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Abstract

Objective. Recent research has focused on the applicability of titanium particle-impregnated materials in healthcare and
medical products. This preliminary study was undertaken to investigate the effect of water-soluble titaniumn microparticle-
permeated (WSTi) tape on temporomandibular disorder (TMD)-related pain. Materials and methods. The study included
32 patients (41.5 £ 14.4 years, 26 women) who had visited the Temporomandibular Joint Clinic, Tokyo Medical and Denrtal
University, for treatment of TMD-relared pain. The subjects were instructed to apply the WSTI tape (AquaTitan tape) on the
most painful area before going to sleep and remove the tape on awakening daily for 2 weeks. Seven outcome variables were
statistically analyzed: maximum mouth-opening ranges with and without pain, spontaneous pain intensity, mouth-opening
pain intensity, chewing pain intensity, TMD-related limitation of daily functions (LDF-TMD) and subjective evaluation of any
change in TMD-related pain. Reswults. The mean maximum mouth-opening ranges with (p = 0.011) and without (p = 0.002)
pain were significantly grearer and mean pain intensities on mouth opening (p < 0.001) and chewing (p = 0.001) were
significantly lower at the 2-week follow-up than at the baseline. The mean LDF-TMDQ scores were also significantly lower at
the 2-week follow-up (p = 0.004). After 2 weeks of using the WSTi tape, 53.1% and 12.5% of the subjects reported a slight
improvement and an improvement, respectvely, in TMD-related pain. Concliusion. WSTi tape seems to have beneficial
effects on TMD-related pain and LDF.
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Introduction

Temporomandibular disorders (TMD) are a variety
of conditions affecting the masticatory muscles, tem-
poromandibular joint (TM]) and orofacial structures
due to dysfunction of the stomatognathic system. The
most common symptoms are jaw and facial pain.
TMD have been identified as the main cause of
non-dental pain in the orofacial region and are con-
sidered a sub-class of musculoskeletal disorders [1].
Reportedly, 5-12% of the general North-American
population has TMD [2,3]. Since the 1970s, a mul-
tifactorial edology for TMD has been proposed, in
which pain and dysfunction result from biopsychoso-
cial factors [4,5] including structural conditions,
psychological morbidity and behavioral problems
such as parafunctional habits {6-9].

Analgesia is an important part of TMD manage-
ment, for which non-steroidal and-inflammatory
drugs or acetaminophen are typically used. However,
the side-effects associated with long-term administra-
tion of analgesics necessitate an alternative form of
pain relief. In recent years, the effects of ttanium on
living tissue have been widely studied. The reported
health benefits include reduced muscle-tendon stff-
ness during recovery from exercise in male athletes
wearing garments permeated with water-soluble tita-
ninm microparticles (WSTi) [10] and decreased
physiological and psychological stress in emodonally
stressed office workers sleeping in a room containing
titanium [11]. Collectively, these observations suggest
that the applicaton of WSTi to various materials
could be useful in both everyday and medical
situatons.
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Table I. Inclusion and exclusion critera.

Inclusion criteria

Exclusion criteria

Diagnosis of TMD based on the RDC/TMD
Pain in the TMJ and/or masticatory muscles for 2 weeks or more
Older than 19 years

Pain from systemic bone or joint disease

Regular use of medicines such as analgesics, anu-anxiety drugs,
anddepressants and other psychotropic agents

Presence of inflammation (swelling, fever, flare and throbbing pain)
Medical history of skin disease or skin

inflammation due to tape adhesive

TMD, remporomandibular disorder; TMJ, temporemandibular joint; RDC/TMD, Research Diagnostic Criteria for Temporomandibular

Disorders.

The aim of this preliminary study was to investigate
the effect of WSTi tape on TMD-related pain.

Materials and methods

Subjects

The smdy included patients with TMD who had
visited the Temporomandibular Joint Clinic at Tokyo
Medical and Dental University for treatment between
May and August 2012. TMD were diagnosed accord-
ing to the Research Diagnostic Criteria for Tempo-
romandibular Disorders (RDC/TMD) [12]. Thirty-
six subjects were selected according 1o the inclusion
and exclusion criteria of this study (Table I). They
were informed about the nature of their conditions on
the basis of radiographic findings.

This study was approved by the ethics committee of
Tokyo Medical and Dental University (No. 727). All
the subjects gave their written consent after the pur-
pose of the research was explained.

Procedures

AquaTitan-tape (Phiten Co., Lid., Kyoto, Japan) was
used as the WSTi tape in the study. The subjecis were
instructed 1o apply the WSTi tape on the most painful
locatdon before going to sleep and remove it on
awakening daily for 2 weeks. No other analgesia
was administered. AquaTitan results from the disper-
sion of microscopic titanium particles in water [13].
The materal is utilized as a dye in the tape-
manufacturing process, where the microscopic tita-
nium particles are embedded into the fabric and
become an integral component of the tape.

Outcome measures

Seven outcome variables were assessed: maximum
mouth-opening ranges with and without pain, sponra-
neous pain intensity, mouth-opening pain intensity,
chewing pain intensity, TMD-related limitation of daily
functions (LDF-TMD) and subjective evaluation.
The maximum mouth-opening range was mea-
sured as the distance between the incisal edges of

the maxillary and mandibular central incisors when
the subjects reported both the presence and the
absence of pain in the TMJ or masticatory muscles.
Pain intensity was estimated by using a visual analog
pain scale (VAS) consisting of a 100-mm line with ‘no
pain’ on the extreme left and ‘intolerable pain’ on
the extreme right. The subjects rated the severest
TMD-related pain experienced at rest, during mouth
opening and during chewing.

The LDF-TMD were assessed by using the LDF-
TMD questionnaire [14]. The questionnaire consisted
of the question:

How much does your present jaw problem prevent
or limit you from the following daily activities?:

» Opening your mouth when you eat big pieces of
food

* Grinding thin food.

» (Clenching your teeth.

» Brushing your back reeth.

* Yawning.

= Talking for a long period.

» Using your jaw for a long period during meals.

¢ Performing activities at home, school and/or work.

» Falling asleep soon after going to bed.

» Sleeping continnously at night.

For each item, the subject chose any one of five
levels on a numerical rating scale from ‘no problem at
all’ (0) to ‘extremely difficult’ {4 points). The sum-
mary score of the 10 items, ranging from 0-40 points,
was used for analysis.

The subjects were also asked to evaluate any change
in TMD-related pain after 2 weeks of using the WSTi
tape by choosing one of five options: aggravation,
slight aggravation, no change, slight improvement
or improvement.

Staristical analysis

The questionnaires of four respondents were excluded
from the statistical analysis because of missing data,
Therefore, data from 32 participants were analyzed.
Allstatistical analyses were performed by using SPSS
version 12.0 software (IBM, Inc., Armonk, NY). The
paired --testwasused to analyze the differences between
the baseline and the 2-week follow-up data. The t-test
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Table II. Comparison of the outcome variables berween the baseline and the 2-week follow-up.

Variable Baseline 2-week follow-up p*

Maximum mouth-opening range without pain (mm} 322 (8.9) 36.7 (8.5) 0.002
Maximum mouth-opening range with pain (mm) 39.2 (8.7) 41.7 (8.4) 0.011
Spontaneous pain intensity, VAS (mm) 21.4 (20.5) 17.1 (22.4) 0.227
Mouth-opening pain intensity, VAS (mm) 58.0 (26.3) 39.9 (28.0) < 0.001
Chewing pain intensity, VAS (mm) 52.9 (28.3) 35.2 (27.6) 0.001
LDE-TMDQ score 13.1 (4.0) 10.3 (5.4) 0.004

LDF-TMDQ, temporomandibular disorder-related limitadon of daily funcdons questionnaire; VAS, visual analog pain scale.

*Paired t-test.
Dara represent means (SD).

was used for analyzing the differences in subjective
evaluation between the non-improvement {aggrava-
tion, slight aggravatdon and no change) and the
improvement (slight improvement and improvement)
groups. p < 0.05 was considered significant. Data are
presented as means (SD).

Results

The mean age of the subjects was 41.5 (14.4) years and
26subjectswere women (81.8%). The mean pain duration
at the baseline was 17.6 months (minimum, 1 monih;
maximum, 120 months). From the onset of TMDs to the
time of enrollment in this study, three (9.4%), 21 (65.6%),
and eight (25.0%) subjects reported their symptoms
as being worse, unchanged, and better, respectvely.
The mean maximum meuth-opening ranges withand
without pain were significantly greater and mean pain
intensities on mouth opening and chewing were signif-
icantly lower at the 2-week follow-up than at the baseline
(Table IT). The mean LDF-TMDQ score at the 2-week
follow—up was also significantly lower than that at the
baseline. After 2 weeks of using the WSTi tape, 53.1%
and 12.5% of the subjectsreported a slightimprovement
and an improvement, respectively. The only significant
difference between the nom-improvement and

the improvement groups was a higher mean LDF-
TMDQ score in the improvement group (Table III).

Discussion

The mean maximal mouth-opening range of healthy
individuals is reportedly 50.9-57.7 mm [15,16].
Therefore, the mean mouth-opening ranges with
and without pain at the baseline in the present study
are 55.8-63.3% and 67.9-77.0%, respectively, of the
healthy ranges. After 2 weeks of using the WSTi tape,
the mean mouth-opening ranges with and without
pain increased to 63.6-72.1% and 72.3-81.9%,
respectively, of the healthy values.

According to Collins et al. [17], a patient with a
baseline VAS score exceeding 30 mm would be
experiencing at least moderate pain and a baseline
VAS score more than 54 mm would indicate severe
pain. Theinitial mean VAS score of the presentsubjects
for pain intensity due to mandibular movements was
52.9-58.0 mm. Therefore, they would have been
experiencing severe TMD-related pain at the baseline.

In the Emshoff et al. [18] study, the mean VAS
score for pain intensity in patients with TMD at the
first clinical examination was 50.1 (22.2) mm and the
clinically significant change in the VAS score for pain

Table IIE, Comparnson of the improvement and non-improvement groups.

Variable Non-improvement group (2 = 11) Improvement group (r = 21} *

Pain duradon at the baseline {months) 26.3 (46.8) 13.0 (28.8) 0.325
Maximum mouth-opening range without pain {(mm}) 31.5 (10.2) 32.6 (8.3) 0.731
Maximum mouth-opening range with pain (mm) 40.8 (8.0) 38.5 (9.2} 0.480
Spontaneous pain intensity, VAS (mm) 21.6 (17.1) 21.2 {22.5) 0.959
Mouth-opening pain intensity, VAS (mm) 51.0 (24.4) 61.1 (27.3) 0.354
Chewing pain intensiry, VAS (mm) 45,1 (29.3) 54.9 (28.5) 0.367
LDF-TMDQ score 11,2 (4.0) 14.1 (3.7) 0.046

LDEF-TMDQ, temporcmandibular disorder-related limitation of daily functions questionnaire; VAS, visual analog pain scale.
*Paired -test,
Data represent means (SD).
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intensity at 12 week was —19.5 mm (—37.9%). In the
present study, the changes in the VAS scores for
mouth-opening and chewing pain intensities at
2 weeks were —18.1 mm (—37.9%) and —17.7 mm
(—33.5%), respectively. Despite these changes being
slightly smaller than the reported values, they are
clinically important given the shorter weatment
time. The decrease in the LDF-TMDQ score demon-
strates a significant improvement in daily function
after 2 weeks of using the WSTi tape.

Noteworthily, 24 of the subjects (75%) had reported
that their TMD-related pain was unchanged or worse
since the diagnosis, but21 subjects (65.6%) reported an
improvement in the pain status after using the WSTi
tape for 2 weeks. No significant differences in the
mouth-opening ranges with and without pain, pain
intensity, and pain duration at the baseline were seen
berween the improvement and the non-improvement
groups. Given the homogeneity of the groups at the
baseline, the reason for the lack of pain relief with the
WSTi tape in the non-improvement group is not clear.

Parafuncdonal habits such as sleep bruxism and
tooth contacting habit [19,20] are contributing factors
to TMD-related symptoms. Psychosocial factors such
as stress, anxiety and depressive mood increase such
habitual behaviors. Pingitore et al. [21] found that the
total score of life stress events was significantly and
positively correlated with bruxism in 125 dental
patients, Moreover, Kanehira et al. [22] reported that
stress was significantly correlated with parafuncrional
habits such as sleep bruxism and daytime clenching.
Daytime clenching also appears to be associated with
psychosocial factors [23]. Given the link between siress
and habital behaviors and TMD-related symptoms,
and the finding that titanium can decrease physiological
and psychological stress [11], the WSTitape used in the
presentstudymayhaveimproved TMD-related pain by
a favorable effect on mastdcatory muscle and TM]J
stiffness due to parafunctional habits.

In conclusion, the WSTI tape seems to have ben-
eficial effects on TMD-related pain and LDFs.
Although our report supports previous findings of
the analgesic propertes of WSTi, the underlying
mechanism remains unknown. The effect of the
WSTi tape on TMD-related pain should be investi-
gated in a double-blind, placebo-controlled trial.
Declaration of Interest: The aurthors report no
conflicts of interest. The authors alone are responsible
for the content and writing of the paper.
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