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ABSTRACT

The purpose of this study was to evaluate the muscle activities in Class Il
division 1 patients treated with activator during 12 months of observation period and
until Class I molar relation achievement, and then compared with the untreated group.
The subjects consisted of 25 activator treated and 6 untreated patients.
Electromyographic recordings of the masseter and anterior temporal muscles activities
were recorded bilaterally in maximum bite of habitual clenching and swallowing.

The results showed that the EMG activities of the masseter and anterior
temporal muscles decreased both sides in maximum bite of habitual clenching with
significant differences at 12 months of observation period (p<0.05). The untreated
group presented higher EMG activities than in the treated group with significant
difference only in the right side at 12 months of observation period (p<0.05). In
swallowing, the EMG activities in both groups tended to decrease with no significant
differences in both sides and both muscles at 12 months of observation period.
Accordingly, no significant differences of the EMG activities were found between
both groups in swallowing. When Class | molar relation achievement, the EMG
activities of the treated group showed a decrease in both sides and both muscles with
significant difference only in the right side of masseter and both sides of anterior
temporal muscles in maximum bite of habitual clenching (p<0.05). In swallowing, the
EMG activities tended to decrease in both sides and both muscles but showed no
significant differences.

This study indicated that the EMG activities were influenced by the occlusal
instability created during the activator treatment. Accordingly, the complete
neuromuscular adaptation has not occurred during 12 months period. However, in the
treated patients, the clinical improvement was seen when compared with the untreated
group. The results suggest a further study to evaluate the activities of those muscles at
the time when all teeth are in proper occlusion to elucidate the definite conclusion and
preventing relapse.

KEY WORDS: CLASS 1l DIVISION 1/ ACTIVATOR / ELECTROMYOGRAPHIC
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CHAPTER |
INTRODUCTION

In the last 30 years, functional appliance therapy has become a generally
accepted method to treat discrepancies of sagittal jaw relations in children. Until now,
this method shows its greatest application and success in Class Il malocclusions. A
variety of different functional appliances are available. The appliance selection for the
treatment can be adapted to the type of anomaly and to the growth pattern. The growth
direction, the growth amount, and the timing are relevant to the ultimate success of
treatment. Functional appliances are shown to modify the neuromuscular environment
of the dentition and associated bones. However, the interaction between bone and the
mechanism of neuromuscular adaptation to functional appliance therapy is very
complex. One of the most common functional appliances used is the activator. The
influence of the activator on electromyographic activity of mandibular muscles in
children with Class Il division 1 malocclusion has been studied by several
investigators (1-5). Due to the diversity of samples, different recording techniques,
types of electrodes, timing of treatment, varying in designed appliances and individual
variation, it is difficult to conclude the effectiveness of the activator. Although there
were studies about the effect of the activator on muscle activities, the long term effect
is not clear.

Thus the present study would be undertaken to provide further evaluation of
the masseter and anterior temporal muscle activities in maximum bite of habitual
clenching and swallowing during activator treatment without the appliance in the

mouth in long term treatment between treated and untreated patients.
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CHAPTER I
OBJECTIVES

The Purposes of this Study are as Follows:

1. To evaluate the muscle activities in Class Il division 1 patients treated with
activators in masseter and anterior temporal muscles in maximum bite of habitual
clenching and swallowing during 12 months of treatment and until Class | molar
relation.

2. To evaluate the muscle activities in Class Il division 1 patients untreated
with activators in masseter and anterior temporal muscles in maximum bite of habitual
clenching and swallowing during 12 months of observation period.

3. To compare the muscle activities in Class Il division 1 patient treated and

untreated with activators during 12 months of observation period.

The Expected Benefits of this Study

1. The investigation will elucidate the muscle activities treated with
activators in Class Il division 1 patients.

2. The results from this study will be a guideline for diagnosis and treatment

planning in orthodontic treatment.
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CHAPTER I
LITERATURE REVIEW

Functional Appliances

According to Bishara and Ziaja (6), the term “functional appliance” refers to
a variety of removable appliances designed to alter the arrangement of various muscle
groups that influence the function and position of the mandible in order to transmit
forces to the dentition and the basal bone. Typically altering the mandibular position
sagittally and vertically, resulting in orthodontic and orthopedic changes, generated
these muscular forces. Many types of functional appliance use the activity of the
masticatory, facial, lip and tongue musculature to transmit force through the teeth onto
the periosteum and bone. These forces induce the dentoalveolar adaptations and effect
on growth of maxilla and mandible; for example, Activator, Twin block, Bionator,
Oral screen etc. Many types of functional appliances are designed to prevent or
eliminate force of the masticatory facial, lip and tongue musculature namely Frankel
appliance. It is tissue-born appliance while it facilitates active muscular training. The
buccal and labial shields relieve the muscle pressure on the teeth causing the crowns to
tip buccally. The buccal shields are positioned to maximal depth of the vestibule thus
producing an outward pull on the periosteal tissue. This force is transmitted through
the muscle fibers and connective tissue onto the alveolar bone, where it induces lateral
movement of the alveolus. Although it is in fact a fixed bite-jumping appliance, the
Herbst appliance is discussed with functional appliances because its biologic mode of
action includes effects on the masticatory musculature.

A functional appliance is considered to stimulate mandibular growth in
growing patients with retrognathia. One of the most common functional appliances
used is the activator. Andresen and Haupl (7) in 1936 believed that the repetition of
the new mandibular closure pattern induced musculoskeletal adaptation and resulted in
the reduction of the orafacial musculature. The muscular force generated by the
forward mandible positioning was transferred to maxillary and mandibular teeth

through the acrylic body and labial bow. These forces produced the effect on growth
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of maxilla and mandible and causing dentoalveolar adaptation. The construction bite
determines the sagittal and vertical displacements of the mandible, the degree and
direction of appliance activation. Varying in construction bite depends on the objective
of treatment. Many types of activators has been constructed and named after the
constructor. With its large forward bite registration, the Herren activator is claimed to
act as a splint (8). During mouth closure the mandible is guided anteriorly, when the
appliance is in place, the masticatory muscles are in the forced lengthened or
shortened condition compared to their rest length. The resulting tonus alteration of the
musculature would cause the mandible to turn back to its original position during rest,
but this is restricted by the activator’s forced guidance. The Harvold-Woodside
activator is designed to affect the recruitment of certain masticatory and facial muscles
and to control the eruption of teeth (9). In contrast to the Andresen activator, it is
constructed to interfere with the postural position of the mandible and with the vertical
distance between the jaws. The activator should serve to stretch certain selected
muscle groups using the elastic properties of the muscles and the isometric
contractions elicited by the appliance. This activator keeps the mandible extended
beyond the rest position and the elasticity of the muscles moves the mandible toward
the rest position. The forces can be transmitted to the teeth in order to correct
malpositions even though the patients are relaxed and asleep. The isometric
constructions, which result from the stretching, exercise the muscles, thus changing
the muscle matrix. All the muscles that are selectively stretched are affected in this
fashion. By keeping the mandible at a level extending beyond the rest position, the
activator strengthens the facial muscles, particularly the buccinators and the lips.
According to Harvold, the activator does not elicit responses in the mechanisms
controlling the growth of the jawbones, but merely induces changes in the musculature
supporting the mandible relative to the maxilla and finally are arrangement of the
muscle attachments. Table 1. demonstrates the numerous differences in construction
bite design (6).
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Table 1. Variation in the construction bite of activators.

) ] o Anteroposterior
Method of action Vertical construction bite o
construction bite

Dentoalveolar
Bjork 1951 5 mm. increase Class | molar

Wieslander and Lagerstrom 1979 5 mm. increase Class | molar
Primarily dentoalveolar with

orthopedic effect

Harvold and Vangervik 1971 5-6 mm. increase beyond rest position End to end incisor
Pancherz 1984 5-7 mm. increase beyond rest position Class | molar / greater
Vargervik and Harvold 1985 7-8 mm. increase beyond rest position -
Condylar

Birkebaek, Melsen and Terp 1984 Greater than 2 mm. beyond rest position End to end incisor

Other
Luder 1982 3-5 mm. increase beyond rest position ~ 3-4 mm.
Williams and Melsen 1982 2-3 mm. increase beyond rest position End to end incisor

Source: Bishara and Ziaja, 1989 (6)

Muscles of Mastication

The musculature has been cited as an influence factor in development of
malocclusion and in relapse after orthodontic therapy. Diverse views concern the
activity of masticatory muscles in type of malocclusion. This suggests not only a
morphologic different between Angle’s classification, and also a physiologic different
reflected in the distribution of activity within the musculature. Many authors suggested
that the activity recorded in cases of such malocclusions differ from that in normal
cases (10-16). The relationship between the masticatory muscle activities has been
studied electromyographically (EMG) by various researchers. Most studies were
concerned with the activity in temporal and masseter muscles. Because of these
muscles lie superficially and EMG can be recorded with satisfactory results.

Muscles of mastication consist of the masseter, the temporal, the medial
pterygoid and the lateral pterygoid muscles (17) showed in Figure 1. All muscles that

are attached to mandible have an influence on its movements and positions. Muscles
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move parts only by pulling them. Hence, the musculoskeletal apparatus is designed in
opposing systems. Agonists act to pull in a given direction while antagonists pull in
the opposite direction to bring parts back to the original position. A muscle is
organized in functional units. The unit consists of a number of muscle fibers
innervated by the same motoneuron. These motor units vary in sizes. Muscles
controlling fine, swift, subtle movements and adjustments are made up of the smallest
number of muscle fibers per motoneuron (muscles of ear ossicles, larynx, and pharynx
have less than 10 fibers per motoneuron). Muscles involved in grosser performance
have the largest number of muscle fibers per motoneuron. Jaw muscles seem to range
between these extremes (about 600 to 900). Activating an increasing number of motor
units while, at the same time, reducing the action of antagonists, makes movements.
The masseter and the medial pterygoid are associated as a sling, and for the most they
pull in an upward and forward direction. The most massive portion of the temporal lies
anteriorly, and it pulls upward in a practically vertical direction. The pull of lateral
pterygoid is forward in a practically horizontal direction. The resultant of the vertical
component of the temporal and the horizontal component of the lateral pterogoid is

upward and forward, which is in coordination with the masseter-pterygoid sling.

. Temporal

~ Masseter g
Medial pterygoid

Figure 1. The muscles of mastication.
Source: Sicher, 1980 (17)
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Masseter muscle: the most superficial of the masticatory muscles, stretches
as a rectangular plate from the zygomatic arch to the outer surface of the mandibular
ramus. The origin consists of two heads; the superficial head arises from superficial
aspect of anterior 2/3 of lower border of zygomatic arch, the deep head arises from
posterior 1/3 of lower border and through medial surface of zygomatic arch. The
insertion attaches at lateral surface of mandibular ramus, coronoid process of mandible
and angle of mandible. The masseteric nerve, the branch of anterior trunk of Vs,
supplies the muscle; it reaches and enters the muscle from its deep surface after
passing through the semilunar notch of the mandible. The action of the muscle is that
of a powerful elevator of lower jaw closing the jaw and exerting pressure on the teeth,
especially in the molar region.

Temporal muscle: the fan-shaped, the anterior fibers are vertical; the fibers in
the middle part of the muscle are increasingly oblique. The most posterior fibers run
horizontally forward to bend sharply downward in front of the articular eminence to
reach the mandible. The origin extends from the floor of temporal fossa and deep
surface of temporal fascia. The insertion fibers pass through deep zygomatic arch and
fuse to thick tendon and attach to anterior and posterior borders, apex and medial
surface of coronoid process of mandible. Further more the tendinous extensions have
two tendons; the superficial (outer) tendon is attached to the anterior border of
coronoid process and mandibular ramus, the deep (inner) tendon is inserted to the
temporal crest of mandible. The deep tendon is stronger and longer than the superficial
tendon, it just medially and reaches downward into the region of the lower wisdom
tooth. The retromolar fossa of the mandible between the superficial and deep tendon is
free from the insertion of the temporal muscle fibers. The innervation is provided by
the anterior and posterior deep temporal branches of anterior trunk of V3. The action
of the muscle, built more for movement than for power, is mainly an elevator of the
mandible. Its middle fibers have a retracing component because of their oblique
direction downward and forward. It’s most posterior fibers act as retrusion of
mandible because of their horizontal direction.

Medial pterygoid muscle: situate on the medial side of the mandibular ramus,
is anatomically and functionally a counterpart of the masseter muscle. It is a

rectangular, powerful muscle, although it is not as strong as the masseter muscle. The
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origin consists of two heads; the superficial head is attached to the lateral surface of
the pyramidal process of palatine bone and the tuberosity of maxilla, the larger deep
head is attached to the medial surface of the lateral pterygoid plate and the grooved
surface of the pyramidal process of palatine bone. The fibers of the medial pterygoid
muscle run downward, backward and outward direction. The field of insertion is at the
medial surface of the mandibular angle. The innervation is provided by the medial
pterygoid muscle which the branch of undivided trunk of V3 The muscle is a synergist
of the masseter and temporal muscles, especially of its superficial part; therefore, the
action is an elevator of the mandible.

Lateral pterygoid muscle: arises from two heads; the smaller superior head
originates from the infratemporal surface and the crest of greater wing of sphenoid
bone, the larger head originates from the lateral surface of the lateral pterygoid plate.
The insertion fibers is attached to the anteromedial surface of the articular capsule and
thus indirectly to the anterior border of the articular disc. The majority of the fibers are
inserted to the anterior surface of the mandibular neck. The nerve to the lateral
pterygoid muscle branches off the masseteric or the buccal nerves, the branch of
anterior trunk of V3. The action of the muscle is the chief protractor of lower jaw;
protect backward displacement of the articular disc and the head of mandible while
opening the mouth. Lateral pterygoid muscle coordinate with the digastric muscle

while opening mouth.

Electromyographic Activity

According to Scott (18) and De Luca (19), The term “ Electromyographic
activity (EMG) ” refers to the small electrical currents are generated by muscle fibers
prior to the production of muscle force. These currents are generated by the exchange
of ions across muscle fiber membranes, a part of signaling process for the muscle fiber
to contract. EMG can be measured by applying conductive elements or electrodes to
the skin surface, or invasively within the muscle. The electrode can classify into two
categories; the surface electrode (measurement of muscle bundle) and the needle
electrode (measurement of motor unit, muscle fiber).

Surface EMG is more common method of measurement, since it is non-

invasive, can be conducted by personal and has minimal risk to subjects. Measurement
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of surface EMG is dependent on a number of factors. The amplitude of the surface
EMG signal (SEMG) varies from the pV to the low mV range. The amplitude, time
and frequency domain properties of SEMG signal are dependent on factors such as the
timing and intensity of muscle contraction, the distance of electrode form the active
muscle area, the properties of overlying tissue (thickness of overlying skin and adipose
tissue), the electrode and amplifier properties and the quality of contact between the
electrode and the skin. In most cases, information on the time and intensity of muscle
contraction is desired. There are methods to reduce the impact on the SEMG signal by
using the same electrodes and amplifier, ensuring consistency in the quality of contact
between the electrodes and the skin. Within subjects, the variability of the SEMG
signal can also be reduced in consecutive recording sessions by placing the electrodes
over the same skin location. The most important of the method is the reduction of the
ambient noise (the noise is generated by electromagnetic devices), the transducer noise
(the noise is generated at the electrode-skin junction) and cross-talk (the signal from
neighboring muscle). These factors can be avoided by using the appropriate size of the
electrodes, the conductive gel, the bipolar Ag-AgCl electrodes, the inter-electrode
distance of 20 mm. The inter-electrode distance should not exceed ¥ of muscle fiber
length. The position of electrode is in the middle of muscle between the origin and
insertion. The reference electrode should be placed as far away as possible and on
electrical neutral tissue (over bony prominence). EMG signal can determine the
activation timing of the muscle, estimate the force produced by the muscle and obtain
an index of the rate at which a muscle fatigue through the analysis of frequency

spectrum of the signal.

The Muscular Activities in Different Types of Occlusion

The review literatures in an eletromyographic investigation were shown in
Table 2 to compare the differences in sample, type of electrodes, type of muscles and
type of masticatory function. Most researches (10-15) studied in the growing children.
In growing children, many researchers found no significant differences in the masseter
and anterior temporal muscular activities in rest position between Class Il division 1
and normal occlusion (11, 15). In maximum clenching, the EMG activities of the

masseter and anterior temporal muscles in Class Il division 1 were lower than in
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normal occlusion (15). In chewing the EMG activities of the masseter and anterior
temporal muscles in Class Il division 1 were lower than in normal occlusion (11),
however, the EMG activities of temporal muscles were found no significant difference
(13). In maximum bite in the intercuspal position, there were differences in results
because of the occlusal instability and different sides of the placement of the electrode
(13, 15). Pancherz (13) found that the EMG activities of the masseter and temporal
muscles in Class Il division 1 were lower than in normal occlusion, whereas Lowe and
Takada (15) found no significant differences. In swallowing, the children with Class |1
division 1 exhibited less EMG activities in the masseter and anterior temporal muscles
than the children with normal occlusion (11), however, Lowe and Takada (15) found
no significant differences.

Miralles et al. (16) found that the postural activities for the masseter and
anterior temporal muscles were higher in Class Ill than in Class | and Class I,
whereas in Class | and Class Il subjects’ activities were similar. During swallowing,
the masseter muscle activities in Class 111 were higher than in Class | and Class I,
whereas the anterior temporal muscle activities were higher in Class 111 than in Class
I, no significant differences between Class Ill and Class I, Class Il and Class I.
During maximum voluntary clenching, the activities were not different among classes.

In normal occlusion, the postural EMG of the posterior temporal muscles
was found to be greater than in the anterior temporal muscles (12). During chewing
and maximal bite, the EMG activities in the masseter and temporal muscles were large
in cases with a tendency to parallelism between the jaws bases and between the
mandibular lines (rectangular shape of the face in profile and small lower face high).

According to Lowe et al. (14), in Class Il division 1, high anterior temporal
activities were correlated with flat palatal planes and large ramus heights. High

masseter activities were correlated with upright maxillary incisors in rest position.
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Table 2. The muscular activities in different types of occlusion.
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Author Sample Electrode Muscle Function
Ahlgrenetal. 1.Normal: 1.Bipolar Left of 1.Rest position
1973 (11) 15 cases surface in 1.Ant.temporal  2.Chewing
Age 9-11y.  masseter + 2.Post.temporal ~ 3.Swallowing
2.CLII div.1: orbicularis 3.Masseter
15 cases 2.Hook in Ant.  4.Superior
Age 9-13y.  + Post.temporal orbicularis
Pancherz &l Bipolar hook Bilateral of 1.Maximum bite
1980 (13) 23 cases 1.Temporal in intercuspal
Age 11.6y. 2.Masseter position
2.CLII div.1: 2.Chewing
23 cases
Age 11.9y.
Lowe 1.CLI: 18 case  Bipolar surface  Left of 1.Rest
and 2.CLII div. 1: 1.Ant.temporal  2.Maximum bite
Takada 25 cases 2.Masseter 3.Maximum
1984 (15) 3.CLII div. 2: 3.Orbicularis clenching
12 cases 4.Jaw opening
Age 11.9vy. 5.Swallow
Miralles etal.  Young adult: Bipolar surface  Left of 1.Postural
1991 (16) 33 cases (CI. I, 1.Anttemporal  2.Maximum
CL 11, CL. 1) 2.Masseter clenching
Age 16-30 . 3.Swallowing
Ingervall Normal 1.Bipolar Bilateral of 1.Postural
and F : 27 cases surface in 1.Temporal 2.Chewing
Thilander. M : 25 cases masseter + (Ant.+Post.) 3.Swallowing
1974 (12) Age 9-11y. orbicularis 2.Masseter 4.Maximum bite
2.Hook in Ant.  3.Orbicularis
+ Post.temporal
Lowe et al. CLII div. 1: Bipolar surface  Left of 1.Rest
1983 (14) 20 cases 1.Anttemporal  2.Maximum bite
Age 11.6vy. 2.Masseter in intercuspal
3.Orbicularis position
3.Maximum
clenching

4.Jaw opening
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The Muscular Activities in Activator Treatment

The review of literatures in an eletromyographic activity in activator
treatment was shown in Table 3 to compare the differences in sample, method of
treatment, type of electrodes, type of muscles and type of masticatory function.

Since Andresen and Haupl introduced functional jaw orthopedics (activator)
in 1936, diverse views have been presented including the neuromuscular responses
brought about with activator treatment. They claimed that the activities of the jaw
closing muscles are produced by the activator, which stimulates the protractor muscles
and inhibit the retractor muscles of the mandible. Eschler supported Andresen and
Haupl but claimed that the retractor muscles are stimulated, not inhibited, by
activators.

According to Ahlgren (1), during daytime use of activators, the protractor
muscles of the mandible (masseter muscles) were stimulated, while the retractors
(temporal muscles) were inhibited. This investigation studied the EMG pattern in
Class Il division 1 children with activator and without activator in the mouth,
compared before and 2 years after treatment.

In 1986, Ingervall and Bitsanis (2) found that the muscle activities in rest
position were low and the same with or without the activator in the mouth. There were
significant differences decreased only in the activities of the posterior portion of
temporal muscle in rest position during 6 months of treatment. The activities of the
masseter, anterior temporal and posterior temporal muscles during maximum bite and
chewing were influenced by the occlusal instability created during the course of initial
treatment.

In 1991, Ingervall and Thuer (4) studied the effect on muscle activities in
Class Il division 1 children for 1 year of activator treatment. The effect on muscle
activities was compared with that in a similar group of children being treated with a
headgear (in Class Il division 1) and multiband groups (in Class I malocclusion). The
activities of both anterior and posterior temporal muscles in the rest position were
constant during 1 year period of observation in all three groups. During maximum bite
the activities of both muscles tended to decrease after the start of treatment. However,
this effect was decreased significantly for the posterior temporal muscle in the
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headgear group, in the multiband group and in the activator treatment group with a
large protrusion.

Miralles et al. (3) compared the activities of the anterior temporal and
masseter muscles in Class Il division 1 malocclusion with and without the activator in
the mouth after activator treatment. The children were treated with activators with
different periods of activator wear (3 months to 42 months). This research found that
similar integrated EMG activities in the postural mandibular position and during
maximal voluntary clenching, with and without activator. However, during saliva
swallowing, the activities in both muscles were significantly higher with activator.

Noro et al. (5) studied the effects of construction bite, they found that higher
construction bite changed the direction of forces from vertical to posterior and form
vertical to anterior in Class Il and Class Ill, respectively. The magnitude of forces
increased significantly with varying construction bite heights from 2 to 8 mm.

Many investigation in activator treatment concerned about the EMG
activities of the masseter and anterior temporal muscles with and without the activator
in the mouth (1-3). However, there were no significant differences in EMG activities
in rest position in both two muscles (2, 4). In maximum bite in the intercuspal position
(2, 4), chewing (2) and swallowing (2, 3), the EMG activities were different in results
during the period of treatment; these effects were influenced by occlusal instability.
But the clinical improvement was rapid as evident from decrease in overjet and in
ANB as well as a change in molar relation.

The effects of Herbst appliance (20) showed an increase in the masseter and
temporal muscular activities in Class Il division 1 malocclusion for 6 months after
treatment, and the muscular imbalance between the masseter and temporal muscles
were reduced during 6 months after treatment. According to Hagg et al. (21-22), they
reported an increase in EMG activities of the masseter but no changes in anterior
temporal muscles after 6 months of treatment with Herbst appliances. And the
muscular imbalances in the masseter and anterior temporal between the right and left
sides were reduced after 6 months of treatment. The children were treated with oral
shield, showed a decrease in orofacial muscles (23). Aggarwal et al. (24) reported a
significant increase in postural and maximal clenching in the masseter and anterior

temporal muscular activities during the 6-month period of treatment with Twin-block.
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In animal studies, McNamara (25) found that the postural activities of the
posterior temporal muscles decreased but the activities of the lateral pterygoid muscles
increased with cemented splints. However, Sessle et al. (26) reported a decrease in
postural EMG activities of the superior and inferior heads of the lateral pterygoid,
superficial masseter and anterior digastric muscles with Herbst appliance and
functional protrusive appliance. In the same, Yamin et al. (27) reported a decrease in
postural EMG activities of the lateral pterygoid, masseter and digastric with Herbst,

Frankel and Twin-block.

Table 3. The muscular activities in activator treatment.

Author Sample Treatment Electrode Muscle Function
Ahlgren.  CLII div.1: Activator Bipolar Bilateral of ~ With and without
1978 (1) 20 cases full time intra- Temporal activator in the

Age 8-16 y. cutaneous Masseter mouth in early and

late treatment.

Ingervall  CLII div.1: Activator Hook Bilateral of  1.Rest position
and 15 cases 6 month Ant.+Post. with and without

Bitsanis  Age 8.3-13.5y at night temporal 2.Chewing

1986 (2) Masseter 3.Swallowing

Digastric 4.Maximum bite
with and without
activator

Miralles  CLII div.1: Activator Bipolar Left of With and without
et al. 15 cases daytime surface Ant.temporal activator in
1988 (3) Age8-15y. Masseter 1.Postural position.
2.Swallowing
3.Maximum
voluntary
clenching

Ingervall  1.CLIIdiv.1:  Activator 1y Bipolar Bilateral of  1.In rest position

and 24 cases hook Ant.temporal 2.Maximum bite in
Thuer 2.CLIN div.1: Headgear Post.temporal intercuspal
1991 (4) 15 cases position
3.CLI
16 cases Multiband

Age 9.2-12.7y
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CHAPTER IV
MATERIALS AND METHODS

Collection and Selection of Sample

This study was designed as a clinical study. Thirty-one patients from the
Orthodontic Department of the Faculty of Dentistry at Mahidol University, Thailand,
were included in this study. They were divided into two groups: activator treated and
untreated group as a control. The first group consisted of 25 orthodontic patients (13
boys and 12 girls, ages 8 years 1 month to 13 years 7 months) who were planned to
treat with an activator to correct to Class | molar relation. The second group included 6
patients (2 boys and 4 girls, ages 7 years 10 month to 11 years 3 months) who were
not treated with an activator but waited for full fixed orthodontic appliances.

The protocols were reviewed and approved by the committee on human
rights related to human experimentation Mahidol University to study in the human
(see Appendix). All patients were explained in the details of this study and signed the
informed consent if they agreed to participate. Table 4-5 shows the characteristics of

the sample in this study.

The Criteria for Selection of the Sample

1. Hand-wrist radiographs showed that their developmental stage ranged from
before to just past the peak of pubertal growth spurt.

2. No clinical signs of temporomanibular joint disorders.

3. No history of prior orthodontic treatment.

4. Skeletal type Il with retrognathic mandible, Angle’s Class Il division 1
malocclusion, well align or mild crowding, proclination or spacing of anterior teeth,
large overjet and deep overbite.

4.1 The ANB angle was > 4.58 degrees.
The sample had to have the ANB angle which was at least one standard

deviation more than the mean of ANB of Thai norm. According to Sawaengkit et al.
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(28) the norm of the ANB angle was 2.93 + 1.65; therefore, the selected sample had to
have the ANB angle, which was more than 2.93 + 1.65 = 4.58 degrees.
4.2 The Wits appraisal was > -1.02 mm.

The sample had to have the Wits appraisal, which was at least one standard
deviation more than the mean of the Wits appraisal of Thai norm. According to
Sawaengkit et al. (28), the mean of the Wits appraisal was —2.94 + 1.92; therefore, the
selected sample had to have the Wits appraisal, which was more than -2.94 + 1.92 =
-1.02 mm.

4.3 The PP-MP angle
43.1 The PP-MP angle was between 15.65 and 26.15
degrees for the normodivergent group.

The normodivergent sample had to have the PP-MP angle which was
between one standard deviation of the mean of the PP-MP angle of Suchato and
Chaiwat’s study (29) According to their study, the PP-MP angle was 20.9 + 5.25;
therefore, the selected normodivergent sample had to have PP-MP angle which was
between 15.65 and 26.15 degrees

432 The PP-MP angle was < 15.65 degree for
hypodivergent group.

The hypodivergent sample had to have the PP-MP angle which was at least
one standard deviation less than the mean of the PP-MP angle, which was less than
20.9 - 5.25 = 15.65 degree.

433 The PP-MP angle was > 26.15 degree for
hyperdivergent group.

The hyperdivergent sample had to have the PP-MP angle, which was at least
one standard deviation more than the mean of the PP-MP angle, which was more than
20.9 + 5.25 = 26.15 degree.
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Table 4. The characteristics of the sample in this study.

Sex Skeletal
Group n Age
Boys Girls Open Normal

Activator 25 13 12 12 13

Control 6 2 4 2 4

Hand wrist

8.08-13.58 Y  PP2to MP3c
7.83-11.25Y  PP2to MP3c

Table 5. Dentofacial morphology of the sample in this study.

Activator (n=25) Control (n=6)

Cephalometric variable

Mean + SD Mean + SD
SNA 82.24 + 4.69 84.35 +2.87
SNB 75.92 +4.22 77.23+2.28
ANB K 337y 7.12+1.03
Wits g 2.61+1.98
Maxillary length 78.59 + 3.82 78.59+4.72
Mandibular length 98.48 + 4.68 96.19 + 4.80
MP 33.96 + 5.08 31.85+4.98
PP 7.56 +3.11 7.12 + 3.55
MPPP 26.39 + 5.38 24.72 + 5.54
SNPg 76.47+ 4.03 77.27 +2.09
U1-NA 30.90 + 6.15 27.08 +5.90
L1-NB 30.20 + 6.84 33.27+4.15
Overjet 7.84 +2.27 752+ 152
Overbite 5.76 + 1.56 6.10 + 1.04
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Methods
Design and Construction of Activator

The activator used in this study (Figure 2) corresponds to a modification of
the original activator with clasps that fix the appliance to the upper first molars and
labial bow with U-loop at upper and lower anterior teeth. The bite work for the
activator was registered by instructing the patient to bite a wax roll in a forward
position of the mandible until it reached a bite-to-bite position of the incisors or as
protrusion as possible and until a 5 mm. vertical distance could be measured between
the cusps of the first molars. According to Noro et al. (5) they studied the effects of
construction bite, they found that higher construction bite changed the direction and
magnitude of forces, thus in this study we fixed construction bite heights 2-3 mm more
than freeway space that the activator keeps the mandible extended beyond the rest
position and the elasticity of the muscles moves the mandible to forward position.
When this occlusal relation was obtained, the registration wax bite and working
models were mounted in an articulator. Each time the patient bit on the appliance, the
occlusal acrylic in the posterior region was reduced to guide the posterior teeth to the
desired position especially in skeletal deep and normal configuration patients, and kept
the occlusal acrylic the same level during treatment in patients who presented with
skeletal open configuration. Patients were asked to wear the activator at night (6 pm.

to 6 am.) and to record the wearing time through the period of treatment.

Figure 2. The activator used in this study.
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EMG Registration Schedule and Setup

Bilateral EMG signals for each patient were recorded from the masseter and
anterior temporal muscles in the rest position, maximum bite of habitual clenching and
swallowing of saliva or little water. A 5-channel EMG, Medelect-M2 and bipolar
surface electrodes were used (Figure 3). Four channels recorded EMG and one
reference EMG channel. The lower-frequency filter was set at 100 Hz. and the upper-
frequency one was set at 10 kHz. The amplifier sensitivity was set at 200 pv/division

for muscle activities.

Figure 3. Electromyographic device Medelect-M2.
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Before each recording secession, the procedure was explained in detail to the
patients to allay their anxieties. In this study all subjects were trained for swallowing
and maximum biting of habitual clenching, and recording procedure under the same
situation. The study was done in a shielded room to eliminate outside electrical
interferences. The patient sat upright on a chair without head support and Frankfort
plane was positioned parallel to the floor in rest position, during swallowing and
maximum bite of habitual clenching. Alignment of the electrodes was facilitated by
palpation of the muscles; the patients were instructed to close their jaws in centric
occlusion as forcibly as possible. Bipolar surface electrodes were placed on the skin
about halfway between the origin and insertion of the muscles, parallel to the direction
of muscle fibers, after cleansing the skin with 70% isopropyl alcohol, gel and covered
with conductive paste to reduce impedance. A reference electrode was placed at
forehead of the patients. An inter-electrode distance was 20 mm. Reference marked to
electrode positions were made and recorded on transparent sheets. Subsequently,
transparent sheets were taken during the first session as reference for future electrode
placement. According to Ingervall and Bitsanis (2) and Miralles et al. (3), the

placement of the electrodes was showed in Figure 4

Figure 4. The placement of the electrodes.
Source: Sicher, 1980 (17)
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Follow from Miralles et al. (3) and Ingervall and Thuer (4), the sequence of
the EMG recording was described:

At each recording secession of swallowing, the records were made with the
jaws 1) in the rest position of the mandible for 5 seconds, 2) during swallowing of
saliva or little water, and then 3) in the rest position of the mandible for 5 seconds. A
resting period was 1 minute between each swallowing. Of maximal bite of habitual
clenching, the records were 1) in the rest position of the mandible for 5 seconds, 2)
during maximal bite of habitual clenching for 5 seconds, and then 3) in the rest
position of the mandible for 5 seconds. A resting period was 5 minutes between each
maximal bite of habitual clenching allowed to avoid muscular fatigue.

All EMG recording sessions were replicated three times for swallowing and
maximal bite of habitual clenching (the mean values of the record 1, 2 and 3 were
calculated) The EMG recordings were made before the start of the treatment, at 3
months, 6 months and 12 months after the start of treatment and until Class | molar
relation.

The maximum amplitude and duration of the muscle activities were
measured in left and right sides during swallowing and maximal bite of habitual
clenching for the masseter and anterior temporal muscles. The area under the signal of
the muscle activities was measured in left and right sides of the masseter and anterior
temporal muscles for swallowing and maximal bite of habitual clenching. The EMG
values were used to evaluate the muscle activities during treatment (before the start of
the treatment, at 3 months, 6 months and 12 months after the start of treatment and
until Class I molar relation). According to De Luca (19), a common method used to
quantify direct surface EMG is to the rectified signals; rendering the signal to have
excursions of one polarity. The integrated rectified signals provide a measurement of
the area under the signals and a specified interval of time. This value, the
area/duration, was accurately calculated because of the average rectified value of the
EMG signals. Therefore in this study, the mean area/duration was used to evaluate the

masseter and anterior temporal muscle activities during the observation period.
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Study Model Analysis

Angle’s classification was used to assess anteroposterior position of upper
first molar relative to lower first molar. Class | was defined as that position where
mesio-buccal (M-B) cusp of upper first molar fits exactly into buccal groove of lower
first molar. Any deviation from Class | was measured to the nearest half cusp width.
Class Il tendency was defined as M-B cusp of upper first molar moving mesial relative
to buccal groove of lower first molar. Class 11l tendency was defined as M-B cusp of
upper first molar moving distal relative to buccal groove of lower first molar. The
study model was recorded with impression at the start of treatment, 3 months, 6
months and 12 months after treatment and until Class | molar relation. Angle’s
classification, overjet and overbite were evaluated at the same time of the oral

examination.

Cephalometric Measurement

All subjects in this study were recorded with lateral cephalometric films, at
the start, 6 months, 12 months after treatment and until Class | molar relation to
evaluate cephalometric values (the ANB, Wits appraisal, Maxillary and Mandibular
length, Ul to NA, L1 to NB, overjet and overbite changes). Each treatment radiograph
was traced on an acetate paper, with a sharp-edge black pencil (0.3mm.) and a viewing
box. A black surround was placed on the radiograph to cut-down background
illumination, thereby, facilitating landmark identification. When bilateral structure
gave rise to double images, the mid-point by estimation, as appropriate, was chosen.
All tracings were then checked for accuracy by two orthodontists. The cephalometric
measurement was measured by using digitization with a software program

(Dentofacial planner version 5.3.2).

Magnification of Lateral Cephalometric Radiographs

The cephalograms used in this study were obtained from 3 types of x-ray
machines. Each radiograph had individual marker then the magnification was
calculated for each radiograph. Each marker was measured three times by the same

digital veneer caliper (the mean values of measurements were calculated) and then
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compared with the true marker. The linear measurement there was multiple by the

individual magnification for the accuracy.

Variables Used in the Study

The purpose of this study was to evaluate the muscle activities in Class Il
division 1 patients during 12 months of observation period and until Class I molar
relation. The independent variables of this study were sex, skeletal, muscles, positions
and functions. The dependent variables of this study were the muscle activities during

the 12 month observation period and until Class | molar relation.

Reliability of the Measurement
In order to determine whether the measurements are reproducible, they were
checked for reproducibility. To check for intrajudge validity, 10 radiographs were
randomly selected from the subject group and redigitized after 1-week interval by the
same examiner. For each replicated measurement, the method error statistic: Paired T-
test and Dahlberg’s method were used for testing the error of measurements (30-31).
The error of the measurements was calculated by the Dahlberg’s modified

method for small samples:

Error of measurements = / Z(Xl-XZ)2
2n
Where

X1 = the original measurement
Xz = the replicated measurement

n = the replication sample size
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Statistic Analysis

The SPSS version 11.5-microcomputer program was used to perform the
following calculations:

1. The repeated measures design was used to evaluate the changes in the
muscle activities and cephalometric measurements during 12 months of observation
period.

2. Paired T-test was used to determine significant differences between the

muscle activities at start and the end of treatment (Class | molar relation).
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CHAPTER V
RESULTS

The EMG in the Masseter and Anterior Temporal Muscles in Class Il Div.1
Malocclusion Treated with Activator and Untreated with Activator during 12
Months of Observation Period.

In this study, 17 orthodontic patients were being treated for 12 months of
observation period (8 boys and 9 girls, ages 8 years 1 month to 12 years 8 months).
The means of area/duration of the muscle activities in masseter and anterior temporal
muscles when the mandible was in the maximum bite of habitual clenching and
swallowing during the start, 3 months, 6 months and 12 months of observation period
were compared between the treated and the control groups (untreated group), the
details were showed in Table 6-7, Figure 5-8.

There were no significant differences in sex, skeletal (open and normal) and
muscles (masseter and anterior temporal), however there were significant differences
in functions (maximum bite of habitual clenching and swallowing), sides (left and
right) and time (start, 3 months, 6 months and 12 months) with p < 0.05.

At maximum bite of habitual clenching, the activities of masseter and anterior
temporal muscles in the left and right sides were found significant decreases between
at start of treatment and 12 months both in the two groups. In the treated group, there
were significant decreases between at start and 12 months, 3 months and 12 months, 6
months and 12 months (p < 0.05). In the control group, there were significant
decreases between at start and 3 months, at start and 6 months, at start and 12 months
(p < 0.05). At 12 months of observation period, the EMG activities of both muscles in
the control group were higher than in the treated group but showed significant
differences only in the right side (p < 0.05).

At swallowing, the EMG activities in the treated group showed no significant
decreases between at start and 12 months, and at start and 3 months of treatment in
both sides of both muscles. However, it was found that there was a significant increase

between 3 months and 6 months (p < 0.05), and a significant decrease between 6



Amornrat Chaiwong Results / 26

months and 12 months of the treatment (p < 0.05) in both sides of anterior temporal
muscles. For the masseter muscle activities, they showed no significant decreases
between at start of treatment and at 12 months, but a significant decrease was found
between at 6 and 12 months in both sides (p < 0.05). In the control group, the activities
of masseter and anterior temporal muscles in both sides showed no significant
decreases between at start and 12 months, with some decreases between at start and 6
months, and slightly increases between 6 months and 12 months. Accordingly, there
were no significant differences between the groups at 12 months of observation period
(p < 0.05).
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Figure 6. Means of Area/duration values of left and right anterior temporal muscle
activities (uV/ms) during maximum biting of habitual clenching between treated and

untreated group.
* = Significant difference at p < 0.05 (start-12 month)
* = Significant difference at p < 0.05 (treated- untreated)
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Figure 8. Means of Area/duration values of left and right anterior temporal muscle

activities (uV/ms) during swallowing between treated and untreated group.
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The EMG in the Masseter and Anterior Temporal Muscles in Class Il Div.1
Malocclusion Treated with Activator until Class | Molar Relation.

The means of area/duration of the muscle activities in masseter and anterior
temporal muscles when the mandible was in the maximum bite of habitual clenching
and swallowing from the start of treatment until Class I molar relation in treated
group, the details were showed in Table 8-9, Figure 9-10.

During maximum bite of habitual clenching, the activities of masseter and
anterior temporal muscles showed a decrease after the start of treatment in both sides.
However, these effects were significant differences in the right side of masseter
muscles and both sides of anterior temporal muscles (p < 0.05). In swallowing, there
were no significant differences between the start and the end of treatment. The EMG

activities showed a slightly decrease in both muscles and both sides (p < 0.05).
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Table 8. Means and SD (in uV/ms) Area/duration values of the muscle activities

during maximum biting of habitual clenching (until Class | molar relation).

Activator Tx Left side Right side
n=25 Start End Diff. Start End Diff.
Masseter 130.25+57.13 103.33+55.29 NS  180.95+69.36 143.70 +67.18 *

Ant.temporal  131.26 + 64.44 104.14 + 57.75 =

180.05 + 66.31 137.92 + 57.76 *

NS = No significant difference at p < 0.05
* = Significant difference at p < 0.05

Table 9. Means and SD (in uV/ms) Area/duration values of the muscle activities

during swallowing (until Class | molar relation).

Activator Tx Left side Right side
n=25 Start End Diff. Start End Diff.
Masseter 14.23 + 9.69 13.22 +13.43 NS 15.84 +13.01 14.34+14.15 NS

Ant.temporal 20.24 +15.58 18.12 + 13.44 NS

22.85+17.60 18.44 +12.68 NS

NS = No significant difference at p < 0.05
* = Significant difference at p < 0.05
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Cephalometric Measurements
Error of the Measurements

The results of Paired T-test and Dahlberg’s method were showed in Table 10-
11. Paired T-test results showed no significant differences between the two
measurements. The results from Dahlberg’s method showed that measurement errors
of SNA, SNB, ANB, Wits appraisal, Maxillary length, Mandibular length, MP, PP,
MPPP, SNPg, Ul to NA, L1 to NB, overjet, overbite were 0.34, 0.31, 0.18, 0.74, 0.41,
0.32, 0.59, 0.46, 0.49, 0.38, 0.43, 0.50, 0.32, 0.24 respectively.

Table 10. Paired T-test of the Cephalometric measurements.

Cephalometric Mean SD Std. Error t Difference
variable Mean
SNA -0.08 0.50 0.16 -0.51 NS
SNB -0.04 0.46 0.14 -0.28 NS
ANB -0.03 0.26 0.08 -0.37 NS
WITS 0.12 1.10 0.35 0.35 NS
Maxillary length 0.11 0.60 0.19 0.58 NS
Mandibular length -0.13 0.45 0.14 -0.91 NS
MP -0.30 0.82 0.26 -1.16 NS
PP -0.03 0.69 0.22 -0.14 NS
MPPP -0.29 0.66 0.21 -1.40 NS
SNPG -0.05 0.56 0.18 -0.28 NS
U1-NA -0.13 0.62 0.20 -0.66 NS
L1-NB 0.28 0.69 0.22 1.29 NS
0oJ 0.00 0.47 0.15 0.00 NS

OB -0.03 0.35 0.11 -0.27 NS
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Table 11. Errors of the Cephalometric measurements.

Cephalometric variable

Error of Measurement

SNA
SNB

ANB
WITS

Maxillary length
Mandibular length
MP

PP

MPPP

SNPG

U1-NA

L1-NB

0oJ

OB

0.34
0.31
0.18
0.74
0.41
0.32
0.59
0.46
0.49
0.38
0.43
0.50
0.32
0.24

NS = No significant difference at p < 0.05

*

= Significant difference at p < 0.05
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In the treated group, the clinical improvement was evident from a significant
decrease in ANB angle, Ul to NA, overjet and overbite as well as changes in the
molar relations. L1 to NB, Maxillary length and Mandibular length was increased
significantly after the start of activator treatment. In untreated group, there were
significant differences in a decrease of ANB, an increase of mandibular length and Ul
to NA, but no significant difference in an increase of Maxillary length, L1 to NB,
overjet, a decrease in overbite. However, the means of cephalometric values were
significant differences between the treated and untreated groups only in overjet and
overbite at 12 months of observation period (p-value < 0.05). The results were showed

in Table 12. Extraoral and intraoral photographs of the patient showed in Figure 11-

12.

Table 12. Means and SD of Cephalometric measurements.

Group Start 6 month 12 month
Activator (n=17)

ANB B 3OO 541+1.38 4.86 + 1.53
Maxillary length 78.00 + 3.76 79.29 + 3.55 80.04 + 3.74
Mandibular length 98.35 + 5.29 101.48 + 4.90 103.37 + 5.41
U-NA 31288632 27.36 +5.39 25.76 + 5.67
L-NB 28.58 + 7.42 33.47 +7.07 33.70 + 6.72
Overjet 8.21 + 2.46 454 +1.84 3.56 + 1.65
Overbite 574 +1.84 423+1.28 3.51+1.50
Control (n=6)

ANB 7.12+1.03 6.73 + 1.15 6.45+ 1.33
Maxillary length 78.59 +4.72 78.71 + 4.46 79.91 + 4.25
Mandibular length 96.19 + 4.80 97.24 +5.94 99.11 + 6.27
U-NA 27.08 +5.90 29.22 + 6.27 30.92 +6.55
L-NB 33.27 +4.15 3253 +4.12 33.82+5.43
Overjet 752+ 152 7.57 +1.83 7.72+ 153
Overbite 6.10 + 1.04 5.87+1.07 5.78 + 1.66
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Figure 11. Extraoral and intraoral photographs of the patient treated with

activator.
A: Lateral view = start (pretreatment), 6 months, 12 months of treatments

B: Start of treatment
C: 6 months of treatments
D: 12 months of treatments
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Figure 12. Extraoral and intraoral photographs of the patient untreated with

activator
A: Lateral view = start (pretreatment), 12 months of treatments
B: Start of treatment
C: 12 months of treatments
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CHAPTER VI
DISCUSSION

It was our interest to study the EMG muscle activities in patients who were
treated with activator. With the evidence that the mode of action of functional
appliance therapy has been linked to the neuromuscular and skeletal adaptations to
alter function in the orofacial region, it is believed that as a new pattern of function,
dictated by the appliance, it leads to the development of a new morphologic pattern. It
was concluded that as skeletal adaptations occur, the need for compensatory muscle
function was reduced and followed by the stability of the treatment (32). However, it
seems to be argued for some factors that might have influence during the experiments
or studies. Several investigations had been carried out to correlate the timing of the
appearance and disappearance of altered functional patterns to the rate and extent of
skeletal and dental adaptations (1-5, 20-27). In this study, patients were conducted to
an active protrusion by activator appliance, allowed them for night wearing (6 pm. to 6
am.) to control for the treatment timing factor. All patients presented with well
cooperation of activator treatment and of recording the period wearing. The
construction bite was determined for the sagittal and vertical displacements of the
mandible, also the degree and direction of appliance activation (6). According to Noro
et al. (5), the magnitude of forces increased significantly with varying construction
bite heights from 2 to 8 mm. In this study; because of the almost similar amount of
overjet, all patients were guided for the incisors to an edge to edge relation and the
construction bite height was 5 mm. between the cusps of the first molar in order to
control the vertical dimension. Except one of the patients, she had a very large overjet
and could not reach an incisal edge-to-edge relation with one step. Thus her activator
appliance was activated in multiple stages during treatment. However, her result of
EMG muscle activities was similar to others. For the vertical construction bite, the
activator kept the mandible extended beyond the rest position and the elasticity of the
muscles moves the mandible to forward position. Before the EMG recording, all

subjects were trained for swallowing and maximum biting of the habitual clenching,



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Orthodontics) / 39

and recording the procedures under the same situation. According to De Luca (19), he
stated that a common method used to quantify direct surface EMG is to the rectified
signals. The integrated rectified signals provide a measurement of the area under the
signals and a specified interval of time. This value, the area/duration, is accurately
calculated because of the average rectified value of the EMG signals. Therefore in this
study, the area/duration was used to evaluate the masseter and anterior temporal
muscle activities during the observation period.

Factors such as individual variations, age, gender, malocclusion, composition
and shape of the face, connective tissue, and fat may affect all the characteristic and
magnitude of signals recorded (18-19). Changes in muscle activities during treatment
may be due to discomfort or pain, changes in the occlusal relationship between the
maxillary and mandibular dentitions produced by tooth movement, the orthodontic
appliance itself, unstable occlusal conditions affecting muscle contraction patterns, the
dentition changing to a more stable occlusion, or a skeletal configuration with a
different mechanical advantage. The details of the procedure in this study were
indicated the effort to control the external factors for receiving the qualified EMG

signals.

In Maximum Bite of Habitual Clenching during 12 Months of Observation
Period

The results showed that the EMG activities of the masseter and anterior
temporal muscles of both groups decreased both sides during 12 months of the
observation period. Contrarily to others, it might be the differences in the method
used. Several investigations were found not to be strictly compared because of the
differences in types of electrodes, the electrode positioning and the methods of
treatment used. It was claimed that the EMG activities from the muscles during
maximum biting were markedly increased when the appliance was inserted because of
the sudden change to a forward mandibular position, this situation may stimulate the
muscular contraction (the active contraction from the appliance). When the child bites
on the appliance, an unstable occlusion does not affect the EMG recording because
this measurement was made with acrylic bite planes covering the occlusal surfaces of

the teeth, thus eliminating irregularities in the occlusion (1, 2, 21, 22, 24). While in
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this study, we chose to record the muscle activities in maximum bite of habitual
clenching to compare the EMG activities in the long term period of the effect of the
passive tension, derived from the viscoelastic properties of the muscles after 12
months of activator treatment and until Class | molar relation. The results of the EMG
activities of the masseter and anterior temporal muscles in maximum bite of habitual
clenching showed significant decreases on comparison between the registrations at
start and 12 months of treatment but no significant differences from at start to 6
months. Similarly, Ingervall et al. (2, 4) found a decrease in the EMG activities from
at start to 6 months and at start to 12 months of treatment with no significant
differences. This drop may be explained by instability of the occlusion during
treatment and adaptation of the masticatory muscles. Moreover, the child in activator
treatment may present a lack of the posterior antagonistic tooth contacts after the start
of treatment when the altered mandibular position and change in tooth eruption.
During maximum bite, therefore, the muscle activities decreased with lessening
numbers of posterior teeth in contact and dropped dramatically when the incisors were
in contact. Change in tooth position and intermaxillary relations brought about by
treatment was reflected in a reduced EMG activity of masseter muscle. These changes
caused the muscular imbalance and influenced the adaptation of the masticatory
muscles. Supported by Carels and van Steenberghe (33-34) studied masseteric reflexes
during tooth clenching after standardized taps on an upper incisor in children with
Class Il division 1 malocclusion before and during treatment with a Bionator
functional appliance. They found a change in EMG pattern, which was due to the lack
of posterior tooth contact. The EMG response varied with the degree of posterior
antagonistic tooth contact. Supported by Goldberg (35), he found that during biting in
maximal occlusion a vast number of mechanoreceptors, located in the periodontal
ligaments of the posterior teeth, were activated; while this number of occlusal contacts
was decreased in forward mandibular position or in the incisor edge-to-edge position
that caused a decrease number of mechanoreceptors and altered EMG patterns of
muscles. Similar to this study, the degree of occlusal stability affected muscle
activities, after the start of treatment when the altered mandibular position and change
in tooth eruption caused a decrease number of posterior teeth contact and apparently at

6 months to 12 months of treatment, which nearly in the incisor edge-to-edge position.
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Hence, the results of this study showed a decrease in EMG activities in masseter and
anterior temporal muscle.

In untreated group, the EMG activities of masseter and anterior temporal
muscles showed significant decreases between at start and 3 months, 6 months and 12
months in maximum bite of habitual clenching. This drop may be explained by
instability of the occlusion during 12 months of observation period and adaptation of
the masticatory muscles. The children showed the natural growth that change in
mandibular position and change in the tooth eruption. Three patients showed the
change in tooth eruption and other three patients showed an increase rotation of
permanent teeth. It was found that change in the tooth position and intermaxillary
relations are reflected in a reduced EMG activity of masseter muscle. These changes
caused the muscular imbalance and influenced the adaptation of the masticatory
muscles. In this study, the sample size of the untreated group was smaller than the
activator treatment group. The characteristics of this group, however, from the results
in clinical appearances and cephalometric measurements were representing
appropriately. At the start of treatment, the EMG activities of the muscles in untreated
group were higher than in activator group. The statistical results during 12 months of
overall treatment showed that the EMG activities of masseter and anterior temporal
muscles in untreated group higher than treated group in maximum bite of habitual
clenching. These results may be indicating that change in occlusion and mandibular
position in treated group higher than in untreated group.

Pancherz and Anehus-Pancherz (20) showed that treatment by maximum bite
jumping with the Herbst appliance would result in an increase and equalization of the
temporal and masseter EMG activities that full-time wearing of the appliance is
importance since a continuous anterior functioning might elicit the muscle response
more rapidly than a discontinuous one. While results of the Herbst appliance treatment
in Leung and Hagg (21-22), showed that an increase significance of the masseter
activities but the anterior temporal activities did not change significantly during
treatment. The differing results are probably due to, the fact that the children treated
with the Herbst appliance were corrected to a normal occlusal relationship after 6
months, while the children of the activator treatment were still in a transient stage of

occlusal correction after 12 months of treatment. In this study, the subjects were in the



Amornrat Chaiwong Discussion / 42

active phase of activator treatment at the end of 12 months, and an improvement in
sagittal discrepancy was apparently observed through a change in molar relation from
Class 11 to Class I or Class Il (overcorrected of treatment) in the most of the patients,
excepted in one boy and two girls, there were almost completed Class | molar relation
because of the anterior crowding. While in a transient stage of occlusal correction
during 12 months of treatment, can be attributed to a lack of, or diminished number of
occlusal contacts, thus influence on the EMG activities.

In Swallowing during 12 Months of Observation Period

In treated group, the EMG activities of the masseter and anterior temporal
muscles slightly decreased between at start of activator treatment to 12 months with no
significant differences. The EMG activities decreased from start of treatment to 3
months, increased significantly from 3 months to 6 months and decreased significantly
from 6 months to 12 months in anterior temporal muscles and decreased significantly
from 6 months to 12 months in masseter muscles. These results were varied during the
observation period. It may be explained by the influence of the activator inserted at
night only, that the frequency of saliva swallowing during sleep is very low. During
saliva swallowing, it is a functional activity repeated between 600 and 2400 times each
day (36). Aggarwal et al. (24) showed an increase of the EMG activity in the masseter
and anterior temporal muscles in 6 months of Twin-block treatment for full time
wearing. They found a significant difference with Twin-block, but no significant
difference without Twin-block in the mouth.

In untreated group, the EMG activities of masseter and anterior temporal
muscles in both sides showed no significant decreases between at start and 12 months

of treatment.

In Activator Treatment until Class | Molar Relation

The result of the EMG activities in the patients who were treated until Class |
molar relation (minimum of 3 months to maximum 22 months) showed a significant
decrease from the start to Class | molar relation in right side of masseter muscles and
both sides of anterior temporal muscles in maximum bite of habitual clenching. In

swallowing, there were no significant decreases in the EMG activities of masseter and
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anterior temporal muscles. The explanation of these results was the same in a change

from the start to 12 months of treatment.

In Rest Position

Several investigations showed no significant differences in rest position of
the masseter and anterior temporal muscle activities (2, 4). The EMG activities of the
muscles in this study could not detected by the electromyography device because of a
very small electrical current.

In this study of 12 months of observation period, the clinical improvement in
sagittal discrepancy was apparently observed through a change in molar relation from
Class Il to at least half cusp Class Il in all of the activator treated patients. In contrary,
the untreated patients showed no change in molar relation. In skeletal normal
configuration, the occlusal acrylic covering was removed and guided to correct the
dental deep bite. And in skeletal open configuration that the most of the children in
Class Il malocclusion, the occlusal acrylic covering were kept protecting the
increasing of open configuration. Most of patients in activator treatment showed an
increase in mandibular plane angle with no significant difference. The most of the
patients in treated group were found that the activator resulted in lingual tipping of the
maxillary incisors, labial tipping of the mandible incisors, decreased in overjet and
overbite, But in untreated group, they showed slightly increased labial tipping of the
maxillary and mandibular incisors, slightly increased in overjet and slightly decreased
in overbite. Both groups showed a decrease in ANB, an increase in Maxillary length
and Mandibular length but in treated group changed more than untreated group. At the
end of 12 months, there were significant differences between groups in overjet and
overbite. The results showed that in treated group overjet and overbite were lower than
in untreated group.

The muscle activities showed in this study were examined only in 12 months
of the activator treatment. All subjects were in the active phase of sagittal correction
by the end of 12 months, wherein there was an unbalanced and reduced number of
occlusal contacts in the posterior dental arch segments. And the small sample size of
both groups may not be enough to draw definite conclusions. Thus the large sample

size and the long term observation period should be achieved until the occlusion was
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completely corrected in stability position to reveal the definite conclusion in the EMG
activities.

Copyright by Mahidol University
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CHAPTER VII
CONCLUSION

This study was comprised of 31 co-operative patients: 13 boys and 12 girls in
activator treated group; 2 boys and 4 girls in untreated group. Hand-wrist radiographs
showed that their developmental stages ranged from before to just past the peak of
pubertal growth spurt (PP, to MP3cp). No clinical signs of temporomanibular joint
disorders, any history of prior orthodontic treatment was found. All sample were
skeletal type Il with retrognathic mandible (ANB range from 4.7 to 9.2 degree, Wits
appraisal range from —0.83 mm to 7.31 mm), Angle’s Class Il division 1, and well
aligned or mild crowding, proclination or spacing of anterior teeth, large overjet (range
from 4.54 to 14.49 mm.) and deep overbite (lower incisors occlude to palatal mucosa).

There were great individual intercessional and intracessional differences in
electromyographic activities of the muscles investigated before and during activator
treatment. Thus the careful in selection of sample, methods of recording, types of the
electrode, the placement of the electrode and method of treatment should be
performed. The results from this study revealed that

1. In maximum bite of habitual clenching

1.1 The EMG activities of the masseter and anterior temporal
muscles in activator treated and untreated groups decreased with significant
differences in both sides at 12 months of observation period (p<0.05).

1.2 When compared both groups at 12 months of observation
period, the EMG activities of both muscles in untreated group were higher than in
treated group but showed significant difference only in the right side (p<0.05).

2. In swallowing

2.1 The EMG activities of the masseter and anterior temporal
muscles in activator treated and untreated groups tended to decrease with no
significant differences in both sides at 12 months of observation period (p<0.05).

2.2 There were no significant differences between groups at 12

months of observation period (p<0.05).
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3. In activator treated group until Class | molar relation
3.1 The EMG activities in maximum bite of habitual clenching
decreased in both sides and both muscles, but showed significant differences only in
the right side of masseter and both sides of anterior temporal muscles (p<0.05).
3.2 In swallowing, the EMG activities tended to decrease in both
sides and both muscles, but showed no significant differences (p<0.05).

Clinical Implication

This study showed that the clinical improvements were found in facial profile
and molar relation in the treated patients, while the complete neuromuscular
adaptation had not occurred at 12 months of treatment records and until Class | molar
relation. Therefore, the treatment timing should be prolonged until the complete
occlusion is achieved to evaluate the neuromuscular adaptation and for preventing the

relapse.

Limitation

1. The small sample size in this study could not be divided into subcategories
of skeletal pattern, sex, overjet, which may cause the different results and may not be
enough to reveal the definite conclusions.

2. The electromyographic device in this study comprised of 5 channels that
could measure only two muscles per time. This situation therefore made the procedure
to the longer time for recording. Thus this might affect the emotion and psychology of
the patients, consequently varied the results.

3. The term period of the observation in this study may not be enough to
reveal the definite conclusions. So the observation should be prolonged to the long
term treatment.

4. Ethics affected on the collection of sample. It is not commonly for the
patients not to be treated when malocclusion was found. Thus in this study, the

untreated group was small sample size.
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Suggestions

1. The observation should be continued in the long term treatment until the
occlusion was completely corrected in stability position to reveal the definite
conclusion in the EMG activities.

2. Collecting more sample sizes and suitable methods should be performed
for the future study.
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