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ABSTRACT

Theinfluence of botulinum toxin type A on

masticatory efficiency

Hyung Uk Park, D.D.S.
Department of Oral Medicine/Dental Science
The Graduate School

Yonsei University

Botulinum toxin type A, produced by the gram-positive anaerobic bacterium, Clostridium
botulinum act on motor nerve endings and induce muscle relaxation. In dental field, it is used
in treatment of masticatory and facial muscle spasm, severe bruxism, facial tics, orofacial
dyskinesias, dystonias, and idiopathic hypertrophy of the masticatory muscles,
temporomandibular disorders, myofascial pain syndrome and a headache such as chronic
migraine. As botulinum toxin type A adapted in various orofacial regions, it often injected into
masticatory muscle such as masseter muscle and/or temporalis muscle. In case of botulinum
toxin type A injected into masticatory muscles, according to the pharmacological property of
itself, it causes a temporary muscle paralysis, weakness, atrophy and consequently, the change
of masticatory function. However, there’s been some amount of studies on applications and
effects of botulinum toxin type A, but not on change of masticatory function which is the one

of side-effects of botulinum toxin injection. Also, several previous studies on masticatory



function are just concentrated in electromyographic activity of masticatory muscle or
masticatory force after botulinum toxin type A injection.

So, this study was aimed to evaluate the masticatory efficiency after botulinum toxin type A
injection by questionnaire and mixing ability test. Also, we compared the difference of
masticatory efficiency between group that injected into the masseter muscle only and group
that injected into the masseter and temporalis muscle.

It was concluded that masticatory efficiency was significantly lowered after a botulinum
toxin type A injection into the masticatory muscle, but it gradually recovered in a predictable
pattern by the 12 weeks. The disturbance of subjective masticatory efficiency was lasted
longer than objective masticatory efficiency. When botulinum toxin type A was injected into
the masseter and temporalis muscle, the masticatory efficiency was lower than when injection
was done only into the masseter muscle. It was statistically significant in the VAS and FIA at 4
weeks, but the MAI showed no significancy. After 4weeks, there was rapid recovery of muscle
function in masseter and temporalis muscle group, and the difference between two groups was
not significant. It could be concluded that there will be no serious disturbance of mastication
compared to injection is done only into the masseter muscle, even if injection is done into the
masseter and temporalis muscle in dose of this study. According to the food properties, it was
confirmed that people feel more discomfort on taking hard and tough foods after botulinum
toxin type A injection and not only hard foods, but also intake of soft and runny foods were

influenced by botulinum toxin injection.

Key words: Botulinum toxin type A, masticatory efficiency, masseter muscle, temporalis muscle
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|.INTRODUCTION

Botulinum toxin is a biological exotoxin produced by the gram-positive anaerobic bacterium,
Clostridium botulinum. It has been known that botulinum toxin is one of the most potent
bacterial toxin and is responsible for the clinical infection botulism. Botulism (botulus is
sausage in Latin) is a rare but potentially life-threatening motor and autonomic paralytic
syndrome which is first reported by Justinus Kerner, a German physician, in 1817(Erbguth

2004, 2008). He depicted symptom of mydriasis, diplopia, gastrointestinal complaints and



progressive muscle paralysis after intake of meat and blood sausage. It was not until the 1897
that an investigation on an outbreak of food poisoning led to the isolation of bacillus
Botulinum and its toxin by the Belgian microbiologist Emile van Ermengem (Devriese 1999).
It was in the 1920s that botulinum toxin was purified first (Sommer et al. 1926). During the
two World Wars, botulinum toxin was researched as a possible biological weapon (Arnon et al.
2001).

In 1981, botulinum toxin injection into eye muscles to correct strabismus was conducted and,
the therapeutic potentials of botulinum toxin become recognized (Scott 1981). Afterwards, as
a broad range of study was preformed, the FDA approved ‘Oculinum™” as a therapeutic agent
in patients with strabismus, blepharospasm, and other facial never disorders, including
hemifacial spasm in 1989. Since then, the Allergan (Irvine, USA) company changed the name
from ‘Oculinum™ to ‘Botox™”. In 2000, the FDA approved Botox" and botulinum toxin type
B (Myoblock®) as treatment for cervical dystonia. In cosmetic fields, the application of
botulinum toxin type A was first reported in 1992 (Carruthers 1992). Nowadays, it is used in
numerous areas such as the reduction in the intensity of frown and wrinkle lines of the
forehead, glabella, and lateral periorbital area, chin and upper lip wrinkling, nasolabial folds,
nasal flare, and platysma neck bands (Benedetto 1999, Blitzer et al. 1997, Carruthers et al.
2002). In addition, the application of botulinum toxin type A is quite demanding. In dental
field, the clinical use of botulinum toxin type A has been expanded for the past few years. It is
used in treatment of masticatory and facial muscle spasm, severe bruxism, facial tics, orofacial
dyskinesias, dystonias, and idiopathic hypertrophy of the masticatory muscles (Clark 2003).
Also, it is used in the treatment of temporomandibular disorders (Freund et al. 2000),
myofascial pain syndrome (Lang 2002) and a headache such as chronic migraine (Lovell,
Marmura 2010). As botulinum toxin type A adapted in various orofacial regions, botulinum
toxin type A often injected into masticatory muscle such as masseter muscle and/or temporalis

muscle. In case of botulinum toxin type A injected into masticatory muscles, according to the



pharmacological property of botulinum toxin type A itself, it cause a temporary muscle
paralysis, weakness and atrophy. Also, the control of mastication is dependent in large part on
sensory feedback, which consists of epithelial mechanoreceptor afferents, periodontal afferents,
temporomandibular joint afferents and muscle afferents (Soboleva et al. 2005). Change in
afferent input such as botulinum toxin type A injection into muscle can cause modify the
response of the cortex, modify the motor neuron activity, and even initiate irrelevant muscle
activity (Okeson JP, 1993). Subsequently, botulinum toxin type A injection into masticatory
muscle can directly influence on mastication by muscle weakness and atrophy, also indirectly
it can influence on mastication by effect on central pattern generator in brainstem through
modify the sensory feedback from masticatory muscle spindle.

Actually, the most common patient’s complaint after botulinum toxin type A injection is
discomfort in mastication. However, there’s been some amount of studies on applications and
effects of botulinum toxin type A, but not on change of masticatory function which is the one
of side-effects of botulinum toxin type A injection. Also, several previous studies on
masticatory function are just concentrated in electromyographic activity of masticatory muscle
or masticatory force after botulinum toxin type A injection.

Mastication is the process by which food is crushed and ground by teeth aimed at the
preparation of food for swallowing. It is a process involving activities of the facial, the
elevator and suprahyoid muscles, and the tongue (van der Bilt et al. 2006). Besides the muscle,
the teeth are important in terms of form the occlusion. Another important factor in mastication
is bite force which is depends on muscle activity or coordination of various masticatory
muscles. Also, neuromuscular control and saliva are essential for mastication. In other words,
mastication is a dynamic and complex process.

This process is not simply breaking down of food for deglutition, but also it is in close
contact with oral health, general health and quality of life of individual. So the evaluation of

masticatory function is very significant thing in dental fields.



Meanwhile, the studies on masticatory function in dental fields are mainly concentrated in
prosthodontics (Fueki et al. 2007, Kim et al. 2011) and orthodontics (Zarrinkelk et al. 1995)
which is relate to the change of occlusion after dental treatment. But, it is rare on evaluation of
masticatory function due to change in masticatory muscle itself or muscle activities in spite of
muscle is also changeable factor in masticatory system.

Various methods have been used to evaluate the masticatory function. These methods are
classified into two categories; subjective and objective methods. The subjective methods
evaluate the masticatory ability by self-assessment questionnaire or interview. The objective
methods evaluate the masticatory performance, such as measuring the maximum bite force
(Okiyama et al. 2003, Tsuga et al. 1998, Lepley et al. 2011), electromyography of masticatory
muscle (Gonzalez et al. 2011), masticatory efficiency (Manly, Braley 1950, Edlund, Lamm
1980, Sato et al. 2003), occlusal contact area (Owens et al. 2002) and malocclusion
(Magalhaes et al. 2010, Okeson 1995). Whereas other methods are static analysis, masticatory
efficiency is dynamic analysis, and it is more suitable for evaluation of masticatory function in
reflect the real masticatory state than any other static analysis. But, there is no study on
masticatory efficiency after botulinum toxin type A injection into the masticatory muscles.

So, this study was aimed to evaluate the masticatory efficiency after botulinum toxin type A
injection by questionnaire and mixing ability test. Also, we compared the difference of
masticatory efficiency between group that botulinum toxin was injected into the masseter
muscle only and group that botulinum toxin was injected into the masseter and temporalis

muscle.



. SUBJECTSAND METHODS

1. Subjects

This study was approved by the institutional review board committee of Yonsei School of
Dentistry (No. 2-2011-0018), and met the requirements of the Declaration of Helsinki (1989)
for prospective clinical studies with humans at enrolment. An informed consent was obtained
from each subject before the start of the study. A total of 40 healthy subjects participated in
this study. They were recruited voluntarily from March to July, 2011. All of the subjects had at
least 28 teeth with a complete natural dentition with Angle Class I molar relationship. Also,
the exclusion criteria for this study was dental pathologies or temporomandibular disorders,
any missing teeth, implant and/or artificial teeth in molar area, teeth do not occluded in molar
area, having been injected previously with botulinum toxin type A within the last three months
of study entry, a woman of pregnancy or possible pregnancy, lactating women, those who
received anti-spastic or muscle relaxant medication within one month of study entry, those
who have a history of hypersensitivity to botulinum toxin type A, drug allergy and/or any
other serious medical illness.

The subjects were randomly assigned into two groups according to the random number table.
The assignment ratio was equal between the two groups. One group (M group, n=20) had an
injection into the masseter muscle only, and the other group (M-T group, n=20) had an

injection into the masster and temporalis muscle.



2. Methods

The masticatory efficiency was evaluated by the Visual Analogue Scale (VAS), Food Intake
Ability (FIA) and Mixing Ability Index (MAI) before injection and 4, 8, 12 weeks after

botulinum toxin type A injection. Subjects were also interviewed about adverse reactions.

2.1. Injection of botulinum toxin typeA

The Meditoxin® (Medy-Tox, Seoul, Korea) was used in this study. Two hundred units of
Meditoxin® obtained as a freeze-dried powder was reconstituted to a concentration of
5U/0.1mL using 4mL of 0.9% sterile, nonpreserved saline. It was consumed immediately after
reconstitution. The intramuscular injection was administered by means of a 1ml-syringe with a
29-gauge, and a 1/2-inch needle.

In M group, 25U of botulinum toxin type A was injected into two points of each side (50U
in total) at the lower middle third of the whole masseter muscle, which were located upper and
lower side, 1 cm away from each other. In M-T group, botulinum toxin type A was injected
into the masseter muscle as we had conducted in M group and 25U of botulinum toxin type A
was injected into the three points of each side of the temporalis muscle at the bulkiest point
which located horizontally, 1cm away from each other. Consequently, 100U of botulinum

toxin type A was injected into the masseter and temporalis muscle, in total (Fig. 1).

Figure 1. Injection point of botulinum toxin type A in masseter and
temporalis muscle



2.2. Visual Analogue Scale (VAS) and Food Intake Ability (FIA)

The subjective masticatory efficiency was assessed by the Visual Analogue Scale (VAS) and
Food Intake Ability (FIA). Subjective cognition on overall masticatory ability was evaluated
through the VAS. The FIA questionnaire was prepared using 30 food items to quantify the

subjective masticatory ability.

2.2.1. Visual analogue scale (VAS)

The VAS was checked to assess the overall masticatory ability of subjects themselves in a
10-cm segment. The left end means ‘the worst imaginable’ and the right end means ‘the best
imaginable’. The VAS score is determined by measuring from the left hand end of the line to

the point that the patient marks (Fig. 2).

Subjective cognition on masticatory ability — Visual Analogue Scale

Thewor st Thebest

0 10
| |

Please mark the V on the line.

Figure 2. Visual Analogue Scale (VAS) for evaluation of masticatory efficiency



2.2.2. Food IntakeAbility (FIA)

The FIA questionnaire asked whether the subjects could chew the 30 food items. Thirty food
items were selected from earlier study, and categorized into three groups according to the
principle component factor analysis (varimax rotation) which is done earlier study (Kim et al.
2009). As a result, thirty foods divided into three groups according to similar properties; hard
and tough food group (15 Items, Dried filefish, Raw carrot, Dried cuttlefish, Dried peanut,
Pickled radish, Glutinous rice cake, French baguette, Hard persimmon, Caramel, Hard rice
cracker, Steamed short ribs, Hard boiled burdock, Cubed white radish kimchi, Apple, Roast
beef), moderate hardness food group (8 Items, Yellow melon, Stuffed cucumber pickle,
Watermelon, Noodles, Mandarin, Cabbage kimchi, Steamed potato, Rib of pork) and soft and
runny food group (7 Items, Ham, Soybean curd, Boiled fish, Boiled chicken meat, Boiled fish
paste, Boiled rice, Sweet jelly of red beans).

The FIA questionnaire consisted of five-point Likert scales: ‘cannot chew at all (1 point)’,
‘difficult to chew (2 points)’, ‘cannot say either way (3 points)’, ‘can chew some (4 points)’

and ‘can chew well (5 point)’, ‘never eaten (missing)’(Table 1).



Table 1. Questionnaire for the evaluation of food Intake Ability (FIA)

Foods list

Cannot
chew at all

Difficult
to chew

Cannot
say either
way

Can
chew
some

Can
chew
well

Never
caten

. Ham

. Boiled rice

. Boiled fish

. Boiled fish paste

. Sweet jelly of red beans

. Boiled chicken meat

Apple

. Soybean curd

Ol |N|la|lu|lr|lwN|~

. Hard rice cracker

—_
=]

. Dried peanut

—
—

. Raw carrot

—
N

. Pickled radish

—_
W

. Dried cuttlefish

—_
N

. French baguette

—
9]

. Caramel

—_
(o))

. Glutinous rice cake

—_
\]

. Hard boiled burdock

—_
o]

. Watermelon

—_
Nel

. Noodles

N
S

. Mandarin

[\S]
—

. Yellow melon

N
N

. Stuffed cucumber pickle

[\e)
W

. Cabbage kimchi

)
~

. Rib of pork

N
W

. Hard persimmon

[\
(@)

. Cubed white radish kimchi

N
~

. Roast beef

[\
o]

. Steamed short ribs

N
Ne)

. Steamed potato

(O8]
S

. Dried filefish




2.3. Mixing Ability Index (MAI)
To measure the objective masticatory efficiency, the Mixing Ability Test reported by Sato et
al. (2003) was employed. This method evaluates the masticatory efficiency by analyzing the

degree of color mixed and wideness of chewed wax specimen.

2.3.1. Fabrication of wax specimen
For this study, wax specimen was fabricated with the same design as Sato’s study (2003). It
was fabricated using red and green colored utility wax (Daedong Industry, Daegu, Korea).

First, the sized of 2 x 2 x 12mm’ wax was sticked together parallelly to form a wax sheet. Six
sheets were stacked up in lattice structure, and formed a 12 x 12 x 12mm’ sized wax cube (Fig.

3). Fabricated wax specimen was refrigerated prior to use for prevent the mixing of color and

it was used immediately after taken from the refrigerator.

12mm

Figure 3. Wax specimen

2.3.2. Chewing test

Chewing study was done before injection and at 4, 8, and 12 weeks after injection. Subjects
were instructed to chew the wax cube ten times with two seconds interval in a normal chewing
pattern just using one’s own habitual masticatory side. This procedure was repeated three

times. Because the chewing speed can modify the masticatory efficiency, examiner directed to

10



subject chew the wax specimen. The subject who does not have habitual masticatory side was
instructed to chew the wax only one side throughout the study.
All measurements were made with the subject seated with the head upright, looking forward,

and in an unsupported natural position.

2.3.3. Photographing and digital image analysis

Digital images of the chewed wax specimen (Fig. 4) were taken using a digital camera
(NIKON COOQOLPIC 4500, Japan) with a 30 cm distance between the camera and subject under
standardized fluorescent lighting conditions. Both sides of wax specimen was photographed,
because the differences in degree of color mixing between front and back side, although they

are same in size and shape. The digital images were saved as JPEG files.

Figure 4. Chewed wax specimen

The digital images were analyzed using a digital image analyzer (Image pro plus 6.0, Medic
Cybernetics corp., USA) to obtain information on the color and configuration. In program, we
obtained two kinds of digital images: a monochrome image and a color image. On the
monochrome image, the total projection area (AH), the projection area above 50 (m in
thickness (A), the maximum length (ML) and the maximum breadth (BD) were measured. On

the color images, the green area (GA) and the red area (RA) were measured (Fig. 5).

11
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Figure 5. Schematic image from the chewed wax specimen (from Sato et al., 2003)

The following four parameters were calculated from the measured items as Sato et al. (2003)

suggested.
1. MIX: The ratio of color mixed area

MIX = 100 - (GA + RA)/A x 100

2. TR: The ratio of area above 50um in thickness to total projection area

TR =100 - A/AH % 100

3. LB: The ratio of maximum length to maximum breadth
LB =ML/BD

4. FF: The shape factor shows how flat the sample is

FF=ML? x /4 x AH x 100

All procedures for image analysis were performed by a single independent examiner to

reduce the error.

12



2.3.4. Calculation of Mixing Ability Index (MALI)
MAI was obtained by applying the four parameters to discriminant function which is
suggested by Lee et al. (2008)
MAI=0.100 x MIX - 0.015 x TR + 0.298 x LB

+0.000 x FF - 0.001 x AH - 7.336

2.4. Statistical analysis

Linear mixed models for longitudinal data was carried out to analysis the VAS, FIA and
MALI in process of time and compare M group and M-T group. The interaction between times
and groups was evaluated by compound symmetry covariance structure or banded toeplitz
covariance structure. A Bonferroni’s correction was used for post hoc analysis. A p—value of <
0.05 was considered statistically significant. All statistical analyses were performed using

SAS® Version 9.2 Windows Statistics Program (SAS Institute Inc., Cary, NC, USA).

13



IIl. RESULTS

40 subjects distributed between the ages of 21 and 42 years (16 males, 24 females, mean age:
28.0 £ 9.19). In M group, of the 20 subjects, 8 were male and 12 were female, with a mean
age of 28.3 (£ 5.1) years. In M-T group, of the 20 subjects, 8were male and 12 were female,
with a mean age of 27.7 (+4.9) (Table 2.).

No subjects withdrew from this study. There were no adverse events during this study

associated with botulinum toxin type A injection.

Table 2. Demographic characteristics of subjects

M group (n=20) M-T group (n=20)
Male/Female (n) 8/12 8/12
Age (years) 28.3%5.1 27.744.9

14



3.1. The VAS, FIA and MAI following botulinum toxin typeA injection

Table 3 presents the changes of the VAS, FIA and MAI during 12 weeks after botulinum
toxin type A injection. All the VAS, FIA and MAI were declined substantially at 4 weeks and
it gradually recovered with time.

In M group, the VAS was significantly lower at 4 and 8 weeks compared to baseline (p-value:
<.0001, 0.0037, respectively), but it was not significant at 12 weeks (p-value: 1.0000). In M-T
group, the VAS was significantly lower at 4, 8 and 12 weeks (p-value: <.0001, <.0001, 0.0476,
respectively). Totally, compared to pre-injection, the VAS was significantly lower at 4, 8 and
12 weeks (p-value: <.0001, <.0001, 0.01, respectively).

As for the FIA, in M group, it was significantly lower at 4 and 8weeks compared to baseline
(p-value: <.0001, <.0001, respectively), but not at 12 weeks (p-value: 0.2916). In M-T group,
the FIA was significantly lower at 4, 8 and 12 weeks (p-value: <.0001, <.0001, 0.0003,
respectively). Totally, compared to pre-injection, the FIA was significantly lower at 4, 8 and
12 weeks (p-value: <.0001, <.0001, <.0001, respectively).

The MAI was significantly lower than pre-injection at 4 and 8 weeks (p-value: 0.0006,
0.0164, respectively), but not at 12 weeks (p-value: 1.0000) in M group. In M-T group, the
MAI was significantly lower only at 4 weeks (p-value: 0.0010). In 8 and 12 weeks, the MAI
was lower than pre-injection, but it was not significant (p-value: 0.0812, 1.0000, respectively).
Totally, at 4 and 8 weeks, the MAI was significantly lower than pre-injection (p-value: <.0001,
0.0004, respectively). At 12 weeks, the MAI was lower than pre-injection but it was not

statistically significant (p-value: 0.54).

15



Table 3. The changes of the VAS, FIA and MAI with time

Pre-injection 4 weeks 8 weeks 12 weeks
M group 9.05+0.85 6.92£2.38"  7.57£1.30 8.45+1.04
VAS M-T group 8.84+0.96 52242.17° 6.72+1.80°  7.69+1.64
Total 8.95+0.25 6.07£0.25°  7.14£025"  8.07£0.25
M group 4.96+0.10 4.50+0.80°  4.51+0.63" 4.81+0.38
FIAT . * *
M-T group 4.88+0.34 4.15+0.78 4.35+0.72 4.56+0.64
Total 4.92+0.07 432+0.07°  4.43+0.07°  4.81+0.07
M group 0.88+0.43 0.19+1.13°  0.23+0.94" 0.59+0.73
MAI* .
M-T group 0.77£1.09  -0.02+1.00 0.13+0.80 0.62+0.90
Total 0.83+0.14 0.09£0.14"  0.18+0.14 0.61+0.14

Values are given as mean + standard deviation

§: Visual Analogue Scale
t: Food Intake Ability

#: Mixing Ability Index

*: p-value < 0.05 (compared to pre-injection)

16



3.2. Comparison between M group and M-T group
3.2.1. Visual Analogue Scale (VAS)

Figure 6 presents the VAS results of both groups with time. In M group, compared with pre-
injection state (9.05+0.85), a large decline of the VAS was detected at 4weeks (6.92+2.38),
and it gradually recovered as time goes to 8 weeks (7.57+1.30) and 12 weeks (8.45+1.04). In
the same manner, in M-T group, the VAS showed a significant decrease at 4weeks (5.22+2.17)
compared with the baseline (8.844+0.96), and it gradually recovered as time goes to 8weeks
(6.72+1.80) and 12 weeks (7.69+1.64).

The VAS of M-T group was much lower than M group in 4weeks, and it was statistically
significant (mean difference: 1.70, p-value: 0.0011). In 8 and 12 weeks, the VAS of M-T group
was lower than M group, but it was not significant (mean difference: 0.85, 0.77, p-value:

0.0975, 0.1355, respectively).

17
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Figure 6. The VAS of two groups following botulinum toxin typeA injection

Values are given as mean and standard error
+: M group: Injection into the both masseter muscles
1: M-T group: Injection into the both masseter and temporalis muscles
*: p-value < 0.05 (compared to M group)
**: p-value < 0.05 (compared to pre-injection)

(n =20 in each group)
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3.2.2. Food Intake ability (FIA)

Figure 7 presents the FIA results of both groups with time. In M group, compared with pre-
injection state (4.96+0.10), a large decline of the FIA was detected at 4 weeks (4.50+0.80),
and it gradually recovered as time goes to 8 weeks (4.51£0.63) and 12 weeks (4.81+0.38). In
the same manner, in M-T group, the FIA showed a significant decrease at 4weeks (4.15+0.78)
compared with the baseline (4.88+0.34), and it also gradually recovered as time goes to 8
weeks (4.35+0.72) and 12 weeks (4.56+0.64).

In 4 weeks, the FIA of M-T group was significantly lower than M group (mean difference:
0.35, p-value: 0.0112). In 8 and 12 weeks, M-T group was lower than M group, but it was not
significant (mean difference: 0.16, 0.25, p-value: 0.2445, 0.0670, respectively).

Figure 8 presents the changes of the FIA according to food properties with time and
differences of two groups. In all food groups, the FIA was sharply decreased at 4 weeks and as
time goes, it showed a pattern of gradual recovering. In all groups, it was statistically
significant in 4 and 8 weeks. Especially, the pattern was remarkable at hard and tough food
group. Only the hard and tough food group in M-T group, the FIA was also significantly lower
at 12 weeks (p-value: 0.0118) compared with pre-injection state.

Compared the M-T group with M group, the FIA of M-T group was lower in all food groups.
There was significant difference between two groups was noted in hard and tough food group
and moderate hardness group at 4 weeks (Mean difference: 0.57, 0.31, p-value: 0.0186, 0.0325,
respectively). In 8 and 12 weeks, it was not significant in hard and tough food group (Mean
difference: 0.28, 0.41, p-value: 0.2449, 0.0917, respectively) and moderate hardness food
group (Mean difference: 0.16, 0.24, p-value: 0.2644, 0.0935, respectively). In soft and runny
food group, it was not significant at 4, 8 and 12 weeks (Mean difference: 0.16, 0.03, 0.09, p-

value: 0.1251, 0.7511, 0.3467, respectively).
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Figure 7. The FIA of two groups following botulinum toxin typeA injection

Values are given as mean and standard error

+: M group: Injection into the both masseter muscles

1: M-T group: Injection into the both masseter and temporalis muscles

*: p-value < 0.05 (compared to M group)

**: p-value < 0.05 (compared to pre-injection)

(n=20 in each group)
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Figure 8. The differences between two groups with time according to the food
properties

Values are given as mean

+: M: Injection into the both masseter muscles

1: M-T: Injection into the both masseter and temporalis muscles

#: Spl: hard and tough food group

$: Sp2: moderate hardness food group

~: Sp3: Soft and runny food group

*: p-value < 0.05 (compared to M group)

**: p-value < 0.05 (compared to pre-injection)

(n=20 in each group)
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3.2.3. Mixing Ability Index (MAI)

Figure 9 presents the MAI results of both groups as time. In M group, compared with pre-
injection state (0.88+0.43), a Sharp drop of the MAI was detected at 4 weeks (0.19+1.13). It
gradually recovered as time goes to 8 weeks (0.23+0.94) and 12 weeks (0.59+0.73). As with
the M group, in M-T group, the MAI showed a significant decrease at 4weeks (-0.02+1.00)
compared with the baseline (0.77+1.09), and it gradually recovered as time goes to 8 weeks
(0.13£0.80) and 12 weeks (0.62+0.90).

Compared with the M group, there was a remarkable decrease and rapid recovery of the MAI
in M-T group. However, no significant difference was detected between two groups at 4, 8 and

12 weeks (Mean difference: 0.22, 0.11, -0.03, p-value: 0.4490, 0.7108, 0.9121, respectively).
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Figure 9. The MAI of two groups following botulinum toxin typeA injection

Values are given as mean and standard error

+: M group: Injection into the both masseter muscles
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V. DISCUSSION

Botulinum toxin is a potent biological toxin produced by clostridium botulinum, which is
exists in 7 different serotypes named A, B, C, D, E, F and G. Although all the types can inhibit
the acetylcholine release, their intercellular target protein, characteristic action and their
potencies vary substantially (Dressler, Saberi 2005). Botulinum toxin type A is known to be
the most potent and lasting the longest among these seven serotypes, and it has proven to be a
most valuable treatment for focal muscle hyperactivity disorders (Clark et al. 2007).
Botulinum toxin type A injected into the skeletal muscle belly prevents the release of
acetylcholine by blocking the Ca** from the presynaptic axon of the motor endplate and blocks
signal transmission at the neuromuscular junction. This process reduces muscle contraction,
inducing a weakness condition (Melling et al. 1988). In orofacial region, botulinum toxin type
A injected into the masticatory muscle induces masticatory muscle weakness necessarily and
subsequently atrophy of masticatory muscle. So patients feel discomfort on mastication.

In relation to the botulinum toxin type A injection on masticatory muscle, most of the reports
are concentrated on esthetics such as masseter hypertrophy (Moore, Wood 1994, Muharraqi et
al. 2009) or temporalis hypertrophy (Isaac 2000, Prantl et al. 2005). Studies on masticatory
functional changes are extremely rare, and only biting force change after botulinum toxin
injection had studied (Ahn, Kim 2007). But evaluation of biting force or electromyographic
activity has a limitation that it is just a static analysis on mastication.

Previously mentioned, because the masticatory system is a very complex and organic system,
if functional or structural changes happen in any one of the component of the masticatory
system, it may be reflected by functional or structural disorder in any other compotent. The
masticatory system has ability to wide range of adaptive modalities respond to transient and/or

permanent demands (Soboeva et al. 2005). So this system, like any other biological system,
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cannot be viewed as a rigid and immutable, and dynamic analysis is crucial in study of this
system.

Among the various objective methods for evaluating masticatory function, masticatory
efficiency is a dynamic analysis which reflects the one’s real masticatory state unlike others. It
was first introduced in 1950 (Manly, Braley 1950). It analyzed the degree of breakdown of a
food by sieving the comminuted peanuts. From then on, many studies using various test foods
such as peanuts, almonds, carrots and synthetic materials have been done (Imaoka et al. 1989,
Olthoff et al. 1984, Goiato et al. 2010). Sieving method was used in many clinical fields and it
is still used today, but it has limitations that the data results are not consistent. To get the
reliable data results, several trials should be performed. Also, in clinical field, it is complex to
use. Unlike comminution methods, a wide variety of methods have been developed and used
to analyze the masticatory efficiency such as measuring color change in chewing gum
(Liedberg, Owall 1995, Matsui et al. 1996, Ishikawa et al. 2007), sugar loss form chewing
gum (Heath 1982) and photometric methods to quantify changes in color (Gunne 1983). Since
then, mixing and kneading of two colored gum (Prinz 1999) or wax (Sugiura et al. 2009)
methods was developed and now most commonly used. It was evaluated the masticatory
efficiency by the degree of mixing of two colors.

Mixing Ability Index (MAI) using two colored wax cube was developed by Sato et al. (2003).
This method is easy to utilize in clinical fields and showed a reliability, validity and
responsiveness for measuring the masticatory performance (Sato et al. 2003). It has been used
in many dental fields (Otomaru et al. 2009, Tumrasvin et al. 2006).

For subjective methods, the FIA questionnaire composed of 30 types of Japanese foods was
used as an effective tool for evaluation of masticatory function (sugihara et al). Based on the
Sugihara et al., Kim et al. developed new FIA questionnaire composed of 30 types of Korean
foods and applied it on Korean adults (Kim et al. 2009, Jeong et al. 2010). But, there’s no

study on relation to the botulinum toxin injection.

25



Therefore, this study aimed to evaluate the change of masticatory efficiency after botulinum
toxin type A injection by the VAS, FIA adopted from earlier study (Kim et al. 2009) and the
MAI which is developed by Sato et al. (2003). Furthermore, we evaluated the differences of
masticatory efficiency between masster muscle injection group and masseter and temporalis
muscle injection group.

In terms of this study, the MAI was decreased after botulinum toxin injection in both M group
and M-T group. Especially, it was markedly reduced at 4weeks. Since then, it was recovered
gradually. This result is similar as previous study in that biting force change after botulinum
toxin injection (Ahn, Kim 2007). In that study, the maximum bite force decreased remarkably at
2 weeks and it gradually recovered as time goes to 4, 8 weeks by 12 weeks, and in 12 weeks, it
was still lower than pre-injection state, but it was not significant. Similar to the decrease of biting
force, the masticatory efficiency also decreased. Also, the efficiency was recovered by the 12
weeks as similar to the pattern of biting force. Although mastication is affected by many factors,
it seems that the change of major masticatory muscle have a greater impact on masticatory
efficiency. Molecular biologically, these results coincide with our results. Reversal of local
paralysis occurs initially by neural sprouting with re-innervation of the muscle (Holds et al. 1990)
and ultimately by regeneration of the acetylcholine vesicle docking proteins (Borodic et al. 2001),
which restores function in 1 to 4 months. Other study showed that new neuromuscular junctions
are formed by a process of presynaptic axonal sprouting. The duration of muscle paralysis is
usually between 2 and 4 months with a gradual recovery of full function thereafter (Duchen
1971).

The FIA and VAS was also showed a similar pattern as the MAIL But, unlike the MAI, the
FIA and VAS was significantly decreased still at 12 weeks. Subjective discomfort on
mastication was lasted longer than actual problem in masticatory efficiency. Correlation test
between the VAS, FIA and MAI was not conducted in this study, but other studies on

masticatory function have shown the moderate correlation of VAS and MAI, FIA and MAI
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(Kim et al. 2009, Ahn et al. 2011).

Compare the M-T group with the M group, the VAS, FIA and MAI decreased much more in
M-T group. The difference between two groups was evident at 4 weeks, and it was statistically
significant in the VAS and FIA, but not in the MAI. The reason for the difference was noted
only in subjective methods is can be suspected that when subjects check the VAS and FIA,
they evaluated their masticatory efficiency by just their biting force, not by overall masticatory
efficiency. In 8 and 12 weeks, there was no significant difference between two groups in the
VAS, FIA and MALI There was a rapid recovery of biting force after 4weeks in M-T group.

It can be explained that masseter muscle has more responsibility in mastication than
temporalis muscle. So there was no significant difference of the MAI between two groups in
this study. In earlier study, masseter muscle showed higher EMG than temporalis muscle in
masticatory situation (Adhikari et al. 2011).

In clinical field, botulinum toxin is injected into not only the masseter muscle but also
temporalis muscle for treatment of sleep bruxism or myofascial pain of masticatory muscle,
etc. There have been worried about worsen of masticatory function when injection is done into
the masster muscle, besides the temporalis. But, it seems that the disturbance of masticatory
function is not severely noticeable than injection is done only into the masseter muscle in dose
of this study.

But, as mentioned above, the values in M-T group is generally lower than M group although
it was not significant. These results can be explained that the botulinum toxin was injected into
two major masticaroty muscles in M-T group, while only one major muscle was injected in M
group. So, if study design is modified such as more units of botulinum toxin are injected into
the temporalis muscle and/or more subjects are participated, the result might be significant and
more definitive.

In evaluation of the FIA according to the food properties, it was noted that the FIA of all food

groups was remarkably decreased at 4 weeks and it gradually recovered as time goes. There
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were variances among food properties. Hard and tough food group showed marked change
during 12 weeks. Disturbance of food intake ability was much more affected when we intake a
type of hard and tough foods, and it lasted longer than any other food type. The FIA was not
fully recovered at 12 weeks in M-T group. As expected, subjects felt more discomfort on
mastication of hard foods than soft foods. The total amount of EMG activity has been shown
to depend on the hardness of the food: more EMG activity is observed for harder foods
(Agrawal et al. 1998, Mioche et al. 1999). The character of the food influences the chewing
pattern (BEYRON 1964) and the opening length depends on the size and hardness of the food
bolus (Lucas et al. 1986). The harder the food, the more chewing strokes are needed (Horio,
Kawamura 1989). It seems that people evaluate their masticatory ability by hard foods rather
than soft foods. This result is similar as hard foods showed higher correlation with the bite
force than soft foods (Kim et al. 2009) and breakdown of hard foods is more strongly
correlated with the maximum bite force (Salleh et al. 2007). Also, there was a significant
change of the FIA in soft foods group. It can be explained that not only hard and tough foods,
but also soft and runny foods are affected by the botulinum toxin type A injection. In
comparison of both two groups according to the food properties, general value of the FIA was
lower in M-T group. There was marked difference was finding in hard and tough food group
and moderate hardness group in 4 weeks and, not in 8 and 12 weeks. As mentioned above, it
seems that there is a rapid recovery after 4 weeks.

There’s an opinion that the subjective methods related to the FIA can more reflect the one’s
real state better than objective methods (Takata et al. 2006, Sugihara et al. 1989). To evaluate
the precise masticatory function, subjective methods as well as objective methods should be
considered together.

A several limitations of this study were detected as the study progress. First, for blind test,
as for the M group, it would be better that botulinum toxin injection is done into the masseter

muscle and saline injection is done into the temporalis muscle. It might be influence the
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subjective evaluation. Seconds, the subjects were not familiar with the wax specimen. It would
be better that wax was chewed by subjects preliminarily before the entry of the study. Third, if
the subject enrollment was done through the pilot study within a certain limited range with
similar MAI, the results would be more precise. Forth, as for the FIA, it would be needed to
control the food, and subject must eat the food throughout the study. Also, the individual
recognition on food might be different. Therefore, more detailed explanation of the properties
and hardness of each food in the questionnaire might help decrease the individual variation.
Finally, a longer follow-up will be needed to determine the definitive duration of recover the

masticatory efficiency.
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V. CONCLUSION

We may conclude that masticatory efficiency was significantly lowered after botulinum toxin
type A injection into the masticatory muscle, but it gradually recovered in a predictable pattern
by the 12 weeks. The disturbance of subjective masticatory efficiency was lasted longer than
objective masticatory efficiency. When botulinum toxin type A was injected into the masseter
and temporalis muscle, the masticatory efficiency was lower than when injection was done
only into the masseter muscle. It was statistically significant in the VAS and FIA at 4 weeks,
but the MAI showed no significancy. After 4weeks, there was rapid recovery of muscle
function in M-T group, and the difference between two groups was not significant. It could be
concluded that there will be no serious disturbance of mastication compared to injection is
done only into the masseter muscle, even if injection is done into the masseter and temporalis
muscle in dose of this study. According to the food properties, it was confirmed that people
feel more discomfort on taking hard and tough foods after botulinum toxin type A injection
and not only hard foods, but also intake of soft and runny foods was influenced by botulinum

toxin injection.
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