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PREFACE

Cette thése est écrite en anglais pour plusisurs raisons pratiques malgré ma connaissance réduite de
sa forme écrite: il était plus avantagenx d’utiliser le langage scientifique pour ce domaine spécialisé;
la majorité sinon la totalité des documents et la littérature utilisés sont en anglais; et les deux
articles présentés seront soumis pour fin de publication dans des journaux scientifiques

anglophaones.

This thesis was written in English for different practical reasons even if my knowledge of its written
form is limited: it was more convenient. to use the existent English scientific terminology of this
specific topic; the majority if not the totality of the documents and literature used are available in
English; and the two articles presented here will be submitted to English scientific journals for

publication.

This thesis is written in article format style which consists of two scientific articles and a general
introduction and conclusion as well as extensive appendices. The appendix A consists of the
traditional three first chapters of a master thesis: Introduction, Review of literature, Methodology

and other appendices.
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Definitions

In order to understand the glossary of the Temporomandibular Joint, knowledge of the current

TERMINOLOGY

: TemporoMandibular Joint

: Internal Derangement

: Superior Lateral Pterygoid (muscle)
: Inferior Lateral Pterygoid (muscle)
: Linear Envelope

: Electromyography

: Maximum Voluntary Contraction

: Open-Close-Clench (cycle)

specific vocabulary and meaning is mandatory. These definitions and explanations are as follow:

Temporomandibular Joint (TMJ). Class three lever articulation between the mandible and the
cranium {Bourbon, 1988). Itis described as a compound synovial joint with an intra-articular disc which
divides the cavity into two distinct units: thé upper joint remains a freely movable sliding joint
{arthrodial) while the lower is converted into a pure hinge joint. It can also be termed as a “socket joint
with a movable hinge joint™ (Bell, 1983). The TMJ is described as bicondylar or ellipsoid in type. The
TMJ involves the articular tubercle and thé anterior portion of the mandibular fossa of the temporal

bone above and the condyle of the mandible below {Gray's Anatomy, 1987}. This term ziso refers as

the cranio-mandibular complex or cranio-mandibular joint.
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Dysfunction: is defined as disturbed, impaired or incomplete function {Butterworths Medical

Dictionary, 1980). Synonyms of malfunction and parafunction.

Temporomandibular Joint Dysfunction. Temporomandibular joint and muscle dysfunction
implying that the disorder takes place either in the muscles of mastication, the joints or both as long
as there is a functional disorder. The condition includes the following clinical signs: pain, muscle and
joint tenderness, joint sounds during condylar movements, limitation and/or uncoordinated mandibutar
movements. It differs from other terms in its diagnostic sense and do not need the presence of

subjective symptoms. Also synonymous to TMJ syndrome or disorder.

Myofascial-pain dysfunction syndrome. This expression is defined as a chronic soft tissue
fascial pain which refers to a masticatory fibromyalgia condition {Truta, 1989). Weinberg (1380)
specified that this syndrome specifically eliminates joint involvement, and should be limited to early “

simple muscular pain disorders.

Craniomandibular and Temporomandibular {Joint) Disorders are more global diagnostic terms
that include the whole variety of syndromes of the TMJ. Lately, clinicians and authors tend to
categorise the whole scope of TMJ disorders into two etiologic and clinical patterns: Arthrogenous and
Myogenous TMJ disorders. The American Academy of Craniomandibular Disorders defines
craniomandibular disorders as a term embracing a number a clinical problems that involves the
masticatory musculature, the TMJ or both. Craniomandibular disorders have been identified as a major
cause of non-dental pain in the orofacial region land are considered to be a subclassification of

musculoskeletal disorders {Bell, 1990).

H



xiii

Internal Derangement (/D). An intra-articular disc-condyle incoordination that invclves an
abnormal relationship between the articular disc and the mandibular condyle, fossa and articular
eminence without regards to condylar position. The disc is, in fact, displaced anteromedially {Benson,
1988). More specifically, we are dealing with an arthrogenous diagnostic with or without soft tissues

involvement: clicking, local joint pain and tenderness, discal displacement and motion dysfunction.

Anterior Disc Displacement. relates to the majority of ID involving an abnormal disc
displacement in the anterior joint space. The term "displacement” is used to describe disc position by
opposition 1o dislocation which should be reserved for condylar position relative to joint structures.
ADD can be viewed as a natural progression of events that occurs as a result of changes in the
integrity of the disc-condyle assembly (Benson, 1988]. The disc is displaced anteriorly and medially to

a certain extend.

Lateral Pterygoid Muscles . One of the four masticatory muscles that lies deep to, and largely
. behind, the 2ygomatic arch. It is a short, thick muscle, somewhat conical in shape, that extends almost
horizontally between the infratemparal fossa and the condyle of the mandible {Bourbon, 1388). The

anatomy and functions of its two portions are discussed in chapter ll, literature review (appendix Al).

Superior Lateral Pterygoid (SLP): refers to the small upper head of the lateral pterygoid muscle.
The fibres originate from the infra-tempora! surface of the greater wing of the sphenoid bone, run
backward and outward to insert onto the articular disc and the condylar head (Bell, 1983; Bourbon,
1988). Some authorities {Honee, 1872) refute the condyle connection and others refute the discal

attachments (Carpentier, 1988).

Inferior Lateral Pterygoid {ILP): refers to the inferior head of the lateral pterygoid m_uscle. This
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portion is three times larger than its counterpart, the SLP, and arises from the lateral lip of the lateral

pterygoid plate. It then converges upward and outward 1o reunite with the SLP and insert onto the neck

of the condyle.

Synergist Muscle: that actively provides an additive contribution to a particular function,

movement or to another muscle in its action {Basmajian & Deluca, 1985).

Co-contraction: Simultaneous increased contraction of muscles which are normally antagonist
in their primary action. Both agonist and antagonist are activated simultaneously to increase muscle

control on a joint (Basmajian & Deluca, 1985). Usually used to stabilize a movement.

Agonist Muscle: initiate the desired contraction. It Is the prime mover or prime contributor of

a movement or action (Basmajian & Deluca, 1985).

Antagonist Muscle: that actively provides a negative or opposite contribution to a particular

function or to the prime mover {Basmajian & DelLuca, 1985).

Postural Muscle: is a fatigue resistant and slow twitch muscle used for batance and postural

tonus (Travell & Simmons, 1983}

Power Muscle: is a fast twitch muscle used for greater forces {Travell & Simmons, 1983)

Integrated LE EMG: Refers as the integration of the area under the curve of a linear envelop
signal’' (second order low pass filter with a cut-off at 6Hz) from a full wave rectified raw EMG signal.

In the present investigation the time of integration is ane second.




INTRODUCTION

Masticatory Muscles Activities in Temporomandibular Joint Internal Derangement

This introduction will serve as an overview relating to this specific field and as a guide to place
the reader in the context of the study. This general introduction of the two article format papers is
combined with a general conclusion,

Literature Review: Qverview

Historically, the first attempt to dccument a temporomandibular joint (TMJ) pathology was done
in the 1830's by Costen: the spirit of TMJ syndrome arose. Today, craniomandibular practice is in a
state of confusion primarily because there is no consensus as to the nature and cause of TMJ
dysfunction. Unfortunately it places clinicians in a difficult position since they must face the problems,
the patients and the underlying factors in the presence of controversial and often conflicting ideas
concearning etiology, diagnosis and management of the TMJ {Farrar, 1983; Krauss, 1988).

Clinical and epidemiological investigators have shown that 41 to 79% of the general population
hava clinical signs of TMJ syndrome, from which 60 to 80% are female aged between 20 and 40 years
old (Greene, 1982; Magnusson, 1986; Locker & Slade, 1988). The disorder presents some of the most
complex and frustrating diagnostic and therapeutic problems encountered by the dental, medical and
paramedical professions {Foreman, 1985). Hence, the majority of the patients are misdiagnosed or
mistreated because of the lack of professional training and biomechanical knowledge, including muscle
mechanics (Rocabado, 1981; Foreman, 1985).

It is generally agreed that the etiology of TMJ disorders is multifactorial {Schwartz, 1956;
McNeil et al., 1980; Mikhail, 1980; Okeson, 1981; Greene, 1982; Foreman, 1985; Clark, 1987;
Weinberg, 1980). On the other hand, psychophysioclogic and "tooth/occlusion theories™ supporters

point to their unique causal factor (Schwartz, 1956; Laskin, 1969; Helkimo, 1975; Clarke, 1982;



the causal factors presented in the literature are: muscle hyperactivity, trauma, oral parafunction,
nutritional and mechanical stresses, cranial fault, postural stress, congenital defects, environmental and
developmental factors, psychological and physiological {chemical stress, systemic diseases) factors
with dental work and malocclusion dominating literature {Qwen, 1980). In parallel, an extensive list of
predisposing, activating and perpetuating factors that repeats from the above list have also been
proposed {McNeil 1980; Foreman, 1985). However the issue of the etiology of TMJ dysfunction
remains unclear. Overall, the "muscle theory™ or "neuromuscular theory™ are predominant, whether
it is primary or secondary (Carlsson, 1980; Bergamini, 1930}: it has been the central feature of all the
different theories. It is now accepted that the most common TMJ disorder is internal derangement ({ID)
or arthrogenous disorders; it represents 80% of all TMJ syndromes; this 1D relates to an anterior (and

medial) discal displacement process (Farrar, 1972; Weinberg, 1380; Dolwick, 1983; Rocabado, 1983;

Isberg, 1985; Owen, 1987; Gage, 1989).

The lateral pterygoid muscle seems to be the cause of numerous temporomandibular disorders;
in the human specie it is a muscle with an history of controversies. Although, small in size, it has a
very large functional impact cim the mechanics of the whole joint. Anatomically, the superior head of
the lateral pterygoid muscle {SLP) is most commonly described as inserting onto the articular disc only
or on the disc along with the condyle (Grant, 1973; MacNamara, 1973; Juniper, 1981; Bell, 1983;
Bourbon, 1988). However recent dissection studies depict its attachment onto the neck of the condyle
and not on the disc itself, thus contradicting numerous educational and scientific representations
{Carpentier, 1988; Wilkinson, 1988}. Yet, debate still exists in regard to the insertion of the superior
head of the lateral pterygoid {SLP) and its relationship with the intra-articular disc. Hence, the activity
of the SLP is not likely to be causing ID by pulling the disc anteriorly. It is also well recognized that it
is the most difﬁcult masticatory muscle to assess either by clinical testing, palpation or by
electromyograpy (EMG). Undoubtedly, this lack of certainty about the lateral pterygoid muscle structure

makes it difficult to understand how it functions and what the EMG recordings actually represent.



The existence of controversies regarding the role of the SLP in the pathological and etiologic
process of the disc-condyle system opposes two leading hypotheses: an hyperactivity of the SLP
pulling onto the af-ticular disc still dominates over the newly concept of an hypo or an altered activity
of the SLP. Both of them are neither understood as a cause nor as a consequence of anterior disc
displacement. There is also an existing dilemma a§ to the cause of ID: wether passive due to a
mechanical factor displacing the condyle posteriorly or active due to parafunctionai hypertonicity of the
lateral pterygoid muscle. Both of these hypothesis lead to disc displacement and arthralgia (Eversole
& Machado, 1985). For more than five decades, studies have shown that myofascial pain-dysfunction
{MPD) patients have higher EMG activity in the masticatory muscles that do non-MPD subjects
(Movers, 1950; Pancherz, 1980; Dahistrom, 1989; Gervais et al., 1989; Glaros et a/. 1989; Jankelson,
1990).

It is suggested that the presence of hyperactivity/spasm is due to stress, grinding, trauma,
malocclusion, or pain. The psychophysiolagical theory of TMJ dysfunction as developed by Schwatrz
and Cobin in the 1950’s provides one of the major thearetical frameworks for understanding its
etiology: EMG hyperactivity is a response to stress and causes joint and muscles signs and symptoms

{Gervais et al., 1989). This school of thought, is in agreement with the discal insertion of SLP, hence
suggesting that the hyperfunctional SLP pulls the disc creating the anterior disc displacement process.
Howaever, all of these studies have used surface EMG of the temporal and the masseter muscles as a
basis for their theory. Isherg {1988} suggested that an altered EMG activity is a consequence of 1D
probably to restore and stabilize the deranged joint. On the other hand, éccording to Juniper {1984},
hyperactivity of the SLP would cause the ID which would produce occlusal premature contacts.
Posterior occlusion could be a résult, not a cause of TMJ dysfunction, leading to considerable
disagreement concerning the role of malocclusion in the genesis of TMJ pain and dysfunction. More
specifically, Bergamini {1990} suggested hyperactivity at rest and hypoactivity or weak bite force

during function but only for the masseter and the temporalis.



Conversely, it has been suggested by Carpentier (1988), a proponent of the condyle attachment
of the SLP, that hypotonicity (weak condyle protraction), not hyperactivity, of the upper head may
contribute to ID. Furthermore, Mahan et 3/, {1983}, Gibbs and Mahan (1984} and Juniper {1987)
believe that tension in SLP could not be an etiologic factor in ID because of its mechanica! design. This
excessive tension an the condyle’s neck and disc would not displace the disc excessively forward with
respect to the condyle. It was hypothesized by Mahan et 2/.{1983), Juniper {1984), Gibbs and Mahan
{1984} and Carpentier {1988}, who support the condyle attachment of the disc, that SLP dysfunction
is the result of ID instead of it's cause.

6ther investigators have reported uncoordinated and altered activity of the SLP {(Isberg,
1988; Zijun, 1989). The disc dislocation would put the muscle in a "wrinkle state” and then stop it
from contracting efficiently. As a consequence of an 1D of the TMJ, the structure and function of the
SLP could be altered and possibly maintain this 1D. Isberg {1985} explained that the SLP is not involved
in dislocating the disc at final closure because of its attachment to the condyle. Thus, SLP dysfunction
could be a result of ID not its cause. While attempting to solve this cause/consequence colntrovarsv.
Zijun {1989) found SLP altered EMG (hyper and hypo) in most patients with TMJ disorders and as a
proponent of the discal insertion suggést that muscle dysfunction of the SLP is the cause of 1D, From
these studies, it is obvious thist there is no agreement as to whether the SLP is attached onto the disc
or not, nor if it can pull the disc énteriorlyr ormt Co;;égdﬁentlv, major disagreement persists as to
whether the pathological SLP displays hyper, hypo or uncoordinated muscle activity.

In parallel, bite force studies have led to various and contradictory results. 1t has been shown
that the masticatory muscles exhibited lower maximum biting forces in TMJ disorders cases with
respeci to controls as well 55 hyperactivity of the-masseter and the temporalis {Sheikoleslam et &/,
1982; Dahlstrom, 1989; Jankelson, 1990). Maost of the studies were not done on TMJ ID specifically

but more on dental interferences cases {Pancherz, 1980). Moreover, data were collected for an

occlusaliteeth purpose and not a biomechanical one, therefore only various clenching forces werd

measured and no data on opening forces was found.



Consequently, it seems essential to measure the muscle activities of the masseter, temporalis,
SLP and ILP during static and dynamic conditions as well as masticatory bite forces to have a clearer
picture of the muscular mechanics of TMJ ID compared to controls in order to better understand this

disorder.

Justification of the study

EMG studies in TMJ ID have been applied mainly to the masseter and anterior temporal
muscles, probably because of their presumed importance, their large size and their accessibility by
surface electrades. It is well known that these muscles have a less significant impact on the
displacement of the disc due to the abseﬁce of anatomic linkage to the mandibular condyle and intra-
articular disc itself.

The majority of EMG studies on the masticatory system have aimed at normal function of
muscles of undefined normal subjects. TMJ dysfunction subject criteria wera generally subjective,
based on occlusal patterns, or not described at all. An effort should he made regarding sampte choices
as we are dealing with specific biomechanical joint disorders.

Furthermare, previous studies have failed to consider the subject’s head position, which has
been proven to cause hyperactivity of the muscles of rnastica_:tion. Forward head posture has seldom
been rigidly controlled in EMG studies of masticatory muscles. This could explain the presence of
hyperactivity in the majority of TMJ muscular studie_s. Therefore, the testing position of the head is of

prime importance for TMJ disorders patients in EMG studies.

Rationale
The relevance of this study is to provide the clinicians and the researchers with a sound
understanding of the muscle mechanics of the SLP and ILP in relation to the deranged disk-condyle

functional unit. This will allow for a better comprehension of the stiologic process as well as the



possible conseqguences of the disorder and will enable effective management of the patients suffering
from TMJ syndromes.

TMJ specialists will gain valuable information regarding the ID pathogenesis and its close
relationship with the SLP and ILP muscles. It concerns dentists, orthodontists, maxillo-facial surgeons,
physiotherspists as well as other therapeutic professionals dealing with TMJ disorders. Moreaver, this
investigation should lead professionals to consider the TMJ syndrome with a multidisciplinary
collaboration to improve the quality of life of the increasing number of mistreated patients.

Lastly, this study should guide future research projects in the TMJ field and lead to improved

methodological techniques.

Purpose

The purpose of this study is to investigate and analyze different static and dynamic EMG
activities of the two heads of the lateral pterygoid muscles, the masseter and tempaoralis muscles in
subjects with and without TMJ ID. Concurrently, this investigation discusses the role of the SLP and
ILP and their relationships to the deranged disc-condyle unit pfoviding us with a clinical and etiologic

understanding of the muscle mechanics of the two heads of the lateral pterygoid muscles in TMJ 1D,

Presentation of the study

Ths present thesis is divided into two papers each one with their own title and header, The first
article is entitled "The Lateral Pterygoid and other Masticatory Muscles Activities in Temporomandibular
Joint Internal Derangement during Static Conditions®. The secind article is entitled ™ The Lateral
Fterygoid and other Masticatory Muscles Activities in Temporomandibular Joint Internal Derangement

during Dynémic Conditions”.



THE LATERAL PTERYGOID AND OTHER MASTICATORY MUSCLES ACTIVITIES
IN TEMPOROMANDIBULAR JOINT INTERNAL DERANGEMENT

DURING STATIC CONDITIONS

ARTICLE NUMBER ONE

Running Head: TMJ Static Analysis



ABSTRACT

intramuscular EMG of the lateral pterygoid muscles, surface EMG of the temporalis and
masseter muscles, electrogoniometry and force measurements of the TMJ were synchronously used
to investigate the biomechanical role of the two portions of the lateral pterygoid muscle in relation to
internal derangement (ID) of the termporomandibular joint {TMJ). This study dealr with the EMG analysis
of five static conditions: resting, resisted protraction, maximum voluntary contraction (MVC) in
opening, in molar and incisor ¢lenching of TMJ ID and control subjects. Three maximum isometric
masticatory forces were also recorded during the MVC in opening, molar clenching and incisor
clenching to compare forces and muscular activity between the two groups. The analysis of variance
resuits of the integrated linear envelop {LE) EMG showed no significant differences between the two
groups. Therefore, there is no apparent reason to believe that the tem;mralis and masseter muscles are
hyperactive in TMJ |ID. The integrated LE EMG of the SLP was significantly lower in the TMJ group
during molar clenching {1044V + 60.0 over 1594V + 68.8 for a p=.020}. The SLP seemed to have lost
its discal stabilizing function during clenching. The integrated LE EMG signals of the ILP ware
significantly higher in the TMJ ID group during rest, resisted protraction and incisor clenching (p=.029,
p=.046, p=.031 respectively). The ILP muscle has probably adapted to contrcl the inner joint
instability while continuing its own actions. The ILP muscle seemed to have lost its functional
specificity. The results of the isometric forces showed that TMJ ID subjects exhibited significantly
lower molar bite forces {297.1N over 418N, p=.042) confirming that they have less muscle strength
and tissue tolerance than subjects with healthy masticatory muscle system. Incisor bite forces,
however, showed a tendency to be higher in the TMJ ID group (233N over iéb.SN. p=.168), possibly
resulting from the training of a protracted bite and/or hyperactivity of the ILP associated with ID.
Therefore an neuromuscular adaptation could be occurring in TMJ ID masticatory system affecting
muscular actions and forces.
KEY WORDS: Temporomandibular joint disorders, internal derangement, electromydgraphy, isamaetric

jaw forces, lateral pterygoid muscles, masticatory muscles.



The Lateral Pterygoid and other Masticatory Muscles Activities in Temporomandibufar

Joint Internal Derangement During Static Conditions

The prevalence of signs and symptoms of TMJ disorders is reported in 41 to 79% of the
general population with the most common disorder being Internal Derangement {iD) 4, Despite a
considerable amount of research, there is presently no consensus as to the nature and cause of 1D of
the TMJ. It is generally agreed that the etiology of TMJ disorders is multifactorial *¢. However,
muscular etiology of TMJ ID dominates the literature, whether primary or secondary to stress,
malocclusion, posture, parafunction or trauma. Other authors in the field of TMJ, suggested a muscular
disturbance in discal displacement 7, A close relationship was observed between the etiology of TMJ
1D and the pathological function of the lateral pterygoid muscles *'>*'. More specifically, the SLP has
baen suspected to be the cause of TMJ ID by pulling on the disc anteriorly 7. Adding to the‘ confusion,
anatomical uncertainty regarding the insertion of the SLP on the intra-articular disc and/or the
mandibular condyle *'® makes it difficult to understand how these muscles function and what_ the EMG
recordings actually represent.

Qvarall, there are two leading hypotheses as to the role and muscular activity of the SLP in the
pathological and etiologic processes of ID: 1) hyperactivity of the SLP causing an anterior displacement
of the disc 7*'"'®, and 2) hypoactivity or altered tonus of the SLP secondary to joint incoordination
and/or laxity *'"141%22_ However, neither of these hypothesis are understood as a cause nor as a
consequence of 1D. Presently, the 1D pathogenesis is mainly based on theoretical interpretation as
opposed to experimental knowledge %1012.18.23.24_ Clinically, these issues need to be addressed prior
to adequately understanding and treating TMJ patients.

In parallel, research on masticatory bite forces have led to wide and contradictory results.
Compared to control groups, subjects with TMJ disorders demonstrated that their masticatory muscles

exerted weaker clenching forces, lower maximum biting strength, lower levels of EMG activity as well
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as showing hyperactivity and altered contraction patterns '®2%*', Thus, secondary to fatigue, the
masticatory system of TMJ subjects could potentially possess weak primary force muscles and
hyperactive postural muscles,

The various limitations of previous masticatory EMG and bite force studies are as follow.
Experimental groups, if present, were not well defined thus limiting the interpretation of the findings
€ Most studies were also conducted on the masseter and ternporalis muscles; if studies involved the
SLP and ILP, only normal subjects were studied. Uncontrolled head and neck posture may have led
previous authors to believe erroneously that the muscles were hyperactive >3, In addition, there have
been a general tendency to ignore the uncertainty regarding the insertion of the SLP. The relationship
between EMG and bite force has never been explicitly explained. So far, bite forces were only
measured to study teeth/occlusal issues instead of the global joint system. Thus, up to date, opening
forces have never been measured or documented. '

Therefore, muscular mechanics of the ILP, the SLP, the masseter and the temporalis along with
jaw kinetics must be examined as they relate to TMJ ID. Consequently, the purpose of this study was
to record and analyze the EMG activities and the TMJ kinetics of the whole jaw system dullinu static
tasks in subjects with and without TMJ ID disorders. The SLP and ILP muscles were investigated
because of their anatomical and functional relationship with TMJ discal derangement and because they
are believad to be abnormally recruited in TMJ 10. EMG of the masseter and the temporalis muscles
were also recorded in order to provide a more complete profile of masticatory muscles activity, to
correlate their activity with the SLP and ILP and to assess their recruitment pattern and contribution
in subjects with TMJ 1D compared to control subjects.

Moreover, the present investigation discussed the role of the lateral pterygoid muscles and
their retationship to the ID dysfunctional unit providing a clinical and etiologic understanding of the
biomechanical role df the SLP and ILP. These experiments are part of a larger study dealing with the
investigation of EMG, kinematic, kinetic and sound recordings during MVC, static and dynamic

conditions.
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METHODOLOGY

Subjects

Twenty one female subjects participated voluntarily in the study. The ten subjects affected by
TMJ ID were aged between 19 and 37 years old {mean: 27.1 years; S.D:5.7). However, two subjects
were excluded from this experimental group: in one subject the EMG signal was too noisy to be
analyzed while the slippage of an intramuscular electrode affected the second subject. Eleven healthy
females, aged matched (criteria modified from Goldstein?) served as control subjects (20 to 33 years
old; mean: 25.‘i years; 5.0:4.2). Female subjects were chosen as they are the best representative group
reported in epidemiological studies. The selection criteria for ID were: 1) a diagnosis of a TMJ disorder;
2) pain, tenderness or discomfort in one TMJ; and 3) arthrogenous clicking with a corresponding
movement dysfunction®®7:21.33383% Thig last criterion implied either deviation on opening deviation,
limited opening, limited contralateral motion, and/or limited protrusion. Subjects with closed-lock,
hypermobility or head and neck orthopaedic problems were excluded from the study.

Prior to the study, two questionnaires ware filled out by all subjects to avoid medical
complications {particularly those related to the needle insertions) and to record specific conditions that
could account for variations in the results, and lastly, to precisely identify our experimental sample. All
pertinent clinical information from these questionnaires are summarized in Table 1. In addition,
subjective and objective assessments of the TMJ, including clinical characteristics and range of motion
of all the subjects are shown in Table 2. The TMJ 1D group were all diagnosed with unilateral TMJ 1D.
Other reported symptoms aside from local pain, tenderness, clicking and movement dysfunctions, were
Haadaches. cervical pain, muscular tension and fatigue. Jaw range of motion data in the control group
ware within normat limits. In the case of the TMJ ID group, movement dvsfunctioné was presant in all
casas. This research proposal was reviewed and approved by the Human Research Ethics Committee

of the Faculty of Health Science of the University of Ottawa.
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Table 1: Clinical information from the pre-test questionnaires and the TMJ musculoskeletal
assessments of the two groups.

e

Information I TMJ ID Group Control Group
Subjects with i
at least 28 teeth | 10 {100%) 11 {100%)
I
Subjects ]
missing back teeth [ 3 (30%) 1 (9%)
ll
Subjects with I
bite discomfort i 5 {50%) 0 {0%)
I
Subjects being I
grinders or clenchers || 4 {40%) 1 {9%)
Subjects who had had ||
major dental work I 0 (0%) 0 {0%)
I
Subjects who i
had orthodontic or I 6 (60%) 7 164%)

occlusal treatment |

Subjects with an I

history of head/neck || 5 (50%) 0-{0%)
and/or TMJ therapy ||

Subjects with 1l
osteoarthritis or other | 0 {0%) 0 {0%)
related health problems ||
including medication ||
intake Il

19—

*Values indicate number of subjects. Numbers in parentheses are percentages of the group

Materials

Surface EMG signals of the temporalis and masseter muscles and intramuscular EMG signals

of the SLP and ILP muscles were collected simultaneously with jaw forces. Figure 1 is a schematic



TMJ Static Analysis 13

diagram of the apparatus and the data acquisition system used for these experiments. Unilateral data
collection was performed as TMJ ID is usually a one-sided disorder. Intramuscular EMG was used for
the two heads of the lateral pterygoid muscle. Two bipolar fine-wire electrodes threaded into a
hypadermic needle (26 gauge;4.5 cm) were inserted into the SLP and ILP on the affected side. The
indwelling nickel-chromium electrodes were custom-made using the method described by Giroux &
Lamontagne ¥. The needles and wires were sterilized in a TIME 250 AUTQCLAVE. EMG signals of the
temporalis and masseter muscles were collected by surface electrodes (pairs of silver-silver chloride,
MEDI-TRACE) placed one cm apart along the muscle fibres. One surface electrode was fixed to the
ipsitateral clavicle as the reference electrode. The raw EMG signals of each muscle were amplified
through a differential bioamplifier {High performance AC preamplifier GRASS P511, input impedance
of 20 megohms differential) with adjustable gain selected from 2000 to 10 000 and filtered with 0.03-
3kHz bandpass filter and then sampled at a frequency of 1000 Hz with the BIOAD data collection

system 2,

Table 2: Clinical characteristics and range of motion of the ThM.J from the subjective and
objective assessments of the two groups.

Information Il TMJ 1D Group Control Group
Mean Age ] 27.1 years 2:2 years
1D side H 3 left/5 right N/A
Duration of ID H 2-11 years N/A
Opening {deviation>2mm} Il 52.8mm {5 left,3 right). 53.4mm
Protraction/Retraction }E 4.1/3.5mm 4.0/3.9mm
Left/Right Translation ‘ H 9.6/8.7mm 8.6/9.8mm

N/A: non-applicable
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Figure 1.

Schematic diagram of the experimental apparatus and data acquisition system.
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Kinetic data were obtained using two custom-made, calibrated force transducers to measure
maximum voluntary contractions {MVC} during isometric contractions: 1) in molar clenching; 2} in
incisor clenching; and 3) in resisted opening. It is pertinent to state that the ILP is a prime opener and
that the SLP, the masseter and the temporalis are prime closers, hence, we are measuring all
directional forces of the four muscles. The closing bite force transducer (Figure 2} consisted of two
stael beams mounted together {4.8mm inter-space) with a method similar to that described by Dechow
& Carlson ¥. The full wheatstone bridge configuration of the strain gauges (high resistance 350 Q
elements) was bonded on both inner surfaces of the two steel plates to allow for direct strain
measurement. The bite surface of the transducer was covered with a foamy self-adhesive material to
allow teeth comfort. This material was changed for every subject. The steel plates were placed
between the ispilateral upper and lower first molars and between the upper and lower incisors. The
total thickness of the device was 12 mm.

The opening jaw force device {Figure 3) consisted of an eight cm wide and one cm thick stee}
plate with a chin shaped plastic sitter at one end and solidly fixed with two large clamps'{o ‘a horizontal
beam at the other end. A full bridge configuration strain gauge system was bonded to the top and
bottom surfaces of the beam near the clamps. The éephalad stabilization of the head permitted the
subject to produce pure downward force and movemant with the chin. The strain gauge system was
calibrated and the voltage signal amplified and fed to an A/D conversion interface controlled by the
BIOAD data acquisition program. The calibration of the two devices were done by loading three trials
. of six upgrading and downgrading known waights on the steel plate and registering the voltage through
an amplifier. A linear reiationship between the load and the voltage was obtained and a regression
equation for each device was computed. The bite force transducer was linear {r=0.990081) and the
regression equation was y=56.664x - 0.687. Whereas the opening jaw force device showed also linear
response {r=0.999) with a regression equation described as y=627.714x + O. transducers

raspactively.
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Figure 2. Clenching bite force transducer during the calibration pro}:edures.
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During testing session, the subjects were seated in confined, yet straight custom-made testing
chair. The chair's ergonomic characteristics along with the head stabilizer and visual feedback
minimized the hyperactivity effect of posture and therefore controlled head motion during opening

performance.

Procedures

EMG Electrodes and Insertion Application

Prior to testing, all subjects were asked to read an information letter and sign a consent form.
One hour before the insertion, the subjects applied an eutectic mixture of local anaesthetics {EMLA,
Astra Pharma Inc., Toronto Canada} on the insertion site as instructed. According to the subjects,
EMLA cream was efficient in relieving pain due to wire insertion. The relief depended on analgesic time
and the area of application. The selection of an insertion technique for both portions of the lateral
pterygoid muscle was made following an extensive theoretical review *2>*4! and was achieved extra-
orally through the sigmoid notch. This technique was preferred because it is relatively simple and does
not lead to post-insertion sequelae. A physiatrist specialized in indwelling EMG performed the insertions
of the fine wire electrodes in the ILP and SLP while the subjects laid in a comfortable supine position.
The mandibular or sigmoid notch provided the simplest access for insertion in respect to placement,
direction and soft tissue mass. Some of the subjects experienced discomfort on maximum opening and
maximum closing along with a resistance sensation on maximum opening. Therefore, after the first five
subjects and careful studying of an anatomical atlas of the TMJ*, the approach was modiﬁed by
adding intraoral palpation for guidance. The second approach consisted of proceeding higher and more
posteriorly, clqse to the condyle an_q jgfg(iqr to the zygomatic arch, immediately abovg the coronoid
process, this without being exactly fnto the notch. After touching the sphenoid bone, the needle was
drawn back and thé\wiras carefully pulled so they would hook well before the needle was withdrawn.

On a post-testing quesiionnaire, subjects reported discomfort {an average of 2?10 on the visual
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analogue scale) including pulling, tightness and apprehension during the insertion, during the testing
period and the needle removal.

Before data collection, proper insertion of the electrodes into the ILP was verified by observing
on an oscilloscope, strong activity during opening and protrusion and no activity during clenching®®43.
Verification of wire placement in the SLP was obtained by monitoring strong activity during clenching
and an absence of activity during protrusion and opening **2. The verification of electrode placement
was more difficult in the TMJ ID subjects since their EMG signals were expected to be abnormal.
Therefore, technical experience, clear EMG signals, and elimination of other muscles activity were used
to verify electrode placement. None of the wires were left in the masseter because the thick fascia and
the deep portion of the masseter were obvious to sense; thereafter, a clear contact on the greater wing
of the sphenocid bone confirmed the correct anatomical space. Howaever, it was impossible to be over
the SLP because tﬁere is no space between the zygomatic arch and the SLP, contrary to most
anatomical books representation. To reach the SLP, we inserted as close to the caudal border of the
arch and good EMG signals confirmed the appropriate positiorn of the wires electrodes. Some signals
were slightly noisy, especially the SLP ones, and we were able to remove the interference by pulling
and the wire. Once the wires were inserted in the ILP and SLP muscles, they were isolated and fixed

with adhesive tape. The surface electrodes were fixed on the temporalis and masseter muscles and the

EMG signals tested and calibrated.

“Conditians

Subjects were then stabilized in the testing chair and the EMG amplifier outputs of the four muscles
along with the two force transducers were conn;cted to the data acquisition interface which was
cantralled by a micro computer (Compaq 386, 16MHz). All signals were collected simultanaously by

BIDAD, a data acquisition system to allow synchronisation of the different recordings.
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The subject performed five static tasks, chosen because they either elicit an activity of the
Jateral pterygoid muscle, or are known to cause ID.

1- A maximum voluntary contraction {MVC)} of jaw opening consisted of opening the mouth
forcefully. A steel bar was used as a resistive device and force transducer while cranium cephalad
motion was immobilized. This tasks measured the opening force by bending the steel bar instrumented
with strain gages. This also assessed, the ILP recruitment during opening not forgetting the contribution
of the accessory jaw openers (hyoid and digastric muscles). Figure 3 shows the experimental set-up
with a subject ready to perform the MVC in opening. Notice the head stabilisation mechanism used to
isolate mandibular depression and eliminate maxillary or head elevation.

2 and 3- Two MVC of jaw clenching in the molar and incisor position were executed by biting
onto the closing bite force transducer that was covered with cushioning tape. These resisted clenching
task assessed the basic bite forces, the SLP participation along with joint loading and a proposed causal
factor: incisal biting 7',

4- Resting activity of the SLP, the ILP, the masseter and the temporalis muscles were recorded
in order to determine general resting hyperactivity or postural tonus, The resting EMG activity was
subtracted from other tasks to obtain the net EMG activity.

5- Activa resistive protrusicn was isolated to monitor the translation arthrokinematic component
of the TMJ énd to measure the function of the ILP muscle. The subjects were asked to maximally
' protrude their jaw against the examiner’s fist while the head was stabilized.

Standardized verbal instructions about the tasks and procedures were given to each subject,
as were cues to correct movements whe‘n needed. All movements were demonstrated by the
investigators, then practiced by the subject to a satisfactory level. Each sfatic jaw coﬁdition was held
for three seconds and repeated three times. Unilateral collection was performed as all the subjects

involved in the study were diagnosed with a one sided disorder.
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Figure 3. Experimental set-up: The subject is ready to perform a MVC in opening using

the opening devica.
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Data Reduction and Analysis

Two sets of measurements were computed from the five static conditions: the integrated linear
envelope (LE) EMG of the four muscles and the isometric force values from the three MVC tasks. To
obtain the integrated LE EMG, three trials of raw EMG signals of each muscle for the five conditions
were processed using the BIOPROC processing program *°. The raw EMG signal was high-pass filtered
at a cutoff frequency of 10 Hz; the bias was removed by using the mean; and the individual
amplification gain obtained from the amplifier {(P511 Grass amplifier} was scaled by a factor to convert
all signals in 4V. The signals were then full wave rectified and filtered with a fourth order, dual passes
and critically dampened with a cutoff frequency of 6Hz to obtain the linear envelope (LE). The most
constant cne second window of the LE EMG was selected and integrated. For the three MVC's tasks,
the one second window used for processing was the one with the most stable and stronger maximum
force. The average resting integrated LE EMG signal was removed from the mean integrated LE EMG
signals to obtain the EMG signal provided by the specific movement. The mean integrated LE EMG of
the three trials for each condition was computed for each subject and used in further analysis.
Averages were first computed across trials for each subject per condition per muscle. Grand ensemble
averages were then computl;d across subjects for the two groups for the four“ muscles at each
condition in order to compare the results between groups.

The isometric force signals were processed from the three MVC cbnditions. The bias was
removed to. level the signal at zero. The mean force signal of the selected one second window was
measured for each trial per subject for the three MVC: in opening, molar and incisor clenching. For each
three MVC condition, the mean farce value {in voltager 5f the three trials was inserted in the regression
equation obtained from the calibration curves and converted to Newton. Ensemble averages were
cbmputed across subjects per group to compare the forces exarted by the TMJ 1D and the control

groups for each MVC task.
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Statistical Design

The two groups were characterized as random samples of two specific populations: TMJ
disorders and matching {sex and age) surrounding volunteers of the general population. Statistical
anclyses were conducted on the dependent variahle mean integrated LE EMG expressed in gV for each
four muscles for the five static conditions. General linear model ANOVA (four 2x5 with post-hoc
Fishers tests) were contrasted with twenty simple one way ANOVA. Statistical analyses were also
conducted on the three isometric forces expressed in Newton using one 2x3 ANOVA model and one-
way ANOVA. All tests were done through NCSS software package using a significant level of ¢<0.05
to determine if the two groups differ on their muscle activity for the five conditions and on their
opening and closing bite forces. The independent variables were TMJ IR and control groups. Two tailed
tests were used as the TMJ 1D group might present with hyperactivity or hypoactivity, lower or higher
forces, compared to the control group. The simple or one way ANOVA comparing the two groups
means for each muscle in each condition separately seem to be the best way to draw the informatian
we were looking for without fading the contrasts and loosing the meaning. It was well understood that
some conditions and some muscles do interact but sometimes in opposite directions, tharefore
cancelling the effect of interest. The factors are considered independent and should not be melted
together. The only effect of interest being studizd was the muscular activities and forces generated
by the tchJ groups.

Independent scores and normality of distribution were tested positive. Although, we had large
standard deviations, probably due to the large inter-subject variability** and the influence of many
factors, the homogeneity of variance between samples was valid most of the time (tested within the
simple ANOVA procedures with NCSS). If not, a. corrected and more-conseryaiive. p value was

provided by NCSS in cases of unequal variance and was used to assess significance.
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RESULTS AND DISCUSSION
Statistical and Descriptive Analysis of the integrated LE EMG

The statistical results of integrated LE EMG for all muscles in each of the five static tasks are

summarized in Table 3. Each muscle will be discussed separately.

Table 3. One-way ANOVA results between the two groups for the integrated LE EMG of the four
muscles for the five static conditions.

T™MJ ID 1 MVC Resisted MVCin - MVCin
Vs | Rest in Protrac- Molar Incisor
CONTROLS || Opening tion Clench Clench
Masseter 1 = = = = =

I
. Temporalis ] = = = = =
| ! .
ILP i e ' te ' tt
!
SLP I = = = i )

=: no significant difference;
t ¢ or i }: significant difference;

t or 4 : tendency.

Masseter and Temporalis Muscles

For the masseter muscle integrated LE EMG, there was no significant difference between the
two groups for all the static tasks (Figure 4 and Table 3). As for the anterior temporalis muscle, there
was also no significant difference between the two groups for the five static tasks {Figure 5 and Table
3).

Overall, muscular disturbance of the temporalis and the masseter does not seem to be invclved

in TMJ ID, neither as a cause, nor as a consequence, On the contrary, other EMG investigations of
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Figure 4. Integrated LE EMG of the masseter muscle for the five static tasks: resting, MVC in
opening, resisted protraction, MVC in molar and incisor clench of the TMJ ID and the control groups.

craniomandibular disorders, regardless of the population, have reported significant hyperactivity of the
masseter and temporalis in TMJ disorders compared to control subjects'®21254847 This may be
explained by the fact that our TMJ ID sample involves specifically 1D of the TMJ, which implies an
arthrogenous as opposed to a myogenous problem. Previous EMG studies have described their
populations as TMJ disaorders or malocclusion problems; these can include differant muscular
dysfunctions such as muscle tension, occlusal interferences, parafunction, muscular pain and
myofascial syndrome all which may be associated with hyperactivity. 1t is unlikely that any centrally
mediated masticatory muscle hyperactivity as previously proposed*® occurs in TMJ 1D, but it might be
possible in myofascial or mtyogenous TMJ disorders. |

The masseter and the temporalis muscles yielded similar results with the exception that the



TMJ Static Analysis 25

100

60 -

55

40 |

8
T

"ateleTs"
LI

20 |- 18

aa

s

13

e

10

S - 3'
o L O EGGN

rast opan protraction molar clench Inclsor

/%

s

lanch

(4]
3

BE= ™ 10 Cantrols

Figure 5. Integrated LE EMG of the temporalis muscle for the five static tasks: resting, MVC in
opening, resisted protraction, MVC in molar and incisor clench of the TMJ 1D and the control groups.

superficial masseter was functionally more active in opening and protraction for the two groups. These
results were understandable and expected, as the superficial masseter is considered a synergist of

those two movements based on muscle mechanics and fibre direction *°.

Inferior Head of the lateral pterygaid muscle (ILP}

Despite raports linking the lateral pterygoid muscles to TMJ disorders, the activities of thesa
muscles have not concretely been studied. However, the concept of increased and altered muscular
activity in TMJ disorders dominates the literature of the masticatory system 711181921 Qur findings of
the ILP muscular activity for the TMJ ID and control groups for the five static tasks are shown in Table

3 and Figure 6.
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Figure 6. Integrated LE EMG of the ILP muscle for the five static tasks: resting, MVC in opening,
resisted protraction, MVC in molar and incisor clench of the TMJ 1D and the control groups.
* : significant difference.

In the resting condition, mean integr'ated LE EMG of the ILP is significantly higher {p=.029) in
the TMJ 1D group {264V +11.8) compared to the control group {13uV + =8.8) (Figure 6). Although
one particular TMJ 1D subject had a very strong hyperactive ILP, excluding this value from the mean
still resulted in a significant difference between the two groups. Our results supports numerous studies
reporting resting or postural muscular hyperactivity in patients suffering from TM.J discrders but in
other masticatory muscles 22314749 As head position was controlled to avoid centrally and postural
induced hypertonicity, itis considered as a true hyperactivity. Unfortunately, it is not possible to clarify
if this hyperactivity of the ILP at rest is a cause, a consequence or maintains TMJ ID, Conseqguently,

we can only suggest that a relationship exists.
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During the MVC in opening, there was no significant difference betw:zen the two groups
{p=.296, TMJ 1D:29uV *34.5 and control:63uV + 86.2) {Figure 6), keeping in mind that one function
of the ILP is to open the mandible in synergy with the supra-hyoid muscles.

During resisted protraction, a primary action of the ILP, the integrated LE EMG activity is
significantly higher {p =.046} in the TMJ ID group {1214V = =83.3) compared to the control group
(47uV +33.1) (Figure 6). In addition, the integrated LE EMG for the control group in protraction is
significantly higher than its own resting EMG activity. This simple ANOVA demonstrated that the ILP
EMG activity of the control subjects are contracting normally in protraction as expected. However, the
ILP activity in of the TMJ 1D subjects are hyper-active. This exaggerated anterior pulling on the condyle
by the ILP in the TMJ 1D group could be interpreted as a muscular/joint system trying to get the
condyle in place under its anteriorly displaced disc or simply compensating for inner-joint instability.
Interestingly, protractive biting has been previously interpreted to be responsible for ID ™'%2! adding
to the confusion over the causé and effect issue.

In the two clenching tasks, MVC in incisor and motar clenching, non-negligible myoelectrical
activity was recorded in the two groups even though the ILP has been reported to be silent in jaw
closing motions®®°®. Similarly, Wood et al.’ have reported that the ILP contracts up to 75% of his
maximum in anterior clenching. It is suggested that during maximal clenching conditions where
mu_scular strength demand is higher, the co-contraction activity 6f the ILP is required. In addition, the
ILP has been reported to be electrically active during the first half of closure during ID 'S. This eccentric
contraction would contro! the return of the condyle and the ILP would stop contracting while the SLP
would terminate the closing motion.

During the molar clenching task, there was no significant difference {p =.959) between the two
groups {TMJ 1D : 173V £ 61.1 and control: 176uV + 94.1). During the incisor clenching, the integrated
LE EMG of the ILP were significantly higher {p=.031) in the TMJ ID campared to the control group
(225pV +129.5, and 97uV +16.5 respectively) (Figure 6). The ILP muscle seems to be a stronger

synergist of the jaw elevators in TMJ 1D subjects incisor clenching. This supports resuits that found
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ILP activity in incisor clenching in control subjects ¥, It is suggested that the protracted position of
the mandible is at cause. It was proposed that this action added to the elevators produces a clenching
systern as well as condyle stabilization 5, Determining if this new muscular action is eccentric or
concentric cannot be answered here, but an eccentric contraction of the ILP during clenching to control
the posterior and superior return of the candyle is suspected, as partly reported previously *'*%. A
miss-insertion in the SLP or in the dz¢p masseter is highly unlikely as EMG activity was registered in
opening and protraction. In addition, the ILP étill contracts in its usual functions: opening and resisted
protraction. Therefore it functioned in a dual role and was always active wether it is primarily an
agonist or an antagonist of the movement. Similar observations were reported by Zijun'? and Wood et
al.® . This phenomenon was recorded in eight out of ten TMJ 1D subjects.

Therefore the normal function of the ILP in normal subjects needs to be refined and its role in
TMJ disorders needs to be understood and defined. In our normal subjects, the ILP muscle was
contracting during clenching and during opening as well as in tasks with maximum clenching demands
50 In the TMJ ID subjects where joint stability and balance are uncontrglled, the ILP appeared to
function continuously to control condyle coaptation and to assist its stabilization while its regular duties
are amplified. Therefore, the ILP contributes actively to its secondary and opposite functions and is still
active in opening and protraction as an agonist. This compensation from the ILP for the SLP is quite
possible since both muscles have very similar direction and insertions. The hyperactivity recorded in
the ILP muscle in the TMJ ID subjects might be due to one-sided chewing on the better dental side as
suggested previously %' but is impossible to determine at this point. However, evidence of centrally
initiated hyperactivity has been shown to lead to muscle dysfunction and TMJ disorders ®2.

The reliability of the fine wire recording techniques may be questionned at this point as the
wires tend to move in the muscle during function and the cross talk effect of the deep anterior
temporalis and medial pterygoid ® may exist. Explanations |..|sed by other authors ® to explain the
variability of their EMG signals may be used here: anatomical and biomechanical constraints of the

masticatory system demands variations in muscle contraction to satisfy the goal of the individual; and
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it may depend on the position of the occlusal contact points.

Superior Head of the lateral pterygoid rmuscle (SLP)
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Figure 7. Integrated LE EMG of the SLP muscle for the five static tasks: resting, MVC in opening,
resisted protraction, MVC in molar and incisor clench of the TMJ ID and the contral groups.
* : significative difference.

During tha resting condition, there was no significant {p=.523) difference between the two
groups SLP integrated LE EMG (TMJ ID: 654V +81.4 and control: 44uV +44.8) (Figure 7 and Table
3). Therefore, the SLP had a similar resting tonus whether the disc/condyle relationship is normal or
not, in contrast ta the ILP, which is hyperactive at rest in TMJ ID subiects.' Our results‘also showed
a basic resting tonus for both groups which is consistent with the histopathology and physiology of

the lateral pterygoid muscle made of 70% slow twitch muscle fibres***%, a postural and fatigue
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resistant muscle. The signals show more activity in the resting condition compare to the opening,
probably because during opening, there is a reflex inhibition of the antagonist muscles.

During the MVC in opening, there was no significant {p =.926) difference in the EMG results
of the SLP between the two groups {control: 334V +39.9 and TMJ 1D: 354V 2:43.0) (Table 3).
Moreover, there was no significant difference in their respective resting tonus {Figure 7}. These results
were expected, as opening is not a primary function o” the SLP which allows the disc to rotate back
during the rotation phase.

During pratraction, our results demonstrate mild EMG activity of the SLP in the two groups
{Figure 7). Normally, the SLP should be inactive during opening and protraction as both movement
involve an anterior motion of the disc/condyle unit which is usually achieved by the ILP along®29-4448,
The experimental group did not differ significantly {p =.895) from the control one {88V +82.5 and
83uV :54.1 respectively). It is suggested that healthy and pathological SLP muscles are contracting
mildly during protraction, probably to control and stabilize the disc/condyle relationship as it is its main
function. In parallel, continuous stabilizing activity of the SLP has been praviously reported®,

During both clenching MVC conditions, the SLP muscle demonstrated lower EMG activity in
the TMJ 1D group: A significant difference {p=.020) for the molar clench (TMJ 1D:1044V x60.0; and
control group 1594V +68.8); and a tendency for the incisor clenching condition {(TMJ ID:78uV +£74.7;
and control group 334V +68.9) (Figure 7). In healthy clenching masticatory systems, the SLP acts as
a horizontal force stabilizer of the mandibular condyle/disc complex to prevent posterior dislocation®,
consequently our results suggest a loss of this discal and condylar control by the SLP muscle. The most
chronic TMJ ID subjects exhibited silent EMG pariod§ in the middle of a the clenching contractions.
This may indicate that the SLP is loosing its ability to control the disc in TMJ ID disorders.

At rest, the lateral pterygoid muscle is almost fully extended and reference to the traditional
~ length/tension curve would indicate that this is its most powerful position, supporting an eccentric type
of contraction. Therefare, we believe that the normal function of the SLP is to céunteract and control

{eccentric contraction) the elastic puli of the posterior discal tissues on mouth closure and to stabilize
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during clenching 2. Our results demonstrate a tendency of the SLP to lose this control function. 4748

It appears anatomically impossible for the SLP to pull the disc without affecting the condyle.
Accordingly, we could be dealing with a passive non-muscular mechanical ongin for TMJ ID. Moreover,
after a prolonged ID, the structure and function of the SLP would be altered, a wrinkled inefficient
muscle could maintain or progress the development of the discal displacement®'. This would support
our results. If our subjects are true cases of disca! ID, it is suggested that the muscle fibres of the SLP
would probably be somewhat wrinkled and gradually change into non-contractile, atrophied or fibrous
tissues with corresponding altered EMG signals and less efficient pulling and eccentric control of the
disc as previously proposed *2"**, The condyle could be positioned posteriorly first and then push the
disc farward affecting the contractions of the lateral pterygqid muscles. Alternatively, other causal
factors could lead to muscular imbalances which in turn could produce anterior disc displacement by
tack of control of the disc/condyle system. Another possible explanation is that the SLP would be
overused with incisal biting which in turn would stretch the retrodiscal tissues by posterior condylar

compression resulting in a gradual forward displacement of the disc.

Statistical and Descriptive Analysis of the Isometric Forces

The mean isometric force values for the three MVC conditions {(opening, molar clench and
incisor clench) obtained in this study are displayed in Newton in Figure 8. The values for the TMJ ID
and control group respactively are 53.0N+16.1 and 68.8N+20.1 for the MVC in opening;
297.1N+115 and 419.1N+47.2 fqr the MVC in molar clench; and 233.0N +82.7 and 180.5N £ 60.4
for the MVC in incisor clenching. Large standard deviations within a group may suggest the influence
of many factors, in particular the inability of the subjects to perform ‘a true maximum biting. The 2x3
ANOVA was significant at p= 0.0493 but the one-way ANOVA was preferred as tlhere was only one
independent variable (TMJ pathologyl} of‘ipterest: it seemed non-logical to blend opposite forces and

tendencies.
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Figure 8. Mean absolute isometric forces of the masticatory system for the three MVC

conditions: molar and incisor clenchmg and opening of the TMJ ID and the control groups.
*: signifi catwe difference

All our recorded forces are higher than those ‘reported by Helkimo a.nd Carlsson #° and
Throckmorton and Dean 52 in healthy females, for molar clenching (216N and 372N) and incisor bite
forces (108.0N and 119.4N). Our corresponding values are 419.1N and 180.5N (ﬁgura 8). Again, in
healthy females, Linderholm et al. ® reported isometric molar and incisor bite forces of 421.0N+91.1
and 196.0N + 60.8 respectively. These values are very clase to ours and within our standard deviation
ranges. But, Ringqvist et al. * observed much greater force values at the incisor and molar levels in
29 healthy females aged 19 to 23, a.sample very similar to the oné we studied lincisor: 294.0N+ 58.8
and molar: 764.4N+92.1 re.spectively). Disparities in the Vequipment and procedures, diet and

masticatory habits, as well as masticatory training may account for the wide range of maximum bite '
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forces reported in the literature 27.5%-8,

Molar Clenching Isometric Force

The molar clenching forces were statistically different {(p=.042, one-way ANOVA]) between
groups with the TMJ ID subjects generating lower forces than control subjects (297.1N and 419.1N
respectively} {Figure 8). it has been reported that molar clenching forces is a bias picture of the
strength of the masticatory muscles because it is limited by the inflammation state and tolerance of
the supporting tissues as well as pain %', Consequently, TMJ ID subjects would be expected to
generate less maximum clenching #' {39 to 80% in 71% of the subjects %) force because of pain and
inflammation of the supporting tissues, muscular inhibition, fear, which allows lower compressive
forces. In addition, the masticatory musculature of the TMJ ID subjects is probably weaker since the
subjects do not use heavy jaw pressures and they demonstrate impaired neuromuscular control and
pain inhibition '®2%3*, Moreover, the linear relationship between the integrated EMG activity and the
force exerted in isometric conditions has been reported 2, Consequently, we can suggest that the
masticatory system of the ;rMJ 1D group is weaker, less tolerant and more sensitive compared to
control subjects. However, it is impossible to state the extent of each of these factors which might
influence our results. For example, there may be no true ;trength difference, but rather a tissue
tolerance problem but the TMJ ID subjects are still using less forcle than healthy ones. Variation of
maximum bite force can also be explained by anatomic variation of the jaws ®°, functional factors and
state of dentition ?’. This can certainly apply in the present study since the TMJ 1D group have greater
chances of possessing anatomic variations in the stomatognathic system, a poorer state of dentition,
as well as altered masticatory function: These factors have all been reported to be associated with TMJ
ID. Moreover, a protective inhibitory‘raﬂex mechanism may also be c;ontrihuting in subjects with TMJ

ID.
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Incisor Clenching Isometric Forces

It has been suggested that normal incisor biting is controlled by sensory receptors within the
periodontal ligaments, within the TMJ, and within the muscles of mastication ®'. It has alsoc been
hypothesized, that pathological jaw joints with altered muscles and/or soft tissues secondary to
overuse, underuse, inflammation, such as those present in TMJ ID subjects would lead to lowaer bite
forces compared to those generated by control subjects ®°. Therefore, differences in forces might not
reflect a loss of pure strength, but also more sensitive and altered proprioception as seen in molar
clenching. As shown in our resuits, these explanations may not be fully applicable for the incisor
clenching results (Figure 8). Mean isometric force for the TMJ ID group {233.0N = 82.7} and the
control group {180.5N + 60.4) compared for a non-significant difference (p = .168) at ¢=<0.05.

Juniper®® stated that incisor biting is a function of the ILP muscle which is supported by our
LE EMG data where the ILP was hyperactive in TMJ 1D subjects. This hvperaétivitv would result in
higher bite forces. Also, it has been proposed, as a causal factor, that overusing the incisor bite, or
protracted bite, overstimulates the lateral pterygoid muscles causing anterior discal displacement?, TMJ
1D subjects could definitely be biting in a more incisor manner as they tend to protract their jaw to
reduce the disc, therefore training their masticatory muscles and supporting tissues more than nén-TMJ
subjects *. In addition, TMJ ID subjects who exert great forces during parafunction such as grinding
8.2 could also be training and increasing their incisor bite forces.

for both groups, we obtained lower values in incisor clenching conmpared to the molar
clenching. This relationship has been reported and rationalized by other investigators who have
addressed the basic muscle mechanics lre.rg. lever arm), occlusion contact and pressure point

differences as well as neuraophysiological reasons such as proprioceptor distribution®5%,

Opening Isometric Forces
To our knwoledge, force values of jaw opening have never been reported in the dental nor the

orthopaedic literature probably because of technica! difficulty, absence of a clear rationale or because
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it was not a teeth-occlusion issue. Our results show that TMJ 1D subjects exhibited a non-significant
tendency (p=.283) to lower opening maximum isometric bite forces compared to control subjects
{59.0N+61.1 and 68.9N 120.1; respectively). The reasons could be similar to those explaining the
comparison observed during molar clenching lie, muscular weakness due to non-use, tissue tolerance
and pain). it is important to note that during the testing period, the majority of the TMJ 1D subjects felt
resistance while trying to perform the opening MVC. This could explain, in part, the lower values found
in the TMJ 1D group. It is suggested that a mechanical interference of the wires between the coronoid
process and the mandibular condyle could compress soft tissues, and therefore cause a resistance
sensation and discomfort thus inhibiting maximum opening. Significantly lower opening forces were
recorded compared to the two clenching positions for both groups. This is understandable as the
masticatory system is physiologically built to clench and bite and that the opening motion is primarily
and neurophysiologically guided by gravity first, and upon exertion by the digastric and the hyoid
musclas.

Finally, TMJ ID subjects who probably exert greater forces during parafunction and show
hyperactiva EMG signals are not necessarily reinforcing their muscles. Hyperactive muscles are usually
more fétigued and overused rather than stronger. Also, irritation due to parafunction could be a
constant cause of inflammation of the supporting tissues. This could definitely be the case in malar
clenching, though not in incisor clenching since parafunction has not been reported in that position.
Therefore we may be dealing with a true training effect in incisor biting as mentioned previously.

Finally, the neuromuscular strategy for controlling mandibular forces is still intangible.

it is suggested that a NEUROMUSCULAR ADAPTATION might occur in TMJ ID masticatory
muscles (especially the SLP and ILP as they contain 90% of the jaw proprioceptive endings) to control
internal joint instability. Therefore, they are uniquely equipped to permit fine neural proprioception ¢,
This plasticity termed "INTERNAL REARRANGEMENT™ has been formerly reported by Ogus 2*. Muscular

combinations are expected to bé different in TMJ ID to minimize joint reaction forces and to protect
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the tissues from being overloaded in order to continue maintaining vital functions such as breathing,

eating, and communication.

CONCLUSIONS

Our results do not support the hypothesis that the temporalis and the masseter muscles are
hyperactive in TMJ 1D. There was no significant differences in integrated LE EMG activities
between the two groups for all the static tasks.

TMJ ID is a syndrome that definitely affects the lateral pterygoid muscles, directly or indirectly.
The presence of altered muscular activities of the SLP and ILP muscles in TMJ 1D subjects was
present in half of the static tasks performed. In the TMJ group, the iLP muscle was significantly
more active during resisted protraction {p=.046), in incisor clenching [p=.031} and at rest
(p=.29). As for the SLP, it was significantly less active in TMJ ID group during incisor
clenching only {p=.020). Hypoactivity of the SLP has been reported previously “oltis
suggested that the term hyperactivity commonly used to describe the muscles in TMJ ID be
used for the ILP only.

According to our results, the nnrma! role of the ILP muscle needs to be refined as it is very
active during maximum clenching (integrated LE EMG of the control group: molar clenching
176uV £ 94.1 and incisor clenching 97pV +16.5 respectively).

Our results suggest that the normal function of the SLP includes activation uuring protraction
{integrated LE EMG of the control group: 83uV +54.1) praobably to maintain joint congruence'®.
Pathological function of the ILP muscle dominates over the SLP muscle because of its str.ong
dual role. In TMJ ID subjects, the ILP muscle is actively contributing during opening and
protraction as expected. The ILP muscle may become hyperactive in specific positions to help

in stabilizing and positioning the condyle and the disc in ID cases.
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6- TMJ 1D subjects exerted lower isometric forces in molar clenching possibly due to lower tissue
tolerance, pain, muscle weakness and inhibition of the masticatory system (control group:
419.1 47N and TMJ group: 297 +115, p=.042). Incisor bite forces, however, showed a
tendency to be higher in the TMJ ID group (233N over 180.5N, p=.168), possibly resulting

from the training of a protracted bite and/or hyperactivity of the ILP associated with ID.

The present study has attempted to elucidate the sophisticated muscular ceatrol of TMJ 1D
during basic jaw positions. It can be suggested that a larger sample size would help to obtain more
concluding results. More studies are still required to elucidate the interaction between the SLP and ILP
musclas in TMJ disorders. More research will needed to find out if muscular dysfunction is a cause or
a consequence of TMJ ID. Moreover, increased attention should be addressed on the normal and
pathological rale of the lateral pterygoid muscles and how they influence the disc and condyle as well

as clarifying the insertion of the SLP and ILP onto the disc.
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THE LATERAL PTERYGOID AND OTHER MASTICATORY MUSCLES ACTIVITIES
IN TEMPOROMANDIBULAR JOINT INTERNAL DERANGEMENT

DURING DYNAMIC CONDITIONS
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ABSTRACT

Surface and intramuscular electromyography (EMG), electrogoniometry, kinetics and joint sound
recordings were used to compare the role of the superior and inferior lateral pterygoid muscles {SLP
& ILP), the masseter and the temporalis muscles between subjects affected by temporomandibular joint
{TMJ} internal derangement {ID) and control subjects during jaw dynamic motion. To determing if
muscular activity differed between the two groups, the EMG signals were analyzed through four EMG
data treatments used as our dependent variables: i-the integrated linear envelope {LE) EMG normalized
by 100% maximum voluntary contraction (MVC) per open-close-clench phases; 2- the integrated LE
EMG normalized by MVC by primary function; 3- the integrated LE EMG normalized by peak; and 4-
the descriptive analysis of the LE EM% curves. Results showed, that there is no strong reason to
believe that the temporalis and the masseter muscles are involved in a hyperactive manner in TMJ 1D,
Howaver, they exhibited muscular incoordination that could be related to 1D and clicking. Results of
the different EMG treatments showed that the SLP and ILP exhibited uncoordinated and altered
contraction patterns. The ILP became an agonist in clenching along with the SLP possibly to stabilize
the condyle against the eminentia. The normalization by peak which seems the most sensitive and
reliable EMG treatment used, demonstrated that in TMJ 1D, the masseter, the tempt.;nralis and more so
the ILP muscles contracted closer to their peak amplitude. In other words, they needed more muscular
contribution to perform dynamic r.astication compared to control subjects. However, the SLP results
depended on the phase. It showed hypercontraction during the dynamic phases (opening and closing)
and hypocontraction during clénching. The results also demonstrated that the ILP and SLP muscles
roles were complex. During dynamic motion, they act as stabilizers of the joint and discal units. it is
suggested that in TMJ 1D, clicking may be a consequence of muscular incoordination and that a

neuromuscular adaptation is occusring to preserve effective masiicatory function.

KEY WORDS: Electromyography, Lateral Pterygoid Muscles, Masticatory muscles, Temporomandibular

joint disorders, internal derangement,



The Lateral Pterygoid and Other Masticatory Muscles Activity in Temporomandibular

Joint Internal Derangement and Control Subjects during Dynamic Conditions

Presently, cranio-mandibular practice is in a state of confusion, primarily due to a lack of
thaeoretical consensus as to the nature and cause of internal derangement {ID) of the
temporomandibular joint (TMJ). The leading voices have proposed a muscular and active cause as
opposed to a passive and non-muscular one, whether it is primary or secondary to posture,
malocclusion, trauma, stress and parafunction in opposition to a possible passive or non-muscular
origin. The most popular hypotheses are that hyperactivity of the masseter and temporalis " cause or
is a consequence of TMJ disorders. In addition, weaker clenching forces as well as lower lavels of
activity in TMJ compare to control subjects have been reported “®'°, On the other hand, the lateral
pterygoid muscles have been described as being hyperactive, hypoactive or exhibiting altered activity
“‘"._ To add to the puzzlement, anatomical uncertainty regarding the insertion of the SLP muscle onto
the intra-articular disc and/or mandibular condyle makes it difficult to understand how it functions, and
what the EMG recordings actually reﬁ.resent. Undoubtedly, a close relationship between the functions
of the latera!l pterygoid muscles and TMJ ID has been reported. More specifically, the SLP has been
identified as the cause of ID by pulling the disc anteriorly '®'°. Muscle incoordination during mastication -
has also baen reported as causing TMJ 1D clicking. The importance of these two muscles in internal
joint function of the jaw cannot be overestimated as they are attached to the intra-articular disc and/or
the head of the mandibular condyle. The topic of dvnamic muscle activity of the lateral pterygoid
muscle in ID has only been lightly touched but it is of prime necessity to understand and better define

the muscular pathomechanics in TMJ ID.

Various limitations of previous studies have restricted their interprétation such as: unexplicit
" . samples and uncontrolled head and neck posture which may have lead previous authors to believe

erroneously that the masticatory muscles were hyperactive. The relationship between EMG and jaw
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forces has never been explored. In addition, most of the hypotheses regarding the function of the
lateral pterygoid muscle associated with TMJ ID were either based on theoretical reports or on
experimental studies without defining the population. Most of those were simply conducted on normal
subjects, on the masseter and temporalis or finally during static tasks alone. Very few investigations
studied lateral pterygoid muscle EMG activity during dynamic motion. Significant contribution in this
field were done by isberg et &/. '® and Zijun et al.'® by specifically studying the masticatory muscles
in TMJ disorders during dynamic conditions. No noticeable EMG activity was noted in the temporalis
and the masseter during normal opening and closing of the mouth, but in association with discal
displacement, continuous muscle activity was prevoked when the disc was displaced '*. Mareover,
Zijun et a/. '® published that all patients with TMJ anterior disc displacement with reduction
demonstrated different quantitative and qualitative EMG signals. Some recordings of the SLP and ILP
showed inverse, equal, synchronous, hypoactivity and hyperactivity. Howaever, there is still a definite
lack of information concerning the role of the lateral pterygoid muscles in pure arthrogenous ID cases
during dynamic motion of the TMJ.

Therefore, there is a necessity to fill the gap for a further understanding of the TMJ muscle
mechanics in regards to ID. Hence, there is a need to measure and compare masticatory muscle activity
during dynamic and functional jaw motion between TMJ ID and control subjects.

Consequently, the purpose of this study was to analyze the myoelectric activity of four
masticatory muscles with special attention to the ILP and SLP during functional dynamic jaw motion
in subjects with and without TMJ 1D disorders. These muscles were investigated because they are
anatomically and functionally related to TMJ ID and because they are believed to be abnormally
recruited in TMJ ID. Surface EMG of the masseter and the temporalis muscles were also recorded to
compare their activity with the lateral pterygoid muscle and to assess their recruitment pattern and
contribution in order to have a complete dynamic mastilcatc.:ry profile in TMJ ID. 1t was, & priori,
hypothesized that TMJ ID subjects would exhibif altered and irregular muscle activities compare to the

control group. The present investigation also intends to discuss the role of the ILP and SLP as well as
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their relationship to the ID dysfunctional joint providing a clinical and etiologic understanding of their

narmal and patholegical roles.

METHODOLOGY

Subjects

Twenty one volunteer female subjects {11 control and 10 TMJ 1D subjects) aged between 19
and 37 years {mean age and standard deviation 25.1 years +4.2 for control and 27.1 years £5.7 for
TMJ 1D) participated in the study. The selection criteria for 1D were: 1- TMJ pain, tenderness or
discomfort on at least one TMJ, 2- a diagnosis of a TMJ disorder 3- discal clicking with corresponding
specific movement dysfunction or deviation. The concept that ID syndrome of the TMJ can be assumed
from these three criteria is now widely accepted '*'*'%3%22 Twg subjects were excluded from the
experimental sample: in one subject the EMG signal was too noisy to analyze while the slippage of an
intramuscular electrode affected the second subject. Eleven healthy females, aged matched {criteria
modified from Goldstein®®) served as control subjects. Female subjects were chosen as they are the
best representative group reported in epidemiological studies 2.

Prior to the study, two questiannaires were filled out by all subjects in order to avoid medical
complications {particularly those related to the needle insertions} and to record specific conditions that
could account for variations in the results, and lastly, to precisely identify our experimental sample. All
pertinent clinical information from these questionnaires and from the subjactive, objective assessments
of the TMJ are summarized in Table 1 and 2. The TMJ ID group were all diagnosed with unilateral TMJ
ID and movement dysfunctions was present in all cases. This research proposal was reviewed and
approved by the Human Research Ethics Committee of the Faculty of Health Science of the University
of Ottawa. Prior to the one hour testing period, the subjects were asked to read aﬁ information letter

and sign a cansent form.
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Table 1: Clinical information from the pre-test questionnaires and the TMJ musculoskeletal
assessments of the two groups.
.- .

Information I TMJ ID Group Control Group
Subjects with ]
at least 28 teeth I 10 {100%) 11 (100%)
|
Subjects i
missing back teeth 1 3 (30%) 1 {9%)
i
Subjects with ]
bite discomfort I 5 (50%) 0 (0%}
I
Subjects being I
grinders or clenchers || 4 (40%) 1 {9%])
Il
Subjects who had |
major dental work 1 0 {0%) 0 (0%)
[
Subjects who i
had erthodontic or I 6 (60%) 7 (64%)

occlusal treatment i
Subjects with an I
history of head/neck || 5 (50%) 0 (0%)
and/or TMJ therapy ||
Subjects with 1
osteoarthritis or other || 0 {0%) , 0 {0%)
related health problems ||

including medication |}
intake I

*Values indicate number of subjects. Nur-.ers in parentheses are percentages of the group

In order to carry out the objectives of the study, the following measurement techniques were
used simulftaneously to collect data: intramuscular and surface electrode EMG, kinematics using a

fiexible electrogoniometer, kinetics using two custom-made force transducers and sound recordings

with a contact microphone.
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Table 2: Clinica! characteristics and range of motion of the TMJ from the subjective and
objective assessments of the two groups.
M

Information I TMJ 1D Group Control Group
Mean Age | 27.1 years 25.2 years
ID side H 3 left/S right N/A
Duration of 1D H 2-11 years N/A
Opening (deviation>2mm) Il{ 52.8mm {5 left,3 right) 53.4mm
Protraction/Retraction H 4.1/3.5mm 4.0/3.9mm
Left/Right Translation E 9.6/8.7mm 8.6/9.8mm

2

N/A: non-applicable

Electromyography

Two sterilized bipolar fine-wire electrodes were inserted into the SLP and ILP on the affected
~ side in the experimental sample and on the left side or the most used one for the control group. The
elactrodes were made according to Giroux & Lamontagne ?®. The selection of an insertion tgchnique
was guided by an extaensive theoretical and practical review of numerous investigators !"1%2%2¢, The
needles and wires were sterilized in a TIME 250 AUTOCLAVE. They were inserted with the aid of a
26 gauge hypodarmic needle into each muscle via an extraoral approach through the sigmoid notch.
No post-insertion sequelae or technical difficulties were encountered. A physiatrist specialized in EMG
implantation performed the insertions with the subje.ct in a comfortable supine position with slight head
rotation. A topical cutaneous analgesic cream (EMLA, Euctetic Mixture of Local Anesthetic, Astra
Pharma Inc., Toronto, Canada) was used with success to decrease or eliminate the insertion pdin. The
analgesia efficiency depended on the area of and time since appication. Bipolar surface EMG

electrodes, pairs of silver-silver chloride {(MEDI-TRACE, Graphic Controls, Ganaboque Canada), were
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placed 1 cm apart along the muscular fibres of the masseter and the temporalis. One surface electrode
was fixed to the ipsilateral collar bone as the ground reference electrode.

The raw EMG signals of each muscle were amplified through a differential bioamplifier {High
performance AC preamplifier GRASS P511, input impedance of 20 MQ differential) with adjustable high
gain ranging from 2000 to 10,000 and filtered with a 0.03-3kHz bandpass filter, low noise commen

mode rejection) and were recorded at a frequency of 1000 Hz.

Kinematics

A digital-based system using a flexible electrogoniometer {Penny & Giles, BIOMETRICS,
Toronto, Canada) was used to record jaw angular displacement in the sagittal and frontal planes during
dynamic jaw opening and closing. The electrogoniometer consisted of a central strain gauge encaséd
in a flexible steel strip surrounded by a spring with two end plates for attachment to the skin. This
device allowed the simultaneous and independent measurement of joint rotation in the sagittal and
frontal planes providing two analogue output signals. The two end plates were fixed to the fronto-
temporalis and mandibular surfaces by double sided tape. The calibration was within the Biomatric{:
system {1 voit= 80°; positive reading correspond to the closing period and negative reading to thqffl.

\

opening period). A 100 Hz sampling frequency was selected for the angular displacement tecnrdings.‘”

Kinetics

The force signal of the three MVC's in opening, molar and incisor clenching were registered
with two custom-made, calibrated force transducers. The bite force transducer was linear
{r=0.990081) and the regression equation was y="56.664x - 0.687. Whereas the opening jaw forcﬁ
device showed also linear response (r=0.999} with a regression equation described as y=627.714x |
+ 0. transducers respectively. The closing bite force transducer consisted of two steel beams mounted
together (4.8mm inter-space) with a met_hod similar to that described by Dechow & Carlson ®'. The

openihg jaw force device consisted of an eight cm wide and cne cm thick steel plate with a chin
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shaped plastic sitter at one end and solidly fixed with two large clamps to a horizontal beam at the
other end. A full wheatstone bridge configuration strain gauge system (high resistance 350 Q
elements) was bonded to the two surfaces of the opening beam and the two closing steel plates. In
the present investigation, the force data are not presented, the EMG signals registered while performing

the MVC were used to normalized our data.

Sound recordings

Jaw clicking was detected by a sensitive contact microphone fixed directly onto the skin at the
TMJ joint line and secured with tape. Correct placement was defined by the investigators after
palpation and reproducibility of the sound. The microphone was connected to an adjustable signal
amplifier which fed into our analogue to digital (A/D) conversion interface.

Mandibular displacement, EMG and clicking signals were collected simultaneously using a
specialized data acquisition system {BIOAD *) to allow synchronisation of the input recordings and for
better data analysis. Figure 1 depicts a schematic diagram of the testing set-up and apparatus used and

the data acquisition system.

Procedures

Two dynamic tasks were performed by both groups of subjects: 1) maximum {slow and full)
open-close-clench cycle and 2) functional gum chewing. The two tasks were executed to assess the
dynamic muscular coordination of the SLP and ILP, the muscular activity of the masseter and
temporalis and the interaction of all muscles during clicking. Gum chewing relates to normal mastication
which is the mast important function of the masticatory system.

Subjects were asked to chew normally but were encouraged to produce a discal interference
sound. Figure 2 depicts the experimental set-up showing a subject performing the dynamic gum
chewing; These cycles were registered three times during five seconds periods in order to collect at

least thres full cycles each time.
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Figure 1. Schematic diagram of the experimental apparatus and the data acquisition system.
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Electrogoniometer:

temporalis end-plate

Microphone

Masseter Electrogoniometer:
surface mandible end-plate
elactrodes
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Figure 2. Experimental set-up showing a subject performing the dynamic gum chewing.
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Three trials of the three MVCs were performed by all subjects: in opening and in molar and
incisor clenching. The MVC during jaw opening was performed by asking the subjects to open
forcefully onto an instrumented steel plate used as the resistive device to appraise the depression force.
A head stabilisation was used to limit any maxillary or head cephalad motion and to isolate mandibular
motion. The two MVCs during jaw closing {molar and incisor) were measured by biting onto a custom-
made steel fork force transducer covered with a cushioned material. The MVC were used to normalized
our dynamic EMG signals to allow better intersubjec’ comparison.

The resting EMG activities of the four muscles (SLP, ILP, masseter, temporalis) were also
recorded to be subtracted from the dynamic signals. For the three MVC and the rest condition EMG
raw signals, a constant one second window, averaged over three trials and time normalized, was used
for data analysis. Once inserted, the wires were insulated with adhesive tape, surface electrodes were
applied and EMG signals were tested and calibrated. The subject was then seated in a custom-made
straight chair, the EMG amplifier output of the four muscles along with the electrogoniometer and force
transducer were connected to the data acquisition system which was controlled by a micro computer
{Compaq 386, 16MHz). Before data collection, verification of the insertion of the ILP and SLP was done
according to Gross and Lipke 2* and McNamara *'. This testing was most applicable in the normal
subjects as we had to rely on the inserter’s experience of the electrode placement as well as by EMG
signal interpretation for the TMJ ID subject group. All signals were analyzed on a microcomputer
{Compaq 386, 16MHz) through a custom-made biomechanics software package (BIOPROC *) which

is fully compatible with the data acquisition system used.

Data Reduction and Statistical Design
Theoretically, the presence of myoelectric signals indicates if a muscle is active or not and how
active it is in comparison with a reference value such as at the MVC or at its peak value for a given

task. In this investigation, the EMG signals of the open-close-clench and gum chewing cycles werg

computed into four EMG data treatments.
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The raw EMG was filtered with a high-pass filter (Butherworth, dual passes) at 10Hz. The bias
wa> removed by mean using the BIOPROC software *°, then scaled by a factor obtained from the
different Grass amplification gain for each muscle. The hest cycles were selected for processing by
viewing the full scaled signal {5 seconds). For the three MVCs tasks, the same processing techniques
ware undertaken but the window used for processing was selected from the maximum force signal
registered. The EMG signals were full wave rectified and filtered with a fourth order, dual passes,
critically dampened low-pass filter {cutoff frequency =6Hz), producing a LE EMG curve. The area under
this curve was computed to obtain the integrated LE EMG. The average integrated value of the rest
condition was subtracted to obtain the net integrated LE EMG provided by the specific movement.
From these EMG signals and data, four different dependant variables were computed during the

dynamic motions to compare differances between the two samples.

LE EMG normalized by 100% MVC and hase. Each open-close-clench cycle
was divided in three phases: open, close and clench. The three phases were defined from the
electrogoniometer signal. Each phase was normalized by time in percentage. For each phase, the
integrated LE EMG for each muscle was computed and tﬁén normalized by the integrated LE EMG of
the specific MVC (100%). The open phases were normalized by the MVC cbtained in opening. The
close and clench phases were normalized in percentage of MVC obtained in molar clench. For the
mandibular muscles, the normalization technique using maximal isometric contraction was previously
accepted and used by Jankelson and Isberg et al. *%2.

LE EMG normaliz 100% MV rimary functions. The three best trials of
the gum chewing cycle were first normalized by time in percentage, then averaged. The integrated LE
EMG wers computed for each muscle and each subject. The net integrated LE EMG of the masseter
muscle was normalized by the MVC EMG signal obtained from incisor clenching. For the temporalis and
SLP muscle, the net integrated LE éMG were normalized by the MVC EMG signal obtained from molar

clenching. And for the ILP muscle, the normalization was done by the MVC EMG signal cbtained from
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resisted opening.

3- Integrated LE EMG ngrmalized by pesk. The three best trials of the gum chewing cycle ‘vere

first normalized by time in percentage, then averaged. The LE EMG for each muscle was computed and
then normalized by peak amplitude of the chewing cycle. This normalization technique differed from
the first ones as we are normalizing a dynamic cycle by a dynamic value obtained from the peak value
of the cycle.

For ‘hose three families of dependent variables (all expressed in % of the MVC), ensemble
averages were computed by subjects of the two groups for the four muscles. To compare means of
the two samples, general linear model ANOVA (simple or one-way) were computed with NCSS
software package for statistical analysis using a significant level of ¢=0.05 and two tailed testing. The
independent variables is ID or TMJ health. The simple or one way ANOVA comparing the two groups
means for each muscle in each condition separately seemed to be the best way to draw the information
we were looking for without fading the contrasts and loosing some meaningful characteristics. it was
well understood that some conditions and some muscles do interact but sometimes in opposite
directions, therefore cancelling the effect of interest if grouped together in a two-way ANOVA. The
factors are considered independent and should not be melted together. The only effect of interest being
studied were the muscular activities.

Knowing that in the practical application of EMG, the pattern of the ensemble LE EMG is often
a more important consideration that its amplitude, descriptive and qualitative analysis were also done.

4- Dgggrfg;ivg'gnglzgig of the gum chewing cycles were completed to withdraw qualitative
characteristics of the EMG signals of the four muscles between the two samples. The whole gum
chewing raw signal was normalized by time in percentage. The LE 'MG for each muscle were
computed and normalized by peak amplitude. Descriptive analfsis of simple subjects and group average
are presented. Surely, these descriptive features are very adequate and pertinent for dynamic tasks

analysis and are expressed in similarities and dissimilarities between groups and muscles.
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RESULTS AND DISCUSSION

The result and discussion section exposes the findings by EMG data treatments and muscles.
Statistical analyses were used to analyze EMG responses with different treatments for both groups
{control and TMJ ID) during different dynamic motion of the mandible: open-close-clench and gum

chewing cycles.

1-Integr LE EMG normalized by 100% MVC and by phase
Masseter

The normalized integrated results for the three phases are shown in Figure 3 for‘tha TMJ ID
and the control group respectively: 40.6% +31.7 and 30.7% = 15.7 for opening, 36.6% +42.4 and
31.7% + 24.7 for closing and 186.1% £121 and 145.0% + 63.7 for clenching.

In the three phases, there was no significant difference (p=.498 for apening, p=.809 for
closing and p =.466 for ¢clenching phases) between the two gi'oups in percentage of masseter muscle
activity used (Figure 3). Therefore, both groups are using their masseter at a similar percentage of their
respectivé MVC during the dynamic open-close-clench phases. Our results do not support the so-called
masseter hyperactivity present in TMJ disorders 249,

High values of standard deviation possibly refers to an increase intersubject variability reported
in EMG normalization by 100% MVC *. This could account for the non-significant differences. In cases
of haterogeneity of variance, a more conservative p value provided by the NCSS software was used
for our statistical analysis. This also applies to other treatments ‘and muscles.

in both the opening and closing phases, the masseter used 30 to 40% of the MVC for both
groups lngure 3} likely to be the resting tonus and/or an eccentric faw support or control. In the
clenching phase, values of 186% and 145% were measured in the TMJ ID and control subjects
respectively. These percentages over 100% can be explained by two factors: 1- a much greater fc:ce

can be applied in full intercuspation {open-close-clench task) withobt the presence of tha transducer
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Figure 3. Integrated LE EMG of the masseter muscle normalized by 100% MVC for each phase of
the OCC cycle of both groups. The open phase was normalized by the MVC in opening, the close
and clench phase were normalized by the MVC in molar clench.

{12mm) between the teeth (MVC task), which prevents complete closure and lowers the lever arm
fibres efficiency; 2- dynamic maximum contraction produces more EMG activity than the static MVC
task that can be obtained by a greater fibre recruitmer:t in dynamic situations *. The same explanations

remains for the other muscles.

Temporalis
Figure 4 shows that during the open phase the TMJ ID group is using 64.3% +37.3 of their
MVC compared to 118.2% +51.1 for the contro! group that represents a sigrificant difference

{p=.018). It is suggested that the temporalis muscle is more active and efficient in control comparad
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i
S % “;-.fi\

Figure 4. Integrated LE EMG of the temporalis muscle normalized by 100% MVC for each phase of
the OCC cycle of both groups. The open phase was normalized by the MVC in opening and the close
and clench phase were normalized by the MVC in molar clench.

*: significant difference 0=0.05

to TMJ ID subjects. There was no significant differences {p=.849) between the groups during closing
(TMJ ID: 29.6% +17.7 and control: 27.3% +23.6) and no significant difference {p=.929) during
clenching {TMJ ID: 145.4% x 134.6 and control: 139.9% + 86.8). Consequently, our findings do not
support the concept of higher postural temporalis activity in TMJ disorders “24%, However, it is
suggested that the masseter and terﬁporalis muscles normally exert an eccentric control on the

mandible during closing ** using around 30% of their MVC.
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Superior Lateral Pterygoid

No significant difference was detected for the opening phase {p=.690) and closing {(p=.913)
phases {Figure 5). But, during the clenching phase, the SLP EMG contribution is significantly lower
{p=.029} in the TMJ ID group (TMJ ID: 108.9% +41.5 over control: 158.8% + 553.9). It is understood
that in TMJ ID cases the SLP is not fun~tionning efficiently or has a tendency to loose its stabilizing
function during clenching. Interestingly, it was proposed that the SLP muscle would be less active in

ID because a contracture would occur decreasing its ability to contract ‘38,
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Figure 5. Integrated LE EMG of the SLP muscle normalized by 100% MVC for each phase of the
OCC cycle of both groups. The open phase was normalized by the MVC in opening, the close and
clench phases were normalized by the MVC in molar clench.

*. significant difference a<0.05
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Inferior Lateral Pterygoid

Figure 6 shows the integrated LE EMG of the ILP muscle during the open, close and clench
phases. The TMJ ID subjects used significantly more muscular activity in the cpen (p= .050) and close
{p =.045} phases compared 1o the control group. In ID cases, the ILP seems to be "overworking”
probably to increase joint and discal stability during movement. The fact that patients suffering from
craniomandibular disorders use greater relative masticatory forces than normal subjects during chewing
activities have been reported previously "% This may be attributed to a lack of strength in
dysfunctional muscles of mastication, lower efficiency of their masticatory system and/or lower MvC

forces due to pain and inhibition. It has been mentioned that the ILP muscle plays an important role in

180
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Figure 6: Integrated LE EMG of the ILP muscle normalized by 100% MVC for each phase of the OCC
cycle of both groups. The opening phase was normalized by the MVC in opening, the close and
clench phases were normalized by the MVC in molar clench.

*: significant difference ¢<0.05



TM.) Dynamic Analysis 64

stabilizing the condylar head and disc against the eminentia during closing movement and is the most

frequently involved in TMJ dysfunction ?’, This correlates with our findings.

2- Integrated LE EMG normalized by 100% MVC per primary functicn

The results of the muscular activity of each muscie during gum chewing normalized by the MVC
of their primary action are shown in Figure 7. These muscular contribution data give information
regarding the extent (% of MVC) each muscle contributes to functional mastication comparing TMJ

1D and control subjects. Results for TMJ 1D and control subjects are as follow: masseter normalized

- § \\ § §
e . N\l

Figure 7. Integrated LE EMG of a gum chewing cycle normalized by 100% MVC per primary
function. The masseter was normalized by the incisor clenck MVC, the temporalis and SLP by the
molar ¢lench MVC and the ILP by the opening MVC.
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by incisor clench 72.3% +£25.3 and 54.7% +26.1, temporalis by molar clench 64.2% +33.7 and
40.6% +16.5, SLP by molar clench 105.4%35.8 and 84.6%=46.6 and ILP by opening
122.0% +85.7 and 73.0% +37.3 respectively.The four simple ANOVA revealed non-significant
differences between the two groups for the four muscles (masseter, p=.206; temporalis, p=.116;
SLP, p=.386;, ILP, p=.322). Yet, there is a small but consistent tendency for the four rmuscles in the
TMJ ID sample to use more muscular activity {or to contract closer to their MVC) compared to the
coitvol group. This trend was expected if in fact dysfunctional muscles are weaker, hyperactive and
fatigue and need more muscular contribution to chew effectively. In other words, normal muscles
which are generally stronger, need less muscle activity to perform mastication. To our knowledge, there
are no comparabie published data with respect to these specific muscles and samples.

Normalization is usually done to facilitate comparison between subjects {and groups} and to
decrease inter-subject variability. But as stated by Yang and Winter 33 normalization by 100% MVC
actually increases the intersubject variability due to fatiguability, co-contraction, non-linearity of EMG-
force relationship and the problem of performing a tr.: 4 maximum. Moreover, the normalization by
100% MVC do not reflect EMG amplitude of dynamic move‘srment. All of which limits the interpretation
of the results. Therefore, normalization by peak was conducted as it reduces the intersubject variability.
it has been demonstrated that the EMG normalized by peak is more sensitive and mwore reliable to

" compare EMG signals *.

3-lntegr LE EMG normalize k

The integrated LE EMG normalized by peak for each muscle (of both groups) are shown in
Figura 8. Simple ANOVA showed significant differences between the two groups for the masseter
{p =.002), the temporalis {p=.031) and the ILP {p=.046) muscles. The TMJ 1D group are contracting
closer to their peak amplitude (in percentage) during chewinfj compared to the contral group. Similar
findings were reported praviousty sugg'esting that patients suffering from cranfomandibular disorders

use greater relative masticatory forces than normal subjects during chewing activitigs %19.11:26.36.38,
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Figure 8. Integrated LE EMG normalized by peak of a gum chewing cycle for the four muscles of
both groups.

*: significant difference ¢<0.05%

These results can also be explained by the fact that TMJ ID subjects have dysfunctional masticatory
muscles that are weaker, have 'a poor or inadequate endurance, a tendency to be fatigued, a low
contraction efficiency, and therefore require more contraction to perform mastication. For muscles
comparison, the SLP values are greater than the mésseter. temporalis and ILP ones which might
reinforce the importance of the SLP function during dynamic chewing, as a controller of the discljoint
unit.

With normalization, the comparison of EMG amplitude measures remains difficult. The shape

of the ensembie LE EMG is also an important consideration with its amplitude.
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4-Descriptive an litative Resul

Figures 9 and 10 show the mear: LE EMG signal (normalized by peak and by time in percentage)
of each muscle during gum chewing for the two groups.

In_the control group (Figure 9), the masseter and temporalis muscles are active in closing but
mainly in the clenching phase, as expected. These findings are in agreement with previous ones 2, The
closing motion probably requires minimal activity of those two muscles %% or could be guided by the
alastic return of the soft tissues stretched during opening.

The SLP’s primary functions are to elevate or close the mandible, to clench and to chew 2293,
One other function is to stabilize the disc/condyle complex especially during closing while the disc
pulled by the posterior discal tissues is returning with the condyle under the eminentia ™', 1t has also
been described as being only active in forceful strokes; otherwise it is at a resting tonus 2, Thaefore,

it was expected that to be activated more in closing and clenching and less in opening. This hypothesis

LE EMG for the Control Group

100
80 | masseter
Ll ceeee veee tempora]]s
~ B80p ——— SLP
& wmnmwe  LP
o 70 +
@ 6ol A
| open close c;énélx
b | 50 | 3 *
g .
I 40r
g |
5 30
z -
2 -
3 \ \
10 . P //
| SAALALLLE bbb bbb Lhl L] kil "|"":""|'°. 1 1 " 1 A 1 2 1 2 ]

0 10 20 30 40 50 60 70 80 90 100
Time (100%)

Figure 9. Ensemble mean LE EMG normalized by peak for each muscle during a full gum chewing
cycle for the control group.
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was not perfectly confirmed. From the LE EMG curve of the control subjects, the SLP was strongly
active in clenching but was also moderately active at the end of opening and at the beginning of
closing. Thus it is probably contracting to control the disc near complete opening, when the disc is
more vulnerable to displacement. Therefore, it is suggested that the norma! function of the SLP in
dynamic motion is to control the disc and condyle to provide good intra-articular mechanics.

Again in the control group, the ILP was active during opening, as expected, but also during
clenching. In both groups, the mean LE EMG curve of the ILP showed high activity during clenching.
Juniper's *° registered EMG activity of the ILP muscle during opening and SLP EMG activity during
closing in control subjects. This was not confirmed with this study. Lehr and Qwens *' reported
separate roles of the two lateral pterygoid muscles. This was not confirmed either. In some control
subjects during clenching both lateral pterygoid heads are active (Figure 9). Itis suggested that the iLP
is acting as a synergist during clenching. The ILP muscle would contribute to a vertical force vector to
stabilize the condyle under the eminentia, as previously mentionned “?. This activation of the SLP and
ILP during clenching is a good example of cacontraction to achieve an end result. This concept of co-
contraction has also been reported by Gibbs et a/. '? in order to gain stability, fine motor control,
smooth coordinated movement and protective splinting. These findings support Zijun '® conclusion who
stated that SLP and ILP dysfunction exist in normal subjects as and early stage of muscular dysfunction

leading to ID.

In the TMJ 1D group {Figure 10), the masseter muscle was more active compare to its peak
value ir; the three phases compared to the controls. But, the temporalis activity difference was mainly
during clenching. The SLP muscle seemed to contract all through the cycle at a relatively high peak %
level probably to maintain control of the disc throughout joint motion and clenching. This is
understandable as the SLP muscle is considered as a postural muscle, built for stability and control of
the disc and joint 2. The ILP muscle was active during opening and closing and very active through
clenching. It is advocated that in ID cases where disc\condyle incoordination exist, the ;.':ocontraction
function of the ILP muscle mentioned earlier is increaéed in all phases to further stabilize the deranged
joint system.

The TMJ ID LE EMG curve showed an overall increase in percentage of peak used by all

muscles. Moreover, each of them is contracting earlier {40% of the cycle) compared to the control



TMJ Dynamic Analysis 69

LE EMG for the TMJ ID Group
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Figure 10. Ensemble mean LE EMG normalized by peak for each muscle during a full gum chewing
cycle for the TMJ 1D group.

subjects {70% of the cycle). This could be because more stabilization is needed in ID and the
masticatory system compensates by contracting earlier and at a higher level,

As presented in Figure 9 and 10, the mean LE EMG for the gum cycles of different
haterogenous cycles smoothen specific characteristics of our TMJ ID sample. Therefore, a qualitative
analysis of each subjects open-close-clench and gum chewing cycles was found more appropriate to

withdraw interesting features of our dysfunctional muscles. EMG noise was more present in the
experimental group, espacially in the SLP muscle, and less in the ILP muscle. The contraction pattern
o the SLP was quite variable: it could be silent in closing yet contract in opening; it contracted strongly
in clenching; it was occasionally active in clenchiﬁg for a longer period of time than the other muscles
and it even had completely silent periods during closing and clenching. All these obsarvations_were
definite signs ofl muscular deficiency, and incoordination of the SLP in TMJ ID. For the ILP, the LE EMG

curves of the different TMJ 1D subjects did not. show clear opening EMG signals on all cases.
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Clicking and Kinematics

It is well recognized that the first or opening click is considered to be due to disc reduction and
the second or closing click reflects the occurrence of re-subluxation. In ather words, betwean the first
and the second click, the disc/condyle relationship is considered normal, but after the closing sound
and before the jaw clicks on reopening, the disc is anteriorly displaced ', In all individuals of the TMJ
1D group, the clicking sounds were recorded and synchronized with our electrogoniometer and EMG
signal. Only one subject had multiple crepitus underlying a discogenic click. The opening or subluxation
click was usually present around the mid-opening.

The closing click was sometimes so soft that in a minority of cases it could not be recorded
even at maximum amplification, but the opening click was always registered. Final opening sounds
have been associated with ILP hyperactivity ®**, The closing click position was interpreted by
observing obvious lateral deviation of the angular displacement in the frontal plane of the mandible.
This closing click was usually heard from the middle closing phase to the beginning of the clenching
one.

It is proposed that these middle range clicks may be associated with muscular incoordination
as suggested previously '"'%3743, Some of these explanations are as follow: a faulty reciprocal
activation of the SLP and ILP implying that some muscle are being abused or overused at the expenss
of the rast of the system, incoordinate activity of the SLP and ILP muscles so that the condyle cannot
remain in its normal relationship with the disc and desynchronisation of the masticatory muscles craate
joint sounds. From the LE EMG curves of the TMJ ID cases, ILP and temporalis muscles had a tendency
to start contracting as the disc re-displaced over the condyle after the closing click. This come in
agreement with Isberg et a/ '* who found similar correlation between the activity of the temporalis and
masseter muscles during the p~sicd whera the disc is displaced and while the dis¢ reduces ovar the
condyle.

in the EMG signal of the ILP muscle more than the SLP muscle, there is movement artefact
during both discal clicks. Simultanequs registration of mandibular displacement and joint sounds
showed a clear frontal {tateral} mandibular displacemant of fe;;v degrees as the joint was clicking. This

relates well with the medial component of anterior disptacement of the disc.
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Overall, a change in the normal function of the SLP and ILP would affect the maintenance of
the joint surfaces of the disc, condyle and eminentia in dynamic motion. Or ID would demand variation
in muscle contraction patterns in order to satisfy mandibular vital functions 42 More precisely, the
results of the present study show that the ILP muscle seems to compensate for an uncoordinated inner-
joint mechanics. This cooperagion and cocontraction of antagonist muscle is typical in jaw movement
to gain stability and fine motor control '2. On the other hand, it is impossible to state if these altered

muscular activities cause, maintain or result from ID.

In summary, Table 3 represents the statistical and descriptive results between the two groups
for all muscles and all EMG treatments.
Table 3. Statistical and descriptive results summary between tha two groups for the four EMG

treatments of the four muscles during dynamic tasks.
S

TMJ ID [l
vs i Masseter Temporalis SLP ILP
CONTROL I
Normalization || open = X = tt
by MVC I close = = = tt
by phase I ctench = = i =
I
Normalization ||
by MVC = = = =
by function 1
i
Normalization || ot tt t tt
by peak I
Descriptive Il open t = t t
Analysis Il ctose t = t t
|| clench t t t t

= no significant difference 0<0.05
t ¢t or {{: significant difference

t or { : tendency.

There is no strong reason to belisve that the temporalis and the masseter muscles are involved

in a hyperactive manner in TMJ ID. However, the fact that the masseter and temporalis exhibit
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muscular incoordination related to reciprocal clicking has been considered. It is suggested that the term
hyperactivity be changed to altered function to qualify the muscular activity in 1D.

The results of the different EMG treatments of the dynamic conditions showed that the SLP
and ILP muscles exhibited uncoordinated and altered contraction patterns as reported previously
4131818 1n gontral and TMJ subjects, the ILP muscle is very active in clenching {along with the SLP)
possibly to stabilize the condyle against the eminentia. This cocontraction function is increased in TMJ
ID to further stabilize the deranged joint system.

The normalization by peak, which seems the most sensitive and reliable EMG treatment used
3, demonstrated that in TMJ ID, the masseter, the temporalis and more so the ILP muscles contract
closer to their peak amplitude. In other words, they need more muscular contribution to perform
dynamic mastication compared to control subjects. However, the SLP integrated LE EMG findings
fluctuated among phases and demonstrated hypercontraction in the dynamic phases {opening and
closing) and hypocontraction during clenching.

In conclusion, it is suggested that the ID pathology should be reconsidered as primarily a
muscular disorder. Clinically, there is always an abnormality of one or more jaw muscles and\or joint
involvement. The presence of a neuromuscular imbalance and functional incoordination of the
masticatory muscles may be associated with TMJ clicking and TMJ ID. A neuromuscular adaptation
could affect the SLP and ILP muscles to maintain basic jaw function. This concept of "internal
rearrangement” was well explained by Ogus ** and is supported by Yemm ? and Owens ™. It nay be
that joint involvement is secondary to functional muscular adaptations particularly of the latera)
pterygoid muscles ?. For the clinician, successful treatment would likely involve neuromuscular
reeducation and promotion of muscular healing by means su&h as: muscles stimulation, specific
coordination and stability exercises, stretching, biofeedback, relaxation, deep heat and electrotherapy.
This would also explain why the Rocabado 2 regimen of exercises is so successful in controlling joint

clicking, stabilizing the derangement and reducing TMJ muscular and joint pains.
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CONCLUSIONS

Masticatory Muscles Activities in Temporomandibular Joint Internal Derangement

This general conclusion presents the scientific contribution of the two presented papers. For
clarity, the conclusions are presented in the same format as presented in both papers. The last section,
a general discussion, briefly presents our suggestion on ID pathology derived from our resuits.
Masseter and Temporalis Musc!és

The findings of the static EMG and the dynamic EMG analysis as weli as the isometric force
analysis of subjects with and without TMJ 1D cannot support the hypothesis that the masseter and
temporalis muscles are hyperactive in TMJ 1D, as reported by many investigators {Moyers, 1950;
Gervais et al., 1989; Glaros et al., 1989; Dahlstrom, 1990}). There was no significant difference in
integrated LE EMG activities between the two groups for all the five static tasks. One potential cause
for this finding may be due to carefully chosen subjects as arthragenous cases {not myogenous). In the
dynamic task analysis, the integrated LE EMG normalized by peak demonstrated thai in TMJ 1D
subjacts, the mlasseter (TMJ ID 44.8% and control 33.1%, p=.002) and the temporalis {TMJ 1D
38.4% and control 29.4%, p=.031) muscles contracted significantly closer to tneir peak amplitude.l
Hence, thay nezéd more muscla contribution to perform gum mastication compare to controls. The fact
that the masseter and temporalis muscles exhibit muscular incoordination in 1D is considerad.

The inferior lateral pterygoid and superior lateral pterygoid muscles

“The results of this study for both analysis demonstrated the complexity of the lateral pterygoid
muscles during static and dynamic conditions as primary muscles of inﬁer TMJ mechanics.

The author strongly believes that normal function of the ILP and SLP muscles should be

redefined. The ILP muscle is known to be active in opening and silent in closing and clenching
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- {McNamara, 1973; Wood et al., 1886). Moreover, the ILP muscle was found to be active in the second
half of the clenching phasa (Wood et a/., 1986). According to our results the ILP muscle is very active
during the maximum clenching task (integrated LE EMG of the control group: molar clenching
176.0pV +94.1 and incisor clenching 97.0u4V +£16.5) and dynamic clenching (175.5% of MVC).
Consequently, clenching demands co-contractior of the ILP and the SLP muscles.

Qur results also suggest that the normal rofe of the SLP includes activation in protraction as
well as in closing. It was noted that the SLP muscle is mostly activated in the final part of closing.
During protraction, the SLP muscle slightly contracts {control group: 83.04V + 54.1). Possibly to control
the disc rotating Lack on the condyle to maintain joint congruence {Wilkinson, 1988). Overall, in control
subjects, the SLP muscle appears to be more active during dynamic motions {opening and closing} than
static conditions, reinforcing its disc-controller role.

Therefore, our findings cannot fully support separate roles of the two lateral pterygoid muscles,
especially during dynamic function as advocated previously (McNamara, 1973; Gibbs et al. 1984;
Juniper, 1984). Instead, a cocontraction between the SLP and ILP muscles in normal cases was
..demonstrated during clenching and protraction. As mentioned by Gibbs et &/, {1983), this is necessary
in basing jaw position and in clenching to gain stability and fine motor control. ‘

The presence of altered and uncoordinated muscular activity of the SLP and ILP muscls in TMJ
ID was present in half of the static task and all the dynamic ones. This has been reported previously
(Gervais et /., 1989; Isberg et &/, 1985;Zijun et al., 1989; Juniper, 1984). The results of the static
integrated LE EMG analysis demonstrated that the ILP was actively contributing in all the movements
whather it was performing its normal actions of opening and protraction, or when performing closing
and clenching. In the TMJ group, the ILP muscle was significantly more active during resistedl
;irotraction p =.046), incisor clenching {(p=.031) and atrest (p=.029) . fherefore, it lost its functional
specificity, during clenching as it was acting in synergy with t.he SLP instead of reciprocal. In TMJ 1D,

the two lateral pterygoid muscles had become dependent. Similar interpretations have been reported
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earlier (Isberg et al., 1895; Juniper, 1987; Gibbs et &/., 1989; Zijun, 1888). In control and TMJ
subjects, tne ILP muscle is very active in clenching possibly to stabilize the condyle against the
eminentia. The cocontraction function, mentionned in the control subjects, is increased in TMJ ID to
further stabilize the deranged joint system. The ILP may become hyperactive in specific positions to
help in stabilizing and positioning the condyle and the disc in TMJ ID cases.

As for the SLP muscle, it was significantly less active in the TMJ [D group during incisor
clenching only {p=.020). Hypofunction of the SLP muscle has been reported previously {Carpentier,
1988). The SLP muscla appeared to lose efficiency in controlling and stabilizing the disc in ID.

In the dynamic analysis, the normalization by peak seems the most sensitive and reliable EMG
treatment used {Yang & Winter, 1984). It demonstrated that in TMJ ID, the masseter, the temporalis
and ﬁ\ore so the ILP muscles contract closer to their peak amplitude. In other words, they need more
muscular contribution to perform dynamic masticatioh compared to control subjects possibly because
of a lack of strength and joint stability {Sheikholeslam et al., 1982; Dahlstrom, 1989; Jankelson,
1990). However, the findings form the SLP muscles varied per phase and demonstrated

hypercontraction in the dynamic phases (opening and closing) and hypocontraction during ¢lenching.

Isometric Forces

Compared to the control group, the TMJ ID subjects exerted significantly (p=.042} lower molar
bite forces (419N + 47 and 297N+ 115). This could be secondary to lower muscle stiength or atrophy,
lower tissue tolerance and higher pain reported in TMJ disorders. However, incisor bite forces showed
a tendency to be higher in the TMJ ID group (233.0N+82.7 and 1 80.01 % €60.4, p=.168). The causes

may inciude the training of a protracted bite and/or hyperactivity of the ILP associated with ID.

Intarnal Derangement

In summary, TMJ ID is a syndrome that definitely involves the lateral pterygoid muscles,
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directly or indirectly. The presence of muscular imbalancefincoordination or altered activity of the SLP
and ILP muscle in TMJ ID is undeniable, whatever the causal factors. Muscular combinations were
expected to be different in TMJ ID to minimize joini reaction forces and to protect the tissues and
continue to maintain vital functions. It is suggested that the term hyperfunction be changed to altered-
function to qualify the muscular activity in 1D. However, it remains unclear whether these altered
muscular activities cause, maintain or result from D,

The author proposes that the existence of a muscular imbalance and a functional incoordination
of the masticatory system in 1D. Moreover, adaptation of the rasticatory muscles {especially the SLF
and ILP) would happen in order to control the loss of internal joint stability. This is similar to ths
*internal rearrangement” suggested by Ogus (1987).

It is also proposed that TMJ clicking is associated to SLP and ILP muscles incoordination as
suggested previously {Zijun, 1989). Consequently, the concepts of arthrogenous and myogenous TMJ
disorders are closely related.

_Finally. it is suggested that the 1D patholoqy should be reconsidered as primarily a muscular
disorder. Clinically, there is always an abnormality of one or more jaw muscles in TMJ disorders. It may
be that joint involvement is due to functional muscular adaptations particularly of the lateral pterygoid
muscles. For the clinician, successful treatment would likely involve neuromuscular reeducation and
promotion of muscular healing by means such as: muscles stimulation, spesific coordination and
stability exercises, stretching, biofeedback, relaxation, deep heat, electrotherapy. This would also
explain why the Rocabado {1989) regimen of exercises is so successful in controlling joint clicking,
stabilizing the derangement and reducing TMJ muscular and joint pains.

Future studies are still required to better understand the interaction between the disc reduction
and the muscular activity in ID and to better understand the mﬁscular dysfunction ff it a cause or a
conseqﬁence of TMJ ID. Moreover, special attention should be dedicated on the lateral pterygoid

muscles to understand their role in normal and pathological jaw motion.
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CHAPTER |

INTRODUCTION
Overview

Historically, the first attempt to document a temporo-mandibular jeint {TMJ) pathology was
done in the 1930's by Costen: the spirit of TMJ syndrome arose. Today, craniomandibular practice is
in a state of confusion primarily because there is no consensus as to the nature and cause of TMJ
dysfunction. Unfortunately it places clinicians in a difficult position since they mus: face the problems,
the patients and the underlying factors in the presence of controversial and often contlicting ideas
concerning etiology, diagnosis and management (Farrar, 1383; Krauss, 1988; Gelb, 1989).

Clinical and epidemiological investigators have shown that 41 to 79% of the general population
have clinical signs of TMJ syndrome, from which 60 to 80% are female aged between 20 and 40 years
of age {Greene, 1982; Magnusson, 1986; Locker & Slade, 1988). The disorder presents some of the
most complex and frustrating diagr:ostic and therapeutic problems encountered by the dental, medical
and paramedical professions (Foreman, 1985). Hence, the majority of the patients are misdiagnosed,
miss-oriented or mistreated because of the lack of professional training and biomechanical knowledge,
including muscle mechanics of the craniomandibular complex {Rocabado, 1981; Foreman, 1985).

It is generally agreed that the etiology of TMJ disorders is multifactarial {Schwartz, 1956;
McNeil et at., 1980; Mikhail. 1980; Okeson, 1981; Greene, 1982; Foreman, 1985; Clark, 1987; Gelb,
1989; Weinberg, 1980). On the other hand, psychophysiologic and “tooth/occlusion theorias”
supporters point to their unique causal factor (Schwartz, 1956; Laskin, 1969; Helkimo, 1975; Clarke,
1982; Eversole & Machado, 1985); both of these sharing a common outcome: myospasm, Currently,
muscle hyperactivity, trauma, oral parafunction, nutritional and mechanical stresses, environmental and
developmental factors, psychological and physiological factors and malocclusion dominate the literature
{Figure 1). In parallel, an extensive list of predisposing, activating and perpetuating factors have also
been proposed {McNeil 1980; Foreman, 1985). However the issue of the etiology of the TMJ |
dysfunction remains unclear. Hence, the "muscle theory” or "neuromuscular theory" is predominant,
whether it is primary or secondary (Carlsson, 1980; Bergamini, 1890): it has been the central feature
of all the different theories. It is now accepted that the most common TMJ disorder is 1D or
arthrogenous disorders; it represents 80% of all TMJ syndromes; this ID relates to an anterior {and
medial) discal displacement {ADD) process (Farrar, 1972; Weinberg, 1980; Dolwick,
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Figure 1: This drawing summarises the major causes of TMJ disorders as we understand them today.
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1983; Rocabado, 1983; Isberg, 1985; Owen, 1987; Gage, 1989} [Figure 2}.

The lateral pterygoid muscle {LPM) seems to be the cause of numerous temporomandibular
disorders; in the human specie it is a muscle with an history of controversies. Although, small in size,
it has a very large functional impact on the mechanics of the whole joint. Anatomically, the superior
head of the lateral pterygoid muscle {SLP} is most commonly described as inserting onto the articular
disc only or on the disc along with the condyle (Grant, 1973; MacNamara, 1973; Juniper, 1981; Bell,
1983: Bourbon, 1988). However recent dissection studies depict its attachment onto the neck of the
condyle and not the disc itself, thus contradicting numerous educational and scientific representations
(Carnentier, 1988; Wilkinson, 1988). Yet, debate still exists in regard to the insertion of the superior
head of the lateral pterygoid {SHLP) and its relationship with the intra-articular disc. Hence, the activity
of the SLP is not likely to be causing internal derangements by pulling the disc anteriorly.

It is also well recognized that it is the most difficult masticatory muscle to assess either by
clinical testing, palpation or by electromyograpy (EMG}. Undoubtedly, this lack of certainty about the
LPM structure makes it difficult to understand how it functions and what the electromyographical
(EMG) recordings actually represent. _

The existence of controversies regarding the role of the SLP in the pathological and etiologic
process of the disc-condyle system opposes two leading hypotheses: an hyperactivity of the SLP
pulling onto the articular disc still dominates over the newly concept of an hypo or an altered activity
of the SLP. Both of them are neither understood as a cause nor as a consequence of ADD. Thereis
also an existing dilemma as to the nature of the cause of the ID: whether it is passive {secondary to
hyper-opening of the jaw) or active (parafunctional hypertonicity of the LPM), both leading to ADD and
arthralgia {Eversole & Machado, 1985). For more than five decades, studies have shown that
myofascial pain-dysfunction [MPD) patients have higher EMG activity in the masticatory muscles that
do non-MPD subjects (Moyers, 1950; Ramfjord, 1961; Griffin & Monro, 1871; Kotani et al., 1980;
Pancherz, 1980; Sherman, 1985; Dahlstrom, 1989; Gervais et al., 1989; Glaros et a/. 1989;
Jankelson, 1990).

It is suggested that the presence of hyperactivity/spasm is due to stress, grinding, trauma,
malocclusion, or pain. The psychophysiologicaltheory of TMJ dysfunction as developed by Schwatrz
and Cobin in the 1950's provides one of the major theoretical frameworks for understanding its
etiology: EMG hyperactivity is a response to stress and causes joint and muscles signs and symptoms
{Gervais et al., 1989). These schools of thought, is in agreement with the discal insertion of SLP, hence
suggesting that the hi/berfunctional SLP pulls the disc creating the ADD process. However, all of these
studies have used surface EMG of the temporal and the masseter muscles as a basis for their theory.
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Isberg (1885) suggested that an altered EMG activity is a consequence of anterior displacement
of the disc unit probablv to restore and stabilize the deranged joint. On the other hand, according to
Juniper (1984}, hyperactivity of the SLP would cause the ADD which would produce occlusal
premature contacts. Posterior ccclusion could be a result, not a cause of TMJ dysfunction, leading to
considerable disagreement concerning the role of malocclusion in the genesis of TMJ pain and
dysfunction. More specifically, Bergamini {1990} suggested hyperactivity at rest and hypoactivity or
weak bite force during function but only for the masseter and the temposalis.

Conversely, it has been suggested by Carpentier {1988), a proponent of the condyle attachment
of the SLP, that hypotonicity (weak condyle protraction), not hyperactivity, of the upper head may
contribute to an ADD. Furthermore, Mahan et a/. {1983), Gibbs and Mahan {1984} and Juniper {1987)
believe that tension in SLP could not be an eticlogic factor in ADD because of its mechanical design,
This excessive tension on the condyle’s neck and disc would not displaced the disc excessively forward
with respect to the condyle. It was hypothesized by Mahan et a/.(1983), Juniper (1984), Gibbs and
Mahan {1984) and Carpentier {1988), who support the condyle attachment of the disc, that SLP
dysfunction is the result of ADD instead of it's source.

Otherinvestigators {Isberg, 1385; Zijun, 1989) have reported uncoordinated and altered activity
of the SLP. The disc dislocation would put the muscle in a "wrinkle state” and then stop it from
contracting efficiently. As a repercussion of an ID of the TMJ, the structure and function of the SLP
could be altered and possibly maintain this ID, Isberg {1985) explained that the SLP is not involved in
dislocating the disc at final closure because of its attachment to the condyle. Thus, SLP dysfunction
could be a result of ID not its cause. While attempting to solve this cause/consequence controversy,
Zijun {1889} found SLP dysfunction (hyper- and hypo- activity) in most patients with TMJ disorders.
Zijun (1989), proponent of the discal insertion on the SLP, stated that altered activity of the SLP
muscle is the cause of ID. From these studies, it is obvious that there is no agreement as to whether
the SLP is attached onto the disc or not, nor if it can pull the disc anteriorly or not. Moreover, a major
disagreement persists as to whether the pathological SLP displays hyper, hypo or uncoordinated muscle
activity {Figure 3). .

This muscular activity being increased in some studies, decreased in others but also reportad
as irreqular and altered. Moreover, fite force studies have shown that the masticatory muscles exhibited
low maximum forces in TMJ disorders cases and hyperalctivity of the masseter and the temporalis
(Sheikoles!am et &/, 1982;Dahlstrom, 1989; Jankelson, 1990}. Therefore, it seems essential to measure
the muscle activities of the masseter, temporalis, SLP and ILP during static and dynamic conditions as

well as masticatory bite forces to have a clearer picture of the muscular mechanics of TMJ IC compare
to controls.
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One difficulty encountered when evaluating factors involved in TMJD is to analyze and
quantify the behaviour of the masticatory muscles. EMG represents the sensitive research tool for
measuring muscle function and has been widely used since it was first introduced in dental research
by Moyers {1950). The uses of EMG have thus substantially increased our knowledge of the function
and dysfunction cof the masticatory system. Probably because of the difficulty to record and insert in
the SLP, the majority of the studies have used surface EMG on the masseter and temporalis muscles

without any regard to muscle effects on the pathogenesis of TMJ 1D,

Statement of the Problem: Purpose

The purpose of this study is to investigate and analyze different static and dynamic EMG
activities of the two heads of the LPM’s, the masseter and temporalis muscles in subjects with and
without TMJ 1D.

Concurrently, the present investigation discusses the role of the LPM's and its relationships to
the deranged disc-condyle functional unit providing us with a clinical and etiologic understanding of the
muscle mechanics of the two heads of the LPM's in TMJ ID.

Hypothesis

It is hypothesized that during static and dynamic tasks, the integrated and normalized linear
envelope EMG (ILEEMG) signal of the SLP and the ILP will be significantly different in the two groups:
the TMJ 1D and control group. Hyperactivity or hypoactivity of the pathological muscles otherwise
uncoordinated, altered and irregular myoelectric activity are anticipated to be associated with ID. In
addition, for all the conditions, we expect uncoordination and qualitative differences in the EMG
recordings between the two groups.

For the absolute isometric forces values, according to previous studies and discussions, it is
hypothesized that the TMJ 1D group will exhibit significantly different values than the control group.
The pathological subjects are expected to exhibit lower bite and opening forces.
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Rationale

The relevance of this study is to provide the clinicians and the researchers with a sound
understanding of the muscle machanics of the two portions of the LPM in relation to the deranged disk-
condyle functional unit. This will allow for a better comprehension of the etiologic process as well as
the possible consequences of the disorder and will enable effective management of the patients
suffering from TMJ syndromes.

TMJ specialists will gain valuable information regarding the ID pathogenesis and its close
relationship with the SLP and ILP muscles. It concerns dentists, orthodontists, maxillo-facial surgeons,
physiotherapist as well as other therapeutic professionals dealing with TMJ disorders. Moreover, this
investigation should lead professionals to consider the TMJ syndrome with a multidisciplinary
collaboration to improve the quality of life of the increasing number of mistreated patients.

Lastly, this literature contribution should guide future research projects in the TMJ field and lead

to improved methodological techniques.

Justification

EMG studies have been abplied mainly to the masseter and anterior temporal muscles, probably
because of their presumed importance, their large size and their accessibility by surface electrodes. It
is well known that these muscles have a less significant impact on the displacement of the disc due
to their absence of anatomic linkage to the mandibular condyle and intra-articular disc itself.

Because of a lack of anatomic certainty regarding the LPM, EMG recordings should be
reinterpreted or simply recollected and properly analyzed in the light of current knowledge.

The majority of EMG studies on the masticatory system have aimed at normal function of
muscles of undefined normal subjects. TMJ dysfunction s'ubject criteria were generally. subjective,
based on occlusal patterns, or not described at all. An effort should be made regarding sample choices
as we are dealing with specific biomechanical joint disorders.

Furthermore, previous studies have failed to consider the subject’s head position, which has
been proven tc cause hyperactivity of the muscles of mastication (Rdbinson, 1964; Hairston et a/.,
1983; Winnberg & Pancherz, 1983; Frosberg et a/., 1985; Boyd et al., 1987; Darlow et al., 1987).
Forward head posture has seldom been rigidly controtled in EMG studies of masticatory muscles. This
could explain the presence of hyperactivity in the majority of TMJ muscular studies. Therefore, the
testing position of the head is of prime importance for TMJ disorders patients in EMG studies.
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Limitations and Assumptions of the study

Data were collected for this project in a laboratory environment, for instrumentation
convenience which inevitably induced some limitations. The principal limitations within which this

investigation was conducted can be summarized as follows:

1) For practical and accessibility reasons, the experimental sample was selected from a
population of TMJ 1D syndrome patients of an Ottawa physiotherapy clinic positively diagnosed by

dental, medical and physiotherapy professionals. Only those subjects who conformed with specific
criteria entering 1D category were selected.

2} The presence of reciprocal clicking is imperative for the subject to be roniidered as having
an anterior disc displacement. This assumption is made without the help of radiography, arthrography,
CT scan or magnetic resonance imaging {MRI) as this concept is now widely adopted by researchers
and clinicians {lreland, 1951; Farrar, 1972; Weinberg, 1580; Dolwick, 1983; Rocabado, 1983; Isberg,
1985; Owen, 1987; Gage, 1989; Bell, 1930}. Other objective signs of ADD include possible limitation

and ipsilateral deviafion of the opening in addition to limited contralateral gliding and protrusion.

3) The observations were gathered in laboratory settings and the tasks were done on purpose,
not as part of daily living activities. In addition, the implanted electrodes could alter the paih of the
specific tasks due to physical diswrbance or secondary discomfort. These factors can modify the

patient EMG recordings by causing stress/discomfort making it difficult to relax.

4) The EMG technique implies minor limitations. In our favour, intramuscular élé't":t'rﬁdes
decreases the crosstalk effect observed with surface electrodes and is highly selective of the motor
units in which it is implanted. The signal of a few fibers is representative of the whole muscle {Perry
&Bekey, 1981). The electrodes, with movements of the muscle fibres, are likely to record some signal
discrepancies. Lastly, the position of the electrode itself and the position of the joint increases the
variability of the EMG signals {Perry & Bekey, 1981).

5) The insertion of the SLP may accidentally occur in the ILP muscle because of its larger size,
but hardly in the tendon of the temporal which is crossing the ILP or even in the medial pterygoid
muscle underlying the SLP. In order to decrease the effect of these technical difficulties, preliminary

experiments were done on fresh cadavers and insertion verifications with the oscilloscope were done
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according to Mahan et al. {1983} and Gibbs & Mahan [1984). This procedure was more applicable for
the healthy muscles as the TMJ ID ones could exhibit va:iations in the EMG signal. Therefore, we relied

on the inserter expertise and feeling and the signal for precise insertion.

6) It is important to keep in mind that EMG measures the level of muscular activity and cannot
be used as a direct measurement of force. There is a linear relationship between an appropriately
quantified EMG measure and isometric force for the intramuscular electrode configuration (Perry &
Bekey, 1981). However, the occurrence of myoelectric signals demonstrates whether the muscle is

active or not and how active it is compared to a reference value (i.e. MVC).

7) In our inferential statistics (ANOVA), we assumed homogeneity of variance, population
normality and independent measures. Test for homogeneity of variance and of homogeneity of
correlation were done if needed. The practice effect due the number of trials and conditions was also
taken in account. The power of the statistical test were readjusted in case of violation of any
assumptions.

Consequently, the limitations of the study will restrain the inference of the results. Moreover,
the conclusions drawn from this investigation are limited to the different techniques and

instrumentation used in the process of data collection and analysis.

Definitions

In order to understand the glossary of the Temporomandibular Joint, knowledge of the current

specific vocabulary and meaning is mandatory. These definitions and explanations are as follow:

TMJ (TemporoMandibular Joint): Class three lever articulation between the mandible and the
cranium {Bourbon, 1988). It is described as a compound synovial joint with an intra-articular disc
which divides the cavity into two distinct units: the_ upper joint remains a freely movable sliding joint
larthrodial) while the lower is converted into a pure hinge joint. Can also be termed as a "socket joint
with a movable hinge joint™ (Bell; 1283). The TM. is described as bicondy!ar or ellipsoid in type and
involves the articutar tubercle and the anterior portion of the mandibular fossa of the temporal bone
above and the condyle of the mandible below (G'ray's Anatomy, 1987). This term also refers as the

cranio-mandibular complex or cranio-mandibular joint.
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Dysfunction: disturbed, impaired or incomplete function {Butterworths Medical Dictionary:

1980}. Synonyms of malfunction and parafunction.

TAMJD (TemporoMandibular Joint Dysfunction): Temporomandibular joint and muscle
dysfunction implying that the disorder takes place either in the muscles of mastication, the joints or
both as long as there is a functional disorder. The condition includes the following clinical signs: pain,
muscle and joint tenderness, joint sounds during condylar movements, limitation and/or uncoordinated
mandibular movements. It differs from other terms in its diagnostic sense and do not need the presence

of subjective symptoms. Also synonymous to TM syndrome or TMJ syndrome or disorder.

Fascia: refers as a soft tissue called fascia which is an thin fibrous envelope of an organ, a

muscle or an area {Medical Dictionary, Flammarion; 1982).

Mpyofascial-pain dysfunction syndrome (MPD) : This expression encompasses a variety of
problems which include the entire scope of TMJ disorders, whether intra-articular or extra-articular
{Mikhail, 1980}. Laskin {1969} considered the pain dysfunction syndcome as essenttally a functional
psychophysiologic disease with organic changes that may later be noted on the teeth and joints as
secondary rather than primary phenomena. Truta (1989) defined MPDS as a chronic soft tissue fascial
pain which refrrs to a masticatory fibromyalgia condition. Weinberg (1990} specified that MPD
syndrome specifically eliminates joint involvement, and should be limited to early simple muscular pain
disorders, It is not synonymous with craniomandibular pain or TMJ dysfunction which includes
disturbed function. According to Travell and Simons (1983), this term is widely used by the dental
professtion to identify facial pain with a muscular component. The syndrome is characterized by

preauricular pain; muscle tenderness; joint ciiking and movement dysfunction,

Craniomandibular and TemporoMandibular {Joint) disorders are more global diagnostic terms
that include the whole variety of syndromes of the TMJ either TMJD or MPDS. Lately, clinicians and
authors tend to categorise the whole scope of TMJ disorders into two etiologic and clinical patterns:
Arthrogenous and/or Myogenous TMJ disorders. The American Academy of Craniomandibular Disorders
defines craniomandibular disorders as a term embracing a number a clinical problems that involves the
masticatory musculature, the TMJ or both. It is synonymous to TM disorders. CMD have been
identified as a major cause of non-dental pain in lthe orofacial region and are considered to be a
subclassification of musculoskeletal disorders (Bell, 1990}, CMD's are a cluster of related disorders

in the masticatory system that have many features in common. In 1985, Foreman, stated: "the terms
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TMJD and MPD have been used synonymously by various authors, and this can be confusing. To add
to this semantic problem other terms which have been used include TMJ syndrome, craniomandibular
syndrome and more rarely TMJ arthritis or arthroses, myofasciitis, myalgia, fibrositis and Costen’s
syndrome. All refer to a condition which involves the TMJ and surrounding structures. They are
obviously unresolved problems of semantics concerning conditions affecting the TMJ area and itis to

be hoped that an internationally acceptable terminalogy can be agreed upon before long.”

1D (internal derangement): An intra-articular disc-condyle discoordination that involves an
abnormal relationship between the articular disc and the mandibular condyle, fossa and articular
eminence without regard to condylar position. The disc is, in fact, displaced anteromedially (Benson,
1988). More specifically, we are dealing with an arthrogsous diagnostic with or without soft tissues

invalvement: clicking, local joint pain and tenderness, discal uisplacement and motion dysfunction.

ADD (anterior disc displacement): Relates to the majority of 1D involving an abnormal disc
displacement in the anterior joint space. The term “displacement” is used to describe disc position by
opposition to dislacation which should be reserved for condylar position relative to joint structures.
ADD can be viewed as a natural progression of events that occurs as a result of changes in the
integrity of the disc-candyle assembly {Benson, 1988). The disc is displaced anteriorly and medially to

a certain extend,

LPM (lateral pterygoid muscle) : One of the four masticatory muscles that lies deep to, and
largely behind, the zygomatic arch. It is a short, thick muscle, somewhat conical in shape, that extends
almost horizontally between the infratemporal fossa and the condyle of the mandible (Bourbon, 1988).

The anatomy and functions of its two portions are discussed in chapter ll, literature review.

SLP (superior lateral pterygoid: Refers to the small upper head of the LPM. The fibres originate
from the infra-temporal surface of the greater wing of the sphenoid bone, run backward and outward
1o insert onto the articular disc and the condylar head (Bell, 1983; Bourbon, 1988). Some authorities
(Honee, 1972) refute the condyle connection and others refute the discal attachm;ents {Carpentier,
1988).

ILP (inferior lateral pterygoid): Refers to the inferior head of the LPM. This portion is three times
‘larger than its counterpart, the SLP, and arises from the lateral lip of the lateral pterygoid plate. It then
converges upward and outward to reunite with the SLP and insert onto the neck of the condyle.
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CHAPTER |l

LITERATURE REVIEW

The beginning of this chapter is a review and a criticism of the recent literature on TMJ
disorders etiology which leads towards the pertinence of the present study wether the cause of ID is
passive or non-muscular or active secondary to muscular dysfunction. Internal Derangement {ID) and
Anterior Disc Displacement (ADD) of the TMJ are also discussed in order to understand the facts and
controversies of the physiology, biomechanics and muscutar characteristics of the disorders.
Furthermore, we will look at the different aspects regarding the LPMs and other masticatory muscles
discussed in parallel with static and dynamic EMG findings of normal and pathological functions.
Finally, as an overview and a conclusion, the inter-relationship between the pathological function of
the LPM and the pathogenesis of ID of the TMJ will be address.

I-TEMPOROMANDIBULAR JCINT DYSFUNCTION

Epidemiological studies reported the prevalence of clicking and TMJ related muscular symptom
in the general population to range from forty-one to seventy-nine percent {Clarke, 1982; Greene, 1982;
Foreman, 1985; Magnusson, 1986). Sixty-five to eighty-five percent are female and fall into the age
group of 20 to 40 years old. Median age for men is 27 years and for women 33 years; middle and
upper social classes are clearly over-represented (Heloe & Heloe, 1975}, As a result of this high
incidence, more health professionals have specfélised and have developed treatment plan for the
clicking, painfu! and stiff jaw joints. For many clinical and scientific journals, it -has become a
fashionable disease.

The first section covers the conceptual ideas suggested to explain the cause of TMJ
dysfunction and their controversies. The pivotal point being the muscular origin is of major important,
especially as this investigation aims in providing better knowledge on the muscular aspect of this
pathology. Thereafter, the rationale of this study derives. A brief outline on how the lateral pterygoid
muscle is believed to be responsible for ID serves és the key issue in this review,
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Etiology of TMJ Disorders

The first major concepts that provide the rationale for this study is the proposed and
controversial explanation of the origins of TMJ disorders. In a larger sense, researches proposed
different factors in cause as well as a multifactorial origin. Unfortunately, the issue is still disputable.
One of the major involvement of that confusion is, of course, the inability to cure these patients.

The issue of treating effectively TMJ disorders have motivated researchers, for aimost a
century, to scrutinize the cause of mandibular imbalance. Back in 1918, Prentiss recognized that the
loss of occlusal vertical dimension, mainly due to missing posterior teeth, resulted in TMJ dysfunction,
thus, introducing the mechanical displacement theory in opposition to the psychological theory. A few
years later, Goodfriend and Costen as reported by Mikhail (1980} suggested that overclosure and
posterior displacement of the condyle were part of the degenerative process of the TMJ surfaces and
of the compression of hearing structures. Though, occlusal abnormalities were considered to be prime
etiological factors of the Costen’s syndrome leading to virtually an entire sub-speciality of dentistry,
that of occlusion (Foreman, 1985) and to a greater extend the tendency to over-investigate,
overcomplicate and over-treat the TMJ situation.

| However, Costen's syndrome was not accepted unanimously; pain was also proposed to arise
from muscles spasm secondary to malocclusion. In 1937, Schultz introduced the concept of "lax
ligaments” realizing the high prevalence of hypermobile joints to explain jaw clicking and dislocation.
He emphased treating the joint more than the teeth contacts, believing it was only secondary to the
joint problem. In 1969, Laskin, the founder of the myofascial-pain-dysfunction syndrome {MPDS)
revised the whole concept of the origin and stressed the role played by muscles. He considered the
condition as a functional physiologic disease noted in the joints, teeth as a secondary phenomena to
muscle overexertion. Basically, spasm is a physiologic tension-relieving mechanism produced by oral
parafunctional habits. According to Laskin, this psycho-physiologic condition is self-perpetuating.
Gradually the muscle origin was brbﬁght up and Schwartz suggested the psycho-physiological
predisposition of spasm {Mikhail, 1980).

Therefore current views on etiologies disputJ'_a two leading schoo! of thought: Inadequate and
unsatisfactory occlusion are the most frequent cause of TMJ syndrome; and TMJ disorders are usually
related to dysfunction of the masticatory muscles caused by muscular parafunction and/or emotional
stress. Parafunctional activities can be defined as masticatory activities other than chewing, swallowing
and speaking such as pencil chewing, nail biting, playing a musical instrument, clenching and grinding.
They produce much greater forces over a longer period of time thereby damaging the joint components
{Okeson, 1981)}.
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It is important to mention that traumatic events cannot be forgotten as to acutely and
chronically causing TMJ dysfunction, such as whiplash, blow to the jaw, viola playing and motion style
(Bryant, 1989). Gross bony architectural malformation of the mandible is, of course, another origin of
TMJ disorders. In addition, trauma was found to induced TMJ disorders primarily or secondary, due
to muscle hyperfunction {Laskin, 1369; Pullinger et a/., 1985; Ash, 1986).

Knowing that the etiology of TMJ dysfunction is multiple, the factors have been divided into
predisposing, precipitating and perpetuating ones. Predisposing ones are the anatomical and
physiological ones including size and shape of the different tissues of the masticatory system as well
as the state of the neurological, the vascular, the nutritional and the metabolic systems. In addition,
pathological and behavioral factors fall into this first category. Precipitating factors include trauma and

stress. Perpetuating basically means the vicious circle of stress, spasms and pain (Figure 4}.

- The Occlusion Concept

Even if clinical experiences testified the importance of occlusal disharmony, in TMJ disorders,
no consensus has been developed. Beil {1990) suggested that in the absence of recent changes or
activation, evidence of occlusal disharmony in acute muscle disorders may be disregarded etiologically.
Newton (1969) reported no correlation between occlusal irregularity and the incidence of joint
symptoms by statistical comparison. Clarke {1982) used biological, clinical and therapeutic observations
1o show that occlusal factors are not involved in the etiology of bruxism or TMJ dystunction. He even
stated that the success of occlusal therapy may be due to the placebo effect. Moreover, the school
of occlusal disharmony cannot explain why muscular pain is so uncommon comparatively to
malocclusion in the general population. |

It is unanimous that some degree of occlusal discrepancy exist in nearly every TMJ patient
(Wassell, 1989). Consequently, several authors believed in the occlusion theory as the most frequent
cause of TMJ disorders (Solberg, 1972). However, ninety percent of the population demonstrated some
occlusal inequality. Relaxation, physical therapy, and medication have had equal success and failure
{Wassell, 1989). The fact that occlusal factors causes TMJ dysfunction is therefore questionabla.

Indisputably, occlusal harmony is essential to normal masticatory function. Bell (1990) stated

~that malocclusion may result from spasticity of the ILP or from occlusion interferences of the teeth and

is potentially damaging the disc and the joint surfaces. The causal role of occlusal interference is
important but serves primarily as a predisposing factor that requires activating before it becomes
significant. Emotional tension and bruxism are the important activating factors {Bell, 1990}.
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NORMAL CLICKING

Closed ‘' * Click

Figure 4 : TMJ views showing intra-articular normal and 1D manifestations
Note: From "Its all in your head" (p.5) by A. H. Owen. 1988, Austin, Texas USA
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- The Psychological Concept

There is convincing findings to support the psychophysiologic theory. Hall (1984) reported that
80% of TMJ patients had associated psychophysiolngic disease. Emotional and stress factors were first
considered alone, then, combined with malocclusion and later on as a consequence and a cause of
occlusal pathosis. EMG studies showed that stress and environment induce muscle spasm and
hyperactivity { Schwartz 1956; Gervais, 1988). Thompson {1869) explained physiologically how the
supraspinal control and the gamma system can modify motorneuron activity. He suggested a secondary
contribution from the natural unaltered dentition. Therefore a stressful life situation will definitely
manifest in the bodily expression by increasing the tone in the mandibular elevator muscles.

Investigations of TMJ ID patients have shown that they are tense, anxious people who are
failing to cope adequately with stress (Clarke, 1982). Clarke {1982} hypothesized that during periods
of stress two unfavourable factors occur: raised muscle tone within all voluntary muscles, and severe
bruxing activity during sleep. Therefore TMJ problems could simply be a difficulty to adapt to changes,
to parafunction or an inability to handle stress. {Mikhail & Rosen, 1980; Clarke, 1982).

- The Neuromuscular Concept

A targe number of authors believe that masticatory muscles hyperactivity is the primary factor
responsible for TMJ dysfunction. The muscle ideology suggests that hyperactivity and/or parafunctional
habits {ex. bruxism} of the muscles of the head neck and jaw is the primary cause of TMJD leading to
pain and spasm which in turn produces excessive contraction of the muscles establishing a vicious
circle (Clarke, 1982; Mikhail & Rosen, 1980; Guttu & Speaktor, 1981; Ckeson, 1981; Travell, 1983;
Bell, 1990). The muscle concept also includes secondary muscle spasm and contracture due to
mechanical, emotional or metabolic stimulation {Travell, 1983).

The hypothesis was first viewed as a stress releasing mechanism by Laskin (1968). This
conception has the advantage to explain pain, deviation and limitations regardless of the occlusal
contact. Conversely, Toller {19786) and Foreman (1985), showed that even with a higher prevalence
of nocturnal bruxism in patients with TMJDS the significance of the relationship between bruxism and
TMJD is not conclusive. Many authors reported by Mikhail & Rosen (1980} suggested that the type
of occlusion and missing teeth do not contribute to TMJ dysfunction. They believed in a neuromuscular
origin. Many authorities believed that muscle spaSm and parafuhctional activities can be responsible
for nialocclusion. Therefore it should be regarded as symptomatic rather than etiologic. (Laskin, 1869;
Nanthviroj, 1976; Okeson, 1981; Clarke, 1982; Isberg, 1985; Juniper, 1987; Bell, 1990}.
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Nanthviroj, 1976; Okeson, 1981; Clarke, 1982; Isberg, 1985; Juniper, 1887; Bell, 1990).

It is generally accepted that the LPM is most often involved in the pain-dysfunction syndrome
(Guttu & Spektor, 1981). Spasticity, specifically of the LPM causes firm bracing of the condyle against
the articular eminence; causing the clicking and grinding sound disturbances. {Travell, 1983}.
Therefore, the neuromuscular concept is a good compromise between the occlusal and the muscle

explanations.
- The Posture Concept

Many researchers (Robinson, 1964; Preiskel, 1965; Lean and Brenamn, 1972} had found how
body posture affects the position of the mandible, the occlusion pattern and masticatory muscular
activity using the techniques of EMG, occlusal gauge, casting wax and clinical judgement. Since then,
numerous studies (Moh!, 1976: Darnell, 1983; Rocabado, 1983; Krauss & Darling, 1984; Araki &
Araki, 1987) have shown that movements or postures of the head influence and the rest position of
the mandible. Several studies reparted EMG hyperactivity of the mandibular postural muscles with
extension of the craniocervical spine and forward head posture (FHP){Darnell, 1983; Rocabado, 1983;
Boyd, 1987; Krauss, 1988; Parker, 1890). Furthermore, clinical and scientific belief that one of the
basic predisposing factor of TMJ dysfunction syndrome is forward head posture {FHP) and its
biomechanical effects of the head-neck-jaw complex.

The condition of the head and neck muscles can thus influence the posture and function of
the mandible {Darnell, 1983; Rocabado, 1983; Krauss, 1988; Shiau, 1990). Body posture also has its
effect: as its recline, the ILP muscles draw the mandible forward to safeguard the airway {Bell, 1930).
Foreman (1985}, stated that the mechanism by which this painful and debilitating condition arises is
a result of the adverse physical posture and emotional stresses of daily living. The individual responds
with head and neck stressed and fatigue muscles and other soft tissues.

Presently, the parafunction is well recognized and could result from environmental tension,
occlusal fault, proprioceptive disturbance and may lead toward muscular hyperactivity and joint
dysfunction. In turn these can be affected by stress and posture. The lack of standards for comparison

of various treatment techniques causes a difficulty to assess their effectiveness, and consequently the

-+ factors in cause. The possibility that the eticlogy is muitifactorial seems to be on top of the list

presently, the muscular component being always present {Laskin, 1969; Weinberg, 1980; Vanderas,
1988). The two major causes of TMJ disorders are occlusal disharmonies and psychologic stress
factors, both theories sharing a common outcome: myospasm leads to pain and dysfunction (Eversole
& Machado, 1985).
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- Internal Derangement (ID)

internal derangement {ID), the most common TMJ disorder {25 to 80%), is an intra-articular
disc displacement {Farrar & MacCarty, 1979; Rocabado, 18981, Dolwick, 1983; Owen, 1987; Benson,
1988; Gage, 1989). The relevance of this understanding lies within the fact that the disc is anteriorly
displaced as a possible consequence of the contraction of the SLP. This study aims, amongst other
objectives, towards refuting or supporting this hypothesis.

Joint sounds are the most common symptom of TMJ dysfunction with at least a third of the
whole population displaying clicking, popping or crepitus (Agerber, 1985). Clicking in the TMJ the first
and principal indication of altered function inside the joint (Gage, 1989). 1D is defined in various ways
and it basically involves a disc interference disorders usually non-inflammatory in which the articular
disc is chiefly responsible for the symptoms whatever the cause (Bell, 1990). it is the second most
common problem after muscle disorders and includes the noisy, clicking, popping, locking joints with
or without pain demonstrating altered movements such as limitations or deviations {Bell, 1990).

Dolwick (1983} defined ID of the TMJ as an abnormal relationship of the articular disc to the
mandibular condyle, fossa and articular eminence. Usually the disc is disptaced anteriorly and there is
a frequently associated medial displacement and an elongation of the posteriorly attached tissues. It
must be realized that ID may occur together with muscle hyperactivity disorders {Dolwick, 1983; Bell,
1990). Itis generally agreed that the most common manifestation of ID is characterized by an abnormal
anterior disc displacement (ADD) and an associated condyle retrusion {Weinberg, 1979) in the closed
jaw position (Rocabado, 1983; Gage, 1989). Reciprocal clicking or locking are the diagnostic
presentation of temporary and permanent ADD. This mechanism has been described by Farrar (1972),
by Farrar & Macarty {1979}, Weinberg (1979, 1980}, Rocabado {1981, 1983), Dolwick (1983) and
Gage (1989).

Over the years, the classification of disc-condyle derangement has been divided either into one
syndrome or as a whole progressive disc displacement with various manifestations. As early as 1851,
Ireland described a progression of disease from reciprocal clicking (displacement with reduction) to
clicking with intermittent limited opening ({locking), to permanent limited opening {closed-lock,
displacement without reduction), and finally to degenerative joint disease with crepitus and
osteoarthritis. This proposed classification is still the best one and the most used nowadays {Isberg,
1985; Hellsing, 1985}, with the addition of a myogenic state, a muscle-pain-dysfunction disorder with
soft tissue tear, as the most minor and beginning disorder {Eversole & Machado, 1285). All the
common TMJ disorders are now interpreted as a single pathological entity (Farrar, 1972; Rocabado,
1981; Dolwick, 1983; Ogus, 1987; Benson, 1388}.
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- Causes and Pathogenesis of ID

Many causes of ADD have been reported. They are controversial and still at the centre of major
debates regarding treatment of disc-condyle derangements.

According to a number of authors {(Rocabado, 1881; Dolwick, 1983; Ogus, 1987; Benson,
1988; Gage, 1989; Bell, 1990), ADD usually results from either chronic repetitive jaw microtrauma or
acute macrotrauma that would force the mandible postero-superiorly or a combination of both. The
overuse microtraumatic syndrome extended over a prolonged period of time would result from loss of
posterior teeth, excessive para-functional habits {grinding, clenching, excessive biting force, repetitive
overloading, yawning, bruxism), occlusal interference, incisal contacts, deep overbite, forward head
posture {Ireland, 1951; Farrar, 1972; Rocabado, 1981, 1983; Isberg et al., 1985; Thompson, 1986;
Ogus, 1987; Owen, 1987; Gage, 1989, Weinberg, 1990; Bell, 1930}, This continual overloading of
the joint has been advocated to drive the mandibular condyle to overseat posteriorly. On the other
hand, macrotrauma includes external forces or sudden stresses of the postero-superior mandible,
stretching the post attachments or collateral ligaments. It can be a consequence of whiplash, a blow
to the jaw, a prolonged dental procedure (difficult extraction), forced mouth opening during general
anaesthesia {intubation) etc.| Rocabado, 1981, 1983; Ogus, 1987; Benson, 1988; Gage, 1989).
Hargreaves {1986), suggest other causes of TMJ syndrome: hesitation in movement of the disc,
functional incoordination of muscles.

In both situations, the lateral and posterior connective tissue attachments elongate abnormally
and the disc is displaced anteriorly. This will induce further migration and loosening of the disc leading
to clicking on movements, leading to a vicious circle. As discussed earlier in TMJ dysfunction etiology,
malocclusion and altered muscle activity has been suggested as a cause of ADD.

Muscle hyperactivity and occlusal disharmony have been proposed as primary and secondary
causes of ADD. It was also mentioned that stress induces neuromuscular overload and eventually
increased muscle contraction. Confusion still remains.

It is also suggested that the TMJ disorders results from one of several pathological states: 1)
a loss of synovial fluid viscosity due to an increased shear rate from muscular overloading, increased
congruity of the surfaces and sticking movement causing the clicking sound (Ogus, 1987; Gage,
1989); 2)ligament laxity or a detached lateral ligament. The condylar head would continue to move
forward without the restrain of normsl ligaments slides over the anterior band and produces a click
{Rocabado, 1981; Ogus, 1987; Gage, 1989). Once the collateral ligament has become elongated, the
dise can be pulled forward and anteriorly by the contraction of the SLP {Benson, 1988). Obviously, e
first two hypotheses imply a malfunction of the masticatory muscles, more precisely a hyperfunction
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of the lateral pterygoid muscle. 3) Thinned posterior band of the disc by repeated condylar compression
{overloading) leading to a loosening of the retrodiscal attachments predisposing the condyle to slide
behind the disc, thereby forcing the disc anteriorly, 1D and hypermobile TMJ develops (Farrar, 1972;
Rocabado, 1981, 1983; Hellsing, 1985, Isberg, 1985; Ogus, 1987; Benson, 1988; Weinberg, 1990).
This condition is aggravated by a muscle imbalance {Rocabado, 1981).

While the above findings suggest that the condyle is forced posteriorly at the initial stages of
ADD, itis also quite feasible that the disc slips forward first, thereby allowing the condyle to overseat
posteriorly. It appears that either situation occurs at first (Owen, 1987), possibly allowing for an
anterior pu!l of the disc by the LPM. It is still a matter of conjecture and it points to the complexity of
TMD and the need for further understanding of the etiology and pathogenesis.

Sound Disorders in TMJ ID

Joint noise, the most common sign of TMJ 10, is found in approximately 85% of TMJ
dysfunction patients, whereas epidemiologic studies report an incidence of 14 63% in the normal
population {Weinberg, 1980; Owen, 1987; Rinchuse, 1990, Agerberg, 1985). The significance of a
click in the TMJ is not fully understood, nor its presence or absence is an indicative of joint pathology.
A correlation has been established between the dysfunction of the SLP or both head of the LPM and
TMJ clicking in mandibular disorders.

- The Significance of TMJ Clicking

The clinical significance of TMJ sounds depends on its association with other signs and
symptoms. Alone, it does not necessarily indicate a need for treatment (Rinchuse et al., 1980). For
example, it is associated with deviation of the midline incisal path and not with a deflection towards
the stiff side during opening. Nevertheless, reciprocal clicking was found a significant clinical sign of
an ADD with reduction {Hellsing & Holmlund, 1985). Numerous other studies considered patients with
reciprocal clicking as suffering from ADD (ireland, 1951; Farrar, 1972, Weinberg, 1980; Dolwick,
1983: Rocabado, 1983; Isberg, 1985; Owen, 1987; Gage, 1989; Bell, 1990). The natural progression
or pathogenesis of ID begins with a simple clicking due to ADD, followed by a lccking condition
degenerating to crepitus osteoarthritic noises {Dolwick, 1983). In addition, the concept of ADD has
been widely supported by anatomic findings, condylar path studies as well as radiographic,
arthrographic and surgical findings {Dolwick, 1983; Owen, 1987). The relation between TMJ noise and
pathology is undeniable but the etiology remains unclear.
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- The Physiolagic meanings of TMJ Clicking

Joint clicking is recognized to be caused by the reduction of disc derangement. As the disc is
displaced anteromedially, a sound is heard during opening, anterior translation and contralateral
movements as the condyle reduces under the posterior band of the dis¢c. A sound is also heard as the
condyle dislocates itself on the way back to its resting position (isberg, 1985).

Other causes postulated are deviations in the form of the articular surfaces, condylar
subluxation, loose bodies, posterior position of the condyle, folding or wrinkling of the disc, anterior
hypermobility of the condyle, adhesions within the joint space, roughness of the joint surfaces, trauma
to the jaw, a vacuum, an cbstruction under pressure, the condyle hitting the temporal bone at
maximum opening or hitting a bulge in the condylar path and prolonged opening during dental
procedure (Isberg et al., 1981; Farrar, 1983; Dolwick, 1983; Sigaroudi & Knap, 1983; Bell, 1980;
Rinchuse et al., 1980; Weinberg, 1990). In most of the above, joint clicking is an indication of a lack
of coordination between the condyle and the disc and is still attributed to ID in the dynamic state. The
exact origin of the click is still not fully explained. They might even be considered within the range of
the normal variation {Rinchuse et al., 1980}

In the literature, different types of TMJ noises are described. These can be grouped into 1)
reciprocal clicking, popping or soft clicking; 2) snapping or wide opening clicking; and 3) crepitus or-
grating {Weinberg, 1980, Rinchuse et a/ 1990). A closed lock is silent, it is therefore not considered
a pathological sound. This condition eventually evolves into crepitus or resolves back into reciprocal
clicking with intermittent locking.

- The LPM as a Cause of TMJ Clicking

It has been speculated that clicking is caused by ADD as a consequence to a damaged posterior
capsular element and a hyperfunction of the ipsilateral SLP {Vincent & Lilly; 1988). Or clicking might
be caused by an inadequate pull of the LPM which creates an unstable disc prone to become displaced
and heavily loaded (Berry & Watkinson, 1978). Sigaroudi & Knap {1983) proposed an incoordination
of the LPM and temporalis muscles. However, whether or not the click is caused by the weakening of
ths anééﬁ;‘nent of the disc and / or uncoordinated function of the SLP and ILP has not been
demonstrated but just stated theoretically. For others {Hellsing & Holmlund, 1985; Bell, 1990}, the
process is more active: the SLP contract strongly and dislocate the disc anteriorly during power strokes
and maximuﬁm intercuspation. ;

On the other hand, it was postulated that SLP dysfunction is the result of the clicking disc
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interference (Juniper, 1984, 1987; Mahan, 1983; Wilkinson, 1988). Zijun (1989) found abnormal LPM
EMG activity in normal arthrograms refuting the above opinions. He proposed a hyperfunction of both
heads instead of the SLP alone as the ILP tries to over-controt the patholegical situation.

Many investigators did not record the sounds for the purpose of establishing a difference in
EMG before and after the click. As the SLP is supposedly inserted on the disc, variations before and
after the disc reduction are expected. However, Isberg et al. (1985) reported EMG activity in the
elevators before the condyle slid over the posterior thick band of the disc (opening click}). This
phenomenon could be interpreted as an arthrokinematic reflex caused by distraction, Continuous
muscle activity could be provoked by TMJ disc displacement and ceased when the disc position is
normalized during mouth opening only to occur again every time the disc became displaced on mouth
closure. Non-functional EMG hyper-activity was seen when a closed lock occurred in the ipsilateral and
contralateral elevators inhibiting the condylar movement necessary to achieve reduction. Vitti and
Basmajian {1977) showed that slow opening and closing movements could be performed without any
notable muscle activity in the temporalis muscles.

These studies demonstrate the importance of examining the role of the LPM in synchronisation
with the articular click as there are definite grounds to believe that the latter is related to ADD
pathogenesis.

- Methodology of Sound Recordings

Most investigators studying patients with TMJ click patients did not use appropriate means to
register and relate noises with other parameters. Clinical palpation, the use of a stethoscope and
condylar path tracing can merely provide a classification of types of patients. Joint sound has not been
regarded as a separate entity with respect to synchronisation of EMG or movement.

Different simple methods have been previously used in registering jaw clicking as an important
parameter. Some investigators determined the position of the click in time solely by manual palpation
{Sigouradi & Knap, 1983; Hellsing & Holmlund, 1985; Alsawaf, 1589; Zijun, 1989; Weinberg, 1990).
Sigaroudi & Knap {1983) determined the positions of all clicks visually looking at the optoelectric
tracings. On the other hand, other investigators (Isberg-Holm & Westesson, 1982; Isberg, 1985;
Woods & West, 1986; Merlini & Palla, 1988) used a contact microphone fixed to the surface of the
temporalis to register the disc sound alone or simultaneously with other parameters such as mandibular
movements. Therefore our choice of frequency, filter, amplification, and output voltage were partially
based on their techniques and recommendations. A piezo-electric microphone attached to the patient’s
forehead (LF 16Hz, HF 800 Hz was also used (Isberg et al., 1985).

i
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In summary, the significance of the click remains controversial. It probably implies a pathologic
conditicn such as an internal disc derangement, but may also be normal anatomic behaviour. TMJ
studies focused on clicking have been mostly concerned with the movement of the joint components,
but none have provided a satisfactory explanation as to its exact relationship with the muscle activity

of the disc-condyle power complex.

The literature review of the section leads to the main objective of this investigation which is
to assess the EMG activity of the SLF and the ILP in patients with clinical evidence of sound disorders
indicating ADD. Furthermore, we will analyze EMG signals in association with the sound of disc
incoordination as measured simultaneously by a microphone. We will study the relationship between
TMJ sound disorders, patho-biomechanics and muscle activity. This will improve our understanding of

the significance of the click in TMJ 1D,

\I-THE LATERAL PTERYGOID MUSCLES (LPM’s)
AND OTHER MASTICATORY MUSCLES

The understanding of the present project requires a complete review of all the facts and debate
existing over the LPM. The most important aspects to cover will be its anatomic relationship with the
intra-articular disc as well as the different concepts on its normal and impaired function on the articular
disc. In parallel, reviewing the normal and pathological functions of the masseter, temporalis and other
masticatory muscles in relation to static, dynamic and force situation is imperative to appreciate the

present study.

The Anatomy of the LPM (Figure 5)

- Facts and Controversies

The LPM is most often quoted as being the source of pain and tenderness in mandibular muscle
examinations. Mostly it is accused of being the origin of temporomandibular joint dysfunction (TMJD).
As cited by Bell {1980}, an overview of the LPM issue: "The lateral pterygoid muscle has been

mercilessly incriminated as the cause of numerous temporomandibular complaints. This probably stems
from lack of understanding of how the muscle is constructed and what its normal functions are. "

It is also been mentioned that it is a very difficult muscle to assess, palpate and to record by
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_ Zygomatic Arch
SLP =T Disc
. Neck of the condyle
ILP

Figure 5 : Anatomy of the Lateral Pterygoid Muscles with their respective attachments. The zygomatic
arch and the superficial portion of the condyle have been removed to show attachments of the SLP and
ILP to the neck of the condyle, the articular capsule and the intra-articular disc..

Note: From The Trigger Point Manual {p.261) by J.T. Travell and D.G. Simons, 1983. Baitimore:
Williams & Wilkins. Copyright 1983 by W & W. Adapted by permission.
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EMG. Anatomic descriptions and research have not yet led to 2 consistent concept over this very
peculiar muscle. Is it the power of the intra-articular disc or is it only attached to the condyle? Can it
pull the disc forward? What are the joint mechanical implications of its insertions and functions? In
order to answer these questions, the first step to consider is the a review of the anatomic structures
and relationships of the LPM.

The poor understanding of mandibular basic anatomy can be demonstrated by the disagreement
remaining over the nature of the intra-articular fibrocartilage. It is sometimes referred to as 2 meniscus,
but mostly recognized as a disc {Bell, 1990) and even as a "cap”, but, to avoid confusion and to follow
zonvention, he used the term meniscus or disc are used.

The human LPM is also a structure with an history of controversies. Over the last 50 years it
was conventionally described as being a single functional unit {Grant, 1973; Basmajan, 1970) as well
as a double headed muscle {Gardner et al., 1963; Last, 1966; Gross, 1966). In 1973, Grant and
Macnamara were the first to separate the LPM in two different entities. Nowadays, results confirm
beyond doubt, that it is a short and thick conical muscle that consists of two independent bellies: a
flat superior head and a three times larger belly-shaped inferior head {Grant, 1973; Macnamara, 1973;
Juniper, 1981, 1984; Carpentier, 1988). Consequently, they should be considered as two distinct
functional muscles.

The facts on the fusion of the two bellies and their directions has also been revised
considerably. Anatomically, the LPM appears to be separated by a horizontal septum of connective
tissue up to 10mm thick surrounded by its own fascia {Juniper, 1881). The two heads have quite
di'fferent orientations and relationships. Behind the zygomatic arch, the small upper head fibres originate
from the upper third of the lateral pterygoid plate, from the infratemporal crest of the greater wing of
the sphenoid bone and run almost horizontally backward and outward in close relation to the cranial
base. Secondly, the larger inferior head arises from the inferior 2/3 of the lateral surface of the
pterygoid plate, tha palatine bone and the maxillary tuberosity. These lower fibres converge harizontally
upward, outward and backward and inserts on the neck of the condyle anteriorly -and medially.
According to anatomical observations, the two heads fuse in a single, short tendinous insertion 10 mm
in front of the joint, in the medial aspect where they constitute a strong medial wall (Grant, 1973;
Juniper, 1981; Burton, 1988; Carpentier, 1988; Hertling, 1990). Grant (1973) described the fibres of
the SLP as being mainly red, mostly parallel with small pinnation angles.

The important practical relevance of the LPM incited Johnstone (1280) to determine the
feasibility of accurately palpating the LPM in patients after dissecting cadavers and taking lateral
radiographs. He emphasized that it is impossible to palpate this muscle directly by clinical techniques

without applying pressure through the overlying medial pterygoid and the sensitive temporalis muscle.
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- Origin and Insertions of the LPM

Most of all, it is surprising that there is still no agreement with regard to the anterior insertion
of the SLP and its relationship with periarticutar structures. The question remains as to whether the
upper head attaches to the disc only, to the condyle only or to the condyle and disc, and in the
affirmative, in which proportions. Some authors report that the SLP inserts only into the capsule and
disc (Thilander, 1964; Honee, 1972}, whereas the most common view is that it inserts into the
condyle, capsule and mainly into the intra-articular disc (Grant, 1973; Macnamara, 1973; Juniper,
1981; Bell, 1983, 1990; Hertling, 1990; Bourbon, 1988). For these reasons, the SLP is sometimes
referred to as the sphenomeniscus head {Bell, 1990). On the contrary some authors described an
attachment on both structures {Hargreaves, 1986) but mainly on to the condyle {Krauss-Grant, 1988).

A recent dissection investigation evaluating the anatomic relationship of the LPM with the disc-
condyle complex using acrylic embedding techniqhes and serial cuts were conducted by Carpenter in
1988. His study demonstrated that the main insertion of the SLP are not in the disc but into the
condyle and that the fibres which seems to go to the disc were all ending on the capsule. This study
suggested that the insertion of the SLP is on the neck of the condyle and not the disc itself denying
all educational and scientific representations that support the "functional theories”™. Adding to the
confusion, radiographs and textbook illustrations often display a poor impression of the shape and
structural relationship of the joint {Rayne, 1987).

Wilkinson {1988) in a cadaver dissection investigation, tried to lighten the issue and assessed
the nature of insertion of both heads of the LPM as well as the nature of the anterior surface of the
disc in relation to the SLP. He found that in one third of his subjects the SLP had a single insertion on
the condyle fovea either directly or by fusing with the ILP, the anterior disc capsule being attached to
the roof of the muscle. in the remaining two thirds, the major insertion was identical ta the one just
described, but the uppermost 20% fibres were implanted in the capsule without any discal connection,

Nevertheless, Bell {1990) believed in a discal insertion of the SLP; "the meniscus is also said
to be essential to normal joint functioning because it has its own power system: the superior head of
the lateral pterygoid muscle”. The disc is described as a jockey’s cap, with the border of the cap
attachments to the condyle and the peak providing the tendon attachment of the SLP muscle. The disc
is firmly attached to the head of the condyle medially and laterally. 1t is possible for the cartilaginous
and inextensible disc to rock backwards and forwards over the condyle between two opposing and
balancing mechanical forces: the elastic lower pért of the retrodiscal bilaminar zone and the contractife

tendon of the SLP muscle (Rayne, 1987; Bell, 1990)

The superior retrodiscal lamina (also called the upper part of the post bilaminar zone) is fibro-
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elastic and act as a passive tractive force controlling the disc in a posterior direction only when it is
in a stretched position. It is the mechanical counterbalance force of the active SLP muscle that controls
the disc in an antero-medial direction (Rayne, 1987; Bell, 1890). This concept is, of course, true only
if one accepts the discal insertion of the SLP.

The above controversies are the most relevant anatomic findings leading to the rationale of the
present study: is the SLP inserted on the disc or not? What would then be its muscular mechanical
function? Lastly, recent anatomical studies describe that the muscle can, in some cases, blend into the
orbitalis muscle bridging the intra-orbital groove and fissure explaining retro-orbital pain in TMJ

disorders.
- Innervation and Vascularisation

The ILP and SLP are innervated from the same supply: the anterior division of the mandibular
branch of the trigeminal nerve (cranial nerve #5); they may have filaments from the buccal and lingual
nerves (Travell & Simons, 1983). The trigeminal passes through the oval foramen and has a mandibular
division which has one meningeal branch and four masticatory branches. These last ones are the
masseteric nerve, the medial pterygoid nerve, the lateral pterygoid nerve (arising from the buceal nerve)
and the deep temporal nerve. The arterial supply of the TMJ comes from the external carotid that
divides into the maxillary artery for the ILP and SLP, the facial artery for the masseter and the
superficial temporal artery for the temporalis.

Consequentlv"'.'- it must be kept in mind that the nerve and blood supply of the four masticatory
muscles are all part of one vessel system. Therefore they are all related together for function and

pathology.

- Muscle Development

It was interesting and appropriate to cover certain aspects on the development of the TMJ. In
the human foetuses at 10 to 20 weeks, of age, the tendon of the LPM passes superiorly to the
condylar cartilage and is inserted into Meckel's cartilage posteriorly, thus protruding the primitive jaw.
It can therefore be argued that the meniscus was formed from the tendon and this suggestion is
supported by the embryological assumption that mesenchyme cells differentiate into fibroblast when
subjected to tension and into chondroblast when subjected to cpmpression (Rayne, 1987). It has been
shown earlier by the same author {Rayne, 1971) that contractile elements are present in the human
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embryo at 6 weeks age and that jaw movements were reported at 9 weeks which must involve the
joint between Menckel’s cartilage and the chondrocranium. Griffin and Sharpe {1360) indicates that
the meniscus is predominantly a posterior extension of the LFM, the medial part of the meniscus is
thicker due to the tendon of the LPM being incorporated in its substance (Karger, 1975).

Therefare, if the disc appears to be the continuation of the SLP tendon or the modified tendon
of the SLP, the concept of the discal insertion would be confirmed by embryological studies (Juniper,
1984). Another interesting point is that histologically the jaw muscles of the infant are uniquely equip
with a very large concentration of muscle spindles, therefore the fine neural proprioception limit the
damage and discomfort of force on the joint {Kubota et Masegi, 1977} and allows for massive
adaptation.

Newly described muscles inserting on the articular disc have been reported lately. One is called
the mandibular capsular muscle {Koritzer) and may provide balance against the action of the SLP or
work as a tripodized "suspension system” affecting joint function (Myers, 1988}, Another one, the
zygomaticodiskal muscle described by Myers (1988), tension of these fibres would move the disc
forward. Another muscle called the mandibular discal muscle which would hold the disc anteriorly
{Bell,1990).  Consequently, these new muscles could affect 1D and the LPM pulling onto the disc.
Moreover, intramuscular EMG could be registering their myoelectric activities instead of the SLP which

brings certain limitations to our methodology.

- Muscle Mechanics

The biomechanics of masticatory muscles has received little attention in the TMJ literature
beyond a consideration of leverage. Rayne (1987) has reported various muscle parameters obtained
from cadaveric human masticatory muscles. The mean fibre length of the LPM is 23 mm, its index of
cross sectional area is 17 %, the smallest and nearly one fifth, of the four masticatory muscles. It has
been shown that the greatest tension is exerted when the fibres are about 90% of their maximum
sarcomere length (the variability being from 1.8 to 3.2 ym). The LPM at rest, has one of 2.9 ym being
almost fully extended and reference to the traditional length/tension curve would indicate that this is
its most powerful position. Whether or not this anatomical oddity has any clinical significance is
debatable, but it does not indicate that the forward posture adopted by many patlnents would
approximate the theoretical rest position of the LPM {Rayne, 1987). The LPM is made of 70% type !
slow twitch muscle fibres, therefore it is anatomically made to be a postura! muscle, i.e. a fatigue

resistant non-nil rest tonus with an inevitable tendency to myospasticity.

In the jaw elevators muscles (masseter, temporalis and medial pterygoid) type | fubres (slow
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contracting, fatigue resistant, low force, postural) predominate in the anterior part and type 1l fibres
predominate in the posterior part {larger, stronger, anaerobic, quickly fatigue). In the LPM’s, fibres are

smaller and mostly of type | (Mao et al., 1992).
The Normal Function of the LPM

Previously, the LPM has been looked upon as a single muscle with a single function (Moyers,
1950; Carlsoo, 1956; Zenker, 1955; Moller, 1971). None of the previous studies distinguished
between the two heads in their recordings. In addition, they were all in agreement that the LPM is
inserted on the disc. The discrepancies in these findings are related with the fact that the SLP has been
considered as a single functional entity and the results were probably due to an electromyographic
placement in the ILP only as the SLP is thinner and less accessible. It was only in the late seventies that
the insertion technique started to be refined. Furthermore, there is a question as to whether the
constant and the antagonist electric activity found by Carlsoo (1956} and the three EMG patterns
recorded by Miller and Vargervik {1880) were either noises captured by their primitive EMG equipment
or true EMG signal from variation in electrode placement in the two different heads.

The first worker to record independent muscle activity from each head of the LPM was
McNamara (1973, 1974) on rhesus macaques. He innovated in describing independent functions for
the two heads. Consequently, a large number of EMG studies distinguished between the two bellies
of the LPM in their recordings. As a result, very different if not antagonist and reciprocal EMG activities
of the two heads were reported. (McNamara, 1973; Lipke et al., 1977; Gross & Lipke, 1979; Gibbs,
1884; Juniper, 1981, 1984; Mahan et al., 1982; Mahan et al., 1983; Gibbs et al., 1984; Williamson,
1988; Bell, 1983, 1990; Dahan & Boitte, 1986; Bourdon, 1988). Auf der Maur (1980}, reported results
contradicting Petrovic et al. {1974, 1975) which is that the LPM play an important role in controlling
condylar and mandibular growth.

Very interesting and totally contradictory findings were described by Lehr and Owens (1988)
who investigated the EMG activity of the human LPM's. They suggested that separate roles for the SLP
and ILP cannot be supported with EMG which questions the functional differentiation of the two
portions described previously. The study demonstrated that the LPM is active in protrusive movements,
including an incisor clench and non-active on retrusion or on molar clench. !n addition, both lateral
pterygoid muscles initiate depression and contralateral transversion. Therefore, they denied that the
muscle has any stabilizirig role on the joint and had two different functions.

Carpentier et al. {1988) supported the theory stated that the LPM has only one function: to
depress and protrude the rﬁﬁndible as if it had a single head of origin. They attributed the repeatable



Appendix A 31

activity recorded by other authors, who favour separate functions, to a neuromuscular adaptation to
an occlusal abnormality rather than a separation of two normal behaviours. It is suspected that the
ones reporting one function only misplaced their electrodes into the ILP, as the SLP is just a few
millimetre thick and probably that they wanted to avoid inserting in the elevators. It is important to
keep in mind, especially since the basic anatomy has still not been clearly established, that mandibular
biomechanics depends enormously on the LPM insertion which in turn will have a major effect on disc
displacement, diagnosis and treatment.

The controversy over whether the muscle is mechanically a depressor or a protractor was
sparked by functional analyses using a stationary axis of rotation located at the condyle {Moyers,
1950; Carlsoo, 1956). In a biomechanical study, Grant {1973} used an instantaneous axis of rotation
and found significantly different results in reinterpreting previous EMG findings. He described two
heads exhibiting quite different mechanical properties: the inferior head has a strong opening moment
(as expected) which increased as the mouth opened. The superior head has a closing moment (opposite
to an opening moment using the condyle as a stationary rotational axis) and a smalt opening moment
on full opening opposition. Consequently, the two heads are functional antagonists. But from the EMG
studies described above, no electrical activity in opening or in protrusion have been reported for the

SLP. Therefore the SLP cannat be associated with this opening movement.
- The Inferior Head of the LPM {ILP)

Many experts {McNamara, 1973; Lipke et al., 1977; Gross & Lipke, 1979; Gibbs, 1981;
Juniper, 1981, 1984; Mahan et al., 1982; Mahan et al., 1983; Gibbs et al., 1984; Bell, 1983, 1990;
Dahan & Boitte, 1986; Bourbon, 1988) recognized the fact that the two muscle bellies have quite
different mechanical properties and contract independently. The ILP is synergically active with the

digastric and suprahyoid group in opening movements; it also contracts in protrusive and contralateral

. motion of the mandible. It was found inactive in closing, clenching and swallowing. More specifically,

it exerts a downward and inward pull on the mandible.

McNamara (1973} interpreted that it assisted translation of the condyle downward, anteriorly
and on contralateral motion during opening. Wood et al.{1986) also reported that the ILP was well
suited to move the condyle o»’jér the articular surface with minimal friction. Therefore it seems to be

‘;he power force of the mandibular condyle. In a intramuscular EMG study, Wood et al. {1986), found

ihat the ILP was mostly active during anterior and contralateral clenching and jaw opening. Thus their
interpretation was that the ILP participates in bracing the condylar head against the articular eminence
during clenching involving condylar displacement and not in compressive phases.
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- The Superior Head of the LPM (SLP)

On the other hand, the SLP elevates and closes the mandible. No activity was noted in th2 SLP
during protrusion and opening movements, though it acts as an antagonist to the suprahyeid group
{McNamara, 1973; Lipke et al., 1977; Gross & Lipke, 1979; Auf der Maur, 1980; Juniper, 1981,
1984: Mahan et al., 1983; Gibbs er a/., 1984). However, it was active concurrently with the elevator
musculature during closing, clenching, swallowing and chewing and intercuspal clench. The SLP may
stabilizes and positions the condyle and disc up and forward against the articular eminence in closing
movements as well as during protruded and retruded clenching {McNamara, 1973). Mahan et al. {1983)
and Gibbs et al.{1984) specify that the SLP is moderately active in ipslateral movements. Lipke et al.
(1977} stated that the SLP normally remains inactive (muscle tonus only) at all times except during
power strokes and/or maximum intercuspation.

As a verification tool in order to recognize a precise insertion position, Mahan et al. (1983)
suggested a differentiation between the two portions of the LPM. The principle lies in comparing EMG
recordings during a retruded clench where the ILP is completely inactive and the SLP is constantly very
active with a resisted protraction where the opposite activities are found.

Juniper {1981) suggested that the SLP may be doing more than just contributing to the TMJ
stability. It must be primarily a closer of the mouth by directing the force of mastication on the loading
articular eminence, the SLP was almost identical to the masseter and temporalis muscles in the
exception that it is involved mostly in the terminal closing movement and that it acts through the
meniscus. Moreover, there is a slight but constant activity of the SLP in the resting position which
could only be abolished on opening and protrusion. Thereby, he assumed that the anterior translated
position is important for a normal rest of the masticatory musculature. Bell (1983, 1990) stated that
this muscle is the active power system of the articular disc for movement that is independent of the
bony components of the joint. Therefore the SLP does not move the joint but the meniscus. As such,
it is a separate, functioning unit of the joint. He believes that it is a misconception to think of the SLP
as a protractor of the jaw only because, technically, its force is in an anterior direction. It protracts the
disc simultaneously with the protracting force of the ILP on the condyle during forward translation
movements. '

’The elasticity of the superior retrodiscal Iamina,:creates a traction on the disc in a posterior .
direction when it is stretched by an anterior translation of the disc condyle complex. The SLP normally
balances the posterior elastic traction of the lJamina to ensure that the disc occupies the most relaxed
rotatory position on the condyle in the articular space (Bell, 1983; Lehman, 1931). In other words, the
SLP permits the disc-mandibular condyle assembly to translate forward when it contracts. Contraction
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of the SLP anteriorly rotates the disc on the condyle during the closing movement as far as the width
of the articular space permits which is in concordance with Bourbon {1988).

Carpentier {1988), by considering the condyle attachments of the upper head onto the condyle
only, regards the anterior disc pulling action as improbable. On the basis that the fibres of the upper
head run under the anterior band of the disc, and seem to be deflected by it when the jaw is in the
intercuspal position, Carpentier suggests that their contraction binds and pulls the disc up over the
medial pole and stabilizes the condyle during closing movements. At the superior pole, the SLP exerts
tension on both the disc and the condyle binding them tightly together. This "homing system”, as
Carpentier calls it, may help the disc to rotate back into place and thus reach its final position in the
intercuspal position without any damage to the ligaments. On mouth closure, the SLP counteracts the
elastic pull of the bilaminar zone of the disc along with the retrodiscal tissues. The contraction
possibilities of the SLP being 30 to 35% of its 40 mm length is exactly what {10-12mm) the bilaminar
zone can be stretched when the condyle rotates and translate. Under narmal function, the SLP only
works on closure, repositioning the disc and the condyle in a close-packed position to prevent joint
damage by in the best shock-absorber position.

In attempting to understand the function of the SLP it is important to clarify whether its major
attachment is to the disc to the condyle.lf the muscle is attached to the disc, its contraction will pull
the disc forward on the condyle. If the major insertion is to the condyle with the disc attached to the
upper surface of the muscle, its contraction will pull the disc and condyle forward together. This
understanding is of great importance regarding the concept of ADD.

Though, the norma! single or independent functions of the LPM's has been frequently
investigated compared to its function in pathological joints. However, two important facts can be
brought up: even if specific EMG findings have been reported, EMG activity of coactivation, of
synergist and antagonist have also been found. Secondly, whatever the myoactivity is, the role of the
muscle still highly depends on its attachment to the disc and condyle.

The Pathological Function of the Masticatory Muscles

As mentioned earlier, there are many hypotheses for the etiology of TMJ dysfunction. Several
factors may also interact to produce and perpetuate a dysfunction. The implication of the masticatory
muscles, their activity and reactiv?‘tv in the etiology and development of TMJ disorders have long been
recognized. Abno_rmal muscle contraction of the LPM has been reported as the cause as well as the
consequence of ffraniomandibu!ar disorders. Confusion over its role in the pathological process is

understandablerdﬁe to the anatomo-physiologic controversies discussed earlier and its presumed pulling
action on the disc.
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Since Joret-ack [1956), who first studied abnormal jaw muscle contraction by means of EMG,
a large number of scientists have tried to clarify the cause, consequence and muscle involvement in
the TMJ syndrome. Unfortunately basic EMG studies on masticatory muscles were done either on
normal subjects, either on the masseter and temporalis muscles of symptomatic patients. These
muscles were probably chosen because of their easy accessibility and their large size which presumed
more influence on jaw function. Moreover, intramuscular insertion techniques were primitive, inefficient
and provoked complications. Those early studies were not concerned with quantification of the EMG
response. Control groups were not always used and the populations sampled were not properly
defined. In addition precise or valid normalisation techniques were not used and results were often
presented in the form of case reports. Finally, the presence of occlusal interferences was improperly

regarded as a true pathological condition.

- The Pathological Muscle Activity of the Masseter, the Temporalis and other Masticatory

Muscles

EMG has been widely used to demonstrate abnormal muscle activity in the jaw elevators,
mainly the masseter and temporalis. Two major findings were: an increased resting or postural muscular
activity associated with TMJ dysfunction and a low maximum clenching and resisted strength as
compared to controls. The latter finding may be interpreted as muscle fatigue secondary to
hyperactivity.

In a literature review on EMG studies of craniomandibular disorders, Dahlstrom (1989) stated
that sleep and basic laboratory studies support a correlation between masticatory muscle hyperactivity
and TMJ syndrome concluded that the average postural muscular activity of patients was significantly
higher than controls, mostly pronounced in the anterior temporalis. Many investigators studied resting
EMG activity in patients with myofascial-pain dysfunction syndrome and reported a significantly higher
{more than twice) EMG level than in asymptomatic patients before and even after dental treatments
{Sheikholestam and Moller, 1982; Gervais et al., 1989; Glaros et al.,, 1989; Jankelson, 1990).
Sheikholeslam and Molter {1982) interpreted this increased rest activity either as a reflex response to
occlusal interferences, to ID or to psychological stresses.

Griffin & Munro (1971) and De Laat et al. (1985) EMG findings suggested that these abnormal
muscle behaviour are due to inadequate stimulation of dental pressoreceptors {premature contact of
gross tooth loss) or to hyperactivity of the retinacular formation associated with malalignement of the
TMJ. They attributed their results to hyperactivity of the motoneuron from a suppression of the
inhibitory reflex. In a study treating myotatic contracture with neuromuscular stimutation, Jankelson
{1990) found a decrease in the EMG activity of the masseter and the temporalis with the patient at rest
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{meaning that they were hyperactive without treatment) and also that there was an increase in EMG
on clenching after treatment.

On the other hand, the most common cause of muscular hyperactivity appeared to be muscle
fatigue produced by chronic parafunctional oral habits such as clenching and grinding. These
contractions are often seen as an involuntary tension-relieving mechanism {Laskin, 1969; Kotani et al.,
1980). Sherman (1985}, noted that bruxing and clenching patients with or without TMJ problem had
far higher EMG levels than subjects with TMJ problem alone. This point implies that parafunctional
habits and not pure TMJ 1D causzes muscle hyperactivity.

The concept of increased muscle activity, whether secondary to occiusal interferences, muscle
spasm, oral parafunctional habits or nsychological stress, is quite dominant in the EMG literature of
the masticatory system. In the majority of EMG studies done on TMJ disorders, the LPM was not
studied despite reports linking it to TMJ disorders. As of EMG results, an increased signal amplitude

is still the major finding from the masseter and temporalis muscles.

- The Pathological Activity of the LPM

The role of the LPM in mandibular movement has always been extremely difficult to determine.
In the last two decades, many authors agreed on two separate normal biomechanical functions of the
LPMs. In contrast, its role in TMJ dysfunction has just started to be seriously investigated. There are
two leading hypotheses regarding the muscular activity of the SLP in the pathologic and etiologic
process of 1D: hyperactivity and hypoactivity/altered of the SLP. Neither are understood as a cause or
a consequence of TMJ disorders.

It has long been recognized that SLP hyperactivity is associated with TMJ syndrome.
For more than five decades studies have shown consistently that myofascial pain-dysfunction patients
have higher EMG activity in the head, neck and jaw muscles than do control subjects. Some authors
related this hyperactivity/spasm to stress, grinding, or pain (Moyers, 1950; Ramfjord, 1961;
Macnamara, 1973, Sheikholeslam & Moller, 1982; Gervais, 1989; Glaros 1989).
Neurophysiological studies of TMJ dysfunction demonstrated that hyperactivity of jaw-closing muscles
may originat'e in the central nervous system, which could be sufficient to cause malocclusion {Yemm,
1976).

Johnstone (1880) believed that the LPM is inserted on the disc and functions as a mandibular
protractor and suggested that a hyperconiraction of the LPM would displace the disc anteriorly. He also
stated that parafunctional habits of the masticatory muscles, such as clenching and grinding may be
responsible for LPM hyperactivity. Conversely, Bell (1990) believed 'that occasional clenching is not



Appendix A 36

only an abnormal physiologic activity but a necessary one. He stated that clenching and grinding may
be viewed as an inverse stretch reflex of the LPM that is stimulated to maintain full resting length of
its fibres. Just as an occasional yawn is necessary to maintain full resting length of the elevators,
clenching prevents the loss of the ability to open the mouth normally and to function adequately (Bell,
1990). A question arises: could people with a2 shorter SLP tend to clench their teeth more as an
involuntary response to this stretch reflex? Moreover, could people with short SLP due to ADD exhibit
hyperactivity of this masticatory muscle due to this stretch reflex? Furthermore, hyperactivity of the
SLP is known to cause ADD which in turn, produces premature contacts {Juniper, 1985). Posterior
ocelusion could then be a result not a cause of ID. Isberg et al, (1985) combined clinical and
radiographic examination with EMG recordings of the masseter and temporal muscles in patients with
ADD with reduction. They found that the masticatory muscles could be activated by disc displacement
which ceased when the disc position was normalized on mouth opening. In other wards, 1D causes
hyperactivity of the muscles.

According to some modern anatomists (Gibbs & Mahan, 1984; Mahan et al., 1983; Isberg et
al., 1985; Wilkinson, 1988; Carpentier, 1988) it is unlikely that the SLP pulls the disc forward without
the condyle because its major attachment is onto the head of the condyle. It only pulls the disc forward
if the insertion is detached from the pterygoid fovea. This attachment would ensure that the disc
remains in normal retation with the condyle, or that it does not protrude far beyond with contraction
of the whole muscle but stabilize it just anteriorly to the condyle {Gibbs & Mahan, 1284; Mahan et al.,
1983}. Consequently, the action of the SLP would prevent the disc from rotating behind the condyle
as it moves forward and stretch the bilaminar zone. Wilkinson {1888) suggested that incisal clenching
may be a major factor in ADD. According to Isberg {1985) the SLP is strongly active in incisal biting
so contraction in this position should displace the disc if the SLP was hypera-*ive. In the theories of
the pathogenesis of TMJ syndrome, we have seen that |D was interpreted to result from LPM
hyperactivity. Later work suggested that TMJ dysfunction induce an increases EMG activity. Finally
wae found out that the presence of dysfunction alone could not produce hypercontraction. While EMG
hyperactivity is known to occur in patients with TMJ dysfunction, whether this hyperactivity causes
the disc syndrome or the disc displacement causes spastic activity is still unresolved.

Hypoactivity has also been found as a pathological activity of the SLP. This recent finding
phenomenon was less common than the hyperactivity one. Carpentier (1988) used a dissection study
to demonstrate that the main insertions of the SLP fibres were not in the disc but into the neck of the
condyle. Therefore, an anterior displacement of the disc due to a spastic activity of this muscle alone
was improbable. Hence, theoretical hypoactivity of the SLP may contribute to ADD (Carpentier, 1988).
In other words, ADD could be induce if the SLP was to weak to pull the condyle forward as the jaw
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opens. It is anatomically impossible for the SLP to pull the disc without affecting the condyle. Instead,
ADD would result from a passive stretched of a causative factor such as the bilaminar zone, creating
ligament laxity or causing elongation of posterior ¢isc attachment due to incisal biting (Heeling, 1985;
Wilkinson, 1988). Accordingly ADD may tend to "wrinkle™ the muscle and stop it from contracting
efficiently. Furthermore, it can be interpreted that subsequent to 1D, the structure and function of the
SLP is altered which could possibly maintain the derangement. Thus SLP patho-activity may be a result
of ID pot its cause (Mahan et af., 1983; Gibbs & Mahan, 1984; Juniper, 1984; Carpentier, 1988},

Both the LPM and the mandibular elevators, were reported to exhibit irregular activity behaviour
in patients with TMJ syndrome. This was attributed to anatomical or psychological factors or may be
a consequence of the dysfunction {Movyers, 1950; Mzahan et /., 1983; Gibbs & Mahan, 1984; Isberg
et al., 1985; Zijun, 1989). EMG analysis and clinical investigations led to conclude that incoordination
rather than hyperactivity is a sign of TMJ dysfunction (Nanthavirgj et &/, 1976). As early as 1950,
Movers found abberations in the mandibular muscle patterns. He suggested that malocclusion and
teeth interferences as causative factors. More recently, Zijun {1989} found abnormal muscle activity
{hyper and hypo) in most patients with TMJ sound disorders. He believed in a muscular cause for ADD
and a discal insertion of the SLP.

In summary, EMG studies of the masticatory muscles in TMJ disorders have emanated from
different paradigms. Despite the divergences in terminology, undefined samples and techniques, little
differentiation between the two heads, the use of EMG has substantially increased our knowledge of
the normal and abnormal behaviour of the masticatory system. Unfortunately, there are very few
studies that have focused on the EMG of the LPM in sg_bjects with 1D of the TMJ.

The Masticatory Muscles and TMJ Force Studies

In TMJ disorders, the muscles of mastication were mainly reported by theoretical and
experimental studies as being hyperactive, but also as exerting weaker clenching forces compare to
normals {Sheikholestam & Moller, 1982; Dahlstrom, 1989; Jankelson, 1990). Anatomical uncertainty
regarding the insertion of the LPM's onto the intra-articular disc and/or mandibular condyle makes it
difficult to understand how it functions and what the recordings actually represents.

In the 1970's, an outbreak of research was done on bite force: it was the odontologic subject
of the decade. The general objective 'of those studies were wide and diverse: assessment of the
properties of the teeth and gum, craniofacial biomechanics, alterations in vertical dimension, effect of
tooth loss, malocclusion, dentures and functional disturbances and general data gathering on different
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maximal and sub-maximal pressures of various bites (Linderholm & Wennstrom, 1969; Ringqvist,
1973; Carlsson, 1974; Mansour & Reynik, 1974; Helkimo et al. 1976; Dechow & Carlson, 1983).

The muscles of mastication also incur significantly low maximum biting strength and low
average level of activity with respect to controls {Sheikholeslam & Moller, 1982; Dahistrom, 1989;
Jankelson, 1990). Treatment did not affect that strength parameter. Therefore subjects with weak
muscles may be more prone to pain and TMJ dysfunction, meaning that the weak muscles have to be
hyperactive in order to function effectively, thus causing an overloading condition. Jankelson (1980}
found muscle hypoactivity in the anterior temporalis and hyperactivity in the masseter in patients
suffering from TMJ disorders during maximal clenching. Therefore, one could expect that a person with
TMJ syndrome would have weaker primary force muscle and hypertonic posturing muscle.
Moreover, the average level of activity on maximum biting is decreased in patients with TMJ disorders
which could be interpreted as muscle fatigue from continuous hypercontraction.

There have been many moare EMG studies on subjects with malocclusion and dental
interferences than on true TMJ dysfunction cases. These studies showed that during maximal biting
and chewing, the subjects exhibited less EMG activity and a different muscle-contraction pattern than
the controls. The impaired muscular activity may be attributed to a diverging dentofacial morphology
and unstable occlusal contact condition {a deep anterior overbite causes a posterior displacement of
the mandible) {Pancherz, 1980}. It is important to note here that we are not dealing with ID but with
malocclusion and that hypoactivity not hyperactivity of the masticatory muscles was found. It may be
concluded that if malocclusion is a cause of ID, hypoactivity may be present. Conversely, if
malocclusion is a consequence of ID, hypoactivity might be the result of this disorder.

A number of methods and apparatuses for studying bite force have been described in the dental
literature comprising various types of pressures strain gauge transducers providing satisfactory accurate
results. However there has been confusion as to wether one is recording forces or pressures. It was
suggested that the force is a measure of the resistance of the supporting tissues and the compressi-
bility of the teeth before it is a true measured force or strength of the masticatory muscles (Carlson,
1974; Williams et a/., 1984).

" Various limitations of previous masticatory bite force studies are as follow: Unexplicit selected
samples has limited the possible interpretation of the data; Uncontrolled head and neck posture may
~ of led previous authors to believe erronecusly that the muscles were hyperactive and the position not
favourable to optimal forces intake; The relationship between EMG and bite force have never been
explicitly explained; Forces of the jaw were oriented towards a teeth/occlusion issue instead of a
whole joint orthopaedic point of view such that up to date, opening forces have never been measured
or documented. '
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II-INTERRELATIONSHIP OF TMJ ID AND THE LPM

Overview, Discussion and Conclusion

As an overview of the whole literature review, the significance of the role of the LPMin ID of
the TMJ is discussed and summarized. As discussed previously, controversies in this particular subject
exist everywhere from the basic anatomy of the LPM to the etiology of TMJ disorders. Overall, authors
agree on the facts that TMJ ID is a psychophysiologic syndrome that primarily involves the muscles
of mastication.

Causes of D includes numerous factors such as occlusal stress, bruxism, psychological stress,
cranio-cervical posture, trauma, eating habits, dental history, etc. Considering altered masticatory
muscle activity alone, it can be seen as a primary cause of TMJ disorders; but it is mainly seen as
secondary to forward head posture, masticatory parafunction, psychological tension, malocclusion,
bruxism, which changes the contraction pattern of the jaw musculatpre which in turn alter the normal
biomechanics of the joint. In other words, ali these factors can lead to ID through muscular imhalance
or impaired activity. This increased muscle tension combined with parafunctional habits can results in
fatigue, pseudo-spasticity and spasm through muscle overexertion and overcontraction. The pathology
usually starts as a non-articular pure muscular disorder and evolves as an ID of the joint itself. Hence,
the muscular involvement is undeniable.

Theoretical explanations of ID pathogenesis can be divided in three major categories:

1) a passive explanation where hyper-opening, forward head posture, malocclusion and parafunction
causing overstretching of the posterior disc attachments, allows the disc to rotate forward off the head
of the condyle which in turns lead to reciprocal clicking, protective muscle splinting and/or altered
function of the LPM’s {Gage, 1989); 2) an active explanation where parafunctional hyperactivity, power
strokes and maximum intercuspation leads the SLP to contract strongly and dislocate the disc anteriorly
(Bell, 1983; Eversole & Machado, 1985; Benson, 1988). It is believed that the SLP pulls on the disc
instead of stabilizing as proposed by the next group; 3} It is interesting to note how some authors
cannot separate the passive and active concepts (Ogus, 1987; Benson, 1988; Bell, 1990; Weinberg,
1990) and came up with the third explanation: Muscle incoordination among agonists, antagonists and
synergists cah cause ID. Repeated abnormal activity of the SLP leads to either a neﬁromuscular
adaptation or an incoordination. Ogus ({1987) stated that there might be a malfunction of the .
neuromuscular system controlling the joint movements. He referred to Schwarts and Cobin {1957) and

Bertry and Yemm (1971) who have proposed that muscular altered activity might be a primary cause
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of TMJD. Zijun {1989) found SLP hyper and hypoactivity in patients with joint sound disorders.

Although some instances of muscle dysfunction can be attributed to defective contacts at
either the intercuspal position of during excursive movements, it is inappropriate 1o attribute all clicking
signs to malocclusion simply because there is some deviation from a preconceived notion of what is
normal occlusion. Since an estimated 90 percent of the population have minor malocclusion, an
etiology for overcontraction of the SLP muscle may be suspected only when an easily identifiable
occlusal is followed by muscle symptoms.

Nevertheless, recent studies suggested that altered muscle activity is a secondary effect
{Juniper, 1984). The damaged discal attachments have led to instability within the joint. To remedy
the situation and stabilize the condyle against the articular eminence, the ILP is activated. Similarly,
Nanthviroj (1976) proposed that clicking/locking may cause an incoordination of the EMG pattern of
the masticatory muscles. It has been shown that masticatory muscle activity can be induced by disc
displacement {Isberg, 1985). Itis advocated that the muscular incoordination and the malocclusion are
results of the ADD and removal of occlusal interference should not be performed until the disc position
has been normalized. Consequently, the muscle imbalance is a result of ADD and not a cause. In other
words, the forward disc position would wrinkle and shorten the muscle and uncoordinated muscular

activity would result,

Overall, the muscular concept is at the top of the list: the hyperactive SLP pulling on the disc
forward and medially would create the ADD condition and the reciprocal clicking assuming a discal
insertion of the muscle. Which is completely different than seeing the muscular impairment as the
consequence of the ID. To determine the sophisticated muscular control of the TMJ, it is critical to
clarify whether the SLP is attached to the disc and /or to the condyle to know if a contraction of its
fibres will pull forward the disc, the condyle or both together therefore changing the whole
pathobiomechanics of the ADD process. A uneqguivocal correlation exists between an abnormal
‘contraction of the LPM and [D. Therefore as ADD is clinically expressed as reciprocal clicking, recording

| the clicking sound at the same time as the EMG signal in clicking jaws will give us valuable information
regarding the interrelationship of those two parameters in TMJ disorders.

In patients suffering from TMJ disorders, an increased rest muscular activity has been recorded in
some masticatory muscles. ls it because the recordings were mainly into the temporalis and the
masseter described as postural muscles and tension relieving "clenchers® ? Or can it be because the
majority of these subjects were in forward head posture which induces an hypertonus in all mandibular
muscles? And again, is that muscle activity responsible for the pathology or is the pathology inducing
a muscle hyperactivitv"? And finally can this abnormal hypercontraction maintain the 1D?
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A second popular finding is that pathologic TMJ patients exhibit weaker muscular strength and
different n:uscle contraction pattern. ls it due to pain? To a neuromuscular inhibition reaction? Is muscle
fatigue a result of the disorder which in turn induces hypertonus at rest and weaker primary farce? All
these questions are not directly going to be answered but may be somewhat covered into our
discussion and conclusion.

In spite of all the different concepts and hypotheses suggested regarding the muscular activity

of the LPM's in ID, we are still in a state of confusion. Therefore it is expected that future research will
address those issues.
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CHAPTER Ill
METHODOLOGY

Summary and Purpose

The purpose of the present study was to investigate and analyze the intramuscular electrode
EMG activity of different static and dynamic tasks of the two portions of the LPM in control and TMJ
ID subjects. Surface electrode EMG of the masseter and the temporalis muscles were also recorded in
order to have a complete masticatory picture and patho-muscular pattern.

Previous TMJ studies were concerned mainly with the masseter and temporalis muscles and
various experimental samples. The undescribed selected samples of previous studies has limited the
possible interpretation of the data. Moreover, uncontrolled head and neck posture may of led previous
authors to believe erroneously that the LPM was hyperactive. The insertions of the LPM’s remains
uncertain which makes it difficult to interpret the data. '

Biomechanical relationships between muscle activity {especially the LPM as it is probably
inserted onto the disc), jaw force, jaw motion and joint noises in regards to TMJ ID were examined in
the present investigation. It was expected that patients with TMJ ID demonstrated L.PM dysfhnctional
activity. In order to reach this objective, the following measuroment techniques were used
simultaneously to collect data: intramuscular and surface electrode EMG, force transducers,
electrogoniometry, and sound recording.

The LPM's were investigéted because they are anatomically and functionally related to disc
derangement of the TMJ and because they are believe to be abnormally recruited in TMJ disorders. If
this abnormal activity is a cause of a consequence of the derangement remains unknown. These two
larger main masticatory muscles were recorded in order to correlate their activity with the LPM's and

to assess their recruitment pattern and contribution in TMJ 1D.



Appendix A 43

INSERTION PROCEDURES
Preliminary experiments

For standardization and precision of the electrode insertion of the two heads of the LPM's,
preliminary experiments were performed in order to verify and master the techniques used by Gross
& Lipke {1978), Mahan et al., (1982, 1983), Gibbs et a/. {1984}, Travell & Simons (1983}, Bell {1990},
and by Koole et al. {1990).

Facial soft tissue dissection and insertion trials were done on human specimen available at the
department of anatomy of the University of Ottawa. As confirmed by these procedures and anatomy
books {Cabrol, 1980; Ide & Nakazawa, 1990) no arteries or nerves are in the path of insertion: the
external carotid artery and the external jugular vein are at least 3 cm posterior to the insertion entry;
the maxillary and transverse facial arteries are at a minimum of two cm below the insertion point; the
larger facial vein and artery are five cm anterior and below the path of entry; as for the nervous
pathways, the rami of the parotid plexus covers the superficial area of the masseter not entering the
mandibular notch area. The insertion trials were very easy to make without approaching any vessels
and the muscles were larger than expected. Surface anatomy guidelines were notad such as the fact
that the SLP is at the base of the nose level just under the z arch floor. The only structure we had to
go through were the masseter muscle fibres and its thick facia overlying the deeper LPM's.

As part of the preliminary experiments, EMLA cream (Astra Pharma Inc., Toronta), a topical
anesthetic for dermal analgesia, have been tried on the thigh and then on facial skin with excellent
analgesic results using 26 gauge needles. ‘

EMG Electrodes

The muscular activities of the LPM's were captured by bipolar intramuscular fine wire electrodes
using the method described by Giroux and Lamontagne {1990). The need for implanted electrodes was
not under dispute as the deep anatomical position and underlying situation of the LPM’'s made surface
electrades inappropriate. The electrodes were inserted into the superior and inferior portions of the LPM
on the selected side.

The superiority of wire electrodes over needle electrodes for intramuscular recording is now well
established (Kadefors & Herberts, 1977; Notermans, 1984; Basmanjian & De Luca, 1985; Moritani et

al., 1985). Intramuscular wire electrodes are known to be selective and record a larger number of
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muscular fibres than needle electrodes. Yemm (1977} demonstrated that intramuscular needle
electrodes were best suited for observation of low levels of muscular activity.

The bipolar fine-wire electrodes {Biomed wire, Cooner Wire Company C.A., 51 gm in diameter}
were custom-made with a platinum-tungsten alloy {92%-8%) possessing both ductility and strength.
Both wires, 15 cm long {Ni/Cr, 0.01 cm diameter), were threaded into an hypodermic needle (26
gauge, 1.5 & 1.75 inch). The insulation of both extremities of the wire was burned over an
approximate length of 5-6 mm and cut to approximately 1 mm from the bare tip, then the wires
emerging from the tip were bent and cut with a scalpel blade so that the two wires are slightly spaced.
The indwelling nickel-chromium electrodes were custom-made using the method described by Giroux
& Lamontagne (1990) (Figure 6). Before implantation in the muscles, the needles and wires were
sterilized at 150°C for 30 minutes at 20 psi in a TIME 250 AUTOCLAVE at the Biology Department {U.
' of Ottawa).

Insertion protocol

Sixty to ninety minutes before inserting the electrodes, alcohol disinfectant and local skin
topicatl analgesic EMLA (Eutectic Mixture of Local Anesthetics) were applied on the cheek over the
sigmoid notch. The selection of an insertion technique for both portions of the LPM's was guided by
an extensive theoretical and practical review of numerous investigations {Macnamara, 1973; Lipke et
al. {1977); Gross & Lipke, 1979; Hannam & Wood, 1981; Mahan et a/., 1982, 1983; Gibbs et al.,
1984; Travell & Simons, 1983; Wood, 1986; Bell, 1990; Koole et a/., 1990). No complications were
reported. :

The extraora!l approach over the intra-oral route was used for several reasons. No post—insenidﬁ'
sequelae {pain, haematoma and difficulty opening) or technica! difficulties in electrode placement
"{repetitive re-insertions) have been reported as opposed to the transoral one. All portions of the LPM
are best inserted extraorally through the sigmoid notch, through the masseter and deep into the ramus
of the mandible and there is less no interference with movement. The technique has been proven safe
and reliable by Gross and Lipke {1979). Based on previous studies, Auf der Maur (1 980) reported that
the intraoral techniques often leads to erroneous recordings and haemorrhages from the pterygoid
venous plexus (Figure 7).
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Needle
"(26 Gauge)

Figure 6 : Fine-wire electrode and needle used for intra~muséﬁlér EMG
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Figure 7a: Insertion technique of the ILP and SLP muscles.
" Note: From The Trigger Point Manual (p.265} by J.T. Travell and D.G. Simons, 1983. Baltimore:

Williams & Wilkins, Copyright 1983 by W & W. Copied by permission

Temporalis

Zygomatic Arch
Sigmoid Notch

M
Medial Pterygoid andible

--Hasseter‘

Figure 7b: Electrode placement: diagrammatic frontal section at the sigmoid notch of the mandible.
Note: From "A technique for percutaneous lateral pterygoid electromyography” by B.D. Gross & D.P.
Lipke, 1979, Electromyography and Clinical Neurophysiology, 19 (p.52)} Copyright 1979 by B.D. Gross.
Adapted by permission
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- Inferior Head of the Lateral Pterygoid Muscle (ILP)

For the ILP, the extraoral technique was used and described as follows: 1) the zygomatic arch
and the lateral aspect of the condyle were palpated in order to localize the sigmoid notch. The sigmoid
notch is desaribed as the bony aperture above the mandibular notch between the coronoid process in
front and behind the condyle (Travell & Simons, 1983) and below the Z arch. With slight opening of
the mouth, two knuckles, {22-30 mm as suggested by Travell & Simons, 1983), the point of entrance
was is just anterior to the condyle and 15 mm inferior to the zygomatic arch; 2) the needle was
directed nearly perpendicular to the surface towards the lateral aspect of the lateral pterygoid plate of
the sphenoid bone which is situated approximately 30° medially and 30° caudally to the peint of
insertion. The needle was then advanced until the lateral pterygoid plate was felt. The masseter fascia
penetration was easily felt and heard by the subject and the inserter. A slightly downward direction
toward the angle of the mandible to reach the ILP instead of a straight horizontal, which can get into
the superior head; 3} the ILP fibres are reached only after full penetration of the masseter muscle. A
gentle contact with the pterygoid plate followed by a gentle retraction ensures that we are in the space
within which the muscle lies.

- Superior Head of the Lateral Pterygoid Muscle (SLP}

The extraoral route was also used for the SLP. Mahan et al. {1982) observed many placement *
errors with the intraoral access, electrodes were misplaced in the ILP or the medial pterygoid muscle.
Our method is an adaptation from various techniques used previously by many researchers {Gross &
Lipke, 1979; Auf der Maur, 1980; Mahan et al., 1983; Travell & Simons, 1983; Gibbs et al., 1984;
Bell, 1980; Koole et a/., 1990}.

The point of entrance was situated 6§ mm below the zygomatic arch, just anterior to the most
forward position of the condyle at maximal opening where the lateral pole of the condylar head can be
palpated. The needle is directed at 90° to the skin surface and slightly upward and énterfor with respect
to the zygomatic arch through the sigmoid notch, toward the orbit. The preliminary experiment reveals
a directiqn toward the base of the nose which is the lower border of the zygomatic arch, 3 cm medial
and slightly anterior. The needle is inserted through the resistant aponeurosis of the masseter muscle,
no bony contact is felt. if the needle goes through the temporalis muscle, the penetration of its fascia
can produce an obvious bri'ef resistance. The needle was moved along thé roof of the infra-temporal
fossa within about 10 mm from the junction of the greater wing and the lateral pterygoid plate. The
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needle should attain a depth of approximately 30 mm to 35 mm medial to the skin. The electrodes
were then fixed to the cheek skin leaving loops for movements to prevent artifacts and promote

comfort of motion. The tips were isolated with medical tape which made our EMG signal clearer.

Insertion Application

The selection of an insertion technique for both portions of the LPM was guided by an extensive
theoretical and practical review {Gross & Lipke {(1979), Mahan et al. (1982, 1983), Gibbs et al {1984),
Travell & Simons {1983), Bell {1990), and Koole et al {1990). Insertion for both portions of the LPM
was achieved extréorally through the sigmoid notch. This technique was preferred because it is
relatively simple and does not lead to post-insertion sequelae or technical difficulties in placement. A
physiatrist specialized in EMG performed the insertions.

Verification of the electrode’s position was done according to the studies of McNamara (1973),
Gross & Lipke (1979}, Mahan et a/. {1983}, Gibbs et al. {1984) and Koole {1990}. They found strong
myoelectric activities of the SLP on clenching; moderate activity on ipsilateral movement and closing
in retraction; and no activity on opening and protraction. On the contrary, the ILP exerts no EMG signal
on elevation or closing movements but is strongly active on opening and protrusion especially upon
resistance. This testing was mostly applicable in the contral subjects. Hence, we had to rely on the
inserter’'s certitude of the placement combine with EMG firing for the TMJ ID group.

We followed the insertions techniques described previously. The mandibular notch was the
easiest spot to insert as for finding it, direction, soft tissue mass, but two problems arose: pain on
maximum opening and closing with a locking sensation on resisted motion, and no feedback on the
exact situation of the needle. After the first five subjects and studying carefully the anatomical atlas
of the TMJ (Nakazawa & Kamimura, 1991) a different approach was tried. Adding intraoral palpation
for guidance, the second approach consisted of proceeding higher and more posterior close to the
condyle and just under the zygomatic arch, just above the coronoid process without being exactly into
the notch. The palpation was done at the junction of the coronoid process and the arch just above the
last molar, feeling the masseter and the needle. Therefore, the SLP was less diffichlt to insert as there
was no muscle in the way duﬁhg that upward direction under the arch near the posierior teeth with
intraoral guidance. It was also easier to locate the lower portion because of its 'larger size, the needle
was simply redirect in a medial and downward direction. To avoid wire deformation during the

recording, the subjects were instructed to contract their muscles few times prior to data acquisition.



Appendix A 49

EXPERIMENTAL PROTOCOL
Subjects

Ten female subjects with ID of the TMJ aged between 19 and 37 voluntarily participated in this
investigation. Two subjects were excluded, in one case the EMG signal was qualified too noisy and
the other one, the needle was pulled out during testing. This sample was selected from a population
of patients seen in a Physiotherapy Clinic specialized in TMJ management in Ontario, Canada . All
patients were referred to us by the dental or medical professions. Ten control females, matching in age,
from the general population, served as controls. Female subjects were chosen as they are the best

representative group reported in epidemiologicat studies (7 female for 1 male suffering from TMJD).

- Selection Criteria

The experimental subjects were selected on the basis of the following criteria: 1) professional
diagnosis of TMJ disorder; 2} pain, tenderness or discomfort should be present in one joint, ear or
cheek area; 3} discal clicking and corresponding movement dysfunction. These were regarded as
determinant factors to be considered as having ID {Owen, 1987; Gage, 1989; Bell, 1990). Movement
dysfunction related to discal displacement consisted of a deviation towards the clicking side on
opening, and/or a limited contralateral translation and/or a limited opening and/or a limited protrusion
range.

The exclusion criteria were as follows: 1) closed lock conditions and hypermobile joints were
not selected. Subjects with major mechanica! head and neck disorders were also excluded form the
study. Patients with reciprocal clicking and obvious opening discal clicks were considered as having
ADD according to the criteria established by authorities {Ireland, 1951; Farrar, 1972; Weinberg, 1980;
Dolwick, 1983; Rocabado, 1983; Isberg, 1985; Owen, 1987; Gage, 1988; Bell, 1990).

The ten control subjects were selected according to criteria modified from Goldstein (1984):
No signs nor symptoms of TMJ dysfunction, functional occlusion, a full complement of at least 28
teeth, no major dental restoration or cuspal coverage, no history of orthodontic treatments and no
history of pain or trauma in the Head and neck areas. |
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- Clinical data

Two questionnaires (appendix B} were filled out by all the subjects to avoid any rmedical
complications and to determine specific conditions that could alter the validity of our results and explain
variations in data. All subjects had at least 28 teeth; one control and three TMJ were missing one to
four-teeth. Pertinent results are as follows: all control subjects reported comfortable bite, however
50% of the TMJ felt biting discomfort. One control and four TMJ participant reported being grinders
and clenchers. None of the two groups had major dental work done, but more than 60% of the two
groups stated that they went through orthodontics and occlusal appliance. None of the control group
and half of the TMJ group reported intermittent necks pains and headaches and had a course of TMJ
treatment (dental and/or physio therapy). All subjects were not affected by osteoarthritis or by any
other related health problems and were not taking any medications. Nobody reported allergies to
anesthetics or blood pressure and bleeding disorders for insertions needs.

Clinical data and range of motion of the TMJ ID and control samples are shown in Table 1a,1b
and 2a,b respectively for both samples. Ranges of motion were measured with the Therabite
Instrument cardboard curved ruler. Ranges of motion of the control group were within normal limits;
for the TMJ ID group, movement dysfunction was present in all cases (Table 1a,b and 2a,b for the
control and the TMJ 1D group).

Procedures

A few days before testing, all 20 subjects were individually taught how and where to put the
ELMA [Eutectic Mixture of Local Anaesthetics, Astra Pharma Inc., Toronto, Canada} cream, 90 minutes
before testing time (Appendix B). Uniléteral testing was done as the condition generally affects one
joint {Laskin, 1986). All subjects involved in our study suffered from only one side, or if bilateral, one
side was definitely worst. Prior to the testing period, the subjects were asked to read an information |
letter and sign a consent form explaining in detail their duties, their rights, and the testing protocol
{appendix B).
' The subject layed down in supine and the insertions were performed by a physiatrist specialized
in EMG electrode insertion {Figure 8); Before data collection, verification of the insertion of the ILP was
determined by recording strong activity during opening and protrusion and none d‘urin élenching on
the oscilloscope (Gross & Lipke, 1979; McNamara, 1973). Verification of the SLP was obtained by
recarding strong activity during clenching and an abser.'cé_""o;f‘ activity during protrusion and opening
(Gross & Lipke, 1979; McNamara, 1974). For the superfiéial muscles, the masseter strongly fires
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iques.

Picture of the Insertion techni

Figure 8

Figure 9 : Exf:erimental set-up and testing material.
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during incisive clenching and the temporalis during molar clenching, both being silent on opening
{Travell & Simons, 1983).

The next procedure was to carefully tape and isolate each of the 4 wires and to fix the surface
electrodes on the temporalis and masseter. At the same moment, the EMG signal from the four
investigated muscle were tested and calibrated. Then, the EMG amplifier outputs for the four muscles
were connected to the data acquisition box interface which was connected to a microcomputer
{Compaq 386,16MHz) using a custom-made biomechanic data acquisition software (BIOAD,
Lamontagne et al., 1989). A straight and confined testing chair, head stabilizer and visual feedback
allowed us to minimize the effect of forward head posture on our results. For the resisted maximum
opening, the head was immobilized with a frontal velcro harness and a cephalad support to limit any
upward compensation (Figure 9). EMG signal, jaw kinematics and kinetics data were collected
simultaneously. The temporalis and masseter muscles were registered by surface electrodes (Siver-
silver, Meditrace, Ganagoque, Canada} {Figure 10} and the two heads of the LPM by intramuscular
electrodes.

Conditions

The experimental procedure, individual session 'of approximately ane hour, consisted of
performing five static tasks: resting, resisted protraction, maximum voluntary contraction (MVC) in
opening, molar clenching and incisor clenching and two dynamic tasks: open-close-clench cycle and
gum chewing. These specific movements were chosen for various pertinent reasons: they exhibit an
activity of the LPM’s; some are known to cause ID; some are functional daily muscular patterns, some
exhibit the clicking sounds; or have any relation with the rationale of this investigation,

The maximum voluntary contraction (MVC} of jaw opening consisted of a maximum jaw
deprassion motion against the opening force transducer (Figure 11). This first task not only estimates
the force of the motion, but also appraises the ILP recruitment and the contraction of the accessory
jaw depressors, the hyoid and digastric muscles. The MVC were also used to normalize our data for
the two muscles, ILP by resisted opening and the SLP by molar clench.

Maximum voluntary contraction {(MVC) of jaw closing, in the molar and the incisor positions
consisted of a clenching force on the closing bite force transducer {Figure 12 and 13). The resisted
molar clenching tasks assesses the bite force and the loading of the condyle in a posterior position. It
is pertinent to nota that an inflamed and damaged cartilage joint surface will inhibit any strong muscular
compression. Furthermore, incisal biting has been accused to cause TMJ internal derangement {Isberg,
1985; Wilkinson,1988; Bell, 1390).
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Figure 10. Picture of a subject with

surface electrodes on the
masseter and the temporalis muscles.

Figure 11. Picture of a subject performing
the MVC in opening.
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The resting activities of both heads of the LPM, the masseter and the temporalis was then
recorded in order to conclude on general r~sting muscular hyperactivity or postural tonus and to
subtract it from other tasks in order to get the pure specific activity signal.

Active resistive protrusion was recorded while the subject was isometrically protracting his
mandible against the experimenter's fist in order to isolated the translation arthrokinematic component
of the opening TMJ and measured a specific function of the inferior head of the LPM (Figure 14).

A maximum open-close-clench cycle was performed (Figure 15) to assess the EMG activities
of the two muscles while clicking (= 1D} and to examine the dynamic patterns of the muscular
interaction between the two heads of the LPM and the masseter and temporalis. in addition, before and
after clicking, qualitative observations could be made.

Finally, a natural gum chewing condition was performed to appraised the coordination of the
two LPM's with the masseter and the temporalis muscles simultaneously with the recording of joint
clicking during functional mastication (Figure 15). This appraised a dynamic task including the disc
reduction sound and muscular pattern interaction and coordination. Right and left sided were accepted
as no instruction except usual chewing pattern were dictated. Most subject chewed on their affected
side in order to reproduce a discal interference sound.

Standardized verbal instructions about the tasks procedures were given to each subject as well

as cues 10 correct the situation when needed. All the movements were demonstrated by the
investigators, then practice by the subject to a satisfactory level. Each static jaw condition were held
for three seconds and repeated three (3) times. For the dynamic conditions each of the three trial lasted

5 seconds in order to capture one to three {3) full cycles for a total of nine cycles.
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Figure 13. Picture of a subject performing the MVC in molar ¢clench,
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Figure 15. Picture of a subject performnng the maximum opan-close—clench cycle or the gum chewing.
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DATA COLLECTION

For all three trials of each static or dynamic task, the EMG signal was recorded simultaneously
with the clicking sound by microphone and the jaw kinematics by electrogoniometry for the dynamic
conditions and with jaw kinetics by force transducers for the static tasks. A period of three seconds
was used for static conditions and the best one second window was chosen for data analysis. A
period of five seconds for the dynamic tasks was needed to capture two to three full cycles. The
instrumentation used for the static tasks project were EMG and kinetics. For the dynamic study, EMG,
kinetics, kinematics and sound recording data were obtained. Figure 16 depicts a schematic diagram

of the apparatus used and the data acquisition system.

Electromyography

The muscle activity of the two heads of the LPM were recorded by means of bipolar fine-wire
intramuscular electrodes. Bipolar surface EMG electrodes (pairs of silver-silver chloride, MEDI-TRACE)
were placed 1 cm apart along the muscular fibres of the masseter and the temporalis. One surface
electrode was fixed to the ipsilateral collar bone as the ground reference between the electrodes
muscles insertions and the heart. Unilateral collection was performed as all the subjects involved in the
study were diagnosed with a one sided disorder.

The raw EMG signals of all four muscles were amplified and filtered throué}\ a differential
bioamplifier with adjustable high gain {High performance AC preamplifier GRASS P511). The frequency
characteristics of the filter band width were carefully selected at 3, 10 or 30 to 100 or 300 to register
the dominant frequency components of our myoelectric signal. and different gain (2000 tc 10 000)
were chosen in order to get to the best output signal. The EMG signal was then converted by analog-
to-digital conversion and fed to a microcomputer {Compaq 386, 16MHz).

The data acquisition system allows for 16 configurable channels data acquisition inputs,
therefore it enables to record the 4 EMG signals at 2000 Hz simultaneously with one sound, two jaw
electrogoniometric signals and one force signal all at 100 Hz sampling frequency. This synchronisation
of the kinematics signals was imperative to precisely define:a jaw cycle within the EMG signal
. collected.

Kinetics

The thfee MVC in opening, molar and incisor clench were recorded through two custom-made
force transducers. The forces were amplified by a custom-made high bicamgplifier at low voltage
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excitability and then recorded through the data acquisition system at a sampling frequency of 100 Hz
and a variable gain of 1 or 10 that was automatically scated in the analysis.

- The closing_bite force transducer consisted of two steel beams mounted together {4.8mm
inter-space) similar to the one described by Dechow & Carlson {1983). The full wheatstone bridge
configuration of the strain gauges {high resistance 350 Q) was glued along the inner surface of one
beam to allow for direct strain measurement. Therefore the voltage output was proportional to the
difference in strain between the two gauges. The biting surface of the fork was covered with a foamy
self-adhesive material of minimum thickness to allow teeth comfort that was changed for every subject.
The beams were placed between the ispilateral upper and lower first molar and between the upper and
fower incisors. The total thickness of the device was 12 mm. The inter-beam space was measured
after each trial to verify if any permanent bending of the metal had occur. Our first apparatus had one
plate of 2mm stainless steel that became permanently bent on our pilot trials. Hence, we had to go for
thicker beams and larger inter-space which remained constant through all the experimentation (Figure
17}

- The_opening device consisted of an 8cm wide and 1 cm thick metal beam with a chin shaped
plastic sitter at one end. The other end was solidly fixed with two large clamps to a horizontal beam
part of the chair system. Another bridge configuration strain gage system was glued to the top surface
of the beam near the clamps {Figure 18). Therefore the cephal stabilization of the head permitted to
produce pure downward force with the chin causing the metal beam to flex. The difference of voltage
produced was amplified and collected through an A/D conversion box before entering the
microcomputer.

- Calibration

The calibration of the two devices was done by loading known weights on the pressure beams
and recording through an amplifier the voltage on the oscilloscope and on the computer. Weights used
for the opening device were O; 1; 3; 5; 10; 19 kilos. For the closing strain gage, the weights used
were 0; 3,75; 13,75; 23,75 ;33,75; 53,75 in kilos. The gain of the amplifier was 60 (1000 at a scale
of 3004V) Figure 19}, Three trials of six upgrading and downgrading weights comparable with forces
exerted by the jaw were used to calibrate the two force apparatus. In the literature, female molar and
incisive closing bite force were reported to be of 22 kg and 11 kg respectively {Helkimo et al., 1976).
No data was reported for opening maximum force but calibration was made up to higher values than
expected. )

From these calibrétions procedures, a linear relation between the load and the deflexion voltage
was obtained. Two regression equations were computed:
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- the opening force one:
Y (Newton) = 56.66413 X {data voltage) + b {-0.68749),
the standard error of the Y estimate being 0.415077 and the R square being 0.999517.
- and the closing force one:
Y {Newton) = 627.7142 (volts) + b (0}
the standard error of Y estimates being 1.23587 and the R square value of 0.980081,

Electrogoniometry

A digital-based system using a flexible electrogoniometer (Penny and Gilles, BIOMETRICS) was
used to record jaw displacement in the sagittal and frontal plane during dynamic jaw opening and
closing. The electrogoniometer consists of a central strain gauge encased in a flexible steel strip
surrounded by a spring with two end plates for attachment to the skin. The consequences of
polycentric joints and linear skin movements are avoided; therefore, this planar device does not require
a specific centre of rotation. It allows the simultaneous and independent measurement of joint rotation
in two axes thus providing two analogue output signals representing vertical and lateral translations
of the mandible. The measuring range of the goniometer is of +/- 180 degrees with an infinite
resolution. For the purpose of our study, we used a 100 Hz sampling frequency in our data acquisition
set-up and a total of 30 degrées sagittal and 10 degrees frontal range of motion. Calibration was
integrated within the Biometric system: 1 volt= 80°; positive reading correspond tc the opening period
and negative reading to the closing or jaw elevation period.

The two pieces were attached with a double sided adhesive tape to the temporal/frontal bone
and onto the mandible (Figure 20). The wires from the apparatus were restrained to the head and neck
using tape in an unobtrusive manner for jaw motion. In this particular study, the purpose was to
correlate movement direction and the end of range of each cycle with EMG signals in order to isolate
and differentiate between opening and closing motion, simply to recognize precisely to which part of
the cycle the EMG and microphone signal correspond.

Microphone

' For our studv.'clicking was detected by a sensitive contact microphone fixed directly onto the
skin at the joint Iina tevel and secure with tape. Correct placement was defined by the investigators
after palpation and reproducibility of the sound. The microphone was coﬁhected to an adjustable signal
amplifier which fed into our analogue to ciigital {A/D} conversion interface box, transforming decibels
into millivolt. For each clicking sound, a difference of potential was produced and
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Figure 18, Custom-made opening force transducer.
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Figure 19.
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re-amplified as needed through our data acquisitiqn system BIOAD [Lamontagne , M. Bradley, D. &
Lemairg, E. D., 1989).

No specific calibration was needed as the position in the cycle and its effect on the myoelectric
signal was the factor needed. The intensity of the sound was not important as long as it could be
traced. The amplified microphone signal was biased by mean procedure and could be eésily detected
graphically with the EMG recordings on the computer screen for later measurements and analysis.

The first or opening click was considered as the disc reduction sound and the second or closing
click determined the disc re-subluxation occurrence. In other words, between the first and the second
click, the disc/condyle relationship is considered normal, but after the closing sound and before the jaw
clicks on reopening we have a pathological situation where the disc is anteriorly displaced. The closing
click was sometimes so soft that it could not be recorded even at maximum amplification but the

opening click could always be registered. The closing click position could sometimes be interpreted with
obvious variations of the goniometer signals.

DATA REDUCTION AND ANALYSIS

All signals were analyzed on a microcomputer {Compaq 386, 16MHz), through a custom-made
biomechanics software package (BIOPROC, Lamontagne, Bradiey & Lemaire, 1289) which is fully
compatible with the data acquisition software (BIQAD). This section is divided into two parts: The

analysis of the static conditions along with the isometric forces; and the analysis of the dynamic
conditions.

Statistical and Desc?iptive Analysis of the Static Conditions

Two sets of measures were computed from the five static conditions: the integrated LE EMG
of the four muscles for the five tasks and the isometric absolute force values from the three MVC
tasks. These were done for each subjects of both groups.

- EMG Data Reduction

For the five static conditions {rest, resisted protraction, MVC in opening, MVC in molar clench
and MVC in incisor clench), for each three trials and for the four muscles, we digitally filtarad and
processed the EMG signals with an A/C filter at 10Hz and the bias was removed by mean. The second

step consisted of scaling lin 4V) each myoelectric signal by its own gain factor obtained from each
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channel of the Grass amplifier. The raw EMG signal was converted to a linear envetope EMG {LEEMG)
signal which consisted of a full wave rectification and then filtered with a fourth order, dual passes,
critically dampened low-pass filter with a cut-off frequency of 6Hz. Each trial was time normalized in
percentage in order to average the three trials per muscle per conditions per subject (n=3x4x5x19)
and to be able to do inter-subjects comparison. The one second window that had the most constant
EMG signal was then selected by viewing the scaled and smoothed signal. For the three MVC's tasks,
the same processing techniques were undertaken but more attention was directed towards choosing
the one second time interval based upon the maximum force contraction. From that one second
window, the integration of the area under the curve was computed to obtain the integrated LE EMG.
The integratec LE EMG of the resting condition was then subtracted to the integrated LE EMG of the
4 other static tasks in order to obtain the net integrated LE EMG.

Averages were computed across trials for each subject per condition per muscle to obtain a
mean integrated LE EMG value in pV. Grand Ensemble Averages {GEZA) were then computed across
subjects for the two groups for the 4 muscles and the 5 conditions to reduce the variance of EMG
recordings and to compare between the groups. Second order GEA were also calculated over conditions

and then over muscles but were not found meaningful and were not used.

- Force Data Reduction

The Isometric force signals were processed for the three MVC conditions. The bias was
removed by factor procedure to level the signal at zero. The mean force value of the selected one
second was measured for each tria!, muscle and condition per subject. For each three MVC conditions
the mean forces value (in voltage) was inserted in the regression equation from the calibration
procedures and converted in Newton. From the mean force value, GEA were computed across subjects
per group to compare the absolute forces exerted by the TMJ ID group and the control one for each
MVC condition.

- Statistical Design

The two groups were characterized as random samples cf two specific populations: TMJ
disorders and matching (sex and aei‘ surrounding volunteers of the general population. Statistical
analyses were conducted on the dependent variable mean integrated LE EMG expressed in uV for each
four muscles for the five static conditions. General linear model ANOVA {four 2x5 with post-hoc
Fishers tests) were contrasted with twenty simple one way ANOVA. Statistical analyses were also

conducted on the three isometric forces expressed in Newtan using one 2x3 ANOVA model and one-
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way ANOVA. All tests were done through NCSS software package using a significant level of a<9.05
to determine if the two groups differ on their muscle activity for the five conditions and on their
opening and closing bite forces. The independent variables were TMJ ID and control groups. Two tailed
tests were used as the TMJ 1D group might present with hyperactivity or hypoactivity, lower or higher
forces, compared to the control group. The simple or one way ANOVA comparing the two groups
means for each muscle in each condition separately seem to be the best way to draw the information
we were looking for without fading the contrasts and loosing the meaning. It was well understood that
some conditions and some muscles do interact but sometimes in opposite directions, therefore
cancelling the effect of interest. The factors are considered independent and should not be melted
together. The only effect of interest being studied was the muscular activities and forces generated
by the two groups.

lndependent scores and normality of distribution were tested positive. Although, we had large
standard deviations, probably due to the large subject inter-variability** and the influence of many
factors, the homogeneity of variance between samples was valid most of the time (tested within the
simple ANOVA procedures with NCSS). If not, a corrected and more-conservative, p value was
provided by NCSS in cases of unequal variance and was used to assess significance. This logarithmic
transformation to normalize the data is necessary before concluding on the inferential value of our

results. However, our sample was so small, that generalization was not possible.

Statistical and Descriptive Analysis of Dynamic Conditions

Theoretically, the presence of myoelectric signals demonstrates if a muscle is active or not and
how active it is in comparison with a reference value such as the MVC or a peak value. In this
investigation, the EMG signals of the open-close-clench and gum chewing cycles were computed into
four EMG data treatments.

The raw EMG was filtered with a high-pass filter {Butherworth, dual passes) at 10Hz. The bias
was removed by mean using the BIOPROC software {Lamontagne et al. 1989), then scaled by a factor
obtained from the different Grass amplification gain for each muscle. The best cycles were selected
for processing by viewing the full scaled signal {5 seconds). For the three MVCs tasks, the same
processing techniques were undertaken but the window used for processing was selected from the
maximum kinetic signal registered. The EMG signal was full wave rectified and filtered with a fourth
order, dual passes, critically dampened low-pass filter (cutoff frequency =6Hz}, producing a LE EMG
data. The area under the curve of the LE EMG was computed to obtain the integrated LE EMG. The
average integrated value of the rest condition was subtracted to obtain the net integrated LE EMG
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provided by the specific movement. From the EMG signal, four different dependant variables were

computed during the dynamic motions to compare differences between the two samples.

1- Integrated LE EMG normalized by 100% MVC and by phase. Each open-close-clench cycle

was divided in three phases: open, close and clench. Each phase was normalized by time in percentage.
For each phase, the integrated LE EMG for each muscle was computed and then normalized by the
integrated LE EMG of the specific MVC {100%). The open phases were normalized by the MVC
obtained in opening. The close and clench phases were normalized in percentage of MVC obtained in
molar clench. For the mandibular muscles, the rationale is confirmed for the EMG protocol using
maximal isometric contraction as the normalization guidelfne {(Miller & Brown, 1974; Jankelson, 1990).

Practically, these values are the extend to what each muscle is working during a phase of the
OC.; sycle in relation to its corresponding MVC based on their respective integrated LE EMG. In other
words, these values show how much both groups are using each muscle during a phase. GEA were

computed across subjects for the four muscles for each group.

2- Integrated LE EMG normalized by 100% MVC by primary functions. The three best trials of
the gum chewing cycle were first normalized by time in percentage. The integrated LE EMG were
computed for each muscle éu-'_ each subject. The integrated LE EMG of the resting condition was
subtracted. The resulting zV valﬁes of the masseter muscles were normalized by the
integrated LE EMG from the MVC obtained in incisor clenching {the superficial masseter acts primarily
in a protracted clench). For the temporalis and SLP muscle, the resulting integrated LE EMG of the gum
chewing were normalized by the MVC obtained in molar clench. And for the ILP muscle, the
normalization of the gum integrated LE EMG was done by the MVC obtained in resisted opening.

Hence, each EMG recording is expressed as an amplitude percentage of these 100% MVC
values. This muscular contribution data gives information relating to what extend (% of MVC) each
muscle contributes to perform functiona! mastication, again comparing TMJ 1D subjects and controls.

It is pertinent to mention that normalizatioq is usually done to facilitate comparison between
subjects and groups to eliminate inter-subject variability. But as stated by Yang & Winter (1984},
normalization by 100% MVC actually increases the inter-subject variability secondary to fatiguability,
co-contraction, non-linearity of EMG-force relationship which definitely limits the interpretation of the
results. Therefore, normalization by peak was conducted as it reduces drastically the inter-subject
variability and improves the sensitivity of EMG as a measuring tool (Yang & Winter, 1984).
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3- Integrated LE EMG normalized by peak. The whole gum chewing signal was normalized by

time in percentage. The LE EMG for each muscle was computed and then normalized by peak
amplitude. This normalization differs from the first ones as we are normalizing a dynamic cycle by a
dynamic value within the cycle permitting better between groups comparison.

For those three families of dependent variables {all expressed in percentage of the MVC],
ensemble averages were computed through subjects of the two groups for the four muscles. To
compare means of the two samples, general linear model ANOVA {simple or one-way} were computed
through NCSS software package for statistical analysis using a significant level of ¢=<0.05 and two
tailed testing. The independent variables are TMJ ID and control groups. The simple or one way
ANOVA comparing the two groups means for each muscle in each condition separately seemed to be
the best way to draw the information we were looking for without fading the contrasts and loosing the
meaning. It was well understood that some conditions and some muscles do interact but sometimes
in opposite directions, therefore cancelling the effect of interest. The factors are considered
independent and should not be melted together. The only effect of interest being studied were the
muscular activities.

Knowing that in the practical application of EMG, the pattern of the ensemble LE EMG is often

a more important consideration that its amplitude, descriptive and qualitative analysis were also done.

C “,_4- Descriptive_analysis of the gum chewing cycles were completed to withdraw qualitative
charaléiéristics of the EMG signals of the foqr muscles between the two samples. The whole gum
chewing raw signal was normalized by time in percentage. The LE EMG fm; each muscle were
computed and normalized by peak amplitude. Descriptive analysis cf simple subjects and group average
are presented. Surely, these descriptive features are very adequate and pertinent for dynamic tasks

analysis and are expressed in similarities and dissimilarities between groups and muscles.
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T UNIVERSITY OF OTTAWA

FACULTE DES SCIENCES DE LA SANTE
FACULTY OF HEALTH SCIENCES

PART II;CONSENT FORK

Participation Consent to a Biomechanical Analysis of
the Temporomandibular Joint {THI)

Whenever a research project is undertaken with human participants, the
Human Research Ethics Committee of the University of Ottawa (Chairman of the
H.R.E.C.,Faculty of Health Science: Dr. M.A. Loyer 613-787-6707) requires that
participants provide in writing a proof of their consent. This ensures that
participants. are aware of the nature of this study, and that they are fully
informed about their rights.

INVESTIGATORS: C. M. Lafreniére {pht BSc. MCPA) and Dr. M. Lamontagne PhD
tel.¥ (613) 564-9232/9105

Please read this form and sign it if You are willing to participate in ths study
described below.

I am here as a volunteer and I understand that X AM FREE 0 WITHNRAW this
consent and to discontinue my participation at any time, even during the testing
period, without penalty or discrimination.

MY PRIVACY will be protected in the follcwing manner: All research data obtained
from me in the course of this study will be kept confidential and will be
accessible cnly to the prinecipal investigators. Should the study be published,
my identity will not be released. -

I UNDERSTAND the implications required for my participation in the present EMG
study during the experimental protocel and the possible physical diescomforts
involved explained in the letter of information. These were, possible local skin
and muscle tenderness, jaw stiffness, and rarely haematoma and local pain.

TESTING PROCEDURES '

You will have to be sitting straight on a chair with your forehead
surrounded by a comfortable head stabilizer. You will be asked to wear regular
clothes excluding a turtle neck and to tie your hair so it doesn’t get in contact
with the cheek area.

The experiment will not involve future discomfort or stress of any kind.
The principal investigators will be with you constantly to fix the apparatus,
inatruct you and collect the different informaticn. The investigatorc are
prepared to provide assistance should the need arige.

. In signing this consent form you acknowledge that you have read and
understood the above statements as well as the letter of information. You enter
the biomechanical investigation ‘willingly and you may withdraw AT ANY TIME
without penalty or discriminotion. Any questions about the procedures used in
this experiment are welcome. . :

Under confidentiality, you will receive, freely, the results of our study
once analyzed as a appreciation sign. :

Printed name of Volunteer:

Signature of Volunteer and Date:

Signature of Witneas: -

- - T-.2/2
ECOLE DE3 SCIENCES DE L'ACTIVITE PHYSIQUE
SCHOOL OF HUMAN KINETICS

125 UNIVERSITE/UNIVERSITY, OTTAWA, ONTARIO, CANADA KIN 6N5
+1(613) 564-5920 FAX: + 1 (613) 564-7689 '
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@ﬁ UNIVERSITE D'OTTAWA
| UNIVERSITY OF OTTAWA

FACULTE DES SCIENCES DE LA SANTE
FACULTY OF HEALTH SCIENCES

PART I: LETTER OF INFORMATION

participation Consent to a Biomechanical Analysis of
the Temporomandibular Joint (TMJ

INVESTIGATORS: C. M. Lafreni2re (pht BSc. MCPA} and Dr. M. Lamontagne ?hD
tel.# (613) 564-9232/9105

Chairman of the Human Research Ethics Committee of University of Ottawa:

Dr M. A. Loyer 1-613-787-6707

INFORMATION ABOUT THE STUDY:

The purpose of this study is to examine the muscle activity of four (4) jaw
muscles of normal and abnormal jaw joints while measuring wotion and joint
sounds. One session of approximately thirty (30) minutes will be required for the
experimentation.

This research will help dentists, doctors, physiotherapists and other
clinicians to better understand and treat TMJ problems. Which should improve the
quality of life of the increasing number of mistreated TMJ sufferers.

The only discomfort expected are the insertion of two wires in the two deep
suscles located in the cheek area that will become painless with the use of a
special cream. The possible risks and inconveniences consist of slight stiffness
in the jaws and musvle, skin tenderness and less likely to happen, a local
hacmatoma and a local pain for a maximum of 2 to 3 days. Infection and other
complications have not been reported.

EXPERIMENTAL FROCEDURES:
In the present study, you are asked to read and sign the consent form if

you are willing to participate. Moreover, you will be asked to £ill out a simple
questionnaire to make sure you fulfil the criteria to enter the study. One hour
prior to the testing, you may apply a analgesic cream on your cheek (area will
be shown to you) for the insertion to be completely painless.

Before the testing, you will be asked to perform specific jaw movements in
order to famillarise you with the various, below mentioned, conditions required
for the study. o

The next step will be to insert the two intramuscular wire electrodes and
to stick the two surface ones on your jaw muscles {cheek surface) to register
muscle activity. We will then apply a comfortable flexible steel strip inside a
plastic box and a small microphone on your cheek skin with medical tape to
register motion and joint sounds.

] The research protocol will etart by determining your maximal jaw strength.
You will be asked to perform maxiwum resisted effort in opening and clenching
against a cushioned meta)l instrument that measures forces. This test takes
approximately five (5) minutes including the warm-up pericd.

Subsequently, you will be asked to perform the following jaw movements:

1- resting your jaw (maximum relaxation), 2- maximum opening-close~clench cycle,
3- forward jaw motion, 4~ front teeth biting and 5- gum chewing. The testing will
consist of performing the different conditions 3 times aach which takes
approximately 10 minutes. During the tasks, your muscles will generate a small
electrical signal that will be recorded by the four (4) electrodes, you will give
us a measage, you won‘t feel anything. Aleo for each condition, jaw movement will
be registered by the plastic plece attached to your cheek and clickiny sounds
will be recorded with a small microphone. .

You may refuse.any of the above conditions ' eeealf2
ECOLE DES SCIENCES DE L'ACTIVITE PHYSIQUE
SCHOOL OF HUMAN KINETICS

125 UNIVERSITE/UNIVERSITY, OTTAWA, ONTARIO, CANADA KIN 6N5
+1(613) 564-5920 FAX: + 1 (613) 564-7689
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EMLA Instructions te Subjects and Consumer Information p.2

Why EMLA®is used

EMLA®is a local anesthetic (an-e¢ss-thel-ik) cream.
Local anesthetics are used on the surface of the
body to cause a loss of (celing - or “freezing” - in
the arca they are applied.

EML%® contains lwo local anesthetics, called
lidecaine and prilocaine. Its most commonuseis to
{reeze the skin before a blood sample is taken, or
before a cerlain procedure Is done by a docter.

Doclors may suggest EMLA? for other reasons.
Besuretoask your doctor if you are unclear about
why you were given this cream.

Read this leafict carefully. It has been prepared
by ihe makers of EMLA® 0 help you get tie most
bunelit from this cream. Il you have any ques-
tions or concerns afier reading the teaflet, talk to
you doctor or pharmacist,

Before you apply EMLA®

Certain people should not use EMLA®, Before

you apply the cream, be sure you've told your
doctor:

« about all other health problems you have now,
and have had in the past; ,

» aboutall other medicines you take by mouth, or
use on your skin;

if you are pregnant or breast feeding;

if youhave everhad a bad, unusual orallergic
reaction to:
» lidocalne or prilocaine;
- any other “freezing” or local anesthelic
medicine;
- any other medicine ending with caire.

» if you think you may be sensitive or allergic to
other ingredients in this cream. [see EMLA®In-
gredients}

EMLA®[ugredients: Most medicines conlain more
than theiractiveingredients. Theseareneeded to
keep the medicine in a form you can use. For the
information of people with certain allergies, the
following is a list of all ingredients in EMLA®
cream. Check with your doctor if you think you
might be sensitive to any of these items: lidocaine,
prilocaine, polyoxyethylene hydrogenated castor
oil, carboxypolymethylene, sodium hydroxide.

How to use EMLA® cream

v Inurder for EMLA® o work, it should be used
between 1and 5 hours before you see the doctor.
At least 1 hour is needed to cause a Joss of
feeling in the area being treated. Less than 5
hours is needed to make sure the area Is still
‘frozen’ when the procedure is done. Check
with your doctor ahead of time if you haveany
questions about when you should apply
EMLAS®,

+ EMLA®*should be applied the following way:

1.Wipe the area clean. Dry the skin gently
and completely.

2.EMLA®comes with a protectiveseal on the
tubeopening. Thiscanbe opened by firmly
pressing the pointed end of the white cap
into the seal.

3.5queeze a thick layer of EMLA® onlo the
area which needs freezing, That area should
becompletely white withcream. Asarough
guideline, put 1/2 of a 5 gram tube on an
‘area the size of a quarter.

4. Cover the cream withan ‘occlusive dress-
ing’ found in the box. Anocclusive dress-
ing is one-which completely seals the area
and does not let air in, This is needed 50
the freezing will go deep in the skin. The
dressing also protects clothing and pre-
vents cream from getting in the eyes by
accident. The cream will spread out to
cover an area a little larger than the $1.00
coin ("loonie"}.

To cover the cream with occlusive dressing:

a) Remove the center
plece of the ‘
dressing. 2

b) Peel the paper liner
from the paper-
framed dressing.

¢) Center the dressing
over the cream. Do
not spread the cream
or rub it inlo the skin,
Try not to touch the
cream with your
hands.

d) Press your finger firmly around all edges
of the dressing to keep it in place. Itis
equally important to make sure there are
no spols where the cream can leak out.
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Faculty of Health Sciences

Schbol c;f BEuman Kinatics

HEALTH SCREENING QUESTIONNAIRE

1. Has a physician ever said you khave heart troubla? T Yes : - NWo
2. Do you Zrequeantly have pains in your heart and. . Tes No
. chest?
" 3. Do you often Zeel faint or have spells of severe Yes No .
dizziness? ' ‘
4. . Has a physician ever said that your bload Yes o

pressu~e was too high?
5. Do you suffexr from any respiratory “ract problex Yes Ne
such as chronic bronchitis, asthma or emphysema? )

6. Eave you ever had or are you now suffering fxcm  Yes No
any nervous disordez? '

7. Do you suffex fzon any bone or joint problem Yes - No
which either has been or may be irzitated by an
exe::c.i_ae session? :

B. Do you know of z valld medical reason why you Yas No
should not be ianvolved In either a xegular exerclse :
progran ur an exercise testing session? '

S. At present, are you ta.ki..ng' nedication for bloed Yea Yo
pressure? )

If yes, pleasze specify:

Reason:
) Name:
Dosage: .
10. At present, are you taking any other type of Tas Ho
madication, whetker they are prescribed or “over the

countex"?

If yes, please specliy:

Rezson:
Hame:
. Dosage: .- . -
:S:L.q'na.tﬁre:.
‘ ‘Date: -

From: Jetté, M,, Quenneville, J., Sidney, K., l‘itness‘restinq and Couwurelling in Health
Promotion, Canadian Jourrnal of Sport Sciences, 1992, ’
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SUBJECT QUESTIONNAIRE

Y N 1- Did you ever had a clicking sound or other noises in
your jaw, such as popping, grinding etc.?

Y N 2- Do you have any discomfort, pain or stiffness in any
movement of your mouth and jaw?

Y N 3- Do you have at least 28 natural teeth in your mouth?
If not, which ones?

Y N 4- Do you have missing back teeth? How many?

Y N S~ Does your bite feel comfortable, does it close

equally?
Y N 6- Do you grind or clench you. teeth?
Y N 7- Have you had any major dental work other than filings
for cavities?
If positive, describe:

Y N 8- Have you ever had any orthodontic work done on your
teeth? (braces, retainers) and/or do you wear any
mouth piece, splint, bite plate or appliance ?

If positive, describe it with its goal and effect:

¥ N 9- Have ever had extensive dental crowns and bridges?
Y N 10- Do you wear a removable partial denture?

Y N.1l1- Have you ever been hospitalized for a neck of a head
injury? '
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Y N 12- Do you have any current head, neck or jaw discomfort?
(i.e. cervical pains, fregquent headaches,
etc.)

Y N 13- Have you ever beer diagnosed as having any neuro-
muscular disorder? (i.e. muscular dysthrophy,
multiple sclerosis, facial palsy, etc.)

Y N 14- Are you presently taking any prescription or non-
prescription medications?

If positive, describe it with its goal and effect:

Y N 15- Have you ever been treated for proklems of your jaw
joints or for facial problems?
If positive, please describe:

b4 N 16- Do you, or any member of your fanily, suffer from
arthritis?

Y N 17- Do you have any other health problem?
If positive, describe:

Y N 18~ Are you allergic to any topical anesthetics or
analgesics, especially prilocaine and
lidocaine?

If positive, describe:

SUBJECT CODE:
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EMLA post-test questionnaire

The purpose of this guestionnaire is to gather information on
the analgesic cream used before the needle insertion.

1- How did you feel during the application of the cream and
dressing?

..... fine

..... discomfort
..... itchy/cold/hot
..... sensitive
..... other

describe:...... B, te s e aeseneenna et e e

2- Did you have any specific sensations during the analgesic
period? (while the cream was on your cheek)

..... no
... .. YE€s, numbness
..... yes, itchy, discomfort
..... Yes, sensitive

«+.+.. Other,

deSCribe: ------o.o-uuco----‘ ------ [ I I A IR A I I I Y A

3~ what did you fell on insertion of the needles?

++.++s hOo pain

.++.. slight pain
«++ .. Moderate pain
++e+. Severe pain

Please score your pain on this scale:

0........-..-.-..nooto.-.----ol'.....oou-“tlll-l......l..lo

0: no sensation
10: worst imaginable pain
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4- How did you fell during the testing period? (while you were
doing your jaw movements).

..... no pain

..... slight pain
..... moderate pain
..... severe pain

Please score your pain on this scale:

0: no sensation

10: worst imaginable pain

5- How did you feel when we pulled the wires out ?

ve-.. NO pain

..... slight pain
...+.. Moclerate pain
.+... Severe pain

Please score your pain on this scale:

0.--.0..0.----coll-l--uuuooo.n.---o.o-.---u--o ----- .-.-.oolo

0: no sensation
10: worst imaginable pain

Any other comments?

PRINT NAME: T T YT T EEE I A O B B O L L LA B L B
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EMLA post-test questionnaire

TO BE FILLED BY THE EXAMINERS

A- Oral comments during insertion procedures:

B- Facial expression during insertion procedures:

C- Was repetitive insertion trail necessary Yes...... NO.ceouwo

D- Local reactions observed:

E- Analgesic time .................minutes.
F- Testing time cesssesscsseass..minutes,

G~ 48 hours reaction by phone:

NAI'IE Of SUBJECT (LA L B L BN I I B B B B BN B R R R B I S IR N B BB R NN
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@_ UNIVERSITE D'OTTAWA
22885 UNIVERSITY OF OTTAWA

FACULTE DES SCIENCES DE LA SANTE
FACULTY OF HEALTH SCIENCES
July G 1992

Miss Chantal Lafreniere
School of Human Kinetics

Montpetit Hall

University of Ottawa

INTRA

RE: Your project entitled: "Temporomandibular Joint Dysfunction : The Role of
the Lateral Ptervgoid Muscles".

Dear Chanual,

Itis my‘pleasuré to inform you that the Faculty of Health Sciences, Human Rescarch Ethics
Committee, after study of the documentation provided, concluded that your project met the
appropriate standards of ethical acceplability and falls within Category 1A.

I hereby attach a copy of the certificate,of clearance granted b the University Human Research
Ethics Committee and the original has been sent tc them as well.

This certificate is valid for a period of one year from the time of issuance. I would also like
to remind you that, in accordance with the policies of the UHREQC, it is your responsibility to
notify the Committee of any major changes in this project.

On behalf of the Committee, I wish you success in your project.

Sincerely,

/7
g
il
Marie-des-Anges Loyer, Ph/D

Chair
Human Research Ethics Committee

CABINET DE LA DOYENNE/OFFICE OF THE DEAN

451 SMYTH, OTTAWA, ONTARIO, CANADA KIH 8MS
(613) 787-6705 FAX: 787-6725 TELECOPIEUR
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ﬂ/;@ UNIVERSITE D'OTTAWA
UML) ;NIVERSITY OF OTTAWA

FACULTE DES SCIENCES DE LA SANTE
FACULTY OF HEALTH SCIENCES

CERTIFICATION OF INSTITUTIONAL HUMAN RESEARCH ETHICS COMMITTEE
FACULTY OF HEALTH SCIENCES

This is to certify that the Institutional Human Research Ethics Review Commitree of the
Faculty of Health Sciences has examined the research proposal by Chantal Lafreniere for the
project entitled “Temporomandibular Joint Dysfunction : The Role of the Lareral Pterygoid
Muscles™ and concludes that, in all respects, in the proposed research protocol meets the

appropriate stardards of ethical accepiability, at a Caregory 1A level.

MEMBERS OF THE COMMITTEE

ame (QOptional Position held | Department of discipline
Richard Bouchard Student Human Kinetics
Anne Carswell Professor f’ragramme of Occupational Therapy
Jean Harvey Vice-Dean Faculry of Health Sciences
Marie Loyer Chair Human Research Ethics Comnmitiee & School
of Nursing
Joan McComas Professor Programme of Physiotherapy
Jacqueline Neatby Member-ar-Large
James Thoden Professor Human Kinetics

SIGNATURE
;? o7~ 932 //’7&44“, e /Q’?f‘:/-ﬂ %“1—9—1./

Date Committee Chairperson - Marie deg/ Anges Loyer, F h.D

CABINET DE LA DOYENNE/OFFICE OF THE DEAN

451 SMYTH, OTTAWA, ONTARIO, CANADA KIH 8M5
(613) 787-6705 FAX: 787-6725 TELECOPIEUR






