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Abstract

Background: The objective of this study was to evaluate the influence of masticatory muscle injection of botulinum
toxin type A (BTX-A) on the growth of the mandibular bone in vivo.

Methods: Eleven Sprague-Dawley rats were used, and BTX-A (n=6) or saline (n =5) was injected at 13 days of age. All
injections were given to the right masseter muscle, and the BTX-A dose was 0.5 units. All of the rats were euthanized
at 60 days of age. The skulls of the rats were separated and fixed with 10% formalin for micro-computed tomography
(micro-CT) analysis.

Results: The anthropometric analysis found that the ramus heights and bigonial widths of the BTX-A-injected group

were significantly smaller than those of the saline-injected group (P < 0.05), and the mandibular plane angle of the
BTX-A-injected group was significantly greater than in the saline-injected group (P < 0.001). In the BTX-A-injected
group, the ramus heights Il and IIl and the mandibular plane angles | and Il showed significant differences between
the injected and non-injected sides (P < 0.05). The BTX-A-injected side of the mandible in the masseter group showed
significantly lower mandibular bone growth compared with the non-injected side.

Conclusion: BTX-A injection into the masseter muscle influences mandibular bone growth.
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Background

Botulinum toxin type A (BTX-A) is a bacterial neurotoxin
produced by the gram-positive bacterium Clostridium
botulinum [1]. BTX-A inhibits the release of neurotransmit-
ter in cholinergic nerve terminals and degrades the
synaptosomal-associated protein of 25 kDa (SNAP-25) re-
quired for acetylcholine fusion and release [2]. It blocks the
release of acetylcholine in the presynaptic membranes of
neuromuscular junctions and induces reversible muscle
weakness and paralysis [3]. BTX-A was first used for the
treatment of blepharospasm and strabismus in 1989 and is
approved by the US Food and Drug Administration (FDA)
[4]. BTX-A has been widely used for the treatment of sialor-
rhea, facial spasm, and localized muscle hyperactivity, as well
as for cosmetic purposes [5, 6]. BTX-A is also administered
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into the masticatory muscle for the treatment of temporo-
mandibular disorder, bruxism, masticatory myalgia, and
masseter muscle hypertrophy [3, 7]. BTX-A can be safely
used with few complications, such as bruising, edema, and
reversible undesirable muscle paralysis due to diffusion [8].
Mandibular bone morphology can be affected by the mas-
ticatory muscle function and activity [9]. In functional matrix
theory, craniofacial growth could be regulated by the sur-
rounding soft tissue and muscle function [10]. In human
studies, masticatory muscle size and activity are especially
correlated with facial bone structure [11, 12]. Masticatory
muscle hyperactivity increases the loading of the jaw, leading
to increased skeletal bone growth and size [9]. It also in-
creases the bone remodeling rate and bone mineral density,
resulting in the increase in mandible size and dental arch
width and length [13]. In previous animal studies, mastica-
tory muscle hypofunction by soft diets and muscle or motor
nerve resection has induced changes in the mandibular
growth and direction [14—16]. However, resection of the

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made.


http://crossmark.crossref.org/dialog/?doi=10.1186/s40902-018-0146-4&domain=pdf
http://orcid.org/0000-0001-5088-2732
mailto:kimsg@gwnu.ac.kr
http://creativecommons.org/licenses/by/4.0/

Seok et al. Maxillofacial Plastic and Reconstructive Surgery (2018) 40:5

muscle and nerve degeneration could induce tissue damage
and scar formation [17]. In contrast to these methods,
BTX-A injection into the masticatory muscles as a non-
invasive procedure can be easily performed and can induce
temporary muscle paralysis and weakness.

BTX-A can be selectively administered in the masticatory
muscles and can decrease muscle activity without surround-
ing tissue damage [18]. In a previous study, BTX-A was
injected into the masseter and temporalis muscles for evalu-
ating the effect of muscle hypofunction on craniofacial struc-
ture changes [19, 20]. Unilateral masseter muscle injection of
BTX-A decreased the bone thickness and mineral contents
of the ipsilateral side [21], and it could induce mandible
asymmetry with the injection side [19]. Further, BTX-A in-
jection into the unilateral masseter and temporalis muscles
induced bone loss in the alveolar and condyle regions [20].
BTX-A injection into the unilateral masticatory muscles
affects mandibular bone composition, structure, and morph-
ology in adult rats [21]. There are several publications on the
effects of BTX-A on mandibular bone growth in growing
animals. Many studies have been done in animals greater
than 4 weeks of age. In these studies, there should be min-
imal effect on growth because of the animals age. Some
studies still claimed that BTX injection in these animals had
some effect on growth. However, they injected BTX in the
surgically exposed masseter muscle. In these cases, it was
unclear whether the growth retardation was due to BTX in-
jection or scar formation in the wound area.

In the present study, we evaluated how the BTX-A in-
jection into the masseter muscles influenced the growth
of the mandibular bone in a growing rat model. We
measured the anthropometric points and linear distances
in the craniofacial bones and compared the changes in
bone structure. In this study, we hypothesized that BTX-
A injection into the unilateral masseter muscle would
induce lower growth rate and a deviated mandible. Thus,
the purpose of this study was to evaluate the effects of
muscle hypofunction due to BTX-A injection on man-
dibular bone growth.

Methods

Animals’ experiments and study design

Eleven Sprague-Dawley rats were used in this study. The
rats were randomly divided into the control and the ex-
perimental groups. At 13 days of age, BTX-A or saline
was injected into the masseter muscle. The BTX-A
(Botulax® 50, botulinum toxin type A, HUGEL, Chunch-
eon, Korea) was prepared and diluted with 50 mL of sa-
line. BTX-A (0.5 unit) in a 0.5-mL dose was injected
intramuscularly into the right masseter muscle in the ex-
perimental group (n=6). The same amount of saline
was injected into the right masseter muscle in the con-
trol group (m=5). The administration of saline and
BTX-A was performed at the same time in both groups.
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All the rats were euthanized at 60 days of age (47 days
after injection). The skulls of the rats were separated
and fixed with 10% formalin for micro-computed tom-
ography (micro-CT) analysis. This study was approved
by the Institutional Animal Care and Use Committee of
the Gangneung-Wonju National University, Gangneung,
Korea (IACUC GWNU-2016-24).

Micro-CT analysis

The skulls of rats were assessed by an animal positron
emission tomography (PET)/CT/single photon emission
computed tomography (SPECT) system (INVEON™,
Siemens, Malvern, PA, USA) at the Ochang Center at
the Korea Basic Science Institute. The CT scanner was
set to an 80 KV voltage for the X-ray tube, 500 pA
current for the X-ray source, and 210 ms of exposure
time. The detector and the X-ray source were rotated
360 degrees in 360 rotation steps. The number of
calibration exposures was 30. The system magnification
was allowed over 30.7 mm of the axial field of view
(FOV) and 30.7 mm of the transaxial FOV. The scanned
images were reconstructed with an Inveon Research
Workplace Software (Siemens Healthcare). The cali-
brated three-dimensional (3D) images were shown in
gross profiles of the skulls of the rats.

Anthropometric measurement points and distances
Anthropometric points were identified, and the distance
was measured for the evaluation of mandibular growth
changes on micro-CT images. Anthropometric points are
shown and described in Fig. 1. A total of nine anthropomet-
ric points were chosen: condylion, gnathion, gonion, coron-
oid notch, antegonial notch, menton, mandibular alveolar
point, infradentale, and zygion. The linear distance of each
point was measured on vertical, sagittal, and transverse
planes, and the definition of each distance is explained in
Table 1. Each measurement was shown in Fig. 2.

Statistical analysis

When there were two compared groups and the com-
parisons were performed in the samples within the same
animal, a paired ¢ test was used. For the comparison of
the control group and the experimental group, an inde-
pendent sample ¢ test was used. Differences with P
values less than 0.05 were considered significant.

Results

Comparison of the BTX-A-injected group and the saline-
injected group

Most of the average vertical anthropometric measure-
ments of the mandibular bones in the experimental
(BTX-A-injected) group were less than in the control
(saline-injected) group (Table 2, Fig. 3). The average
measurements of ramus height I were 5.39 +0.21 and
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Fig. 1 Anthropometric measurement points. (1) Condylion (Cd)—maost posterior and superior points on the mandibular condyle. (2) Gnathion
(Gn)—most inferior point of the bony contour of the gonial angle of the mandible. (3) Gonion (Go)—most posterior point of the bony contour
of the gonial angle of the mandible. (4) Coronoid notch (Co)—most inferior point of the coronoid notch. (5) Antegonial notch—most superior
point of the curvature of the antegonial notch. (6) Menton (Me)—most inferior point of the mandibular symphysis. (7) Mandibular alveolar
point—the deepest point on the mandibular alveolar crest between the lower incisor and the lower first molar. (8) Infradentale—most inferior
point of the marginal alveolar bone of the lower central incisor. (9) Zygion (Zy)—most external point of the zygomatic arch

Table 1 The definition of each anthropometric measurement. The linear distances of each anthropometric point measured on the
vertical, sagittal, and transverse planes

Variables Definition

Vertical measurement

Ramus height | Distance between the condylion and gnathion

Ramus height Il Distance between the coronoid notch and gnathion

Ramus height Il Distance between the coronoid notch and antegonial notch
Corpus height Distance between the mandibular alveolar point and menton
Mandibular molar height Distance between the mesiobuccal cusp of the mandibular first

molar and menton

Sagittal measurement

Mandibular plane angle | Angle between the line connecting the condylion and gnathion and
the line connecting the gnathion and menton

Mandibular plane angle |l Angle between the line connecting the gonion and gnathion and the
line connecting the gnathion and menton

Total mandibular length Distance between the condylion and infradentale

Corpus length Distance between the gonion and infradentale

Transverse measurement

Zygomatic arch width Distance between the bilateral zygions

Maxillary molar width Distance between the bilateral mesiobuccal cusps of the maxillary
first molars

Mandibular molar width Distance between the bilateral mesiobuccal cusps of the mandibular
first molars

Bicondylior mandibular width Distance between the bilateral condylions

Bigonial mandibular width Distance between the bilateral gonions

Dental midline discrepancy Distance between the lower incisor midline and the upper incisor midline
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Fig. 2 Anthropometric measurement of the rat maxillofacial bone on micro-computed tomography images. Each measurement is explained
in Table 1

Table 2 Comparison of anthropometric measurements of the maxillofacial bone

Variables Control Experimental P value
Mean £SD Mean £ SD
Vertical measurement (mm)
Ramus height | 539 +£021 510+ 0.12 0.025*
Ramus height I 410+ 0.16 391 +£0.15 NS
Ramus height Il 451 £ 158 372 £017 0.002*
Corpus height 267 +072 243 +0.28 NS
Mandibular molar height 3.97 + 0.06 392 +0.12 NS
Sagittal measurement
Mandibular plane angle I () 11218 £ 265 11347 £ 2.86 NS
Mandibular plane angle Il (°) 157.13 + 584 163.78 + 6.07 0.008*
Total mandibular length (mm) 11.74 £ 0.19 1158 £ 035 NS
Corpus length (mm) 1043 + 0.24 10.39 + 0.21 NS
Transverse measurement (mm)
Zygomatic arch width 1231+ 030 1197 £033 NS
Maxillary molar width 398 + 026 404 +£0.18 NS
Mandibular molar width 439 £0.12 435+ 025 NS
Bicondylior mandibular width 1047 £ 021 10.27 £0.22 NS
Bigonial mandibular width 994 + 021 926 £ 0.15 <0.001*
Dental midline discrepancy —0.032 £ 0.090 0035+0.118 NS

(lower incisor midline right: +, left: —)

NS not significant
*P < 0.05



Seok et al. Maxillofacial Plastic and Reconstructive Surgery (2018) 40:5

Page 5 of 8

Control

Basal view

AP view

experimental group (BTX-A-injected)

Fig. 3 Micro-computed tomography of rats. Basal view and anteroposterior view are shown for the control group (saline-injected) and the

Experimental

5.10+0.12 mm in the control group and in the experi-
mental group, respectively. The average measurements
of ramus height III were 4.51 +1.58 and 3.72 + 0.17 mm
in the control group and the experimental group, re-
spectively. There were significant differences in ramus
heights I and III between groups (P =0.025 and 0.002,
respectively). The average total mandibular and corpus
lengths in the experimental group were less than in the
control group (Table 2). The average measurements of
mandibular plane angle II were 157.13 + 5.84 and 163.78
+6.07° in the control group and the experimental group,
respectively (P = 0.008).

For the transverse measurements, only the bigonial man-
dibular width was significantly different between the saline-
injected group and the BTX-A-injected group (P < 0.001).
The dental midline of the lower anterior tooth compared
with the upper tooth was deviated to the right side by 0.035
+0.118 mm in the experimental group.

Comparison of the vertical and sagittal anthropometric
measurements between the right and left sides of the
mandibular bone in the BTX-injected group

There was no significant difference between the right and left
sides of mandibular bone growth in the saline-injected group
(Fig. 3). In the BTX-A-injected group, the average vertical
measurements of ramus height [, II, and III; total mandibular

length; and corpus length were less in the right (BTX-A injec-
tion) side than in the left side (Table 3, Fig. 3), and there were
significant differences in the ramus height II and III (P = 0.012
and 0.040, respectively). The average sagittal measurements of
mandibular plane angles I and II were greater on the right side
(BTX-A injection) than on the left side. There were significant
differences in the mandibular plane angles I and II (P = 0.006
and 0.007, respectively).

Discussion

Mandibular bone growth can be affected by masticatory
muscle function and activity [20]. Hyperactivity of the
masticatory muscle function can contribute to the in-
creases in mandibular bone growth, size, and structure
[22]. Conversely, reduced muscle function can lead to
the low growth of the craniofacial bone in the rat model
[23]. In the present study, we evaluated the effects of
masseter muscle hypofunction due to BTX-A injection
on the growth of the mandibular bone in vivo. In an-
thropometric measurements, the BTX-A-injected rats
showed a low growth of the mandibular bone compared
with that of the saline-injected rats (Table 2, Fig. 3). The
experimental group showed decreased ramus heights I
and III and bigonial mandibular width and increased
mandibular plane angle II (Table 2). The dental midline
of the lower anterior tooth was slightly deviated to the
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Table 3 Comparison of anthropometric measurements of the maxillofacial bone between the right and left sides in the
experimental group (BTX-A injection in the right masseter muscle)
Variables Right side (BTX-A) Left side P value
Mean = SD Mean = SD
Vertical measurement (mm)
Ramus height | 5.09 = 0.11 511 £0.15 NS
Ramus height II 379 £0.18 4.04 + 0.22 0.012%
Ramus height Il 368 +£0.20 375+ 0.15 0.040%
Corpus height 243 £028 243 +£0.28 NS
Mandibular molar height 395+0.12 389+ 0.12 NS
Sagittal measurement
Mandibular plane angle | (%) 114.94 + 3.04 111.99 + 4.09 0.006*
Mandibular plane angle Il () 16742 + 848 160.14 £ 7.29 0.007*
Total mandibular length (mm) 1151 £ 040 1165 +0.32 NS
Corpus length (mm) 1037 £0.18 1042 +0.25 NS

NS not significant
*P <0.05

injection side (Fig. 3). Comparing the BTX-A injection
side and non-injected side, the experimental group
showed decreased ramus heights II and III and increased
mandibular plane angles I and II on the BTX-A-injected
side (Table 3). Consequently, the masseter muscle hypo-
function due to the BTX-A injection contributed to the
mandibular bone growth and bony morphology.

BTX-A could decrease muscle activity and show para-
Iytic effects immediately after injection in a rabbit model
[18]. The maximum paralytic effect of BTX-A appeared at
2 to 3 weeks after injection [18], and this effect persisted
for approximately at 4 to 6 weeks in rodents [24]. For the
evaluation of the effect of muscle hypofunction on skeletal
bone growth, BTX-A should be administered to the target
muscle before the beginning of muscle and bone develop-
ment. Generally, rats experience puberty at 35 days after
birth, and skeletal bone maturity is attained at 60 days of
age [25]. In our experiment, we performed BTX-A injec-
tion in 13-day-old rats before the skeletal development
completion. In several animal studies, the administration
of BTX-A has been performed at 30 days after birth
[17, 19, 22, 25]. In this study, we administered BTX-
A as soon as possible considering the period of time
needed to attain the maximum paralytic effect, and
the anthropometric measurements were analyzed at
60 days of age, after skeletal bone maturity. During
this period, paralysis of the masticatory muscles was
achieved, and it affected the mandibular bone growth
of rats.

BTX-A can be safely used in the mandibular region
because only a small amount of BTX-A is required for
the treatment of the muscle disorder or for cosmetic
procedures, compared with spasticity treatment [26, 27].
The dosage of BTX-A in the masticatory muscles varies

according to the age and body weight in vivo [22, 23]. In
this experiment, the administration dose of BTX-A was
determined by our preliminary study. The 0.5 units of
BTX-A were administered to the masseter and tempor-
alis muscles in 13-day-old rats [28], whereas the lethal
dose of BTX-A in rats ranges from 50 to 200 units/kg
[29]. In our preliminary study, very young rats did not
sustain the high doses of BTX-A administration within
the lethal dose (data not shown). Therefore, 0.5 units of
BTX-A was used to paralyze the target muscles consid-
ering our experience and previous report [28].
Decreased muscle activity can affect the bone metabol-
ism and remodeling processes [30]. The diminished
muscle force induces bone osteoclastic processes and
disrupts bone homeostasis [31]. Paralysis of the muscle
contributes to bone degradation and changes in the bone
morphology [30]. When BTX-A is injected into the mas-
seter muscle, the mandibular bone mineral content is
significantly reduced [21], and the thickness of the
mandible ramus is also decreased with masseter muscle
atrophy [32]. Paralysis of the masseter and temporalis
muscles induces bone loss in the alveolar and condylar
areas [20]. In this study, the ramus height and bigonial
mandibular width in the experimental group were sig-
nificantly less than in the control group (Table 2), and
the experimental group had a larger mandibular plane
angle than the control group. This result could be
explained by the low growth of the mandible angle area,
to which the masseter muscle is attached. Further,
hypoplasia of the mandible angle area led to reduced
ramus height and bigonial mandibular width and an in-
creased mandibular plane angle. This morphological
bone change is in accord with the functional matrix the-
ory that the soft tissue and muscle activity are major
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contributing factors in the mandibular bone growth.
From these results, we could confirm that the hypofunc-
tion and paralysis of the masseter muscle induced low
growth and changes in the morphology of the mandible.

BTX-A injection into the masseter muscles before
bone development caused the low growth of the man-
dibular bone [19, 22, 23]. Most anthropometric measure-
ments showed less growth on the BTX-A injection side,
compared with saline injection or the non-injected side
(Tables 2 and 3). In the case of saline injection, there
was no significant difference between the injected side
and the non-injected side (data not shown). Ramus
heights II and III were significantly smaller in the BTX-
injected side compared with those in the non-injected
side (P < 0.05; Table 3). However, the effect of BTX injec-
tion on the growth was small compared with the effects
of myomectomy and motor nerve denervation [16, 17].
The differences in the dental midline discrepancy were
within 1 mm between the groups (Table 2). In a previous
study, BTX-A injection into the unilateral masseter
muscle in 4-week-old rats induced severe facial asym-
metry with dental midline deviation to the ipsilateral
side [19]. However, in the previous study, the adminis-
tration of BTX-A was performed after surgical exposure
of the masseter muscle [19]. Surgical exposure provides
greater visibility of the injection site. However, this sur-
gical procedure could produce scar tissue formation and
muscle atrophy, and it can lead to a severely asymmetric
mandible. In our experiment, we administered BTX-A
by intramuscular injection to prevent other etiological
factors from affecting the bone morphology. Unilateral
injection of BTX-A induces changes in the bony morph-
ology and structure regardless of age [21, 22, 28]. Our
results showed the effects of BTX-A injection on the low
growth of the mandible. However, BTX-A injection
alone does not cause significant bony changes and severe
mandible asymmetry.

The influence of paralytic effects of BTX-A on the
mandibular bone growth is a clinically valuable result.
BTX-A has been used for facial muscle disorders, TM]
problems, and cosmetic procedures [7]. Recently, BTX-
A has been diversely used in the mandibular regions for
the treatment of post-traumatic complications and
orthognathic surgery [33, 34]. BTX-A injection into the
anterior belly of the digastric muscle has been used for
the correction of anterior open bite in bi-angle mandible
fracture patients [33, 35], and BTX-A into the lower lip
depressor muscle was used for the treatment of an
asymmetric lower lip [36]. The masseter muscle function
can affect the instability of the displaced mandible seg-
ments after orthognathic surgery [36]. Hypofunction of
the masticatory muscle can contribute to stability post-
orthognathic surgery [33]. The effect of BTX-A on the
mandibular bone growth has been the subject of debate.
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Previous animal studies have shown less growth of the
mandibular bone by BTX-A administration in vivo [21,
28]. However, the degree of bone morphological changes
due to BTX-A has varied across studies [19]. BTX-A in-
jection into the masticatory muscle during growth could
induce low growth of the mandible and facial asym-
metry. However, the degree of asymmetric change in our
study was insufficient to induce severe facial asymmetry,
dental midline deviation, or dental malocclusion.

Conclusion

In this study, we evaluated the paralytic effects of BTX-
A on the mandibular bone growth in vivo. The injection
of BTX-A into the masseter muscle was performed in
13-day-old rats. Anthropometric measurement analysis
showed that the BTX-A-injected group had significantly
decreased ramus heights I and III and bigonial mandibu-
lar width (P=0.025, 0.002, and 0.006) and increased
mandibular plane angle II, compared with the saline-
injected group (P <0.001). Further, the BTX-A-injected
side had significantly smaller ramus height and signifi-
cantly higher mandibular plane angle, compared with
those of the non-injected side (P < 0.05). From these re-
sults, we could confirm that BTX-A injection into the
masseter muscle during the growth phase could cause
low growth of the mandibular bone. This animal study
was useful for evaluating the degree of the low skeletal
bone growth effects of BTX-A. Anthropometric evalua-
tions showed that BTX-A injection affected the bony
growth pattern.

Abbreviation
BTX-A: Botulinum toxin A

Acknowledgements

This work was carried out with the support of “Cooperative Research
Program for Agriculture Science and Technology Development (Project no.
PJ01121404)" Rural Development Administration, Republic of Korea.

Availability of data and materials
Data sharing is not applicable to this article as no datasets were generated
or analyzed during the current study.

Authors’ contributions

SH and KMK did most of the animal experiment. AJH and JI did the
cephalometric measurements and analysis. KSG and AJH designed this
experiment. KSG and SH wrote the manuscript and did the critical review on
the experimental process. All authors read and approved the final
manuscript.

Ethics approval and consent to participate

This study was approved by Gangneung-Wonju National University. The
animal experiment was approved by the Institutional Animal Care and Use
Committee of Gangneung-Wonju National University, Gangneung, Korea
(IACUC GWNU-2016-24). All experiments were performed in accordance with
the relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
Authors declare that they have no competing interests.



Seok et al. Maxillofacial Plastic and Reconstructive Surgery (2018) 40:5

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Department of Oral and Maxillofacial Surgery, Chungbuk National University
Hospital, Cheongju 28644, South Korea. “Department of Oral and
Maxillofacial Surgery, College of Dentistry, Gangneung-Wonju National
University, 7 Jukhyun-gil, Gangneung 25457, South Korea. *Department of
Orthodontics, College of Dentistry, Gangneung-Wonju National University,
Gangneung 25457, South Korea. “Department of Dentistry, College of
Medicine, Hallym University, Chuncheon 24252, South Korea.

Received: 10 January 2018 Accepted: 21 February 2018
Published online: 25 March 2018

References

1. Pearce LB, Borodic GE, First ER, MacCallum RD (1994) Measurement of
botulinum toxin activity: evaluation of the lethality assay. Toxicol Appl
Pharmacol 128:69-77

2. Moon YM, Kim MK, Kim SG, Kim TW (2016) Apoptotic action of botulinum
toxin on masseter muscle in rats: early and late changes in the expression
of molecular markers. Spring 5:1-11

3. Moon YM, Kim YJ, Kim MK, Kim SG, Kweon H, Kim TW (2015) Early effect of
Botox-A injection into the masseter muscle of rats: functional and
histological evaluation. Maxillofac Plast Reconstr Surg 37:46

4. Kwon TG (2016) Botulinum toxin related research in maxillofacial plastic and
reconstructive surgery. Maxillofac Plast Reconstr Surg 38:34

5. Maio MD (2008) Therapeutic uses of botulinum toxin: from facial palsy to
autonomic disorders. Expert Opin Biol Ther 8:791-798

6. Jaspers G, Pijpe J, Jansma J (2011) The use of botulinum toxin type a in
cosmetic facial procedures. Int J Oral Maxillofac Surg 40:127-133

7. Kim HS, Yun PY, Kim YK (2016) A clinical evaluation of botulinum toxin-A
injections in the temporomandibular disorder treatment. Maxillofac Plast
Reconstr Surg 38:5

8. Archana M (2016) Toxin yet not toxic: botulinum toxin in dentistry. Saudi
Dent J 28:63-69

9. Raadsheer MC, Kiliaridis S, van Eijden TM, van Ginkel FC, Prahl-Andersen B
(1996) Masseter muscle thickness in growing individuals and its relation to
facial morphology. Arch Oral Biol 41:323-332

10.  Moss ML, Rankow RM (1968) The role of the functional matrix in mandibular
growth. Angle Orthod 38:95-103

11. Weijs W, Hillen B (1984) Relationships between masticatory muscle cross-
section and skull shape. J Dent Res 63:1154-1157

12. Kim JH, Lim SU, Jin KS, Lee H, Han YS (2017) The postoperative trismus,
nerve injury and secondary angle formation after partial masseter muscle
resection combined with mandibular angle reduction: a case report. J
Korean Assoc Oral Maxillofac Surg 43:46-48

13, Kiliaridis S (1995) Masticatory muscle influence on craniofacial growth. Acta
Odontol Scand 53:196-202

14.  Bouvier M, Hylander WL (1984) The effect of dietary consistency on gross
and histologic morphology in the craniofacial region of young rats. Am J
Anat 170:117-126

15. Maxwell LC, Carlson DS, McNamara JA, Faulkner JA (1979) Histochemical
characteristics of the masseter and temporalis muscles of the rhesus
monkey (macaca mulatta). Anat Rec 193:389-401

16.  Gardner DE, Luschei ES, Joondeph DR (1980) Alterations in the facial
skeleton of the guinea pig following a lesion of the trigeminal motor
nucleus. Am J Orthod 78:66-80

17. Tsai CY, Chiu WC, Liao YH, Tsai CM (2009) Effects on craniofacial growth and
development of unilateral botulinum neurotoxin injection into the masseter
muscle. Am J Orthodont Dentofac Orthoped 135:142 e141-142 e146

18. Park SY, Park YW, Ji YJ, Park SW, Kim SG (2015) Effects of a botulinum toxin
type A injection on the masseter muscle: an animal model study. Maxillofac
Plast Reconstr Surg 37:10

19. Chen Z, Chen Z, Zhao N, Shen G (2015) An animal model for inducing
deviation of the mandible. J Oral Maxillofac Surg 73:2207-2218

20.  Kun-Darbois JD, Libouban H, Chappard D (2015) Botulinum toxin in
masticatory muscles of the adult rat induces bone loss at the condyle and
alveolar regions of the mandible associated with a bone proliferation at a
muscle enthesis. Bone 77:75-82

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

Page 8 of 8

Tsai CY, Huang RY, Lee CM, Hsiao WT, Yang LY (2010) Morphologic and
bony structural changes in the mandible after a unilateral injection of
botulinum neurotoxin in adult rats. J Oral Maxillofac Surg 68:1081-1087
Kim JY, Kim ST, Cho SW, Jung HS, Park KT, Son HK (2008) Growth effects of
botulinum toxin type A injected into masseter muscle on a developing rat
mandible. Oral Dis 14:626-632

Ulgen M, Baran S, Kaya H, Karadede | (1997) The influence of the
masticatory hypofunction on the craniofacial growth and development in
rats. Am J Orthodont Dentofac Orthoped 111:189-198

Filippi GM, Errico P, Santarelli R, Bagolini B, Manni E (1993) Botulinum a
toxin effects on rat jaw muscle spindles. Acta Otolaryngol 113:400-404
Tsai CY, Shyr YM, Chiu WC, Lee CM (2011) Bone changes in the mandible
following botulinum neurotoxin injections. Eur J Orthod 33:132-138

Jost WH, Hefter H, Reissig A, Kollewe K, Wissel J (2014) Efficacy and safety of
botulinum toxin type a (dysport) for the treatment of post-stroke arm
spasticity: results of the german-austrian open-label post-marketing
surveillance prospective study. J Neurol Sci 337:86-90

Sarioglu B, Serdaroglu G, Tutuncuoglu S, Ozer EA (2003) The use of
botulinum toxin type a treatment in children with spasticity. Pediatr Neurol
29:299-301

Babuccu B, Babuccu O, Yurdakan G, Ankaral H (2009) The effect of the
botulinum toxin-A on craniofacial development: an experimental study. Ann
Plast Surg 63:449-456

Roggenkdmper P, Jost W, Bihari K, Comes G, Grafe S (2006) Efficacy and
safety of a new botulinum toxin type a free of complexing proteins in the
treatment of blepharospasm. J Neural Transm 113:303-312

Poliachik SL, Bain SD, Threet D, Huber P, Gross TS (2010) Transient muscle
paralysis disrupts bone homeostasis by rapid degradation of bone
morphology. Bone 46:18-23

Ausk BJ, Huber P, Srinivasan S, Bain SD, Kwon RY, McNamara EA, Poliachik
SL, Sybrowsky CL, Gross TS (2013) Metaphyseal and diaphyseal bone loss in
the tibia following transient muscle paralysis are spatiotemporally distinct
resorption events. Bone 57:413-422

Park YW, Kim SG, Jo YY (2016) S100 and p65 expression are increased in the
masseter muscle after botulinum toxin-A injection. Maxillofac Plast Reconstr
Surg 38:33-33

Seok H, Park YT, Kim SG, Park YW (2013) Correction of post-traumatic
anterior open bite by injection of botulinum toxin type A into the anterior
belly of the digastric muscle: case report. J Korean Assoc Oral Maxillofac
Surg 39:188-192

Seok H, Lee SW, Kim MK, Kim SG, Park YW, Park SW, Park YJ (2013)
Correction of post-traumatic lower lip asymmetry using botulinum toxin
type A. J Korean Assoc Maxillofac Plast Reconstr Surg 35:256-259

Zdilla MJ (2015) Screening for variations in anterior digastric musculature
prior to correction of post-traumatic anterior open bite by injection of
botulinum toxin type A: a technical note. J Korean Assoc Oral Maxillofac
Surg 41:165-167

Ko EWC, Huang CS, Lo LJ, Chen YR (2013) Alteration of masticatory
electromyographic activity and stability of orthognathic surgery in patients
with skeletal class Il malocclusion. J Oral Maxillofac Surg 71:1249-1260

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




