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Abstract: Objective: To evaluate the effects of botulinum toxin type A (BTX-A) on mandible skeletal development by
inducing muscle hypofunction. Methods: Four-week-old Sprague-Dawley rats (n=60) were divided into three groups:
Group 1 animals served as controls and were injected with saline; Group 2 animals were injected unilaterally with
BTX-A (the contralateral side was injected with saline); and Group 3 animals were injected bilaterally with BTX-A. In
Group 2, the saline-injected side was designated the control side (Group 2-1), whereas the BTX-A-injected side was
designated the experimental side (Group 2-2). After four weeks, the animals were sacrificed, dry skulls were prepared,
and mandibles were measured. Results: In the unilateral group, the experimental side (Group 2-2) had reduced di-
mensions for all mandible measurements compared with the control side (Group 2-1), suggesting a local effect of
BTX-A on mandible growth, likely due to muscle reduction. Conclusions: Localized BTX-A injection induced a change
in craniofacial growth, and the skeletal effect was unilateral despite both sides of the mandible functioning as one unit.
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1 Introduction

Botulinum toxin type A (BTX-A) reduces
muscular contractions by temporarily inhibiting ace-
tylcholine release at the neuromuscular junction.
Since its initial use in the treatment of strabismus
(Scott et al., 1989), BTX-A has been shown to be
effective in treating disorders characterized by local
muscle hyperactivity. In past decades, the use of
BTX-A as a therapeutic agent has expanded widely. It
has been used to treat adult patients with severe pri-
mary axillary hyperhidrosis, cervical dystonia, stra-
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bismus, blepharospasm, and other conditions. Among
pediatric patients, even though all uses are off-label,
BTX-A is used in cerebral palsy to reduce spasticity,
leading to slight improvements in gait patterns
(da Fonseca and Casamassimo, 2011).

The use of BTX-A in the orofacial region has
emerged in the field of dentistry. It is used to treat
primary and secondary masticatory and facial muscle
spasms, facial tics, orofacial dyskinesias, dystonias,
as well as pain disorders without a clear-cut motor
hyperactivity basis (Clark et al., 2007). It is also often
used in patients with masseter muscle hypertrophy
(Ahn and Kim, 2007). BTX-A reduces muscle
thickness, leading to changes in the facial contour
(Kim et al., 2010). It is well known that a change in
muscle activity not only has an esthetic effect, but
also may relieve severe bruxism-related neurological
disorders.
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This study aimed to investigate the effects of

BTX-A beyond the treatment options described above.

We focused on the effects of reducing volume and
altering the function of muscle hypertrophy and
skeletal development. According to the functional
matrix theory (Moss and Rankow, 1968), craniofacial
growth and development are not intrinsically regu-
lated by bone or cartilage, but by the surrounding
muscle. Thus, the induction of muscle hypofunction
may influence facial growth. Recent studies using
BTX-A (Kim et al., 2008; Tsai et al., 2010) have
supported the theory. These studies included animal
experiments designed to investigate changes in mas-
ticatory muscle function due to the effects of BTX-A
on skeletal development. They have shown that
BTX-A can have inhibitory effects in the developing
rat mandible.

In a study of rat mandibles injected with BTX-A
in bilateral masseter muscles, mandibular dimensions
were reduced compared with those of saline-injected
rats (Kim et al., 2008). However, a limitation of that
study was that the comparison was made between
different individuals. To overcome this limitation, our
study was designed to evaluate the effects of BTX-A
in the same individual—one side of the mandible was
injected with BTX-A and compared to the other side,
which served as a control, injected with saline.

Therefore, this study investigated the effects of
unilateral injection of BTX-A into the masseter mus-
cle in growing rat mandibles.

2 Materials and methods
2.1 Subjects and study design

A total of 63 four-week-old (7;) male Sprague-
Dawley rats were randomly divided into three groups,
with 21 subjects in each group: Group 1, control group;
Group 2, unilateral BTX-A group; and, Group 3,
bilateral BTX-A group. The body weight of each rat
was measured. The BTX-A used in this study was
Botox” (Allergan Inc., Irvine, CA, USA). One vial of
Botox”™ (100 U) was diluted with saline to make 3 U
of Botox” in a 0.05-ml solution.

The masseter muscle of each rat was injected
with either saline or BTX-A solution, depending on
the group to which it was assigned. (1) Control group
(Group 1): 0.05 ml of saline was administered to both

sides of the superficial portion of the masseter muscle.
(2) Unilateral BTX-A group (Group 2): one masseter
muscle of each rat was injected with 0.05 ml saline,
whereas the masseter muscle on the other side was in-
jected with 3 U (0.05 ml) of BTX-A solution. The saline
side was designated as the control side (Group 2-1),
and the BTX-A side was designated as the experi-
mental side (Group 2-2). Rats were randomly as-
signed to groups. Half were injected with BTX-A on
the left side and half were injected with BTX-A on the
right side. (3) Bilateral BTX-A group (Group 3):
3 U (0.05 ml) of BTX-A solution was administered to
bilateral masseter muscles.

Experimental animals were fed ground rat pel-
lets along with standard pellets to compensate for the
possible adverse effect of a reduced incisive function
in BTX-A-injected animals. Pellets that were fed to
each subject were weighed weekly. All subjects were
also weighed weekly (from 7y to T}, 75, T3, and Ty)
until sacrifice at four weeks (7}).

This study was reviewed and approved by the
Institutional Animal Care and Use Committee
(IACUC) of the Samsung Biomedical Research In-
stitute (SBRI), Korea.

2.2 Dry mandibles

The mandibles were dissected from sacrificed
animals and sectioned into two halves. Photographs
of dry mandibles were taken using a digital camera,
which was held at a constant distance from the man-
dible. Photos were transferred to computer images.
The mandibular measurements used in this study (Fig. 1)
were described by Asano (1986). All measurements
were performed by three investigators.

2.3 Statistical analysis

The overall body weights at T, were evaluated
for inter-group variability using the Kruskal-Wallis
test with Bonferroni’s correction. Differences be-
tween specific groups were assessed using multiple
comparison tests. The rate of weight increase was
estimated using weights from 7j to 7, and was eval-
uated between groups using the Kruskal-Wallis test
and multiple comparison tests. Mandibular meas-
urements are described by means and standard devi-
ations (SDs). The repeated-measures analysis of var-
iance (ANOVA) was used for the evaluation of each
mandibular measurement for all groups. A P value of
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<0.05 was considered to be statistically significant.
The reliability of the three investigators was evalu-
ated using the intraclass correlation test.
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Fig. 1 Landmarks and measurements of the mandible
used in this study

Me, the most inferior point of mental protuberance; Me',
the most inferior point of anterior alveolar bone; Me-Me”,
the tangent to the bottom of the angular process through
Me; Go, the most posterior tip of the angular process; Cd,
the central point of the condyle; Cd’, the crossing point on
Me-Me" perpendicular to Me-Me"” from Cd; Co, the tip of
the coronoid process; Co’, the crossing point on Me-Me"”
perpendicular to Me-Me” from Co; Me-Go, mandibular
body length; Me-Cd, condylar length; Me-Co, coronoid
process length; Me-Me’, anterior region height; Co-Co’,
coronoid process height; Cd-Cd’, condylar height. The
figure has been adopted from the study of Asano (1986)

3 Results

Sixty of 63 animals completed the study protocol.

Some mandibles were excluded from the measure-
ment due to fractures during processing. The intra-
class correlation test for reliability gave a mean coef-
ficient of 0.6165, demonstrating good reliability be-
tween investigators.

3.1 Amount of pellets

The total amounts of pellets fed to the animals
did not differ significantly between groups. However,
when the amounts of ground pellets and standard
pellets were analyzed separately, significant differ-
ences were observed. At Ty, T3, and T3, rats in Group 3
ingested fewer standard pellets than those in Group 1.
In contrast, when comparing amounts of ground pel-
lets, Group 3 rats ingested more than Group 1 rats at
T 1 and T 3.

3.2 Weight measurements

Although the experimental animals were ran-

domly divided into three groups, there was a statisti-
cal difference in body weight among the three groups
at the start of the trial. Average body weight was
highest in the control group ((91.1945.72) g), with
the lowest weight in the unilateral BTX-A group
((83.19£1.65) g), as shown in Table 1. The rate of
weight increase was estimated in each group ((Ws—
Wo)/ Wyx100%, where W4 and W are the weights at T,
and Ty, respectively) and statistically analyzed. The
rate was significantly higher in Group 1 ((273.48+
22.14)%) and Group 2 ((270.26+21.67)%) than in
Group 3 ((249.97+24.37)%), but there was no sig-
nificant difference between Groups 1 and 2.

3.3 Mandibular measurements

Mandibular measurements for all groups are
shown in Table 2, and comparisons between groups
are shown in Table 3 (P<0.05). For all six mandibular
measurements in Group 2, the experimental side
(Group 2-2) had significantly smaller dimensions
than the control side (Group 2-1). Differences in
measurements between the control group (Group 1)
and the control side of Group 2 (Group 2-1) were not
statistically significant, except for condylar height. In
contrast, most mandibular measurements of the ex-
perimental side of Group 2 (Group 2-2) had smaller
dimensions than those of the control group (Group 1),
with the exception of condylar length, which was not
significantly different between these two groups.
Comparison between the control group and the bilat-
eral BTX-A group (Group 3) showed shorter lengths
in Group 3, with the exception of the condylar and
coronoid process lengths. Differences between the
experimental side of Group 2 (Group 2-2) and Group 3
were not statistically significant.

4 Discussion

It is essential to understand the process of cra-
niofacial growth and development, especially in the
field of pediatric dentistry. Growth deficiencies or
overgrowth of the mandible may result in malocclu-
sion, which can influence masticatory function as
well as esthetics among growing children. Many
studies have attempted to control skeletal growth with
the aim of restoring normal function and facial ap-
pearance by altering masticatory muscle function.
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Table 1 Mean body weight of rats in the three groups measured weekly during the experimental period

Body weight (g) Weight increase rate
Group T, T 7, T T, (%)
1 91.19+5.72 154.1949.09  220.82+12.74 281.89+15.75  339.71£18.44 273.48+22.14
2 83.19+1.65 135.09+5.85  195.24+9.98 254.74+13.88  308.12+20.46 270.26+21.67
3 88.14+1.28 131.5749.95  191.13+13.89 252.19+19.06  308.60+23.63 249.97+24.37

Group 1: control group (#=20); Group 2: unilateral BTX-A injection group (n=19); Group 3: bilateral BTX-A injection group (n=21). The
weight increase rate was calculated using weights at T, (4 weeks of age, ;) and T (8 weeks of age, W.): (W4—W,)/Wyx100%. T, T>, and T5:
one, two, and three weeks after 7,. Data are expressed as mean+SD

Table 2 Mean mandibular measurements at the time of sacrifice (7, 8 weeks of age) for each group

Group Mandibular body Condylar Coronoid process Ant@rior region Condylar Coropoid process
length (mm) length (mm) length (mm) height (mm) height (mm) height (mm)

1 20.43+0.39 21.89+0.44 19.58+0.43 4.80+0.14 10.81+0.41 13.06+0.34
2-1 20.07+0.44 21.91+0.43 19.43+0.44 4.75+0.12 10.43+0.60 12.95+0.36
2-2 19.74+0.36 21.61+0.51 18.97+0.38 4.50+0.17 9.95+0.36 12.32+0.37

3 19.78+0.59 21.52+0.51 19.24+0.52 4.48+0.15 10.08+0.45 12.48+0.39

Group 1: control group (n=20); Group 2-1: control side of unilateral BTX-A injection group (n=19); Group 2-2: experimental side of
unilateral BTX-A injection group (n=19); Group 3: bilateral BTX-A injection group (n=21). Differences among groups were statistically

significant (P<0.05). Data are expressed as mean+SD

Table 3 Significant differences in mandibular measurements between groups when compared pairwise

Group Mandibular Condylar Coronoid Anteriqr Coqdylar Coronoi.d
body length length process length  region height height process height
1 vs.2-1 NS NS NS NS * NS
1vs.2-2 * NS * * * *
lvs.3 * NS NS * * *
2-1vs.2-2 * * * * * *
2-1vs.3 NS * NS * * *
2-2vs. 3 NS NS NS NS NS NS

Group 1: control group; Group 2-1: control side of unilateral BTX-A injection group; Group 2-2: experimental side of unilateral BTX-A
injection group; Group 3: bilateral BTX-A injection group. NS: not significant; *: a significant difference (P<0.05) between the groups

Horowitz and Shapiro (1955) and Moore (1973) al-
tered masseter muscles by myectomy, resulting in
vertically-directed growth patterns of the mandible. In
another study, denervation of the masseter muscle
resulted in decreased mandibular height and length
(Sato et al., 1986).

In this study, we used a non-invasive method
involving BTX-A injection to alter masseter muscle
function. Surgical denervation and myectomy may
cause scar tissue or damage adjacent structures that
can further alter growth patterns (Gardner et al.,
1980). This study was designed to evaluate the in-
fluence of BTX-A on mandibular development by
comparing changes in dimensions between BTX-A-
injected and saline-injected subjects. Since both sides
of the mandible function as one unit, it is possible to
experience a unilateral BTX-A injection effect lead-
ing to decreased bilateral movement of mandible. For
this reason, growth of the control side of the unilateral
group (Group 2-1) was compared to that of the control

group (Group 1), and growth of the experimental side
of the unilateral group (Group 2-2) was compared to
that of the bilateral BTX-A-injected group (Group 3)
to see whether BTX-A was effective, even though the
mandible functions as a single unit.

4.1 Changes in mandibular measurements

Mandibular measurements were statistically
smaller in Group 3 than in Group 1, with the excep-
tion of the condylar and coronoid process lengths.
The lack of statistical differences for these two
measurements was presumably due to observational
errors stemming from the difficulty in locating the
condylar point and the tip of the coronoid process.
Our finding of statistically smaller dimensions in
Group 3 coincides with that of a previous study (Kim
et al., 2008). In previous studies, histological findings
revealed an inhibitory action of BTX-A due to induced
apoptosis at the proliferation stage of the reserve zone
of condylar cartilage in developing mandibles. The
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current study included unilateral injection because it
enabled the measurement of differences in dimen-
sions between treatments in a single rat, thereby
minimizing subject-dependent variability.

When control and experimental sides of the
unilateral BTX-A group were compared, all meas-
urements showed statistically significant differences.
Similar results were reported in another experiment
using rabbits (Kwon et al., 2007). They found that
BTX-A induces site-specific muscular hypofunction
and influences morphology at a local skeletal site. In
the current study, BTX-A also induced localized
craniofacial growth changes with unilateral effects.

There were some limitations to this study. De-
spite the fact that 63 rats were randomly divided into
three groups, the average weight of the control group
(Group 1) was significantly higher than those of the
other two groups. Therefore, the statistical difference
in mandibular measurements between Groups 1 and 3
may have been influenced by original weight differ-
ences at 7Tp, as well as by the presence of BTX-A.
However, BTX-A injection seemed to have an effect
on skeletal development, as comparisons between
Group 2-1 and Group 3, and between Group 2-2 and
Group 3, showed no significant weight differences.

4.2 Overall body weights and amounts of pellets
consumed

When the weight increase in each group was
compared, there were no statistically significant dif-
ferences between Groups 1 and 2, even though Group 1
started out with a significantly higher average weight.
These findings suggest that unilateral BTX-A injec-
tion did not have systemic effects, but rather localized

effects on mandibular development at the injected site.

This result coincides with those of other studies where
the overall growth of rabbits and rats was not altered
by local injections of BTX-A into the masticatory
muscles (Matic et al., 2007b; Tsai et al., 2011). Re-
duced masticatory function due to the toxin did not
alter the systemic functions of the rats.

However, weight gain was significantly higher
in Groups 1 and 2 compared with Group 3. This
finding coincides with that of our previous study
(Kim et al., 2008), in which we concluded that weight
differences may be the result of reduced muscle to-
nicity and mass induced by bilateral BTX-A injection.

The results pertaining to weight increase also
coincided with our findings regarding pellet weight
measurements. Group 3 rats ate more ground pellets

and fewer standard pellets. Even though the overall
pellet weight was not significantly different between
groups, Group 3 rats ingested increased amounts of
softer ground pellets than standard pellets. This
finding was related to decreased masticatory function
in Group 3 compared with other groups, in keeping
with the findings of Kiliaridis et al. (1985). They
found that consuming ground pellets may alter mas-
ticatory function in rats.

4.3 Limitations of this study

Measuring muscle mass and monitoring elec-
tromyography (EMG) to improve our understanding
of muscle activity should be attempted in future
studies, to improve results and statistical analysis.
Research on masticatory muscles other than the
masseter muscle, including the temporal muscle and
digastric muscles, will help to improve our
knowledge of craniofacial morphology and the spe-
cific influence of masticatory muscles (Ueda et al.,
1998).

This study demonstrated that BTX-A could be
used to inhibit masticatory muscle contraction and to
influence mandible growth. Even though many other
studies have also shown that BTX-A can affect mas-
ticatory muscles and influence skeletal development,
the specific actions of BTX-A remain unknown
(Matic et al., 2007a). Therefore, further studies in-
vestigating the influence of BTX-A on muscle change
and skeletal development must be performed. Clinical
applications of results from these studies may offer
increased possibilities for treating mandibular prob-
lems via non-invasive, non-surgical methods. How-
ever, it is important to remember that BTX-A is not
widely used in the pediatric population, and safe
dosages have yet to be established. Unusual systemic
effects have been reported with repeated injections
(Howell et al., 2007). Therefore, additional studies
are needed to determine the safety profile of BTX-A.

5 Conclusions

This study demonstrated that unilateral injection
of BTX-A was associated with reduced mandibular
growth on the BTX-A-injected side compared with
the non-injected side. Localized BTX-A injection
may induce craniofacial growth changes. Although
both sides of the mandible function as one unit, the
skeletal effects might be unilateral.



Park et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2015 16(1):46-51 51

Compliance with ethics guidelines

Chanyoung PARK, Kitae PARK, and Jiyeon KIM declare
that they have no conflict of interest.

All institutional and national guidelines for the care and
use of laboratory animals were followed.

References

Ahn, K.Y., Kim, S.T., 2007. The change of maximum bite
force after botulinum toxin type A injection for treating
masseteric hypertrophy. Plast. Reconstr. Surg., 120(6):
1662-1666. [doi:10.1097/01.prs.0000282309.94147.22]

Asano, T., 1986. The effects of mandibular retractive force on
the growing rat mandible. Am. J. Orthod. Denofacial Orthop.,
90(6):464-474. [doi:10.1016/0889-5406(86)90106-X]

Clark, G.T., Stiles, A., Lockerman, L.Z., et al., 2007. A critical
review of the use of botulinum toxin in orofacial pain
disorders. Dent. Clin. North Am., 51(1):245-261. [doi:10.
1016/j.cden.2006.09.003]

da Fonseca, M.A., Casamassimo, P., 2011. Old drugs, new
uses. Pediatr. Dent., 33(1):67-74.

Gardner, D.E., Luschei, E.S., Joondeph, D.R., 1980. Alterations
in the facial skeleton of the guinea pig following a lesion
of the trigeminal motor nucleus. Am. J. Orthod., 78(1):
66-80. [doi:10.1016/0002-9416(80)90040-8]

Horowitz, S.L., Shapiro, H.H., 1955. Modification of skull and
jaw architecture following removal of the masseter
muscle in the rat. Am. J. Phys. Anthropol., 13(2):301-308.
[doi:10.1002/ajpa.1330130208]

Howell, K., Selber, P., Graham, H.K., et al., 2007. Botulinum
neurotoxin A: an unusual systemic effect. J. Paediatr.
Child Health, 43(6):499-501. [doi:10.1111/j.1440-1754.
2007.01122.x]

Kiliaridis, S., Engstrom, C., Thilander, B., 1985. The relation-
ship between masticatory function and craniofacial
morphology. I. A cephalometric longitudinal analysis in
the growing rat fed a soft diet. Eur. J. Orthod., 7(4):273-
283. [doi:10.1093/ejo/7.4.273]

Kim, J.Y., Kim, S.T., Cho, S.W., et al., 2008. Growth effects
of botulinum toxin type A injected into masseter muscle
on a developing rat mandible. Oral. Dis., 14(7):626-632.
[doi:10.1111/5.1601-0825.2007.01435 x]

Kim, N.H., Park, R.H., Park, J.B., 2010. Botulinum toxin type

A for the treatment of hypertrophy of the masseter muscle.

Plast. Reconstr. Surg., 125(6):1693-1705. [doi:10.1097/
PRS.0b013e3181d0ad03]

Kwon, T.G., Park, H.S., Lee, S.H., et al., 2007. Influence
of unilateral masseter muscle atrophy on craniofacial
morphology in growing rabbits. J. Oral Maxillofac. Surg.,
65(8):1530-1537. [doi:10.1016/j.joms.2006.10.059]

Matic, D.B., Lee, T.Y., Wells, R.G., et al., 2007a. The effects
of botulinum toxin type A on muscle blood perfusion and
metabolism. Plast. Reconstr. Surg., 120(7):1823-1833.
[doi:10.1097/01.prs.0000287135.17291.21]

Matic, D.B., Yazdani, A., Wells, R.G., et al., 2007b. The
effects of masseter muscle paralysis on facial bone

growth. J. Surg. Res., 139(2):243-252. [doi:10.1016/].jss.
2006.09.003]

Moore, W.J., 1973. An experimental study of the functional
components of growth in the rat mandible. Acta Anat.
(Basel), 85(3):378-385. [doi:10.1159/000144005]

Moss, M.L., Rankow, R.M., 1968. The role of the functional
matrix in mandibular growth. Angle Orthod., 38(2):95-
103. [doi:10.1043/0003-3219(1968)038<0095: TROTFM>
2.0.CO;2]

Sato, Y., Ohmae, H., Takano, T., ef al., 1986. Influence of
unilateral masseteric denervation on the growth of
mandibular condylar cartilage: an autoradiographic study.
J. Osaka Univ. Dent. Sch., 26:177-186.

Scott, A.B., Magoon, E.H., Mcneer, K.W., et al., 1989.
Botulinum treatment of strabismus in children. Trans. Am.
Ophthalmol. Soc., 87:174-180.

Tsai, C.Y., Yang, L.Y., Chen, K.T., et al., 2010. The influence
of masticatory hypofunction on developing rat craniofa-
cial structure. Int. J. Oral Maxillofac. Surg., 39(6):
593-598. [doi:10.1016/j.jjom.2010.02.011]

Tsai, C.Y., Shyr, Y.M., Chiu, W.C., et al., 2011. Bone changes
in the mandible following botulinum neurotoxin
injections. Eur. J. Orthod., 33(2):132-138. [d0i:10.1093/
ejo/cjq029]

Ueda, H.M., Ishizuka, Y., Miyamoto, K., et al., 1998.
Relationship between masticatory muscle activity and
vertical craniofacial morphology. Angle Orthod., 68(3):
233-238. [doi:10.1043/0003-3219(1998)068<0233:RBM
MAA>2.3.CO;2]

h B E

B H: PR ES A BRNSERNT KR THEEKER

BH&m

W FESFNANY IR, Wl A RREER

(BTX-A) X FailEEK K E M.

ST R — AN FRA C2H 2-1) RIszag o (21

2-2) NaE RS IE ST, EE] BTX-A KR

E A K B RN

VU JH 5% i) Sprague-Dawley KR (60 R) F(J‘J‘J'L/\i‘j

= B BN S A 3 R KA R R

2 HHENI RS BTX-A (Xﬂﬂlﬂ&%ffifimm);

53 WS BTX-A. 7255 2 4, g

Az R ER K B — AR e BN (ZH 2-1), T BTX-A

TES I — A sz (4 2-2). WWAJGE, 4b3E

g, T kE, WE TG,

W RE FAEPE N — AN TR R, (H2R/H
VEST BTX-A 75577 A 00 A0 A 4 o508 BA R X 8
il =A  ERIPRRER [N

REI. WEER; MmAEK; T

H #:

BIHT A

T ¥

B



