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ABSTRACT

In order to study the energetic efficiency of the
masticatory apparatus during the masticatory task of
incision, electromyographic (EMG) and videotape recordings
were made during masticatory function in four anterior open-
bite (AOB) subjects and in four non-anterior open bite (non-
AOB) subjects

The subjects were required to incise and chew foods of
varying consistencies and dimensions. Using videotape and
EMG recordings, time sequencing of specific masticatory
activities were defined. Integrated squared (ISg) EMG
values, assumed to be linear analogues to muscle energy
output, were calculated for the task of incision and the
combined tasks of incision and chewing up until but not
including first swallow.

ISqg EMG values were converted to units of bite force
equivalents (BFE) using EMG recordings of isometric biting
for calibration. BFE values for each trial were used for
statistical analysis.

Variation of incision patterns accounts in part for the
variation observed in energy values from the EMG.

For both the masticatory phase of incision alone, and
the combined masticatory phases of incision and chewing, no
differences between AOB and non-AOB subjects were observed.
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However, differences in energy values between food types
were observed (p<0.025, p<0.001) for incision and incision
and chewing respectively.

The results show a positive linear relationship between
food dimension and energy used for incision (r=0.828,
p<0.02) independent of food consistency. A linear -
relationship also exists for the combined AOB and non-2A0B
groups between the energy used for incision and chewing and
the food dimension (r=0.921, p<0.005).

Calculations were done to assess the energy involved
in the task of incision as a proportion of the energy
involved in the combined tasks incision and chewing (I/IC).

The AOB individuals were found to use a significantly
greater proportion of their total masticatory cycle energy
than non-AOB individuals to effect incision (p<0.025).

A significant interaction effect was also observed
between subject sample and food sample (p<0.025). The AOB
group showed a significant negative linear relationship
between I/IC and food dimension (r=-0.9976, p<0.005).
However, the non-AOB group showed no significant
relationship between I/IC and food dimension. This indicates
that the anterior open bite subjects have greater difficulty
incising foods of small dimension, which is expected due to
the lack of anterior tooth contact. This difficulty with
small dimension foods results in a loss in masticatory
efficiency, and is expressed as an increase in cost to the

masticatory apparatus.
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Introduction

The classification of malocclusion is an integral part of
orthodontic diagnosis. The classification infers some common
morphological traits among those individuals who are
identified as members of a specific group (Moyers, 1973). One
such group are individuals with the so-called anterior open
bite (AOB) deformity. Morphology as well as etiology may be
significant in the location and causation of the AOB problem.

Attempts have been made to identify the specific
morphological traits other than anterior dental incompetency,
which appear to be pathognomonic features of the AOB deformity
(Frost et al., 1980, Sassouni and Nanda, 1964, Subtelny and
Sakuda, 1964, Nahoun and Horowitz, 1972, Lowe, 1980). As well,
efforts have been made to more clearly understand the basis
of, and significance of the etiologic factors in the
development of the AOB malocclusion (Shira, 1961, Jarabak,
1983). However, few if any attempts have been made to examine
the functional significance of this dental pattern.

The functional efficiency of the masticatory apparatus
has been evaluated over the years using comminution tests
(Carlsson, 1974). These tests rely on repetitive masticatory
cycles, which can be considered of 1limited use for thé
elucidation of the functional efficiency during a single event

such as incision.
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The masticatory apparatus is comprised of the teeth, the
jaws, the temporomandibular joint and the muscles (Ramfjord
and Ash, 1983). The muscles are guided by nerve activities to
perform the functional activity of the system. There is a
great deal of knowledge about the muscles of mastication.
Electromyography (EMG) has produced interesting and promising
studies of masticatory muscle function (Moyers, 1950, Carlsoo,
1952, Pruzansky et at., 1958, Moller, 1966). If an energetic
profile of the muscles of mastication can be obtained from
EMG, then one can begin to understand the significance of the
functional efficiency of the masticatory apparatus during the
task of incision.

The objectives of this study were:

1) to propose and utilize a method of deriving a measurement
of the energetic profile of the masticatory muscles using EMG.
2) to compare the functional efficiency of the masticatory
muscles (i.e. masseter muscle and of the temporalis muscle),
as opposed to jaw positional muscles, (i.e lateral pterygoid
muscle), between an AOB group and a non-AOB group during
various incisive tasks.

3) to determine if there appears to be a penalty incurred upon

the masticatory apparatus as a result of an AOB.
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Review of the Literature

"Classification of malocclusion is done for traditional
reasons, for ease of reference, for purpose of comparison, and
for ease of communication" (Moyers, 1963). Moyers (1963)
states that a classification system is a grouping of clinical
cases, of similar appearance, for ease of handling, it is not
a system of diagnosis, method for determining prognosis or a
way of defining treatment.

In orthodontics there are two methods of classification
of occlusion used today. The Angle system (Angle, 1899) is
still used intact, but the other, the Simon system (Simon,
1924) 1is only used in parts. These systems are used to
describe the dentition in three planes of space;
anteroposterior, mediolateral or transverse and vertical.

The Angle system (Angle, 1899) of classifying occlusion
or malocclusion is a definition of the teeth in the maxillary
and mandibular arches relative to each other in space. It
appears to have no bearing on the relationship of the teeth to
their supporting skeletal bases, or the relationship of the
skeletal bases with one another. Angle (1899) defined "the
relative position of the first molars" as the key to

occlusion. He (Angle, 1899) further stated that "In normal
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occlusion the mesio-buccal cusp of the upper first molar is
received in the sulcus between the mesial and distal cusp of
the lower, the slight overhanging of the upper teeth bringing
the buccal cusps of the bicuspids and molars of the lower Jjaw
into the mesio-distal sulci of their antagonists".

In the Angle classification scheme Class I malocclusion
exists when the first molars are well related mesiodistally,
and other teeth in the arch are poorly related to their
antagonist. A malocclusion is defined as Class II when the
"lower teeth are found occluding distal to normal' (Angle,
1899). Conversely, the Class III group have " all the lower
teeth occluding mesial to normal"( Angle 1899). One assumption
in Angle's method of classification is that the position of
the upper molar is invariably correct.

The classification scheme used by Simon (1924) does not
follow Angle's assumption of the maxillary molar position
being the key to occlusion. The anteroposterior (A-P)
relationship of the dental arches is defined by their position
relative to the orbital plane. When the dentition or part
thereof was anteriorly placed relative to the orbital plane it
is said to be in protraction. Conversely, when the dentition
is posterior to the orbital plane it is said to be in
retraction (Simon, 1924). The fact that Simon found the
maxillary cuspid region to fall on the orbital plane in a high
percentage of normal occlusions led him to define this

relationship as the Law of Cuspid.
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Contrary to the opinion of Moyers (1963), the
classification scheme proposed by Angle (1899) does address
malpositions of the teeth in the transverse and vertical
dimension. Angle (1899) states the individual teeth can occupy
one or more of seven distinct malpositions from the harmonious
line of occlusion. In the transverse a tooth can either be in
buccal or labial occlusion, or in lingual occlusion relative
to the line of harmony.

To provide a transverse description, Simon (1924) looks
at the position of the dentition relative to the midsagittal
plane. When nearer to the midsagittal plane the teeth are said
to be in contraction, and when the arch or a part of it is
further from the midsagittal plane they are said to be in
distraction.

Simon (1924) uses the Frankfurt plane as his plane of
reference for vertical relationships of the dentition. He
labels the dentition as being in attraction when nearer than
normal to the Frankfurt plane, and in abstraction when further
than normal from the Frankfurt plane.

Angle (1899) only labels vertical abnormalities of single
teeth. Teeth not sufficiently elevated in their sockets would
be in infra-occlusion and those over elevated would be in
supra-occlusion. However, Angle (1899) does describe the
vertical relationship of the anterior six teeth, or overbite,
in his discussion of the normal occlusion. He states that the

upper central, lateral and cuspid teeth overlap the lower by
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about one-third of the length of their crowns.

The schemes for classification of malocclusion which have
been proposed by Angle (1899) and by Simon (1924) provide ease
of reference, ease of communication between clinicians and,
ease of comparison between cases. The category of malocclusion
may be an essential part of the final orthodontic diagnosis.
Other factors, including the morphological skeletal features,
facial appearance, patients age, etc., none of which are
necessarily mutually exclusive, also contribute to the final
case diagnosis. However, neither the scheme of Angle nor that
of Simon communicate the etiology of the malocclusion. The
establishment of the correct diagnosis and etiology is very
important and may indeed dictate the method and choice of
treatment.

Apertognathia, or open bite is used to describe the
failure of the teeth to touch when the jaw is closed.
According to Kwon et al. (1984) this deformity produces social
and psychological distress in patients as well as functional
problems. AOB deformities have many distinct morphological
features associated with the anterior dental incompetency. As
well, the AOB is manifested as a result of several etiologic
factors.

Several studies have compared the morphological features
of AOB individuals with non-AOB individuals (Cangialosi, 1984,
Frost et al., 1980, Sassouni and Nanda, 1964, Subtelny and

Sakuda, 1964, Nahoum, 1971, Nahoum and Horowitz, 1972, Enunlu,

s



1974 and Lowe, 1980). The anterior open bite malocclusion may
be associated with any form of anteroposterior skeletal and
dental relationship. However, cephalometrically, many
distinguishing morphological features have been reported.

Beginning superiorly with the cranial base, Subtelny and
Sakuda (1964) found a normal anterior cranial base, but a
short posterior cranial base in open bite individuals.

Muller (1963) found open bite occurring in individuals
with deep positioning of the nasal floor relative to cranial
base, leading to the hypothesis of less space for the tongue
which in turn becomes displaced between the dentition.
Contrary to this, Sassouni and Nanda (1964), Nahoum (1975)
and Trouten et al. (1983) reported an upward cant on the
anterior part of the palate related to short upper face
height, further contributing to the height of the lower face
in open bite patients.

Others (Subtelny and Sakuda, 1964, Enunlu, 1974, Frost et
al., 1980, and Lowe, 1980) found no significant difference
between AOB and non-AOB groups with regard to the angle of
palatal plane relative to cranial base (sella-nasion plane to
palatal plane). This may indicate that the deformity arises
inferior to palatal plane. Thus, there is no clear
relationship between the orientation of the palate to the
orientation of anterior cranial base in AOB individuals.

An increase in the angle between sella-nasion plane and

the occlusal plane has been reported by many investigators
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(Frost et al., 1980, Sassouni and Nanda, 1964, Subtelny and
Sakuda, 1964, Enunlu, 1974, Lowe, 1980, Schendel et al.,
1976). The above studies used one occlusal plane midway
between the incisors to the mesiobuccal cusp of the first
molars. Others (Nahoum et al., 1972, and Enunlu, 1974)
constructed both maxillary and mandibular occlusal planes, and
found no significant difference in maxillary occlusal plane
angles between AOB and non-AOB individuals. They did report a
significantly greater mandibular occlusal plane angle in AOB
individuals. Thus, one may conclude that the AOB deformity
arises below the maxillary dentition.

A common finding among investigators is that mandibular
plane angle is consistently larger in the skeletal open bite
patients than in non-AOB individuals (Frost et al., 1980,
Swinehart, 1942, Sassouni and Nanda, 1964, Subtelny and
Sakuda, 1964, Nahoum, 1971, Nahoum et al., 1972, Enunlu, 1974,
Schendel et al., 1976, Trouten et al., 1983, Lowe, 1980,
Hapak, 1964, Schudy, 1964, Bjork, 1969, Sassouni, 1969,
Issacson et al., 1971, Kim, 1974, Arvystas, 1977, Ellis and
McNamara, 1984). Sassouni and Nanda (1964) found that the
mandibular condyle in AOB patients was located in a superior
position relative to non-AOB patients. This feature may
decrease effective ramus height, thus producing a larger
mandibular plane angle. Many researchers (Richardson, 1969,
Subtelny and Sakuda, 1964 and Schendel et al., 1976) report

mandibular retrusion relative to cranial base in open bite
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cases. Therefore, one may conclude that the anatomic
relationship of mandible and cranial base may be a
distinguishing feature in those with AOB deformities.

The gonial angle in skeletal open bite cases is
significantly larger then non-AOB cases (Sassouni and Nanda,
1964, Subtelny and Sakuda, 1964, Nahounm et al., 1972, Enunluy,
1974, Richardson, 1969, Schendel et al., 1976 and Trouten et
al., 1983). This feature may explain the associated large
mandibular plane angles in AOB cases.

Investigators also report a shorter than normal posterior
facial height in patients with AOB malocclusion (Frost et al.,
1980, Sassouni and Nanda, 1964, Subtelny and Sakuda, 1964,
Nahoum et al., 1972, Enunlu, 1974). Some report that short
mandibular ramus (Hellman, 1931, Swinehart 1942) and
mandibular corpus (Hellman, 1931) characterise AOB
deformities. A short ascending ramus along with a normal
gonial angle would still tend to produce a larger than normal
mandibular plane angle. It appears three factors may be
additive in the production of the steep mandibular plane angle
in the AOB population: short posterior face height, obtuse
gonial angle, and a downward and backward position of the
mandibular ramus (Ellis and McNamara, 1984) .

The mandibular dental contribution to the AOB deformity
is poorly defined. Hapak (1964) reported high values for
mandibular incisor alveolar height in AOB patients.

Overdevelopment of the posterior maxillary dentoalveolus
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has been indicated as a factor in AOB cases (Frost et al.,
1980, Sassouni and Nanda, 1964, Subtelny and Sakuda, 1964,
Bjork, 1969, Issacson et al., 1971). Conversely. Swinehart
(1942) found infraocclusion of the maxillary teeth in open
bite cases. However, Nahoum et al. (1972) found no difference
between AOB and non-AOB subjects with regard to maxillary
posterior dentoalveolar height. Thus, the contribution of
posterior maxillary development in AOB deformities is not
known reliably.

Increased total anterior face height has been considered
a factor in open bite malocclusion (Hapak, 1964, Subtelny and
Sakuda, 1964, Richardson, 1969, Nahoum, 1975, and Loufty,
1973) . Some investigators report increased lower anterior face
height (anterior nasal spine to menton) as the major
contributor to increased overall face height (Frost et al.,
1980, Sassouni and Nanda, 1964, Nahoum, 1971, Nahoum et al.,
1972, Hapak, 1964, Schudy, 1964, Sassouni, 1969, Arvystas,
1977, Richardson, 1969, Moyers, 1963). Many report that upper
anterior face height appears to remain within normal limits
(Sassouni and Nanda, 1964, Subtelny and Sakuda, 1964, Hapak,
1964) or may be shorter in.AOB patients (Nahoum, 1971, Enunlu,
1974, Lowe, 1980). From the literature, it appears that an
increased anterior vertical face height is likely a
distinguishing morphological feature of the AOB deformity.

There are a variety of etiologic classification schemes

for the anterior open bite malocclusions. Jarabak (1983)
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classifies etiology based on the two schools of thought with
regard to treatment. He (Jarabak, 1983) attributes etiology in
the first group to local or habitual factors which can be
treated by removing the functional etiology with orthodontic
or orthopaedic appliances, or by tonic training of the
perioral musculature along with tongue muscle retraining. The
second group have skeletal etiology and should be corrected
surgically.

To distinguish these treatment based groups, Cangialosi
(1984) found that open bites of habitual etiology have
anterior teeth that are undererupted because of the presence
of some object (thumb, tongue, pencil, etc.). However,
skeletal open bites demonstrate normally erupted or
overerupted anterior teeth (Cangialosi, 1984). This report
(Cangialosi, 1984) suggests that vertical dental patterns may
be used to distinguish the skeletal contribution to the open
bite deformity.

The method of classification of AOB etiology by Shira
(1961) states that the AOB malformation may be developmental
or acquired. Acquired open bite is the most common form and
may be produced by intrinsic or extrinsic factors (Shira,
1961) .

Extrinsic factors are related to habits which prevent the
normal eruption of the teeth. According to many authors (Kwon
et al., 1984, Subtelny and Sakuda, 1964 and Jarabak, 1983)

these habits include thumb or finger sucking, or the use of
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pacifiers. Trauma such as a fracture of the mandible or
maxilla when inadequately treated may also be considered an
acquired extrinsic etiologic agent (Kwon et al., 1984)

Intrinsic factors are those associated with improper
action of the tongue, lips and cheeks during mastication,
swallowing and speaking. Many or all open bite malocclusions
are tongue posture or function related in one form or another
(Kwon et al., 1984). However, Jarabak (1983) states the
question that still needs to be answered: "Is incorrect tongue
function the cause of the open bite, or is it a functional
adaptation to the open bite, with the tongue remotely screened
in the craniofacial morphology, that is the actual cause of
the open bite?"

The influence of oral respiration on craniofacial growth
and dental malocclusion has been described in the literature
for many years (Jarabak, 1983, Linder-Aronson, 1970, 1975) .
Linder-Aronson (1970) investigated patients preoperatively and
postoperatively who had adenoidectomy and summarized his
conclusions as follows: the characteristics of the chronic
mouth breathers were a narrow upper jaw, retroclined upper and
lower incisors, normal palatal vault height, and tendencies
toward having cross bites and open bites. Thus it seems that
mouth breathing may be considered an intrinsic acquired factor
in the etiology of AOB in some patients.

Another intrinsic factor may be the underdevelopment of

the premaxilla which has been described as a cause for open
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bite malocclusion (Thoma, 1969). However, the open bite may be
idiopathic in origin or secondary to another disease process.

Opinions on the role of congenital factors as an etiology
to apertognathia are varied. In 1931, after observing treated
and spontaneously resolved open bite malocclusions, Hellman
suggested that open bite is primarily due to skeletal growth
deficiencies. In support of this concept, Shira and Alling
(1970) mention that open bite develops on a genetic or
developmental basis. The process may be exaggerated or muted
by various systemic pathological and/or environmental factors.

Proffit and Bell (i980) indicated that the vertical
growth of the jaws may be genetically determined. To
illustrate this point, they cited the incidence of open bite
in blacks and caucasians. Incidence of open bite is seven
times as high in blacks when compared to caucasians, and deep
bite is seven times as high in caucasians when compared to
blacks.

Tongue posture has also been postulated as a
developmental etiologic agent (Jarabak, 1983, Swinehart, 1942,
Straub, 1960, Neff and Kydd, 1966 and Hovell, 1968). 1In
patients with tongue thrusting behavior, the mere presence of
the tongue between the teeth is not enough to induce deformity
(Neff and Kydd, 1966). The tongue thrust during deglutition is
principally dictated by the surrounding anatomy, the tongue is
thrust forward in order to effect an oral seal (Subtelny and

Subtelny, 1973).



From a cross-sectional sample, Worms et al. (1971) found
apparent spontaneous correction of anterior open bites in
children from an 8 year old age group to an 11 year old age
group. It has been shown that tongue thrust is the most common
pattern of swallowing up to age 10 (Schudy, 1964, Ward, 1961).
After that age there is a decrease in this form of swallowing,
possibly accounting for the spontaneous correction of anterior
open bite previously referred to. The above authors (Worms et
al., 1971 and Schudy, 1964) therefore conclude that tongue
posture is not considered a prime etiologic factor in AOB
deformity.

Conversely, Hovell (1968) considers that tongue thrusting
may be a faulty pattern of motor activity of the tongue,
almost certainly an innate neuromuscular pattern. Perhaps it
is the innate inability to change from the tongue thrusting
swallow to a non-tongue thrusting swallow which is the
predisposing etiologic factor. This inability to change may be
the result of inadequate airway volume, resulting in chronic
anterior posturing of the tongue.

Thus, innate features such as excessive tongue volume may
contribute to the AOB deformity (Roehm, 1981). An adaptation
to a large tongue may be that the jaw rotates open and the
tongue protracts in order to accommodate the airway, leading
to an anterior open bite (Lowe et al., 1977). In the past
because of the high correlations between anterior open bite

and tongue thrusting, many investigators have considered
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tongue thrust to be the etiologic factor in the causation and
perpetuation of this malocclusion. The AOB may be a functional
adaptation as a result of a disproportion in size between
tongue and oropharynx.

Kydd et al. (1963) found horizontal tongue pressure
against the lower incisors in anterior open bites to be twice
that of controls. However, Proffit et al. (1969) found that
the majority of patients with open bite and tongue thrust
habits exerted little or no tongue pressure on the lingual
surface of lower incisors. Thus the effect of tongue pressure
is somewhat inconclusive.

Mastication is often described as occurring in three
stages: (1) incision, (2), crushing and diminishing of the
size of large particles, and (3) milling or trituration of the
food preparatory to swallowing (Ramfjord and Ash, 1983). The
latter two stages are difficult if not impossible to
discriminate from one another (Ramfjord and Ash, 1983).
Incision, however, is a discrete step in mastication.

Natural incision was studied by Jankelson et al. (1953).
These investigators looked at the functional differences in
incision for foods of different consistencies. With highly
resistant foods, incision often occurred with incisors in an
end to end position (Jankelson et al., 1953). With moderately
resistant foods, the mandible was protruded in order to grasp
the food, but retrusion of the mandible toward centric

occurred during incision (Jankelson et al., 1953). This
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retrusion toward centric was often interrupted before the
mandible had returned completely to the centric position
(Jankelson et al., 1953). With soft foods the mandible was
again protruded in order to grasp the foods, then the food was
sheared with the mandible moving retrusively toward centric
position without interruption (Jankelson et al., 1953).

Jankelson et al. (1953) also report that it was plain
that incision of food is seldom performed by the teeth alone.
The action of the teeth was aided by the head and shoulders
pulling backward, and the hand and arm pulled , twisted, and
tore the food forward and downward in the opposite direction,
until it broke the area thinned by the teeth. Contact of teeth
seldom occurs during the act of incision because the food
tears off at the thinned portion before it is cut entirely
through. In summary they (Jankelson et al., 1953) reported
that incision, then, was not a simple act of teeth cutting
through food until it was severed.

AOB individuals are unable to appose their incisors when
attempting incisal function. The 1literature is devoid of
references to scientific research about the act of incision in
people with AOB deformities. Thus, a suitable method of
evaluating the efficiency of the masticatory apparatus of AOB
during incision has not been described. However, masticatory
efficiency has been evaluated by many researchers in the past
(Christiansen, 1924, Dahlberg, 1942, Manly and Braley, 1950,

Kawamura and Nobuhara, 1957, Loos, 1963, Yurkstas, 1965,
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Helkimo et al., 1977, Nagasawa and Tsuru, 1973, Astrand, 1974,
Tzakis et al., 1989).

Masticatory efficiency (chewing efficiency) is often
defined as the capacity to reduce food during mastication
(Tzakis et al., 1989). As it differs from individual to
individual, it is usually measured with a comminution test
(Carlsson, 1984). In this portion of the review of the
literature the terms masticatory efficiency and chewing
efficiency will share a common definition (above), and will be
used according to the choice of the authors of the cited
literature.

Several variables have been used to estimate chewing
efficiency. For example, the time required to grind a certain
amount of food to a degree that a subject feels it is suitable
to swallow and the number of chewing strokes required to get
a corresponding grinding (Kawamura and Nabuhara, 1957,
Nagasawa and Tsuru, 1973). Another variable is the degree of
grinding of a piece of food within a given number of chewing
strokes (Manly and Braley, 1950, Yurkstas, 1965, Nagasawa and
Tsuru, 1973), or during a given time (Loos, 1963, Helkimo et
al., 1977). The degree of trituration of the food has mostly
been determined by expectoration of the chewed bolus and
fractionating it through a series of sieves (Christiansen,
1924, Dahlberg, 1942, Helkimo et al., 1977). This technique
has remained the method of choice and, with minor variation,

is still used (Tzakis et al., 1989).
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Bates et al. (1976) believe that there are two ways to
measure the ability of the masticatory apparatus: (1) The
masticatory performance which involves measuring the particle
size distribution of food when chewed for a given number of
strokes; (2) The masticatory efficiency which involves
counting the number of masticatory strokes reqhired'to reduce
food to a certain particle size.

Thus, these previously described masticatory efficiency
studies obtain both a measure of the masticatory input; i.e.
the number of chewing strokes or chewing time and, a measure
of the masticatory output; i.e. the particulate size in the
masticated bolus. They use these values to calculate the
efficiency of the system. There are several factors which are
thought to be capable of influencing chewing efficiency such
as the dentition, oral soft tissues, swallowing threshold,
chewing habits and dysfunction of the masticatory system
(Carlsson, 1974, Bates et al., 1976, Gunne, 1985). The contact
surfaces or the number of contact points in occlusion, has,
for example, been shown to be much better correlated with
chewing efficiency than the number of teeth alone (Dahlberg,
1942, Yurkstas and Manly, 1949). Also, Manly (1951) devised a
table from which masticatory efficiency could be determined
for any give food platform area and molar imprint length.
Clinically, then, the number of occluding pairs of teeth may
be regarded as a relatively reliable measure of chewing

efficiency defined as the capacity to crush and grind food
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(Carlsson, 1974).

The soft tissues, more specifically the tongue, can play
a significant role in mastication. The functions of the
tongue can include: (a) direct crushing of the food by
pressing it against the rugae of the hard palate; (b) pushing
food onto the occlusal table; (c¢) mixing of the bolus with
saliva; (d) selection and separation of fragments of the bolus
which have been sufficiently chewed to be swallowed, and (e)
participation in the after chewing removal of residual
fragments of food from around the teeth and alveolar process
(Carlsson, 1974). Also the cheeks and lips take part in
various phase of chewing (Carlsson, 1974).

The swallowing threshold is considered the degree of
trituration or the size of the morsels of the food when an
individual feels that the food has been sufficiently chewed to
be swallowed (Carlsson, 1974). In cross sectional studies,
Dahlberg (1942, 1946) and Yurkstas (1965) reported that
persons with impaired chewing efficiency appear to compensate
for this by swallowing larger particles and not by chewing the
food longer or by increasing the rate of chewing. The above
research has not been confirmed by longitudinal studies, and
because the range of individual variation is so wide
generalizations should be avoided (Carlsson, 1974).

Chewing habits appear to be constant for an individual.
Dahlberg (1946) reports that characteristic changes in the

dentition, if they occur gradually, do not appear to alter the
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chewing pattern or number of chews. When forced to chew at
specific rates individuals gave the best effect at a "normal"
rate of 1 stroke/second (Yurstas, 1965). Thus, a change in
habitual rate of chewing will probably impair the effect of
chewing (Carlsson, 1974).

Efficiency (Ef) is defined as a ratio of Energy output
(E,) to Energy input (E;)). Thus, Ef = E; / E;. Another method to
evaluate the efficiency of the masticatory system would be to
measure the masticatory muscle input (E) for a standard
masticatory task (E,). Muscle input or energy could be
evaluated directly by invasively measuring changes in blood
flow and oxygen uptake or by measuring changes in lactate
production by the muscles involved in the task (Warren, 1966).
However, an indirect measure such as EMG will be a less
invasive measurement tool. EMG may prove useful for the study
of muscle efficiency during the masticatory task of incision
because it has been used extensively to study the muscles of
mastication (McCollum, 1943, Moyers, 1949, Carlsoo, 1952,
MacDougall and Andrew, 1953, Latif, 1957, Woelfel et al.,
1960, Moller, 1966, Ahlgren, 1966, Vitti, 1971, Ahlgren et
al., 1973, Lowe et al., 1983).

During incision, Latif (1957) and MacDougall and Andrew
(1953) found that all pafts of the temporalis muscle were
active, with greater activity in the anterior fibres, but in
many individuals the posterior fibres were predominant, while

in some activity was similar throughout the muscle. Vitti
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(1971) reported that anterior and middle fibres of the
temporalis muscle were active within individuals with
posterior dental support. In the edentulous patient he found
all three parts of the temporalis muscle were active (Vitti,
1971) .

However, in mandibular protrusion studies some
investigators report no activity in the anterior fibres of the
temporalis muscle (Latif, 1957, Carlsoo, 1952, Woelfel et al.,
1960, Moller, 1966). Moyers (1949) and McCollum (1943) found
anterior temporalis fibres active during protraction, contrary
to the other findings above. Ahlgren et al. (1985) found that
the EMG activity of the temporalis muscle decreases during
incisive bite, and that only the anterior fibres showed some
activity during a strong biting force. Ahlgren et al.(1985)
concludes that during incision the temporalis muscle shifts
the burden of supporting the jaw to the muscles that protrude
it (i.e. lateral pterygoid muscle), and that the temporalis
acts mainly as a stabilizer.

The work of Jankelson, (1953) suggests that there is a
retrusive component to incision in moderately soft foods. Also
studies of pure maximal protrusion (Latif, 1957, Moller, 1966)
with no vertical resistance, may be very different from those
involved in incision where vertical force production is
required (Ahlgren et al., 1985). Thus differences in findings
between studies of protrusion and those of incision may be

explained by the above mentioned factors.
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In molar occlusion all of the fibres of the temporalis
muscles show marked activity levels as this is the primary
function of this muscle (Latif, 1957, Ahlgren, 1966, Vitti,
1971, and Vitti and Basmajian, 1975, 1977).

The masseter muscle is very active during forceful
centric occlusion clenching (Pruzansky, 1952, Moyers, 1950,
Ahlgren, 1966, Vitti and Basmajian, 1975, 1977). 1In
protrusion, the superficial masseter muscle shows some
activity (Carlsoo, 1952, Vitti and Basmajian, 1977).

The lateral pterygoid muscles are considered the prime
movers of the mandible during protrusive excursions or as an
initiator for incisor clench (Lehr and Owens, 1980). Moller
(1966) showed that during maximum protrusion of the jaws the
lateral pterygoid was more active than the digastric muscles.
The activity of the digastric muscle is most prominent at the
end of mandibular depression (Ramfjord and Ash, 1983). These
muscles are not considered to be involved in molar clenches
and show very 1liitle involvement as a stabilizer during
ipsilateral translations (Lehr and Owens, 1980).

The medial pterygoid muscle is predominantly a Jjaw
elevating and lateral postioning muscle (Ramfjord and Ash,
1983). It acts in synchrony with the masseter and temporalis
muscles. However, the medial pterygoid muscle contribution to
comminution are small compared to the masseter muscle.

One concludes that the medial and lateral pterygoid

muscles, and the digastric muscles contribute to the overall
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masticatory energy profile for the tasks of incision and
chewing. However, their contributions are small and in
synchrony with the temporalis and msseter muscles.

To have an insight into how a measurement of masticatory
muscle energy may be obtained from EMG it is useful to quote
an electrical analogue. Energy (E) in a circuit is defined as
the integral of the power with respect to time (E = P dt)
(Budak, 1978). In basic electric principles the power (P) in
the circuit is equal to the voltage multiplied by the current
(P = v x i) (Budak, 1978). Basic principles also state that
current (i) is equal to the voltage (v) divided by the
resistance (R) in a circuit (i.e. i = v / R) (Budak, 1978).
Thus to calculate the Power in a circuit in terms of voltage
and resistance one finds that P = v? / R. Since electrical
activity of a muscle is a measure of force exerted by that
muscle (Ralston, 1961), a method of quantification of the
electromyogram to measure the energy input of the masticatory
muscles will allow a more complete evaluation of energetic

efficiency of the masticatory apparatus.



Materials and Methods

A. The Experimental Sample.

The sample population consisted of 8 subjects of both
sexes (4 males and 4 females), ranging in age from 17 years
2 months to 33 years 8 months, with a mean age of 24 years 1
month. There were two distinct groups in the sample
population: (1) the AOB group and; (2) the non-AOB group.
Selection was based on the agreement of the subject to
participate in the study, after being fully informed as to
the purpose of the study, and signing the necessary consent
form (Appendix A). All subjects had complete permanent
dentitions, and none had received comprehensive orthodontic
treatment prior to the study.

The AOB group was selected from patients of the
Graduate Orthodontic Clinic of the University of Manitoba.
This sub-population consisted of 2 males and 2 females,
ranging in age from 17 years 2 months to 33 years 8 months,
with a mean age of 21 years 10 months. All subjects in this
group had an anterior open bite ranging from 0.0 mm. to 4.0
mm., with a mean of 1.9 mm open bite (Table 3.1). Subject
P.S. with 0.0 mm open bite in the central incisors region,
had 2.5 mm open bite in the lateral incisor and cuspid
regions.

The non-AOB group were selected from the student
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Table 3.1. Static Dental Relationship of Subjects
Overbite overjet | Angle Classification

Subject (mm) (mm) of Malocclusion
M.C. * 4.0 1.5 Class I
G.H. * 2.0 3.0 Class I
R.K. * 2.5 2.5 Class I
E.P. * 2.0 2.75 Class I

non-AOB Mean 2.63 2.44 | =m=——-
L.M. + -4.0 5.0 Class I (Cl II cuspid)
P.S. + 0.07 0.0 Class III
T.S. + -1.5 3.0 Class I
M.W. + -2.0 6.0 Class 1I

AOB Mean -1.88 3.5 | -wm=——-
* non-AOB
+ AOB

~“Subject has -2.5 mm overbite in lateral incisor and cuspid region.



population of the Faculty of Dentistry at the University of
Manitoba. This sub-population consisted of 2 males and 2
females ranging in age from 23 years 11 months to 31 years 0
months, with a mean age of 26 years 6 months. All subjects
in this group were Angle Class I malocclusion, with an
anterior overbite ranging from 2.0 mm. to 4.0 mm. with a

mean of 2.63 mm. (Table 3.1).

B. The Electromyography Apparatus.

The electrical activity from the right and left
masseter and right and left anterior temporalis muscles were
monitored using Grass silver cup 7 mm. diameter surface
electrodes (Figure 3.1). Four electrode pairs and four
amplifiers were used. Each electrode pair was connected to a
very high input impedance and strong common mode rejection
preamplifier having a voltage gain of 100 (Figure 3.2). The
output from the preamplifier was input to the second stage
amplifier using an optical coupler.

The second stage amplifier had adjustable, first order,
low and high pass filters (Figure 3.2). There was an
adjustable gain control which provided up to 100 times gain.
Thus, the maximum system voltage gain is 10,000. The second
stage amplifier is limited to an output of ten volts peak to
peak.

Both the preamplifier and the second stage amplifier

were powered by a rechargeable battery (figure 3.2).
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Figure 3.1. Grass Surface Electrodes.

2
3.
4.

Grass silver cup electrode.
Wire connecting electrode to preamplifier.
Self adhering foam pad.
ECG conductor



Figure 3.2. EMG Amplifiers, Oscilloscope and Battery.

1. Preamplifier.

2. Second stage amplifier.
3. Oscilloscope.

4. Rechargeable battery.



The output from the second stage amplifier was the final
signal generated, and was then directed to a Hewlett Packard
Model 1200A dual trace oscilloscope (Figure 3.2) and to a
Hewlett Packard 3960 Series Instrumentation Frequency
Modulated Tape Recorder (FM tape recorder) where it was
recorded on magnetic tape for later replay and further
analysis (Figures 3.3).

The oscilloscope was used to provide the operator with
continuous visual information about the functioning of the
recording apparatus throughout each recording session. It
could be switched to show the activities of any two muscles

simultaneously.

C. The Video Apparatus.

A videocamera (Kyocera Finemovie 8, 8 mm Beta) wés
situated on a tripod in a stationary position approximately
2.5 m from the subject. A 12 inch square mirror was set up at
the side of the patient to enable coincidental recordings of
both full face and profile images of the subject during each
recording session (Figure 3.4). Continuous recordings of head

and neck images occurred throughout each experimental session.

D. The Bite Force Transducer (BFT).
The BFT consisted of a pressure sensitive resistor (PSR)
covered on one side by a 1 cm rubber O-ring (Figure 3.5). The

rubber ring acted to distribute the force of the bite over a
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Figure 3.3. EMG Recording and Analysis Apparatus.

1. FM tape recorder.
2. Analogue to digital converter.
3. IBM compatible microcomputer.



Figure 3.4. Simulation of videotape image of the subject.

1. Full facial view of the subject.
2. Profile image of subject in mirror.



Figure 3.5. Bite Force Transducer.
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2
3
4.
5
6.

Indexed maxillary bite template.
Metal bite platens.

Rubber o-ring.

Pressure sensitive resistor.
Stainless steel handle.

Connection to the H.P. multimeter.




greater area of the PSR, resulting in a decrease in stress in
any one area of the PSR. This enables the instrument to have
greater sensitivity range for monitoring variations in bite
force, as fewer areas of the PSR are reaching their maximum
stress level. The PSR and attached O-ring were fixed to one of
two stainless steel platens between which they, the PSR and O-
ring, were sandwiched. The steel platens were permanently
attached to a stainless steel handle which acts to maintain a
consistent spatial relationship of the platens.

A polymethylmethacrylate maxillary indexed template
(bicuspid/cuspid region) was fabricated on the outer surface
of the stainless steel platen to which the PSR was not
attached. Subject specific study models were used to fabricate
each indexed template. A flat acrylic biting surface was
fabricated on the outer surface of the other platen fixed to
the PSR.

The PSR of the bite force transducer was connected in
parallel with a 220 kilo-ohm resistor, and the total
resistance was measured by a Hewlett Packard E2377A

multimeter.

E. Recording Procedure.
Prior to each session the subject was positioned in a
dental chair, sitting upright and with their head unsupported.

Preparation of the skin for EMG surface electrode



application involved identification of the site and direction
of the right and left masseter muscles and the right and left
anterior temporalis muscles by palpation. The skin over each
muscle, and one ear lobe (for the ground) was cleansed using
a 30 second wipe with gauze soaked in rubbing alcohol,
followed by a 30 second period in which the alcohol was
allowed to dry.

Grass silver electrodes were affixed to Reston (TM) self
adhering foam pads (3M Co.) at a distance of 25 mm apart, and
a small amount of Liqui-cor (Burdick) liquid ECG conductor was
applied to each electrode (Figure 3.1). One unit (foam pad and
electrodes with conducting paste) was then applied to the
prepared skin over each muscle such that the electrode pair
was situated over, and ran in the same direction as the body
of the muscle (i.e. origin to insertion), and pressed firmly
in place (Figures 3.4 and 3.6). The ground consisted of only
one electrode affixed to a foam pad that was pressed firmly in
place on the prepared earlobe, and held in place with a
plastic clip.

The surface impedance of each prepared muscle site was
measured using a Hewlett Packard E2377A multimeter. Impedance
levels of less than 30 kilo-ohms were considered acceptable
and were recorded. If impedance was greater than 30 kilo-ohms,
the skin site was prepared again with alcohol and/or different
electrode pairs were used until a satisfactory impedance level

was achieved, and which was then recorded.
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Figure 3.6. EMG Electrode Position.

1.
2.

Temporalis muscle: Anterior portion.
Surface electrode position on anterior
temporalis muscle.

Temporalis muscle: Middle portion.
Temporalis muscle: Posterior portion.
Masseter muscle.

Surface electrode position on masseter
muscle.



Following EMG electrode placement, subjects were given
the following instructions: 1. "For each food sample, you must
break off a piece of the sample using your teeth", and the
subject was shown how to orient the sample such that incision
occurred through a specific dimension of the sample. 2. "After
biting off a piece of the food sample, chew the food until it
is completely swallowed."

The food samples were presented to the subjects in a
manner which ensured that each subject understood which
dimension of the sample to bite through.

The experimental session involved simultaneous videotape
and EMG recording of each subject. The videotape recording was
continuous throughout each data collection session.

EMG signals were recorded on the FM tape recorder while
the patient incised various food samples. The food samples
consisted of 4 food groups, which included 2 food types;
brittle, and resilient (carrot and licorice respectively) and
2 thickness of each food type (2.0 millimetres and 20
millimetres and, 5.0 millimetres and 15.0 millimetres
respectively) (Figure 3.7). The subject incised, chewed and
swallowed 5 samples from each of the food groups. Therefore,
20 trials were recorded for each subject at each experimental
session.

Following the food tasks, EMG signals were recorded
during right side and left side isometric biting on the BFT.

Separately, the right and left indexed maxillary platen of the
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Figure 3.7. Food Samples

1. 2 mm Carrot.

2. 20 mm Carrot.
3. 5 mm Licorice.
4. 15 mm Licorice.



BFT was fitted to the maxillary teeth and the subject was then
asked to close their lower teeth onto the flat bite pad in
order to support the BFT. Subjects were then asked to increase
the level of their bite force (i.e. bite harder) on the BFT
until an observable level of EMG activity was visible on the
oscilloscope in all four channels. This was always a
submaximal bite force level, and the corresponding resistance
level was measured with the multimeter and was recorded.

EMG recordings were made while the patient was asked to
repeat the identical submaximal bite 5 times on the right side
and 5 times on the left side. Subjects were instructed by the
experimenter to increase or decrease bite force in order to

repeat the specific metered resistance level.

F. Bite Force Transducer Calibration.

After each recording session the BFT was calibrated.
Separately, the right and then the 1left, maxillary and
mandibular quadrant model pairs were fixed with two sided tape
to the metal plates of a Houndsfield tensometer (Figure 3.8).
The mandibular model was placed 2 mm lateral to centric
occlusion position. The appropriate BFT was introduced
interocclusally such that the indexed platen fitted over the
teeth of the maxillary model. The models were approximated
producing a force which was then increased to produce an
identical metered resistance 1level from the BFT that was

produced during each recording session.
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Figure 3.8.

a5
2.
3
4.

Quadrant Models mounted on the Tensometer

Metal plates of the tensometer.

Mounted maxillary left quadrant model.
Mounted maxillary right quadrant model.
Bite force transducer.



The measured force level from the tensometer was
recorded. Force levels were reduced to a level of less than
two pounds, and then reapplied to the recording session level.
Five force readings were made from the tensometer for the
given metered resistance level observed during the recording

session.

G. Quantitative EMG Analysis.

Using the FM tape recorder, an analogue to digital
converter and an IBM compatible microcomputer, the EMG signal
recordings were converted from analogue format on magnetic
tape to digital format and saved on the hard disk drive of the
microcomputer (Figure 3.4). Once in digital format a program
was used to display all four muscle recordings for each food
sample trial.

Using both video and EMG recordings, time sequencing of
specific masticatory activities could be defined. The time
period of the following two specific activities were further
analyzed: (1) Incision and; (2) Incision and chewing of the
food sample, until the first swallow occurred but not
including the first swallow.

Using another computer program, each digitized sample of
the EMG signals was squared, resulting in only positive EMG
values. The area under the squared EMG signals were then
determined by integration over the specific time period

identified from the videorecordings and EMG recordings. The
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resultant time dependant integrated squared (ISq) EMG values
were expressed in units of volts squared-seconds.

The energy from a simple electric circuit is equal to"P
dt (P=power, t =time). Power is equal to Vv?/R (v=voltage,
R=resistance) and is equal to i*v (i=current). The voltage,
current and resistance can be measured in a circuit using an
appropriate meter. The resistance offered by any resistor can
be determined indirectly by short circuiting the resistor. The
resultant decrease in resistance (or resistance offered when
the resistor is left out of the circuit) can be calculated
once the difference in power between the circuits is
determined. The proportion of the energy of the circuit with
both resistors to the energy in the circuit with only one
resistor is an indication of the relative efficiency of one
circuit to the other.

It is assumed that the integrated square EMG is a linear
measure of the energetic profile of the muscle. During
isometric bite force the ISq EMG is a measure of energy
reflecting only the internal resistance of the muscle (i.e
short circuit). However, during varimetric contractions of the
muscle the ISq EMG is a measure of muscle energy reflecting
both internal resistance of the muscle and the resistance
offered by an external source.

The ratio of energy required to overcome the combined
external resistance and internal resistance over the energy

required to overcome the internal resistance alone is a
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measure of the efficiency of the muscle in gquestion for a
given task. A sum of the ratios for the masseter and anterior
temporalis muscles may well reflect the efficiency of the
masticatory muscle system.

Thus the system efficiency can be compared within
individuals to assess differences in masticatory energetic
efficiency between tasks. Also, this assessment of the
masticatory energetic efficiency can be used to compare
between individuals.

For this study, ISq EMG per lb. of isometric bite forces
per second were determined for each of the four masticatory
muscles recorded. ISq EMG was derived for a one second
interval for each of the five trials for each of the right and
the left BFT. Mean ISq EMG values were then divided by the
average bite force as measured by the tensometer using the
BFT. Mean right and left ISq EMG/sec/lb were summed and the
total was considered one EMG Bite Force Equivalent (BFE) for
the specific muscle for the specific individual.

ISqg EMG from each of the four muscles for each
masticatory task for each trial for each individual were
determined. Each of the results were then divided by the ISqg
for one BFE (determined above) for that specific muscle for
that specific individual producing a BFE value for each muscle
for each task. The BFE values for all muscles for each task
were summed giving the total BFE for that trial. Total BFE

values between subjects were used for comparison and
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statistical analysis.

H. Measurement of Error.

1. Investigator Error.

As part of the main investigation, two supplementary
studies were undertaken to assess measurement error involved
in 1) the calibration of the bite force transducer, 2)
identification of the various masticatory activities from EMG

and video recordings.

a. Supplementary Study 1.

The first study examined measurement error on the part of
this investigator in orienting the study models on the
Houndsfield tensometer in a standardized manner. The maxillary
and mandibular study models, from the 1left side of one
subject, were mounted on the tensometer on three separate
occasions. With each mounting the appropriately indexed BFT
was inserted between the occluding surfaces of the teeth. The
applied force was increased to a metered resistance level of
2 kilo-ohms. The corresponding force level was read from the
tensometer and was recorded. Force level was reduced to 0
pounds. The force was then reapplied in the manner described
above. Five sets of recordings were made at each of the three
sessions.

Means and standard deviations were calculated to

determine the degree of investigator error.
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b. Supplementary Study 2.

The second study examined measurement error on the part
of this investigator in identifying the various masticatory
activities (incision and, incision and chewing to first
swallow) from the EMG and video recordings. The integrated
squared EMG was determined on three separate occasions (at
least one week apart) for one trial (typical EMG recording)
for each of two of the subjects. Five measurements were made
for both, the task of incision alone, and the combined task of
incision and chewing until the first swallow at each session.

Means and standard deviations were calculated to

determine the degree of investigator error.

2. Bite Force Transducer Linearity.

The 1linearity of the bite force transducer was
established by mounting the models of one subject (E.P.) on
the Houndsfield tensometer in the manner described in section
F. The BFT was introduced interocclusally and the tensometer
force was increased. Several force levels in the 0 to 40 1b.
range were recorded along with their metered resistance
levels. The data were plotted, and the linear range of the BFT
was determined visually from the plot. The correlation
coefficient for the linear relationship of the data within the
chosen linear range of the BFT was then calculated, and tested
for significance.

It is important to note that the linearity of the BFT was
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not of great significance in this study. The BFT was used to
measure one specific calibration bite force for each subject.
The reproducibility of measuring a specific bite force using
the BFT was investigated in Supplementary Study 2, above. For
the purpose of this study it is best if BFT measurements are
made in the relatively unsteep range of the apparatus. This

will produce more accurate force measurements with the BFT.

I. statistical Analysis.

Means and standard deviations in Bite Force Equivalents
were calculated for the tasks of; incision, incision and
chewing, and incision as a proportion of incision and chewing
were calculated for each food group, for each subject.

AOB and non-AOB group means and standard deviations were
then determined.

The individual means were then subjected to a mixed
analysis of variance.

Correlation coefficients were calculated between food

dimensions and group BFE values.



Results

A. Overview

The data were collected in two primary forms: 1. EMG
recordings and; 2. videorecordings. The EMG data for all
subjects was converted from ISq EMG to BFE units, using the
subject specific BFT data, so that comparisons could be made
between subjects. Therefore BFE values were assigned for each
trial. The BFE values were then used for statistical analysis.

Videorecording data was observed to assess qualitative
variation, within subjects and within groups, during the
incision phase of mastication.

The results will be presented in the following format:

1. Presentation of individual subject EMG and
videorecording data, including mention of the
relationship between the two (i.e. EMG and
videorecording).

2. Presentation of group (AOB versus non-AOB) data.

3. Presentation of data from the studies of

investigator error and the study of BFT linearity.

B. Subject Specific Results
Sample EMG tracings are illustrated in Figure 4.1. The
specific masticatory phases of incision, chewing and

swallowing are identified on each tracing.
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Figure 4.1 Sample EMG Tracings.
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Integrated squared EMG data were derived using a computer
program. Total BFE were then calculated for each trial. The
mean and standard deviation for the masticatory phase of
incision alone, and for the combined masticatory phases of
incision and chewing until first swallow but not including the
swallow were calculated for each subject fér each food sample.
These results are listed in Tables 4.1 and 4.2. Also, the mean
and standard deviation for the proportional contribution of
the masticatory phase of incision to the combined masticatory
phases of incision and chewing (I/IC) are presented in Table

4.3.

1. Non-AOB Subjects.
a. Subject M.C.:

The EMG data from the incision phase of mastication
suggests a greater between-trial variability for carrot
samples of both dimensions than for either of the 1licorice
samples (Table 4.1). The videorecording observations found
that subject M.C. used his central incisor teeth for incision
throughout all the trials. Specifically, subject M.C. incised
with two very different patterns during the 2 mm carrot
trials. The first pattern involved securing the carrot between
the incisors and using a lateral hand motion to break the
sample. The other pattern, observed in the second trial only,
involved using only the incisors and no noticeable hand motion

to break the food sample. This second trial also had the
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Table 4.1. Individual Subject Energy Values for the Task of Incision.

Task
Carrot 2 mm Carrot 20 mm Licorice 5 mm Licorice 15 mm
Subject Mean” S.D.” Mean S.D. Mean S.D. Mean S.D.
M.C. * 27.69 24.40 58.67 21.58 24.52 5.92 63.17 6.83
G.H. * 3.63 3.43 35.75 5.99 2.76 0.63 27.63 5.73
R.K. * 6.14 0.91 78.02 29.92 14.14 4.58 53.02 8.71
E.P. * 46.44 28.41 268.7 68.41 58.12 14.80 161.61 61.41
L.M. + 17.68 8.84 47 .87 16.45 52.51 14.22 65.51 32.08
P.S5. + 33.67 17.01 94.14 25.76 91.81 19.36 121.21 38.67
T.S. + 20.84 9.55 25.17 9.28 47.75 12.18 58.69 61.17
M.W. + 55.36 34.46 52.55 7.39 9.22 1.76 26.70 7.45
* non-AOB
AOB

v

note: Energy values reported are in units of Bite Force Equivalents.




Table 4.2. Individual Subject Energy Values for the Combined Tasks of Incision and
Chewing.
Task
Carrot 2 mnm Carrot 20 mm Licorice 5 mm Licorice 15 mm
Subject Mean”™ S.D.”~ Mean S.D. Mean S.D. Mean S.D.
M.C. * 1410.63 333.83 3664.65 568.10 1838.48 236.07 4006.45 365.65
G.H. * 283.42 91.66 1650.82 291.47 589.86 77.90 1887.08 437 .79
R.K. * 301.09 12.35 1283.44 274.38 705.89 80.70 1473.86 295.49
E.P. * 823.21 150.38 2982.87 528.71 2157.68 275.97 2596.74 260.26
L.M. + 268.81 71.57 1525.12 195.35 450.50 79.66 814.26 135.53
P.S. + 536.60 161.92 5957.42 680.46 1333.38 278.49 3452.43 848.90
T.S. + 246.52 34.94 1208.99 397.84 348.07 76.46 1199.89 297.23
M.W. + 398.45 274.02 1119.97 117.47 236.03 47 .64 567.89 163.72
* non-AO0OB
+ AOB
” note: all energy values are in units of Bite Force Equivalents.
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Table 4.3. Individual Subject Proportion Values for the Task of Incision Energy as a
Proportion of the Combined Tasks of Incision and Chewing Energy.

Task
Carrot 2 mm Carrot 20 mm Licorice 5 mm Licorice 15 mm
Subject Mean S.D. Mean S.D. Mean S.D. Mean S.D.
M.C. * 0.020 0.014 0.016 0.006 0.014 0.005 0.016 0.003
G.H., * 0.018 0.024 0.022 0.005 0.005 0.001 0.015 0.003
R.K. * 0.021 0.004 0.068 0.036 0.020 0.006 0.036 0.002
E.P. * 0.056 0.029 0.089 0.013 0.028 0.009 0.062 0.022
L.M. + 0.063 0.016 0.032 0.013 0.115 0.018 0.077 0.026
P.S. + 0.070 0.041 0.016 0.003 0.070 0.014 0.036 0.013
T.S. + 0.084 0.038 0.025 0.014 0.143 0.043 0.056 0.066
M.W. + 0.192 0.121 0.048 0.011 0.040 0.008 0.049 0.011
* non-AO0B
+ AOB




greatest BFE value for 2 mm carrot trials for this subject.

There were no obvious differences observed in the
incision pattern between 20 mm carrot trials. No differences
were observed between the five trials of either of the
licorice samples as well.

The combined tasks of incision and chewing show a
specific pattern for subject M.C. (Table 4.2). The larger
dimension food trials required more energy on average than the
smaller dimension trials. Licorice trials required more energy
on average than the similar dimension carrot trials.

For subject M.C., I/IC values were greatest on average in
the 2 mm carrot group, less in the 20 mm carrot and 15 mm
licorice groups and, least in the 5 mm licorice group (Table

4.3).

b. Subject G.H.:

The EMG data suggests greatest variability within the 2
mm carrot trials for subject G.H. (Table 4.1) . The other food
samples showed less variability. Three distinct patterns of
incision were observed in the 2 mm carrot trials. One pattern,
occurring in the first trial only, involved two sequential
bites. The second pattern, occurring in only the fourth trial,
involved two sequential bites, and following these the subject
used hand motion to tear the carrot laterally in order to
effect the final fracture. The final pattern, occurring in the

remaining trials, involved only a single bite. The fourth
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trial, associated with the second pattern described, had the
greatest energy value (250% greater than the next greatest
value) of the five trials.

There were also three different incision patterns
observed in the 20 mm carrot trials. The first trial involved
incision in the left cuspid region, and was associated with
the lowest energy values. The second and third trials involved
incision in the right central incisor region. The fourth and
fifth trial involved incision in the midline region. There was
no suggestion of differences in the energy values between the
final two incision patterns observed.

Incision during the 5 mm 1licorice trials took two
discrete patterns. One pattern occurred in the first three
trials. This involved incision in the left central incisor
region, with some hand motion involved in pulling on the food
sample. The final two trials involved incision in the right
cuspid region, with the subject using hand motion to pull the
licorice straight out from his mouth. The EMG data shows the
two lowest values for incision of 5 mm licorice samples to be
those associated with the final two trials.

Subject G.H. alternated sides for incision, from right to
left, between each of the 15 mm licorice trials. The licorice
was held with two hands and was incised in the right or left
cuspid region, starting in the first trial on the left side.
The EMG data showed an alternating pattern of energy values

throughout the trials as well.
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The combined tasks of incision and chewing show a
specific pattern for subject G.H. (Table 4.2). The larger
dimension food trials required more energy on average than the
smaller dimension food trials. Licorice trials required more
energy on average than the similar dimension carrot trials.

For subject G.H., I/IC values were greatest on average in
the 20 mm carrot group, less in the 2 mm carrot and 15 mm
licorice groups and least in the 5 mm licorice groups (Table

4.3).

c. Subject R.K.:

The EMG data suggest greatest variation in the 20 mm
carrot and 5 mm licorice trials for subject R.K. (Table 4.1).
Two patterns of incision were observed from the
videorecordings during the 2 mm carrot trials. One pattern,
observed, in only the first trial, involved incision in the
bicuspid region. The pattern in the remaining trials involved
incision by the central incisors. The first trial, associated
with the first incision pattern described , had the greatest
energy value of any of the 2 mm carrot trials.

Three incision patterns were observed for the 20 mm
carrot sample for this subject. The first pattern, observed in
only the first trial and, associated with the lowest BFE
value, involved incision with the central incisors. The
remaining incision patterns for the 20 mm carrot sample

occurred in the cuspid and bicuspid region. The first of these

55



patterns involved orientation of the food sample perpendicular
to the labial surface of the teeth. The other bicuspid region
patterns involved presentation of the carrot sample in an
anteroposteriorly oblique orientation relative to the labial
surfaces of the teeth. Notably, the fourth trial involved the
perpendicular orientation of the carrot, as described above,
but also involved two bites to break the carrot. This fourth
trial had the greatest energy value of any of the 20 mm carrot
trials.

Two patterns of incision were observed during the 5 mm
licorice trials. In the first trial, incision occurred in the
central incisor region. During all subsequent trials, incision
occurred in the cuspid region. The first trial was also
associated with the greatest BFE value of the five trials.

The 15 mm licorice trials involved two different patterns
of incision. The first trial involved an anteroposteriorly
oblique presentation of the food to the cuspid region.
Subsequent trials appeared to have a more perpendicular
presentation in the cuspid region. However some subtle
variations in the anteroposterior angular presentation of the
food to the cuspid region may have existed, but were difficult
to observe. The Vfirst trial, associated with the unique
incision pattern described above, had the greatest energy
value of the five trials.

The combined tasks of incision and chewing show a

specific pattern for subject R.K. (Table 4.2). The larger
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dimension food trials required more energy on average than the
smaller dimension trials. Licorice required more energy on
average than the similar dimension carrot.

For subject R.K., I/IC was greatest on average in the 20
mm carrot group, less in the 15 mm licorice group and least in

the 5 mm licorice group and the 2 mm carrot group (Table 4.3).

d. Subject E.P.:

The EMG data, from subject E.P., suggest greatest
variability in the 2 mm licorice and 15 mm licorice trials
(Table 4.1). Several incisive patterns were observed during
the 2 mm carrot trials. One pattern, occurring in the first
two trials, involved a two phase incision in the cuspid
region, the first trial appearing to have greater lateral hand
motion involvement than the second trial. The final three
trials involved incision in the bicuspid region. Also, the
first trial had the greatest energy value of the five trials.
The fourth trial had the lowest energy value but this was not
associated with any unique pattern of incision.

The 20 mm carrot trials involved a progressive change in
the positioning of the sample from anterior (cuspid region) to
posterior (bicuspid region), and a progressive increase in the
anteroposterior obliqueness of the food presentation relative
to the labial surfaces of the teeth. The EMG data were found

to show an associated progressive decrease in energy values

57



from the second to the fifth trial.

The were no observable differences found between the 5 mm
licorice trials, all occurring in the first bicuspid region.
The EMG data indicates that the fifth, 5 mm licorice trial had
the greatest energy value, however this was not associated
with a unique pattern of incision.

Two patterns of incision were observed during the 15 mm
licorice trials. The initial two trials involved incision in
the right cuspid region. The subsequent three trials also
involved incision in the right cuspid region, but displayed a
noticeable change in hand position on the licorice, and a
noticeable alteration of the head position each time incision
occurred. The EMG data reflect this change in pattern as well.
The first two trials had energy values 100% greater than those
in the last three trials.

The combined tasks of incision and chewing show a
specific pattern for subject E.P. (Table 4.2). The larger
dimension food trials required more energy on average than the
smaller dimension trials. The small dimension licorice trials
required more energy on average than the similar dimension
carrot trials. However, the larger dimension carrot trials
required more energy on average than the similar dimension
licorice trials.

For subject E.P., I/IC values were on average greatest in
the 20 mm carrot group, less in the 15 mm licorice group and

2 mm carrot group and least in the 5 mm licorice group (Table
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4.3).

2. AOB Subjects
a. Subject L.M.:

The EMG data from subject L.M. displayed the greatest
variation during the 2 mm carrot and 15 mm licorice trials
(Table 4.1). There were no observable differences in the
pattern of incision throughout the 2 mm carrot trials. Each
involved incision with the right bicuspid teeth. From the EMG
data, the first trial had an energy value 100% greater than
any of the four subsequent trials, but this was not associated
with any unique pattern of incision.

All of the 20 mm carrot trials involved incision in the
left cuspid region. The first and fourth trial required two
biting attempts, the third trial required three biting
attempts, and the second and fifth trial involved only one
biting attempt. Although, the second trial involved one long
bite and the fifth trial involved a bite phase followed by a
pausing phase. The fifth trial also had greatest energy value
of the five trials.

All of the 5 mm licorice trials involved incision in the
left bicuspid region with hand motion involved in pulling the
sample away. It appeared that the hand involvement increased
in magnitude throughout the trials. EMG data showed greatest
energy values in the first trial, similar energy values in the

subsequent three trials, and the lowest energy values in the
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final trial. These progressive energy level decreases may be
associated with the progressive increase in hand involvement
throughout the trials.

All of the 15 mm licorice trials had similar patterns of
incision. This pattern involved incision in the left bicuspid
region together with a pulling motion on the licorice sample.
The EMG data indicates the first two trials had much higher
energy values than the subsequent three trials. However, these
reported differences in energy values were not associated with
any unigque patterns of incision.

The combined tasks of incision and chewing show a
specific pattern for subject L.M. (Table 4.2). The larger
dimension food trials required more energy on average than the
smaller dimension food trials. The small dimension licorice
trials required on average more energy than the small
dimension carrot trials. However, the large dimension carrot
trials required on average more energy than the similar
dimension licorice trials

For subject L.M., I/IC values were on average greatest in
the 5 mm licorice group, less in the 15 mm licorice group and
2 mm carrot group and, least in the 20 mm carrot group (Table

4.3).

b. Subject P.S.:
EMG data from subject P.S. shows greatest variation in

the 2 mm carrot trials and 15 mm licorice trials (Table 4.1).
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Two patterns of incision were observed during the 2 mm carrot
trials. All trials involved incision with the central incisor
teeth. The first two trials involved one hand position on the
carrot, and the latter three trials involved a change of hand
position, to an overhand (palm facing downward) grip. The
energy required for incision had an associated increase
between the first two and latter three trials as well.

Similarly, all 20 mm carrot trials involved incision with
the central incisors. Subject P.S. changed his grip for the
third and the fourth trials. These trials (third and fourth)
had greater energy values than the other three trials.

All of the 5 mm licorice displayed similar incision
patterns, each involving incision with the central incisors,
and the use of hand motion to pull on the licorice. The EMG
data had a change in energy values between the second and
third trials. However, this change was not associated with a
change in incision pattern.

The five 15 mm licorice trials had similar patterns of
incision, all involving the central incisors. There appeared
to be a variation in the amount of masticatory effort, this
being least in the fifth trial. In the first trial the
incision pattern also involved a hand pulling motion on the
food sample. The second trial had the greatest energy value
from the EMG data, however this difference was not associated
with a unique pattern of incision. The lowest BFE value

occurred in trial 5, where masticatory effort appeared to be
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least.

The combined tasks of incision and chewing show a
specific pattern for subject P.S. (Table 4.2). The larger
dimension food trials required on average more energy than the
smaller dimension trials. Licorice trials required on average
more energy than the similar dimension carrot trials.

For subject P.S., I/IC was greatest on average in the 5
mm licorice group and 2 mm carrot group, was less in the 15 mm
licorice group and least in the 20 mm carrot group (Table

4.3).

c. Subject T.S.:

EMG data for subject T.S. displayed the greatest
variation in the 2 mm carrot trials and 15 mm licorice trials
(Table 4.1). Two patterns of incision were apparent in the 2
mm carrot trials. One pattern, occurring in only the first
trial involved holding the food between the incisors and using
hand motion to tear the food. The remaining trials involved
incision in the right bicuspid region. The fifth trial,
occurring in the right bicuspid region, involved some levering
hand motion. The energy value for the first trial was
approximately 10% of any of the subsequent 2 mm carrot trials.

The 20 mm carrot trials were all very similar. The carrot
was stabilized between the anterior teeth and hand motion was
used to lever the food upward. EMG data indicates that the

first 2 trials had lower energy values than the subsequent 3
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trials. However, there was no obvious difference in the
incision patterns between these two groups of trials.

All of the 5 mm licorice trials had similar patterns of
incision. Each involved securing the licorice between the
right bicuspid teeth, and using hand motion to pull the
licorice forward until it broke. Energy values for all but the
second trial were similar. However, the dissimilar second
trial was not associated with any unique patterns of incision.

The 15 mm licorice trials had two distinct patterns. Four
of the trials involved holding the 1licorice between the
anterior teeth, and then using hand motion to pull on the
licorice until it broke. The third trial involved similar hand
involvement to the other trials, but the food was held in the
right bicuspid area, rather than incisor area. The third trial
also had an energy value 300% greater than the next largest
energy value in the 15 mm licorice trials.

The combined tasks of incision and chewing show a
specific pattern for subject T.S. (Table 4.2). The larger
dimension food trials required on average more energy than the
smaller dimension trials. Small dimension 1licorice trials
required more energy on average than the small dimension
carrot trials. However, the large dimension carrot trials
required more energy, on average, than the larger dimension
licorice trials.

For subject T.S., I/IC was on average greatest in the 5

mm licorice group, less in the 2 mm carrot group, even less in
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the 15 mm licorice group and least in the 20 mm carrot group

(Table 4.3).

d. Subject M.W.:

The EMG data for subject M.W. showed greatest variation
in the 2 mm carrot trials (table 4.1). The 2 mm carrot trials
involved several different incision patterns. One pattern,
occurring in the first trial only, involved holding the carrot
between the incisors and using hand motion to pull the carrot
straight out from the mouth. The remaining samples involved
holding the carrot with the incisors, and the use of hand
motion to pull or tear the carrot in various directions. The
greatest energy values occurred in the third and the fifth
trials. It was only in these trials that the carrot was torn
with hand motion in order to finally break it.

The 20 mm carrot trials involved the use of the incisors
to break the carrot. During the third trial, the final
activity was a small hand motion used to tear the remaining
unbroken carrot. Variation in energy values were not
associated with any change in incision pattern.

The five, 5 mm licorice trials for subject M.W. showed a
common pattern of incision. The pattern involved holding the
licorice with the central incisors and then using hand motion
to pull on the licorice to effect the break. Energy values
were also consistent between all five trials.

The 15 mm licorice trials involved two patterns. The
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pattern used during the first trial involved securing the
licorice with the anterior teeth and then using hand motion to
tear the 1licorice to the left. The other trials involved
holding the licorice with the incisors and using hand motion
to pull on the licorice until it broke. The first trial also
had the greatest energy value of the five, 15 mm licorice
trials.

The combined tasks of incision and chewing show a
specific pattern for subject M.W. (Table 4.2). The larger
dimension food trials required more energy on average than the
smaller dimension trials. Licorice trials required less energy
on average than the similar dimension carrot trials. For
subject M.W., I/IC values were on average greatest in the 2 mm
carrot group, less in the 15 mm licorice group and the 20 mm
carrot group and were least in the 5 mm licorice group (Table

4.3)

C. Group Results

A summary of AOB versus the non-AOB group means are
listed in Tables 4.4, 4.5 and 4.6, and are illustrated in
Figures 4.2, 4.3 and 4.4 for the task of incision alone, the
combined tasks of incision and chewing and, incision as a
proportion of the masticatory cycle to first swallow (I/IC),
respectively.

The data were subjected to a mixed analysis of variance

to evaluate differences between AOB and non-AOB groups, food
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Table 4.4. Group Energy Values for the Task of Incision.

non-AOB AOB
Food Type Mean~™ S.D. Mean S.D.
Carrot 2 mm 20.97 17.43 31.88 14.82
Carrot 20 mm 110.29 92.69 54.93 24.89
Licorice 5 mn 24,88 20.67 50.32 29.25
Licorice 15 mm 76.36 50.90 68.03 34.02
Table 4.5 Group Energy Values for the Combined Tasks
of Incision and Chewing.
non-AOB AOB
Food Type Mean~™ S.D. Mean S.D.
Carrot 2 mm 704 .59 461.73 362.60 116.01
Carrot 20 mm 2395.45 967.86 2452.88 2028.94
Licorice 5 mn 1322.98 685.70 592.00 434.71
Licorice 15 mn 2491.03 962.69 1508.62 1144.64

“"Note : Energy values in units of Bite
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Table 4.6. Group Proportion Values for the Task of Incision as a
Proportion of the Combined Tasks of Incison and Chewing

non-AOB AOB
Food Type Mean S.D. Mean S.D.
Carrot 2 mm 0.029 0.016 0.102 0.052
Carrot 20 mm 0.049 0.031 0.030 0.012
Licorice 5 mm 0.017 0.008 0.092 0.040
Licorice 15 mm 0.032 0.019 0.055 0.015




Figure 4.2
Relationship of Incision Task to Energy.
for Non-AOB and AOB Subjects
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Figure 4.3 Relationship of Combined
Tasks of Incision and Chewing to Energy
for Non-AOB and AOB Subjects.
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Figure 4.4
Relationship of Incision Task to I/IC .
Values in Non-AOB and AOB Subjects
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groups and for interactions between these (food and open bite
status). The results of the mixed analysis of variance
comparing incision, combined incision and chewing and, I/IC
are summarized in Tables 4.7, 4.8 and 4.9 respectively.

Correlation coefficients were calculated for the
relationship between food dimension and BFE values from the
various masticatory tasks and between food dimension and I/IC
values. The results are summarized in table 4.10.

The data suggests that there is a difference (p<.025) in
the amount of energy necessary to effect incision of the
various food groups. A linear relationship (r=0.828, pP<0.02)
was found to exist between food dimension and incision BFE
values (Figure 4.5).

The data also suggest that there is a difference
(p<0.001) in the energy required for the combined tasks of
incision and chewing of the various food groups. Again a
positive relationship (r=0.921, p<0.005) was found to exist
between food dimension and BFE values (Figure 4.5).

For both the phase of incision alone, and the combined
phases of incision and chewing there is no statistical
suggestion of differences between the AOB and non-AOB groups.
Also, there was no indication of a significant interaction
between food type and open bite status.

There does appear to be a difference in the pattern of
the data between AOB and non-AOB subjects for the task of

incision and combined tasks of incision and chewing. These
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Table 4.7. Mixed Analysis of Variance Table for the Task of Incision.

Degrees of Mean Square F ratio
Source of Variation Freedom
AOB vs. non-AOB (A) 1 373.53 0.058
Within Group 6 6389.42
Food Type (F) 3 5804.18 5.04%
F * A Interaction 3 2475.76 2.15
Within Food Type 18 1151.29

Significance: *p < 0.025

Table 4.8. Mixed Analysis of Variance for the combined tasks of
incision and chewing.

Degrees of Mean Square F ratio
Source of Variation Freedom
AOB vs. non-AOB (A) 1 1.20E+06 0.537
Within Group 6 3.72E+06
Food Type (F) 3 6.21E+06 10.77%*
F * A Interaction 3 4.15E+05 0.718
Within Food Type 18 5.77E+05

Significance: *p < 0.001differences are not statistically significant,
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Table 4.9. Mixed Analysis of Variance for the energy of incision
as a proportion of the energy of the combined tasks
of incision and chewing.

Degrees of Mean Square F ratio

Source Freedom
AOB vs. non-AOB (A) 1 0.0117 8.96%
Within Group 6 0.0013
Food Type (F) 3 0.0011 1.35
F*A Interaction 3 0.0041 4.24%
Within Food Type 18 0.0010

Significance

*p < 0.025



Table 4.10. Correlation Coefficients for Covariation Between Food D

(BFE) Values and the Proportion (I/IC) Values.

imension and Energy

Subject Group
Masticatory Combined AOB non-AOB AOB
Task and non-AOB
Incision (Energy) r = 0.828 r = 0.991 r = 0.741
p < 0.02 p < 0.01 N.S.
Incison and Chewing r =0.921 |  mee—eee | e
(Energy) P < 0.005
Incision as a Proportion | = —==—e-a r = 0.793 r = -0.998
of Combined Incision and N.S. p < 0.005
Chewing. (proportion)




Figure 4.5. Food Dimension vs. Energy
For the Task of Incision and the
Combined Tasks of Incision and Chewing.
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but may be of clinical significance.

For the task of incision alone, the AOB group shows means
for all tasks in the range of 32 to 68 BFE. The non-AOB group
shows a range of 21 to 110 BFE. It appears that the number of
BFE for a smaller dimension food sample is less than one third
of the number of BFE required for a larger dimension food
sample for the non-AOB group. The AOB group shows smaller
dimension food samples requiring greater than 50% of the
energy required by the larger dimension food samples.

Figure 4.6 displays the positive relationship which was
found to exist in non-AOB subjects between food dimension and
the energy required for incision (Table 4.10). However, no
significant relationship was found to exist in AOB subjects
between food dimension and the energy required for incision
(Table 4.10 and Figure 4.6).

In the combined task of incision and chewing, the AO0B
group uses less than 20% of the BFE for the small versus the
large dimension carrot. The non-AOB group uses approximately
33% of the BFE for the small versus the large dimension
carrot. Similarly, the AOB group uses less than 40% of BFE for
the combined task of incision and chewing for small dimension
licorice versus large dimension licorice. The non-AOB group
uses greater than 55% of BFE for small dimension versus large
dimension licorice samples. These relationships of the
patterns from the data on the task of incision alone and the

data on the combined tasks of incision and chewing are better
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Figure 4.6 Food Dimension vs. Energy

For the Task of Incision in Non-AOB
and AOB subjects.
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understood by reviewing the I/IC data.

The I/IC data suggest a difference (p < 0.025) exists
between the AOB and non-AOB groups (Table 4.9.). Also, there
is the suggestion of an interactive difference (p < 0.025)
between the AOB status and the various food groups (Table
4.9). Figure 4.7 displays the weak positive relationship
(r=0.0793, n.s.) which exists between food dimension and I/IC
value in the non-A0B group. However, a significant negative
relationship (r=-0.998, p<0.005) exists between the food

dimension and I/IC values for the AOB group (Figure 4.7).

D. Investigator Error
1. Study 1.

The paired quadrant models of subject E.P were mounted,
with the mandibular model 2 mm lateral to CO position, on the
Houndsfield tensometer on three separate occasions. On each
occasion the BFT was placed interocclusally and the five
separate force readings were made at the metered resistance
level of 2.00 kilo-ohms.

Analysis of variance showed no significant difference in
the force measurements made on the three separate occasions
(Appendix B). The mean force observed over the three sessions
was 25.33 1b. with a standard deviation of 0.79 1b. The
standard deviation was found to be 3.11 percent of the mean
value.

Thus, investigator error arising from the reproducibility
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Figure 4.7.
Relationship of Food Dimension to I/IC
Values for Non-AOB and AOB Subjects.
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of mounting the quadrant models on the tensometer for indirect
measurement of bite force did not show a great deal of
variation.

2. Study 2.

Integrated squared EMG values were calculated for both
the task of incision and the combined tasks of incision and
chewing, wusing the microcomputer. On three occasions
(separated from each other by at 1least one week) the
masticatory phases were identified five times for each of
masticatory trials.

The mean and standard deviation ISq EMG were calculated
for each channel (See Appendix C). The standard deviation
observed in any channel never exceeded 3.39 percent of the
mean value observed.

One can conclude from this study that the investigator
error was non-significant as the investigator was consistently
able to identify the various phases of the masticatory cycle
within a very narrow range of variation.

E) BFT Linearity.

The linear range of the right bite force transducer for
patient E.P. was determined to be between 14 and 38 1lbs
(Figure 4.8). There was a significant positive correlation
coefficient between metered resistance readings and bite force
found (r=0.699, p<0.0l1). One is confident that the bite force
transducer responds sufficiently linearly to bite force within

the range of 14 to 38 1lbs.



Figure 4.8.
Relationship of Bite Force Transducer
Resistance to Bite Force.
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As stated in materials and methods, precise linearity of
the transducer is not demanded in this study. However, éébi%
changes in its sensitivity would be undesirable. Figure 4.8
demonstates that no such abrupt changes occur in the working

range of the bite force transducer.



Discussion

"Harmonious functioning of the masticatory system is the
general goal toward which dental practice is oriented" (Bates
et al., 1975). However, the interdependence of the components
of the masticatory apparatus, specifically the teeth and the
muscles, may lead one to ask, "Is dental occlusal harmony
obligatory for muscle harmony?" (Hannam, 1976). In the present
investigation a comparison was made between AOB subjects and
non-AOB subjects in order to gain insight into the
relationship of anterior dental incompetency and energetic
efficiency of the masticatory system. Differences observed
between these groups may be an indication that a state of
functional disharmony exists in the masticatory apparatus of

individuals with AOB malocclusions.

A. Masticatory Patterns.

The amount of individual subject incision pattern
variation as observed from the videorecordings accounts for,
in many cases, a great deal of the individual subject
variation in the EMG data. There are several factors which may
be considered when accounting for this variation. These
include: a) the effects of learning on subject behaviour, b)
the lack of habituated experience of the subject with specific

food types or dimensions; c) over education of experimental
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subjects who then consciously tried to provide a range of
masticatory patterns rather than displaying their natural
masticatory patterns and; d) masticatory muscular fatigue.

Learning is a variable which was reduced to some extent
in this study by having at least two separate data collection
sessions for each subject. This provided the subjects with
some familiarity with the recording environment and the
masticatory tasks involved. However, the data suggests that
for some of the subjects the first trial was different from
the subsequent four trials for specific tasks. It may be that
the subject must first have some masticatory sensory feedback
in order to establish their regular habitual pattern of
incision.

Some of the subjects did not appear to be able to
establish one specific pattern of incision throughout some
specific tasks (i.e. using 3 or 4 different patterns). This
may be indicative of the subjects lack of past experience with
the sample dimension or sample consistency. Therefore sensory
feedback from the first trial was unable to elicit a habitual
pattern of incision.

Certain subjects showed cyclic variation in their
incision patterns. Often this variation consisted of changing
incision and/or chewing from right to left side between
trials. This may be a result of the subject intellectualizing
the process of experimental research and trying to display a

full range of incision patterns, rather than functioning
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naturally.

The right and left cyclical pattern between trials may
also be explained by the phenomenon of muscular fatique. If
the masticatory musculature of a subject was fatigued during
any specific trial, the subject may have alternated from right
side to left side, or vice versa, on subsequent trials to
reduce muscle fatigue and its associated muscle soreness. The
subject may have chosen to use a completely different
ipsilateral pattern of incision to reduce the masticatory
muscle fatigue or masticatory muscle soreness as well.

Some of the subjects did complain of muscle soreness during
the bite force transducer isometric biting trials, however
none complained of muscle soreness during the food trials.

The within subject variation observed was quite large for
certain subjects in some groups of trials. The standard
deviation was found to be greater than 100% of the mean value
over the five trials, in some specific instances. There is
some variability expected as a result of 1limitations of
recording equipment, subtle changes in hand position, head

position, head posture, and food positioning on the tooth row.

B. Energetic Efficiency
1. Incision

For the masticatory task of incision alone, differences
between food types were observed (p < 0.025). These

differences may be explained by variation in incision patterns
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associated with variation in food consistency. Jankelson et
al. (1953) described an increase in the retrusive component in
the incision pattern as food consistency changed from brittle
to soft. This variation in retrusive component of the incisive
task may be related to an alteration in energetic efficiency.

Differences may also be explained as a Tresult of
variation in food thickness. The results indicate a positive
linear relationship between food dimension and energy (ISq
EMG) wused (r=0.828, p < 0.02), independent of food
consistency.

Manns et al. (1979) found that for a fixed amount of
electrical response of the masseter muscle, bite force
increases up to a certain range of jaw opening (around 15-20
mm) and then decreases as we approach maximum jaw opening.
However, Manns et al. report their electrical response values
in mean microvolts, which is a time independent variable.

The present study suggests that to incise a food of
increased dimension there is a corresponding increase in
energy (ISg EMG) used. Unlike the pattern of the data reported
by Manns et al (1979), there does not appear to be an
inflection point associated with vertical dimension of
opening, up to which the enerqgy output by the musculature
increases and after which it decreases. However, the linear
relationship observed, between energy and vertical opening,
may reflect an increase in the work load of the masticatory

apparatus.



For the task of incision alone, differences between non-
AOB and AOB groups and differences between food and AOB status
interactions were not observed. The pattern of results between
AOB and non-AOB groups is interesting, and worthy of further
discussion.

Separately, the non-AOB group displayed a significant
linear relationship between energy and food dimension
(r=0.991, p < 0.01) but, the AOB group displayed no
significant relationship (r=0.741, n.s.). It appears that with
increased opening, the non-AOB subjects had to overcome an
increase in work 1load with a corresponding increase in
masticatory muscle energetic output (Figure 4.6).

The AOB group show a corresponding increase in energy
(ISqg EMG) from the 2 mm food group through to the 15 mm food
group, but then showed a decrease in energy with the 20 mm
food sample was observed (Figure 4.6). From the limited sample
studied here, one might suspect that the anterior dental
incompetency, or some morphological characteristics associated
with the AOB deformity has created a work load transition
range. The transition range being a vertical dimension of
mandibular opening, beyond which one might see a decrease in
work load for a given task. This pattern would be similar to
the pattern of bite force described by Manns et al. (1979)
with an inflection point at a mandibular opening dimension of
15 to 20 mm.

It appears that the AOB and non-AOB groups show a common
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pattern in their energetic profile for incision of the
different food samples. For the AOB group the incision of the
smaller diameter foods require greater than 50 % of the energy
required for incision of the same consistency but larger
diameter food groups. The non-A0B group requires less than 33%
of the energy to incise the small diameter food group when
compared to the same consistency but larger diameter food
group.

These differences again may be explained by this authors
overbite dependent transition work load theory. The non-AOB
have all their trials within the rising area of their work-
load transition curve, thus increased work load with increased
in mandibular opening. Therefore the curve is flat when
compared to the early part of the AOB group curve (Figure
4.6). The AOB group however, have reached the peak of their
work load transition curve at approximately the opening
required for incision of the 15 mm food sample. Thus, the
curve is very steep before the transition, accounting for the
larger values observed for the lower range of mandibular
openings in the AOB group. One may hypothesize that mandibular
opening which exceeds the work load transition point results
in a requirement of less energy rather than more to effect
incision.

The non-linear transition observed in the AOB group may
be a result of the difference in the consistency of the larger

dimension food samples. The 1licorice perhaps requires a
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greater masticatory effort because it does not fail from
brittle fatigue as easily as the carrot sample, so that longer
sustained muscular contractions may be necessary to break the
sample.

The data from the present study may be explained
more simply as the pattern suggests that proportionately
greater amounts of energy are required by the non-A0B subjects
in order to incise the larger dimension food samples. This may
be directly related to the amount of opening of the mandible
necessary to effect incision. Individuals with AOB have a
shorter distance of opening in order to enable themselves to
incise, and thus may require less energy in order to achieve

a bite force adequate to break the food sample.

2. Incision and Chewing.

Similar to the task of incision alone, the energy
required for the combined tasks of incision and chewing was
found to be significantly different between the different food
groups (p < 0.001). These differences may be the result of
individuals incising a greater volume of food from samples of
greater cross sectional area. This translates to a greater
length of time, or an increase in the number of chewing cycles
required to achieve the swallowing threshold. The increase in
the number of chewing cycles will require increased energy
output from the masticatory musculature.

The above hypothesis 1is supported by the linear
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relationship observed for both the AOB and non-AOB groups
between the energetic profile and food dimension (r = 0.921,
P , 0.005). The energetic profile did not appear to be related
to food consistency.

For the combined tasks of incision and chewing there were
no significant differences observed between the AOB and non-
AOB groups. Also, there was no significant interaction effect
between food type and AOB versus non-AOB group. However, the
pattern of the data with regard to differences between the
subject groups is worthy of discussion.

The AOB group appears to use proportionately less enerqy
than the non-AOB group to incise and chew the various food
samples, with the exception of the 20 mm carrot sample which
required virtually an identical amount of energy for both of
the subject groups. These results may be explained by work of
Dahlberg (1942, 1946) and Yurkstas (1965) who report that
persons with impaired chewing efficiency appear to compensate
for this by swallowing larger particles and not by chewing the
food longer or by increasing the rate of chewing. The AOB
group have a decrease in the number of tooth contacts, this
feature is believed to have a negative effect on masticatory
efficiency (Carlsson, 1974, Bates et al., 1976, Gunne, 1985).

Following the above 1line of reasoning , the present
findings are in disagreement with the work of Kawamura and
Nobuhara (1957) who found an increase in the length of

mastication and the number of chews before swallowing in

20



subjects with malocclusion. One would expect this to translate
to an increase rather than a decrease in energy used for the
combined tasks of incision and chewing in subjects with AOB.
However, of the 22 subjects in the study by Kawamura and
Nobuhara (1957), only one had an AOB.

One may hypothesize that for the smaller dimension food
samples, the AOB subjects find that following the initial
incision, the bolus is much closer in size to that required to
meet their swallowing threshold, than that required to meet
the swallowing threshold of the non-AOB subjects. Thus the AOB
group spends less energy in final food preparation to achieve
their "less stringent" swallowing threshold. Because the non-
AOB group finds the initial bolus to be much further away in
size from that required to meet their swallowing threshold,
they spend more energy in order to prepare the food for
swallowing.

Continuing with the hypothesis above, the larger
dimension samples however are likely to be greatly outside of
the range of the swallowing threshold for either group and
thus require a specific amount of energy to reduce the bolus
to a size suitable for trituration. The crushing phase of
mastication may require a common amount of energy in all
individuals. Thus the variation observed between groups may be
a result of the differences in the amount of energy required
in the trituration phase.

Differences observed between the food consistency of the
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large dimension samples may be indicative of how well the
crushing phase is simultaneously involved in trituration. The
greater the amount of trituration which occurs concurrently
with crushing, the less trituration that will be required at
the end of the masticatory cycle for trituration alone.

In the preceding discussion of the combined tasks of
incision and chewing up until but not including first swallow,
one must not forget that the phase of incision is also

contributing to the variation observed.

3. Incision as a proportion of combined incision and chewing
(I/IC).

The contribution of incision to the combined tasks of
incision and chewing is interesting because it is a
measurement of each individuals masticatory function. The
absolute magnitude of the energy required for the component
tasks is no longer a factor, but instead the task of incision
is evaluated in terms of the more complex masticatory tasks of
incision and chewing. This analysis gives an indication of the
cost, in terms of efficiency, to the masticatory cycle of the
specific phase (incision) of the masticatory cycle being
evaluated.

Previously, it was discussed that the AOB group appeared
to have used proportionately more energy than the non-AOB
group for incision of small dimension food samples compared to

the large food samples. It was also discussed that the AOB



group had used less energy than the non-AOB group for the
incision and chewing of the food samples. This I/IC analysis
combines these two casually observed phenomena and indicates
that combined intra-group differences may exist.

The results show that AOB individuals use a significantly
greater proportion of their total masticatory cycle energy
than non-AOB individuals to effect incision (p<0.025). One may
conclude that the non-AOB subjects incise more efficiently at
a lesser cost to the masticatory apparatus. This phenomenon
may be explained in several ways: 1. AOB subjects use the
masticatory musculature, as compared to the auxiliary
musculature, to a greater extent than non-20B subjects in
order to effect incision; 2. The AOB subjects use the
masticatory muscle for greater stabilization of the mandible
than the non-AOB subjects during the final phase of food
breaking or tearing during incision. Because of their anterior
dental incompetency, the AOB subjects are prevented from using
their anterior teeth for the same degree of penetration into
the food sample in order to break it; 3. The AOB subject may
use less energy in the crushing and trituration phases of
mastication due to a difference in swallowing threshold (i.e.
swallow larger pieces); 4. AOB may be more mechanically
efficient than non-AOB in crushing and/or trituration, thus
requiring less energy in order to prepare the food for
swallowing; 5. The AOB subjects may bite off a smaller volume

of food at incision, resulting in lower energy requirement to
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prepare the food for swallowing. It is 1likely that a
combination of several of these possibilities contribute to
the differences reported here.

A significant interaction effect was also observed
between subject sample and food sample (p < 0.025). Overall
there is no significant relationship between I/IC and food
sample dimension. It appears that for the AOB subjects, the
I/IC increases with an increase in the food sample dimension.
Conversely, the non-A0B subjects appear to have a decrease in
I/IC with an increase in food sample dimension. The AOB group
showed a significant negative linear relationship between I/IC
and food dimension (r=-0.9976, p < 0.005), and the non-AOB
group showed a non significant positive linear relationship
between I/IC and food dimension (r=0.793, n.s.). This may be
an indication that the anterior open bite subjects have
greater difficulty incising foods of small dimension, which is
expected due to the lack of anterior tooth contact. This
difficulty with small dimension foods results in a loss in
masticatory efficiency, expressed as an increase in cost to
the masticatory apparatus.

The non-AO0B group values for I/IC were observed within a
much narrower range (0.017 to 0.049) than the range of values
observed for the AOB group (0.030 to 0.102). The narrow
range may be indicative of a common cost to the masticatory
system for the phase of incision among non-20B subjects. The

common cost observed may be due to the habitual experience
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non-AOB individuals have with the various food dimensions
sampled. The AOB group displayed a greater range and greater
absolute I/IC values in 3 out of the 4 food groups which
indicate the greater variability and greater cost of incision
to the masticatory system as a result of the dental
incompetency. This increase in cost may be due to a lack of

habitual experience with the food dimensions sampled.

C. Clinical Application of the Findings.

The validity of the results of this preliminary study are
guarded due to the limited sample size. Differences have been
observed in terms of cost to the masticatory system between
the AOB and non-AOB subjects. However, the greater cost of
incision found in the AOB group will only be of clinical
significance if it is beyond the compensatory ability of the
masticatory apparatus.

It may be that other genetic or environmental factors,
which have not been investigated in this project, contribute
at the cellular or biochemical level to alter an individuals
ability to repair, to compensate and/or to adapt their
masticatory system. This alteration may increase their
susceptibility to a breakdown of part of the masticatory
apparatus. Once an individual becomes "susceptible", the
variations observed in this study may be of clinical

significance.



Conclusions and Recommendations of Further Work

A. Conclusions
This preliminary investigation was undertaken for the

purpose of determining if a reason exists to suspect that
there is a cost, in terms of energetic efficiency, to the
masticatory apparatus as a result of an anterior dental
incompetency. Four anterior open-bite (AOB) subjects and four
non anterior open-bite (non-AOB) subjects were used for the
purpose of comparing their masticatory energetic profiles
during the task of incision, the combined tasks of incision
and chewing and for the proportional contribution of incision
to the combined tasks of incision and chewing. Foods of
varying consistencies and dimensions were used to provide a
more complete sample of the masticatory activity range of the
subjects. The energetic profile of the masticatory musculature
was measured indirectly using ISq EMG, which was then
converted to bite force equivalent (BFE) values to allow
comparison between subjects. As a result of this work the
following conclusions have been made:

1. There is little or no difference between the AOB and
non-AOB group in terms of the energy used for the task
of incision and for the combined tasks of incision and
chewing.

2. The different food samples required significantly

different amounts of energy for the task of incision
and for the combined tasks of incision and chewing.
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3. The energy used for the task of incision, and for the
combined tasks of incision and chewing show a positive
relationship with the dimension of the food sample.

4, The AOB group and non-AOB group are likely different
from each other in the ©proportional energetic
contribution of incision to the combined tasks of
incision and chewing (I/IC). This reflects a greater
cost to the masticatory apparatus as a result of an AOB
malocclusion.

5. The I/IC values appear to display an interaction effect
between food sample and overbite status.

6. AOB subjects display a strong negative relationship
between food dimension and I/IC values. However, non-A0B
subjects display no relationship between food dimension
and I/IC values. This reflects a decreased cost to the

masticatory system with increased food dimension in
individuals with AOB malocclusions.

B. Suggestions for Future Work
1. Reduction in Variability.

There were several sources of variation in this study.
Primarily, variation was observed in the within subject and within
food sample incision patterns and excessive variation in within
subject and within food sample ISq EMG values.

It may be necessary to have the subjects perform specific
incision patterns (i.e. the most common patterns observed in the
group through pilot trials). This will allow the majority of the
subjects to display their habitual patterns during one of the
specific pattern trials. This will also allow the investigator to
compare different individuals for more identical tasks. Likely once
a reduction in variability in incision patterns is achieved the ISq

EMG data will be less scattered as well.



2. Further Investigation of Anterior Dental Relationships.

The differences observed, although 1likely not clinically
significant, do pose the question in one's mind: "What is the cost
of other forms of anterior dental incompetency to the masticatory
apparatus during masticatory function?%. One suspects that other
static dental relationships displaying anterior dental incompetency
associated with excessive overjet and/or overbite may incur a cost
to the masticatory apparatus.

Thus, another preliminary investigation, of similar design to
this present one, could be considered to determine if the
masticatory system must pay a price, in terms of energy, as a
result of having an other than "normal" anterior occlusal
relationship.

As discussed above, a method to reduce the within-subject

variation is necessary for further studies in this area.

3. Further Investigation of Transitional Work Load Theory.

The results from the energy data for the task of incision in
the AOB subjects suggests a vertical dimension exists up until
which the work load and corresponding energy requirements increase.
Beyond this dimension of vertical opening of the mandible the work
load begins to decrease again, and this is reflected in a decrease
in energy requirements of the masticatory apparatus to effect
incision.

Studies of isometric biting at various dimensions indicate

that with jaw opening, bite force increases up to a certain range
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of jaw opening and then decreases as we approach maximum Jjaw
opening (Manns et al., 1979). The transition point is believed to
be what has been defined as the muscles resting length. For the
masticatory musculature this length is believed to be in the range
of 15 to 20 mm from occlusal contact (Manns et al., 1979).

The effect of muscle resting length on muscle work load has
not been previously investigated. The data from the AOB group, in
this study, during the task of incision suggests a transition in
energy output in the range of the so called muscle resting length.

The future investigation could more rigorously control the
variables (i.e. one food type, a greater range of jaw opening for
incision, a homogeneous sample group, and a homogeneous pattern of
incision) involved. However limiting the pattern of incision may
limit a true assessment of the subjects' masticatory efficiency, as
individual patterns of incision are perhaps a very important
component of the overall efficiency of the system. However, this
controlled experimental design may contribute to a greater
understanding of the effects of muscle resting length on the energy

profile of specific masticatory tasks.
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Information Sheet for Prospective Subjects
A Study of the Efficiency of Chewing in Humans

The purpose of this research 1is to improve our
understanding of the design and function of the human chewing
apparatus by increasing our knowledge about its efficiency in
biting and chewing. The principle investigator has
gualifications as a general dentist and is conducting this
research in fulfilment of his M.Sc. degree, and specialty
certification in orthodontics. ’

The basic research techniques involved in this study are
used commonly as a part of dental examination, and/or in
clinical research involving human subjects. These techniques
are non-invasive, and are not associated with any known harm
or irreversible changes to human tissue or organ systems.

Subjects for this biting study will be required to have
electrical activity (EMG) from two pairs of jaw muscles
recorded while performing a number of simple biting tasks.
These tasks will involve biting a variety of food stuffs. The
scrubbing and cleaning of the skin of the cheeks and sides of
the forehead (using rubbing alcohol) will be required, in
preparation for the application of small monitors to these
areas.

The general health and well being of the subjects
participating should not be affected by any of the technigues
applied in this study. Furthermore, immediate and obvious
physical benefits to the participants as a result of this
study are not expected. On the other hand, significant
foreseeable risks to the subject are highly unlikely. Among
the remote, but possible risks are: allergic reaction to the
material used; accidental swallowing or inhaling of
experimental materials; tenderness and/or redness in the area
of the skin prepared for the recording electrodes; minor
discomfort during adhesive tape removal from the skin; slight
jaw muscle tiredness for a short time following the
experiments. Risks of damage to the teeth and jaws should be
no greater that the risks involved in the biting and chewing
of ordinary foods.

The time commitment required is approximately three, one
and one half hour sessions. A short time will be spent to
discuss the experimental protocol, to obtain consent, and to
briefly review the subject's dental and medical history. The
muscle recordings (EMG) will then be carried out. The subject
will be asked to: shave (men only) or wash the face, brush the
teeth, and avoid applying any facial ointments or make up
before arriving for the recording session.

Subjects should contact Dr. Sherman at or

/, should any questions, or problems arise regarding this
study.



University of Manitoba - Faculty of Graduate Studies
Biting study: Consent Form

I have agreed to participate in a study of chewing
function to be conducted by Michael W. Sherman, Graduate
Student, Preventive Dental Science/Graduate Studies M.Sc.
Program. I have read the information sheet about the study,
and it has also been explained to me by Dr. Sherman. I
understand that the study will require the making of some
standard dental records and will involve surface
electromyographic (EMG) recordings from four jaw muscles
during some biting and chewing tasks employing ordinary
foodstuffs. These biting and chewing tasks are not expected
to demand any extraordinary effort of the chewing apparatus.

I understand that there are no specific, personal
benefits to be realized as a result of my participation in
this study, but that the results of the research are expected
to contribute to scientific knowledge and to future clinical
treatment in dentistry. I understand that the risks of
personal harm or discomfort involved with this study are very
small. It has been explained that although the possibilities
are remote, should any problems associated with my
participation in this study occur and persist, I will be seen
for advice and/or treatment as appropriate in the University
of Manitoba Orthodontic Clinic.

I consent to having the following records of me made;
with the understanding that they will become property of the
University of Manitoba, and will be held in confidence, but
may be wused for research publication and presentation
purposes:

1. History and examination records.

2. Impressions for dental models.

3. Bite registration records.

4. Side view, frontal view head and shoulder photographs
and videorecordings.

5. Surface electromyography.

I have volunteered to participate in this study on my own
accord, and I realize that I am free to withdraw from
participation at any time without penalty.

Name of Subject (please print): .

Signature of Subject: .

Date: .

Signature of Witness .




University of Manitoba = Faculty of Graduate Studies

Biting study: Medical-Dental Historv Form

Name: Date:
Address:
Telephone No.: (Home) (Work)
Birthdate (Day-Month-Year): : Present Age:
Medical History Yes No
Physician's Name:
Currently under a physician's care?
Currently taking any medication?
Currently under psychological guidance?
Past Severe Illnesses?
Past Operations and/or hospitalizations?
Birth defects?
Past or current allergies?
Please exXxplain all "Yes® answvwers:
Dental History Yes No
Dentist's Name:
How often do you visit your dentist?
When was your last dental appointment?
Are you presently undergoing dental treatment?
Have you ever had orthodontic treatment?
Did you ever or do you:
Clench or grind your teeth?
Have difficulty chewing or swallowing?
Have problems with your jaws, jaw joints
or jaw muscles?
Please explain all "Yes""answers:




Appendix IIX

Supplementary Studv 1.

This study involved mounting quadrant models with the
indexed BFT on the Houndsfield tensometer, and making repeated

force measurements (See methods and materials fér further

details).

The following is a summary of the data collected from the

three sessions. Also, the summary table from the analysis of

variance is presented.

Table II.1 Supplementary Study 1: Summary of Data
Mean Force Overall Overall S.D. /Mean
Session (1b) Mean S.D.*
1 26.1 25.33 0.789 0.031
2 24.6
3 25.3
* S.D. = standard deviation
Table II.2 Supplementary Study 1: Analysis of Variance
Source of Sums of Degrees of Mean F
Variance Squares Freedom Square Value
Between Session 5.63 2 2.82 0.004%
Within Session 9636 12 803
Total 9641.63 14
* N.S.

|




Appendix III

Supplementary Study II.

This study involved evaluating the repeatability of the
identification of the various masticatory phases from the EMG
and videotape recordings. For further details please refer to
the methods and materials section (Chapter 3).

The following is a summary of the results of this study.
Means and standard deviations (S.D.) are reported in volts
squared-seconds (ISq values).

Each trial was designated with a specific code which
appears below. The first two letters are the subjects
initials, the digit following these is the session number. The
letter and number combination following the first three
letters represents the food type and dimension (i.e. C20
indicates 20 mm carrot). The final letter represents the

trial, a indicating first trial through e the fifth trial.

Trial: MC2C20C
Task: Incision

Muscle Mean (M) S.D. (SD) SD/M*100%
Right Masseter 9.49E+06 3.40E+04 0.36%
Left Masseter 1.30E+07 0.00E+00 0.00%
Right Ant. Temporalis 4.37E+05 1.48E+04 3.39%
Left Ant. Temporalis 3.40E+06 0.00E+00 0.00%




Trial: MC2C20C

Task: Incision and Chewing

Muscle Mean (M) S.D. (SD) SD/M*100%
Right Masseter 3.50E+08 0.00E+00 0.00%
Left Masseter 5.30E+08 0.00E+00 0.00%
Right Ant. Temporalis 1.30E+08 0.00E+00 0.00%
Left Ant. Temporalis 2.70E+08 0.00E+00 0.00%
Trial: TS3C2C

Task: Incision

Muscle Mean (M) S.D. (SD) SD/M*100%
Right Masseter 2.85E+06 4.99E+04 1.75%
Left Masseter 1.10E+08 0.00E+00 0.00%
Right Ant. Temporalis 2.00E+07 0.00E+00 0.00%
Left Ant. Temporalis 1.43E+06 4.42E+04 3.10%
Trial: MC2C20C

Task: Incision and Chewing

Muscle Mean (M) S.D. (SD) SD/M*100%
Right Masseter 1.70E+08 0.00E+00 0.00%
Left Masseter 3.83E+08 6.80E+06 1.78%
Right Ant. Temporalis 1.30E+08 0.00E+00 0.00%
Left Ant. Temporalis 5.81E+07 3.40E+05 0.59%




Appendix IV

Subject Data

The following pages contain the EMG bite force equivalent
data for each of the subjects. Values reported for the task of
incision and the combined tasks of incision and chewing (I&C*)
are in bite force equivalent units which were calculated from
the ISq values in the manner described in the materials and
methods section (Chapter 3.) Proportional values in the column
labelled (Incision/I&C) were calculated by dividing the BFE
values for the task of incision by the BFE values for the
combined tasks of incision and chewing. |

Trials are listed in the left hand column. The first
letter indicates the food type (c=carrot and l=licorice), the
number following indicates the food dimension (2=2 mm, 5 =5
mm, 15=15 mm and 20=20 mm). The final letter indicates the
trial. Summary statistics are presented at the bottom of each
page. The tasks are indicated in the left hand column, using
the same abbreviations as above (no trials).

All values were obtained from the final EMG and video
recording session for each subject. AOB subjects were each
seen for three recording session and non-AOB subjects were

each seen for two recording sessions.



Subiject F.C.

Fite force equivalents
Incision
Incision T30 ;S I&C
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Subject G.H.

Bite force eguivalents
Incisiaon
Incision AL EC
C2& 1.4% T
C2E 1.22 SOELT0 0. GGs
cz2e S0 47 414, 00 3, GOE
C2D 10.30 1570465 GL G&T
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Subject R.E.

Eite +torce eqguivalents
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