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1. Introduction

The human body consists of different systems which include the nervous system, the
cardiovascular system, the musculoskeletal system, etc. Each system performs some kind of
vital task and carries on many physiological processes. For example, the primary functions
of the musculoskeletal system can be summarized as generating forces, producing motion,
moving substance within the body, providing stabilization, and generating heat.
Physiological processes are multifaceted fact and most of them manifest themselves as
signals that reflect their nature and activities. These types of signals may be hormonal,
physical or electrical. The general name of the electrical signals taken from the related organ
or physiologic process with invasive or non-invasive methods is called Biomedical Signals.
This signal is normally a function of time and is definable in terms of its amplitude,
frequency and phase (Rangayyan, 2002).

The electromyography (EMG) signal is a biomedical signal that detects the electrical
potential generated by muscle cells when these cells contract, and also when the cells are at
rest. Three types of muscle tissue can be identified. One of them is the skeletal muscle, and
the others are the smooth muscle and the cardiac muscle. The EMG is applied to the study
of skeletal muscle (Reaz et al., 2006).

Skeletal muscles are comprised by nearly parallel cells and the muscle fibers which
constitute the contractile structural units. Muscle fibers are activated by the central nervous
system through electrical signals transmitted by motoneurons. A single motoneuron
together with the muscle fibers that it contacts is called a motor unit which is the smallest
functional subdivision of the neuromuscular system (Moritani, et al. 2004) The central
nervous system controls the activation of motor units to optimize the interaction between
our body and the surrounding environment. When the motor units are activated by the
central nervous system, they produce an action potential trains of the active motor units add
together to generate the interference EMG signal.

Surface and needle electrodes have been used to detect EMG of muscles. Surface electrodes
have been widely used to investigate neuromuscular functions because of their several
advantages, for example, it is noninvasive, easy to adhere to the skin and to detect the total
activities of the muscle and it was called Surface EMG (SEMG). Bu the real advantage of this
technique is that it is more beneficial in studies, in which simultaneous movement of many
muscles is examined in vast muscle groups. On the other hand, surface electrodes have
disadvantages as well. Due to the broad area for receiving signals on respective muscle
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492 EMG Methods for Evaluating Muscle and Nerve Function

bundle, signals received by surface electrodes may stem from proximal muscle groups. This
situation leaves questions about the accuracy of records. Although a great deal of effort is
spent to determine and characterize the effect of such artefacts, a technique of analysis that
completely allays questions has not been developed yet (Cobbold, 1974).

SEMG has advantages and disadvantages; they are used widely for several issues. SEMG
signals are used widely for diagnosis and to assess the treatment of some neuropathic,
myopathic and neuromuscular junction diseases in the hospital and in research about
biomechanics, sport medicine and rehabilitation ...etc.

Orthodontics is the branch of science dealing with teeth, jaw and face structure in terms of
treatment of abnormalities/irregularities.

In orthodontics treatment performed with two different ‘point of views’. One of them is the
jaw orthopaedics in which the malposition of the jaws related to face or related to each other
is corrected with special appliances. The other is called orthodontics and related with the
correction of teeth. Generally patients are treated simultaneously with orthodontic and
orthopaedic approaches.

Malocclusion is the general name of the orthodontic abnormalities arising from
misalignment of teeth and incorrect relation between the upper and lower jaw and divided
into Class I, II and III. Class II malocclusion is one of the most common orthodontic
problems, and it is reported to constitute nearly one-third of all orthodontic disorders
(Kraus, 1956 ; and Kleissen et al., 1998).

Class II malocclusions can be skeletal or dental. In skeletal Class II malocclusions the maxilla
and the maxillary arch may be positioned anteriorly related to cranial base, the mandibula
and the mandibular arch may be positioned posteriorly related to cranial base or the
combination of these two factors. Treatment of Class II malocclusions achieved with
orthopaedic and orthodontic approaches (Riedel, 1952, McNamara, 1981; Renfroe, 1948;
Blair, 1954). Dental Class II malocclusions are arising from the increase in the inclination of
upper incisor, crowding etc. As dental Class II malocclusion does not include skeletal
problems, orthodontic corrections are sufficient for this type of malocclusions. The
variability of Class II malocclusions cause to arise a lot of treatment options. Treatment
options include non-oral or oral appliances, arch expansion mechanics and treatment with
dental extractions (Proffit et al., 1998).

Non-oral appliances are one of the oldest treatment methods that are used widespread. The
most common widespread non-oral appliance is headgear. As headgear can be used for
steering or curbing the growth of upper jaw to the forward and downward (overbite), it can
also be used for activating teeth in distal direction. Therefore, it can be said for this
appliance that it has both orthopaedic and orthodontic effects. In addition to such
advantages, the use of this appliance being difficult and the length of its service life
diminish its chance for success. Additionally, the sight formed because of the appliance
being placed upon the face and skull causes aesthetic considerations and for this reason,
adaptation problems with patients come into existence. Non-oral appliances entail
cooperation of patients given that they both pay attention to service life of apparatus and
ignore the abovementioned disadvantages. Oral appliances were designed that do not entail
cooperation with patients, increase his/her quality of life to be able to prevent this situation
called patient cooperation (McNamara & Brudon, 2001; Hunter, 1967; Rogers, 1984).

The aim of treatment using oral appliances is to change the bone structure of the face and
direction of development. Although oral appliances are designed to treat each type of
malocclusion, they are most successful in the Class II malocclusion. Oral appliances can be
divided three groups, called active, passive and functional (Basciftci et al., 2003).

www.intechopen.com



EMG PSD Measures in Orthodontic Appliances 493

Limiting maxillary growth, the possible development in mandibular position and its growth
and the change in teeth position and muscle structure are the expected effects of functional
appliances (Clark, 2002). In addition to that the use of functional appliance leads to
alterations in tissues around teeth and mouth of patients, it was observed in conducted
studies that it can restrict the growth of mid-face to forward, bring about a change in the
location of the glenoid fossa and also changes that increase bone construction and
destruction in the neuromuscular anatomy and function (Jena et al., 2006 ; Harvold, 1985 ;
Pancherz, 1982 ; Birkeback et al., 1984)

Functional appliances are designed for the available pace of adaptive skeletal growth in
people keeping the mandible forward (McNamara, 1981). Additionally, it produces a
reciprocal effect between the maxillary and mandibular structures and the appliance itself
by stimulating muscular and circulatory systems.

It is stated in the Orthodontic literature that Herbst and Twin-Block appliances are the most
frequently used functional appliances. Both appliances are effective in correction of class II
malocclusions (Lund & Sandler, 1998). In particular, the studies conducted in the last 10
years proved the effectiveness of Twin-Block appliance (Mills C & McCulloch, 1998).

Albeit the Twin-Block appliance is placed within the mouth, it is an appliance having
unrestraint in fulfilling normal functions of mouth, at the same time providing higher level
freedom in anterior and lateral movements in comparison with other appliances and that is
used the whole day (Clark, 1982; Clark, 1988).

The Twin-Block appliance consisting of bite blocks and acrylic artificial palate pertaining to
mandibular and maxillary bones was presented by Clark in 1970’s. This appliance consists
of sub and upper parts arriving to the contact point (junction) at a 70-degree angle. These
parts provide stability in closing the jaw (Clark, 1982; Clark, 1988) (Figure 1.)

AN 1;: 2 S
L 625 e o .

Fig. 1. Sub and Upper Parts of the Twin-block Appliance.

This appliance was preferred in our study owing to these advantages provided by the Twin-
Block appliance and they being used incrementally by dentists in the last 10 years.
Orthodontists are obliged to inform their patients about the different appliances, duration of
treatment and about the possible changes in this period. For this aim, image of the skull is
obtained; using X-ray or ultrasound techniques, thereafter jaw and teeth abnormalities are
diagnosed. The name of this method is cephalometry (Figure 2). However, advantages of the
appliances compared to one another and which one is more useful for one kind of
abnormalities is determined by only experiences of Orthodontists.
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Fig. 2. Cephalometry image and some points of measurement.

Results taken from cephalometric records proved that functional appliances used in the
treatment of malocclusion allay the abnormality in the mouth by affecting the alignment of
teeth and bone tissue (Graber, 1985). Having said that, many different
approaches/hypotheses are proposed regarding how neuromuscular periphery of teeth and
bone tissue adapt to the change developed after treatment and the interaction between
functional appliance and neuromuscular structure. Protraction in sizes of muscle fibers after
the start of use of appliances (Woodside, 1983), the change in muscle dimensions caused by
rotation of bone structure and hypertrophy of muscle structure can be given as examples to
these hypotheses (McNamara, 1973).

One of the most important reasons for this difference between hypotheses is that there is no
reliable and precise reference line in cephalometric image analysis used in evaluating
treatment results. This situation complicates the assessment of significant changes occurring
in skeletal and tooth structure (Pancherz, 1984). Additionally, it is impossible to obtain
information about cephalometric image analysis and neuromuscular adaptation process and
be informed about the changing muscle and bone structure during treatment process.

The principle objective of this study is to be able to put forth the interaction between functional
appliances and neuromuscular structure with more scientific findings. If treatment can be
assessed by quantitative data, as orthodontists can inform their patients about the issues such
as treatment process, possible success ratio and etc. and also they can clearly decide which
appliance is more suitable for patient as well. The electrophysiological signal that allows non-
invasive assessment for changes in muscle structure is EMG. For these reasons, EMG studies
continue with an increasing interest to find quantitative solutions such as problems and to
measure of muscular activity changes because of the appliances.

In order to achieve this aim, we use EMG signals and their appropriate features to measure
and evaluate Twin-Blok related muscular activity changes in Anterior Temporal and
Masseter muscles in children with Class II malocclusion.

www.intechopen.com



EMG PSD Measures in Orthodontic Appliances 495

For this aim power spectral density (PSD) graphics were obtained using EMG and
maximum power spectral density value (Max PSD) and area of the PSD graphics (Area PSD)
were calculated and changes between before treatment and at the end of the six months
were analyzed statistically. Furthermore, Cephalometric images were taken before
treatment and at the end of six months and changes in the position with respect to base of
the skull were measured to make a comparison.

1.1 Advancement of functional appliances

Albeit first trials were worthy of note, treatment with functional appliances progressed by
Roux’s studies pertaining to natural forces and functional stimulation. Subsequently, Rogers
advocated functional treatment and associated facial muscles with the development and
form of the masticatory system (Woodside, 1983).

In 1920’s, Andreasen set out to use the appliance that he developed in Class II
malocclusions. Emil Herbst introduced the Herbst appliance in 1905 and published findings
in 1935. In 1970’s, Pancerz’s studies on the Herbst appliance and findings that he attained
led to this appliance used by dentists more frequently. The advantages of the Herbst
appliance are that it is fixed on teeth and treatment period is short. Many studies have been
conducted on short and long term effects of the appliance (Pancherz, 1991;. Mcnamara &
Frankel, 2002; Pancherz & Fackel, 1990). Following the introduction of the Herbst appliance,
different disadvantages caused the development of various appliances to be used in
treatment of Class II malocclusion (Vogt, 2003; Awbrey, 1999). disadvantages experienced in
treatment by the Herbst appliance can be summarized as that it is not hygienic, it is rigid
and therefore, it restricts lateral movements of the mandible quite a lot (Pancherz, 1985).
Another functional appliance similar to this appliance is the Jasper Jumper appliance. This
appliance brings about food accumulation inside as well due to its structure. The Bite Fixer
appliance was developed to be able to overcome such disadvantages. The Bite Fixer
appliance is more flexible and does not allow food accumulation thanks to polyurethane
tube situating inside but it was observed to cause open bite in the posterior area in some
cases (open bite: occlusion not being able to materialize between the mandible and maxilla
in the respective region) (Awbrey, 1999).

Inspired by a case in which the left gonial area disappeared, Bimler saw that mandible
movements deliver force to the maxilla and the maxillary arch broadened. The Bimler
appliance appeared in the literature in 1949 after many modifications since the day this
study was conducted to the present day (Rogers, 1984).

Kesling presented the positioner appliance in 1944. In 1950, Balters began to modify the
appliance that Andreasen developed and ensured via modifications he made that talking with
this appliance is achieved in a more comfortable fashion (Pancherz et.al, 1989). In 1957, taking
into account the structure of skeletal-muscular system that leads to structural and functional
changes, Frankel designed his appliance (Proffit & Fields, 2000). Different than other functional
appliances, the appliance he named as Kinetor and defined by Stockfish incorporates elastic
tubes between two plaques and is considered to optimize oral muscle pressures.

2. Materials and methods

2.1 Measurement of surface EMG signals
EMG recordings were extracted from patients fitting Class II malocclusion criteria below,
from the right anterior temporal and right masseter muscles of 15 patients whose ages

www.intechopen.com



496 EMG Methods for Evaluating Muscle and Nerve Function

varied 8 and 13. Treatments of patients, who fit the criteria, were launched via the Twin-
Block appliance in the Department of Orthodontics of the Faculty of Dentistry in Erciyes
University [Figure 3]. None of the participants underwent orthodontic treatment before.
Before each recording session, the procedure was explained in detail to the patient and their
parents to allay anxiety.

Fig. 3. Twin-block placement in situ.

Class II malocclusion criteria applied in our study:

Inclusion criteria

Skeletal Class II relationship (ANB > 4°)

¢ Mandibular retrognathy (SNB < 78°)

e Overjet 25 mm

e  Minimal crowding in dental arches (<4 mm)

e Bilateral Class II molar and canine relation (at least 3.5 mm)

Exclusion criteria

e Previous history of orthodontic treatment

e  Congenitally missing or extracted permanent tooth (except third molars)

e Posterior crossbites or severe maxillary transverse deficiency

e Severe facial asymmetry determined by clinical or radiographical examination

e Systemic diseases that may affect the orthodontic treatment results

Patients were asked to wash their faces with soap for face grease not to affect recordings and
then recorded regions were wiped with alcohol and dried. Patients were suggested to sit up
straight and look across while recordings were being kept. Electrodes were attached on the
muscle bundles, which were found by palpating, by surgical plastic strips (adhesive
washers) that do not irritate the skin. Filling silver-surfaced, bipolar electrodes with 4 mm.
radius with electrode gel, they were sticked in a way that inter-electrode distance will be 2
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cm. The common ground electrodes were adhered onto the forehead of the subject and the
active electrodes were placed on the right anterior temporal and right masseter muscles as
shown in Figure 4.

ANTERIOR TEMPORAL

GND

Fig. 4. Placement of surface electrodes on the anterior temporal and masseter muscles.

An important factor that affects recording quality is whether the spot where electrodes
adhered and the region where muscle bundle is situated is the same. When the muscle,
whose EMG recordings are sought to be taken, possesses a small area, electrodes also
perceive signals coming from adjacent muscles and appear as noisy within EMG signals
pertaining to the interested muscle bundle (Duchéne & Gouble 1993). Such noises can be
avoided by selecting the electrode surface proportional with inter-electrode distance. The
selection of appropriate electrode surface size and inter-electrode distance to be kept small
diminishes the affect that will stem from the distance between electrode and source and
shifts EMG bandwidth to high frequency region. Electrode diameter for bipolar recording
should be as big as that can perceive muscle activity in acceptable amounts and at the same
time as small as that does not pick activities of other muscles. Inter-electrode distance is
described as the distance between the centres of conductive surfaces of electrodes. Inter-
electrode distance recommended for bipolar recording is 20 mm (Pozzo, 2004).

Temporal and masseter muscles are muscles taking a part in the mandibular protrusion
and EMG recording was extracted from these muscles considering that they may be
effective in re-positioning of the mandible during treatment, ensure the mandibular
growth and their adaptations may have an impact on treatment results. Mouth activity, in
which these muscles play the most active role, is the jaw clenching. Therefore, recordings
were taken during clenching activity. The movement was previously practiced by copying
the observer.

The signals were recorded in two periods: before the treatment (0 month) and at the end of 6
months [Figure 5]. At each session, EMG recordings were made during the appliances is not
in situ.

The MP150 biomedical data acquisition unit (Biopac Systems, Goleta, CA, USA) was used
for recording signals. All of the signals were sampled at 5000 Hz and digitized (A/D
converted) at a resolution of 12 bits per sample by the MP150 unit.

The EMG100C amplifier module of the MP150 unit was used to amplify and filter with the
following settings: 500 Hz Low-Pass (LP) filter, 1.0 Hz High-Pass (HP) filter, and 2000 gain.
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Fig. 5. Raw EMG Signals.

2.2 Analysis of surface EMG signals
There are two usual methods that have been used for the processing of EMG signals:

frequency and time domain signal processing method. Some of the time domain signals
processing methods are integration, linear envelope, and root mean square (RMS).
However, these are are commonly not suitable, since obtained results depend on the
selection of threshold [9].

The most powerful and generally used method for signal analysis in frequency domain had
been the Fourier Transform (FT). FT is a method that assumes any signal is stationary.
However, EMG signals are non-stationary (Panagiotacopulos, 1998)

Hence, the Fourier Transform cannot present satisfactory frequency resolution. In some
respects, the Short Time Fourier Transform (STFT) is not perfectly suitable for processing of
EMG signals. The main weakness inherent in the STFT is that trade off is inevitable between
temporal and spectral resolution (Kim, 1989; Farina, 2004). If one uses a longer sliding time
window to obtain higher spectral resolution, the underlying non-stationary will be smeared
out, resulting in lower temporal resolution. Conversely, using a shorter window to achieve
better temporal resolution will give lower spectral resolution. Because of these signal
processing of the EMG signals were achieved using autoregressive (AR) model which is
appropriate for non stationary signals and not having windowing problem (Kay, 1981). AR
method is a parametric signal analysis method and first, model parameters of the available
signal are estimated for such spectrum projection and then, the power spectral density value
is calculated from these projection values (Kay, 1988). AR method is one of the most
commonly used parametric methods owing to the fact that projection of AR parameters can
be carried out easily with the resolution of linear equations. Signal that is modelled in AR
method is causal.

The analysis conducted to demonstrate the distribution of power, which any physical signal
that is carried to the frequency axis comprises, over frequency field is called as spectral
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analysis. In this way, graphs exhibiting the power density in frequency axis are
denominated as the power spectral density (PSD) graph (Figure 6.).

PSD Signal

0.7 T T T T

0.6 —

0.5+ —
£ i <—{Before Treatment (0. Month)\ B
g
=
£ 03 _

02+ —

0.1+ —

IAt the end of the six month (6. Month)‘
0 | !0—_;\ ! e | |

0 0.02 0.04 0.08 0.08 0.1 0.12 0.14
Frequency (Hz)

Fig. 6. The comparative display of PSD graphs calculated from EMG signals received at the
end of the first and 6. Months.

EMG signal analysis that will be performed by addressing the power spectral density
displaying the distribution of signal’s energy capability in the frequency spectrum provides
information about the neuromuscular conditions of motor units taking part during the
activity (Okeson, 1998). The PSD values of EMG signals form as a result of the sum of
spectral characteristics of action potentials of motor units. Consequently, it can be said that
there is a characteristic power spectrum pertaining to every muscle (Blinowska, 1979). For
these reasons, the PSD was used as a criterion in assessing the effect of appliance.

The maximum power spectral density value, which is a value of the PSD graph at its
maximum point, varies by contraction density of motor units becoming active within that
signal. The area below the PSD graph provides information about strain productivities of
motor units carrying out contraction activity (Kwatny, 1970). Therefore maximum power
spectral density value and area of the PSD graphics were calculated as a feature.

The AR model is a model revealing important informations in signal by using signal
information in the past. It is employed widespread in biomedical signal processing because
it responds well against noise. The dependence of past values to the future values is defined
as autocorrelation function.

1N
ZEZ Tl+k] (1)

where T, [k] displays the signal's sample, which is shifted as much as k, and its
autocorrelation. The AR model;
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P
x[n]= Y aix[n~i]+e[n] V)
i=1
x[n] shows the current value of time series, ay, . . . ,ap displays the AR model parameters,

which are weighting coefficients, and p is the model degree showing the number of past
values that will be used to estimate the current value and &[n] displays the approximate
error with 1 scale.

By using the AR method, the power spectrum is attained as;

AR 112
PAR(f) = — ®
1—2aie*j2”ﬁ
i=1

Where ¢, is the variance of ¢[n] error.

To calculate the AR parameters, whether numerical signal samples, whose spectral analysis
will be directly conducted, are employed or autocorrelation function pertaining to these
signal parameters is used. The Burg method was used for estimating the AR parameters
(Marple, 1987).

One of the significant issues for employing the AR method is the selection of model degree.
Many researchers studied on this problem and the Akaike Information Criteria (AIC)
introduced by Akaike is used most commonly in the literature (Kaluzynski, 1989). The
selection of AIC model degree is in the form of making the below statement minimum.

AIC(p)=Inowp2+ 2p/N 4)

Here, o2 is the estimated variance of linear prediction error and N is the data length. o2
decreases with the increase of the AR model degree and therefore, Inc,,,? decreases as well.
That being said, 2p/N increases too with the increase of p. In this case, a minimum value
should be designated for p (Kay, 1988; Kaluzynski, 1989). The p value calculated via the AIC
criteria was obtained as 12.

In order to take the fact that measurements were obtained from the same subjects into
account, we used paired sample t-test for statistical comparison between 0 month and 6
months. A p-value of less than 0.05 was considered as statistically significant.

All of the data processing was carried out using in-house programs developed under
MATLAB R2009b Software (MathWorks Inc., Natick MA, USA).

3. Results and discussion

The aim of present study is to use EMG signals and their appropriate features to measure
and evaluate Twin-Blok related muscular activity changes in Anterior Temporal and
Masseter muscles in children with Class II malocclusion.

For this aim power spectral density (PSD) graphics were obtained using EMG and Max PSD
and Area PSD were calculated and changes between before treatment and at the end of the
six months were analyzed statistically. Furthermore, Cephalometric images were taken
before treatment and at the end of six months and changes in the position with respect to
base of the skull were measured to make a comparison.
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Subject Anterior Temporal
Before the Treatment At the end of 6 months
Max PSD Area PSD Max PSD Area PSD
1 0,00015 0,01137 0,00001 0,00109
2 0,00009 0,00638 0,00001 0,00101
3 0,00028 0,02380 0,00001 0,00076
4 0,00031 0,02548 0,00002 0,00128
5 0,00008 0,00492 0,00001 0,00072
6 0,00033 0,02871 0,00001 0,00049
7 0,00011 0,00956 0,00011 0,00811
8 0,00015 0,01323 0,00009 0,00549
9 0,00023 0,01278 0,00012 0,00668
10 0,00048 0,02936 0,00005 0,00217
11 0,00054 0,03590 0,00000 0,00006
12 0,00026 0,02064 0,00001 0,00106
13 0,00003 0,00250 0,00001 0,00047
14 0,00032 0,01215 0,00004 0,00259
15 0,00027 0,01883 0,00001 0,00062
Mean+SEM | 0,00024+0,00004 | 0,01704+0,00258 0,00003£0,00001 | 0,00217+0,00065

Table 1. Max PSD and Area PSD values calculated from EMG signals received right before
placing the Twin Block appliance in the mouth over anterior temporal muscle and after 6
months treatment.

The mean values of Max PSD and Area PSD values, calculated from EMG signals for each
patient, appear in the last lines of tables. The abbreviation SEM in the tables refers to
“standard error of the mean.”

Subject Massater

Before the Treatment At the end of 6 months

Max PSD Area PSD Max PSD Area PSD
1 0,00012 0,01055 0,00017 0,01362
2 0,00014 0,00997 0,00001 0,00018
3 0,00011 0,01032 0,00001 0,00018
4 0,00006 0,00593 0,00004 0,00327
5 0,00007 0,00565 0,00015 0,01131
6 0,00035 0,02834 0,00031 0,02579
7 0,00011 0,01028 0,00073 0,06498
8 0,00002 0,00148 0,00007 0,00557
9 0,00083 0,05027 0,00037 0,02382
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Subject Massater

Before the Treatment At the end of 6 months

Max PSD Area PSD Max PSD Area PSD
10 0,00012 0,00925 0,00001 0,00088
11 0,00015 0,01340 0,00001 0,00035
12 0,00016 0,01464 0,00012 0,00843
13 0,00012 0,00945 0,00018 0,01456
14 0,00032 0,02377 0,00003 0,00270
15 0,00006 0,00497 0,00002 0,00046
Mean+SEM | 0,00018+0,00005 | 0,01388+0,00315 0,00015£0,00005 | 0,01174+0,00438

Table 2. Max PSD and Area PSD values calculated from EMG signals received right before
placing the Twin Block appliance in the mouth over masseter muscle and after 6 months
treatment.

Before the treatment values (0. month) are greater for both the anterior temporal and
masseter muscles, as seen in Table 1 and 2. However, the difference between 0. month and 6
months values more pronounced for anterior temporal. This difference is statistically
significant for both features for anterior temporal but there was no significant difference for
the masseter muscle (Table 3).

In addition, changes in the position with respect to base of the skull are significant (p: 0.001).

Max PSD Area PSD
Anterior Temporal 0.00014 0.00012
Masseter 0.5689 0.65591

Table 3. p-values for “across treatment time” comparisons.

These observations are in-line with the results in the literature that “as a consequence of the
use of functional appliances the length of the muscles around the jaw gets longer” (Du &
Hagg, 2003).

The PSD values of the EMG signals are depending on the power of the motor unit action
potentials which makes up these EMG signals (Blinowska, 1979). Six-month-long treatment
leads to a decrease in the amplitude and narrowing in the frequency range of motor unit
action potentials and so PSD.

Looking at results obtained for anterior temporal muscle, it is seen that there is a significant
difference between the onset of treatment and its values after 6 months for both attributes.
This result is not valid for the masseter muscle. Albeit both muscles lie among jaw-closing
muscles, the Twin-Block Appliance had a different impact.

It is known that the lower jaws of the people who have Class II malocclusion is placed
behind their upper jaws. Twin Block appliances tries to keep lower jaw and upper jaw in the
same position due to the fact that lower palate and upper palate have a contiguous
structure. This can only be accomplished by forcing the lower jaw through forward. In this
case, length of the jaw closing muscles must be changed so that the new position of the jaw
becomes permanent. For that reason, it is a natural result for jaw closing muscles to clench
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with lower power density after 6 months. This result is matching the when the functional
appliances is placed in the mouth, the jaw closing muscles become elongated ((Du & Hagg,
2003; Miles et al., 1986; Woodside et al., 1983). Hence, the brawn of the jaw closing muscles
reduces and the PSD values tend to decrease to lower amplitude.

However, this outcome was not realized for the masseter muscle. Therefore, it can be
inferred that the effect of the Twin-Block Appliance on the masseter muscle did not come
into existence in the first 6 months.

The critical objective of treatment by the Twin -Block appliance is to trigger the formation of
an additional extension on jawbone. This objective can be achieved by increasing the
development of cartilage belonging to condyle and also restricting the maxillary growth.
The change also seen in the sizes of proximal muscles as a result of elongation of jawbone
particularly reflected to EMG signals extracted for anterior temporal muscle. The reason
why a similar difference did not form on the masseter muscle can be explained by that a
position shift materialized on jawbone rather than an actual growth. Likewise, in studies
carried out on Twin-Block treatment, it is seen that the question whether the observed
change is an actual growth or a position shift has been debated. (Baccetti et. al. 2000;
Trenouth, 2000). Additionally, it is observed that posterior teeth do not still contact one
another when the appliance is removed at the end of 6 months in patients treated by the
Twin-Block. This case brings about more intensive occlusion of anterior teeth of patients and
further contraction on front fibers of the masseter muscle. This impact hinders the
occurrence of adaptation coming into being in masseter muscles in EMG recordings
received during jaw closing/ constriction.

The patient must be observed in a longer period in order to follow the consequences which
will be resulted from this condition.

4. Conclusion

The use of EMG signals in studies related to face muscles continues with an increasing interest.
Muscle structure responsible for masticatory function and soft tissue belonging to face does
not only affect bone development but also affects the period of orthodontic treatments and
permanency of success achieved after treatment. EMG is a primary instrument to record this
functional process and for the effect of skull traction. For these reasons, analysis of non-
invasive EMG by appropriate methods can provide further information regarding the effect of
treatment and service lives of appliances (Eckardt et al. 1997).

In the literature, there are some EMG studies that they are based one removable appliances.
However, these kinds of appliances are worn only during night time (Tallgren et al. 1998;
Ahlgren , 1960). Hence, the appliances act as a splint rather than an activator. On the other
hand, the functional appliances that are worn full-time like the Twin-Block stimulate greater
than those worn only part-time. For that reason, this study which is about the EMG and the
Twin-Block, is important in order to investigate the muscle response.

The PSD is the feature regularly used for frequency domain analysis of EMG. An integration
of the PSD over all frequencies yields the entire power. PSD value was chosen as a feature in
order to evaluate the effects of the appliances. That's because PSD value is a parameter
which is frequently used in the evaluation of the EMG signals and it gives information on
power of total action potential formed by the muscles during tightening.

EMG and PSD are quite successful in showing the change occurred in the muscles.
However, criteria must be determined for different age groups in using different trainers.
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Moreover, if an expert system, which evaluates the functionality of the orthodontic
appliances for the orthodontists; which estimates the treatment period; and which enables a
follow-up for the effect of the applied orthodontic appliances on the person, is desired to be
developed with artificial intelligence applications, PSD attribution will be insufficient for the
input value. For that reason, orthodontists and engineers must enable different parameters
to become evaluable by continuing their interdisciplinary studies.
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