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Main Points
+ Theincisor protrusion did not affect the electromyography activities of the orbicularis oris superior and masseter muscles at rest position.

Differences in maximum contraction electromyography measurements of orbicularis oris superior and masseter muscles were observed after
6 months.

Changes in functional structures should also be taken into account in terms of stability.

ABSTRACT

Objective: This prospective study aimed to evaluate the orbicularis oris superior and masseter muscle activity changes after upper
incisor protrusion in Cll/2 malocclusion.

Methods: A total of 20 patients (mean age 10.29 + 0.90 years) with Cll/2 malocclusion were selected for the study group. A total of
15 patients (mean age 10.56 + 1.06 years) with Angle Class | malocclusion were recruited as control. Upper incisors were protruded
with utility arch in the study group. Muscle activities were evaluated with Biopac MP150 surface electromyography device before and
after upper incisor proclination and at the 6-month retention. Orbicularis oris superior and left-right masseter muscles were recorded
during rest electromyography and maximum contraction electromyography. Repeated measures and two-way repeated-measures
analysis of variance with Bonferroni correction were used for statistical analysis.

Results: A significant change occurred over time in orbicularis oris superior (P < 0.001), left masseter (P < 0.01) and right masseter
(P < 0.05) maximum contraction electromyography in the Cll/2 group. However, a significant difference was not found between
groups P> 0.05. In the ClI/2 group, orbicularis oris superior maximum contraction electromyography value was increased after upper
incisor protrusion and this increase remained stable. Left masseter and right masseter maximum contraction electromyography mea-
surements were decreased after protrusion and then increased after retention significantly. Rest electromyography values for all
muscles were not statistically significant. No significant differences with the control group were found.

Conclusion: Upper incisor protrusion increased orbicularis oris superior activity and the increase remained stable after retention.
Masseter activities decreased after protrusion and then increased to the initial values. These changes did not show significant differ-
ences with the control group.

Keywords: Angle Class Il Division 2 malocclusion, EMG activity, orbicularis oris muscle, masseter muscle

INTRODUCTION

Angle Class Il Division 2 (Cll/2) malocclusion is characterized by decreased overjet and increased overbite with
severe retroclination of the upper incisors. Genetics is given importance in etiology, but environmental factors
related to lips, cheeks, and tongue are also held responsible. While some studies hold the high lower lip line
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responsible for the backward position of the upper incisors,'?
some studies point to strong masseter muscles and increased
masticatory forces.>*

Electromyography (EMG) involves monitoring and interpretation
of electrical activities generated by muscle contraction. While
evaluating the activities of the muscles, it is possible to record
during rest and functions such as chewing, swallowing, and
clenching. The aim of orthodontic treatment is not only to pro-
vide ideal occlusion but also to ensure balance and stability of
the entire stomatognathic system. Therefore, electromyographic
evaluations have become more important in diagnosing and
monitoring orthodontic treatments, as it is a noninvasive, objec-
tive, and precise method.?

In recent studies, the orbicularis oris muscle activity of individuals
with ClI/2 malocclusion has been investigated and various results
have been reported.?® Lapatki et al.? found no statistically signifi-
cant difference between the groups in which they evaluated the
orbicularis oris inferior, orbicularis oris superior (O0S), depressor
labii inferior, and mentalis muscle activities of patients with Cll/2
and Angle Class | malocclusion. Lowe and Takada,® on the other
hand, reported that the orbicularis oris muscle amplitudes at rest
and during maximum intercuspation of Cll/2 malocclusion were
higher compared to Angle Class | and Angle Class Il division 1 (CI/1)
malocclusions. It was also stated that the amplitude was related to
the retroclined upper central incisors and the occlusal plane.

It has been shown that the form and functions of the masticatory
muscles are closely related to the morphological features of the
muscles and related skeletal structures.”® On the contrary, it is
necessary to consider that the changes that will occur in the hard
tissues during orthodontic treatment will also cause a response
in the muscles. In this respect, the compatibility of functional
structures of patients with Cll/2 malocclusion to hard tissue
changes occurring in the early development stage is unknown.
Therefore, the first aim of this study was to investigate the muscle
activities of Angle Class | and Angle Cll/2 malocclusions. The sec-
ondary aim was to evaluate whether increasing the inclination
of the upper incisors in Cll/2 malocclusion causes any changes in
the OOS and masseter muscle activities. The null hypothesis was
that increasing the inclination of the upper incisors would not
change the muscle activities.

METHODS

A prospective study was conducted in accordance with the
Declaration of Helsinki guidelines and was approved by the
Ethics Committee of Hacettepe University (Approval number
KA-15027). A total of 35 patients and their parents were informed
about the purpose of this study, and they were asked to sign an
informed consent form.

The study group consisted of 20 subjects (mean age: 10.29 +
0.90 years) with ClI/2 malocclusion. The inclusion criteria in the
study group were: (1) horizontal growth pattern, (2) overbite
greater than 4 mm, (3) retroclined upper incisors, (4) cusp-
to-cusp and/or Class 2 molar relationship, (5) no congenitally

missing upper incisors, and (6) no history of orthodontic
treatment.

The control group, on the other hand, consisted of 15 Angle
Class I malocclusion subjects (mean age: 10.56 + 1.06 years) with
minimal crowding. Inclusion criteria for the control group were
(1) normally inclined upper incisors, (2) no soft tissue incompe-
tence, (3) no congenitally missing upper incisors, (4) orthogna-
thic profile with normal facial growth pattern, and (5) no plan for
any fixed or removable orthodontic appliance therapy.

Exclusion criteria for both groups were (1) having any systemic
diseases or craniofacial deformities, (2) having any bad habits
associated with perioral muscles, and (3) having any temporo-
mandibular disorders.

Initial Records

The aim of the study was to investigate whether changes in
upper incisor position would have any effect on OOS, left mas-
seter (LM), and right masseter (RM) muscles at rest and during
2 oral activities (tightening the lips and clenching teeth), and
therefore, electromyographic evaluation was preferred.

Electromyographic activities were recorded before appliance
insertion (T0), at the end of the incisor protrusion (T1), and at
the end of 6-month retention (T2). During the study, no treat-
ment was applied to the control group and dentition follow-up
appointments were scheduled. Therefore, in coordination with
the study group, control group recordings were taken at similar
intervals between recordings.

Digital lateral cephalometric radiographs of ClI/2 patients were
taken at TO, T1, and T2 stages, with the teeth in centric occlusion
and the lips without tension in natural head position.

Orthodontic Treatment Protocol

After TO recordings were obtained from the study group, a pas-
sive transpalatal arch was applied to the maxillary first molars.
The purpose of the transpalatal arch application was to increase
the anchorage of the upper molar teeth. At the same appoint-
ment, conventional brackets (0.018-inch slots, Gemini, 3M
Unitek, Monrovia, CA, USA) were bonded to the upper incisors.
According to the amount of crowding, 0.016-inch or 0.016 X
0.016-inch nickel-titanium leveling utility arch was applied.
After leveling was completed, the protrusion utility arch from
0.016 x 0.022-inch blue Elgiloy wire was applied. Subjects were
observed every 4 weeks. The inclination of the upper incisors
was evaluated only clinically to determine whether adequate
protrusion was achieved and to avoid unnecessary radiation
exposure. When overjet was approximately doubled and suf-
ficient protrusion was obtained, all appliances were removed
and records were taken at T1. Hawley retainer was applied as a
6-month retention period until T2.

Radiographic Evaluation

Cephalometric measurements were analyzed using Dolphin
Imaging software version 11.8 (Dolphin Imaging & Management
Solutions, Chatsworth, Calif, USA). Lateral cephalometric analysis
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Figure 1. Cephalometric measurements. (1) SNA angle, (2) SNB angle, (3) ANB angle, (4) FMA angle, (5) U1-SN angle, (6) U1-NA angle, (7) UT-NA
distance, (8) IMPA, (9) L1-NB angle, (10) L1-NB distance, (11) overjet, and (12) overbite

were performed to define skeletal and dentoalveolar features
in the study group. Cephalometric measurements are shown in
Figure 1.

Electromyographic Evaluation

Biopac MP150 device with EMG amplifier (Biopac Systems
Inc., Calif, USA) was used to record muscle activities in TO, T1,
and T2 stages. Ag/AgCl solid and self-adhesive bipolar elec-
trodes (plusMED, Bio Protech Inc.,, Gangwon-do, Korea) were
used to record surface electromyography (SEMG) activities.
Electromyography amplifier gain, passband, common-mode
rejection rate, and sampling frequency were 1000x, 1-500 Hz,
80 dB, and 1000 Hz, respectively.

Subjects were asked to sit comfortably upright in a chair with
their hands in their laps, without head support. Recordings were
taken in an anechoic room to prevent individuals from being
affected by external stimuli. However, the door of the anechoic
room was not closed to avoid anxiety.

Electromyographic recordings were taken from OOS, LM, and
RM muscles. Before placing the electrodes, the skin was cleansed
with alcohol and dried to reduce skin impedance.

Because the OOS muscle was small in size, the adhesive area
around the electrodes was removed. The distance between the
2 electrodes was adjusted to be 1 ¢cm, and they were attached
4 mm above the vermilion border with the help of plasters
according to the technique described by Lapatki et al.® at an
equal distance to both sides of the philtrum. The placement of
the electrodes of the OOS muscle is shown in Figure 2. Masseter
muscle electrodes were placed parallel to the muscle fibers, and
the distance between the 2 electrodes was set to be 2 cm. The
upper masseter electrode was aligned according to the tech-
nique described by Ferrario and Sforza,’® coinciding with the

intersection of the tragus-labial commissure and exocantion-
gonion lines. A ground electrode was secured over the mastoid.
The placement of the masseter muscle and ground electrodes is
shown in Figure 3.

Electromyographic recordings were taken at the following
positions:

1. Physiological rest position: Subjects were asked to look for-
ward after sitting and waiting without moving their jaws

Figure 2. The orbicularis oris muscle electrodes
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and/or teeth. After stabilizing the position, recordings were
taken for 6 seconds for each muscle group.

2. Tightening of the lips: For EMG recording of the OOS muscle,
a tongue depressor was placed between the lips of the indi-
viduals in such a way that it would not contact their teeth,
and the subjects were asked to tighten their lips as much as
possible. The recording process continued for 10 s.

3. Clenching: For EMG recording of masseter muscles, 2 cot-
ton rolls were placed between the posterior teeth of the
subjects on both sides, and they were asked to clench their
teeth as much as possible. The recording process continued
for 10 seconds.

Separate recordings were taken for each muscle group so that
the electrodes did not interfere with the movement of the mus-
cle. Lip tightening and teeth clenching recordings were repeated
three times, and a 3-min rest period was given for the muscles
between each recording. During the recordings, the sound with
the command “increase” was repeated so that the recording
would not be interrupted.

MATLAB (MathWorks, Mass, USA) was used to evaluate the EMG
data. Signals were filtered with a 20-Hz high pass filter (6th order,
Butterworth) to remove motion artifacts. A root-mean-square
(RMS) filter (time window: 200 ms) was then applied to the sig-
nals. The lowest EMG amplitude within 2 seconds before the
onset of maximum voluntary contraction (MVC) was defined by
the software and recorded as a resting EMG (r-EMG). The highest
RMS value within 6 seconds from the onset of MVC was auto-
matically identified by the software and recorded as maximum
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contraction (m-EMG). The reason why the recording after the
first 6 seconds is not used in the evaluation is to prevent the
disruptive effect of muscle fatigue. A single value was obtained
by taking the arithmetic mean of the left and right OOS muscle
measurements, and the LM and RM muscles were evaluated
separately.

Statistical Analysis

Statistical Package of Social Sciences Statistics software
(version 21; IBM Corp, Armonk, NY, USA) was used for data
analysis. The normal distribution of data was confirmed by
the Kolmogorov-Smirnov test. In repeated measurements,
intra-observer reliability was evaluated with the intra-class cor-
relation coefficient. All cephalometric measurements were per-
formed by the first author (1.0.), and measurements of 5 patients
were repeated within 15 days. Previously repeated measure-
ments were used to assess the reliability of muscle activities.
Descriptive statistics were expressed as mean =+ standard devia-
tion for continuous variables. Two groups were evaluated using
the independent sample t-test for quantitative variables and
the chi square test for categorical variables. Repeated-measures
analysis of variance (ANOVA) was used to observe the differ-
ences of the variables in the groups according to the time peri-
ods. Two-way repeated-measures ANOVA was used to examine
the main effects and interaction effects between malocclusion
groups at all stages for EMG measurements. As post hoc mul-
tiple comparisons, Bonferroni correction was applied. A power
calculation indicated that the achieved power for the study
was 0.97. The results for P < .05 were accepted to be significant
statistically.

RESULTS

Data are normally distributed according to the Kolmogorov-
Smirnov normality test. The intra-class correlation coefficient for
cephalometric measurements is between 0.972 and 1.000, and
for electromyographic measurements, it is in the range of 0.957-
0.986.There was no statistically significant difference between the
groups in terms of age and gender distribution (P > .05, Table 1).

Skeletal and dentoalveolar cephalometric measurements of the
study group are presented in Table 2. Maxillomandibular discrep-
ancy was slightly decreased (0.86°) according to the ANB angle
(P < .001, Table 3). As shown in Table 3, measurements show-
ing both the upper incisor position (U1-SN angle, UT-NA angle,
U1-NA distance) and the lower incisor position (IMPA, L1-NB
angle, L1-NB distance) are significant after protrusion increased
significantly (P <.001,T1-T0) and did not change during retention

Study Group Control Group P
Female 8 5 .960
Male 12 10
Total 20 15
Age (years) * 10.29 + 0.90 10.56 + 1.06 418

* Data expressed as mean + standard deviation.
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Table 2. Repeated measures ANOVA results for the skeletal and
dentoalveolar lateral cephalometric measurements of study group

TO T1 T2
Mean+SD Mean+SD  Mean + SD P
SNA (°) 80.73+298 80.20+3.27 80.30+3.42 .099
SNB (°) 7479 +3.02 7482+334 7525+345 192
ANB (°) 5.92 +1.37 5.29 + 1.64 5.06 +1.68 .000***
FMA (°) 20.80+249 2097 +£2.72 21.19+273 117
U1-SN (°) 89.49 +5.69 10891 +5.25 106.71 + .000%**
6.00
U1-NA (°) 8.69+537 28.70+4.67 2641+3.99 .000***
U1-NA (mm) -1.39+1.62 490+ 1.51 465+ 124  .000***
IMPA (°) 9550 +6.58 99.28 +536 97.75+5.12 .000***
L1-NB (°) 19.27 £7.19 2414+569 2288 +6.00 .000***
L1-NB (mm) 220+ 2.31 3.25+2.12 336+2.29  .000***
Overjet (mm) 443 +1.11 875+ 1.70 8.04+1.73  .000***
Overbite 585+ 1.15 5.08 + 0.85 3.66+1.40 .000***
(mm)
SD, standard deviation. ***P < .001.

(P> .05, T2-T1). There was a statistically significant increase (P <
.001, T1-TO) in the post-protrusion overjet (4.32 mm) and a slight
but significant decrease after the retention period (P <.05,T2-T1,
Table 3). Overbite decreased significantly by 0.78 mm after pro-
trusion (P < .05, T1-T0) and continued to decrease significantly
after the retention period (P < .001,T2-T1, Table 3).

A statistically significant change was observed in OOS m-EMG (P
<.001), LM m-EMG (P < .01), and RM m-EMG (P < .05) measure-
ments with treatment (Table 4). Interaction between malocclu-
sion and treatment was observed only in RM m-EMG (P < .05,
Table 4).

Table 4. Two-way ANOVA results for the electromyographic
measurements

-'|

Malocclusion-

Malocclusion Treatment Treatment
OO0S r-EMG (pV) 0.135 0.643 0.595
0O0S m-EMG (V) 0.213 0.000%** 0.462
LM r-EMG (uV) 0.282 0.400 0.744
LM m-EMG (uV) 0.054 0.003** 0.279
RM r-EMG (pV) 0.735 0.499 0.506
RM m-EMG (V) 0.093 0.010* 0.034*

EMG, electromyography; OOS, orbicularis oris superior; LM, left masseter
muscle; RM, right masseter muacle; r-EMG, rest EMG; m-EMG, maximum con-
traction EMG.

*P < .05, **P < .01, ***P < .001.

Comparison of electromyographic measurements between
study and control groups is shown in Table 5. At the beginning
of the treatment, a difference was observed between the study
and control groups in RM m-EMG (P < .05, TO, Table 5). There was
no difference between the groups after protrusion (P > .05, T1,
Table 5), but there was a significant difference in LM m-EMG at
the end of retention (P < .05, T2, Table 5).

Orbicularis oris superior maximum contraction electromyog-
raphy increased significantly after protrusion (P < .001, T1-TO,
Table 6) in the study group, and this increase remained constant
(P < .05, T2-TO, Table 6). Left masseter and right masseter maxi-
mum contraction electromyography decreased significantly
after protrusion (P < .01, T1-TO, Table 6) and increased signifi-
cantly after retention (P < .05, T2-T1, Table 6). Changes in r-EMG
measurements for all muscles were not statistically significant at
all treatment stages (P > .05, Table 6).

Table 3. Lateral cephalometric changes of the study group in different treatment stages by Bonferroni Test

T1-TO T2-T1 T2-TO

Mean Difference + SD P Mean Difference + SD P Mean Difference + SD P
SNA (°) -0.53 +0.26 0.169 0.10 +0.19 0.187 -0.43 +0.30 0.503
SNB (°) 0.03 +0.29 1.000 0.43 +0.20 0.145 0.46 + 0.32 0.514
ANB (°) -0.53 +0.21 0.055 -0.33+0.20 0.333 -0.86 + 0.20 0.001**
FMA (°) 0.17 +0.22 1.000 0.26 + 0.94 0.080 0.40 + 0.22 0.246
U1-SN (°) 1943 + 1.47 0.000%** -2.21 +0.97 0.107 17.22 +1.43 0.000%**
UT-NA (°) 20.02 + 145 0.000%** -2.30 +0.90 0.058 17.72 +1.31 0.000%**
U1-NA (mm) 6.29 +0.43 0.000%*** -0.26 +0.28 1.000 6.03 + 0.30 0.000%**
IMPA (°) 3.78 +0.76 0.000%*** -1.53 +0.66 0.096 2.25+0.74 0.020*
L1-NB (°) 4.88 + 0.69 0.000%*** -1.27 +0.63 0.172 3.61+0.75 0.000***
L1-NB (mm) 1.06 +0.21 0.000%** 0.11+0.15 1.000 1.17 +0.20 0.000***
Overjet (mm) 432 +0.36 0.000%** -0.71 +£0.23 0.019* 3.62 +0.36 0.000***
Overbite (mm) -0.78 +0.24 0.014* -1.42 +0.28 0.000%** -2.19+0.25 0.000%**
SD, standard deviation.
*P < .05, **P < .01, ***P <.001.
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Table 5. Comparison of electromyographic measurements according to the treatment stages between the study and control group by

Bonferroni Test

RM m-EMG (uV) 356.25 +225.13 22539 + 106.08 .045*

22741 +107.55 219.33 +104.33 .825

TO T1 T2
Study Group  Control Group P Study Group  Control Group P Study Group  Control Group P
OO0S r-EMG (pV) 1.42 +0.31 1.62 +0.52 162 1.43 +0.34 1.70 + 0.59 .090 1.43 +0.40 1.56 + 0.58 437
O0S Mm-EMG (uV) 169.70 +£53.63 162.36 +41.59 .663 205.45+5454 179.96+33.02 .119 203.73+49.88 184.36 +40.85 .229
LM r-EMG (uV) 1.27 +0.34 1.12+0.43 .258 1.16 + 0.34 1.12+0.25 .688 1.14 +0.36 1.06 +0.27 A77
LM m-EMG (uV)  348.54 +208.39 259.09 +101.20 .136 247.58+113.14 205.73 +74.71 .223 33421 +166.97 221.81 + 100.92 .028*
RM r-EMG (uV) 1.21 +0.49 1.15+0.37 663 1.06 +0.27 1.17 +£0.27 217 1.07 +£0.37 1.11 £0.31 .769

318.07 +135.59 243.07 +119.45 .098

Data expressed as mean + standard deviation. *P < .05.

EMG, electromyography; OOS, orbicularis oris superior; LM, left masseter muscle; RM, right masseter muacle; r-EMG, rest EMG; m-EMG, maximum contraction EMG.

Table 6. EMG changes in different treatment stages between study and control group by Bonferroni Test

T1-TO T2-T1 T2-TO
Group Mean Difference + SD P Mean Difference + SD P Mean Difference + SD P

OOS r-EMG (uV)  Study group 0.01 +0.10 1.000 0.01 +0.09 1.000 0.02 +0.10 1.000

Control group 0.09 +0.11 1.000 -0.14 +0.10 0.556 -0.05 +0.10 1.000
OO0S m-EMG (nV)  Study group 35.75 +8.29 .000%*** -1.73 +10.97 1.000 34.03 +9.57 .003**

Control group 17.60 + 9.57 225 4.40 + 12.66 1.000 22.00 +11.05 164
LM r-EMG (pV) Study group -0.11 +£0.10 .838 -0.02 +0.08 1.000 -0.13 +£0.10 .546

Control group 0.00 +0.11 1.000 -0.06 +0.10 1.000 -0.06 + 0.11 1.000
LM m-EMG (uV)  Study group -100.96 =+ 29.72 .005** 86.63 + 23.24 .002** -14.33 +£33.72 1.000

Control group -53.37 +34.32 .388 16.09 + 26.84 1.000 -37.28 +38.94 1.000
RM r-EMG (uV) Study group -0.16 £ 0.12 618 0.02 + 0.08 1.000 -0.14 +£0.10 .546

Control group 0.03 £0.14 1.000 -0.07 +0.09 1.000 -0.04 +0.12 1.000
RM m-EMG (uV)  Study group -128.84 + 32.20 .007** 90.66 + 21.64 .001%** -38.18 +34.85 .844

Control group -6.06 + 37.18 1.000 23.74 + 24.99 1.000 17.68 + 40.24 1.000

maximum contraction EMG. **P < .01, ***P <.001.

EMG, electromyography; SD, standard deviation; OOS, orbicularis oris superior; LM, left masseter muscle; RM, right masseter muacle; r-EMG, rest EMG; m-EMG,

DISCUSSION

The goal of orthodontic treatment is not only to align the teeth
but also to provide a balanced chewing pattern with balanced
muscle activities. Therefore, determining the etiology and post-
treatment changes originating from soft tissues is very impor-
tant for the success of orthodontic treatment.

Cll/2 malocclusion is characterized by dental features such as
retroclined upper incisors and deep bite. However, in addition
to dental features, skeletal pattern, facial profile, and muscular
properties are also very characteristic. It has been stated that
genetics is not the only factor affecting Cll/2 malocclusion,'! that
the high lip line is associated with retroclination of the upper
incisors."?'2 Lapatki et al.”® confirmed that the risk of relapse is
high unless etiologic factors are eliminated during treatment.
Therefore, possible etiological factors associated with the peri-
oral muscles should be identified and monitored for the stability
of orthodontic treatment. This study was conducted to evaluate
the changes in the OOS and masseter muscles with upper incisor
protrusion in Cll/2 malocclusion.

In the present study, spontaneous protrusion of the lower inci-
sors occurred with the protrusion of the upper incisors. Overjet
increased significantly while overbite decreased. Timmons™
reported that protrusion of the upper incisors and reduction of
the overbite with orthodontic treatment resulted in the spon-
taneous forward repositioning of the mandible. Unlocking the
mandible following proclination of the upper incisors in growing
patients allowed the mandible to grow horizontally.” Similarly in
our study, insignificant changes were observed in SNA and SNB
angles, and ANB angle was significantly decreased by about 1°.
This significance was associated with spontaneous growth of the
mandible.

In addition to technical factors, age, gender, skeletal morphol-
ogy, bad oral habits, skin/soft tissue thickness, and psychological
factors affect EMG results. Experimental stress causes an increase
in masticatory muscle EMG activities.® Therefore, it is important
for the patient to be in a quiet place away from distractions to
avoid anxiety and stress. Additionally, as a different method,
Ingervall and Thiier'” suggested excluding the first records from
the study to minimize the effects of anxiety. In our study, patients
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were seated in an anechoic room so that they could not see the
computer screen, and all electronic devices were turned off to
minimize external factors.

The literature on the relationship between malocclusion types
and electromyographic activities of facial and masticatory mus-
cles is inconclusive. Antonini et al.’® reported that there were
significant differences between Cll/2 and Angle Class Il malocclu-
sions in the activities of the masticatory muscles during chewing
and swallowing but not at rest. In a study by Lowe and Takada,®
orbicularis oris muscle activities increased in Cll/2 malocclusion
during the rest and maximum intercuspation when compared
with Angle Class | and ClI/1 malocclusion. In another study, no
significant difference was found between Angle Class | and
ClI/2 malocclusion in terms of orbicularis oris muscle activities.?
According to our results, it was determined that malocclusions
did not affect the activities of both OOS and masseter muscles.
Contrary to our findings, Petrovic et al.’ showed that masseter
muscle activity was lower in Cll/2 malocclusion compared to
Angle Class | occlusion for both rest and MCV measurements.

Electromyography is also used to evaluate the efficacy of treat-
ment and orthodontic appliances. However, there are few
studies examining muscle activity changes with orthodontic
treatment in Cll/2 malocclusion. In a study examining the bio-
electrical activity of masticatory muscles during activator ther-
apy in ClI/2 malocclusion, it was reported that muscle activities
increased in the first year of treatment and decreased after a year
of treatment.” Thiier et al.? reported that no significant change
in masticatory muscle activities was seen at the end of activator
therapy, while there were significant changes during treatment
periods. Unlike our study, there was an increase in OOS and a
decrease in the masseter muscle, which is a significant change in
the maximum contraction of all muscles after treatment.

It is known that the postural activity of the orbicularis oris
muscle is an important factor in incisor position. Few stud-
ies have shown that orbicularis oris muscle activity affects the
inclination of the upper incisors.>*'*2* However, Lowe? stated
that the activity of the superior orbicularis oris muscle did not
appear to be associated with the inclination of the upper inci-
sors, and Ahlgren et al.”® found a negative correlation between
them. From a different perspective, we evaluated the effect of
the upper incisor position on muscle activities and determined
that the protrusion of the upper incisors and the responses of
the OOS and masseter muscles were different. While OOS r-EMG
measurements were not significant, the OOS m-EMG value
increased due to the protrusion of the upper incisors, and this
increase remained stable at the end of the 6-month retention
period. Also, while the resting measurements were not signifi-
cant, the LM m-EMG and RM m-EMG measurements decreased
statistically significantly after protrusion and increased signifi-
cantly after the retention period.

The first step in the treatment of Cll/2 malocclusion is to correct
the position of the upper incisors and convert the patient to a
ClI/1 malocclusion. The same protocol was followed in this study,

and the position of the lips changed after protrusion as expected.
Due to the new position of both teeth and lips, the performance
of oral functions also changes. Soft tissues exert more effort to
perform the same functions. Tosello et al.?® reported that OOS
muscle activity was higher during tightening of their lips in indi-
viduals with Cll/1 malocclusion and incompetent lips. As in our
study, increased OOS muscle activity is thought to compensate
for other perioral muscle movements to maintain proper func-
tion. This raises another point regarding the retention of Cll/2
malocclusion, as this malocclusion has always been thought to
be prone to relapse.?” Our results indicate that increased OOS
muscle activity on upper incisors that do not return to the initial
value supports the idea of the possibility of relapse.

Removable acrylic plate treatment was applied by Thier et al.?°
to evaluate changes in masticatory muscle activities. The authors
found that the activity of the anterior and posterior temporal
muscles was decreased during protrusion and intrusion of the
upper incisors, whereas the activity of the masseter muscles was
not significant. In the current study, LM and RM muscles were
evaluated and discussed together. The reason for this is the mas-
seter muscles can be clinically affected by many individual fac-
tors such as chewing patterns, eating habits, and pain caused by
tooth eruption and therefore, subjects generally showed a pre-
dominance to the one side. In accordance with our study, Ferrario
et al.?® showed a predominance on the right side. The masseter
muscle activities decreased statistically significantly after protru-
sion, while they increased significantly after the retention period.
We assume that these results in our study are related not only
to upper incisor protrusion but also to fixed treatment mechan-
ics and changes in occlusion. Two studies evaluating anterior
temporalis and masseter muscle activities with flexible fixed
functional appliances reported that muscle activities decreased
significantly after the first month of functional appliance therapy
and returned to pre-appliance levels toward the end of 6 months
after treatment.?>* Miyamoto et al.>' stated that the masseter
muscle activity decreased after fixed orthodontic treatment and
this decrease returned to normal after 6 months. In accordance
with the literature, our findings were thought to result from pain
and discomfort during orthodontic treatment and neuromuscu-
lar adaptations after appliance removal.

This is the first study to investigate muscle changes after upper
incisor protrusion via fixed appliances. Limitations of this study
may be the small number of patients in the groups and the fact
that tooth transitions may affect the clenching pattern, muscle
activity, and discomfort. However, understanding the effects of
early treatment in Cll/2 malocclusion is important both to pre-
vent the severity of the malocclusion and to obtain long-term
stable treatment results. In further studies, our study design
can be used to examine muscle changes that occur at different
malocclusions. Our results show that OOS and masseter muscle
activities are affected by the protrusion of the upper incisors.
There will be a risk of relapse without a clear understanding of
the etiological factors of Cll/2 malocclusion. As a result, ortho-
dontists should consider changes in jaw muscle activities during
orthodontic treatment.
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CONCLUSION

« Malocclusions did not affect the activities of both OOS and
masseter muscles.

o The activity of OOS muscle increased after maxillary incisor
protrusion, and this increase remained stable after the reten-
tion period.

« The activities of LM and RM activities decreased after protrusion
and increased back to initial values after the retention period.

o Further long-term follow-up studies are required to evalu-
ate muscle activity changes due to growth and orthodontic
treatment.
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