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PURPOSE. Occlusal splints are commonly used to prevent tooth wear caused by bruxism. However, the effects
of splints on occlusion are still unclear. Although it is rarely alluded in literature, splints can provoke severe

occlusal alterations and other complications. This study was aimed to identify differences in the responses of
individuals with bruxism and healthy individuals to a full-arch maxillary stabilization splint in terms of occlusal
changes. MATERIALS AND METHODS. Occlusal contacts in 20 (5 male, 15 female) bruxism patients and 20 (5
male, 15 female) controls with normal occlusion were evaluated before and after occlusal splint therapy. T-Scan
[, a computerized occlusal analysis system, was used to simultaneously measure occlusion and disclusion times
as well as left-right and anterior-posterior contact distributions before splint therapy and 3 months after therapy.
Wilcoxon and Mann-Whitney U tests were used for statistical analyses (a=.05). RESULTS. No differences were
found in the posterior contact of bruxism patients before and after stabilization splint treatment. However,
differences in posterior contact were observed between bruxists and normal individuals prior to treatment, and
this difference disappeared following treatment. CONCLUSION. The results of this study showed the use of a
stabilization splint may not have an effect on occlusion. However, the area of posterior occlusal contact among
bruxists was found to be greater than that of normal individuals. According to this study, the clinical use of

splints may be harmless. [J Adv Prosthodont 2013;5:256-61]
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INTRODUCTION

Bruxism is a disorder characterized by grinding or clench-
ing of the teeth." The Glossaty of Prosthodontic Terms
define bruxism as parafunctional grinding of teeth or an
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oral habit consisting of involuntary, thythmic, or spasmodic
nonfunctional gnashing, grinding, or clenching of teeth
with movement of the mandible other than chewing that
may lead to occlusal trauma.?

The ctiology of bruxism is not well known, but it is
understood to be multifactorial in nature.” Bruxism and
teeth grinding during sleep have been linked to additional
factors such as tooth interference in dental occlusion, psy-
chosocial factors such as anxiety or stress, and pathophysio-
logical factors such as disease, trauma, genetics, smoking,
alcohol, caffeine, illicit drugs and medications.”” Two differ-
ent types of occlusal management strategies have been used
to treat bruxism: occlusal interventions and occlusal appli-
ances.® Whereas occlusal appliances are commonly used to
prevent tooth weatr caused by bruxism and/or heavy load-
ing and are not harmful to patients, occlusal interventions
such as equilibration, rehabilitation and orthodontic align-
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ment are not supported by the literature.”

Occlusal appliances are usually constructed of hard
acrylic resin and worn in the upper jaw.* Despite their wide-
spread use’, the efficacy of and indications for occlusal
appliances ate still controversial.*™'*'" The effects of a sta-
bilization splint on occlusion have not been reported in the
literature. Therefore, this study used a computer-aided
occlusal analysis system to analyze the possible side-effects
of stabilization splints on occlusion.

MATERIALS AND METHODS

Subjects were selected from patients applying to the Depart-
ment of Prosthodontics at the Erciyes University Faculty
of Dentistry after the completion of a diagnostic screening
for bruxism. Groups were comprised of 20 individuals with
bruxism and 20 healthy volunteers as control.

Inclusion criteria for the bruxism group were as fol-
lows'%: 1) knowledge or awareness of bruxing (clenching
and grinding of teeth during sleep or while awake); 2) mas-
ticatory muscle stiffness upon waking; 3) attestation by the
subject’s sleep partner to grinding noises; 4) presence of
mucosal, buccal and/or lateral tongue ridging. Exclusion
criteria for both the bruxism and control groups were as
follows: 1) signs or symptoms of disk displacement, arthri-
tis or arthrosis of the temporomandibular joint (TMJ); 2)
diagnosis of a systemic disease that could affect the masti-
catory system (e.g. osteoarthritis); 3) a history of trauma in
TM] region; 4) orthodontic treatment history; 5) missing
teeth (third molars are not evaluated).

The healthy individuals within the control group did not
undergo splint treatment, but were selected based on simi-
larities of age and social status with the patient group in
order to facilitate the comparison of disclusion, occlusion
and contact distribution values between normal individuals
and bruxists.

In total, 40 individuals participated in the study (30
female: mean age: 27.5 £ 3.5 years and 10 male: mean age:
24.6 £ 4.2 years). A written informed consent was signed
by all participants, and the protocol was approved by the
Faculty Research Ethical Committee (2009.2.1).

All routine clinical examinations and T-scan measure-
ments were performed by the same dentist. Bruxism was
treated using a maxillary stabilization splint. They were pro-
duced by mounting maxillary casts on a semi-adjustable
articulator using a face-bow transfer. Maxillary and mandib-
ular casts were articulated in their intercuspal position. The
vertical dimension of the articulator were increased 5 mm
by using incisal pin. Splints were fabricated from self-curing
clear acrylic, with a cuspid guide to create a rise in protru-
sive and lateral movements. Splints were adjusted with the
participants in the horizontal position in order to provide
habitual closure and stable occlusion in the retruded con-
tact position (RCP)."* Participants were asked to use the
splint continuously, even while asleep. No occlusal adjust-
ment, prosthodontic treatment, or other treatment that
might alter tooth occlusal surfaces was performed. Three

months after the initiation of splint treatment, participants
were clinically re-examined by the same dentist using the
T-scan III occlusal analysis system to evaluate occlusal
changes.

Occlusal contact data was measured using T-scan III for
Windows (on loan from Tekscan Inc., Boston, MA, USA).
T-scan III includes a digital sensor with a thickness of 85
microns consisting of 2,500 pressure-sensitive cells that
incorporates a double layer of Mylar, a polyester film with
pressure-variable electrical conductivity that allows it to reg-
ister relative force and distribution of tooth contacts over a
pixel size of 1.6 mm? as well as the initiation and length of
contact to within 10 milisecond. For each subject, a new
sensor was fitted to a rigid, autoclavable, fork-shaped plas-
tic holder and placed in mouth in contact with the central
maxillary incisors and away from the lateral sectors. The
same sensor was used for all recordings of a given patient.
The patient was instructed to bite down sensor stably, and
the resulting drop in electrical resistance was visualized on a
computer monitor. The image is adapted by the T-scan I1I
system software, which is capable of recognizing individual
dental patterns and missing teeth according to individual
tooth size entered into the system.

In order to compensate for individual variations in bite
force, the T-scan sensor was recalibrated between patients
prior to measurement. For each patient, the same sensitivity
value was maintained across all recordings. An initial read-
ing was taken prior to splinting, and another reading was
performed 3 months after the insertion of the splint in
order to evaluate occlusal changes following splint therapy
and to compare the results with those of healthy controls.

The following occlusal parameters were evaluated: 1)
occlusion time, defined as the time from the fitrst contact
of teeth to maximal intercuspation; 2) disclusion time,
defined as the time from maximal intercuspation to the last
contact of teeth; 3) left-right occlusal contact area distribu-
tion ratios and 4) anterior-posterior occlusal contact area
distribution ratios.

Statistical analysis was conducted using SigmaStat (ver-
sion 3.5, Systat software Inc., San Jose, CA, USA). Normality
of distribution of variables was examined using the
Kolmogorov-Smirnov test. Due to the abnormal distribu-
tion, Wilcoxon tests were used to compare pre- and post-
treatment values within groups, and Mann-Whitney U tests
were used to compare values between groups, with a differ-
ence of P<.05 considered statistically significant.

RESULTS

No statistically significant differences were found in occlu-
sion time or disclusion time. Table 1 shows the median and
25%-75% values for each group, and Table 2 shows the
results of Mann-Whitney U and Wilcoxon tests comparing
inter- and intra group data.

No statistical differences were found between right-left
and anterior-posterior contacts. Therefore, analysis was
conducted using data for left-side and posterior contact
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Table 1. Median and 25%-75% in parenthesis of
occlusion and disclusion times, by group

Occlusion time

Disclusion time

0.220
Control
(0.175 - 0.290)
0.144
Pre-treatment
(0.115-0.318)
0.218
Post-treatment
(0.192 - 0.324)

0.1000
(0.0760 - 0.168)

0.0740
(0.0633 - 0.0902)

0.0820
(0.0770 - 0.122)

(Fig. 1). As Table 3 shows, no significant differences were
observed in left-side contact distribution values pre- and
post-treatment or between treatment and control groups
(Pre-treatment: 55.2%; Post-treatment: 53.7%; Control:
48.9%, P>.05). Similarly, no significant differences were
observed between pre- and post-treatment posterior con-
tact distribution values (Pre-treatment: 94.7%; Post-
treatment: 92.8%; P=.164). Interestingly, however, although
no significant difference was observed between the post-
treatment and control posterior contact distribution values
(Post-treatment 92.8%; Control: 79.8%; P=.251), a signifi-
cant difference was identified between the pre-treatment
and control posterior contact distribution values (Pre-
treatment: 94.7%; Control: 79.8%; P=.010).

Table 2. P values of statistical analyses of occlusion and disclusion time

Occlusion time

Pre-treatment

Post-treatment

Disclusion time

Pre-treatment Post-treatment

Control 0.377
Pre-treatment -

0.930
0.496

0.077 0.757
- 0.055

Mann-Whitney U
Wilcoxon

Table 3. P values of statistical analyses of posterior and left-side contact distributions

Left side contact distribution

Pre-treatment

Post-treatment

Posterior contact distribution

Pre-treatment Post-treatment

Control 0.427 0.185 0.010 0.251 Mann-Whitney U
Pre-treatment - 0.570 - 0.164 Wilcoxon
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Fig. 1. Posterior and left-side contact distributions for each group.
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DISCUSSION

This study examined the effects of splint stabilization treat-
ment on the occlusal contacts of bruxism patients. Occlusal
contact is traditionally assessed with articulating paper or
other thin strips whose pull-out force at intercuspation
helps to reveal initial contacts. Dark, wide marks are under-
stood to be sites of high pressure, whereas lighter marks
are associated with sites subjected to lesser loads, and the
presence of numerous, similar markings is suggestive of
equal, evenly distributed loads."* However, as some authors
have noted, the marks produced by articulating paper may
be difficult to reproduce and lend themselves to subjective
interpretation, and because they can be affected by patient
bite quality, occlusal morphology and salivary impregnation
of dental surfaces, which can diffuse the articulating paper
ink, they can result in false positives.”® In a recent in vitro

study designed to investigate marking surface as the only
variable, articulating paper was placed between epoxy resin
models of dental arches that were then mounted on an
articulator and subjected to compression loads ranging
from 25-450 Newtons applied by a uniaxial pneumatic sim-
ulator. The results showed that despite a general increase in
the marking surface with an increase in applied load, there
was only a one-in-five chance that a pair of similar mark-
ings would desctibe the same load.'® Moreovet, because
articulating paper is unable to register occlusal contact
force or time sequencing, it is an insufficient indicator of
occlusal contact simultaneity.''

In contrast, the T-scan III system uses the center of
force position or the quality of the sensor-loading graph
and displays (Fig. 2) contacts instantaneously as the patient
bites on the sensor, registering multiple consecutive open-
ing/closing cycles." Not only does T-Scan measure the
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Fig. 2. Representative T-Scan images for each group. (A) Control, (B) Pre-treatment, (C) Post-treatment.
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intensity and timing of every contact, it translates this
information into easily interpreted graphics. Introduced in
the United States nearly 30 years ago, the system was
revised following doubts with regard to its reliability in
occlusal analysis, and improvements were duly noted in a
number of studies."*!" Recent publications have reported
T-scan III to show good reproducibility of surface mea-
surements and registration of relative forces' "' and
Koos ¢t al.'” has shown that readings are unaffected by
changing the sensor or repeating measurements. Not only
has T-scan been found to provide reliable results in the
172122 5 study
comparing the sensitivity of various occlusal indicators
found T-scan to be the only indicator unaffected by saliva.”?
Morteover, a 2002 study of the T-Scan II system found that
the system provided adequate repeatability in examining the
occlusal contacts of complete prosthesis users as well as
dentate subjects.*

To date, however, there has been no studies examining
the effects of the operator on the values obtained from the
T-scan system; therefore, this study was conducted with a
single operator and a control group in order to establish
normal values.

The name of the most common occlusal appliance, the
stabilization splint, suggests that its use in treatment can
bring about improvements in occlusion®, however, other
possible mechanisms may be involved. Recently, debate has
centered around the use of the so-called nociceptive tri-
geminal inhibition (NTI) splint, a mini-anterior appliance
that covers only a few maxillary anterior teeth. Systematic
reviews have found such splints to be effective in treating

some TMD patients, but have also raised the possibility of
26-28

identification of occlusal contact distribution

adverse effects from its use.

There are very few studies examining possible occlusal
changes related to splint therapy. Fujii ¢ a/'* used articulat-
ing paper to examine the change in occlusal contacts pre-
and post-splint treatment in bruxism patients with and with-
out myofascial pain. However, the results may be debatable,
given the unreliability of articulating paper noted above.

Kerstein and Wright® was the first to propose that
some TMD patients, including bruxists, could be treated by
reducing their disclusion time. Their study showed how
muscle contraction during excursive function increased
with a lengthy disclusion time (>1.39 seconds) and
decreased to near rest-state values with a short disclusion
time (< 0.5 seconds). They went on to describe how disclu-
sion time could be reduced through a technique for occlu-
sal adjustment that they referred to as “immediate complete
anterior guidance development”, or ICAGD.*" Given that
treatment in the present study was conducted using stabiliza-
tion splints rather than occlusal adjustment, it is not surptis-
ing that no differences were found between the post-treat-
ment disclusion times of bruxists and healthy individuals.

In our study, the mean disclusion time for all subjects
was less than 1.39 seconds, and no link was found between
disclusion time and bruxism. The similarities in occlusion
time between bruxists and healthy individuals found in our
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study differs from Kerstein and Wright’s finding that disclu-
sion time increases in patients with myofascial pain dys-
function.'”* The different findings could be related to
slight differences in the inclusion criteria between the studies.

CONCLUSION

The present study found that use of a stabilization splint
may not cause changes in occlusion. It also found that
bruxism patients tends to have larger areas of posterior
contact than healthy individuals. If this finding could be
confirmed through future studies with larger patient
cohorts, a new parameter could be established for bruxism
diagnosis.
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