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Comparison of the efficacy of the Aqualizer therapy, EZ splint and the hard occlusal
splint in the treatment of patients with masticatory muscle pain.

A clinical study.

INTRODUCTION

Temporomandibular disorders (TMD) is a collective term that embraces a number of
clinical conditions that involve the masticatory musculature and/or temporomandibular
joints (TMIJ) and associated structures. The various clinical conditions are characterized by
pain in the preauricular area, TMJ, or muscles of mastication; limitation or deviation in
mandibular range of motion; and TMJ sounds (clicking, popping, crepitus) during
mandibular function. Common patient complaints include headache, neck ache, face ache,
and earache. Other unexplained associated complaints include tinnitus, ear fullness, and

perceived hearing loss.

TMD are similar to other musculoskeletal and rheumatologic disorders. The signs and
symptoms of TMD may be transient and self-limiting, resolving without serious long-term
effects. Little is known regarding the natural course of TMD or which signs and symptoms
will progress to more serious conditions. For these reasons, a special effort should be
made to avoid aggressive, irreversible therapy. Several studies have shown that the
majority of patients suffering with TMD achieve good relief of symptoms with
conservative therapy. In a study of 110 patients with clinically documented TMD, 85.5%
reported that they experienced no pain or much less pain at 2.0 to 8.5 years after

conservative treatment.

Orthopedic interocclusal appliances, commonly referred as occlusal splints, bite plates,
nightguards, orthotics or bruxism appliances, have been used in dentistry for the
management and treatment of TMD. These stabilization appliances are removable devices
made of hard acrylic resin that are placed between the maxillary and mandibular arches.

These appliances have been used: (1) to alter occlusal relationships and to redistribute



occlusal forces, (2) to prevent wear and mobility of the teeth, (3) to reduce bruxism and
parafunction, (4) to treat masticatory muscle pain and dysfunction, and (5) to stabilize and
improve the function of the TMJ. Wearing the occlusal splint increases the patient’s
awareness of jaw habits and helps alter the posture of the mandible to a more open,
relaxed (rest) position. The reduction of painful symptoms with occlusal splints has been
well documented. Although the treatment may be very predictable, the physiologic basis of

the treatment response has not been well understood.

Soft splints have also been advocated for the diagnosis and treatment of patients with
TMD. However, there are few clinical trials that have evaluated their efficacy, and
outcomes have been variable. Soft splints can be made for the maxillary or mandibular
arches and are easily constructed. These appliances are often inserted immediately at the
initial examination, which may be desired for a patient who has an acute sprain or acute

muscle spasm or who needs a badly worn or broken splint to be replaced.

Soft splints have been used as temporary therapeutic appliances until acrylic-resin splints
could be provided. Harkins et al. evaluated the application of soft occlusal splints in
patients suffering from pain and dysfunction associated with clicking in the TMJ. It was
found that 93% of the 42 patients who were given soft splints and reported a reduction in
their symptoms, also reported good to excellent results with a subsequent acrylic-resin
splint used during the next 3 to 6 months. It was also observed that 74% of the patients
had a reduction in facial myalgia, and 74% had a reduction in or elimination of TMJ
clicking. Block et al. found that after 6 weeks of using soft splints, 74% of 19 patients had
complete or almost complete remission of their TMD symptoms. Several other case

reports of soft splint efficacy are presented in the literature.

Soft occlusal splints are not recommended for long-term use without close supervision.
Improper application or negligence with soft occlusal splints can exacerbate symptoms and
result in undesirable occlusal changes. The most serious complication that can occur with

the excessive or incorrect use of these appliances include changes in tooth position and



major irreversible changes in the interocclusal or interarch relationship. Occlusal changes
were observed in patients who wore soft splints in studies by Singh et al and Harkins et al.
However, in a recent study by Wright et al, no occlusal changes were observed in patients
wearing soft splints after 4 to 11 weeks of treatment. In this randomized well-controlled
clinical trial, it was also found that the soft splint is a more effective short-term treatment
for reducing the signs and symptoms of masticatory muscle pain in patients, in comparison
to the use of palliative treatment and no treatment. In the dental literature, there are few
clinical trials that have compared the efficacy of different modalities of treatment for the
management of patients with TMD. In a recent pilot study of 33 TMD patients, soft and
hard acrylic resin stabilizing appliances were compared in the reduction of masticatory
muscle pain in patients with TMD. No differences in the treatment outcomes were found
between the use of soft and hard appliance types over a 10- to 15-week period. This study
by Pettengil et al, suggested that soft and hard stabilizing appliances may be equally useful

in reducing masticatory muscle pain in short-term appliance therapy.

The Aqualizer and the EZ Splint are prefabricated soft splints, recently introduced in the
dental profession, for the diagnosis and treatment of patients with TMD. These appliances
seem to be adequate methods to provide patients with an immediate relieve of their

symptoms. The comparison of this methods to other therapies is the objective of the study.

The purpose of this study is to compare the treatment outcomes of two new modalities of
treatment, Aqualizer therapy and EZ splint, to the hard occlusal splint, in the management

of patients with masticatory muscle pain.

MATERIALS AND METHODS

This is a cross-sectional clinical study which will be performed at the TMJ Clinic located
in the UR Eastman Department of Dentistry. Forty consecutive patients who had
complaints of orofacial pain and clinical evidence of a masticatory muscle origin to their

pain, will be examined and included in our study.



The following criteria will be used for inclusion:

1.
2.

All of the subjects are actively seeking treatment for their pain.

The subject’s pain complaint is aggravated by mandibular function (e.g., eating or
talking) or parafunctional habits (e.g., clenching or grinding the teeth). This criterion
was based on the patient history.

The subject’s pain complaint is duplicated and/or aggravated by palpation of the
muscles of mastication. This criterion was based on the clinical examination.

The subjects are between the ages of 18 and 60

Subjects agree to attend all follow-up visits (minimum five) for an examination and

splint adjustment.

The following criteria will be used for exclusion:

1.

A concurrent major systemic disease such as fibromyalgia or rheumatoid arthritis is
present. This criterion was based on the patient history.

A concurrent major psychiatric disease is present. This criterion was based on the
patient history.

The subject’s pain complaint is aggravated by TMJ clicking and/or catching. This
criterion was based on history and clinical examination.

The subject’s pain complaint is aggravated by clinical loading of the TMJ. This
criterion was based on the clinical examination.

The subject is not able to keep all of the follow-up visits.

These criteria were designed to identify subjects with pain from the masticatory muscles

and to rule out TMJ intra-articular sources of pain. None of the subjects was receiving

any other TMD treatment or medications at the outset of the study.

Two examiners will be calibrated to participate in this study. Both examiners will be

involved in the development of the protocol and will follow this accordingly. The inform

consent will follow the guidelines currently used by the UR for human studies. This

clinical trail will be classified as a non invasive human study.



The medical history, pain history and clinical examination will be taken in the initial visit.
The patient history will be used to rule out other sources of pain such as dental, metabolic

or neurologic disorders.

The subjects will be assessed for baseline measurements by one of two calibrated blinded
examiners. If the patients met the inclusion/exclusion criteria, they will be alternately
assigned to one of the four treatment groups by a staff member who did not have any

knowledge of the TMD diagnosis.

Four groups of 10 patients each are included in the study. The four treatment groups are:
1. Aqualizer therapy

2. EZ Splint

3. Hard occlusal splint

4

Control: Palliative treatment

Subjects included in appliance groups will have maxillary and mandibular impressions
taken in irreversible hydrocolloid and mounted on an articulator with a face-bow transfer
and centric relation record. Hard acrylic resin stabilization appliances will be made for
subjects on the hard occlusal splint group. These appliances will be fabricated on the
maxillary cast by opening the articulator pin 2 mm in the anterior region. The occlusal
splint will provide a stable physiologic mandibular posture by creating bilateral, even
posterior occlusal contacts for the opposing teeth on closure. Anterior guidance will be
provided by acrylic ramps in the canine areas of the appliance to separate the opposing
posterior teeth from the appliance in all lateral, lateroprotrusive, and protrusive excursions

of the mandible.

Subjects assigned to both soft appliance groups, Aqualizer therapy and EZ splint, will
receive the designated soft occlusal splint. These partial-coverage soft appliances will be

warmed and adjusted in the mouth according to the instructions of the manufacturers.



The occlusal appliances will be polished with pumice and disinfected before being inserted
in the patient’s mouth. Subjects assigned to appliance groups will be instructed to wear

the splint 24 hours a day, except when eating meals and during oral hygiene procedures.

It is ethically not possible to have a non-treated control group, so that the fourth group
will receive palliative treatment and will be used as a control group; because this method
represents the minimum treatment currently used in the TMJ Clinic. Subjects assigned to
the palliative-treatment group will receive verbal and written instructions on self-care for
their masticatory muscle pain. These instructions included applying moist heat or ice,
eating a soft diet, decreasing oral parafunctional habits, decreasing caffeine consumption,

modifying sleeping posture, and using over-the-counter medications, as needed.

The patients will be examined initially and on each subsequent visit by one of two
calibrated examiners who had no knowledge of the type of appliance being used. Another
dentist will be used to take initial impressions, fabricate and place the appliance, and adjust
the appliance on all the subsequent visits. Thus each patient in the appliance groups will be
seen by two dentists at every visit, a splint fabricating and adjusting dentist, and an
examining dentist. At every follow-up visit, the splint adjusting dentist will make certain

that the patient has simultaneous bilateral, even posterior contacts.

The patient will be then examined by another dentist and will undergo an identical
comprehensive examination, as will be conducted at the beginning of the study. The
following examination measures will be used at every visit in order to evaluate changes for
each subject : (1) myofacial pain assessment, (2) maximal comfortable interincisal distance,
(3) maximal interincisal distance, and (4) occlusal contact changes assessed with

shimstock.

Pain assessments will be made by using the Visual Analog Scale (VAS). The VAS is a
simple, unidimensional scaling method, which has been used most frequently in various

studies for the assessment of symptoms in TMD patients. The VAS, in particular, has been



shown to be a reliable and sensitive measure of the patient’s subjective pain experience.
The VAS used in this study will consist of a standard 100-mm-long lines anchored at the
left end by the phrase “No Pain” and on the right end by the phrase “Most Intense Pain
Imaginable”. Patients will mark the 100-mm line at the point that best quantified their
perceived pain. The distance from the “No Pain” extreme of the scale to the patient’s mark
will be measured to the nearest mm on each scale. The measurements will be summed to
provide a subjective index of each patient’s pain at the initial examination and on each

follow-up visit.

Four point-categoric palpation indexes will be used to measure more objectively the
subject’s muscle pain levels. Ten pairs of muscles will be palpated bilaterally by the
examining dentist, which will include temporalis, deep masseter, superficial masseter,
lateral pterygoid, medial pterygoid, sternocleidomastoid, suboccipital, scalenes, deep
posterior cervicals, and trapezius. Three pounds of force will be applied extraorally and
one pound of force will be applied to all intraoral palpation sites. The examiner will
perform all the clinical exams after practicing extensively to standardize his technique
before beginning the study. The examiner will use a counterbalance scale to calibrate his
palpation force at the one and three pound force levels prior to each examining session.
Each of these regions will be scored by the following method: a score of “0” will be

“l”

recorded if there is no pain; a score of “1” will be recorded if the patient is slightly aware
of tenderness or soreness during palpation, and makes a verbal report of discomfort; a
score of “2” will be recorded if facial movement such as palpebral reflex is observed along
with a report of definite discomfort or pain during palpation; and a score of “3” will be
recorded if the patient shows evasive action, eye tearing, or verbalized desire not to have
the area palpated again because of considerable pain. The sums of the positive responses
will be added together to obtain one score for muscle and TMJ tenderness. This will allow

for a total muscle pain score ranging from 0 if there was no pain on palpation to 60 if there

was a provoked response to palpation of all 20 muscles.



In addition to the myofacial pain assessments, the maximal comfortable interincisal
distance (MCID) and the maximal interincisal distance (MID) will be recorded in
millimeters. The MCID is defined as the greatest interincisal distance a patient can open
without experiencing pain or discomfort. The MID is that maximal distance a patient can

open even in the presence of pain or discomfort.

Occlusal contacts will also be evaluated by determining changes in the number of maxillary
teeth that held shimstock with opposing mandibular teeth on closure in the intercuspal

position at the beginning and at the end of the study.

The duration of the study will be about six weeks, and weekly and final evaluations will be

with the same independent, blinded examiner who performed the initial evaluation.

NULL HYPOTHESES

The four null hypotheses that will be tested in this study are:

1. There is no difference among the treatment responses of the four groups in reduction
of symptoms as measured with the pain scale.

2. There is no difference among the treatment responses of the four groups in terms of an
increase in the maximum comfortable interincisal distance.

3. There is no difference among the treatment responses of the four groups in terms of an
increase in the maximum interincisal distance.

4. There is no difference in occlusal contact changes among the four groups, as assessed

with shimstock.

STATISTICAL ANALYSIS

Data from the initial examination and all subsequent examinations will be gathered and
compared. Pearson’s correlation coefficients will be calculated between each pair of

dependent variables to determine if any will be significantly correlated (r>0.5).



The interdependent variables will be then tested as a set using a multivariate analysis of
variance (ANOVA) to test the null hypotheses that there are no differences among the

Aqualizer therapy, EZ splint, hard occlusal splint, and palliative treatment.

An analysis of covariance (ANCOVA) will be used to test the null hypotheses that there
are no differences in the treatment outcomes among the four groups. Time will be used as
the covariant as the duration of treatment may vary in the clinical setting. For the

dependent variables that will be found to have a statistically significant difference,

comparisons between specific pairs of groups will be made using Student-Newman-Keul’s

multiple comparisons test.

This study will compare the treatment outcomes of four different methods in the
management of patients with masticatory muscle pain. If the Aqualizer and EZ splint
provide the promised results, they would be very good universal, useable devices, which

could mean a significant enhancement in the current treatment for TMD patients.
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