triple longitudinal type, and 
excessive type (massive single bulge) [21]. Injection treatment is 
personalized according to the classification of the masseter muscle. 

Figure 5: Measurement of the width (AA1) and the curve distance (DF, DG) of lower face over 6 months post-operation. ***p<0.001

Figure 6: Percentage of measured points bulging degree changes degree (point J and point L) quantitative analyzed by 3D scanning technology after BTX-A 
treatment in masseter and sub-zygomatic areas at postoperative 2-month and 6-month.

No significant change (mm) Mild change
(mm)

Obvious change
(mm) Significant change (mm)

Masseter area ∆J ≤ 1.00 1.00<∆J ≤ 3.00 3.00<∆J ≤ 5.00 ∆J>5.00

Sub-zygomatic area ∆L ≤ 0.50 0.50<∆L ≤ 1.00 1.00<∆L ≤ 2.00 ∆L>2.00

Table 1: The quantitative classification of measurement points bulging degree (point J and point L) change degree in masseter muscle area and sub-zygomatic area.

Here we carried out a standardized study, to find the most prominent 
point on the single longitudinal masseter muscle to inject BTX-A 60 
U in total. The experiment would not only ensure the efficacy, but 
also unify the treatment method, which facilitates the observation 
and measurement of the bulging degree change of soft tissue in the 
masseter muscle area and the subzygomatic area.

Due to the anatomical characteristics of the subzygomatic area, 
there are no obvious body surface markers, so it is impossible to settle 
a specific range to measure the volume changes of soft tissue and 
muscle in the subzygomatic area. As an alternative, the curve length 
change was selected to reflect the degree of depression. Additionally, 
the nasal alar point and tragus point were selected as auxiliary 
markers to assist in 3D measuring the degree of depression in the 
subzygomatic area.

The results of 3D quantitative analysis on bulging degree change of 
surface point (point J and point L) were consistent with 2D photos of 
involved lateral cases: The mean length of DF and DG and the surface 
bulging degrees at point J reduced, which shows the therapeutic effect 
of BTX-A injection. Meanwhile, the surface bulging degrees at point 
L reduced, which shows the depression in the subzygomatic area. The 
reason behind injection causing the depression phenomenon is due 
to the reduced braced force of masseter muscle under the soft tissue in 
the subzygomatic area, which caused effect of BTX-A on the masseter 
muscle inducing volume reduction of masseter muscle. In addition, 
the reduced braced force also leads to the bulging reduction of the 
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buccal fat pad.

According to the experimental results, the percentage of lateral 
cases with obvious subzygomatic depression reached peak 2 months 
after the surgery, but at 6 months after the surgery, the percentage 
of lateral cases with obvious subzygomatic depression decreased 
significantly, while the percentage of lateral cases with mild 
depression increased relatively. At 6 months, only a few patients had 
mild changes in masseter area, while there was no significant change 
compared with preoperative period. There are several reasons for 
this phenomenon. First, the 6-month postoperative subzygomatic 
depression might be caused by the gradual metabolism of BTX-A 
in the human body, the effect gradually weakened, thus the degree 
of depression in the subzygomatic area was alleviated and the thin 
muscle in this area might have reacted more obvious to BTX-A than 
masseter muscle. Second, there was still a mild volume change in the 
masseter area, slight depression change in masseter muscle might 
cause soft tissue bulging degree reduction in subzygomatic area. 
Third, soft tissue depression in subzygomatic area might be more 
obvious than the counterpart in masseter area in visual. Therefore, 
to maintain the shape of the masseter muscle further, the injection 
should be repeated regularly on time. The data suggested that the 
subzygomatic depression lasts longer than the soft tissue bulging 
degree decrease in masseter muscle area.

Based on the data collected, we found a soft tissue bulging 
degree reduction in the subzygomatic area, which might be related 
to the injection site: Most prominent point of the masseter muscle 
in the safe injection region was selected as a single injection point—
common injection method for treating single longitudinal masseter 
hypertrophy, depending on the shape of the patient's masseter 
muscle [10,21]. The results show that the subzygomatic depression 
can also occur under this injection method, which might be caused 
by low concentration of the buffer with high speed of diffusion. 
Additionally, when the injection points are too close to the upper 
boundary of the safe region, there is reduction in the bulging degree 
of the subzygomatic area. To prevent this complication, we suggest 
that when the most prominent point is close to subzygomatic area, 
the injection point at the lower part of the masseter is recommended, 
and the diffusion area needs to cover the most prominent point of the 
masseter muscle. In addition, a high concentration of BTX-A solution 
is recommended to reduce the drug diffusion in clinical practice.

Compared with 3D scanning technology, the disadvantages 
of CT and MRI are that patients need to pay during examination 
and that the methods of scanning and measuring focusing on the 
volume change of muscle are too complex and indirect to obtain 
measurement results. However, 3D scanning technology could build 
a 3D scanning module in few minutes and then superimpose two 3D 
scanning images to build a cloudy image that can directly show the 
soft tissue bulging change and present the morphological change in 
subzygomatic and masseter areas.

This study revealed a phenomenon that patients with single 
longitudinal masseter hypertrophy who receive BTX-A injection 
could experience complications of subzygomatic depression, which 
visually causes patients’ lower face to sag. Only the single longitudinal 
masseter hypertrophy type was selected in this standardized 
experiment, so that other types of masseter hypertrophy could be 
excluded. While the maximum follow-up time was only 6 months, the 
subzygomatic depression in some patients did not fully recover, so the 
follow-up time should be appropriately extended in such patients to 

summarize subzygomatic soft tissue changes and recovery rules and 
also other types of masseter hypertrophy should be study. Since the 
number of female patients was larger than male patients in this study, 
there was still bias existing in this study, which should be settled by 
expanding the sample size to include more male patients. In addition, 
in future experiments, we will focus on the association between the 
distance from most prominent point of masseter hypertrophy to the 
safe region upper boundary and the degree or the location of the 
subzygomatic depression.

Conclusion
BTX-A is an efficient therapy for patients with single longitudinal 

masseter hypertrophy, while it could result in the depression in 
subzygomatic area variably according to the data selected by 3D 
scanning technology. The 3D scanning technology may be an accurate 
and intuitive method for presenting reliable data given that a proper 
injection point is provided to avoid this complication.
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