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ABSTRACT

A number of reports have stressed, with little basis in research, the
importance of neck involvement in patients with temporomandibular dis-
orders. This study examined the consequences of a seven to twelve day
period of unilateral occlusai contact, in eight healthy subjects. The
subjects wore occlusal splints built-up on one side. The subjects
were examined on two days prior to the splint wear period, and on two
days at the conclusion of the splint wear period, with respect to
their head posture in the frontal plane, range of motion of the head
and neck in side flexion, and the peak activity of their anterior tem-
poralis and sternocleidomastoid muscles in several clenching and head

moving tasks.
The results indicate that:

1. Unilateral posterior occlusal contact did not produce any sig-
nificant signs and symptoms of TMD in the experimental period.

2. There were no significant changes in the head posture of the
subjects.

3. Unitateral occlusal contact did alter the head and neck range
of motion in side flexion by increasing the asymmetry in the
range of motion to the two sides., Six of the subjects showed a
reduced range of motion to the non-splint side which is consis-
tent with tightness of the sternocleidomastoid on the splint

side.



L, Unilateral occlusal contact reduced the EMG activity of the an-
terior temporalis on the non-splint side in both maximum'
clenching tasks and in partial clenching tasks (20 - 25% of
max imum) .

5., The sternocleidomastoid muscles were active in maximum clench-
ing tasks and demonstrated activity in some subjects during
partial clenching (20 - 25% of maximum). The period of unilat-
eral occlusal contact reduced the activity of the non-contact
side sternocleidomastoid.

6. In the head moving tasks, some subjects demonstrated changes in
activity levels of the sternoclieidomastoid muscles which may
have been caused by dysfunction in the neck produced by the as-

ymmetric occlusal contact.

The results supported the concept that asymmetric occlusal contact
could produce early dysfunction of the neck muscles in a short period
of time, 1indicating a functional relationship between the masticatory

and neck muscles.
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Chapter 1
REVIEW OF THE LITERATURE

Dysfunction of the masticatory system was first described and studied
by Costen (1934, 1936). He ascribed pain and dysfunction in the re-
gion as being due to ‘'disturbed function of the temporomandibular
joint': specifically overclosure of the mandible causing condylar
impingement of various structures in close proximity to the temporo-
mandibular joint or TMJ. The anatomic basis for Costen's syndrome (as
it became known) was later disproven (Sicher, 1948), but Costen had
succeeded in focusing medical and dental attention on the subject of

pain and dysfunction in the region.

Numerous people have examined the probiem of dysfunction of the
masticatory apparatus, but under a number of different terms. Many of
these terms included the word !'syndrome' ( Shore, 1959, Schwartz,
1968, Laskin, 1969), which implied a narrow and rigid view of the con-
dition. Storey (1979) took issue with this view and stated: "Mandibu-
lar dysfunction is not a syndrome but a spectrum of syndromes.'" In-
creasingly, the compliex and integrated nature of the masticatory
apparatus has led to more comprehensive approach to dysfunction in the
region, both in terms of etiology and symptomatology. This has been
reflected in two recent names given the disorder: Craniomandibular

Dysfunction (Gelb, 1971) and Temporomandibular Disorders (Solberg,
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1982) . This paper will make use of the term temporomandibular disor-
der, or TMB, which will subsume the large number of terms and disease
entities found in the literature to describe dysfunction of the masti-

catory system.

A comprehensive discussion of TMD is beyond the scope of this pa-
per, so that the interested reader is referred to De Boever (1979),
Storey (1979), Perry (1981), Moss and Garret (1984), and the 1982 re-

port edited by Laskin et al.

IMD SYMPTOMATOLOGY

There are three major signs and symptoms which are pathognomic of

TMD (Gold, 1980):

1. pain in the muscles of mastication and/or in the temporomandi-
bular joint or in their general anatomic region
2. limitation of mandibular movements

3. temporomandibular joint sounds.

These are fundamental defects for any musculoskeletal system and
have become the defacto definition of TMD. These defects can be due
to dysfunction of the muscles and their supporting tissues (tendons,
etc.) or of the joint and its supporting tissues (ligaments, the cap-
sule, the disc, etc.). in a number of cases, both the joint and the
muscles are involved in the dysfunction. In many acute cases dysfunc-

tion of the muscles probably predominates.
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In addition to the fundamental or pathognomic signs and symptoms of
TMD described, there is a large group of secondary peripheral symptoms
which are related to TMD in the minds of many clinicians. A number of
these peripheral symptoms are related to the ear and include impaired
hearing, tinnitus, dizziness and burning sensations in the tongue.
Some have questioned the relationship between these symptoms and TMD
(Norris and Eakins, 1974; Koskinen et al, 1980; Brooks et al, 1980),
while others have discovered evidence for such a relationship (My-
rhaug, 1965, 1970; Roydhouse, 1976; and Sharav et al, 1978). Unfortu-
nately, these secondary peripheral symptoms are poorly documented and
less well reported than are the primary ones. The dental research

community has largely ignored them.

THD Etiology

Given the broad scope and complexity of the masticatory system, it is
not surprising that the etiology of TMD is equally complex. A number
of theories on the etiologic processes involved have been developed to
explain TMD and a number of authors have attempted to/categorize these
(De Boever, 1979; Zarb and Speck, 1977; and Rugh and Solberg, 1979).
A1l of these attempts at establishing an organized view of the etiolo-
gic basis of TMD have some validity, but some are more useful than

others.

The most basic and easily conceptualized organization of etiology
can be expressed under the headings of structural, functional, and
psycholecgical (Rugh and Solberg, 1979). Even using these basic cat-

egories, a number of factors can be placed in two or all of them. For
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instance, a functional factor such as masticatory muscle spasm could
be due to bruxism or parafunction brought on by a structural factor
such as an occlusal anomaly, by psychological stress and anxiety, or
perhaps by both factors. A system of organization is useful if it
aids in the discussion and conception of a large number of entities,
but one should always keep in mind that the categories cannot be rig-

idly defined and are often interactive.

The Role of Occlusion

Occlusal factors have been emphasized in a number of theories on the
etiology of TMD. It is believed that occlusal factors may cause TMD

through three major mechanisms:

1. active mandibular guidance to avoid or lessen the ihpact of the
occlusal discrepancy (Storey, 1975)

2. initiation of bruxism and masticatory muscle hyperactivity by
occlusal interferences (Scharer, 1974)

3. unfavorable loading in the joints produced by some occlusal

discrepancies or interferences (Smith, 1984).

If the occlusion does play a role in the etiology of TMD, one would
expect to see a correlation between temporomandibular disorders and
occlusal discrepancies in epidemiological studies. Some studies have
found such a relationship (Franks, 1965; Agerberg and Carlsson, 1973;
Ingerval et al, 1980), while others have not (Helkimo, 197k4; De Boever
and Adriaens, 1983). It is not surprising to find such diversity in
these findings on the role of occlusion, when one considers the multi-

factorial nature of that etiology. While epidemiological studies have
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demonstrated an association between varicus factors and patients suf-
fering from TMD (Solberg, 1982), they are crude instruments to sort

out the specific role of various etiologic factors within individuals.

A number of studies have looked at the activity of muscles in pa-
tients with various occlusal discrepancies (Jarabak, 1956; Troelstrup
and Mollier, 1970; Solberg, Cilark and Rugh, 1975; Kolprogge and Van
Griethnysen, 1976; Funakoshi, Fujita and Takehana, 1976; Ingervall and
Carlsson, 1982; and Mac Donald and Hannam, 1982). Compared with as-
ymptomatic controls these researchers found various changes in muscu-
lar activity, including a loss of symmetry or balance in bilateral ac-
tivity, an increase in activity at rest or a combination of the two.
The basic mechanism for these differences is usually attributed to a
reflex alteration in muscle activity produced by the pattern of tooth
contact mediated through periodontal ligament receptors (Funakoshi,

Fujita and Takehana, 1976).

Perhaps the most interesting studies examining the role of occlu-
sion are so-calied provocation studies. In these investigations, oc-
clusal discrepancies are placed in healthy asymptomatic subjects and
the various consequences of these occlusal changes are examined. A
number of studies found that occlusal interferences were capable of
producing both TMD symptoms and alterations in the pattern of muscular
activity (Randow et al, 1976; Bakke and Molier, 1980; Dreschler et
al,1973; Riise and Sheikholeslam, 1982; Sheikholeslam and Riise,1983;

Rugh et al, 1984)
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Not all provocation studies, however, have produced signs or symp-
toms of dysfunction. Plata et al (1982) found no evidence, even after
one to six months, of dysfunction in six patients given a lateral de-
flective occlusal contact. In an unpublished continuation of this
study, Barghi et al later found development of significant TMD symp-
toms. De Boever (1969) placed balancing side contacts in asymptomatic
patients and found no significant alterations in the EMG pattern of
the temporal or masseter muscles. These findings indicated that some
subjecis seem to be capable of adapting to occlusal anomalies with no
apparent dysfunction. It is widely accepted that the subjept's reac-
tion to the occiusal discrepancy will largely determine the develop-

ment of TMD symptoms.

Extent of Muscle Involvement in TMD

As in any musculoskeletal disorder, muscles play a large role in TMD
etiology and symptomatology (Schwartz, 1955; and Moller, 1981). The
tendency is to focus attention on the muscles of mastication, but a
number of studies have reported the apparent involvement of neck mus-
cles as well (Roydhouse, 1976; Travell and Simons, 1983; and Bell,
1985) . More fundamentally however, the integrated nature of the mus-
culoskeletal system requires the investigation of muscles beyond those

of the masticatory system proper.

The concept of the potential for more extensive muscle involvement
in TMD is not a new one. Brodie (1950) stressed the importance of the
bilateral symmetry of the head and neck musculature and the functional

relationships between the various muscles. He believed that altera-




tions in the tension of the muscles in one area led to alterations in
the muscles of the entire sYstem. He also believed that the masticato-
ry and hyoid muscles piay an important role in the posture and muscle
balance of the head and neck by acting as major flexors of the head.
Last (1955) questioned some of Brodie's conclusions; he claimed quite
correctly that Brodie had overstated the importance of the masticatory
and hyoid muscles, while ignoring the prevertebral and sternocleido-
mastoid musculature as the major flexors of the head. Last did not

deny, however, the integrated nature of the head and neck musculature.

Schwartz (1955) stated that not only are the muscles of mastication
involved in TMD but, so too, are the posterior cervical, trapezius,
and sternocleidomastoid muscles. Perry (1957) subscribed to Brodie's
theory on the balance of the muscular system of the head and neck; he
accepted that an imbalance imposed on one part would produce compensa-
tions throughout the entire system. He hypothesized that an occlusal
discrepancy could produce the need for compensation, and later an im-
balance in the masticatory musculature, so that the affected muscies
become symptomatic. The posterior cervical musculature may then be
called upon to produce further stress relieving compensations which,
if the initial occlusal problem was not corrected, could lead to symp-
toms developing in the neck musculature. He did not, therefore, be-
lieve it surprising that postcervical musculature could be associated

with certain problems of occlusion.

Clinical findings appear to support the potential for the involve-
ment of the neck musculature in TMD. Roydhouse (1976), in a review of

eleven surveys of TMD patients, found that seven of these reported



8

that cervical pain was a symptom present in at least some of the pa-
tients. It was significant that cervical pain was among the most com-
monly reported symptoms in the surveys studied. It might also be su-
spected that some of the other surveys not reporting cervical pain,
may not have looked for it. Griffin et al (1975) found that, of 22 TMD
patients studied, nine had symptoms in the neck, shoulder, thorax, or
arms as well. They believed that these findings were significant and
related to the TMD. One must avoid drawing any hard conclusions from
this data, as in some cases, the cervical pain could have been an in-

cidental finding unrelated to TMD.

Physiotherapists, who specialize in the diagnosis and treatment of
musculoskeletal disorders, do believe that a significant relationship
exists between the neck and masticatory musculature (Grieve, 1981;
Hertling, 1983). They have the clinical impression that hyperactivity

of the masticatory muscles can lead to hyperactivity of the muscles of

the neck
If such a relationship exists, 1its nature and etiologic basis are
largely unknown. Ils it primarily a structural relationship in which,

as Perry (1957) stated, a disturbance in one area (the occlusion) will
lead to compensation in the neck musculature due to changes in the
muscles of mastication? Or is it a nociceptive relationship where
pain in one area of the body will produce pain and spasm in nearby re-
lated musculature as a guarding reaction? Simons et al (19&3) found
that pain in the head from various sites, including the temporal mus-
cle, was capable of eliciting increased tension and pain in the ipsi-

lateral neck muscles. What is the mechanism for this neck muscle in-
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volvement and how quickly will the neck musculature become involved by
either mechanism? These important gquestions have been posed for more

than two decades yet they remain unanswered (Storey, 1979).

The significance of the peripheral symptoms and extensive muscie in-
volvement in TMD has been stressed by many clinicians. One investiga-
tor who has emphasized these symptoms in the diagnosis and treatment
of TMD has been Harold Gé]b. In a number of publications {(Gelb and
Arnold, 1959; Gelb, 1971; Gelb, 1979; Gelb and Bernstein, 1983) and in
the text he edited (Gelb,1985), he has stressed a more global approach
to the TMD patient wherein the <clinician looks beyond the masticatory
apparatus for symptoms and causative factors in the dysfunction. Un-
fortunately the evidence is primarily clinical and anecdotal 1in na-
ture. Gelb and several other individuals have generated a number of
theories on TMD, but with little or no research on which to base them.
For this reason, many researchers have ighored Gelb and his theories;
although he receives much attention from clinicians, both inside and

outside the dental profession.

In a number of published surveys (Gelb et al , 1967; Gelb and
Tarte, 1975; Gelb and Bernstein, 1983) Gelb found that most of his TMD
patients suffered from a number of peripheral symptoms including head-
ache, vertigo, and pain in the muscles of the neck and back. One must
be cautious in the interpretation of his data because his clinical
practice is based on referrals. Therefore his patients can be expected

to have had a more severe and long-standing disability than the typi-
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cal TMD patient. In addition, his surveys may have progessively repre-
sented a more highly selected sample, which would have increased the
apparent rate of peripheral symptoms. Nevertheless, Gelb did find
that peripheral symptoms were a significant finding in many TMD pa-

tients.

More speculative is Gelb's explanation for these symptoms (Gelb,
1979; Gelb and Bernstein, 1983). He believed that in TMD patients, a
numper of factors led to malposition of the mandible and that many pa-
tients possessed structural anomalies of their dentitions, such as a
failure of vertical development on one, or occasionally both sides.
The possible causes of these anomalies were neither presented nor dis-
cussed. Gelb believed that these jaw malipositions could act as ''‘po-
tent stressors" on the entire body, often affecting the entire chain
of musculature along the axial skelieton down into the 1lower limbs,
producing widespread muscular symptoms and leading to both mandibular
and general body posture changes. He asserted, but did not document,
that in his examination of thousands of patients, he found alterations
in body posture which he attributed to mandibular malposition. In one
diagram illustrating these changes of the head (Gelb, 1979), the head
posture appeared to be asymmetrical with a definite lateral tilt to

the left.

The apparent mixture of structural and postural changes is confus-
ing, but it seems that the majority of these changes were postural
since he treated the patients with mandibular repositioning appliances
and found the improvement of the total individual was "unbelievable'.

He presented radiographs (Gelb, 1985) showing the entire body, which
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demonstrated dramatic improvements in the symmetry of the skeleton in
posture, but these cases were not well documented and the technigue he
used for the postural radiographs was not discussed. In the onty doc-
umented evidence of his assertions on postural change, Gelb claimed
that, of two hundred patients seen in his ¢clinic (Gelb and Bernstein,
1983), 150 of them demonstrated an asymmetrical body posture. His
theories are interesting and provocative, but they remain essentially

untested and only speculative at present.

Gelb is not alone in the support of these theories however, with
dentists (Tanaka, 1985; Friedman and Weisberg, 1985), physiotherapists
(Hertling, 1983), osteopaths (Hruby, 1985) and chiropractors (Vernon
et al, 1982) embracing the concepts in various degrees. Gelb has also
modified his ideas in accordance with the views of these professional
groups, vyet he remains the central and most outspoken figure support-

ing the more general body approach to TMD.

A close collieague of Gelb is Marion Rocabado, a physiotherapist
specializing in the treatment of TMD and cervical spine disorders, who
lectures extensively to physiotherapists and dentists. His concepts
are very similar to those of Gelb, with whom he works (Rocabado,
1981) . He believes that TMD can cause symptoms in the neck, and vice
versa, with hyperactivity of masticatory and neck muscles often occur-
ing together. His evidence has alsc been clinical and he has not sug-
gested any specific mechanisms for the spread of dysfunction and symp-
toms. He did, however, state:

the cervical and mandibular ﬁotor and heurosensory systems
are so closely tied together that a dysfunction of one sys-

tem undoubtedly affects the other even if the specific
mechanism is not well understood
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(Rocabado, 1981).

In the physiotherapy 1literature these ideas have been present for
some time and are now largely regarded, by most members of the profes-
sion, as having been established (Trott and Goss, 1978; Grieve, 1981;
Friedman and Weisberg, 1982; Danzig and Van Dyke, 1983; and Hertling,
1983) . Some in the field, have gone so far as to suggest that treat-
ment of TMD can improve athletic performance (Eversaul, 1985), but re-
cent investigations of this claim have found 1ittle evidence to sup-
port this highiy speculative idea (MHart et al, 1981; Schubert et al,

1984) .

Despite the lack of research into, and documentatioﬁ of, peripheral
symptoms in TMD, +the ciinical impressions and concepts of many muscu-
loskeletal specialists who treat these patients, does support the re-
lationship between many peripheral symptoms and the basic pathognomic

ones. This relationship should be investigated rather than ignored.

RELATIONSHIP BETWEEN THE HEAD AND NECK MUSCLES
The Functional Basi

The direct evidence for a functional relationship between the neck
muscles and the masticatory system is not extensive. Nevertheless,
there is reason to believe that there is such a relationship, and it
is surprising that it has not been studied more. Detlow (1976) dis-
cussed the "automatic synergy of cranial-cervical musculature in swal-
lowing'" and Hannam (1976) believed this functional relationship should
be explored, but the cervical musculature has largely been ignored by

the dental research community.
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Halbert (1958) examined the activity of the posterior cervical and
infrahyoid musculature principally in relation to head movement, but
also in relation to some jaw movements. He discovered that the poste-
rior cervical musculature did show some minor activity during forced
clenching and during rapid mouth opening. More recently, Davies
(1979) examined the activity of several muscles of the neck during
various mandibular movements. Davies looked at the sternocleidomas-
toid, semispinalis capitis and the sternohyoid muscles, and found that
both the sternccleidomastoid and the semispinalis capitis were active
during all movements of the mandiblie. The sternocleidomastoid was
particularly active during forced opening, but was also very active
biiaterally during clenching. Davies concluded that:
the rhythm and coincidence of their activity (the neck mus-
cles examined) with mandibular muscles suggest they possess
strong motor influences in common with the latter muscles.
interestingiy this relationship had been discovered sometime earlier
by Campbell (1955) who had been investigating the activity of the
scalene and sternocleidomastoid muscles during respiration. He found
fhat, during the course of his experiments, the subjects demonstrated
continuous activity in these muscles when a mouthpiece was helid firmly

in their mouth.

Despite the apparent involvement of neck muscles in TMD, very lit-
tle research has been performed to investigate this phenomenon. in a
study of five normal subjects Widmalm (198L4) discovered activity of
one of the neck extensors (obliquus capitis superior) during voluntary
tooth grinding in four of the subjects. He concliuded that bruxing may

potentially lead tec hyperactivity and pain in the neck muscles.
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In a general sense, these findings should not be surprising as
children, and animals in particular, show significant and rhythmic
head movement during chewing. Hiiemae (1976) examined masticatory
movements in mammals and conciuded that for monkeys:

cranial flexion and extension are as much a part of mastica-
tion as are mandibular elevation and depression.

The activity of the neck musculature has also beern shown to influ-
ence the activity of the musclies of mastication. Funakoshi and Amano
(1973) found in decerebrated and labyrinthectomized rats, that various
movements of the head elicited activity in the masseter, temporal and
digastric muscies. Furthermore, this affect was eliminated when the
first three cervical nerves were cut. Funakoshi, Fujita and Takehana
(1976) showed that the activity of masticatory muscles was affected by
various movements of the head in human subjects. They also showed
that this effect appeared to be altered by the presence of occlusal
discrepancies. Wyke (1979) provided a possible explanation for this
phenomenon in his claim to have found that mechanical receptors in the
cervical spine produced reflex activity in the jaw muscles. Unfortu-
nately he did not provide any evidence for this, so that it must re-

main speculative.

The neuro-anatomic basis for the relationship between the trigeminal
system which innervates the masticatory apparatus and the nerves sup-
plying the neck has been studied extensively. In their examination of
the trigeminal system, Wall and Taub (1962) noted that the descending

tract and nrucleus of the trigeminal descended to the cervical seg-
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ments. They believed that the only explanation for these afferent fi-
bres initially travelling away from the central nervous system was for

the mediation of some function of the cervical cord.

Kerr (1961) found that fibres of the spinal tract of the trigeminal
nerve extended caudally into the cervical <cord as far as the midpoint
of the second cervical segment. Later, Kerr (1972) found that conver-
gence of the trigeminal spinal tract and the cervical cord systems
extended to the third cervical segment with a minimal trigeminal re-
lationship to the level of Ch and no direct relationship to €5 and be-
lTow. This did not rule out some connections, via interneurons, with
these lower levels, but Kerr believed such connections to be weak. He
held that this intimate relationship between the two systems probably
indicated a functional relationship. He could not find any evidence
of trigeminal fibres directly relating to the motor nuclei of VI, IX,

X, Xl or XIt.

Green, DeGroot and Sutin (1957), however, did find that trigeminal
input produced efferent volleys in these cranial nerves including Xi,
the accessory cranial nerve, which innervates the sternocleidomastoid
and trapezius muscles. Kerr and Olafsson (1961) confirmed the conver-
gence of trigeminal and cervical dorsal root afferents in the upper
cervical cord in cats, and believed that a similar convergence was
suggested by studies on humans. They proposed that this relationship
between the trigeminal and the upper cervical cord could explain the
spread of facial pain and participate in reflex head turning activi-

ties mediated by trigeminal input.
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Much of the work investigating the anatomic relationship between
the trigeminal and the upper cervical spinal cord supplying the neck,
has stressed the importance of these findings in relation to craniofa-
cial pain (Gregg, 1977). A number of other studies, however, have
found evidence that the trigeminal input plays a role in the muscle
activity of the neck and the movements of the head (Manni et al, 1975;
Abrahams and Richmond, 1977; Abrahams et al, 1979). Abrahams (1977)
concluded: ''our experiments leave us in no doubt that the spinal tract
of the trigeminal nerve must play a major role in the control of head

movement."

Rose and Sprott (1979) suggested that the cervical motor neurons
are larger, with more potential connections to other nerves, than had
previously been thought. This complexity of input was confirmed by
Coulter et al (1979) who found that the cervical segments controlling
neck movements received extensive descending projections from the cer-
ebral cortex, brain stem and deep cerebellar nucilei. Troiani and Pe-
trosini (1981) suggested that trigeminal input to the vestibular sys-
tem may be involved with movement and posture of the head which

required the involvement of the cervical muscles.

An important feature of the functional relationship between the
trigeminal system and the muscies of the neck is the trigemino-neck
reflex. This reflex appeared to be the first one to arise in the de-
veloping human embryo (Humphrey, 1964). As early as 7 1/2 weeks into
fetal life, stimulation of the maxillary division of the trigeminal
nerve, by light stroking of the perioral region with a hair, produced

contralateral flexion in the cervical region. This avoidance reflex
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produced contraction of the neck muscles on the contralateral side and
movement of the head away from the stimulus. Shortly after the ap-

pearance of this avoidance or ''negative" type of reflex, a ''positive"

reflex of ipsitateral fliexion toward the stimulus appeared. During
fetal life, the trigeminal spinal tract passed to the upper level of
C4 (Humphrey, 1952). The mandibular division appeared to travel the

farthest caudally, and the opthalmic division, the shortest distance
caudaily. It was also observed that the response to trigeminal stimu-
lation may have inciuded bilateral shoulder movement thought to be due
to the trapezius muscle.

(This) indicates the transmission of impulses from the spi-

nal tract of V to both ipsilateral and coaccessory nuclei,

at least, if not other ventral horn neurons

(Humphrey, 1952).

The trigemino-neck refliex has been compared to the jaw opening re-
flex (Sumino and Nozaki, 1977). In cats, central stimulation of the
infra-orbital nerve produced a vigorous trigemino-neck reflex response
(Sumino et al, 1981). Central stimulation of the inferior alveolar
nerve, the lingual nerve, and the masseter nerve had a similar effect,
although they demonstrated a higher threshold of stimulation. Sumino
and Nozaki (1977) <concluded that the neck muscles received excitatory
input from intra-oral structures and facial musculature, as well as

from facial skin.
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Although joint noises are usually the most common symptom reported in
TMD (Helkimo, 1979), pain, often of muscular origin, is usually the
reason most patients seek treatment. It has been recognized for some
time that muscles play a large role in the pain and dysfunction of TMD
( Schwartz, 1955; Thomson, 1976; Kraus, 1963; Berry, 1967; Mikhail and
Rosen, 1980; and Clark, 1981; and Moller, 1981), but the processes
causing and accompanying these problems are not well understood. De-
spite being the largest single organ of the human body, accounting for
%40 or more of body mass, skeletal muscle has not received the atten-
tion it should have by the medical community (Traveil and Simons,
1983; and Reynolds, 1983). This tack of knowledge concerning muscle
disorders has hampered the study of all musculoskeletal disorders, in-
cluding TMD. The reader is referred to Carrabre (1986) for a recent

review of the literature on muscle pain.

Disorders of muscle are often described in terms of tone which is a
non-specific property to describe the general state of a muscle when
it is not involved in active movement. It is not a precise term, but
it is clinically useful and frequently used in the literature. For
most purposes, it is defined as '"that resistance which is felt by the
examiner's hand on passively extending a muscle' (Foley, 1961), but it
also includes the feeling of firmness, or turgor, of the muscle at a
state of rest. Drachman (19675 stated '"tone is the result of the vis-
cous and elastic properties of the muscle and its state of contraction
at rest'. He further stressed that: 'alterations of tone may be due
to a variety of influences playing upon the muscle from many levels of

the nervous system, or to intrinsic changes in the muscle itself".
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Finally, tone 1is also used to describe how vigorously the muscle
reacts, or reflexly contracts in response to various stimuli, particu-

larly to stretch (Basmajian, 1978).

There are a number of muscle disorders involving muscular tone
(Drachman, 1967). The most common type seen in musculoskeletal disor-
ders such as TMD, involve increased muscular tone or hypertonus. This
can interfere with normal movement due to the increased resistance to
stretch, and is often accompanied by pain in the muscie. This in-
creased muscular tone is a form of hyperactivity in the muscle and is

a common response to pain in the muscle (Storey, 1982).

Muscle spasm is another term used to describe hyperactivity in the

muscie (Rasch and Burke, 1978). Travell and Simons (1983) defined
spasm as: 'incresed tension with or without shortening of a muscle due
te non-voluntary motor nerve activity'. It has been postulated that

muscie pain can produce muscle spasm which in turn exacerbates and
perpetuates the pain, leading to a pain spasm cycle (Travell et al,
1942} ., Muscle spasm does imply increased muscular activity and in-
creased resistance to stretch, but there are no formally defined pa-
rameters for muscle spasm such as EMG activity or decreased range of
motion. As a result, the term muscle spasm means different things to
different people and this confusion is reflected in the literature.
For this reason, the wuse of the term should be avoided unless it is
formally defined and this paper will not use the term except where it

is used in the literature.
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This concept of a self-perpetuating cycle of pain and spasm is a
common clinical notion which has been tested experimentally. De Vries
(1966) produced fatigue pain in subjects and found that the character-
istic pain, which developed 24 to 48 hours after the overuse period,
was accompanied by small, but significant, increases in muscular ac-
tivity. He concluded that a tonic localized spasm of motor units was
the cause of this pain of late onset. Arroyo (1966) and Cobb et al,
(1975) also found evidence of increased activity in painful muscles,
supporting the concept. Brucini et al (1981) examined muscular activ-
ity in periarticular muscles of patients suffering from ostecarthritis
of the knee. They found increased levels of muscular activity in
these patients compared to control subjects and concluded that:
these resuits seem also to indicate that abnormal afferent
activity from a tender muscie or other periarticular tender
areas may contribute to the establishment of a vicious cy-

cle, by maintaining sustained contraction.

Not all studies, however, confirm these findings (Kraft et al, 1968).

That the relationship between muscle pain and increased muscle ac-
tivity (spasm) is not a simple and direct one, can be seen in a number
of studies. Nouwen and Solinger (1979) studied the effectiveness of
EMG feedback training in the treatment of low back pain and found
that, with training, both the muscle activity measured by EMG and pain
in the Tumbar muscles declined. Some time after training however, EMG
levels tended to rise toward previous levels, while pain did not.
McGlynn et al (1979) similarly found that EMG feedback produced a de-
cline in pain after muscle exercise. EMG activity was not altered un-
til L8 hours later when it did not rise, as De Vries (1966) had found

it did under normal circumstances without EMG feedback.
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If it can be accepted that muscle pain can give rise to increased
muscle activity in some cases, one is still confronted with the prob-
lem of what produced the muscle pain initially. It would seem likely
that muscie hyperactivity is capable of producing the initial pain,
much as it does during overuse in exercise (Storey, 1982). Storey
stated that this pain due to sustained hyperactivity is caused by the
release and buildup of endogenous pain producing substances within the

muscle.

This leads to the guestion of what level of muscle activity will
produce such pain. Moller (1981) examined this probliem and beljeved
that sustained contractions of as littie as 5% (or possibly less) of
the maximum contraction can lead to signs of tiredness. Moller (1981)
referred to two studies (Lous et al, 1970; and Sheikholeslam et al,
1981) as ''the first quantitative proof of an association between natu-
ral muscular hyperactivity and pain'. Rugh (1982) examined a number
of studies which investigated muscle hyperactivity similar to that
seen in TMD patients inciuding the studies of Christensen (1971, 1978,
and 1979), Banasik and Laskin (1972), and Scott and Lundeen, (1980).
Rugh (1982) concluded that '"these studies clearly demonstrate that
muscle hyperactivity can result in symptoms similar to those found in

(TMD) patients."

Sheikholeslam (1985) stated: "it is generally accepted that abnor-
mal muscle activity in terms of hyperactivity is a prime factor "in

the etiology of TMD.
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A variety of parameters of musculoskeletal function are examined in
studies of dysfunction; the two most common and informative ones being
electromyography and range of motion tests. These same technigues are
used in the study of many sports (Kraus, 1977) because they are impor-
tant components of function in the examination of the musculoskeletal
system, both in health and disease. Some studies use high speed com-
puterized motion pictures to examine the pattern of movements, but
this method is seldom used in clinical studies of dysfunction because
of the expense. Range of motion tests are a more basic and simplified
study of motion designed to determine the subjects' limits to movement
and hence the extent of the dysfunction. It is a useful measurement
to follow the progression of dysfunction in exacerbation or resoiu-

tion.

A third parameter related to the movement pattern is that of pos-
ture which is a measure of the relative position of the body parts in
various repeatable poses, usually: standing, sitting or lying. It is
not often used in formal studies for reasons which are not clear. It
is however, frequently used in clinical assessments of individuals
with musculoskeletal disorders by a variety of health care workers in-

cluding dentists and physiotherapists.

Electromyography
Probably the most powerful tool in examining the musculoskeletal sys-

tem is electromyography, or EMG, which measures the electrical activi-

ty of muscles by the analysis of the amplified action potentials gen-
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erated by the muscles during function or resting postures. The raw

EMG signals can be filtered electronically and can be further pro-

cessed by computer to integrate the signal, vyielding complex data on
the activity of the muscle (Soderberg and Cook, 1984). EMG has many
potential uses, but in studies of muscular function, it is chiefly

used to determine the timing and coordinatiom of muscle activity and
the relative levels of activity of different muscles in different

tasks and under different conditions.

EMG has been used to study these parameters of muscle function in
the masticatory muscles during various tasks, in TMD patients (Jara-
bak, 1956; and Munroe, 1975) or in those given occlusal anomalies
(Randow et al, 1976; Bakke and Moller, 1980; and Sheikholesliam and Ri-
ise, 1983). Generally, these studies confirmed the alteration of the
pattern of masticatory muscle activity from that seen in normal con-
trols. EMG has also been used to examine the muscle activity in vari-
ous postures of the body and head (Portnoy and Morin, 1956; Poppén and
Maurer, 1982; Sturgis et al, 1984). It was found that some postures
of the body, or structural relationships, are associated with higher
or lower muscle activity and it was shown that in some cases, minor

displacements produced significant changes in activity.

At both the clinical and research levels, EMG has been used in pa-
tients with musculoskeletal disorders. in patients with headaches or
backaches, it has been used as a source of biofeedback, in an attempt
to teach these patients to become aware of their muscle activity and
to try to lower it. Given the complexity of muscle involvement in

such disorders, and our present lack of knowledge, it is not surpris-
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ing that EMG biofeedback is successful for some patients, while not so
for others (Carlsson et al, 1975; Hart and Cichanski, 1981 and Dahlst-

rom, 198L).

As powerful a measuring tool as EMG is, it does not provide an une-
guivocal reading of muscle activity in a subject. Beyond the techni-
cal factors relating to the signal processing, electronic egquipment,
and electrodes, a number of factors can alter the muscle activity and
EMG signal produced (Sturgis et al, 1984). These factors include the
part of the muscle or motor units sampled by the electrodes, the pre-
cise motion executed by the subject, as well as its speed and vigor;
subtle differences in these factors may alter the pattern of muscular
activity. The levels of muscle activity can also be altered by fa-
tigue and dysfunétion in the musculoskeletal system. |f these factors
are ignored, they may cause conflicting and confusing results when
different studies are compared. An example of this may be seen in
studies of the trapezius muscle which is commonly involved in headach-

es.

The trapezius is considered to be a shoulder muscle (Gray's Anato-
my, 1980), but it is also capable of moving the head in lateral flex-
ion and rotation if the shoulder is fixed. A number of studies have
examined the trapezius muscle function with most concluding that it is
not active in unresisted head movements (Yamshon and Bierman, 1948;
Wiedenbauer and Mortensen, 1952; Freitas and Vitti, 1980; and Bull et
al, 1984). In contrast however, Sturgis et al (1984) reported that
the trapezius was more active in head movements than the sternoclieido-

mastoid, which 1is considered to be a prime mover in head movements
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(Rasch and Burke, 1978; and Gray's Anatomy, 1980). In this latter
study, the subjects were told to touch their ear to their shoulder
which required significant shoulder elevation as well as side flexion
of the head and neck. Therefore one cannot conclude from this study

that the trapezius muscle is active in head movements.

Range of Motion

One of the most useful clinical parameters for measuring the function
of the musculoskeletal system is range of motion. It is a measure of
the angular distance through which a joint, or complex of joints, can
be moved from a defined neutral poesition to the limits of movement in
a given body plane. Because motion is such a vital component of mus-
culoskeletal function, range of motion 1is a fundamental measure of
dysfunction in any region (Cole and Tobias, 1982; Tomberlin et al,

1984; and Saunders, 1985).

Range of motion is actually a specific measure of the flexibility
of a subject in a given joint system and flexibity is an important
component of physical fitness (Wells, 1971). Cooper et al (1982) stat-
ed:

As with strength, the inability to perform normal ROM (range

of motion) exercises at a specific joint may indicate severe

restrictions on normal functioning and may prevent perform-

ance of some common necessary movements.
In the treatment of musculoskeletal problems, increasing, or restor-
ing, range of motion in a joint system 1is often a primary goal and a
measure of success (Gouid and Davies, 1985) Dentists use range of mo-

tion to assess masticatory function; restricted mandibular movements

are pathognomic of TMD (Gold, 1980).
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fn the clinical setting, range of motion is not simply a single
measurement at each joint; rather, it includes such factors as: pain
during movement, ease of movement, and the sensation of the quality of
limitation present. This latter factor may include a sudden unyeild-
ing block or a gradual sensation of increasing resistance leading to a
restriction in movement (Barak et al, 1985). There are also two kinds
of range of motion tests performed: active, wherein the patient moves
the joint through its range with his own muscles, possibly under the
guidance of the clinician; and passive, wherein the clinician both
guides and produces the movement himself to the Timit of motion. This
information is analyzed to determine the tissues and pathological pro-

cesses involved in the restrictions to movement.

Wells and Luttgens (1976) listed the three major factors, or tis-

sues, determining a joint's range of motion as being:

1. shape of the articular surfaces and capsular structures
2. restraining effect of the ligaments

3. muscles.

One can see that the first two factors will remain stable over time
with onty the possibility of gradual change, except in the case of
acute trauma. Muscle, however, is a very labile tissue which can be
altered to affect the range of motion at a joint within several hours

or days (Gossman et al, 1982).

It is reasonable to believe that muscles must play a large role in
limiting the range of motion in acute disorders not invelving major

trauma to the joint or ligaments (Korr, 1975). This is a common clin-
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ical idea, but it is not well studied or documented. Two treatment
modalities directed toward treating the muscles, massage and muscle
stretch, have been studied (Crossman et al, 1984; and Odeen, 1981, re-
spectively) and found to produce increased range of motion in pa-

tients.

There are a number of guides to muscle testing which describe the
techniques for range of mction testing and the average measurement for
each joint system in the three planes of motion (American Academy of
Orthopedic Surgeons, 1965; Russe, 1972; Gerhardt and Russe, 1975; Hop-
penfield, 1976). The figures given for the average range of motion
are more accurately described as being figures for healthy individuals
with no pathology; thus the figures given should be considered more

ideal than normal.

There are no definitive rules to determine when a range of motion
measurement indicates dysfunction; the accompanying findings and the
patient himself will help to determine the presence and degree of dys-
function. Often the best guide is to compare the measurements for
each side of the body, which should be similar if there is no dysfunc-
tion (Lehmkuhl and Smith, 1983). The measurement of range of motion
is of limited value by itself, but must be interpreted in relation to
the other findings of dysfunction and the pattern of alteration, in
the range, over time. For this reason, the range of motion measure-
ment is particularly valuable to determine the progression and resolu-

tion of musculeskeletal dysfunction.
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The importance of range of motion for the vertebral column and neck

is as great as it is for other joints, although the situation is more
complicated because these are multi-joint systems. Nevertheless,
range of motion is an important parameter to measure in studying dys-
function of the neck (Jackson, 1977 Maitland and Brewerton, 1977;
Maitland, 1979; Manus-Garlinghous and Bioom, 1979; and Gould, 1985).
There have been few recent studies of neck range of motion, but there
have been several in the past few decades (Leighton, 1956a, 1956b;
Buck et al, 1959; Kotke and Mundale, 1959; Lysell, 1961; Ferlic,
1962) . These studies produced few important results except to show
the normal range of measurements in several populations, illustrating
the variability between individuals and that range of motion tended to
decline with age. The average figures discovered in these studies
were similar to those found in the muscle testing bocoks listed above,
but the inter-subject variability demonstrated the need to assess each
subject as an individual, rather than comparing them to a published
standard. Jackson (1977) and Gouid (1985) stressed the need of com-
paring the range of motion of the neck in the two directions; balance

in the musclies of each side of the neck is important.

Posture

A third factor to be investigated in the study of the musculoskeletal
system and its dysfunction is that of posture. 0f the three factors
discussed, it is the least frequently wused in research studies, al-
though it is commonly listed as an important part of the examination
of musculoskeletal problems (Manus-Garlinghous and Bloom, 1979; Kes-

sler, 1983; and Saunders, 1985), including TMD (Douglas, 1982).
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The standard posture is really an ideal posture rather than an av-
erage posture; just as a normal class | occlusion is an ideal one.
Kendall and McCreary (1982), in a text on muscle function and testing,
described the standard posture as being a matter of skeletal align-
ment. In the frontal view, the ideal posture is characterized by bal-
ance or symmetry. The ideal posture in the lateral view involves a

balance of normal postural curves, but is impossible to describe con-

cisely, and the reader, if interested, Iis encouraged to consult the
Kendall and McCreary text. Ideal postural alignment is rare in
adults. For instance, the unilateral dominance of a hand or handed-

ness, leads to a postural asymmetry in many cases, consisting of a
lower shoulder on the dominant side, hips higher and deviated to the
dominant side, with the spine tending to be deviated to the opposite

side.

It is a widely held belief by many in the health care fieid that
faulty posture can lead to, or perpetuate, muscular symptoms of pain,
fatigue, and strain (Lowman and Young, 1960; Kendall and McCreary,
1982; Hartley, 1983; Espinoza, 1983), but there is little or no re-
search to defend this common clinically accepted idea. It has been
suggested by some, that faulty posture is more often the result of
muscle symptoms and disease rather than its cause (Joseph, 1960). One
does see faulty posture of a long-standing nature accompanied by weak-
ness and chronic shortening of the muscles, but it is virtually impos-

sible to determine which preceeded and caused the other.

It is also generally accepted that faulty skeletal alignment due to

poor posture will produce, over a long period of time, osteoarthritic
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changes in the joints (Wells and Luttgens, 1976), but there is little
direct evidence for this. This process can take decades, but may arise
from the increased stress placed on various joint surfaces by the
faulty skeletal alignment. As supporting evidence, one can cite the
fact that, by the age of 40 years, most people will show the signs, if
not the symptoms, of cervical spondylosis or osteoarthritic changes of
the cervical vertebra (Maitland, 1982) and a forward head posture is
considered to be one of the most common postural faults (Wells and
Luttgen, 1976). This may be a normal process of aging which is accel-
erated by the additional stresses of poor posture, so that it may also

be considered a pathological process.

An interesting book dealing with posture, among other concepts, is
The Alexander Technique by Barlow (1982). The technique invoives an
approach to the musculoskeletal system which stresses ""that there are
certain ways of using your body which are better than others! and if
these are ignored, dysfunction and degeneration will result. The book
stressed the importance of correct posture and patterns of movement,
placing particular emphasis on the head and neck, as the author be-

lieved that misuse of the entire body often begins in that region.

One specific structural and postural abnormality which has been
cited as a potential cause of symptoms such as backache and leg pain,
is the "short leg syndrome" (Nichols, 1960). The abnormal posture in
this case is actually due to a structural probiem where the legs are
of unequal length; generally a 1/2 inch discrepancy is deemed to be
significant. Nichols found in his study that in a control sampie, 7%

showed a significantly shorter leg, while in a group of patients with
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tow bachache, the percentage with such a discrepancy rose to 22%. The
situation is complex, with a number of other factors involved such as
angulation of the sacrum with respect to the pelvis and angulation of
the lumbar spine (Travell and Simons, 1983). It is clear that no pos-
tural fault exists in isolation without the involvement of related

structures.

Gelb (1979) has suggested that the postural abnormalities caused by
a short leg can extend up to the mandible in some cases and he claimed
good success with the treatment of the short leg and the TMD symptoms
with a Teg 1ift in such patients. As in patients with occlusai dis-
crepancies, patients with the structural problem of a short leg may
remain asymptomatic until some additional stress on the system over-

whelms their capacity to adapt.

it would seem that postural problems may be related to patholiogical
changes in muscles and joints, but this is not well documented. To
study this relationship, would involve a number of very long and in-
volved longitudinal studies, but this would be a very fruitful area of
research. The guestion remains whether or not postural abnormalities

are the cause or the effect of those pathological changes.

summary

These three factors of electromyography, range of motion, and posture
are not the oniy important parameters in musculoskeletal dysfunction,
but they are the ones most commonly used 1in research and clinical
practice. Although they are often considered separately, these fac-

tors are always related in some way. The interaction of the various
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findings is an important part of the disorder, as dysfunction in one
parameter, is often accompanied by dysfunction revealed in another.
For instance, lack of flexibility, or a decreased range of motion, is
often related to a persistent faulty alignment or posture (Kendall et
al, 1952; and Cooper et al, 1982). Each may represent a different
manifestation of the underlying dysfunction, but results must be in-

terpreted in the context of all the findings to develop a complete un-

derstanding of the disorder.

Kudler et al (1952) believed in studying the dental apparatus in its
broadest sense including the posture of the head, the bones and their
articulations in the head and neck, and the muscles of the neck. They
discussed the interactive nature of these structures, and hence their
importance to dentists. While the posture of the head has not been
compietely ignored in the dental literature, it has perhaps not re-
ceived the attention that it deserves. Fortunately, this situation
seems to be improving, with a new interest in head posture developing
as dental researchers and clinicians look beyond the immediate area of
the oral cavity (Mohl, 1977; Vig et al, 1980; Daly et al, 1982; and

Darling et al, 198L4).

The posture of the head has been related to the morphology of the
head and face by some, in suggesting that individuals with retrognath-
ic mandibles will extend their heads to make their chins appear more
prominent while persons with prognathic mandibles will tend to flex

the head to reduce the prominence of their chin. -~ This hypothesis has
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been questioned in the literature (Cleall, Alexander and Mcintyre,
1966; and Lundstrom, 1982) and supported (Marcotte, 1981), but further

research is required.

The best research into skull morphology and the natural posture of
the head has been carried out by Solow and Tallgren (1971a, 1971b,
1976 and 1977) . In this series of experiments, they developed a pro-
tocol for taking lateral cephalometric films in the patient's natural
head position with an acceptable degree of error. Their most signifi-
cant finding was that the posture of the head and the vertebral column
was correlated to the vertical relationships in the facial skeleton
and the angulation of the <cranial base, rather than antero-posterior
facial skeleton relationships. They found that a great deal of the
variation in the posture of the head is expressed as variations in the
angulation and curvature of the vertebral column rather than simply
changes in the angulation of the head to an external reference of the
true vertical, This latter measure of head posture is, therefore,
only one aspect of the total picture, although most studies look at
this factor exclusively due to the non-feasibility of taking a large

number of cephalometric films for a research project.

The posture of the head, neck, and related structures has been ex-
amined from the standpoint of the important functions for which the
region is responsible, including mastication, deglutition, and respi-
ration (Bench, 1963; Vig et al, 1980), as well as to the relationship
of the mandible, hyoid bone, and tongue (McCarthy, 1980). It has been
shown that changes in head posture will produce changes in the resting

position of the mandible (Posselt, 1952; Brill et al, 1959; Preisk-
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el,1965; and Dombardy, 1966). It has also been suggested that changes
in head posture could produce alterations in craniofacial morphology
and may produce the typical craniofacial structures seen in mouth-

breathers with excessive adenoid tissue (Solow and Kreiborg, 1977).

The effect of head posture on occlusal contacts has also been in-
vestigated. McLean et al (1973) Jlooked at the pattern of occlusal
contact due to graded changes in the tilt of the entire body in the
sagital plane, altering the posture of the head in relation to gravi-
ty. They found that in voluntary closure there was no alteration in
the occlusal contacts, but that electrically stimulated jaw closure
did produce more distal tooth contact as the body approached the su-
pine position. Hairston and Blanton (1983) found that as the body was
reclined from the wupright to the supine position, the activity of a
number of masticatory and related muscles was altered. They suggested
that the maintenance of a patent airway was the major determinant of
these muscular changes. Funakoshi, Fujita, and Takehana (1976) demon-
strated that the masticatory muscles showed altered activity, in re-
sponse to various movements of the head, which couid not be explained
by the need for airway maintenance. Others (Brenman and Amsterdam,
1963; Robinson, 1966; Mohl, 1976; and Winnberg and Pancherz, 1983)
have discussed the possible significance of head posture on masticato-

ry musclie function and occlusion, but could draw no firm conclusions.

The subject of head posture has recently received more attention in
the dental literature, but this attention has almost entirely focused
on the posture of the head in the mid-sagital plane. Only Gelb (1979,
1985) and Rocabado (1981) have discussed the importance of head pos-

ture as viewed from the frontal plane.
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Unfortunately, dysfunction in the musculoskeletal system has not been
extensively studied or documented, and its treatment remains largely
based on clinical experience and judgement. Nevertheless, there are
studies examining dysfunction in the axial skeleton which use two of
the major parametfers of musculoskeletal function previously discussed:

electromyography and range of motion.

Back pain and dysfunction has probably received the greatest atten-
tion in the literature. Wolf et al (1979) 1looked at range of motion
and EMG activity in the Jlow backs of normal subjects during normal
function and movement to develop normative data, to which back pain
patients could be compared. In most studies, the resting EMG levels
have been examined because it was thought that muscle tonus at rest
would reveal the presence of pain and dysfunction. Wolf et al (1979)
believed that EMG activity during movement may be more important in
cases of dysfunction. Jayasinghe et al (1978) looked at postural fa-
tigue in low back pain and found that backache patients showed large
increases in EMG activity while standing, whereas control subjects
showed a decline in levels. They believed that fatigue of back mus-
cles may play a role in backache. Moreover, the backache patients
showed clear differences in left and right back muscle activity and
this finding was particularly marked in two subjects who had a recur-

rence of pain within two months of the investigation.

Kravitz et al (1981) looked at EMG levels in back muscles of back
pain patients compared to controls, and found that resting levels were

similar in the two groups. They found, however, that when the sub-
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jects were told to tense another set of muscles, the activity of the
paralumbar muscles increased in the back pain patients, whereas the
normal group exhibited no such increase. Collins et al (1982) found
that chronic back pain patients actually demonstrated lower paraspinal
EMG activity levels during various movements and resting postures,
when compared to a matched group of controls. Under stress, however,
the chronic back patients showed a greater reaction in the muscles

than the controls.

A particularly interesting study (Sherman, 1985) examined left and
right paraspinal activity in three groups of subjects: those with no
history of back pain; those with a history of episodic back pain but
none at the time of the study; and chronic low back pain patients of
various diagnoses. He looked at EMG activity in the muscles in sever-
al different resting postures and movements, and found that all chron-
ic back patients showed at least one posture or movement with a high
EMG level. The particular affected movement or posture however, did
not appear related to the diagnostic subgroup. This study was signif-
icant because it examined each subject individually, rather than pool-
ing the results. It demonstrated the uniqueness of EMG abnormalities
in dysfunction and pain, which can be lost or obscured if the patient
results are pooled. This may explain some of the conflicting findings

concerning EMG activity in patients with musculoskeletal disorders.

There are few studies of the neck region, but Jacobs and Felton
(1969) found that feedback was successful in reducing muscular activi-
ty in neck injury patients. Peat (1976) used both EMG and electrogo-

niometry measuring joint motion to study normal and abnormal movements
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in the shoulder complex. Nordermar (1981) tested the use of transcu-
taneaocus nerve stimulation in the treatment of acute neck pain and
found that range of motion was significantly improved in all three

planes of head motion.

Unfortunately, of the relatively few studies of musculoskeltal dys-
function carried out recently, most are either epidemiological or ret-
rospective in nature. |n these studies, subjects are often pooled into
groups with individual differences being obscured. The subjects are
often chronic patients who could be expected to have more complex pat-
terns of symptoms and dysfunction, further complicating their examina-
tion. The only prospective studies «carried out in musculoskeletal
disorders are the provocation studies examining the role of occlusion
in TMD. These studies, howeQer, do not look beyond the immediate oral

region for involvement of more distant, but related structures.



Chapter 11
MATERIAL AND METHODS

SAMPLE

The study was carried out on eight subjects; all but one of whom were
dental students. The subjects were young (average age of 22 years,
with a range of 20 to 28 years) and healthy, and included five males
and three females. Prior to the study, the subjects were given a com-
prehensive examination and history (see Appendix A and B) which was
designed to screen out any potential subject having significant muscu-
loskeletal dysfunction (particularly TMD, neck probliem or chronic
headache) and to identify any factors which may determine the course

of the subject's reaction to the experimental procedure.

All subjects had a Class | molar and cuspid relationship and demon-
strated either no discrepancy between centric relation or retruded
contact position and centric occlusion or intercuspal position, or a
small (less than 1 mm.) anterior slide of the mandible from centric
reiation to centric occlusion. No subject demonstrated any lateral
deviation of the mandible from centric relation to centric occlusion.
Five subjects had full natural dentitions exclusive of third molars.
One subject was congenitally missing one lateral incisor; one subject
was missing four second bicuspids after they were extracted as part of
orthodontic treatment. One subject was missing a lower first molar
extracted in childhood due to carious breakdown, ‘but the second molar
had erupted into the space left by the extracted tooth.

_38_
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None of the subjects showed evidence or reported significant signs

or symptoms of musculoskeletal dysfunction in the masticatory appara-
tus, neck or shoulder region. Most of the subjects reported occasion-
al clicking of one or both of the TMJ's on wide opening, but this was
not associated with pain or locking of the joints so was not consid-
ered a contraindication to their inclusion in the study. Most of the
subjects reported that they suffered from occasional headaches usually
associated with stress, but they did not occur frequently and never

lasted more than a day.

Only subject number 8 reported any history of symptoms from the
lower back. He believed this was due to a minor injury suffered six
years ago. As a result, this subject occasionally (approximately once
per month) experienced a dull ache in the lower back which normally
lasted no longer than one day and never for more than two days. This
finding was not considered serious enough to warrant exclusion from
the study because occasional lower back pain is a very common ailment.
It also did not seem severe in this subject due to its episodic occu-
rence and rapid resolution with no involvement of the upper back or

neck region.

EQUIPMENT AND METHODOLOGY

EMG Egquipment

The electrical activity of the 3 bilateral muscles were recorded with
bipolar silver/silver chloride surface electrodes 0.4 cm in diameter
{Beckman Instruments, Inc. Schiller Park, IL 60176, Catalog No.

650950) connected to a pair of twisted conductors surrounded by a
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grounded shield. The EMG signal was amplified at an overall voltage
gain of L00O. The input impedance of the amplifier was 20 megaohms
and the common mode impedance was 10 megaohms. The band width extend-
ed from 22 hertz (Hz) to in excess of 2.3 KHz. The common mode rejec-
tion ratio was from 80 to 100 db at 60 Hz. The signal amplifier was
designed and built by Mr. Arthur Quanbury in the electronic shop at
the Biomedical Engineering Research Department of the Rehabilitation
Centre for Children, Winnipeg. The raw EMG signal was processed by
means of full wave rectification and first order low pass filtering
with a 3db cut off frequency at 10 Hz to form a linear envelope pro-
cessed signal. A linear envelope signal closely follows the amplitude
of the peaks of the raw EMG and is a suitable method for recording
peak activity (Winter, 1983). This processed signal was recorded by a
series 2500 eight channel Honeywell penwriter {Model 1508). The sen-
sitivity of the EMG recording apparatus extended from 0.5 to 200

volts/cm

EMG ELECTRODE PLACEMENT

Three paired muscles were examined in this study: the upper trapezius,
the sternocleidomastoids, and the anterior temporalis. The upper tra-
pezius muscle presented several difficulties: as with recording the
activity of other thoracic muscles, EKG artifacts were amplified and
recorded in addition to the skeletal muscuiar activity. These arti-
facts could not be eliminated and made the measurement of low level
muscular activity difficult and potentially misleading. As the upper
trapezius muscle is not normally active in head movements (Freitas and

Vitti, 1980 and Bull et al, 1984), the muscular activity levels were
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expected to be low. |t was hoped that the activity of the upper tra-
pezius muscles would be high enough after the period of splint wear
for their peak activity to be measured accurately. When the data was
analysed at the conclusion of the study, however, this did not turn
out to be the case, so the activity of the trapezius muscies was not

included in the results of the study.

The placement of the electrodes over the bilateral anterior tempo-
rai muscles was modified after the technigue of Ahigren et al (1973).
To position the electrodes, a ruler was placed resting on the superior
attachment of the ear in line with the outer canthus of the eye and a
mark was made on the skin 4 cm dorsal to the outer canthus of the eye.
A mark wag then placed 3 cm superior to the first mark on a line per-
pendicular tc the temporal reference line formed by the lower edge of
the horizontal ruler, and another mark was made 6 cm superior to the
temporal reference line along the same perpendicuiar 1line. The two
electrodes were placed immediately inferior to the two upper marks so
that they were 2.5 and 5.5 cm above the temporal reference line (see
Figure 1). in all cases this placed the electrodes for the paired an-

terior temporal muscles well over the body of the muscle.

The placement of the electrodes over the paired sternocleidomastoid
muscles was modified after the techniques of Lippold (1967) and Poppen
and Maurer (1982). The subject was directed to turn his head slightly
to the opposite side of electrode placement to bring the sternocleido-
mastoid muscle into a vertical line. A ruler was centered over the
bulk of the muscle and two marks were made on the skin, 3 cm and 8 cm
inferior to the mastoid process. An electrode was affixed immediately

superior to each of these marks so that the electrodes were placed
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along the buik of the muscle 2.5 and 7.5 cm inferior to the mastoid

process (see Figure 1).

Prior to electrode placement, the skin at the site was cleansed
with an alcohol soaked cotton gauze sponge and abraded with the rough
sawcut end of a @ mm diameter wooden dowel. The electrodes containing
electrode paste (Beckman Instruments Inc., Schiller Park, IL 60176,
Catalog No. 201210) were then affixed with double sided adhesive col-
lars (Sensor Medics, Anaheim, CA, 92806, Catalog No. 650L54) . The
electrode resistances were always }ess than 100 Kohm and usually less
than 30 Kohm. A ground electrode was placed over the ulnar styloid

process of the right hand.



Figure 1: Electrode Placement

Reference lines and electrode placements
for the anterior temporalis and
sternocleidomastoid muscles
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HEAD POSTURE MEASUREMENT
The resting posture of the head in the frontal plane was recorded by
photographing the subjects as they stood before a grid fixed to the
wall. This grid contained lines spaced 10 cm apart aligned perpendic-
ular and parallel to a vertical plumb line. The subjects stood in
their stocking feet, on a fixed mark on the floor. A 35 mm single
tens reflex camera (Minolta Model XG7) was fixed in a bracket on the
wall opposite the grid at a distance of 3.7 M from the grid and 1.5 M
from the floor. The camera was fitted with a Kiron 28 mm lens with a
3X teleconverter (Vivitar) producing an effective focal length of 74
mm. A flash unit (Model 17B, Braun Corp.) was used in addition to the
ambient light for an exposure of 1/60th of a second. The film used
was Fujichrome 100 ASA color transparency film (Fuji Photo Film Co.

Ltd.).

NECK RANGE OF MOTION EXAMINATON

The active range of motion of the head and neck in lateral flexion was
measured according to the protocol outlined by Gerhardt and Russe
(1975) . An international standard goniometer (Rajowalt Co., Atwood
Indiana) was used for all measurements. The axis of the goniometer
was placed over the spinous process of the C7 vertebra with the fixed
arm aligned with the spinous processes of the thoracic vertebra, and
the movable goniometer arm was set at 180 degrees to the fixed arm.
The subjects were told to hold their heads in a natural resting pos-
ture or upright position, the movable arm of the goniometer was then
placed against the head and held there by the examiner's free hand.

The subjects were then told to side flex their heads to the left with-
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out any rotation as far as they could comfortably move, hold for a few
seconds, and return to the neutral positién. During the movement, the
examiner held the fixed reference arm of the goniometer against the
thoracic spinous processes and the movable arm to the head which moved
in an arc with the lateral flexion of the head and neck. The arc of
the movable arm's path was recorded to the nearest degree. The sub-
jects were told to move only their head and neck, keeping the shoul-
ders and back stable, and that they were to perform the movement with
the examiner's hand gently touching their heads to ensure that rota-
tion of the head did not occur during the movement. The range of mo-
tion was measured to the left in this way 5 consecutive times followed
by the measurement of the range of lateral head flexion to the right
five times. The goniometer position on the subject was maintained for
the measurements in both directions and all measurements were taken by
the same examiner with the subject seated in the same chair. After

.the measurements were taken, the subjects were asked to judge whether
or not they felt that it was more difficult or easier to side flex
their head in one direction. If they did feel a difference between
the two sides, they were asked to describe what they felt was the

cause of this asymmetrical feel to their neck movement.

SPLINT CONSTRUCTION

The splints were constructed on casts made from alginate impressions
(Jeltrate-L.D. Caulk Co.) taken at the time of the initial examina-
tion of the subject. The impressions were poured in dental stone (Coe
Cal-Coe Laboratories). A wax bite occlusal registration was taken at

the same time to register the subject's centric occlusion. The inter-
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dental freeway space of each subject was also measured at this time
after the technique described by Boucher, Hickey, and Zarb (1978). To
determine their rest vertical dimensions the subjects sat upright in a
dental chair with their heads unsupported and were fold to relax their
jaws, swallow, and relax again. With the lips lightly in contact,
each subject was asked to hum and the distance between two marks
placed on the nose and the chin were measured. The subjects were then
told to bring their teeth together and the distance between the same
two marks was measured again. The difference between the rest verti=-
cal dimension and the dental contact position was determined to be the
interdental freeway space. In all subjects, this distance was found to
be between 2 to 4 mm. The splints were constructed and adjusted so
that the subjects' teeth were opened approximately 3 mm. beyond their

freeway space in the anterior region.

The casts were mounted in a Galetti articulator for the initial
construction of the full coverage splint. All splints were construct-
ed on the lower arch. Initially, Coce-soft resilient denture liner
(Coe Laboratories Inc.) was flowed around the undercuts and embrasures
of the teeth, to act as a splint liner on non-occlusal tooth surfaces,
for subject comfort and to aid in retention. Lang's Jet Acrylic (Lang
Dental Mfg. Co. Inc.) was made into a doughy mix and formed around the
teeth of the lower arch. The cast with the unset acrylic was then
placed in an Acri-Dense Pneumatic Curing Unit (Coe Laboratories Inc.)
at 30 P.S.l1., allowing the acrylic to polymerize for at least 30 min-

utes.
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Subjects were randomly assigned to one of two groups:

1. right side splint built-up

2. left side splint built-up.

A1l subjects were right-handed, so that one half of the subjects wore
the splint buildup on their dominant side (referred to as the dominant
group) and one half of the subjects wore the splint buildup on the

non-dominant side (referred to as the non-dominant group).

The splints were trimmed to approximately 2 to 3 mm from the teeth
in all areas except the posterior occlusal surface on the side where
the splint was to be built up. On this side, the splint was trimmed
on the articulator so that the upper posterior teefh and cuspids con-
tacted the splint on the buildup side at an opening of approximately &
to 6 mm beyond the interdental freeway space in the anterior region.
The balance of the splint adjustment was performed in the subjects'
mouths using articulating paper (Articodent-Union Broach Co. Inc.) to
indicate occlusal contact with the splint. During this final adjust-
ment, the splints were modified so that they contacted the upper pos-
terior teeth and cuspids on the buildup side on at least one cusp tip
(usually more), at a vertical opening of 2 to 4 mm beyond the inter-
dental freeway space or rest vertical dimension in the anterior re-
gion. The splints were adjusted to have a flat occlusal table on the
built-up side which allowed the subjects freedom in jaw position while
maintaining the same occlusal contact on only the posterior and cuspid
teeth on the built-up side. The built-up side of the splint will be
referred to as the splint side for each subject although the splint is

actually a full coverage one with unilateral occlusal coverage.



L8

After a subject was determined to be suitable for inclusion in the
study, the risks were explained and the subject was asked to sign a
consent form {see Appendix C) acknowledging these risks. The risks of
participating in the study (as outlined in the consent form) were
judged to be minimal and the subjects were told that they could with-
draw from the study at any time. The experimental procedures and pro-
tocol were fully explained to the subjects prior to the experiment,
however, the true nature of the study was not revealed until the com-
pletion of the study. This was done to preciude any of the subjects’
expectations affecting their reactions to the splint. Based on data
obtained in pilot studies, it was explained to the subjects that some
minor discomfort, and perhaps headaches, might occur during the ini-
tial two days of the experimental period of splint wear, but that
these symptoms should be minor. It was also stressed that such reac-
tions to splint wear were not the area of investigation of the study
and that the subjects were free to take any measure such as analgesics
to treat them. Of the eight subjects, only one (subject no.3, a third
year dental student) had any clinical dental experience which would
include knowledge of TMD and related dysfunctions. It was therefore
not expected that the subjects would have any significant or consis-
tent expectations regarding the effect of the wunilateral splint wear
on the neck. All the subjects were told, that apart from the possible
minor initial discomfort, they should not expect to become aware of

any other effects of the splint wear.
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A1l the subjects were measured for the three parameters used in
this study (head posture, range of motion, and EMG) during examination
sessions on two separate days during the conirol period of the 20 days
prior to the delivery of the splint to the subject. The subjects were
again measured for the same three parameters on two of the days of the
experimental, or splint wear period. The subjects were all 1o be
measured on day 5 and day 7 of the experimental period, but this was
not always possible due to the subjects' schedules. As a result, sub-
ject no.'s L, 5, and 6 were tested on day 6 and day 7, whereas subject
no.8 was tested on day 5 and day 12 of the experimental period and
subject no. 1 was tested on day 7 and 10. In all subjects the first
and second days of testing in the control period are referred to as
control day 1 and controi day 2, whereas the first and second days of
testing during the experimental period of splint wear are referred to
as experiment day 1 and experiment day 2. On experiment day 1 and 2
the subjects were asked if they had experienced any symptoms of pain
or discomfort in the TMJ region such as headache, joint sounds, per-
jarticular pain, or painful and restricted mandibular movements. On
the last day of the experimental period, the subjects' muscles in the
head and neck region were palpated as they had been in the initial ex-

amination to determine the existance of any muscle pain or tenderness.

On the day of splint delivery, the splint was adjusted in the moutﬁ
as described in the previous section. The mandibular movements of the
subjects were checked and recorded to ensure that these were not af-
fected by the splint wear. The neck range of motion was also tested

and recorded to serve as another control measurement. The subjects
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were instructed to wear the splint at all times (including during

sleep), except when eating and cleaning their teeth.

A1l data recording was done in the same room of the Preventive Dental
Science Department of the University of Manitoba. Prior to the re-
cordings the EMG equipment was turned on and allowed to warm up for at
least one half hour. Before the subject was examined, the EMG appara-
tus was calibrated with a 1 millivolt d.c. signal generator prior to
every recording. All examination sessions were performed in the same
order of data collection. The only differences occurred between the
control and examination sessions because several additional tasks,
with the splint being worn, were tested during the EMG recording in

the experimental sessions.

At each examination session the subjects were initially asked to
remove their shoes for the head posture photographs. They stood on a
marked section of the floor with the grid directly behind them. They
were instructed to Jlook straight ahead at a piece of tape placed on
the wall above the camera at their individual eye level. The subjects
were encouraged to relax and in aid of this, told to shrug their
shoulders several times. They were then asked to laterally side flex
their heads gently back and forth with a decreasing amplitude until
they found a comfortable position of the head. At that point the pic-

ture was taken and the process was repeated for another picture.

The subjects were then seated in a chair for the measurement of

their neck range of motion. This was done according to the protocol
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described in the earlier section with the range measured to the ieft
five times consecutively followed by measuring it to the right five

times.

The subjects then removed their shirts (female subjects wearing a
garment off the shoulders) and the EMG electrodes were affixed to the
skin according to the protocol described earlier. All records were

made at a paper speed of 5 mm per second.
The subjects were then asked to perform the following tasks:

1. Clench fully in the centric occlusion or maximum intercuspation
position for five seconds with no splint in the mouth. This
task was recorded three times. The task is referred to as a

tonic clench.

™~
.

With the teeth in contact, clench fully in the maximum inter-

cuspation position, for a brief interval and relax immediately.

This task is referred to as a phasic clench. The task waé re-

corded five times.

3. Clench in the maximum intercuspation position at approximately
20 to 25% of full clenching for five seconds. This moderate
clench was determined by the subjects' observaticn of their’own
muscular output with a voltmeter (impedance of 20,000 ohm/volt)
connected to the amplified output of the anterior temporalis
muscle on the splint side. This task was recorded three times.
The task is referred to as a partial clench.

L., Side flex their heads to the splint side to the end of the

range, hold for one second and return their heads to the neu-

tral position. This task was recorded five times.
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5. Side flex their heads to the non-splint side to the end of the
range, hold for one second and return their heads to the neu-
tral position. This task was recorded five times.

6. Side flex their heads to the right to the end of the range,
hold for one second, return their heads to the neutral position
and without stopping, continue tilting their heads to the left
to the end of the range, hold for one second and return to the
neutral position. Again without stopping at the neutral posi-
tion, the subjects were instructed to continue side flexing
their heads again to the right and so on. The subjects contin-
uously side flexed their heads laterally to the right and to
the left until they had moved their heads 5 times in each di-
rection whereupon they stopped at the neutral position. This
task is referred to as repetitive bilateral side flexion of the
head.

7. Isometrically flex their heads maximally against the resistance
of the examiner's right hand. This task was recorded three
times and was designed to obtain a maximum contraction of the

sternocleidomastoid muscles.

Each of these tasks was performed in the same order in all subjects
at all examination sessions, with one exception. Subject no.k did not
perform task no.3 without the splint during the experimental period
recording examinations. It was felt at the time that it was not nec-

essary or informative, but it was performed in all other subjects,

In addition to the 7 tasks described, the three cienching tasks
(task no.'s 1, 2, and 3) were also performed with the splint in the

mouth for the experimental examination period. These tasks were per-
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formed in the same way and for the same number of repetitions with the
splint in the mouth. These tasks are desighated task no.'s 1s, 2s,
and 3s, indicating the same tasks as no.'s 1, 2, and 3 respectively,
except that the subject had the splint in his mouth. On all experi-
mental days of testing, each clench task was performed initially with-

out the splint, followed by the same task with the splint inserted.

The moderate clenching task (task no.3) was included because after
pilot testing, it was believed that a moderate clench of 20 to 25% of
maximum resembled the cliench which, in their experience, pilot sub-

jects often applied to the splint.

The tasks were described to the subjects each time before they were
performed and, for the initial examination session, the subjects were
allowed to practice them several times if necessary. Each individual
repetition of a task was separated by an épproximate 15 second rest
period with a 2 minute rest period between each different type of

task.

MEASUREMENT OF HEAD POSTURE RECORDINGS

The color transparencies from the head posture photographs were meas-
ured by rear-projecting them onto a semi-opaque ground glass screen.
The slide projector and the glass screen were mounted on a wooden
frame at a distance of approximately 2.5 meters from each other to
standardize the enlargement of the images. A sheet of clear acetate
with a single pencil line was used to find a best fit line to describe
the eye structures. The angulation of this line to one of the grid
lines was recorded to indicate the angulation of the head posture in

the frontal plane to the nearest half degree. The same reference line
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was used on the grid for all measurements and all measurements were
made by the same examiner. The sign convention was such that the an-
gulation of the eye line was given a positive sign if the head was
tipped down toward the splint side and negative if the head was tipped
down toward the other side. A measurement of 0 degrees indicated that

the eye line was perpendicular to a line of true vertical to gravity.

QUANTIFICATION OF EMG RECORDINGS

ATl EMG recordings were made of the linear envelope signal which fol-
lows the amplitude of the peaks of the raw EMG (Winter, 1983). All
EMG values were converted to a percentage of the daily session maximum
for each individual muscle. This permits the comparison of EMG activ-
ity on different days and between different subjects (Miller, 1985).
The maximum activity for each muscle was determined by averaging the
three maximum peaks obtained in the maximum tonic clenching task for
the anterior temporal muscles and for the maximum resisted head flex-
ion task for the sternocleidomastoid muscies. For the clench and hold
tasks (task no.'s 1 and 1s, maximum clenching and, 3 and 3s, partial
clenching), three measurements were taken in the middle part of the
recording at one second intervals for each of the 3 biting procedures
per task (see Figure 2). These 9 values for each muscle and for each
task were averaged and expressed as a percentage of the session maxi-
mum. For these same tasks, the activity of the sternoclieidomastoid
muscles was measured in the same way. For the phasic clench tasks
(task no.'s 2 and 2s), the peak value for each of the five biting pro-
cedures was measured, averaged, and expressed as a percentage of the
session maximum for both the anterior temporal and sternocleidomastoid

muscles.
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Quantification of EMG for Clenching Tasks 1, 1s, 2,

and 3s

vertical

lines indicate the position and height

of the measurements made for each task
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data was converted to a 4 of the average
maximum value for the examination day

2s,

55

3,



Figure. 2
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For the wunilateral side flexing tasks (task no.'s 4 and 5), the
ipsilateral sternocleidomastoid was initially active as a prime mover
to bring the head to the end of the range. After the peak amplitude
of the ipsilateral sternocleidomastoid was reached, the activity de-
clined as the head returned to the neutral position. Early in this
return phase, the contralateral sternoclieidomastoid was active, reach-
ing a lower peak activity (see Figure 3). The pattern of activity is
the same for the bilateral continuous side flexing task (task no. 6)
(see Figure 4). For all side flexing tasks, the peak EMG level reached
by the prime mover sternocleidomastoid was measured for each of the
five ipsilateral head tilts and expressed as a percentage of the ses-
sion maximum (from task no.7). For these same head moving tasks, the
peak activity of the contraiateral sternocleidomastoid involved in the
return phase of the head movement was measured for the 5 head move-

ments and again expressed as a percentage of the session maximum.
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Figure 3: Quantification of EMG of Sternocleidomastoid Musclies for
Head Moving Tasks 4 and 5

vertical lines indicate the position and the height
of the measurements made for each task

data was converted to a % of the average
maximum value for that measurement day

reference value (maximum activity level)
was measured the same way as for
clenching tasks
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Figure 4: Quantification of EMG of the Sternocleidomastoid Muscles
for Head Moving Task 6

vertical lines indicate the position and height
of the measurements made for each task

data was converted to a % of the average
maximum value for that measurement day

reference value (maximum activity level)
was measured the same way as for
clenching tasks
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Figure. 4

Sternocleidomastoid
Alternating Activity as Return Muscle and
Prime Mover

Sternocleidomastoid
Alternating Activity as Prime Mover and
Return Muscle
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ERROR STUDY

The pooled standard deviation for the error of each measurement of the
head posture and the range of motion was calculated, as was the pooled
standard deviation for the error of the activity level of each muscle
(anterior temporaiis and sternocleidomastoid muscles) for each task.
From these measurements, the maximum error at the 99 % probability
level was calculated for each measurement using the t value for the
appropriate degrees of freedom. This figure was then divided by the
square root of the number of measurements taken each day to arrive at
the maximum error (at the 99 % probability level) for each day's meas-
urement for each muscle, for each task, for each subject. This means
that 99 % of the day's measurements for each task, and for each sub-
ject, sthld not exceed the standard error. These maximum errors are

shown in Table 1 .
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TABLE 1

Maximum Standard Errors for Each Day's Measurement for Each Subject

Test Maximum Standard Error
at 99 % level

Head Posture 1.5 degrees
Range of Motion Difference 1.4 degrees

EMG - Muscle Activity Levels

Task 1 - Anterior Temporalis 11.8 %
Sternocleidomastoid 0.9 %

Task 1s- Anterior Temporalis 2.4 %
Sternocieidomastoid 0.8 %

Task 2 - Anterior Temporalis 12.7 %
Sternocleidomastoid 2.7 %

Task 2s~ Anterior Temporalis 9.4 %
Sternocieidomastoid 2.6 %

Task 3 - Anterior Temporalis k.5 %
Sternocleidomasteid 0.3 %

Task 3s~ Anterior Temporalis 2.8 %
Sternocleidomastoid 0.4 %

Task 4 - Sternocleidomastoid 9.8 %
Task 5 -~ Sternocleidomastoid 8.3 %
Task 6 -Sternocleidomastoid - Function 1 1.4 %
Function 2 3.8 %

measurements of standard error of the musclie activity levels
are expressed as a percentage of the daily maximum,
not as a percentage of the average value for that task



61
STATISTICAL ANALYSIS
A mixed analysis of variance was used to assess the effect of the fac-
tors and their interactions on the measurements of head posture, range

of motion, and EMG activity levels in the various tasks.

For the head posture and the range of motion tests, the effect of
the splint wear and the dominance (splint on dominant side, or on non-
dominant side), as well as the interactions between the two factors
were tested. A student's t-test was also used to assess, in both the
head posture and the range of motion tests, whether or not the meas-
urements for the control period, and the two experimental days were
significantly different from an ideal (or normal) value for each test.
This ideal measurement would represent a level head posture in the
frontal plane and a symmetric range of motion to the two sides in head

side flexion.

For the EMG tasks, the significance of the dominance (splint on
dominant side, or on non-dominant side), the muscle tested (or muscle
function as in repetitive bilateral side fiexion), and the side of the
muscle were tested, as well as their interactions, to determine the
significance of their effect on the changes in the activity levels of
each muscle, for each side, for each task. The EMG measurements from
the control days and the experimental days were each averaged to ar-
rive at a control period activity level and an experimental period av-
erage activity level. This was done because there were no clear
trends in the activity level changes between the two experimental days
and the differences in the time periods between the two experimental
days (due to the subjects' availability for testing) made any trend

less significant. The changes in muscle activity levels were ex-
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pressed as a percentage of the activity levels measured in the control
period for tasks 1, 2, 3, 4, 5, and 6. In tasks 1s, 2s, and 3s, the
clenching tasks while the splint was worn, the changes in muscle ac-
tivity levels were expressed as a percentage of the activity levels
measured in the experimental period without the splint being worn by
the subject (tasks 1, 2, and 3, respectively). The significance of
these changes in muscle activity levels were then assessed using a

Student's t-test of statistical significance.
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RESULTS

All subjects were able to wear their splint for the duration of the
experimental period with no significant probliems. Three subjects did
experience a headache on the first day of splint wear, but these head-
aches were not severe and were treated with aspirin or resolved spon-
taneously. One of these subjects (subject no. 5) also reported a neck
ache on the splint side which occurred on the third day of the experi-
mental period of splint wear. This pain lasted for éevera] hours, but
resolved with aspirin and did not reoccur. All subjects experienced
some minor tooth discomfort at some point due to the splint, but this
was never severe. All subjects were aware of minor alterations in
their occlusions when they ate without the splint in their mouths dur-
ing the experimental period. This rapidly resolved several days after
the end of the experimental period. No subjects developed any signs
or symptoms of TMD, including reductions in their range of mandibular

movements during the experimental perioed.

During control testing of the neck range of motion, when the sub-
jects were asked if they found it easier to laterally flex their head
to one side, oniy three subjects indicated any difference between the
two sides on one of the control days. On the other control day, they

felt both sides were equal in the side flexion movement. A1l other

- 63 -
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subjects felt that their side flexion movements were the same on both
control days. During the splint-wear period, seven out of eight sub-
jects felt increased tension on the splint side on at least one of the
experimental days, and of these, six felt that this limited their
range of motion in side flexion toward the non-splint side. Subject
no. 2 felt increased tension on the splint side on both experimental
days, but he felt this increased tension limited his range in side
flexing to that same splint side. Subject no. 6 was the only one not
to have felt increased tension on the splint side during the experi-

mental period.

Throughout the neck range of motion testing, all subjects felt
that it was muscular resistance and not pain or discomfort which re-
stricted their range of motion in side flexion. One subject (no. 8)
noted, without being questioned, increased tension in his entire neck
during the experimental period apart from that noticed during the
range of motion testing. Subject no. 5 experienced pain in the mus-
cles of the neck (particularly the splint side) during the head and
neck movements performed during the EMG testing on the experimental
days, but this pain resolved with aspirin. This same subject also
demonstrated some muscular tenderness and sensitivity‘to palpation in
the masseters (splint side being slightly more tender), as well as the
left and right upper trapezius muscles, and the posterior cervical
muscles (non;splint side being slightly more tender than the splint
side) . No other subject demonsirated any overt tenderness or pain to

palpation of the muscles of the head and neck.



65
HEAD POSTURE
A mixed analysis of variance was used to measure the effects of the
period of splint wear, the side of the splint buildup or dominance,
and the interaction of the two factors. Table 2 indicates that none
of these three factors had a significant effect on the head posture of
the subjects. Table 3 shows that both groups consistently had a head
posture which was within 1 degree (on average) of wupright (with the

horizontal line through the eyes, perpendicular to the vertical).

TABLE 2

Significance of Main Effects and Interactions on Head Posture

Source of variance Level of Significance
Dominance NS
Period of splint wear NS
Dominance by period of splint wear NS

NS = not significant
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TABLE 3

Average Head Posture of Dominant and Non-dominant Groups

Control Experimental Experimental

period day 1 day 1
Dominant Group +1.0 NS +0.6 NS +0.5 NS
Non~dominant Group -0.8 NS -0.9 NS +0.2 NS

positive value indicates head posture tilted down to non-splint side
negative value indicates head posture tilted down to splint side

NS = not significant

all measurements in degrees

standard error= 0.4L in group 1

standard error= 0.38 in group 2

RANGE OF MOTICON

The head and neck range of motion for each day of testing consisted of
two measurements: an average range of motion in side flexion to the
splint side, and to the non-splint side (both measurements in de-
grees) . These two figures were subtracted to obtain a single measure-
ment which represented the difference between the range of motion to
the two sides. The sign of the measurement indicated the side to
which the range of motion in side flexion was greater; a positive sign
indicated that the range of side flexion was greater to the non-splint
side of the subject, whereas a negative sign indicated a greater range
to the splint side. This single measurement of the difference between
the range of motion to the two sides, or the symmetry of the range of

motion, was used for all analyses of the range of motion.
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A mixed analysis of variance was used to measure the effects of the
period of splint wear, the side of the splint buildup or dominance,
and the interaction of the two factors on the head and neck range of
motion. Table L indicates that nons of the three factors had a sig-
nificant effect on the head and neck range of motion of the subjects.
Table 5 shows the average range of motion differences for the control
period and the two experimental days. Both experimental days showed a
slight trend toward a greater range of motion in side flexion to the
splint side, but neither experimental day showed a significantly asym-

metrical range toward the splint side.

TABLE L

Significance of Main Effects and Interactions on the Range of Motion
in Side Flexion

Source of variance Level of Significance
Dominance NS
Splint wear period NS
Dominance by splint wear period NS

NS = not significant

When the individual subjects’ range of motion measurements are ex-
amined over the control period and the two experimental days, a pat-

tern of change does appear tc emerge (see Figure 5). All but two sub-
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TABLE 5

Differences Between Side Flexion Ranges of Motion to the Splint Side
and the Non-Splint Side for the Control Period and Experimental Days

Average of

Control Experimental Experimental
Period Day 1 Day 2
Dominant
Group -0.1 NS -3.2 NS -1.6 NS
Non-dominant
Group +2.1 NS -0.8 NS -2.5 NS

positive value indicates greater range in side flexion to
non-splint side

negative value indicates greater range in side fiexion to
splint side

NS = not significant

all measurements in degrees

negative values indicate a greater range in side flexion
to the splint side

positive values indicate a greater range in side flexion
to the non-splint side

standard error = 2.4 for all measurements

jects (no.'s 2 and 5) showed a trend towards a greater range in side
flexion to the splint side on the first experimental day. 0f these
six subjects, three (subject no.'s 1, k, and 8) maintained or in-
creased this trend on the second day of experimental testing. The

other three subjects (no.'s 3, 6, and 7) demonstrated a reduced ten-
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dency of a greater range of side flexion to the splint side on the

second experimental day.

The two remaining subjects (no.'s 2 and 5) demonstrated the oppo-
site change in their range of motion in side flexion. Subject no. 2
showed an increased range of motion toward the non-splint side on both
experimental days. Subject no. 5 showed this trend on the first day
of experimental testing, but on the second experimental day she demon-
strated the opposite trend with a greater range of side flexion to the
splint side (as had been seen in the other 6 subjects). Due to the
lack of a consistent trend in terms of the direction of change in the
range of motion measurements, the data was again analysed with the
mixed analysis of variance. In this case however, the signs of the
measurements were ignored so that the measurements of the range of mo-
tion simply indicated the magnitude of the differences or asymmetries
in the side flexion range of motion to the two sides and not the side
to which the range was greater. Table 6 indicates that the splint-
wear period did have a significant effect on the symmetry of the neck
range of motion in side flexion while the other factors did not. Ta-
b]e 7] indicates that both dominance groups demonstrated a significant-
ly asymmetrical range of motion on the first experimental day. On the
second day of the experimental testing, both groups showed a reduced,
although still significant, trend toward an asymmetrical range of mo-

tion.
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TABLE 6
Significance of Main Effects and interactions on the Absolute Value of

the Range o Motion Differences in the Control Period and on the
Experimental Days

Source of variance Level of Significance
Dominance NS
Splint wear period f%
Dominance by splint wear period NS

NS = not significant
p < .10

p < .05
P < .01
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Figure 5: Differences in Head and Neck Range of Motion in Side

Flexion for Subjects in Control Period and on Experimental
Days

positive values indicate a greater range of motion
in side flexion to the splint side

negative values indicate a greater range of motion
in side flexion to the splint side
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TABLE 7

Absolute Differences Between Side Flexion Range of Motion to Splint
Side and Non-Splint Side in the Control Period and in the Experimental

Days

Average of

Control Experimental Experimental

Period Day 1 Day 2
Dominant
Group 1.1 NS 7.5 s 5.8 ¥
Non-dominant
Group 2.3 NS 6.8 #*kk 2.5 %

NS = not significant

% .10

.05

dfdk = P < ,01

standard error = 1.3 for all measurements

i
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ELECTROMYOGRAPHY
Task 1 - Maxi Static Clench (No Splint)

For task 1, the change in the level of muscle activity of each muscle
of each side, due to the period of splint wear was recorded. A mixed
analysis of variance was used to assess the effect of the muscles {an-
terior temporalis or sternocleidomastoid), the side (splint side or
non-splint side), dominance (dominant group, with the splint buildup
on dominant side; non-dominant group, with the splint buildup on non-

dominant side), and the interaction of these factors.
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Table 8 shows that the factors of muscle, side, and muscle by side
demonstrated a significant effect on the change in muscle activity at
the 10% level of statistical significance. The effect of the muscles
and side were both very close to reaching significance at the 5 % lev-
el (F=5.96L and F=5.974, respectively - the relevant F value for 5 %

significance is 5.984) .

in examining the percentage change in each muscle (table 9), one
can see that the splint and non-spiint side anterior temporalis mus-
cles did not show a significant change in activity Jlevels in maximum
clench due to the period of splint wear. The non-splint side sterno-
cleidomastoid, however, exhibited a significant decline in activity
for both dominance groups. The splint side sternocleidomastoid showed
a similar significant decline in activity in the non-dominant group.
In the dominant group , however, no significant change in muscle ac-

tivity of the splint side sternocleidomastoid was recorded.
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TABLE 8

Significance of Main Effects and Interactions on the Changes in Muscle
Activities in Maximum Static Clench (No Splint)

Source of variance Level of Significance
Dominance NS
Muscle %
Dominance by muscle NS
Side %
Dominance by side NS

Muscle by side

Dominance by musclie by side NS

NS = not significant
) p < .10

]

<
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TABLE 9

% Change in Muscle Activity Levels Due to Splint Wear Period in
Maximum Static Clench (No Splint)

Non-spliint Splint
Side Side
Anterior
Temporalis -3.5 NS -0.2 NS
Muscles
Sternocleido- Dominant
mastoid =57 .1 dedek Group
Muscies +0.8 NS

Non-dominant
Group

~43, 7 fNxw

positive value indicates increase in muscle activity
negative value indicates decrease in muscle activity
NS = not significant
% p < .10
sk p < .05
fnt = P < 01
in cases where the change in muscle activity was not significantly dif-
ferent for a muscle in the 2 dominance groups, the average change
for the muscle is recorded
in cases where the change in muscle activity was significantly differ-
ent for a muscle in the 2 dominance groups, the average change in
activity for each group is recorded
dominant group = splint buiidup on dominant side of subject
non-dominant group = splint buildup on non-dominant side of subject
standard error = 7.554 for muscles averaged for 2 groups
standard error = 10.682 for muscles of individual groups

i
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For task 1s, the change in the level of muscle activity (for each mus-
cle, for each side) due to the subjects' occluding on the splint dur-
ing the maximum static clench was recorded. A mixed analysis of vari-
ance was used to assess the effect of the muscles (anterior temporalis
or sternocleidomastoid), side (splint side or non-splint side), domi-
nance groups (dominant group or non-dominant group), and the interac-
tion of these factors. Table 10 indicates that the muscles were a
significant source of variation at the 10% level of significance and
that the muscle by splint interaction was a significant source of var-
iation at the 5% level of statistical significance. No other factor

was a significant source of variation.

When the percentage changes of the muscles are examined (see-Table
11), it can be seen that only the non-splint side anterior temporalis
muscle showed a significant decline in activity in the two groups of
subjects due to their occluding on the splint in the maximum static
clench during the experimental days of testing. It can also be seen
that there were no other significant changes in the 1levels of muscle

activity.
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TABLE 10

Significance of Main Effects and interactions on the Changes in Muscle
Activity Levels in Maximum Static Clench With the Splint

Source of variance Level of Significance
Dominance NS
Muscle %
Dominance by muscie NS
Side NS
Dominance by side NS
Muscle by side Sk
Dominance by muscle by side NS

NS = not significant
% p < .10

p < .05
P < .01

RN
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TABLE 11

% Change in Muscle Activity Levels Due to Occiusion on Splint in
Maximum Static Clench With the Splint

Non-splint Splint
Side Side
Anterior
Temporalis =L L sk -3.3 NS
Muscles
Sternocleido~
mastoid +12.9 NS +L.1 NS

Muscles

positive vaiue indicates increase in muscle activity
negative value indicates decrease in musclie activity

NS = not significant

¥ =p < .10

*% = p < ,05

Kk = P < ,0]

in cases where the change in muscle activity was not significantly dif-
ferent for a muscle in the 2 dominance groups, the average change
for the muscle is recorded

in cases where the change in muscle activity was significantly differ-
ent for a muscle in the 2 dominance groups, the average change in
activity for each group is recorded

standard error = 9.980

Task 2 - Maximum Phasic Clench (No Splint]

For task 2, or maximum phasic ciench, the change in musclie activity
due to the period of splint wear was recorded for each muscle, for

each side. A mixed analysis of variance was used to assess the ef-
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fects of dominance, muscle, and side, as well as the effect of the in-

teraction of those factors.

Table 12 indicates that only dominance had a significant effect on

the variation; no other factor had a significant effect.

Table 13 examines the percentage changes in muscle activity levels
due to the splint wear period. Both sternocleidomastoid muscles
showed significant declines in activity levels in the non-dominant

group only. No other muscles demonstrated significant changes.

TABLE 12

Significance of Main Effects and Interactions on the Changes in Muscle
Activities in Maximum Phasic Clench {(No Splint)

Source of variance Level of Significance
Dominance *
Muscle NS
Dominance by muscle NS
Side NS
Dominance by side NS
Muscle by side NS
Dominance by muscle by side NS

NS=not significant
7‘c=p < .10
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TABLE 13

% Change in Muscle Activity Due to Splint Wear Period in Maximum
Phasic Clench {No Splint)

Non-splint Splint
Side Side
Anterior
Temporalis +15.6 NS +4.8 NS
Musclies
Sternocleido- Dominant Dominant
mastoid Group Group
Muscles - 4,0 NS - +12.6 NS
Non-dominant Non-dominant
Group Group
-56. L4 ek -45.0 %%

positive value indicates increase in muscie activity
negative value indicates decrease in muscle activity
NS = not significant
% p < .10

% = p < ,05

ke = P < ,0]1

in cases where the change in muscle activity was not significantly dif-
ferent for a muscle in the 2 dominance groups, the average change
for the muscle is recorded

in cases where the change in muscle activity was significantly differ-
ent for a muscle in the 2 dominance groups, the average change in
activity for each group is recorded

dominant group = splint buildup on dominant side of subject
non-dominant group = splint buildup on non-dominant side of subject
standard error 7.55L4 for muscles averaged for the 2 groups

standard error = 10.682 for muscles of individual groups
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For task 2s, the change in muscle activity levels due to the subjects'
occluding on the splint, was recorded for each muscle, for each side.
A mixed analysis of variance was used to assess the effects of domi-
nance, muscle, and side, as well as the effect of the interactions of

those factors.

Table 14 indicates that the muscle and the side had a significant
effect on the change in muscle activity at the 108 level of signifi-
cance. There were no other significant factors affecting the changes

in muscle activity.

Table 15 displays the percentage changes in muscle activity levels
due to the subjects' occluding on the splint. It indicates that only
the non-splint side anterior temporalis showed a significant decline
in activity levels. All other muscles displayed statisticaliy similar

activity levels.
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TABLE 14

Significance of Main Effects and Interactions on the Changes in Muscle

in Maximum Phasic Cliench With the Splint

Source of variance Level of Significance
Dominance NS
Muscle %
Dominance by muscle NS

Side %
Dominance by side NS
Musclie by side NS
Dominance by muscle by side NS

NS = not significant

it

p < .10
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TABLE 15

% Change in Muscle Activity Levels Due to Occlusion on Splint in
Maximum Phasic Clench With the Splint

Non-splint Splint
Side . Side
Anterior
Temporalis -bh. ] % -10.4 NS
Muscles
Sternocleido-
mastoid . -21.4 NS -23.5 NS

Muscles

negative value indicates decrease in muscle activity
NS = not significant
% p < .10
ek p < .05
fkd = P < ,0]
in cases where the change in muscle activity was not significantly dif-
ferent for a muscle in the 2 dominance groups, the average change
for the muscle is recorded
in cases where the change in muscle activity was significantly differ-
ent for a muscle in the 2 dominance groups, the average change in
activity for each group is recorded
standard error = 16,787

Task 3 - Partial Clench (Ne Splint)

For task 3, the change in muscle activity due to the period of splint

wear was recorded for each muscle, for each side. A mixed analysis of
variance was used to assess the effects of dominance, muscie, and

side, as well as the effect of the interaction of these factors.
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Table 16 indicates that none of the factors or interactions had a
significant effect on the changes in muscle activity levels. Table 17
indicates that while some muscles, such as the non-splint side anteri-
or temporalis showed a large change in muscle activity levels, no mus-
cles displayed a significant change due to the splint wear period. The

reason for this lack of significance is the large standard error.

TABLE 16

Significance of Main Effects and Interactions on the Changes in Muscle
Activity Levels in Partial Clench (No Splint)

Source of variance Level of Significance
Dominance NS
Muscle NS
Dominance by muscle NS
Side NS
Dominance by side NS
Muscle by side NS
Dominance by muscle by side NS

NS = not significant
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TABLE 17

% Change in Muscle Activity Levels Due to Splint Wear Period in
Partial Clench {No Splint)

Non-splint Splint
Side Side
Anterior
Temporalis +67.9 NS +22.0 NS
Muscles
Sternocieido-
mastoid -4.,2 NS ~-12.6 NS

Muscles

positive value indicates increase in muscle activity

negative value indicates decrease in muscle activity

NS = not significant

in cases where the change in muscie activity was not significantly dif-
ferent for a muscle in the 2 dominance groups, the average change
for the muscle is recorded

in cases where the change in muscle activity was significantly differ-
ent for a muscle in the 2 dominance groups, the average change in
activity for each group is recorded

standard error = 43.538

Task 3s - Partial Clench With Splint

For task 3s, the change in muscie activity levels due to the subjects'
occluding on the splint was recorded for each muscle for each side. A
mixed analysis of variance showed that of the sources of variation
tested, the factors of muscle and side both demonstrated a statisti-

cally significant effect on the change in muscle activity levels (see
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Table 18). Table 19 displays the percentage changes in muscie activi-
ty levels due to the subjects' occluding on the splint. The non-
splint side anterior temporalis muscle showed a significant decline in
both dominance groups. The splint side sternocleidomastoid showed no
change in activity levels in the dominant group, but the non-dominant
group showed a statistically significant increase in the muscle's ac-
tivity levels. The other muscles showed no significant changes in ac-

tivity levels.

TABLE 18

Significance of Main Effects and Interactions on the Changes in Muscle
Activities in Partial Clench With the Splint

Source of variance Level of Significance
Dominance NS
Muscile ek
Dominance by muscle NS
Side ‘ %ok
Dominance by side NS
Muscle by side NS
Dominance by muscle by side NS

NS = not significant
% p < .10
sk p < .05
P < .01

B3
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TABLE 19

% Changes in Muscle Activity Due to Occlusion on Splint in Partial
Ciench With the Splint

Non-splint Splint
Side Side
Anterior
Temporalis -78.7 %% +4.2 NS
Muscles
Sternocleido- Dominant
mastoid 0.0 NS Group
Muscies 0.0 NS

Non-dominant
Group

+120.8 %%

positive value indicates increase in muscle activity

negative value indicates decrease in muscle activity

NS = not significant

% p < .10

et p < .05

otk = P < ,0]

in cases where the change in muscle activity was not significantly dif-
ferent for a muscle in the 2 dominance groups, the average change
for the muscle is recorded ‘

in cases where the change in muscie activity was significantly differ-
ent for a muscle in the 2 dominance groups, the average change in
activity for each group is recorded

dominant group = splint buildup on dominant side of subject
non-dominant group = splint buildup on non-dominant side of subject
standard error = 25.594 for muscles averaged for the two groups
standard error = 39.095 for muscles of individual groups

1}
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One must be cautious in the interpretation of the change in the ac-
tivity levels of the sternocleidomastoid muscle in the partial clench-

ing tasks because of the very low levels of muscle activity present.

Figure 6 demonstrates these low levels of activity in displaying
the activity levels of the individual subjects for the initial levels
in the control period and those recorded with the splint inserted in
the experimental period. There were no consistent changes in the ac-
tivity Jleveis of the sternocleidomastoid muscles. Three subjects
(ho.'s 2, 3, and 7) showed no sternoclieidomastoid activity at any time
during the partial clench. The other subjects showed low average lev-
els of activity: usually less than 1% of maximum levels and never more
than 2.5%. Subject no.'s 1 and 8 showed a trend toward an increase on
the non-spiint side and a decline on the splint side. Subject no.'s
L, 5, and 6 demonstrated a different pattern. Subject no.'s & and 5
showed a decline in the non-splint side sternocleidomastoid activity
levels to zero. Subject no.'s 4, 5, and 6 demonstrated an increase in
the splint side sternocleidomastoid levels. |In the case of subjects L
and 6, the splint side muscle showed activity in the partial clench
with the splint inserted when there was no sternocleidomastoid muscle
activity on that side in the control period. All subjects demonstrat-
ed a large decline in the actvity of the non-splint side anterior tem-
poralis with the splint in the mouth. There was some variation in the

pattern of that change.

A1l subjects demonstrated a large decline in the activity of the
non-splint side anterior temporalis with the splint in the mouth.

Figure 6 displays the activity levels of the anterior temporalis mus-
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Figure 6: Activity of the Sternocleidomastoid and Anterior Temporalis
Muscles in Partial Clenching

For each muscle, for each subject:

Column 1 represents the average activity of
the non-splint side muscle on the

N 2 control days
§' Column 2 represents the average activity of
= the splint side muscle on the
o 2 control days
N
,333 Column 3 represents the average activity of
%§§ the non-splint side muscle on the
NN 2 experimental days

Column L represents the average activity of
the splint side muscle on the
2 experimental days

The vertical axis of the graphs indicates
the muscular activity levels as a % of
the daily maximum of that muscle

Columns with no bar indicate that
no muscle activity was recorded
for that muscle on those days
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cles of the individual subjects from the initial levels in the control
period to those recorded with the splint inserted in the experimental
period. There was some individual variation in the pattern of change
in the subjects. On the experimental days subject no.'s 1, 2, 5, and
7/ showed a very low level of non-splint side anterior temporalis ac-
tivity (approaching zero). Subject no.'s 6 and 8 showed a somewhat
higher, although still very low level of activity. Subject no.'s 3
and 4 showed a higher level of non-splint side activity in the ante-
rior temporalis, although the activity levels of the non-splint side
were lower than the control values and lower than the splint side mus-

cle.

Task 4 - Side Flexion of the Head to the Splint Sid

For task b, the change in muscle activity levels due to the splint
wear periocd was recorded for both sides of the sternocleidomastoid
muscle. The splint side muscle was active as a prime mover in the
side flexing of the head to the end of the range, whereas the non-
splint side muscle was active in the return phase of the head movement
back to the upright or neutral position. A mixed analysis of variance
was used to assess the effect of the side and the dominance, as well
as the interaction of the two factors. Table 20 indicates that none
of the factors had a significant effect on the change in muscle activ-
ity levels due to the splint wear period. Table 21 illustrates the
percentage changes in sternocleidomastoid activity levels, It can be
seen that only the non-splint side muscle in the non-dominant group
showed a significant increase in its activity level. The other mus-
cles and group showed no statistically significant changes in the ac-

tivity levels due to the splint wear period.
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TABLE 20

of Main Effects and Interactions on the Changes in Muscle
Leveis in Side Flexion of the Head to the Splint Side

Source of variance Level of Significance
Dominance NS
Side NS
Dominance by side NS

NS = not significant
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TABLE 2]

% Change in Muscle Activity Levels Due to Splint Wear Period in Side
Fiexion of the Head to the Splint Side

Non-splint side Spiint side
Sternocleidomastoid Sternocleidomastoid
Muscle Muscle
Dominant

-3.1 NS -10.0 NS

Group

Non-dominant
+81.2 sedx +15.2 NS

Group

positive value indicates increase in muscle activity
negative value indicates decrease in muscle activity
NS not significant

% p < .10

% p < .05
sk = P < ,01
standard error = 19.295

1

Task 5 - Side Flexion of the Head to the Splint Sid

For task 5, the change in muscle activity levels due to the splint
wear period was recorded for each side. A mixed analysis of variance
was used to assess the effect of the side and the splint side group,
as well as the interaction of the factors. Table 22 indicates that
none of these factors had a significant effect on the changes in mus-
cle activity levels due to the splint wear period. Table 23 shows the

percentage changes in the, muscle activity levels due to the splint



93

wear period. The non-splint side sternocleidomastoid muscle was ac-
tive as a prime mover in the head movement, while the splint side mus-
cle was active in the return phase. It can be seen that neither mus-
cle demonstrated a significant change in activity levels in either

splint side group.

TABLE 22

Significance of Main Effects and Interactions on the Changes in Muscle
Activity Levels in Side Flexion of the Head to the Non-splint Side

Source of variance

Level of Significance

Dominance
Side

Dominance by side

NS

NS

NS

NS

not significant
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TABLE 23

% Change in Muscle Activity Levels Due to Splint Wear Period in Side
Flexion of the Head to the Non-Splint Side

Non-splint side Splint sides
Sternocleidomastoid Sternocleidomastoid
Muscle Muscle
Dominant
+16.0 NS +6.6 NS
Group
Non-dominant
-17.3 NS -15.1 NS

Group

positive value ‘indicates increase in muscle activity
negative value indicates decrease in muscle activity
NS = not significant

standard error = 20.863

Task 6 - Repetitive Bilateral Side Flexion of the Head

For task 6, the change in muscle activity due to the splint wear peri-
od was recorded for both sides of the sternocleidomastoid muscle and
for both functions of the muscle. During the task {which is really a
combination of the the two previous head moving tasks), both sterno-
cleidomastoid muscles are active as prime movers and in the return

phases of the movements.

A mixed analysis of variance was used to analyse the effect of the

dominance, function of the muscle, side, and the interactions of these
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factors. Table 24 shows that only the dominance by side interaction
had a significant effect on the change in muscle activity (at the 5%

level of significance).

Table 25 illustrates the percentage changes in muscle activity due
to the splint wear pericd. The splint side sternocleidomastoid showed
no significant change fer either function. The non-splint side ster-
nocleidomastoid showed no increase for either function in the non-dom-
inant group. In the dominant grcup, however, the non-splint side
sternocleidomastoid showed significant increases for both functions:

as a prime mover and in the return phase of the side flexion.

The changes in muscle activity levels are summarized in table 26
and table 27. Onty the significant Ehanges in muscle activity are
shown; muscles not undergoing a significant.change are marked as hav-
ing no change. In cases where both dominance groups show similar
changes, only the average figure for the muscle is displayed. in cas-
es where the two dominance groups do demonstrate significant differ-
ences from each other, the activity levels change for each group is

displayed.
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TABLE 2%

Significance of Main Effects and interactions on the Changes in Muscle
Activity Levels in Repetitive Bilateral Side Flexion of the Head

Source of variance Level of Significance
Dominance NS
Muscle function NS
Dominance by muscle function NS
Side NS
Dominance by side fok
Muscle function by side NS
Dominance by muscle function by side NS

NS = not significant
& p < .10
p < .05
P < .01

JOR)
aw

]

e

1]
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TABLE 25

% Change in Muscle Activity Levels Due to Splint Wear Perioed in
Repetitive Bilateral Side Flexion of the Head

Muscie in

Return Phase

+79.5 sk

Non-Dominant

Non-splint Splint
Side Side
Sternccleido- Dominant
mastoid Group +16.1 NS
Muscle as a +79.3 sR%
Prime Mover Non-dominant
Group
-18.4 NS
Sternocleido- Dominant
mastoid Group +13.6 NS

Group

-L.1 NS

positive value indicates increase in muscle activity

negative value indicates decrease in muscle activity

NS not significant

* = p < .10

st p < .05

ek = P < 01

in cases where the change in musclie activity was not significantly dif-
ferent for a muscle in the 2 dominance groups, the average change
for the muscle is recorded

in cases where the change in muscle activity was significantly differ-
ent for a muscle in the 2 dominance groups, the average change in
activity for each group is recorded

dominant group = splint buildup on dominant side of subject
non-dominant group = splint buildup on non-dominant side of subject
standard error = 12.791 for muscles averaged for 2 groups

standard error = 18.089 for muscles of individual groups



Summary of the Changes

in Muscle Activity Levels

TABLE 26
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in Clenching Tasks

Anterior Temporalis

Splint
Side

Sternocleidomastoid

Non-Splint
Side

Splint
Side

1 - Maximum
Tonic Clench
(No Splint)

Dominant
Group

NSC
Non-Dominant
Group

-43,1% %%

1s - Maximum
Tonic Clench
With Splint

Non-Splint
Side
NSC
Lk L% fedex

2 - Maximum
Phasic Clench
(No Sptint)

Dominant
Group

NSC
Non-Dominant
Group

-56. 4% dvex

Dominant
Group

NSC
Non-Dominant
Group

~45,0% %%k

2s - Maximum
Phasic Clench

With Splint
3 - Partial

Clench

{No SPlint)

3s - Partiai
Clench

With Splint

Dominant
Group

NSC
Non-Dominant
Group
+120.8% %%

positive value indicates increase in muscle activity
negative value indicates decrease in musclie activity
NSC = no significant change

*% = p < .05

ek = P < ,0]

in cases where the change
ferent for a muscle
for the muscle
in cases where the change

in the
is recorded

in muscle activity was not significantly dif-
2 dominance groups, the average

change

in muscle activity was significantly differ-
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ent for a muscle in the 2 dominance groups, the average change in
activity for each group is recorded

dominant group = splint buildug on dominant side of subject
non-dominant group = splint buildup on non-dominant side of subject

TABLE 27

Summary of the Changes in Muscle Activity Levels in Head Moving Tasks

Anterior Temporalis Sternocleidomastoid

Task Non-Splint Splint Non-Splint Splint
Side Side Side Side
4 -~ Head Flex Dominant
To NSC NSC Group NSC
Splint Side NSC
Non-Dominant
Group
+81.2% Fevex
5 - Head Flex
To NSC NSC NSC NSC
Non-Splint Side
6 - Repetitive Dominant Dominant
Bilateral Group NSC Group NSC

Side Flexion

+79,3% dekk
Non-Dominant
Group

NSC

+79.5% k¥
Non-Dominant
Group

NSC

positive value indicates increase in muscle activity
NSC = no significant change

%k = P < ,01

in cases where the change in muscle activity was significantly differ-

ent for a muscle in the 2 dominance groups, the average change in
activity for each group is recorded
dominant group = splint buildup on dominant side of subject

non-dominant group = splint buildup on non-dominant side of subject



Chapter IV
DISCUSSION

The objective of this study has been to assess the effect of a one

week period of unilateral occlusal contact on the following factors:

1. The deviation of the natural resting head posture in the fron-
tal plane.

2. The difference between the range of motion in side flexion of
the head to the splint and the non-splint side.

3. The EMG activity levels of the sternocleidomastoid and anterior
temporalis muscles during the performance of several clenching

and head moving tasks.

The subjects did not display any signs and symptoms of TMD or neck
pain and dysfunction prior to the experimental period. They were
tested with respect to the above factors before the period of splint
wear and at the end of the splint wear period, so that the subjects
served as their own controls. In addition, the subjects' subjective
reactions to the alterations in their occlusions were recorded. Data
was analyzed using a mixed analysis of variance as well as a Student's
t-test to determine the significance of the changes due to the period
of splint wear. The results of the factors studied will be discussed

separately, but will be related to each other whenever appropriate.

- 100 -
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HEAD POSTURE
There were no significant changes in the head posture of the subjects,
in the frontal plane, due to the splint wear period. Both splint side
groups demonstrated a head posture which was consistently within 1 de-
gree {on average) of upright (with the horizontal line through the

eyes, perpendicular to the vertical).

These findings are not surprising, given the important role of the
head in the basic orientation system of the body. This perceptual
system operates through a complex interaction among the vestibular,
visual, and kinesthetic mechanisms (Bartliey, 1970), two of which are
found in the head. The neck muscles do appear to play an important
role in the kinesthetic mechanisms of the basic orientation system
(Cohen, 1961; Abrahams, 1972; Abrahams, 1977; Richmond and Abrahams,
1979; Manzoni et al, 1979; Barnes and Forbat, 1979; ‘Bakker and Rich-

mond, 1980; Boyle and Pompeiano, 1981; Bizzi, 1981).

[t is clear however, that the orientation system must furnish the
individual with an internal frame of reference which is aligned with
the external frame of reference incliuding the gravitational vertical.
It would seem likely therefore, that the system would be resistant to
forces which might upset that internal frame of reference. The head
posture in the sagital plane shows greater variability; this may be
due to the priority of airway maintenance which would require plastic-
ity in the control of head posture in the sagital plane, but not the
frontal plane. Bartley (1970) stated that any two of the three mecha-
nisms involved in the orientation system can maintain an adequate pos-

ture. interestingly, the results of the pilot study indicated that
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the head posture changes were no greater if the subjects' eyes were

closed during testing.

Schneider and Bartley (1962) examined the effect of asymmetrical
tension in the neck muscles on one side due to torque on the head in
the frontal piane, achieved by adding weights to one side of the head.
This required the subjects to increase the activity and tension of the
neck muscles on the contralateral side in order to maintain a level
head posture. They found that the wunilaterally increased tension
caused the subjects' visual perception of the vertical to be altered
in the direction opposite the side of the increased tension. As the
tension in the neck muscles increased, so too did the deviation of the
subjects' visual vertical, indicating that neck tension can potential-
ly alter the subject's perception of the visual vertical and perhaps
lead to an altered head posture conforming to this altered perception
of the vertical. Two subsequent studies (Bizzi et al, 1976; and Bizzi
et al, 1978) have provided further evidence that tension in the neck
muscles can alter the position of the head (in monkeys). The short
period of splint wear in the present study may not have been suffi-
cient to produce a significant alteration in the tension of the neck

muscies.

A related phenomenon is that of dizziness which has been associated
with TMD as a secondary peripheral symptom. The mechanism for the de-
velopment of dizziness in TMD has not been established, but Myrhaug
(1969 and 1970), an otologist, found a high incidence of balance prob-
lems in a large group of TMD patients he studied. He related this to

hyperactivity and spasm of the tensor tympani muscle which is inner-
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vated by the trigeminal nerve. There is however, Tlittle evidence to

support this.

A more plausible explanation is that pain and dysfunction of the
neck muscles can produce dfzziness. The large number of studies em-
phasizing the importance of neck muscles in the kinesthetic mechanisms
of orientation lend evidence to this suggestion. Ingarashi et al
{1969) and Manzoni et al (1979) found that neck lesions can produce
significant defects in posture and locomotion in monkeys. In humans,
Travell and Weeks (1955) and Travell (1981) have each reported a case
in which dizziness was related to dysfunction in the sternocleidomas-
toid muscle. Sharav et al (1978) examined TMD patients and found that
dizziness was significantly correlated with pain in at least one ster-
nocleidomastoid muscle. The potential for dizziness caused by neck
muscle lesions is widely supported {Gray, 1956; Cope and Ryan, 1959;
Sandler, 1967; and Jongkees, 1969). Brookes et al (1978) conciuded
after their intensive study that:

it is possible for the chronic neck aches, often coinciden-
tal in the temporomandibular dysfunction syndrome, to act as
an additional factor in association with underlying autonom-
ic instabiliy to cause labyrinthine dysfunction and aural
symptoms.

it has also been suggested that the use of occlusal splints can im-
prove athletic performance (Eversaul, 1985) . Recent studies have

shown that occlusal splints do not increase the strength of various

muscles in atheletes (Hart et al, 1981; and Schubert et al, 1984).

It is interesting to speculate that neck muscle dysfunction may be

the mechanism at work to explain the improvement in athletic perform-
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ance which some people claim with occlusal splints. Given the impor-
tance of the neck muscles in balance and orientation, dysfunctions of
those muscles could adversely affect the performance of athietes by
upsetting their sense of equilibrium, perhaps in very subtle, but sig-
nificant ways. Keele (1981) stressed the importance of reflexes, and
particularly the tonic neck reflex, in muscle synergies. He suggested
these reflexes may be important for strength and coordination. Cooper
et al (1982) held that neck reflexes are important in sports. Gow-
itzke and Milner (1980) stated: '"with the possible exception of the
spindle reflexes, neck reflexes are probably the most important single
reflex mechanism used in sports skills'. If the occlusion can ad-
versely affect the neck muscles it opens up a number of avenues of in-
vestigation. It indicates that one should perhaps be measuring neck
function in athletes as well as coordination and balance before and
after an occlusal splint has been worn, rather than simply measuring
strength. It also suggests that normal subjects with no occlusal ab-
normality or neck dysfunction would not benefit from an occlusal

splint.

RANGE OF MOTION

The splint wear period did produce a significant amount of asymme-
try in the side flexion range of motion to the two sides in both domi-
nance groups. This change was generally in the direction of a greater
range in side flexing to the splint side, except in two subjects where
the range was greater toward the non-splint side on at Jleast one ex-
perimental day. Furthermére, some subjects demonstrated that this as-

ymmetrical range was reduced on the second experimental day.
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Although a number of tissues can potentially affect the range of
motion of a joint system (Wells and Luttgens, 1976), it would seem
reasonable to conclude that the significant changes in the range of
motion seen in this study were due to changes in the muscles of the
neck. The only other possible factor causing such a rapid change in
range would be pain limiting the movement. No subject however, com-
plained of pain during the range of motion testing and all believed
that it was a structural element in the neck which 1limited the range

to one side.

Gossman et al (1982) stated that movement dysfunction can be caused
by both structurai and reflex mediated length changes in muscle. They
stressed that muscle is a very mutable tissue which displays more
changes when it is shortened including anatomical, biochemical, and
physiological changes. They suggested that clinical evidence indicat-
ed that changes in muscle length could occur in hours or days. The
potential speed and magnitude of this change was demonstrated in the

present study by one subject whose range of motion difference changed

15 degrees in a 24 hour period during the experimental period.

Partridge and Benton (1981) stated that muscles demonstrate 'a mem-
orylike retention of effects of mechanical history". So that if a
muscle is held at a stationary length and stimulated moderately, it
will become stiff, at least in the short-term. Moore and Hutton
{1980) stated that “a muscle is initially more resistant to change in
length after a static contraction'. This could explain the develop-
ment of the asymmetrical range of motion seen in the subjects in this

study. Unilateral activity of a neck muscle or group of musclies may



106
produce stiffness in those muscles leading to a decreased range when
the subject is asked to perform a movement requiring those muscles to
be stretched. In side filexion a number of muscles on the side contra-
lateral to the movement must be stretched to permit the full range of
movement. These muscles include the sternoclieidomastoid and the scal-
ene muscles; both can limit the range of motion in side flexion if

they are tight (Gould, 1985).

The subjects' feelings of unilateral neck tension correlated well
with the range of motion measurements. Seven out of the eight sub-
jects felt increased tension on the splint side of the neck on at
least one of the experimental days and six of these subjects felt that
this increased tension limited their range of motion in side flexing
to the opposite, non-splint side. Subject no.2 believed that the in-
creased tension he felt, limited his side flexion to the same side
(measurements confirmed this). The reason for this reaction is not
clear, but it could very well have been due to involvement of other
neck muscles, of which the subject was not directly aware. The only
subject not to have felt increased tension on the splint side was sub-
ject no.6, whose range of motion was only significantly asymmetrical
on the first experimental day. This may have indicated that this sub-
ject's neck muscles were not affected to the same extent as those of

the other subjects.

Gardner-Medwin and Walton (1974) pointed out, although they did not
cite references, that muscies can demonstrate centractures wherein one
finds a rearrangement of collagen fibrils. initially this is thought
to be reversible by repeated stretching, but it may develop into an

actual fibrosis which is permanent. Odeen (1981) and Lewit and Simons
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(1984) demonstrated that muscle stretching increased the range of mo-
tion and decreased associated pain. in the present study, both the
EMG and the range of motion testing produced streching of the neck
muscles because the subjects were instructed to side flex their heads
to the end of the range. This may have stretched out most of the mus-
cular tightness in the subjects who showed a decreased asymmetry in
the range of motion on the second experimental day. The other sub-
jects, not showing the improvement in range of motion symmetry, may
have showed a greater asymmetry in their range had they not been sub-

jected to significant muscle stretching on the first experimental day.

The biological significance of the asymmetrical range of motion is
unknown, but was probably minimal for the subjects in the present
study due to its short duration. If the condition had remained for
some time, the consequences may have been more significant. Crossman
et al (1984) suggested that a reduced range of motion can put stress
on joints with the potential of producing dysfunction. In theory,
muscle dysfunction may give rise to joint dysfunction (Rose and Roth-
stein, 1982). Janda (1982) stressed dysfunction of the entire motor
system which often includes tightness and imbalances in muscle tension
and strength as an important part of the condition, demanding early
treatment. Grieve (1979) believed that '"asymmetrical tethering' of
the neck due to tightened muscles could be a significant problem, al-
though this was often neglected. Johnston et al (1985) studied the
kinematics of cervical function and concluded that asymmetrical cervi-
cal side flexion "appeared to be an early indicator of a measurable

impairment of cervical function'. Cooper et al (1982) stressed the
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importance of range of motion and made the point that decreased range

of motion and faulty postural alignment were related.

EMG-CLENCHING TASKS

In the clenching tasks, it is important to note that the effect of

two factors were being studied:

1. the subjects' wearing of the unilateral splints over the course
of the experimental period
2. the subjects' performances of the specific tasks while actually

wearing the unilateral splints.

During tasks 1, 2, and 3, therefore, the subjects were not wearing the
splints while the tasks were being performed. Thus, only the effect
of the splint wear period over the experimental period was being test-
ed. During tasks 1s, 2s, and 3s, on the other hand, the subjects were
occluding on the spliints at the time of the EMG recording. These ac-
tivity levels recorded in these tasks were then compared to the activ-
ity levels recorded in the same tasks performed at the same recording
session, but without the splint in the mouth (tasks 1, 2, and 3).
Tasks 1s, 2s, and 3s therefore, only tested the change in the sub-
jects' activity levels due to their occluding on the splint during the

same experimental recording session.

In both task 1 and 2 , or the maximum static and phasic clenching
task without the splint, neither splint side group showed a signifi-
cant change in the activity of the anterior temporalis muscies. The
sternocleidomastoid muscle activity declined in in all cases except

the splint side muscle in the dominant group.
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Only one other study has examined the activity of the
sternocleidomastoid muscles during clenching tasks (Davies, 1979) and
this study did not examine levels of activity. It only demonstrated
that the sternocleidomastoid muscles were active in various mandibular
tasks, including clenching. [f the sternocleidomastoid muscle is
functionally related to the muscles of mastication as Davies (1979)
suggested, then one can only speculate that the period of splint-wear

altered this relationship in some way.

In tasks 1s and 2s , the effect of the subjects' occluding on the
splint in both a phasic and tonic maximum cliench was tested during the
experimental period of splint wear. Occlusion on the wunilateral
splint did not lead +to any changes in activity levels of the sterno-
cleidomastoid muscles despite a significant decline in the non-splint
side anterior temporalis. . It would seem that the activity of the
sternocleidomastoid in clenching was not directly related to the si-

multaneous activity of the anterior temporalis.

For task 3, the partial clenching task, no muscles showed a signif-
icant change in activity levels due to the splint wear period. The
non-splint side anterior temporalis increased by more than 65%, but
the very large standard error rendered this change insignificant. The
trend toward an increase in activity of this muscle was probably due
to the tendency of the upper teeth on the non-splint side to erupt
slightly. This produced minor alterations in the subjects' occiusion
with the splint removed. All subjects were aware of these changes,
but they did not last for more than several days after the end of the

study. These changes in occlusion did not produce any changes in the
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activity levels of the sternocleidomastoid muscles in either dominance

group.

In task 3s, the effect of the subjects' occluding on the splint was
tested during the partial clench task. The anterior temporalis on the
non-splint side demonstrated a significant decline of almost 80%. The
splint side anterior temporalis was the muscle monitored by the sub-
jects during clenching so that it was not expected to show any signif-

icant changes in activity levels,.

The changes (or lack thereof) in the activity levels of the sterno-
cleidomastoid muscles must be interpreted carefully because, in a num-
ber of cases, subjects displayed very little or no sternocleidomastoia
muscle activity in the partial clenching tasks. This does not mean
that no activity was present, but that the EMG equipment did not de-
tect any activity above the noise floor of the equipment. DeVries
(1965) emphasized that very sensitive equipment is required to detect

very low levels of muscle activity.

The use of the partial clenching task was designed to test the sub-
jects' responses similar to what they might have beern doing with the
splint during the experimental period. It was discovered during the
pilot study that, with the splint inserted, subjects alternated be-
tween relaxing and clenching their mandibular muscles. They rarely
found themselves clenching on the splint with a maximum effort; more
often, they clenched on the splint moderately with an anterior tempo-
ralis activity level which was measured to be approximately 20 to 25%
of maximum. Different subjects however, may very well have clenched

on the splint with different amounts of force at different times.
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This partial clenching task, therefore, was only an estimate of the

subjectis' reaction to the spliint.

0f the five subjects demonstrating any sternocleidomastoid activity
during the partial clench task, subjects no.'s &4, 5, and 6 demonstrat-
ed the most interesting reactions to the splint. With the splint in
the mouth, each of these subjects either abolished the activity of the
non-splint side sternocleidomastoid muscle or produced activity in the

splint side muscie where there was none without the splint.

The large differences in the sternocleidomastoid activity levels
auring the moderate clenching tasks may be related to different
threshoids in subjects. Some subjects may show significant sterno-
cleidomastoid activity at a paftia] clench of 10% of maximum, whereas
others mavy not show any activity until 40% of maximum. Moreover, the
threshold for sternoclieidomastoid activity may be different for the

two sides in the same subject.

It is interesting to speculate that the subjects all may have dem-
onstrated the changes in sternocleidomastoid activity ]evelg seen in
subject no.'s 4, 5, and 6, at the clenching levels they habitually
achieved during the splint wear period. This remains highly specuia-
tive wuntil further testing can be performed on the activity levels of
the sternoclieidomastoid muscles at different levels of partial cliench-
ing, and of the levels of partial clenching achieved by subjects dur-

ing a period of unilateral splint wear.

Another significant factor of the subjects' reaction to the splint

would have been the amount of time each subject occluded {or bruxed)
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on the splint. This factor is also unknown, but probably had a sig-

nificant effect on the muscular reaction to the splint wear period.

The reaction of the anterior temporalis to the splint was expected
and was, in fact, the purpose of the unilateral splint used. Specifi-
cally, the unilateral splint was intended to produce an asymmetry in
mandibular elevator activity, with decreased activity on the non-
splint side, while maintaining activity on the splint side. Bakke and
Moller (1980) found that on the side of an occlusal interference, the
activity levels of the masseter and temporalis muscles were unchanged,
whereas those on the non-interference side declined significantly.
Bakke and Moller (1980) examined interferences of less than 1 mm., but
Moller (1975) and Rasmussen and Moller (1975) found similar results
for unilateral onlays with vertical openings similar to those used in

the present experiment.

The primary reason for this asymmetrical elavator activity is be-
lieved to be due to the absence of contact on the non-splint or non-
interference side. Lund and Lamarre (1973) demonstrated that, at
least under some conditions, the periodontal receptors are stimulated,
producing positive feedback to achieve normal levels of mandibular el-
evator activity. Lund and Lamarre (1973) also showed that the mandi-
bular elevator response to the feedback was not normally under the
subject's conscious control. The subjects in the present study did not
have any opportunity to develop control of this feedback reaction. It
is reasonable therefore, to believe that the asymmetrical elevator ac-
tivity during the partial clench task was an accurate indication of
the subjects' reactions to the splint over the entire experimental

period and not a learned or willed response.
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Sheikholeslam and Riise {1983) also suggested that the
temporomandibular joint receptors may modify the activity of the man-
dibular elevators. This could also have been responsible for the
changes in mandibular activity seen in the present situation. I the
subject was to have equal bilateral activity of the mandibular eleva-
tors with the unilateral occlusal contact, the longer lever arm on the
non-splint side would tend to unseat the condyle on the splint side.
In this situation, it would not be unexpected that the temporomandibu-
lar joint receptors would sense this unseating of the condyle and in-
hibit the activity of the elevators on the non-splint side. This is

only speculative, however.

Wood and Tobias (1984) also used a unilateral splint to test the
reaction of the mandibular elevators to an alteration in occlusal con-
tact, They found no alteration in activity levels of the elevators on
either side, but their subjects did not wear their splints for any

significant length of time as they did in the present study.

MacDonald and Hannam (1982) concluded that the patterns of muscle
activity "were consistently dependant upon the position and number of
occlusal stops employed'. They found different patterns of activity
depending on whether the contact was on the working side or the bal-
ancing side of the jaw. it was for this reason, that the present ex-
periment used a unilateral splint rather than a single interference.
In the latter case, subjects may shift their jaw to one side or the
other, to obtain a more comfortable occlusion. The side to which the
jaw is deviated may then affect the subject's reaction to the inter-

ference. It was hoped that a wunilateral splint, with flat occlusal
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contact, would not produce any lateral deviation of the mandible and
so obviate any working-side versus balancing-side effects. It was
found in the pilot studies, and later confirmed in the study, that
subjects did seem to occlude on the splint with no lateral deviations.
This finding agreed well with Smith (1985) who believed that the con-
dyles are more resistant to stress when the mandible is in the mid-

line.

EMG - HEAD MOVING TASKS

For tasks 4 and 5, simple unilateral side flexion, there were no sig-
nificant changes in activity levels of the sternoclieidomastoid except
in the subjects wearing the splint on the non-dominant side who demon-
strated a significnt increase in the activity of the non-splint side

sternocleidomastoid muscle.

For task 6, in the continuous bilateral side flexion, the spiint-
side sternocleidomastoid muscles showed no significant changes for ei-
ther splint-side group during activity as a prime mover or during the
return phase of the movement. The non-splint side muscle also showed
no change in activity levels in the non-dominant group during either
activity. The non-splint side muscle in the dominant group, however,
did demonstrate a significant increase in activity levels both during
function as a prime mover and in the return phase of the head move-

ment.

The interpretation of these results is made difficult by the fact
that no one has studied the activity of the sternocleidomastoid muscle

during head movements of subjects with acute changes in their range of
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motion. Sturgis et al (13983) did examine the activity of several mus-
cles, including the sternocleidomastoid, in various dynamic tasks.
Their purpose was to compare a group of subjects suffering from chron-
ic headaches to a group of headache-free controls. They did not take
into account the range of motion of the subjects, however, and the
head movements included a significant amount of shoulder movement so
that the results are not comparable to the present study. Welf et al
(1979) examined low back range of motion and EMG activity levels in a
large group of contreol subjects in an attempt to develop a normative
data base to which patients with dysfunction could be compared. Un-

fortunately, they did not attempt to correlate the two factors.

The subject of low back pain has attracted much more research than
that of neck pain and dysfunction. Unfortunately, Sherman (1985)
found the literature examining EMG activity 1in patients with low back
pain to be confusing and contradictory. In his study, Sherman (1985)
stressed the importance of individual patterns of EMG activity associ-
ated with pain and dysfunction in the lower back. He found that in
the chronic patient, there was no single predictable pattern of EMG
abnormality. Moreover, the EMG activity pattern existing in a patient
did not seem to correlate with any factor such as the severity of the

pain or dysfunction, or its etiology.

The present study remains very different from all other studies
looking at dysfunction in the axial skeleton because it is a prospec-
tive study examining the early stages of dysfunction in a healthy sub-
ject. All other studies have examined patients with chronic condi-

tions, of a long standing and complex nature. 0One would expect that a
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group of patients with the identical initial! injury or stress factor

would show more similar patterns of dysfunction in terms of EMG, range

of motion, and other factors. With time however, the progression of
these patients' dysfunctions will diverge as numerous factors such as
age, lifestyle, pain tolerance, joint dysfunction, posture, anatomical

factors, treatments, and others, interact to alter the pattern of dys-

function.

In the interpretation of the results of the present study, the most
consistent and interesting finding is that the dominant group showed
significantly higher sternocleidomastoid activity levels on the non-
splint side for both activities in side flexing in task 6: as a prime
mover and in the return phase of the movment. A tight (resistant to
stretch) sternocleidomastoid muscie can limit side flexion (Gould,
1985) so that the muscle of the opposite side involved in performing
the movement, might reach higher levels of activity to overcome the
increased resistance. A tight splint side sternocleidomastoid would
also explain the decreased range in side flexion to the non-splint
side which was found in all subjects, and in the dominant group in
particular. One would have expected a similar higher activity level
of the non-splint side in the non-dominant group, but their range of
motion was not affected to the same extent as the dominant group. Fur-
thermore two members of the non-dominant group showed that the tight-
ness they had in the splint side musclie was easily stretchéd out and

was not therefore, as severe.

Again one is presented with differences in response to the splint

based on the relationship between the splint buildup side and the side
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of dominance of the subject. Interestingly, one subject in the non-
dominant group showed the same pattern of increase in the activity
level of the non-splint side as was found in the dominant group. This
subject did not display a less asymmetrical range on the second exper-
imental day indicating that he may have been affected to a greater ex-

tent than the others in the non-dominant group.

Janda (1986) commented that the interpretation of these findings,
based on the suggestion that the sternocleidomastoid on the splint
side had a greater resistance to stretch, was only speculative. He
stressed the complexity of the biomechanics of the neck which pre-
cludes a simple antagonistic relationship between contralateral mus-

cles.

Unfortunately, the pattern of activity level changes in the sterno-
cleidomastoids in the repetitive side flexing task was not seen inh the
other simple side flexing tasks. This lends evidence to the assertion
that the pattern of dysfunction in the present study was probably more
complex than simply the increased resistance to stretch of a single
neck muscle. The non-dominant group did demonstrate an increased iev-
el of activity in the non-splint side sternocleidomastoid in side-
flexing to the splint side during the return phase of the movement; a
finding which would be consistent with increased resistance to stretch
in the splint side muscle. One would also have expected the non-
splint side muscle to be affected in side flexing to the non-splint
side, but there was no significant change. The lack of any signifi-
cant changes in the dominant group in the wunilateral side flexing
tasks demonstrates that these tasks are not as similar to the repeti-

tive bilateral side flexing task as they appear.
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The side flexing tasks may have differed in the degree to which the
subjects attempted to reach the end-point of their range of motion.
Ildeally one would measure the subjects' movements with an electrogo-
niometer, simultaneously with the EMG recordings. One can only assume
that the subjects were side flexing to the same point as they did when
their range of motion was tested with the goniometer prior to the EMG
recording. This would seem a reasonable assumption considering the
Jow standard errors for the range of motion measurements and that all

subjects were given the same instructions in each case.

Another compliicating factor was that, while a subject may not have
side flexed a different amount in different tasks, the subject may
have expended more or less effort in one task over another. This does
not preclude comparisons, but it does mean that tasks which appear to
be very similar may be quite different from the standpoint of EMG ac-

tivity.

In the repetitive side flexing task, where the muscles were being
alternately contracted and then stretched, one could speculate that
the initial contraction in the affected splint-side muscle may have
produced a lingering facilitation in that muscle. This may have in-
creased the stiffness and resistance to stretch when the muscle was
immediately called upon to relax. It must be stressed that stiffness
in a muscle does not always reduce the range of motion, but rather it
may simply make the muscle more resistant to stretch within the same
range (Johnston et al, 1985). In the simple unilateral side flexing
tasks, the muscle which was contralateral to the movement (the muscle

which will be stretched by the movement) was not actively contracted
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prior to its being stretched. This may have produced a lower stiff-

ness within its range of motion than in the previous case.

MECHANISK HYPOTHESIS
The significant changes seen in the present sample were consistent
with the widely held clinical concept that mandibular dysfunction can
produce dysfunction in the muscles of the neck. The results do not
conclusively prove such a relationship exists because of the small
sample, the short time period of the study, and the fact that the
provocation of the unilateral splint did not produce frank mandibular
dysfunction. Nevertheless, the wunilateral splint did appear to
produce significantly asymmetrical mandibular elevator activity and
this is often found in cases cf temporomandibular dysfunction (Bakke
and Moller, 1979). It is also potentially dangerous and unethical to
produce a frank case of TMD in an asymptomatic subject. Even if one
does this however, one is studying an acute case which may be differ-
ent from the chronic case (which describes most of the clinical cases
seeking treatment). There are advantages to studying the early, acute
case (as outlined earlier), but one canndt assume it is identical to
the chronic case. Moreover, the reaction to frank TMD pain and dys-
function may cause neck dysfunction simply as a splinting reaction to
the head pain, whereas the present results are more likely due to a
functional relationship. In addition, the present study is signifi-
cant in demonstrating that thé evidence of neck dysfunction appeared

after less than one week of the occlusal disturbance.
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The provocation of the short-term wear of a unilateral splint does
appear then, to be a reasonable model to study the effects of asymme-
trical mandibular elevator activity on the system. Given this, what
is the meﬁhanism by which this asymmetrical mandibular activity pro-

duces the mild, but significant neck dysfunction seen in this study?

The fundamental cause of neck involvement in TMD would seem to lie
in the intimate functional and anatomic relationship between the head
and neck muscles, and regional structures in general. There is ample
evidence that the muscles of the head and neck (and particularly the
anterior temporalis and sternocleidomastoid) are related in the case
of both migraine and tension headaches (Simons et al, 1943; Bakal and
Kaganov, 1977; Olesen, 1978; Lous and Olesen, 1982; and Hudzinski,
1983). This relationship could be due to a splinting type of reaction
in one set of muscles as a response to pain in a nearby region, as Si-
mons et al (1943) found. There is a significant body of evidence re-
lating headaches and temporomandibular dysfunction (Magnusson and
Carisson, 1978; Magnusson and Carlisson, 1980; Magnusson, 1980; Reik
and Hale, 1981; and Magnusson, 1982). While this splinting reaction
to pain almost certainly occurs‘to produce neck involvement, the func-
tional relationship between the masticatory system and the neck mus-
cles also appears to be an important factor in the development of neck

dysfunction.

The present study indicates the existence of this strong functional
relationship between mandibular function and the neck muscles, because
ali of the subjects displayed some changes in their neck muscles due

to the splint wear period, yet none of them experienced sigificant
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pain lasting more than 8 hours. Jimenez (1986) suggested that the ac-
tivities of the muscles of mastication are modified by a complex inte-
grated input from a number of sources including receptors in the per-
iodontal ligament, temporomandibular joint, periosteum, and muscles.
This study suggests that an equally compiex input from the oral region
may be stimulating and modifying the activity of the sternocleidomas-

toid muscle and probably other neck muscies as well.

The reasons behind this possible relationship are open to conjec-
ture, but it is reasonable to believe that the neck muscles are active
in mandibular tasks in order to stabilize the head. Smith (198L4), in
his model of the muscles of mastication and temporomandibular joint
loading, found that the system is not well suited to resolve laterai
forces on the teeth and the mandible. This problem could be solved by
closing the mandible firmly to 'lock' the occluding teeth together,
and the mandible to the skull. The neck muscles could then actively
resist the lateral forces developed by the mandibular movement or ac-
tivity. One can readily observe this mechanism at work when a dog
tears at an object with its teeth, or when a human rips a piece of

toffee or licorice with his teeth.

These situations are, however, quite rare (particularly in the case
of humans), so one is left to wonder why there would be relatively
low, but significant activity in normal vertical clenching tasks such
as the one used in the study (and presumably during the entire period
of splint wear). It may be that in any number of mandibular tasks,
including clenching, the neck muscles including the sternocleidomas-

toid, are stimulated to a low activity Jlevel to prepare them for the
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possibility of being called upon te act as significant stabilizers of

the mandible and the head.

Marsden et al (1978) found that more distant muscles react with
short latencies to load changes in prime movers. They originally be-
lieved that this reaction was simply due to stretch reflexes in the
prime mover muscles, but the very short latency periods suggested to
them that the effect was centrally driven by the afferent input to the
prime mover. The more distant muscles anticipate the effect of the
load changes upon the prime mover and tend to minimize them. They
further suggested that the organization of responses must be very com-
plex. Tanji and Evarts (1976) found activity in the motor cortex
which preceeded the intended movement. They found that there was di-
rectional specificity in the activity of motor'cortex units, which was

related to the details of the impending muscular contraction.

It is also of interest to note that it has been suggested that oro-
facial dyskinesia which is a neurological disorder involiving excessive
uncoordinated movements of the face, jaw, tongue, and neck, may be re-
lated in some patients to occlusal imbalances (Sutcher et al, 1973;
Farrar, 1976; and Sutcher and Sugar, 1982). These ciinicians have
treated such patients with occlusal therapy and have observed signifi-

cant improvements in their condition.

The steps in the development of the dysfunction seen in the present

study would seem to be as follows:

1. The unilateral splint produced primarily unilateral activity

and stimulation of the ipsilateral elevators.
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The asymmetrical occlusal table could have caused a significant
amount of parafunction in the éubjects. There is no direct ev-
idence for this, although it is a common clinical concept that
an occlusal interference or discrepancy can produce abnormal
masticatory function. Most subjects themselves were aware of
bruxing on the splint, but the important factor of how often
and with what force they bruxed was a significant, yet unknown,
factor.
The primarily unilateral activity of the ipsilateral mandibular
muscles produced an abnormal amount of ipsilateral activity of
the sternocleidomastoid muscle.
The sternocleidomastoid muscle activity would generally have
been of a low level, but it could have caused shortening of the
muscle as it would have constituted contraction at a relatively
fixed length. This is based on the reasonable assumption that
the subjects would not generally move their heads during the
clenching. This may have been particularly true when the sub-
ject was asleep. One could speculate that the subjects' mus-
cles were most affected by the stiffening process at this time.
The muscles of the neck may also be particlarly prone to tight-~
ness because in most people, they are rarely moved through a
full range of motion during the course of a normal day. Evi-
-dence for this is afforded by the fact that three of the sub-
jects showed a significant improvement in their range of motion
after the stretching of the first experimental day. It was
alsc observed in the pilot studies that if the range of motion

in side flexion was checked daily, the subjects did not show
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the same magnitude of range of motion changes due to this

brief, yet full stretch of the muscles.

One problem with this step in the development of the dysfunction is
that several subjects did not display measurable sternocieidomastoid
activity during the partial clenching task with the splint. This
could simply be due to the lack of high sensitivity of the EMG equip-
ment used. |t must also be remembered that the EMG surface electrodes
do sample a wide area of the muscle, but there could be small, but
significant areas of activity which are not detected due to electrode
placement. The lack of measurable activity could also mean that while
there was no muscle activity at that level of clench, the subject may
have clenched during the experimental period with more force during
the splint wear period, than was measured in the partial cienching
task.

5. The increased tightness and resistance to stretch of the ipsi-
lateral splint-side sternocleidomastoid could have produced the
reduced range in side flexion to the non-splint side seen in 6
of the subjects. It could also have produced the sensation of
tightness in side flexing to that side seen in seven of the
subjects. This tightness could have Jled to the increased ac-
tivity seen in the non-splint side sternocleidomastoid for the

dominant group during the repetitive side flexion task.

The changes which occurred in the sternocleidomastoid activity lev-
els during the clenching tasks without the splint, but after the
splint wear period, are difficult to explain. At the present level of

knowledge, one can only speculate that the integrated stimulating in-
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put from the oral region to the muscie or the muscle's response to
that input were simply, or ccllectively, altered during the pericd of

splint wear.

These changes, however, led to an additional finding of the present
study which was the difference in response between the groups wearing
the splint buildup on the dominant and non-dominant sides. Laterali-
ty, or motor dominance of one side, is a well established phenomenon
based on asymmetrical function in the brain and central nervous system
(Kinsbourne, 1978). The motor implications of this dominance have not
been extensively studied except where they concern the performance of

skilled tasks (which are more easily performed by the dominant side).

Handedness and footedness are well established and they are generally
the same side within an individual, although this is not always the
case (Nachson et al, 1983). it has also been established that many

individuals demonstrate facedness or dominance of one side of the face
(Chaurasia and Goswami, 1975). Generally, the dominant side of the
face is contralateral to the dominant side of the rest of the body
which is not surprising as the facial nerve supplying the face con-
sists of uncrossed fibres, whereas the cervical cord motor fibres sup-

plying the rest of the body are generally crossed fibres (Barr, 197L4).

No one has specifically examined the relative dominance of the two
sides of the axial skeieton. If there is a dominant side, one would
expect it to generally coincide with the dominance of the limbs, as
the fibres to the neck musclies (including the sternocleidomastoid) are
primarily crossed. One can therefore only speculate, that the muscles
of the dominant side of the neck are more responsive to input from

sources such as the masticatory system. This would correlate with the
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findings in the present study where, during the clenching tasks with-
out the splint in the mouth, the splint-side sternocleidomastoid did
not show the decline in activity levels due to the splint wear pericd
in the dominant group as was found in the non-dominant group. Higher
activity of the splint-side sternocleidomastoid in the dominant group,
over the splint-wear period, would alsoc explain the increased tension

implied by the range of motion and side flexion EMG findings.

Unfortunately, the problem of dysfunction in the musculoskeletal
system has not received the attention it deserves. The subject of
dysfunction in the axial skeleton has received even less attention
than other problems. There have been few epidemiolcgical studies fo-
cusing on back and neck problems, and often the cause of dysfunction
cannot be determined (Kelsey, 1982). in North America, the osteopath-
ic profession has carried out research in the field and has special-
ized in its treatment, yet it is somewhat outside of traditional medi-
cine and its literature is not readily accessible. Many
physiotherapists assess and treat patients very successfully using os-
teopathic concepts, but in most cases the theory behind that treatment

has not been validated.

In Europe, the situation is better as the field of physical medi~
cine is larger and more active than it is in North America, although
the complexity of dysfunction in the musculoskeletal system is still
an impediment to research. In the field of physical medicine, Janda
has done much to generate a theoretical framework for the understand-
ing of musculoskeletal dysfunction supported by both clinical findings

and treatment, as well as research. He has stressed that dysfunction
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always invoives the entire motor system including the central nervous
system, muscles, and joints (Janda, 1980, 1982a, 1982b, and 1985). He
has further suggested that altered proprioception and afferent activi-
ty of joint receptors often produces the dysfunction seen in patients.
According to Janda, this acute joint dysfunction often arises due to
changes in musclie length and biomechaninics {both reflex and anatomi-

cal).

Janda (1986) believed that the results of the present study indi-
cated the possible involvement of numerous structures in the neck.
The initial changes were probab]y in the muscles of the neck (includ-
ing, but not restricted to the sternocieidomastoid), but that the mus-
cle changes may have produced changes in joint relationships, particu-
farly around the (C1 and C2 vertebra, where one would expect
compensations to maintain a level head posture. Janda suggested that
the complexity of the dysfunction is indicated by the different chang-
es in activity Jlevels of the sternocleidomastoid muscles in the head
moving tasks which were similar, but slightly different. Janda (1986)
suggested that this indicated the results of this study cannot be sim-
ply explained by the increased stiffness of the sternocleidomastoid

muscle, but rather other muscles and joints were probably involved.

An attempt was made to correlate the different findings in the sub-
jects with habits such as the tendency to chew on one side or to sleep
on one side. No correlations could be found, but often a subject will.
not be aware of a habit so that this finding does not rule out the im-

portance of such habits in the development of dysfunction.
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The present study indicates, therefore, that asymmetric masticatory
muscle activity can produce evidence of early neck dysfunction. It
would seem then, that this does lend evidence to the suggestion that
an occlusal discrepancy and the resulting masticatory hyperactivity
often seen in TMD may be associated with the development of dysfunc-
tion in the cervical region (Trott and Goss, 1978; Danzig and Van

Dyke, 1983, Friedman and Weisberg, 1985; and Passero et al, 1985) . At

the very least, it indicates the potential for involvement of the
sternocleidomastoid muscles. Because these muscles alone cannot sta-
bilize the head (Kapandji, 1974), one would hypothesize that other

neck muscles may also be invoived.

Dysfunction in the neck due to masticatory muscle hyperactivity may
not always produce frank symptoms which prompt patients to seek treat-
ment. it may, however, produce functional impairment of the neck
which would set the patient up for an acute episode of pain and dys-
function when an additional stress is placed on the subject. Many of
the conclusions and hypotheses in this study are highly speculative,
reflecting the relative lack of knowledge in the field of clinical
physical medicine. This study does suggest that the area of cervical
involvement in temporomandibular disorders deserves further investiga-

tion.



Chapter V
SUMMARY AND CONCLUSIONS

The reaction of the neck and the sternocleidomastoid muscle in partic-
ular, to a seven to twelve day period of unilateral occlusal contact
was studied in eight healthy subjects. The subjects wore a lower oc-
clusal splint built-up on only one side to achieve unilateral posteri-
or occlusal contact in centric occlusion and in lateral excursions.
They wore the splint at all times, apart from meals. The subjects
were divided into two groups: those wearing the splint buiidup on
their dominant side, and those wearing the splint buildup on their
non-dominant side (referred to as dominant and non-dominant groups) .
The unilateral vertical buildup was designed to avoid lateral defiec-
tions of the mandible on closure. The subjects demonstrated no signs
or symptoms of temporomandibular dysfunction, or neck pain or dysfunc-
tion prior to the study, and they served as their own controls. The
subjects were tested on two days prior to the splint wear period, and
on two days at the conclusion of the splint wear period. On each day
of iesting, the subjects were tested with respect to their natural
resting head posture in the frontal plane, their range of motion in
side flexion of the head and neck, and the peak EMG activity of the
paired anterior temporalis and sternocleidomastoid muscles during sev-
eral clenching and side flexing tasks. Data was analysed wusing a
Mixed Analysis of Variance and a Student's t-test to determine if the

changes due to the splint wear period were statistically significant.

- 129 -
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Unilateral posterior ccclusal contact did not produce any signifi-
cant signs or symptoms of TMD in the subjects over the period of
splint wear. A1l subjects tolerated the splint with no significant
problems apart from a single, mild period of head, or neck pain re-

ported in several subjects lasting no more than eight hours.

The period of unilateral occlusal contact did not produce any sig-
nificant changes in the head posture of the subjects in the frontal
plane. A1l subjects were found to consistentiy hold their heads very
close to the upright position with the interoccular line perpendicular

to the gravitational vertical.

The unilateral occlusal contact did alter the head and neck range
of motion in side flexion by increasing the asymmetry in the range of
motion to the two sides. This effect was greater in the dominant
group. In six of the eight sUbjects, the range of motion was rela-
tively less in side flexion to the non-splint side which is consistent
with increased resistance to stretch of the sternoclieidomastoid on the
splint side. Two subjects showed the opposite direction of change in
their range of motion in side flexion so that the direction of change
was not significant for the subjects as a whole. The reaction of the
these two subjects with respect to range of motion illustrated that
even in the early stages of dysfunction, some subjects will react dif-
ferently. The alteration in symmetry of side flexion range of motion
was significantly improved in some subjects by the stretching of the

tightened muscies during the range of motion and EMG testing.
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Unilateral ccclusal contact reduced the EMG activity of the anteri-

or temporalis on the non-splint side in both maximum clenching tasks
and in partial clenching tasks {20 - 25% of maximum). The sternoclei-
domastoid muscles were active in maximum clenching tasks in all sub-
jects and demonstrated activity in some subjects during partiatl
clenching (20 - 25% of maximum). The period of unilateral occlusal
contact reduced the activity of the non-contact side sternocleidomas-
toid muscle in all subjects. The activity of the contact side muscle
was also reduced in the non-dominant group. In the dominant group
however, the activity of the contact side sternocleidomastoid during

maximum clenching tasks was not aitered.

Repetitive side flexing from side to side for several cycles demon-
strated higher peak activity levels of the non-splint side sternoclei-
domastoid ({subjects wearing the splint buildup on their dominant
side) . Thic is consistent with an increased resistance to stretch in
the splint-side sternocleidomastoid. Only one subject of the the non-
dominant group demonstrated this increase in activity of the non-

splint side sternocleidomastoid in the repetitive head moving task.

The period of unilateral occlusal contact, lasting approximately
one week, did seem to produce changes in the neck which were consis-
tent with increased tension in the sternocleidomastoid on the contact
or splint side of the subjects. This was particularly true of sub-
jects with the occlusal contact on the dominant side of their body.
It was suggested that the unilateral occlusal contact may have pro-
duced largely unilateral parafunctional occlusal activity in the sub-
jects which produced unilateral stimulation of the sternocieidomas-~

toids on the side ipsilateral to the occlusal contact. |t was further
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suggested that this stimulation of the muscle at a relatively fixed
length produced the increase in stiffness and resistance to stretch
seen in the subjects. The early development of these signs indicate
the potential for involvement in TMD involving masticatory muscle hy-
peractivity, of the sternocleidomastoid and probably other neck neck
muscles as well. it also demonstrates a functional relationship be-

tween the masticatory and neck muscles.

EUTURE RESEARCH RECOMMENDATIONS

The results of the present study indicate that the sternocleidomastoid
muscle can be adversely affected by unilateral occlusal contact lead-
ing to the early stages of dysfunction in the neck. There remain how-
ever, numerous questions which should be investigated by further re-

search.

1. The period of unilateral occlusal contact was quite brief, vyet
significant changes were discovered in the sternocleidomastoid
and the neck. The tack of significant TMD symptoms and the
lack of complications in the subjects studied, suggest that a
longer period of splint wear may be necessary. A splint with
unilateral occlusal contact cannot be worn indefinitely because
of the eruption of the unopposed teeth. Eating without the
splint will slow the development of these changes. Repetition
of this study over a one month period of splint wear would ap-
pear feasible with close monitoring. It would also be of value

to examine a larger sample of subjects in a future study.
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In addit}on to the sternocleidomastoid muscles, future studies
should also examine changes in the scalene muscles which func-
tion similarly to the sternocleidomastoids, as well as the pos-
terior cervical muscles such as the splenius capitis, semi-spi-
nalis capitis, erector spinae, and the upper trapezius muscles.
The present study attempted to measure the latter, but EKG ar-
tifact made this impossible. The use of a computer to elimi-
nate this artifact should be considered. |t would also be use-
ful to use more complex transformations of the raw EMG data by
the latest state of the art methods. For instance, power spec-
tral analysis might reveal fatigue in the musclies due to the
hyperactivity of unilateral contact. It would also be useful
to examine the resting activity of these muscles wusing more
sensitive equipment than that used in the present study. Head
and neck movements such as rotation should alsoc be tested. It
would be valuable to design an electrogoniometer or use a film
camera to record the head movements during the EMG recording
and to correlate them with the muscle activity.
The amount of time and force with which the subject occludes on
the unilateral splint must have a significant bearing on the
development of dysfunction. It would be useful, therefore, to
design a splint which could record these two factors for stor-
age and later retrieval.
It was suggested in the study that the muscles of the neck in-
cluding the sternocleidomastoid, may have excitatory input from
a number of receptors in the masticatory system such as muscle
spindles and tendon organs, as well as receptors in the joints,

periodontal ligament, and periosteum. The relative importance
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of these could be tested by using local anesthetics to block
their input and observing the activity of the neck musclies. |t
would also be desirable to observe the activity of the neck
muscles in different subjects at different levels of partial
clench.

The present study examined the natural head posture of the sub-
jects in the frontal plane during quiet standing. Under this
situation, the subject might find it easy to correct for any
tendency of postural deviation. One could examine the head
posture of subjects performing a standardized task such as
viewing a short film. In this way, a more realistic picture of
how the subject holds his head might be developed and may show
more changes.

Postural adaptations would probably involve the shoulders and
possibly the entire skeleton, so that a photographic protocol
should be developed to assess this as well.

If unilateral masticatory activity produces unilateral sterno-
cleidomastoid activity, one would expect that subjects who brux
might demonstrate bilateral sternocleidomastoid activity pro-
ducing a forward head posture. This too could be measured by a
photographic technigque.

The hypothesis that neck dysfunction produced by occlusal dys-
function may lead to problems in balance and distorted neck re-
flexes could be tested in subjects by using tests of balance
such as those used by Nashner et al (1983). Possibly related
to this dysfunction of orientation, changes in athletic per-

formance could be tested by assessing performance in an obsta-
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cie course before and after the wearing of a unilateral occlu-
sal splint. An obstacle course would also be a more comprehen-
sive test of the effectiveness of treatment splints in athletes
rather than tests of strength.

S. An epidemiological study should be used to determine the neck
function of atll types of TMD patients, but particularly in
those with unilateral contact or prematurities.

10. In addition to the occlusal provocation of a unilateral splint,
the effect of single tooth prematurities involving mandibular

deviations should also be studied 1in relation to neck dysfunc-

tion.

In addition to these dentally related studies, the use of a unilat-
eral occ]usa} splint would be a valuable method to study tﬁe early de-
velopment of dysfunction in the neck. No other study has examined
this problem and the development of such a model would allow the study
of the wearly changes in muscle activity and joint function in the
neck. One could also look for involvement of the thoracic and lower

Back.
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Appendix A
HISTORY

Patient Name
1. GENERAL HEALTH

a. Have you ever had the following?
sinus infection ear infection arthritis Jloose joints

b. Do you have frequent headaches?
How often do they occur?
What area of the head?
How long do they iast?
Does anything seem to precipitate them?
Do you suffer from migraines?

c. Have you ever had a severe blow to the head
or had a whiplash type neck injury?

d. Have you ever experienced any tingling, numbness
or weakness in the upper or lower extremities?

e. Do you presentiy take any medication?

f. Describe any other current non-dental physical problems
or recent medical care you have received.

2. PAIN SYMPTOMS

a. Do you have any pain or discomfort in the head, neck,
shoulders or back? frequent stiff necks or shoulders?
frequent headaches?
Describe the character of the pain:
sharp, dull, aching, deep, superficial, burning,
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spreading, pulsating?
Is the pain constant, intermittent?
For how long does the pain last?
Does the pain start gradually, suddenly?
Does the pain stop graduallly, suddenly?
What time of day is the pain most severe?
How often do you have the pain?
What is the longest period you have gone with out the pain?
What medication, if any, do you take for the pain?
Does any other factor appear to increase or decrease the pain?
Have you found any position of the jaw or head
which relieves or eliminates the pain?
b. Do any of the following normal activities cause pain?
Yawning, chewing, swallowing, speaking, moving head,
moving neck, moving shoulders, moving arms,
moving trunk?
3. ORAL FUNCTION
a. Does your jaw opening seem normal?
b. Does your mandible ever lock open on wide opening?
c¢. Do you ever have any of these sounds in your TMJ's?
Grating R L Clicking R L
Snapping R L Popping R L
How often are these sounds present?
In what position is your mandible when they occur?
d. Do you ever have any pain around your TMJ's or ears?
e. Have you noticed any change in your occlusion?
f. Does your occlusion seem normal? Are you comfortable with it?

g. Do you have any problems swallowing.
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L. RELATED FACTORS

a. Have you noticed any change in your hearing?

b. Do you ever have tinnitus (ringing) in your ears?
or a feeling of fullness pressure, or blockage?

c¢. Do you ever experience dizzyness? Fainting?
Nausea? Drop attacks?

d. Are you aware of grinding or clienching your teeth
during the night or day?

e. Do you frequently chew gum, fingernails, pencils or other objects?

f. Do your masticatory muscles ever become tired?

g. Do you play a musical instrument such as
a reed instrument, flute, or violin?

h. Do you frequently shoot guns?

i. Do you lie on your stomach when you sleep?

j. Have you recently had extensive dental work,
oral surgery, or a general anesthetic?

k. Have you ever been treated by an orthodontist?

1. Have you had your occlusion altered by a dentist?

m. Have you ever been treated for temporomandibular
dysfunction, or felt you might be suffering from it?

n. Do you believe you are under particular stress?



Appendix B
EXAMINATION

1. FACIAL SYMMETRY
-appears grossly normal?

2. PALPATION OF THE TMJ's - Pain

a. TMJ palpation on lateral aspect
(teeth in rest position)

b. TMJ palpation on lateral aspect
(teeth clenched)

c. TMJ palpation of posterior apsect

d. Buring right lateral movement

e. During left lateral movement

f. Right condyle translation smooth

g. Left condyle translation smooth
3. PALPATION OF THE MUSCLES - Pain

a. Masseter

b. Medial Pterygoid

right

right
right
right
right
grating

grating

right

right

c. Lateral Pterygoid (pain on forced) protrusion

d. Anterior Temporalis

e. Middle Temporalis

f. Posterior Temporalis

g. Digastric, anterior belly
h. Digastric, posterior belly
i. Sternocleidomastoid
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right
right
right
right
right
right

right

Teft none
left none
left none
left none
Teft none
asynchronous
asynchroncus
left none
left none
left none
feft none
left none
left none
left none
Tleft none
left none



i. Trapezius, upper portion (neck) right left  none
k. Trapezius, middle portion (shoulder) right left none
. Splenius Capitis right left none

MAND |BULAR MOVEMENTS

a. Maximum opening without pain mm.
b. Maximum movement to right with teeth in contact mm.
¢. Maximum movement to left with teeth in contact mm.
d. Maximum mandibular protrusion mm.

e. Relationship of dental midlines in rest position

f. Relationship of dental midlines inintercuspal position
g. Freeway space mm.

h. Mandibular opening path in both frontal and lateral view
i. Mandibular closing path in both frontal and lateral view
Jj. TM joint sounds:side, charachter and timing

k. Condylar movement pattern, left and right.

OCCLUSION

a. Tooth contact in centric relation

b.

Slide from CR tc CO, direction and distance
Pattern of contact in centric occlusion
Tooth contact in right lateral excursion:
working side:

balancing side

Tooth contact in left lateral excursion:
working side:

balancing side

. Tocth contact in protrusion:

Presence of wear facets indicative of bruxism or clenching

Position of mandible accounting for wear facets
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i. Fremitus of anterior teeth on closure
J. Angle occlusion class
k. Vertical overbite overjet
. Preferred side of chewing
6. ORTHOPEDICS
a. General body posture
Axial Extension Kyphotic Lateral Deviation
b. Eyes grossly level?
c. Shoulders appear grossly level?
d. Hips appear grossly level?
e. Spine and back appear grossly straight?
f. Head posture from frontal view; equidistant from shoulders?
g. Head posture from lateral view
flexion extension forward
h. Range of motion of head in lateral side bending
Grossly normal range?
Pain present at end of range?
Grossly equal in both directions?
Does subject feel range is equal in both directions
of lateral flexion?
I's the end-feel similar in both directions?
i. Range of motion of head from lateral view grossly normal
in both extension and fiexion?
Jj. Range of motion of head in rotation
Grossly normal range?
Pain present at end of range?
Grossly equal in both directions?

Does subject feel range is equal in
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both directions of rotation?
Is the end-feel similar in both directions?
k. Is there any pain in resisted isometric neck motions
from the neutral position?
Lateral flexion?
Flexion extension
Rotation

1. Freeway space mm




Appendix C
CONSENT FORM

It has been explained to me by Dr. J. W. Campbell that a study is
being performed tc assess changes due to an asymmetric alteration in
vertical jaw relationships. | understand that some minor discomfort
in the region of the temporomandibular joint and muscles of mastica-
tion may occur during the experimental period, but that any signs and

symptoms should resolve promptly. | understand there is a remote pos-
sibility that some of the symptoms will persist beyond the experimen-
tal period. | further understand that in the uniikely event that | do
experience such persistent symptoms, | will recieve treatment at the

University of Manitoba Orthodontic Clinic until their resolution.

| consent to the taking of the following records from me with the
understanding that this involves no risk.

1. impressions for models

Bite registration records

2

3. Examination and history to be taken prior to, during, and sub-
sequent to the experimental period.

L, Surface electromyography
5. Frontal facial photography

6. Goniometric measurement of head and neck mobility

It has been explained to me that | am free to withdraw from this

study at any time with no penalty.
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Appendix D
TABLE OF THE HEAD POSTURE OF INDIVIDUAL SUBUJECTS

Subject Control Experimental Experimental
Period
Numbers Average Bay 1 Day 2
i +0.9 +0.3 +0.3
2 +1.8 0.0 +0.5
3 +0.4 +1.5 +0.8
I -0.4 no -0.3
data
5 -2.5 -1.3 -2.0
6 -0.8 -1.5 0.0
7 +0.9 +0.8 +3.3
8 -0.8 -1.5 -0.5

all measurements in degrees
positive number indicates head is tipped down toward the non-splint side
negative number indicates head is tipped down toward th splint side
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Appendix E

TABLE OF THE DIFFERENCES IN HEAD AND NECK RANGE OF
MOTION IN INDIVIDUAL SUBJECTS

Subject Control Experimental Experimental
Days

Numbers Average Day 1 Day 2
| +1.5 -6.6 -6.4
2 +0.5 +8.8 +8.L
3 -2.3 -12.0 -4.8
L -0.2 -2.8 -3.h
5 +3.8 +12.0 -3.h
6 +0.9 -4.8 -0.2
7 -0.h -9.4 -3.6
8 +3.9 -0.8 -2.8

all measurements are in degrees

positive values indicate a range in side flexion greater to
the non-splint side

negative values indicate a range in side flexion greater to
the splint side
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Appendix F
TABLE OF MUSCLE ACTIVITY FOR SUBJECT NUMBER 1

Task Day Non-splint side Splint side Non-splint side Splint side

Anterior Anterior Sternocleido- Sternocieido-
Temporalis Temporalis mastoid mastoid
1 conl 8L4.6 77.0 2.7 0.7
con?2 74,1 79.1 2.6 3.8
expl 90.0 93.2 1.3 1.4
exp2 78.1 73.4 0.3 0.2
s expl 71.0 147 .1 2.3 1.7
exp2 81.8 136.8 1.8 1.5
2 conl 65.4 6h.7 1.8 0.7
con?2 78.0 68.4 3.2 3.0
expl 92.0 122.1 2.5 2.1
exp2 100.3 117.0 1.8 1.0
2s expl 40.0 134.1 1.7 1.4
exp2 k2.7 i00.5 1.0 1.1
3 conl 21.0 22.1 nil nil
con?2 18.7 19.9 0.2 0.5
exp] 54,8 29.7 0.2 nil
exp2 36.3 33.3 nil nil
3s expl nil 29.7 0.2 nil
exp2 0.6 36.5 0.2 0.2
L conl 3.1 82.9
con?2 0.6 51.0
exp] 0.9 58.1
exp2 0.7 60.0
5 conl k9.0 3.5
con2 51.6 2.5
expl 65.0 0.9
exp2 53.4 1.3
6 Non-splint side /Splint side /Non-splint side /Splint side
SCM~Function! /SCM-Functionl /SCM-Function2 /SCM-Function2
conl L7.4 7.2 nil , 1.9
con?2 47.7 54.3 nil 1.3
expl 68.5 Lg9.5 0.3 1.3
exp2 84.6 57.6 0.2 0.4

all measurements represent the % of the maximum activity on that day
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conlt=control day 1, con2=control day2, expl=experimental day 1, and
exp2=experimental day 2



Appendix G
TABLE OF MUSCLE ACTIVITY FOR SUBJECT NUMBER 2

Task Day Non-splint side Spiint side Non-splint side Splint side

Anterior Anterior Sternocleido- Sternocleido-
Temporalis Temporalis mastoid mastoid
1 coni 75.5 73.7 k.9 1.1
con2 83.4 77.5 7.7 6.1
expl 86.5 87.8 L.5 7.0
exp2 8L.6 85.2 3.7 5.1
Is expl L, 51.1 1.5 1.5
expl 17.9 78.0 L. 2.8
2 conl 80.0 92.8 7.3 2.2
con2 75.3 73.9 6.7 3.8
expl 65.9 $8.8 2.7 5.1
exp2 72.2 70.9 1.2 1.6
2s expl 1.4 35.7 1.2 1.2
exp2 7.2 58.6 2.2 1.6
3 conl 19.1 28.5 0.3 nil
con2 19.8 19.5 nil nil
exp] 26.3 22.7 nil nil
exp2 25.7 17.2 nil nil
3s expl 1.7 24.8 nit nil
exp2 0.7 18.7 nil nil
L conl 9.6 12.4
con? 6.1 6.3
expl 5.5 7.1
exp2 7.3 3.9
5 conl 13.8 b1
con2 20.5 6.5
exp! 20.3 L,6
exp2 19.8 4.0
6 Non-splint side /Splint side /Non-splint side /Splint side
SCM-Functionl /SCM-Functionl /SCM-Function2 /SCM-Function2
conl 8.8 5.1 9.8 2.8
con? 8.9 4.3 5.8 7.6
expl 14.8 7.1 6.3 3.4
exp2 12.1 7.0 8.6 5.3

[)

all measurements represent the % of the maximum activity on that day
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coni=control day 1, conZ=control day2, expl=experimental day 1, and
exp2=experimental day 2



Appendix H
TABLE OF MUSCLE ACTIVITY FOR SUBJECT NUMBER 3

Task Day Non-splint side Splint side Non-splint side Splint side

Anterior Anterior Sternoclieido- Sternocleido-
Temporalis Temporalis mastoid mastoid
1 cohl 88.9 84,2 0.5 nil
con2 88.0 g0.1 0.4 1.3
expl 86.8 87.4 nil 0.2
exp2 85.7 85.2 0.2 0.2
is expl 57.5 75.1 nil nil
exp2 32.5 47.3 0.2 0.5
2 conl 86.2 75.3 1.0 nil
con2 76.4 76.5 0.2 2.2
expl 104.3 100.7 0.6 0.2
exp2 93.2 89.7 0.5 1.1
2s expl Lo.2 60.9 0.7 0.6
expl LO.5 56.4 0.4 1.1
3 conl 18.7 20.2 nil nil
con2 14 .4 17.3 nil nil
expl 11.7 25.6 nil nil
exp2 24.8 27.2 nil nil
3s exp] L1 25.2 nil nil
exp2 24.3 28.8 nil nil
L conl L. 4.9
con? 3.3 19.1
exp] 3.0 29.8
exp2 2.8 16.8
5 conl 18.2 2.1
con2 15.5 3.0
expl 18.2 7.9
exp2 18.9 1.7
6 Non-splint side /Splint side /Non-splint side /Splint side
SCM-Functionl /SCM-Functionl /SCM-Function2 /SCM-Function2
conl 21.6 32.5 2.k 1.4
con2 11.0 25.5 1.3 2.1
expl 2L .2 30.0 7.8 5.3
exp2 25.3 32.6 L. L.L

0,

all measurements represent the % of the maximum activity on that day
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conl=control day 1, con2=control day2, expl=experimental day 1, and
exp2=experimental day 2



Appendix I
TABLE OF MUSCLE ACTIVITY FOR SUBJECT NUMBER 4

Task Day Non-splint side Splint side Non-spiint side Splint side

Anterior Anterior Sternocieido- Sternocleido-
Temporalis Temporalis mastoid mastoid
1 conl 75.8 84.8 3.5 2.6
con2 8L4.6 79.1 7.2 L.6
expl 75.4 86.9 L.3 7.0
exp2 73.9 177 3.7 5.2
1s expl 33.9 50.0 0.7 2.5
exp2 39.0 58.0 2.1 3.9
2 coni 57.6 72.7 2.0 k.5
con2 85.6 58.9 5.9 2.9
expl 65.2 74.9 7.5 8.7
exp2 71.5 57.3 5.8 5.3
2s expl 33.8 2.3 1.8 3.1
exp2 32.8 45.0 L, L.k
2 conl 22.7 23.5 0.2 nit
con2 32.5 25.1 0.5 nil
expl no readings taken
exp2 no readings taken
3s expl 19.6 25.0 nil 1.3
exp2 9.7 20.2 nil 1.2
L con] 1.3 L.,2
con?2 19.1 L1
expl 11.0 1.1
exp2 8.0 5.3
5 con 4.6 0.6
con?2 8.8 9.8
expl 8.0 7.5
exp2 7.8 5.5
6 Non-splint side /Splint side /Non-splint side /Splint side
SCM-Functionl /SCM~Functionl /SCM-Function2 /SCM-Function2
6 conl L.7 2.6 6.4 2.8
con2 L.3 L.7 10.0 15.5
expl 10.3 3.5 8.9 7.
exp2 12.6 i.6 8.4 3.3

all measurements represent the % of the maximum activity on that day
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conl=control day 1, con2=control day2, expl=experimental day 1, and
exp2=exper imental day 2



Appendix J
TABLE OF MUSCLE ACTIVITY FOR SUBJECT NUMBER B

af 7970
Task Day Non-splint side Splint side Non-splint side Splint side
Anterior Anterior Sternocleido- Sternocleido-
Temporalis Temporalis mastoid mastoid
1 conl 75.8 73.4 7.5 11.0
con2 81.4 69.1 1.5 3.8
exp]l 83.7 71.2 nil 5.1
exp2 73.6 65.9 0.2 0.6
Is expl 43.9 100.5 0.2 L.3
exp2 40.8 105. 4 nil 3.4
2 conl 102 .4 100.6 12.2 4.6
con2 91.9 93.8 5.5 8.6
exp] 115.8 Lg.6 2.7 9.5
exp?2 84.7 30.L4 2.7 £.8
2s expl 22.1 87.1 2.5 9.8
exp2 26.0 102.2 7.3 13.0
3 conl 25.5 19.1 1.4 1.5
con2 17.7 15.5 nil nil
expl 33.4 21.5 nil 1.5
exp2 66.8 20.0 nil 0.2
3s expl nil 23.7 nil 2.5
exp2 nil 18.9 nil 1.7
L conl 5.3 30.4
con? 3.1 20.7
expl 1.6 18.9
exp2 18.2 55.9
5 conl 31.4 19.3
con2 24,1 26.2
exp]l 6.3 18.9
exp2 31.4 28.8
6 Non-splint side /Splint side /Non-splint side /Splint side
SCM-Functionl /SCM-Functionl /SCM-Function2 /SCM-Function2
conl 26.0 37.0 11.6 12.4
con2 41.5 25.7 10.6 17.6
expl 6.8 21.1 3.0 21.8
exp2 36.4 57.1 20.0 32.2

all measurements represent the % of the maximum activity on that day
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conl=control day 1, con2=control day2, expl=experimental day 1, and
exp2=exper imental day 2



Appendix K
TABLE OF MUSCLE ACTIVITY FOR SUBJECT NUMBER &

Task Day Non-splint side Splint side Non-splint side Splint side

Anterior Anterior Sternocleido- Sternocleido-
Temporaliis Temporalis mastoid mastoid
1 conl 83.8 82.0 2.7 2.4
con? 8L.L 87.3 3.9 L.,0
expl 70.7 71.7 1.7 2.3
exp2 79.5 76.5 3.0 3.6
1s expl 33.8 L5, 4 1.3 2.2
exp2 38.9 56.0 2.0 3.3
2 conl 87.2 95.1 5.1 5.k
con2 87. 73.0 15.8 16.9
expl 108.0 9k4.5 5.8 7.1
exp2 115.0 108.0 5.0 5.3
2s exp] 338.5 56.8 2.9 5.0
exp2 46.8 5k 4 2.4 6.1
3 conl 22.8 19.5 nil nil
con2 20.4 10.9 nil nil
exp]l 8.4 16.4 nil nil
exp2 22.5 19.5 nil nil
3s exp! L.7 20.0 nil nil
exp2 1.7 19.7 nil 0.8
L conl 13.7 28.4
con2 13.6 66.7
exp] 6.4 16.5
exp2 4.9 18.7
LY conl Li.9 7.9
con?2 30.7 15.0
expl 39.8 8.1
exp2 25.6 8.9
6 Non-splint side /Splint side /Non-splint S|de /Splint side
SCM-Functionl /SCM-Functienl /SCM-Function2 /SCM-Function2
6 conl 45.6 31.4 7.8 7.9
con2 73.1 80.3 6.1 9.1
expi 22.1 25.0 3.5 7.9
exp2 26.7 21.6 L.,7 10.6

all measurements represent the % of the maximum activity on that day
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conl=control day 1, con2=control day2, expl=experimental day 1, and
exp2=experimental day 2



Appendix L
TABLE OF MUSCLE ACTIVITY FOR SUBJECT NUMBER 7

Task Day Non-splint side Splint side Non-splint side Splint side

Anterior Anterior Sternocleido- Sternocleido-
Temporalis Temporalis mastoid mastoid
1 conl 80.3 Th. 1.2 1.5
con2 85.1 85.4 1.2 1.6
exp] 8L4.7 86.0 0.4 0.9
exp2 Th.7 81.2 0.2 0.7
s expl 52.3 93.0 0.2 0.9
exp2 L0.3 78.6 0.2 0.9
2 conl 109.1 117.0 2.5 2.5
con?2 104 . 4 106.0 1.7 2.0
expl 108.0 105.3 0.8 1.0
exp2 96.0 90.7 0.3 0.8
2s exp] L2.0 101.3 0.4 0.9
exp2 39.3 99.7 nil 0.6
2 conl 11.5 20.1 nil nil
con2 10.0 19.6 nil nil
exp] L1.3 27.7 nil 0.2
exp2 35.7 24.9 nil 0.3
3s expl 1.0 32.0 nil nil
exp?2 nil 22.7 nil nil
L conl 2.3 11.3
con2 0.5 12.7
expl 2.3 12.7
exp2 2.3 6.3
5 conl 5.7 0.2
conz2 2.9 0.9
exp] 2.5 0.8
exp2 2.0 0.3
6 Non-spiint side /Splint side /Non-splint side /Splint side
SCM-Functionl /SCM-Functionl /SCM-Function2 /SCM-Function2
6 conl 11.1 15.3 2.0 1.2
con2 2.7 16.3 0.5 2.4
expl 2.6 15.7 1.3 1.3
exp2 7.3 11.3 2.5 1.5

all measurements represent the % of the maximum activity on that day

_]77_



178

conl=control day 1, con2=control day2, expl=experimental day 1, and
exp2=exper imental day 2



Appendix M
TABLE OF MUSCLE ACTIVITY FOR SUBJECT NUMBER 8

Task Day Non-splint side Splint side Non-splint side Splint side

Anterior Anterior Sternocleido- Sternocleido-
Temporalis Temporalis mastoid mastoid
1 conl 82.4 85.4 1.7 3.9
con?Z 82.4 g1.0 3.8 5.4
expl 6L.7 77.2 1.1 1.8
exp? 61.2 78.9 1.2 2.4
1s expl 36.3 50.6 1.7 2.0
exp2 69.9 61.2 2.8 2.4
2 conl 105.5 96.9 2.9 7.5
con?Z 100.2 115.7 5.5 7.4
expl 120.0 110.8 1.3 4.0
expl 201.4 110.1 4.0 L.2
2s exp] 46.9 65.3 1.6 2.6
exp2 68.8 48.0 2.1 1.8
3 conl 10.8 18.9 0.2 nil
conz2 36.2 34.0 0.2 1.6
expl 15.3 29.8 0.2 0.2
expZ 22.5 26.7 0.6 0.2
3s expl 13.8 31.7 0.8 0.9
exp2 0.6 21.6 nit 0.5
L conl 1.3 18.0
con?2 0.2 5.9
exp]l 1.7 20.4
exp2 L. 29.2
5 conl 25.2 1.4
con?2 28.8 3.2
exp] 34.8 1.6
exp2 31.5 1.2
6 Non-splint side /Splint side /Non-spiint side /Splint side
SCM-Functionl /SCM-Functionl /SCM-Function2 /SCM-Function2
6 conl 26.0 11.8 2.5 0.9
con?2 31.9 12.3 2.0 2.2
exp]! 38.1 28.9 2.2 0.7
exp2 48.3 24 .1 1.3 1.4

all measurements represent the % of the maximum activity on that day

B ]79..



180

conl=control day 1, con2=control day2, expi=experimental day 1, and
exp2=experimental day 2



