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ABSTRACT

The main objective of this study was to compare the occlusal foree distributions
along the maxillary dental arch at its MIP and the DT during excursions among Angle’s
malocclusions. One hundred healthy subjects. According to Angle’s malocclusions,
those subjects were divided four groups into Class I, Class IT division 1, Class 1T division
2 and Class IlI. By using T-Scan III system, all subjects were recorded the DT (sec) and
occlusal force distribution (%). A one way ANOVA was used to compare among
malocclusion types, followed by a post hoe test (£ < 0.05). No significant difference in
percentage of occlusal force distribution among malocclusion type. Class IIT
malocclusion has significant difference in the disclusion time, when compared with the
other groups. In each malocclusion, the percentage of occlusal force were 8.934+6.31,
9.44+6.75, 13.07+8.35, and 10.58+8.46 at the anterior region. They were 24.74+9.42,
24.9347.25, 22.93£9.92, and 27.78+11.51 at the premolar, and 66.42+12.63,
65.80+11.66, 63.87+£16.20, and 61.65+£15.33 at the molar regions. In the respective
malocclusion types, the disclusion time were 2,08+0.65, 2,13+£0,74, 2.124+0,72, and
3.194£1.34 seconds at the left excursion, They were 2.15+0.94, 2,58+1.16, 2.37+1.07,
and 3.28+1.25 seconds at the right excursion, and 1.8830.99, 2.08+1.11, 2.07+0.68, and
3.01£1.53 seconds at the protrusion. In each excursion, Class IlI malocclusion had
significant differences of disclusion time, when compared with other Class. In all

malocclusions, the posterior region was the area with most force distributions. In each



malocclusion type, there were significant differences in the force distributions among
molar, premolar, and anterior regions. Relative occlusal force distributions in each
region were not significantly different among the malocclusions. Disclusion time in
each excursive movement was significantly different among the malocclusions. Our
study, the subjects with Class IIT malocclusion had the longest disclusion time in all

excursive movement,
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CHAPTER I

INTRODUCTION

Background and rationale for the study

A good occlusion is one important factor in the dental therapy, particularly an
orthodontic treatment. An establishment of functional occlusion and stability, a
promotion of a good periodontal health, and a construction of esthetics are its main
objectives. At the completion of an orthodontic treatment, a patient should possess
simultaneous contacts of all teeth with a good timing and an equal intensity of
masticatory force distribution in all directions of mandibular movement. In addition,
there should be a canine-protected occlusion with a less load on the anterior than the
posterior teeth [1-2]. Some occlusal problems are documented to result in a2 muscular
disharmony that leads to temporomandibular disorder (TMD) [3-4]

TMD represents multifactorial causes not yet fully understood. It is usually
related to trauma, stress, parafunctional habits, occlusal changes, or masticatory
disturbances. Almost all of the patients with internal joint pathology, muscle spasms, or
psychogenic problems also suffer from TMD [5-6]. According to TMD prevalence, the
masticatory system’s adaptive capacities are influenced by several factors [7-8].

One area of the greatest debate has been related to an association between TMD
and occlusal factors as a causal role [9]. It has been documented that the masticatory
muscles’ electrical signal recordings are dependent on some occlusal features [10], In
addition, functional jaw movements are closely associated with the dental occlusions [11].

Some symmetrically bilateral actions of masseter and anterior temporal
muscles have been recognized in those with an adequate occlusion and without
dysfunction [12]. Some occlusal aberration has been reported to disrupt some
harmoniously functional patterns of the masticatory pattern. Whether this becomes
disorder is believed to depend upon one’s tolerance level [13]. Some associations
between muscular imbalances and the development of TMD signs and symptoms have
been documented [8,14-15]. Premature contacts, some interferences (balancing or

working side), and the loss of posterior teeth are also reported to cause such imbalances



[11,16-18]. A maladaptive occlusion is likely to be a significant factor in TMD. Tt may
be involved in masticatory system recognizing the effect of mechanical stress {19-20].
Multi-directional muscular loading forces to an increased temporomandibular joint
(TMJ) loading are the results of degenerative TMJ diseases. Multiple dental and
articular constraints’ selective actions are influenced by load’s duration and degree [9].

TMD has been stated to relate to some occlusal changes. They include
premature occlusal contacts [18,21-22], lack of anterior guidance [4], balancing side
interference [23], Class 1 [4,22.24-26] and Class 11 [22,27] sagittal relationships,
anterior open bite [22,25,27], crossbite [27], an over -+5.0-mm-overbite or overjet [28],
an over 2- to 4-mm-centric relation discrepancy to the usual maximum intercuspation
position (MIP) [13,23,28], and an over four number of missing posterior teeth [13,28].
Several studies have suggested some positive associations between TMD and the
mentioned causes, whereas an equal number has found minimal or no association
[13,29-30].  Some recent reports on TMD symptoms demonstrated a positive

relationship with some parafunctional habitu [8,31-33], together with a non-significant

association with some morphologic occlusion or functional occlusal factors [9,20].
Hence, TMD-static occlusal factor relationships have never been reported [13,33-34],

In some orthodontic researches, a patient’s functional occlusion is accessible
by a T-Scan III system. It records the inter-arch contacts’ static and dynamic qualities,
are real-time recognized, and can be preserved for future comparisons [35-37].

Disclusion time (DT) is the time for reaching the anterior teeth, post-departure
from MIP during a mandibular excursion, and it is revealed that the longer the DT
observed electromyographically, the longer the masseter muscle excessively firing [38].
Some DT adjustment to less than 0.4 sec per excursion prevents an increased excessive
muscular forces from excessive loads at posterior teeth, periodontium, and TMJ [35,39-
40]. TMD-patients have some bilaterally asymmetrical occlusal forces than the non-TMD
ones. In addition, those with TMD have a prolonged occlusion time and DT [41-44].

By the use of a relationship between permanent first molars as suggested by
Angle, malocclusions are classified into Class I, Class II division 1, Class IT division 2,
and Class III [32,45). Previous studies have revealed some relationships between
malocclusions and TMD [4,22,24-28]. However, such associations are not clearly

proved. Due to an imbalance of occlusal force distribution between MIP and prolonged



DT during lateral excursion, different Angle’s classifications probably affect the
performance of occlusion.

A study of distribution of occlusal force and DT among different malocclusion
types is worth reminding an orthodontist to increase an awareness in an existence of
malocclusion, if any, during a corrective orthodontic treatment. In those with some
different malocclusions, there have been some data on the durations of DT during left
and right excursive movements, but none on those during the protrusive position, Due
to some differences among the methods used in each study, the results from previous
investigations have neither been intermingled nor reported. In addition, none has
provided the comparisons of the occlusal force distribution and DT among all of Angle’s
malocclusion types.

Hence, the present clinical study’s objectives are to compare and evaluate the
occlusal force distributions along the maxillary dental arch at its MIP and the DT during
mandibular protrusion and lateral excursions among the subjects with different Angle’s

malocclusions by using a T-Scan III system.

Research questions

1. By using the T-Scan III system, is there any difference in the occlusal force
distributions among Angle’s malocclusions (Class I, Class II division 1, Class II division
2, and Class I1I malocclusion)?

2. By using the T-Scan III system, is there any difference in DT during mandibular
protrusion and lateral excursions among Angle’s malocclusions (Class I, Class I division 1,
Class 1T division 2, and Class I1I)?

Research objectives

1. To compare the occlusal force distributions along the maxillary dental arch
at its MIP among Angle’s malocclusions (Class I, Class II division 1, Class I division
2, and Class TIT) by using the T-Scan III system

2. To compare the DT during mandibular protrusion and lateral excursions among
Angle’s malocclusions (Class I, Class II division 1, Class II division 2, and Class III) by

using the T-Scan III system



Scopes of the study

This clinical study is designed to compare and evaluate the occlusal force
distributions along the maxillary dental arch at its MIP and the DT during mandibular
protrusion and lateral excursions among Angle’s malocclusions (Class I, Class 11
division 1, Class II division 2, and Class III) by using the T-Scan III system.

Independent variables:

Untreated Angle’s malocclhisions (Class 1, Class 1T division 1, Class TT division
2, and Class 1II malocclusion}

Dependent variables:

Occlusal force distribution, DT
Location:

3™ floor, NSU 03 Building, Faculty of Dentistry, Naresuan University

Keywords

Angle’s classification; disclusion time; occlusal force distribution; T-Scan IIT

Research hypotheses

1. By using the T-Scan III system, there is some significant difference in the
occlusal force distributions among Angle’s malocclusions (Class I, Class II division 1,
Class II division 2, and Class ITI malocclusion)?

2. By using the T-Scan 11l system, there is some significant difference in the
DT during mandibular protrusion and lateral excursions among Angle’s malocclusions
(Class 1, Class 11 division 1, Class IT division 2, and Class III)?



CHAPTER 1

LITERATURE REVIEW

Some orthodontic treatment objectives are consisted of a creation of facial and
dental esthetics, a generation of stable and ideal static and functional occlusions, an
establishment of dental stability, and an improvement of periodontal health [45]. Dental
occlusions can be classified by using the mandibular positions (Table 1) [32,46-47], the
relationships between permanent first molars (Table 2) [45,47], and the organizations
of occlusions (Table 3) [32,45].

Ideal occlusion concepts are related to esthetics and a physielogic occlusion
including some disharmonious functions, the masticatory system’s stability, and the
masticatory system’s harmonious neuromusculatures [47-48]. Normal occlusion
concepts imply a non-disease situation and include some anatomically acceptable values

and a physiological adaptability [47-48].

Classifications of malocclusions

Classifications of malocclusions are the deseriptions of dento-facial deviations,
in accordance with a common characteristic or a norm, Based on each researcher’s
experiences, various classifications are proposed and are dependent upon whatever

found to be clinically relevant [45].

Angle’s concept of static occlusion [45]

According to Angle’s classification, molar relationships are defined by using
the mesio-distal relationship of the teeth, dental arches, and jaws (Table 2). In this
concept, the permanent maxillary first molar is considered the jaws’ fixed anatomical

point and the occlusion’s key.

Andrew’s six keys of normal occlusion [49]
The concept of an ideal static occlusion has been redefined by Andrews into

six keys as follows:



Key 1 (molar relationship): The distal surface of the permanent maxillary first
molar’s disto-buccal cusp makes contact and occludes with the mesial surface of the
permanent mandibular second molar’s mesio-buccal cusp. The permanent maxillary
first molar’s mesio-buccal cusp tip points at the permanent mandibular first molar’s
mesio-buccal groove.

Key 2 (crown angulation; the mesio-distal tip): The gingival portion of ¢ach crown’s
long axis is distal to the incisal one, in spite of some variations between the tooth types.

Key 3 (crown inclination; labio-lingual or bucco-lingual inclination): Crown
inclination is referred to the labio- or bucco-lingual inclination of a crown’s long axis
and is an angle between the line tangential to the clinical crown’s mid-facial surface.

The maxillary incisors’ clinical crowns are so placed that their incisal are labial
to their gingival portions. In all other crowns, their labial or buccal surfaces’ occlusal
portions are lingual to their gingival ones. In the maxillary molars, their lingual crown
inclinations are slightly more pronounced, when compared those of the canines and
premolars. [n the mandibular ones, their lingual inclinations are progressively increased
from the first premolars to the third molars.

Key 4 (rotation): Each tooth shows no rotation.

Key 5 (space): No space between teeth and contact points/areas are tight.

Key 6 (occlusal plane): The plane of occlusion can be varied from generally

flat to a slight curve of Spee.

Roth’ s keys of functional ocelusion [50]

The functional aspects of the occlusion have been presented by Roth as being
fundamental for completion of the orthodontic cases. They are as follows:

1. MIP (or intercuspal position, ICP) and centric relation (CR) position (or retruded
contact position, RCP) are coincident.

2. In CR position, all posterior teeth must present axial occlusal contacts and
the anterior teeth must maintain a 0.0005-inch-distance between them,

3, During lateral excursion, the canines must disclude the posterior teeth (canine guidance).

4. During protrusion, the maxillary and mandibular anterior teeth must occlude
among each other, aiming at discluding all posterior tecth (immediate anterior guidance).

5. No interference must be present on the balancing side.



Mandibular movements

Several types of mandibular movements are observable and each possesses a

unique pattern (Table 4) [46,48].

Table 1 Classifications of occlusions based on the mandibular positions [32,46,48]

Definition

Occlusion type Characteristics
Habitual occlusion/ Tooth-determined
Maximum intercuspal position

position (MIP)/
Intercuspal position (ICP)

Complete intercuspation of the opposing teeth
independent of condylar position, sometimes
referred to the best fit of the teeth, regardless of
the condylar position

Centric occlusion Joint-determined

Occlusion of opposing teeth when the mandible
is in centric relation. This may or may not

coincide with the maximal intercuspal position

Contact between opposing tecth when the
mandible is moved either right or left from

the mid-sagittal plane

(retruded contact) position
Eccentric occlusion Lateral
occlusion
Protruded
occlusion

Occlusion of the teeth when the mandible is
protruded (mandibular position is anterior to

centric relation)

Centric relation

A maxillo-mandibular relationship independent of tooth contact, where

the condyles articulate in an antero-superior position against the posterior

slopes of the articular eminences. In this position, the mandible is restricted

to a purely rotary movement from this unstrained and physiologic

maxillo-mandibular relationship. The patient can make vertical, lateral, or

protrusive movements, It is a clinically useful and repeatable reference position,




Table 2 Classifications of occlusions based on the relationships between permanent
first molars [32,45]

Occlusion type Definition

Class I Mesio-buccal and mesio-lingual cusps of the maxillary first molar occlude in
(neutro-occlusion)  the buccal groove and with the fossa, respectively, of the mandibular first molar,

when the jaws are at rest and the teeth are approximated in centric occlusion.

Class 11 Mesio-buccal cusp of the maxillary first molar occludes in the space between
(disto-occlusion)  mesio-buccal cusp of the mandibular first molar and distal aspect of the mandibular
second premolar, In addition, mesio-lingual cusp of the maxillary first molar occludes

mesially to mesio-lingual cusp of the mandibular first molar.

DivisionI  Bilateral distal retrusion with a narrow maxillary arch,

protruded maxillary incisors, and an increased overjet

Division II  Bilateral distal retrusion with a normal or a square-shaped
maxillary arch, retruded maxillary central incisors, labially

malposed maxillary lateral incisors, and a deep bite

Class III Mesio-buccal cusp ofthe maxillary first molar occludes in the space between the
(mesio-occlusion)  distal cusp’s distal aspect of the mandibular first molar and the mesial cusp’s

mesial aspect of the mandibular second molar,

Table 3 Classifications of occlusions based on the organizations of occlusion [32,45]

Occlusion type Position Definition
Mutually protected Maximum Posterior teeth provide maximum occlusal loading and
occlusion intercuspation  protect anterior teeth from heavy loading.
Protrusion Anterior teeth occlude with a result of a protection for or

a disclusion of posterior teeth.

Lateral Teeth on the working side contact and provide a protection for

excursion  or a disclusion of those on the non-working side.

Canine-guided During a lateral movement, only canine on the working side comes into

or -protected occlusion  contact with its opposing tooth, causing a disto-occlusion of all posterior teeth,

Group function During a lateral movement, canine and one or more adjacent pairs of

occlusion posterior teeth on the working side are in simultaneous occlusal contacts.




Table 4 Descriptions of the types of mandibular movements and their related

terminology [46,48]

Type/Terminology Definition

Hinge movement Movement in space characterized by two divergent points moving around

a central axis of rotation

Translatory movement Movement in space characterized by a linear motion without axis of rotation,

It may follow a straight or a curved path.

Lateral excursion Forward, inward, and downward translation of the contralateral condyle,

Ipsilateral condyle rotates around an axis.

Working side Lateral segment of the dentition toward which the mandible is moving

during lateral excursion

Non-working side The side opposite to the working side during lateral excursion of the mandible

Anterior guidance As influenced by the overjet and the overbite
As determined by the maxillary anterior teeth’s palatal surfaces and the

mandibular incisors’ incisal edges

Table 5 Definitions of postural rest position and maximum intercuspation [32]

Position Definition
b \ Mandibular position at which the oro-facial system’s synergists and antagonists
ostura
A are in their basic tonuses and are balanced dynamically. A minimal amount of
rest posiion F o i, , 4 .
elevator muscle activity is needed to maintain the mandible in the position.
Maximum Occlusal position of the mandible in which the teeth’s cusps of both arches

intercuspation  fully interpose themselves with the cusps of those of the opposing arch

Functional analyses are important for an identification of the malocclusions.
They include some evaluations of the postural rest position and MIP (Table 5) [32],
together with the sagittal, vertical, and frontal paths of mandibular closures from

postural rest position to centric occlusion (Table 6) [32].
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Table 6 Paths of mandibular closures in sagittal, vertical, and frontal planes [32]

Plane Path of mandibular clesure Malocclusion observed
Sagitfal Pure rotational movement True Class [I/Class 11T
without a sliding component (No functional disturbance)
Forward path of closure Functional protrusion Class 1I/pseudo Class ITI
(rotational movement with
anterior sliding movement)
Backward path of closure Class I division 2
(rotational movement with (Mandible slides backward into a posterior
posterior sliding movement) occlusal position, due to premature contact
and retroclined maxillary incisors)
Pronounced mandibular prognathism
{Mandible may slide posteriorly into the position
of MIP, and it is marked the true sagittal dysplasia.)
Vertical True deep overbite Infraocelusion of the molars
Pseudo-deep bite Over-eruption of the incisors
Frontal Laterognathy or true crossbite Mandibular and facial midlines

non-coincide in rest and in occlusion.

Laterocclusion Mandibular and facial midlines coincide in rest position,
but mandible is deviated in occlusion, due to tooth

interference leading to non-coinciding midlines.

Masticatory system and performances

Functional and structural disturbances in any component of the masticatory
system viewed as a biological one are detectable by some disorders in one or more
components of the system [51]. With its wide range of adaptive modalities, the system’s
adaptations can be functional and/or structural and may respond to transient and/or
permanent demands [20,51].

Some pathogeneses of muscular performances associated with fatigue,
discomfort, and pain in mandibular elevator muscles are influenced by the dental
occlusions, The elevator muscles are controlled by some feedbacks from periodontal
mechanoreceptors [52-54], causing the occlusion system to be efficient by an occlusal
stability. During biting and chewing, the elevator muscles in those with a good occlusal

support, particularly from the posterior teeth, are activated with a high degree of force
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and masticatory efficiency [55]. An extent of occlusal contacts has clearly affected the
muscular activity, bite force, jaw movement, and masticatory efficiency. In addition,

some reduction of occlusal support is a risk factor in TMD development [16].

TMD

The etiology of TMD is complex and multifactorial and numerous factors can
contribute to TMD. Trauma, deep pain input, parafunctional activities, emotional stress,
and some occlusal conditions are five major factors associated with TMD [32]. In
addition, some occlusal problems are related to TMD signs and symptoms (Table 7),
possibly affecting masticatory functions and favoring functional asymmetry of the
stomatognathic system [20].

Some chewing functions influence the alteration, remodeling, and development
of the stomatognathic structures and load distributions. A unilateral chewing implies
some asymmetrical joint dynamics and load distributions [56]. More TMD signs and
symptoms have been reported in people with a predominantly one-sided chewing habit
[57], and some similar results between unilateral chewing and TMJ disturbances have

been documented [58].

Table 7 Reports on the occlusal factors contributing to TMD signs and symptoms

Occlusal factors Investigators, year
Class II Egermark-Eriksson et al,, 1983; Seligman et al,, 1988
Seligman et al., 1989; Henrikson et al., 1997; Selaimen et al,, 2007
Class ITI Egermark-Eriksson et al,, 1983; Gazit et al., 1984; Thilander et al,, 2002
Premature occlusal contacts  Egermark-Eriksson et al., 1983; Kirveskari et al,, 1992; Learrcta et ak, 2007
Lack of anterior guidance Selaimen et al., 2007
Balancing side interference Landi et al,, 2004
Anterior open bite Egermark-Eriksson et al,, 1983; Gazit et al.,, 1984
Seligman et al,, 1989; Thilander et al., 2002
Crossbite Gazit et al., 1984; Thilander et al., 2002
Overjet/overbite > +5.0 mm Pullinger et al., 1993; Thilander et al., 2002

Sliding in centric
Ramfjord, 1990; Landi et al,, 2004

Missing posterior teeth = 5
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Relationships between malocclusions and masticatory muscles

Biocelectrical activities of some masticatory muscles recorded by EMG and bite
force upon the muscles’ maximal voluntary contractions have been reported. A
correlation of disorders between the occlusion and the oro-facial muscles’ functions has
also been available [59]. Some clinical relationships between the malocclusion types
and the masticatory muscles’ activities have also been investigated. Patients with a deep
bite have some significantly higher muscular activities than those with other
malocclusion types. In patients with an edge-to-edge bite, their temporalis muscles’
activities on the balancing side are higher than those on the working side [60]. During
mastication and deglutition, some significant differences of the masticatory muscles’
activities between patients with Class IT division 2 and those with Class Il have been
revealed [61]. When compared among patients with different skeletal profiles, the
masseter and the anterior temporalis muscles’ postural activities are highest in Class III
malocclusion, with some similarities between Class I and Class II malocclusions,
During swallowing, masseter muscle activities in Class III are highest and no difference
in anterior temporal muscle activity is detectable between Class I and Il malocclusions.
During maximal voluntary clenching, the activities are not different among malocclusion
types [62-63]. Moreover, some impaired activities of temporalis and masseter muscles

have been reported in patients with Class II division 1 malocclusion [64].

Relationships between malocelusions and TMD

The relationship between malocclusion and adaptive functions to TMD is
understood much better now than only a few years ago. Despite some report on a
relationship between the stomatognathic system and some cranio-cervical muscles, their
clear association has not been established [18]. The pain may result from some
pathologic changes within TMJ, but more often is caused by muscular fatigue and
spasm, Muscular pain is almost always correlated with a history of clenching or grinding
the teeth (as a response to some stressful situations) or of constantly posturing the
mandible to an anterior or a lateral position [3]. Some investigators have suggested that
even minor imperfections in the occlusion serve to trigger clenching and grinding

activities [3]. However, those with poor occlusion have shown no problem with
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muscular pain when stressed, but are reported to develop symptoms in other organ
systems. This implies no association between malocclusion and TMD [3].

Human proprioceptive and periodontal inputs are changed by some
malocclusions [65]. An alteration of the masticatory muscles’ activities possibly
modifies TMJ movement patterns [66]. The masticatory movements’ wide variabilities
among individuals suggests some different effects of peripheral impulses on the
masticatory movements, However, the occlusal variables may or may not influence the
jaw movements’ motor responses during mastication. Such response is dependent on
the masticatory movement’s pattern developed by a person [20].

Etiology of masticatory muscles’ excursive hyperactivity has been theorized
that the elevated levels of excursive muscle activity are instigated from prolonged
excursive molar tooth contacts, resulting in prolonged compressions of the periodontal
mechanoreceptors [41]. The proposed mechanism has suggested that the longer the
excursive interference time, the longer the ligament compression time, and the longer

the activated masticatory muscles’ contraction time [35].

Bite forces and their measurements

Biting under some conditions of the right-left imbalances and the occlusal
contact discrepancies activate some muscles that should not be activated [18]. During a
full closure to interdigitation, the interdental force is distributed down the posterior
teeth’s long axes with a total 50/50 right-to-left force balance [67]. In addition, the bite
forces are dependent on the occlusion types. Patients with normal occlusion have been
shown to have a greater one, followed by those with Class I, Class II, and Class III
malocclusions, respectively [68].

Facial morphology is related with occlusal forces and its three types (long,
average, and short) are documented are documented. The long type has an excessive
vertical facial growth and an anterior open bite, while the short one a reduced vertical
growth, a deep anterior overbite, and some reduced facial heights {69]. Bite force is
explained to reflect the mandibular lever system’s geometry. With a more vertical ramus
and an acute gonial angle, the elevator muscles exhibit some greater mechanical
advantages [70]. Masseter muscles are thicker in subjects with short face than those with

normal or long ones. Hence, it seems that the short-faced people may exhibit a stronger



14

bite force [71]. In addition, the long-faced people have some significantly less occlusal
forces during maximum effort, simulated chewing, and swallowing than do individuals
with normal vertical facial dimensions. The bite force in the molar region is twice as great
in the subjects with normal face as in those with the long one. Moreover, those with the
short type could generate even higher forces than those with the normal one [3].
Functions of occlusion can be directly and indirectly evaluated by various
methods (Table R), thus causing some different occlusal parameters, They include
maximum bite forces, occlusal forces, and occlusal contact areas [72]. With the use of
some transducer, bite fork, and bite force dynamometer, maximum bite forces can be
measured. An alternative method is some indirect evaluations of the bite forces by
employing other physiologic variables functionally related to the force productions.
Surface EMG is useful for a functional study of occlusal dysfunctions [44,61], due to
the results of some investigations showing a linear relationship between EMG activity
potentials and direct bite force measurements, particularly at a submaximal level [73].
Transmission of the sound vibration to the chin (through teeth, TMJ, and muscular
pathways) has been reported to illustrate the occlusal force [74]. Such force can also be
recorded by a Dental Prescale System, SO0H type R (Fuji Film, Tokyo, Japan) [75]. An
articulating paper has been used for the record of occlusal contacts” mean number in
patients with Class I and Class 11 Division 1 malocclusions [76], despite the results of
no inter-group significant difference. Utilized as a tool for some quantitative
comparisons of the occlusal contacts, some three-dimensional digital models have
revealed some better posterior contacts in patients with Class I than those with Class IT

molar relationship [72].
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Table 8 Direct and indirect records of the bite forces and the devices used as reported

by some investigators [69-70]

Method of records Device used Investigators, year

Direct Bite fork Helkimo et al., 1977 [77]

Kiliaridis et al., 1993 [78]

Strain gauge transducer Lindauer et al., 1993 [79]
Braun et al., 1996 [80]

Gnathodynamometer Ortug, 2002 [81]
Foil transducer Burke et al., 1973 [82]
Pressurized rubber tube Braunetal,, 1995 [83]
Pressure-sensitive sheet Sondang et al., 2003 [84]
Force-sensing resistors Fernandes et al., 2003 [85]
Indirect Surface EMG Ferrario et al., 2004 [73]

Molars generate greater maximum forces than anterior teeth [86-87]. The largest
maximal voluntary bite force is developed in the .Vel’tical direction, In oblique directions,
the largest force is exerted with a posteriorly directed effort corresponding to about 90%,
medially, 80% laterally, and 70% anteriorly of the maximal bite force perpendicular to
the maxillary teeth’s occlusal plane [88], At the natural dentition’s molar region, a
unilateral maximal bite force is approximately 300-600 Newton [89]. The bite force’s
direction, not magnitude, determines the pattern of jaw-closing muscles’ activities [90].
All traditional occlusal indicators’ main limitations are their incapability of demonstrating
different bite force level in each teeth, the occlusal contacts’ sequences, or DT [91-92].

However, a T-Scan system overcomes such limitations.
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Figure 1 A T-Scan III system for the computerized occlusal analyses of force, time,

and location
Source: Kim, J. H. [93]

T-Scan system and its advantages over other devices
| Unlike other non-digital devices, a T-Scan system provides information on
occlusal measurements and evaluations, When some repeated measurements in the same
subject are evaluated, no significant difference among the results is detected, thus
illustrating the system’s sufficient validity and reproducibility [91,94-95]. Currently, T-
Scan III system has been the newest version for an analysis of a dynamic occlusion with
a greal precision. Some computers have been coupled with the T-Scan 1II system
(Tekscan, MA, USA) to analyze a dynamic occlusion qualitatively and quantitatively
(Figure 1). However, the sensitivity and variability of high definition sensor are affected
by some repeated closures over 20 times [96].
T-Scan I system was first developed in 1984 [97]. The first generation sensor
(G1) is a flexible laminated epoxy matrix encapsulating a pressure-sensitive ink grid.
Their software interprets the data and demonstrates in different 16 relative occlusal force
levels with an approximately 0.01 sec-time increment, The data are two- or three
dimensionally displayed as a snapshot or a continuous force movie. The second, third,
and fourth generation sensors (G2-G4) are developed during 1992-2002. The G4 HD
sensor provides a better data capture than all previous sensors. The T-Scan II system is
developed later in 2006 and the T-Scan IIT with a turbo mode recording has been
introduced since 2008. Its speed of recording is improved to a 0.003-sec time increment,

causing some more precise occlusal data [96,98].
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Due to several variations each time the subjects bite down, the patients’
positions, and the occlusal contacts’ locations, the occlusal force’s absolute value is
clinically unmeasurable. Hence, a measurement of the occlusion’s absolute force can be
misled. The T-Scan III system, which detects an unequal disfribution or a relative
occlusion, indicates where an excessive force is concentrated, the changes in occlusion

over time of which are more clinically useful (Figure 2 and Table 9) [91].

Table 9 Principles and clinical applications of the T-Scan HI system [91]

Priuciples and components T-Scan 111 sysfem Clinteal applications Information

- A thin (180 micron) T-Scan system {1984) introduced the system as: New patient Distributton of force
flexible disposable «  registering inter-arch occlusal contacts check up by percentage around
sensor inserted into an dynamically during various mancdibular W the arch
an autoclavable sensor movements representing them in a graphic Removable Timing of the force

- The sensors: form in real time prostheses as to which forces
: can be used - giving information about their duration and Implant are early or late
repeatedly/person. relative force TMD appliances Presence of inferference
+ 1,370 active pressure - facilitating the diagnosis of ooclusal dysfunctions Ocelusal to closure
sensing locations - guiding practitioners in delivering ecclusal equilibrium Balance of forces
(1,122 pressures equifibrium of natural, prosthetic teeth, and " Orthodontics fefi-1o-right and/or
tor small sensors). implant-supported prostheses W front-io-back at any
: encloses a double Scientific validations of the system treatment point in clesure
hanrdle plagged into 2 and 37 generations: Effectiveness of guidance
the USB port ofa - sensitivity improved patterns
perscaal computer - mo effect on the measurements from the provides somatosensory

- A force applied to each 1epeated tests muscle control
of these cells modifies - quantifying and displaying relative Evidence of abnormal
the electrio condugtivity occlusat force information, allowing dental force secondary
of the ink, clinicians to minimize repeated errors to injury, pain, and

- The program records and of incorreet ocglusal contact selection inflammation
analyzes the differentials - helping ensure the high quality and Presence and timing of
of applied voltage. complete occlusat end-results from forces being above

- Theprogram gives clinical occlusal treatment or below average
relative values of the - readily identifying the very first contact peint for the patient
force and duration ~  determining the contact time-sequencing, and
of veelusal contacts, the percentage of relative occlusal force
with a time precision force between numerous occlusal contacts

10 milliseconds. «  better identifying many interfering contacts
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Descriptions and details of the T-Scan 1II system (desktop) are as follows (Figure 2):

Figure 2 Four different occlusal forces and time analyses windows shown

by a T-Scan IIT desktop

Source: Kim, J. H. [93]

Top left corner analysis window shows 3D colored bar graphs displaying the
amount of relative occlusal force and the intensity of force per confact represented by
the colors and each bar’s height.

Top right corner analysis window shows the occlusal contact forces surrounded
by a yellow outline that locates the contacts. An investigator adjusts a problematic
occlusal contact by finding its location in two dimensions.

The left and right arch halves are outlined in green and red, respectively. Their
respective arch half-force percentages are calculated and displayed for analyses at the bottom.,

The anterior and posterior regions can also be displayed by dividing the two-
dimensional window into four quadrants (pink and aqua colors added).

In Figure 3, two lower windows show the graphs of force versus time. The
elapsed time and the changing percentage of occlusal forces in both sides of the arch are

indicated by X- and Y-axes, respectively. Percentages of occlusal force changing across
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time are illustrated in both left (green line) and right (red line) arch halves. The total

force (black line) of the combined left and right arch halves is described.
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Figure 3 The time from point A to point B indicaied by occlusal time (OT) in this

force-versus-time graph

Source: Kim, J. H. [93)

The distributions of occlusal forces play a role in the masticatory performance.
An unbalance distribution of the occlusal forces explains the masticatory muscles’
certain abnormal activitics [44,99-100]. By using surface EMG, some reports on
significant differences of masticatory muscles’ activities in each malocclusion type have
been available [101-102]. Some controversial report on the lack of relationship between
the symmetry of ocelusal contacts and surface EMG activity has been documented in
asymptomatic young adults [44].

Whether the force comes from the maxillary or mandibular teeth is
indeterminable by the T-Scan, despite its capabilities of force and bite dynamic
assessments. This is due to the fact that only the forces between the teeth are recoded.
However, various occlusion types have been reported to possess different occlusal
forces, by using the T-Scan IIL. Consequently, the T-Scan patterns provide some
complementary information not assessable by a clinician {103].

T-Scan system has been used to quantify the data of all occlusal contacts
(2,35,37,93-95,100,104-105] by registering various parameters such as bite length, the

tooth contacts’ timing, and their forces with a great precision. It is useful in orthodontic
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diagnosis and trcatment plan to accomplish occlusal balances [2,39-40,76,98,104],
Moreover, it is applicable for an analysis of functional occlusion by some evaluations and
comparisons of occlusal force distributions [33,40,44,100,105-106] and DT [42,47,107].

Because of its rapidity and accuracy in identifying the distribution of tooth
contacts, a T-Scan system can be clinically used for some diagnostic aids [94-95]. By
using a T-Scan system, a report on the ocelusal force distributions in subjects with normal

occlusion has shown a tendency of the distribution toward the posterior region [104],

Disclusion time (DT) as an important tool for dental treatment

Disclusion is the separations of contacting molars during three mandibular
excursions (right, left, and protrusive movements),

In Figure 4, the time difference between points C and D is the DT, the duration
of time required to reach solely the canine or anterior teeth after leaving from MIP
during a mandibular excursion, It is the time from post-formation of anterior or canine
guidance to the point with the loss of molar contact during lateral excursion (right [Rt]-

DT and left [Lt]-DT) or protrusion (Pro-DT).
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Figure 4 (a) Maximum intercuspal position, point C; and (b) mandibular left

excursion, point D

Source: Kim, J. H. [93]
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A DT of less than 0.41 sec is considered normal/physioclogic mean [6,91,93].
It has been reported that the Ionger the DT, the greater the interference of molars during
lateral excursion or profrusion [91], and the longer the masseter muscles’ excessive
firing [41]. Some occlusal factors promoting a prolonged DT are Angle’s malocclusions,
an anterior open bite, a presence of occluding third molars, a poor vertical orientation
of opposing posterior tooth, a lack of opposing canine contacts in the MIP, a shallow
anterior guidance contact, an edge-to-edge anterior tooth intercuspation, an absence of
vertical overlap, an exaggerated curve of Spee, and a presence of tipped-up molar
orientation [98]. When compared to the healthy, patients with TMD possess a longer
DT [41,106], which coincides with their masseter and temporalis muscles’ abnormal
activities [41].

Patients with a chronic facial pain disorder possess an increased DT, and an
occlusal adjustment improving the symptoms helps decrease their DT [6,41], An
adjustment of the DT to be less than 0.4 sec per excursion prevents an increased
muscular excessive force from excessively loading the posterior teeth [41,108]. In
lateral excursions, shortening the time to less than 0.4 sec for a disclusion of the
posterior teeth results in some 5- to 10-fold decreases in the masseter and temporalis
muscles’ activities. Hence, a clinical achievement of 0.5 sec (or less) per excursion has
been recommended in the DT reduction [41,108].

Some difference in occlusion balances between patients with TMJ dysfunction
and those with normal TMJ function has been documented. According to the T-Scan
indices, a balanced bilateral occlusion with the center of force appearing in the first
molar region is observable in the latter group. On the other hand, those with the
dysfunction possess an asymmetrical and imbalanced occlusion [91].

In an orthodontic treatment, a balanced distribution of occlusal forces, a good
intercuspation, and a smooth lateral excursion should be established [2]. However, some
different skeletal profiles probably affect the occlusion’s performances by making an
imbalanced distribution of the occlusal forces between each dental arch side. In addition,
by using the T-Scan system in some patients with congenital muscular dystrophy and
an occlusal disharmony, the time and occlusal force parameters are asymmetrical and

the antero-posterior center of force is not always located in the first molar region [105].
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An anterior guidance plays an important role in the masticatory system’s
functions [3,20,41] and influences DT. Various malocclusion types have been reposted
to affect the mean DT [107]. The longest DT has been found in patients with Class II
malocclusion lacking anterior contacts [107,109], which predispose some extensions of
their posterior teeth during excursion. Moreover, patients with antetior open bite and
those with Class II division 1 malocclusion lacking anterior contacts have possessed a
prolonged DT [107]. Since a proper anterior guidance can be formed by an orthodontic
treatment [104] and a pre-orthodontic cvaluation of the occlusal problem is important,

the use of DT has been recommended for its diagnostic tool [107-108].



CHAPTER III

RESEARCH METHODOLOGY

Population and samples

All subjects who were dental students or came for some dental treatment at
Dental Hospital, Naresuan University from April to June 2018 and had at least 28 fully
erupted permanent teeth were included in this study.

Since the population number was unknown, the proportion of population was
estimated by using the value described elsewhere [72]. An application [110] to calculate
the sample size was used with the minimally estimated sample size represented by n,
the estimated proportion of an attribute present in the population by p, the Z-
distribution’s value corresponding to the chosen alpha level by Z (equivalent to 1.96 for

0.05), and the margin of error by e. Its equation was as follows:

_pi-pZ’
32

n

When calculating a sample for the proportions of p = 0.57, Z = 1.96, and e =
0.1, one hundred subjects of both genders were included in this study. According to
Angle’s classifications (Class I, Class II division 1, Class II division 2, and Class III),
they were separated into four groups (n = 25 per group).

Inclusion criteria.

Those with all of the following characteristics were included in this study.

1. Full eruptions of at least 28 permanent teeth

2. Permanent dentition with each quadrant consisting of a central incisor, a
lateral incisor, a canine, a first premolar, a second premolar, a first molar, and a second
molar (symmetrical dental arch form and equal number of teeth)

3. Willing to participate in and to sign the informed consent form of this study

Exclusion criteria;

Those with either of following characteristics were excluded from this study.

1. Restoration(s) with dental implant or fixed prosthesis

2. Past or on-going orthodontic treatment or TMD management
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3. Molar relationship’s classification on one side different from that on the other

4. TMD and/or any of parafunctional habits

Materials and methods

Materials

I. T-Scan II occlusal analysis system, Version 9.1.9 (Tekscan)

2. T-Secan sensor (Tekscan)

3. Patient screening form (Figure 5)

Post-interview and clinical examination by Dr. Jittima Pumklin (JP), a Thai
Board certified specialist in the field of occlusion and orofacial pain, the patients® TMD
history, sign, and symptoms, if any, were recorded in the patient screening form,

4. Clinical oral examination (Figure 6)

An intra-oral investigation into a subject’s number of teeth, restoration{s), and
Angle’s classification were performed by the principal investigator (Miss Titirat
Chutchalermpan; TC).

5. T-Scan data form (Figure 6) was constructed for the records of the data from
the T-Scan III system. The form comprises the percentage of force distributions in each
region. DT (sec) in each excursive movement were also included.

6. A mouth mirror, a dental explorer #5, and a pair of cotton pliers

7. A shim stock ocelusion foil (Hanel, Canada)

8. Irreversible hydrocolloid impression material (Kromopan; Zhermapol, Poland)

8. Plaster of Paris (Siam Gypsum Industry, Saraburi, Thailand)

10. LCD digital vernier caliper (Mitutoyo, Mitutoyo Co, Kanagawa, Japan)

The study was approved by Naresuan University Ethical Committee,
Phitsanulok, Thailand (IRB No. 0721/60). The research’s objectives and prospective
results, as well as the advantages and disadvantages of a subject’s participation, were

thoroughly explained to the subjects in order that they completely comprehended.
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Subject NO: s
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Figure 5 A patient screening form used in this study
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Subject NO: L

Clinical oral examination
L. Teeth {mark X on the tooth that foss dug 1o history of extraction or clinical missing)
87654321']2345678
87654321|I2345678
2, Restoratien{s) with dental implant or fixed prosthesis: [One Oves
3. Angle’s Classification of malocctusion:
{1 Class1 [:} Class If division 1 D Class 11 division 2 D Class 1M1
{j Class Il subdivision ] Class 111 subdivision
4. No contact in MIP
371554321||2345(.73
8765432['[2345673

3 Overjet=.........mm Overbite= ..., mm
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Figure 6 Two forms used in this study for clinical oral examinations and T-Scan data
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Methods

The first visit

By JP, cach subject’s past dental history was interviewed and their problem, if
any, of their occlusion, masticatory muscles, and TMJ was clinically examined for
screening the problem, The data was recorded in a patient screening form (Figure 5). By
TC, all subjects were intra-orally cxplored into their restoration(s) and classified into
Angle’s classification. In addition, their occlusal contacts on both sides were examined
by using a shim stock occlusion foil. The data was recorded in a form (Figure 6).
Impressions of the qualified subjects’ maxillary and mandibular dental arches were
taken (Figure 7A) by using an irreversible hydrocolloid material, followed by a
construction of diagnostic maxillary and mandibular models, Mesio-distal width of each
maxillary tooth (Figure 7B) was measured by using a digital vernier caliper, and the
data was recorded into a T-Scan III software for the determination of each subject’s

dental arch dimension.

Figurce 7 A preliminary impression of all teeth in the maxillary dental arch (A) and

the maxillary dental model for the measurement of each tooth’s width (B)

Sources: (a) http://www.infodentis.com/fixed-prosthodontics/dental-cast.php
(b) http://www.scielo.br/pdf/dpjo/vi6nd/en a22v16nd.pdf
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The second visit

One week after the first visit, all selected subjects’ occlusions were recorded
by using a T-Scan 1II system. They were instructed to sit in an upright position (their
Frankfort horizontal plane parallel to the floor) and practice three mandibular
movements (occluding into MIP, lateral excursions, and protrusion) several times using
a portable mirror as the reflecting object. An appropriate sensor was placed on the
maxillary arch’s occlusal surfaces. Pre-determination, the sensor’s sensitivity would be
adjusted by limiting only the first three pink high force columns.

To determine the occlusal force distribution, the subjects were asked to bite into
MIP and hold in this position for 3-5 sec before releasing. The occlusal force distribution
(in percentage) was showed on each tooth along the maxillary dental arch. The MIP mode
of T-Scan software was selected to record the relative occlusal force. Summations of the
relative occlusal force’s percentage in each region (Figure 8) at MIP was recorded.

To determine the DT, each subject was asked to be in MIP for 3-5 sec after that
moved to lateral excursions and protrusion. The graphs of force versus time and timing table
showed on their DT, which was determined from points C to D (Figure 8). The end of their
DT was recorded, when the canine or anterior teeth were contacted during mandibular

movement. Bach movement was repeated three times and their mean values were presented.,
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Figure 8 Occlusal force distributions (in percentage) on each tooth along the maxillary
dental arch and in each region. Timing table and the graphs of force versus

time are shown at the far right corner and at the bottom, respectively

Analyses of the data

The obtained data were analyzed using PASW Statistics for Windows, Version
17.0 (SPSS, IL, USA). A standard descriptive statistics was used for calculating means and
standard deviations of relative occlusal force distributions in each region (anterior,
premolar, and molar regions) and mean DT (right excursion, left excursion, and protrusion).

Since a normal distribution was seen in the study, the usage of a Shapiro-Wilk
test was confirmed. A one-way analysis of variance, followed by a post hoc analysis by
Least Significant Difference (LSD), was used for comparisons of the relative occlusal
force distributions’ mean summations in each region (anterior, premolar, and molar
regions) and comparisons of the mean DT (right excursion, left excursion, and
protrusion) among malocclusion types. All statistics were conducted by using a 95%
confident interval.

All conductions in this study were summarized in a flow-chart (Figure 9).
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CHAPTER 1V

RESULTS

One hundred subjects in the study were divided into four groups (25 subjects
per group) of Class I, Class IT division 1, Class Il division 2 and Class IIl malocclusions,
according to Angle’s Classifications.

For gender distributions, Class I contained 14 females (56%) and 11 males
(44%), Class II division 1 16 females (64%) and 9 males (36%), Class II division 2 13
females (52%) and 12 males (48%), and Class 11T 16 females (64%) and 9 males (36%).

Means and standard deviations of the subjects’ age were as follows: 21.5£0.78
years in Class I, 22.04£0,55 years in Class Il division I, 23.5+1.04 years in Class 1I
division 2, and 22.5+0.44 years in Class III. Among malocclusion types, there was no
statistically significant difference (P = 0.716) in their mean age.

The highest mean overbite was noted in subjects with Class II division 2
malocclusion, while the lowest one in those with Class il malocclusion. The highest
mean overjet was seen in subjects with Class II division 1 malocclusion, while the
lowest one in those with Class III malocclusion. There were some statistically
significant differences in the mean values of overbite (2 = 0.000) and overjet (P =
0.000). However, there was no significant difference (£ = 0.614) in the mean overjet of
the subjects with Cass I[ division 2 malocclusions and those with Class III malocclusion,
Distributions of gender, age, overbite, and overjet of the subjects in each malocclusion

type were shown in Table 10,
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Occlusal force distributions (in percentage) among malocclusion types

Relative occlusal force disiributions on each tooth of the dental arch were
demonstrated in Figure 10. Summation of the force distributions was divided into three
regions, that is, anterior, premolar, and molar. Mean values of force distributions in such
regions were shown in Table 11.

In each region, there was no significant difference in the mean force
distribution among malocclusion types (P = 0.220, 0.316, 0.627, respectively). In the
anterior region, the subjects with Class II division 2 showed the highest mean force
distribution, followed by those with Class I, Class II division 1, and Class I
malocclusions, respectively, In the premolar region, the subjects with Class Il showed
the highest mean force distribution, followed by those with Class II division 1, Class I,
and Class TT division 2 malocclusions, respectively. In the molar region, the subjects
with Class I showed the highest mean force distribution, followed by those with Class
11 division 1, Class II division 2, and Class III malocclusions, respectively.

In each malocclusion type, there was some significant differences (£ = 0.000)
in the mean force distributions among the regions. Similar patterns of force distributions
were observed in each malocclusion type, with the most force distributions towards the
molar region. The highest value was detected in the molar region (61.65-66.42 %), while
the lowest one in the anterior region (8.93-13.07%). The mean force distributions in

each malocclusion type were shown in Table 11 and Figure 1.
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Figure 10 The relative occlusal force distributions recorded on each tooth of the
dental arch in Angle’s Class I (A), Class II division 1 (B), Class II
division 2 (C), and Class III (D) malocclusions in tweo- (left side of each
malocclusion) and three- (right side of each malocclusion) dimensional
images by using a T-Scan 11l system. The Universal Numbering System

is shown on each maxillary tooth’s buccal side.
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Figure 11 Mean force distributions in each region among the malocclusion types.

Some inter-group statistically significant differences (£ < 0.05) in each
maloeclusion’s mean force distribution are marked with asterisks (*),
hashes (#), and stars &. *, comparisons between anterior and premolar
regions; #, comparisons between anterior and meolar regions, and -

comparisons between premolar and molar regions
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DT among malocclusion types

The subjects” DT (sec) were recorded in each excursion (left excursion, right
excursion, and protrusion) and shown on the timing table (AC-D) in Figure 12.

Mean DT of subjects with four different malocclusions were shown in each
excursion (Table 12). The subjects with Class 111 malocclusion had the longest mean
DT in all excursions (3.19+1.35 sec, left excursion; 3.28+1.25 sec, right excursion; and
3.01+:1.54 sec, protrusion). The shortest ones (2.08:£0.66 sec, left excursion; 2.15+0,94
sec, right excursion; and 1.88+0.99 sec, protrusion) were detected in those with Class [
malocclusion. Some significant differences in the mean DT were found among
malocclusion types (P =0.000, left excursion; P = 0.003, right excursion; and P= 0.002,
protrusion), By using a post hoc test by 1.SD, some significant differences in the mean
DT were revealed in those with Class I1] malocclusion, when compared to those with

other types (Figure 13),

Tume (364)

Figure 12 Timing table with the recorded disclusion time (AC-D) in two- {left-sided
horseshoe shape) and three- (right-sided horseshoe shape) dimensional
images by using a T-Scan III system. The Universal Numbering System

is shown on each maxillary tooth’s buccal side.
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Figure 13 Mean values of disclusion time in each excursion among malocclusion
types. Asterisks (*) indicate some statistically differences in the mean
disclusion time in each excursion of subjects with Class III malocclusion,

when compared to those with other malocclusion types.



CHAPTER Y

DISCUSSION

Being the first clinical study by using a T-Scan III system, this study aimed at
comparing the percentage of force distribution in each region and DT of each excursion
among various malocclusion types. Our results clearly revealed some similar force
distributions and some significant DT difference among malocclusions.

The sample size in the study was adequate for calculations by an equation. It
comprised a total of one hundred subjects, with an age between 18 and 31 years old.
Regarding their gender and mean age, no statistically significant difference was found
among malocclusions. According to Angle’s classifications, they were divided into four
groups, that is, Class I, Class II division 1, Class II division 2, and Class III
malocclusions (25 subjects per group).

Some masticatory performances have been reported to affected by anatomical
and physiological characteristics, for example, age, gender, dental health status,
periodontal support, craniofacial morphology, and TMD signs and symptoms [92,111].
Subjects with full eruptions of at least 28 permanent teeth was thus an inclusion criterion
of this study. Occlusal forces and contacts are changed in subjects with dental implant,
dental prosthesis. Due to post-orthodontic treatment, their previous dental positions are
modified to obtain new ones [35,111]. Intra- and inter-arch relationships are changed to
new occlusion status, the dental patterns and occlusal contacts of which lead to some
differences in the forces distributions and contact timing [35,112]. DT values in post-
orthodontic patients become longer, when compared to those in non-orthodontic patients
with normal occlusion [41-42]. Among a group of subjects with TMD, some occlusal
stabilities are significantly associated [100,113]. In addition to TMD, the subjects possess
a higher frequency of premature contacts, a greater bilateral asymmetry of occlusal forces,
and a prolonged DT {100]. A centric slide with a distance over 2.0 mm and balancing
interferences are related to TMD etiology. Occlusal contacts with their opposing teeth are
also defined by dental alignment and arch shapes [76,114]. The above factors, if any,

among our subjects possibly caused some differences in force distributions and DT. For
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fear of such undesirable effects on the results, subjects with either dental implant, dental
prosthesis, past or undergoing orthodontic treatment, or TMD were excluded.

The present data included the subjects’ various dental malocclusions classified by
Angle, but not their skeletal pattern. Thus, only some effects of different dental
malocclusions on occlusal force distributions and DT were revealed. By using a Dental
Prescale® system unaffected by antero-posterior skeletal patterns or molar relationships,
the measurable occlusal forces are significantly lower in subjects with matocclusions,
when compared to those with normal occlusion [75]. Despite an indication of a
comparatively low ocelusal force in a hyperdivergent facial pattern, when compared to that
in a hypodivergent one, some differences in the skeletal patterns are not the primary cause.
On other hand, they are considered the secondary result induced by some differences in the
occlusal contact areas, according to the facial patterns [75]. Bite force at the molar region
are twice as great in the normal as in the long-faced subjects, and short-faced subjects are
able fo generate some higher forces than those with normal face [75]. Such data indicate
an irrelevance of the skeletal pattern and molar classifications to the occlusal forces and go |
along well with ours. In spite of some differences in the devices used in their research
(Dental Prescale® system) and ours (T-Scan III system), the reasons of such consistencies
needed some explanations. Because of its objectives of comparing the occlusal force
distribution and DT among different malocclusion, an absence of subjects’ skeletal pattern
classifications led to a limitation of this study. For further study, some investigations
among subjects with different skeletal patterns are thus recommended.

An establishment of a normal occlusion is an orthodontic treatment objective
[49,115]. In a good occlusion, both static and dynamic factors should be assessed. Being
possible effects on the masticatory performances, the factors include good force
distributions, proper DT, and a mutually protected occlusion. Clinically, an occlusal
force is indirectly assessed by the locations of occlusal contacts using non-digital
occlusal indicators (an articulating paper, an occlusal indicator wax, a silicone
impression, or a shim stock foil) [116-118]. Such widely used indicators are unabie to
measure either an amount of occlusal force or a sequence of contacts [114]. Their
thickness, strength, and other physical properties result in low sensitivity and reliability

[119]. Because of the mentioned limitations of the non-digital ones, some digital
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occlusal indicators have been developed—gnathodynamometer [81], a Dental Prescale
system [75], and a T-Scan system [23], respectively.

The firstly developed T-Scan I digital occlusal indicator has been substituted
by the T-Scan III system, the newest version with an improvement of its property and a
greater precision [39,114,119]. With several advantages in dentistry, the T-Scan 111 is
used to evaluate and provide measurable forces and timing discrepancies indicating the
need for an occlusal correction. The occlusal discrepancies are precisely adjustable to
optimize both forces and timing [120]. Tn orthodontics, the T-Scan III is used to obtain
a stable occlusion during the orthodontic finishing stages [121]. The T-Scan III can
record and display the sequences of occlusal contacts, percentage of forces on each
tooth, and percentage of forces on each side of a dental arch and on each region (anterior,
premolar, and molar ones). Its high definition sensor is a pressure-sensitive foil. Due to
the 100-micron thickness, the subjects must be frained to accurately perform both
closure and excursions. For a more precise value, each movement needs repetitions.
From these situations, each subject must bite a recording sensor several times. The high
definition sensor is improved to repeat measurements over 20 times, which does not
affect the variability [96]. With its high reliability [39,92,97], our subjects were
instructed to bite into MIP and excursions repeatedly three times. Owing to the U-
shaped HD sensor’s two sizes (small and large) and different dental arch form among
the subjects, some error interpretations and wrong data might be obtained. Impressions
of cach subject’s dental arches were thus taken, followed by constructions of the
diagnostic models, measurements of the tooth-sizes, and saving into the tooth chart of
the T-Scan software before recoding. The processes caused the dental arch to be
customized into a graphic image and matched with the sensor’s recording, Some
reductions of the data’s error, if any, might be obtained to offset all subjects’
misunderstandings of one investigator’s training and instructions on occluding the teeth
into the recording sensor.

Regarding the occlusal force distributions (in percentage) among
malocclusions, the posterior region had a higher occlusal force than the anterior in each
malocclusion type. They were 61-67% and 8-11% in the posterior and anterior regions,
respectively, and coincided well with those in some studies [103,120]. Subjects with

normal occlusion show a similar pattern of the occlusal force distributions along the
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dental arch from first premolar to second molar [40,94,104-105]. From all
malocclusions in this study, a wide range of forces in each region was observable. In the
anterior region, subjects with Class II division 2 revealed the highest occlusal force,
when compared to those with other malocclusion types. In addition, it was seen among
our subjects that the larger the overbite, the higher the occlusal forces. However, such
observable results disagreed with an absence of the correlation between the overbite and
Angle’s classifications in a report [103].

The highest bite forces and the most occlusal contact areas are recognized in
normal occlusion, followed by Class I, Class II division 1, Class II division 2, and Class
Il malocclusions, respectively [68,72,76,122-123]. By using a T-scan in subjects with
normal occlusion and those with malocclusions, the same patterns of occlusal forces are
detectable [40,103,120]. Due to the absence of force distribution comparisons among
malocclusions and the lack of dental arch separations into regions, their unclear
conclusion remains. In the present study, no significant difference in the force
distribution was observed among malocclusions, implying an absence of the correlation
between malocclusions and some masticatory performance in a static occlusion,
However, some studies have shown less masticatory performances in malocclusions,
when compared to that in normal occlusion [100,124]. Our inspections of the force
distributions in only the antero-posterior molar relationship might contribute to the
discrepancy. Hence, examinations of the vertical and transversal forces, together with
classiﬁc‘ations of the subjects’ skeletal patterns, are necessary for some other
comprehensible conclusions.

Reports on the relationships between TMD and malocclusions are available, but
with some unclear conclusions [33,125-127]. With the usage of a T-Scan system, DT is
interesting for the studies of muscular activities [6,41,96]. The occlusal stability is
significantly associated with TMD in young adults and TMD-patients possess a prolonged
DT [100,113]. With the usage of T-Scan combined with some non-digital methods, DT
in healthy group are disclosed to be less than those in TMD-subjects with balancing
interferences and over-2.0-mm centric slides [113]. Some prolonged DT are also visible
in TMD-patients with masticatory muscles’ hyperactivity [41,100]. DT over 0.5 sec have
been documented to result in some increased contractions of temporalis and masseter

muscles [6,96]. On the contrary, a shortened DT (less than 0.4 or 0.5 sec) causes some
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reductions in both TMD symptoms and muscular hyperactivity {2,128-129], and an
immediate complete anterior guidance development, a treatment method by shortening
the DT, affects masticatory muscles’ functions [2,128-129]. Although some DT longer
than 0.5 sec were seen among all non-TMD subjects in this study, it might be explicable
by a physiologic tolerance phenomenon of their adaptive capacities [128].

During excursions, the anterior guidance should be achieved for an immediate
dischugion of the posterior teeth [39,50,130]. Such guidance is established by overjet
and overbite, because of their importance for incisors to contact with their opposing
teeth during jaw movement [39,50,1307. A report has shown that subjects with Class 11
possess the longest DT, followed by those with Class III and Class I malocclusions
[103). However, in all excursions examined among our subjects, the longest DT was
observed in Class 1, followed by Class II division 1, Class II division 2, and Class I
malocclusions. The discrepancies might be explained by the usages of T-Scan’s
different versions and the sample size in their work and ours,

Overbite among all malocclusions, but not DT of all excursions among all
malocclusions (except for those between Class 11T malocclusion), were significantly

different. Overjet among all malocclusions (except for that between Class 11 division 2

and Class IIT malocclusions) and DT of all excursions among all malocclusions were
not significantly different. They illustrated that the DT were unaffected by overbite or
overjet. A relationship between overjet and prolonged DT is reported in subjects with
an overjet over 3.0 mm [50]. It has been in contrast with this study’s findings of a
significantly shorter DT in Class II division 1 with an overjet over 4.0 mm, when
compared to that in Class ITII malocclusion. Since negative overjet or overbite possibly
affected the DT, subjects with either of them were excluded from this study. Our Class
111 subjects with a positive overjet and overbite showed the longest DT in all excursions,
implying that the anterior guidance was not the only DT-affecting factor. Because of the
fact that determinations of mandibular movement are consisted of anterior and posterior
controlling factors [32], it is clearly disclosed that an individual jaw movement is
controlled by some other factors, for example, condylar guidance, plane of occlusion,
cusp height, and curve of Spee.

Some relationships between skeletal malocclusions and TMD have been

documented [131-133]. Hyperdivergent facial profiles, lingually inclined maxillary
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anterior teeth, and severely inclined occlusal planes are seen in TMD-subjects [132].
Hence, both dental and skeletal factors are related to TMD signs and symptoms.
However, there is no clear conclusion between the occlusal factor- or prolonged DT-
associated TMD. For the dental factors, DT in Class III malocclusion were shown to
significantly differ from that in other malocclusion types of this study. Nevertheless, no
relationship between overbite and DT or between overjet and DT was found in our non-
TMD subjects. Since the DT results of this study were derived from Angle’s
classifications, some other DT researches among TMD-subjects and among subjects

with different skeletal patterns are recommended.



CHAPTER VI

CONCLUSIONS

In all malocclusions, the posterior region was the area with most force
distributions. In each malocclusion type, there were significant differences in the force
distributions among molar, premolar, and anterior regions, Relative occlusal force
distributions in each region were not significantly different among the malocclusions.

When compared to Class I and Class T malocclusions, Class HI possessed the
significantly highest mean DT of each excursion and the significantly longest DT in all

excursions. Different excursions caused no intra-group significant difference in their mean DT.
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Appendix C: Informed consent form
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