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to evaluate the efficacy of three splints
on patients with bruxism

Qun Lei"”", Dong Lin', Yuyu Liu', Kaijin Lin?, Wenxiu Huang' and Dong Wu'

Abstract

Objective Occlusal splints are always applied on individuals with bruxism to reduce tooth wear and relieve orofacial
symptoms such as myofascial pain. The stomatognathic system is mainly composed of tooth, occlusion, masticatory
muscles, and temporomandibular joint. The occlusion and masticatory muscles function are regarded as the impor-
tant parameters for evaluating the stomatognathic system state objectively. However, the effects of occlusal splints
on individuals with bruxism is rarely elucidated from accurate neuromuscular analysis and occlusion evaluation. The
aim of the present study was to estimate the effects of three different splints (two clinically common full coverage
occlusal splint and an modified anterior splint) on subjects with bruxism using K7-J5 neuromuscular analysis system
and Dental Prescale Il (DP2) to evaluate occlusion.

Methods Sixteen subjects claimed to be suffering from nocturnal bruxism,with complete dentition and stable
occlusal relationship, were selected for study.The intermaxillary space and the baselines of EMG-activity of the anterior
temporalis and masseter were recorded for all the subjects. The participants was treated with three different splints,
and outcomes were estimated by comfort index, occlusion and surface electromyography of anterior temporalis and
masseter.

Results At teeth clenched position, EMG data were significantly lower in the participants with use of modified ante-
rior splint than with hard, soft occlusal splint or without splint (p < 0.05). The maximum bite force and bite area occur
in subjects without use of splint, while the minimal occur in subjects with use of modified anterior splint. Intermaxil-
lary space increased and masticatory muscles presented significant reduction of EMG data at rest position as a result
of J5 (p<0.05).

Conclusion Modified anterior splint seems to be more comfortable and effective in reducing occlusion force and
electromyographic activity of anterior temporalis and masseter for subjects with bruxism.
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occurring in the waking state during the day is called
“day bruxism’, while the bruxism occurring in the uncon-
scious state of sleep at night is called “night bruxism”
Patients with bruxism is almost accompanied by greater
muscular tension and obvious tooth wear [1-3], espe-
cially in patients with night bruxism, and those who sleep
with them can often hear squeaky tooth grinding. Brux-
ism was originally thought to be a central nervous system
problem, associated with anxiety, tension, and the release
of stressful [4]. Recent studies have shown that bruxism
may be caused by a synergistic effect of multiple factors,
such as genetic factors [5], neuropsychological factors
(long-term anxiety and tension) [6, 7], physiological and
pathological factors (malocclusion, snoring, sleep disor-
der) [8—11], and bad lifestyle habits (smoking, alcohol-
ism, excessive caffeine intake) [12—-15].

Bruxism is harmful to body. For teeth, long-term grind-
ing or clenching habit will cause dentofacial morphology
of tooth hard tissue change, such as attrition, defect, and
forming thin wall and weak cusps, make tooth sensitive
and even get pulpitis. Thin wall and weak cusps formed
can then cause occlusal trauma. Occlusal trauma and
prolonged abnormal biting pressures will lead to crown
or root fractures, accelerate periodontal breakdown, such
as gingival atrophy, alveolar bone absorption, result-
ing in tooth mobility and displacement [16—18]. Severe
dental attrition can lead to orofacial dysfunction, such
as decreased vertical distance, temporomandibular joint
disorders, disc perforation, orofacial muscular pain, and
even restricted mouth opening [19-22]. Therefore, for
patients with bruxism, we need to take some measures to
protect oral and maxillofacial system.

The splint is one of the most commonly used remov-
able device for treating oral and maxillofacial system dis-
eases. It can change the bite touch state between upper
and lower teeth, adjust the position relationship between
the upper and lower jaw, improve temporomandibular
joint and masticatory muscle function. The occlusion
and masticatory muscles function are regarded as the
important parameters for evaluating the stomatognathic
system state objectively However, the effects of occlusal
splints on individuals with bruxism is rarely elucidated
from accurate neuromuscular analysis and occlusion
evaluation.

There are several types of splints. Reference the range
of the dentition covered, it can be divided into the part
and full coverage occlusal splint;according to materials, it
can be divided into hard and soft occlusal splint; based
on the therapeutic effect, it can be divided into stabili-
zation splint and repositioning splint. In this study, two
clinically common full coverage occlusal splint and an
modified anterior splint were selected to be used by par-
ticipants with bruxism for evaluating the clinical effects
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through subject feeling, accurate neuromuscular analysis
and occlusion evaluation.

Methods

Patient selection

This study was approved by the Biomedical Research Eth-
ics Committee of Stomatology Hospital of Fujian Medical
University, China. The informed consents were obtained
from all participation in the study prior to understand-
ing the aim of this investigation. The exclusion criteria
were as follows: (1) presence of neuromuscular disease,
(2) presence of mental disorders; (3) presence of heart
disease (3) presence of temporomandibular joint dis-
orders (clicking sounds in opening and closing, mouth-
opening limited, locking or luxation of the joint, pain in
temporomandibular joints). Sixteen subjects with com-
plete dentition, stable occlusal relationship, and age rang-
ing from 20 to 45 years old, were selected to participant
in this study. They claimed to be suffering from noctur-
nal bruxism for at least six months, the voice of clench-
ing and grinding teeth may be loud enough to bother the
person or sleep partner. During the time of the study,
other dental treatment was not proceed.

Occlusal splint design

Models for participant were prepared by using alginate
and hard plaster. A removable personalized well-fitting
hard and soft occlusal splint were fabricated for the
entire maxillary dentition of each subjects. a 1.5 mm-
thick thermoplastic hard occlusal splint, and 1.5 mm-
thick soft thermoplastic occlusal splint in upper model
were fabricated by vacuum pressure molding device with
an infrared heater. The modified anterior splint consists
of a 1.5 mm-thick thermoplastic partial hard occlusal
splint covering the anterior maxillary teeth and pala-
tine-side flat bite plate made of self-curing resin, which
only contacted with the lower incisor while biting. The
occlusal thickness of the flat bite plate is decided accord-
ing to free-way space (Fig. 1).

Comfort index (Numerical Rating Scale)

Numerical Rating Scale was used to assessed patient
comfort index on a scale from 0 to 10 (rating scale: 0, no
discomfort; 1-3, mild discomfort; 4—6, moderate dis-
comfort; 7—10,severe discomfort). Patient were asked to
record the NRS for every splint after putting on three
different splints in the maxilla and exercise the occlusal
function for 10 min.

Electromyographic detection

Surface electromyography (EMG) recordings were per-
formed using the Cranio-Mandibular K7 evaluation sys-
tem (Myotronics-Noromed, Inc., Tukwila, WA, USA)
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Fig. 1 Three different splints. A1, A2: soft occlusal splint; B1, B2: hard occlusal splint; C1, C2: modified anterior splint

with eight-channel high quality silver-silver chloride
surface electrodes. After cleaned with alcohol and dry,
self-adhesive EMG electrodes were applied to the center
of the bilateral anterior temporal muscles and masseter
with the tip of each electrode parallel to the muscle fib-
ers. Participants were asked to sit on a chair with their
back upright, uncrossed arms and legs, and natural head
position in a relaxed state during recording EMG [23].
Measurements and data analyses were performed by a
single examiner. Fifteen-second data of the EMG record-
ings expressed in pV were recorded during each of the
following situations: (1) without splint at rest position
before J5 Myomonitor transcutaneous electrical nerve
stimulation treatment: participants were not installed on
splint with mandible at rest and teeth separated before J5
Myomonitor transcutaneous electrical nerve stimulation
treatment; (2) without splint at maximum intercuspation
position: subjects clenched their teeth at maximum inter-
cuspation position without splint; (3) with soft occlusal
splint at the maximum intercuspation position: partici-
pants were installed on soft occlusal splint with teeth
clenched at maximum intercuspation position; (4) with
hard occlusal splint at maximum intercuspation position:
participants were installed on hard occlusal splint with
teeth clenched at maximum intercuspation position; (5)
with modified anterior splint at maximum intercuspation
position: participants were installed on modified ante-
rior splint with teeth clenched at maximum intercuspa-
tion position; (6) without splint at rest position after J5

Myomonitor transcutaneous electrical nerve stimulation
treatment: participants were not installed on splint with
mandible at rest and teeth separated after J5 Myomonitor
transcutaneous electrical nerve stimulation treatment.

Occlusal force evaluation with Dental Prescale 1l (DP2)

The bite forces at the maximum intercuspation posi-
tion were estimated by accurate quantifiable comput-
erized occlusal analysis systems Dental Prescale II
(DP2, GC Corp., Tokyo, Japan), which were used to
compare maximum occlusal force change before and
after three different occlusal splints applied to sub-
jects. After familiar with the measurement procedure
and instructions, the sensor was inserted in the par-
ticipants mouths aligned centrally with the midline
of the upper incisor and then they were instructed to
bite with maximum biting force at maximum intercus-
pation. In bite force estimation by Dental Prescale II,
they were asked to bite on sensor the pressure-sensi-
tive film to reach maximally clench for about 3 s, then
the films were scaned and analysed by a color image
scanner analyzer (Bite Force Analyzer; GC, Tokyo,
Japan), which was used to estimate the bite force (N)
and bite area (mm?) before and after use of occlusal
splints. There was an interval for relaxation between
each recording. The next measurement was conducted
after muscle strength returns to normal and subjects
self-reported that there was no discomfort or fatigue.
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Intermaxillary space before and after J5 Myomonitor
transcutaneous electrical nerve stimulation (TENS)

Before the J5 Myomonitor TENS application, the inter-
maxillary space, baseline EMG activity at rest position,
EMG activity with three different splints or without
splints at teeth clenched position were recorded for all
the subjects. For record the intermaxillary space, one
point on the tip of the nose and the chin were marked, the
distance between two points at rest position and maxi-
mum intercuspation position were measured using a cali-
per. The difference between the two data was regarded as
the intermaxillary space before TENS. After intermaxil-
lary space, baseline EMG activity, and EMG activity with
three different splints were recorded, J5 Myomonitor
TENS Unit device were applied (Myotronics-Noromed,
Inc., Tukwila, WA, USA). According to the instructions,
two active electrodes (anodes) from channel A were
placed anterior to the tragus on both sides, and the third
electrode (cathode) on the midline of the neck, below
the hairline, while two active electrodes (anodes) from
channel B were positioned on trapezius, and the third
electrode (cathode) on the neck right below the previous
electrode from channel A.40 min muscle relaxation from
TENS were performed, then the intermaxillary space and
EMG activity were remeasured again and recorded as the
data after TENS.

Statistical methods

The data were expressed as Mean =+ SD. Statistical analy-
ses were performed using software program (IBM SPSS
Statistics, v25.0; IBM Corp). One-way analysis of vari-
ance (ANOVA) and Friedman M comparisons were used
to compare participants without splints and with three
different splints. A p-value of<0.05 was considered sta-
tistically significant.

Results

Comfort index (Numerical Rating Scale)

In terms of comfort, subjects with use of hard occlusal
splint reported worse discomfort compared with sub-
jects with use of soft occlusal splint and modified ante-
rior splint (hard occlusal splint vs soft occlusal splint:
3.38+1.02 vs 1.63+0.72], P<0.05; hard occlusal splint vs
modified anterior splint: 3.38+1.02 vs 2+0.73, P<0.05).
No statistically significant differences with use of soft
occlusal splint were found compared with use of modi-
fied anterior splint (1.63 +£0.72vs 2+0.73, P> 0.05).

Electromyographic detection

Electromyographic activity from masseter muscle at
teeth clenched position were compared in participants
with three different splints and without splint. EMG data
were significantly lower in the participants with modified
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anterior splint than with hard, soft occlusal splint or
without splint (p <0.05). There was no significant differ-
ence in participants with use of hard occlusal splint, soft
occlusal splint and without splint in terms of EMG values
for masseter (p>0.05) (Fig. 2) (Table 1).

The EMG values of anterior temporal muscle in sub-
jects with hard occlusal splint, soft occlusal splint, and
without occlusal splint were significantly higher than
with use of the modified anterior splint at teeth clenched
position (p<0.05). There was no statistically significant
difference in the EMG data for the participants with use
of hard occlusal splint, soft occlusal splint and without
splint (p >0.05) (Fig. 2) (Table 1).

Occlusal force evaluation with Dental Prescale Il (DP2)
From the presented data, it can be seen that the maxi-
mum bite force and bite area occurred in subjects with-
out use of splint , while the minimal bite force and bite
area occurred in subjects with use of modified anterior
splint. Bite force and bite area in subjects with use of
hard occlusal splint were greater compared with use of
soft occlusal splint (Table 2) (Fig. 3).

Intermaxillary space and electromyographic activity at rest
position pre/post-treatment by J5 TENS

The result of intermaxillary space and EMG level of ante-
rior temporal muscle and masseter pre/post-treatment
by J5 TENS were presented in Table 3, which showed the
effect of J5 TENS on participants were: 1) muscle activity
of the anterior temporalis and masseter reduced during
mandible at resting posture after J5 TENS; 2) intermaxil-
lary space increased during mandible at resting posture
after J5 TENS.

Discussion

Bruxism is very harmful, but the cause is not clear, so the
current treatment methods are diverse [24, 25], including
psychotherapy, pharmacological therapy [26-28], bio-
feedback [29, 30], occlusal repositioning, etc. Occlusal
repositioning includes irreversible occlusal therapy
(orthodontic therapy, dental prosthesis, occlusal adjust-
ment) and reversible occlusal therapy (intraoral occlusal
splint therapy). Among them, occlusal splint application
is recommended as the first choice for bruxism treatment
because of its low trauma, effective relieving orofacial
symptoms and reduction of the complications occur-
rence [31-34].

There are different types of splints. Accoding to the
range of the dentition covered, it can be divided into
the part and full coverage occlusal splint. A full cover-
age occlusal splint with complete tooth contacts can help
to avoid direct contact between upper and lower teeth
or implant, acts as a stress relaxer to ameliorate the
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Fig. 2 Electromyographic detection at teeth clenched position and rest position. A Electromyographic detection at teeth clenched position with
use of modified anterior splint. B Electromyographic detection at teeth clenched position with use of soft occlusal splint. C Electromyographic
detection at teeth clenched position without splint. D Electromyographic detection at teeth clenched position with use of hard occlusal splint. E
Electromyographic detection at teeth rest position before J5 TENS. F Electromyographic detection at teeth rest position after J5 TENS

extra excessive overload generated due to bruxism, cre-
ate a physiological function adaptive change, form a
new biomechanical equilibrium between the generated
occlusal forces and the physiological loading [35], reduce
the tooth wear. Keskinruzgar et al. found hard occlusal
splint treatments significantly decreased muscle pain
and increased mouth opening in individuals with sleep
bruxism [36]. Sriharsha et al. reported the soft occlusal
splint chould decrease cortisol levels to reduce the stress
levels of individuals with sleep bruxism [37], and reduce
pain caused by nocturnal bruxism on muscle and TM]
[38]. Akat et al. assessed the full coverage hard occlusal
splint and soft occlusal splint on masseter and temporal
muscle activity, thickness, and length in patients with
bruxism by ultrasonographic and electromyographic.
They found EMG values of masseter and temporal mus-
cle in group with hard occlusal or soft occlusal were sig-
nificantly lower after treatment than before treatment.
(»<0.05). In the masseter, there was a significant length
changes occurred after hard occlusal splint treatment
[39]. Abe et al. research demonstrated the occlusal splint
can induce the reduction in rhythmic masticatory muscle
activity related to sleep bruxism and the comfort of the

occlusal splint may influence sleep quality in individu-
als with sleep bruxism [40]. In our study, more patients
preferred soft splint and modified anterior splint to hard
splint in terms of comfort.

The stomatognathic system is mainly composed of the
teeth, occlusion, masticatory muscles, and temporoman-
dibular joint. A harmonious and stable relationship under
the control of peripheral and central nervous system
contributes to stomatognathic system health, once the
interrelationship is disrupted, periodontal disease, tem-
poromandibular joint disorder, and masticatory muscle
pain, limitation of jaw movement may develop. Occlusion
refers to the contact between the teeth, while occlusion
force is defined as the forces exercised by the masticatory
muscle to teeth. In clinical practices, masticatory muscles
function and occlusal force are important parameters for
evaluating the stomatognathic system state objectively
(41, 42].

K7-J5 neuromuscular analysis system (Myotronics-
Noromed, Inc., Tukwila, WA, USA) mainly consists of
two parts: K7 EMG electromyography recorder and J5
Myomonitor transcutaneous electrical nerve stimulation
(TENS). K7 can automatically detect bilateral masseter
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Fig. 3 Occlusal force evaluation at teeth clenched position. A Occlusal force evaluation at teeth clenched position with use of modified anterior
splint. B Occlusal force evaluation at teeth clenched position with use of soft occlusal splint. C Occlusal force evaluation at teeth clenched position
without splint. D Occlusal force evaluation at teeth clenched position with use of hard occlusal splint

and temporal muscle, and calculate the mean value of
the electromyographic intensity in 15 s. Precise measure-
ment of bilateral masseter and temporal muscle at rest
and other functional states. In our study,compared to
with hard occlusal splint, soft occlusal splint or without

splint, the reduction of masseter and temporal muscle
activity were observed in records with tooth clenched as
a result of subjects with modified anterior splint. J5 Myo-
monitor TENS is the latest product in the Myo-monitor
family to promote muscle relaxation and relieve spasm. It

Table 3 Intermaxillary space and electromyographic activity at rest position pre/post-treatment by J5 TENS

J5TENS Intermaxillary space Anterior temporal muscle Masseter
(Mean +SD) (Mean £SD) (Mean £ SD)

Left Right Left Right
before J5 2.18+061 3.08+0.78 295+0.85 246+0.99 236+1.12
after J5 3.82+086 1.04+ 044 1.18+043 1.09+038 1.14+0.22
P <0.05 <0.05 <0.05 <0.05 <0.05
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can provide two stimulation channels, Channel A mainly
acts on the fifth and seventh pairs of cranial nerves to
promote the relaxation of facial muscles, while channel B
mainly acts on the shoulder muscles to restore the head
to a normal postural position. Repetitive depolarized
masticatory muscles and shoulder muscles, direct mus-
cles to perform rhythmical contractions, promote blood
circulation and metabolism. It is recommended that
40 min is the ideal time for healthy subjects and patients
with masticatory system disorders to obtain sufficient
muscle relaxation [43].

Once excessive occlusal pressure are imposed on teeth,
tactile discrimination of a tooth derived from periodontal
mechanoreceptors enable the self-protection mode and
induce negative feedback on the activity of the muscles.
However, periodontal ligaments of posterior tooth were
compressed by prolonged excursive tooth contact dur-
ing functional or parafunctional mandibular movements,
afferent mechanoreceptors would leads to excess con-
tractions in masticatory muscles. Therefore, prolonged
occlusal surface engagement adds on excessive muscle
contractions to the baseline contractions, which result
in clinical appearance of muscular hyperactivity and
symptoms of mandibular dysfunction [44]. In this study,
results indicated that J5 TENS treatment could effectively
reduce the electromyographic activity of masseter and
temporal muscle in subjects with bruxism, and increase
the intermaxillary space at mandible rest position.

Various materials and methods have been used to
determine the location of occlusal contacts and the size
of occlusal force for years. Conventional bite registra-
tion technology for analyzing occlusion in clinic pri-
marily includes the use of articulating papers, occlusion
wax,and shim-stock foil,which are unable to quantify
occlusal contacts. Articulating paper and shim-stock
foil can only provide the occlude contact by the mark
in paper, and provide relatively bite force and contact
area by the depth of the color and mark. Correction
of occlude contact relies on dentist’s interpretation
of paper marks and patients occlusal feel feedback.
Saliva, moisture in the oral cavity, material and thick-
ness of the paper will influence the accuracy of marks.
Therefore, above methods lacks objective accuracy, reli-
ability, and reproducibility [45]. In order to overcome
these limitations and provide more accurate and reli-
able occlusal relationship and occlusal force, digital
quantifiable occlusal indicators have been developed,
which can be used to objectively present relative or real
quantitative occlusal forces. The common quantitative
occlusal indicators used in clinic include Piezoelec-
tric transducer (T-scan), Pressure sensitive film (Den-
tal Prescale), Strain gauge transducer (Dentoforce2),
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Piezoresistive transducer (Flexiforce) and Pressure
transducer (GM10) [46]. T-scan can provide relative
occlusal force by presenting the percentage of the bite
force compared to the maximal occlusal force, while the
Dental Prescale II can quantify, record occlusal force
and bite area, and compare the difference among dif-
ferent situation. In our study, the minimal bite force
and bite area occurred in subjects with use of modified
anterior splint, compared with three other situations.

Conclusion

The results of this study present significant differences
in occlusal evaluation between subjects without splint
and with use of three different types of occlusal splints
(hard, soft, and modified anterior splint). Occlusal
splint may be beneficial for reducing bite force and
area on teeth. Compared to hard and soft splint, modi-
fied anterior splint seems to be more comfortable and
effective in both reducing occlusion force and surface
electromyographic activity of anterior temporalis and
masseter for subjects with bruxism. However, fur-
ther studies are needed to prove the long-term effective-
ness of modified anterior splint for treatment of bruxism.

Acknowledgements
Not applicable.

Authors’ contributions

QL, DW, WXH and KJL conceived and designed the study. QL and DL analyzed
and interpreted the experimental data. QL and YYL reviewed and edited the
manuscript. All authors read and approved the final manuscript.

Funding
This work was supported by Natural Science Foundation of Fujian Province
[2019J05086] and Fujian Provincial Health Commission [2020GGA059].

Availability of data and materials
The data used and analysed during the current study are available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study is carried out in accordance with relevant guidelines and regula-
tions. The informed consent and ethical approval was approved by the
Research Ethics Committee of School and Hospital of Stomatology, Fujian
Medical University.

Consent for publication
Not applicable.

Competing interests

The authors declare no competing interests.

Received: 14 April 2023 Accepted: 14 May 2023
Published online: 25 May 2023



Lei et al. BMC Oral Health

(2023) 23:325

References

1.

Vladutu DE, lonescu M, Mercut R, et al. Ecological Momentary Assess-
ment of Masseter Muscle Activity in Patients with Bruxism. Int J Environ
Res Public Health. 2022; 20. https://doi.org/10.3390/ijerph20010581.
Lobbezoo F, Ahlberg J, Glaros AG, et al. Bruxism Defined and Graded: An
International Consensus. J Oral Rehabil. 2013;40:2—4. https://doi.org/10.
1111/joor.12011.

Vavrina J, Vavrina J. Bruxism: Classification, Diagnostics and Treatment.
Praxis. 2020;109:973-8. https://doi.org/10.1024/1661-8157/a003517.
Goldstein G, DeSantis L, Goodacre C. Bruxism: Best Evidence Consensus
Statement. J Prosthodont. 2021;30:91-101. https://doi.org/10.1111/jopr.
13308.

Caivano T, Felipe-Spada N, Roldan-Cubero J, Tomas-Aliberas J. Influence
of Genetics and Biopsychosocial Aspects as Etiologic Factors of Bruxism.
Cranio. 2021;39:183-5. https://doi.org/10.1080/08869634.2021.1904181.
Fluerasu MI, Bocsan IC, Tig I, lacob SM, Popa D, Buduru S. The Epidemiol-
ogy of Bruxism in Relation to Psychological Factors. Int J Environ Res
Public Health. 2022; 19. https://doi.org/10.3390/ijerph19020691.
Boscato N, Exposto F, Nascimento GG, Svensson P, Costa YM. Is Bruxism
Associated with Changes in Neural Pathways? A Systematic Review and
Meta-Analysis of Clinical Studies Using Neurophysiological Techniques.
Brain Imaging Behav. 2022;16:2268-80. https://doi.org/10.1007/
511682-021-00601-w.

Ribeiro-Lages MB, Martins ML, Magno MB, Masterson Ferreira D, Tavares-
Silva CM, Fonseca-Gongalves A, Serra-Negra JM, Maia LC. Is there Associa-
tion Between Dental Malocclusion and Bruxism? A Systematic Review
and Meta-Analysis. J Oral Rehabil. 2020;47:1304-18. https://doi.org/10.
1111/joor.12971.

Poluha RL, Canales GDLT, Bonjardim LR, Conti PCR. Oral Behaviors, Brux-
ism, Malocclusion and Painful Temporomandibular Joint Clicking: Is there
an Association? Braz Oral Res. 2021; 35:€90. https://doi.org/10.1590/1807-
3107bor-2021.vol35.0090.

Wetselaar P, Manfredini D, Ahlberg J, Johansson A, Aarab G, Papagianni
CE, Reyes Sevilla M, Koutris M, Lobbezoo F. Associations Between Tooth
Wear and Dental Sleep Disorders: A Narrative Overview. J Oral Rehabil.
2019;46:765-75. https://doi.org/10.1111/joor.12807.

. Huang Z, Aarab G, Chattrattrai T, Su N, Volgenant CMC, Hilgevoord

AAJ, de Vries N, Lobbezoo F. Associated Factors of Primary Snoring and
Obstructive Sleep Apnoea in Patients with Sleep Bruxism: A Question-
naire Study. J Oral Rehabil. 2022;49:970-9. https://doi.org/10.1111/joor.
13354,

Goldstein G, Goodacre C, MacGregor K. Occlusal Vertical Dimension: Best
Evidence Consensus Statement. J Prosthodont. 2021,30:12-9. https://doi.
org/10.1111/jopr.13315.

Frosztega W, Wieckiewicz M, Nowacki D, Michalek-Zrabkowska M, Poreba
R, Wojakowska A, Kanclerska J, Mazur G, Martynowicz H. Polysom-
nographic Assessment of Effects of Tobacco Smoking and Alcohol
Consumption On Sleep Bruxism Intensity. J Clin Med. 2022; 11. https://
doi.org/10.3390/jcm11247453.

Bertazzo-Silveira E, Kruger CM, Porto De Toledo |, Porporatti AL, Dick B,
Flores-Mir C, De Luca Canto G. Association Between Sleep Bruxism and
Alcohol, Caffeine, Tobacco, and Drug Abuse: A Systematic Review. J Am
Dental Assoc (1939). 2016; 147:859-866. https://doi.org/10.1016/j.adaj.
2016.06.014.

Badel T, Savi¢ PI, Kocijan LS, Zadravec D, Ani¢ MS, Carek A. Alcohol Abuse
in the Dental Patient and Temporomandibular Disorder Caused by
Trauma. Psychiat Danub. 2021;33:649-55.

Nakayama R, Nishiyama A, Shimada M. Bruxism-Related Signs and
Periodontal Disease: A Preliminary Study. Open Dent J. 2018;12:400-5.
https://doi.org/10.2174/1874210601812010400.

Bilgin Cetin M, Sezgin Y, Maras E, Cebeci IA. Association of Probable Brux-
ism with Periodontal Status: A Cross-Sectional Study in Patients Seeking
Periodontal Care. J Periodontal Res. 2021; 56:370-378. https://doi.org/10.
1111/jre.12829.

LT Thayer M, Ali R. The Dental Demolition Derby: Bruxism and its Impact
- Part 1: Background. Brit Dent J. 2022; 232:515-521. https://doi.org/10.
1038/541415-022-4143-8.

Lee Y. Relationship Analogy Between Sleep Bruxism and Temporo-
mandibular Disorders in Children: A Narrative Review. Children (Basel,
Switzerland). 2022; 9. https://doi.org/10.3390/children9101466.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

Page 10 of 11

Ahci S, Bal B, Benbir-Senel G, Karadeniz D, Oral K. Polysomnographic Char-
acteristics of Sleep-Related Bruxism: What are the Determinant Factors for
Temporomandibular Disorders? Cranio. 2022;40:544-50. https://doi.org/
10.1080/08869634.2021.2014167.

Turcio K, Neto CM, Pirovani B, Dos Santos D, Guiotti A, Bertoz AM, Brandini
D. Relationship of Bruxism with Oral Health-Related Quality of Life and
Facial Muscle Pain in Dentate Individuals. J Clin Exp Dent. 2022;14:385-9.
https://doi.org/10.4317/jced.59255.

Bahammam HA. Validation of Sleep Bruxism Questionnaire Toward the
Experience of Jaw Pain and Limitation of Jaw Movement in Saudi Arabian
Adolescents. Cureus J Med Sci. 2022; 14:e26120. https://doi.org/10.7759/
cureus.26120.

Nakamura K, Minami |, Wada J, lkawa Y, Wakabayashi N. Head Position
Affects the Direction of Occlusal Force During Tapping Movement. J Oral
Rehabil. 2018;45:363-70. https://doi.org/10.1111/joor.12618.

Minakuchi H, Fujisawa M, Abe Y, lida T, Oki K, Okura K, Tanabe N, Nishiyama
A. Managements of Sleep Bruxism in Adult: A Systematic Review. Japan
Dent Sci Rev. 2022;58:124-36. https://doi.org/10.1016/},jdsr.2022.02.004.
Hardy RS, Bonsor SJ. The Efficacy of Occlusal Splints in the Treatment of
Bruxism: A Systematic Review. J Dent. 2021; 108:103621. https://doi.org/
10.1016/jjdent.2021.103621.

Agren M, Sahin C, Pettersson M. The Effect of Botulinum Toxin Injec-

tions On Bruxism: A Systematic Review. J Oral Rehabil. 2020;47:395-402.
https://doi.org/10.1111/joor.12914.

Diracoglu D, Sahbaz T, Alptekin K, Dogan N. Effects of Ultrasound-Assisted
Botulinum Neurotoxin-a Injection in Patients with Bruxism and Masseter
Hypertrophy. Turk J Ph Med Rehab. 2021;67:351-6. https://doi.org/10.
5606/tftrd.2021.6288.

Pardo NB, Kerstein RB, Junior MC, Ferreira LS, Abrahdo M. Botulinum Toxin
Type a for Controlling Bruxism Assessed with Computerized Occlusal
Analysis: A Pilot Study. Cranio. 2022;40:207-16. https://doi.org/10.1080/
08869634.2020.1724458.

Bergmann A, Edelhoff D, Schubert O, Erdelt K, Pho DJ. Effect of Treatment
with a Full-Occlusion Biofeedback Splint On Sleep Bruxism and Tmd Pain:
A Randomized Controlled Clinical Trial. Clin Oral Invest. 2020;24:4005-18.
https://doi.org/10.1007/500784-020-03270-z.

Gao J, Liu L, Gao P, Zheng Y, Hou W, Wang J. Intelligent Occlusion
Stabilization Splint with Stress-Sensor System for Bruxism Diagnosis and
Treatment. Sensors (Basel, Switzerland). 2019; 20. https://doi.org/10.3390/
520010089.

Sutthiboonyapan P, Wang H. Occlusal Splints and Periodontal/Implant
Therapy. J Int Acad Periodontol. 2019;21:45-50.

Kashiwagi K, Noguchi T, Fukuda K. Effects of Soft Occlusal Appliance
Therapy for Patients with Masticatory Muscle Pain. J Dent Anesthes Pain
Med. 2021;21:71-80. https://doi.org/10.17245/jdapm.2021.21.1.71.

Silva CAGD, Grossi ML, Araldi JC, Corso LL. Can Hard and/Or Soft Occlusal
Splints Reduce the Bite Force Transmitted to the Teeth and Temporoman-
dibular Joint Discs? A Finite Element Method Analysis. Cranio. 2020:1-8.
https://doi.org/10.1080/08869634.2020.1853464.

Dalewski B, Kamiriska A, Kiczmer P, Wegrzyn K, Patka A, Janda K,
Sobolewska E. Pressure Algometry Evaluation of Two Occlusal Splint
Designs in Bruxism Management-Randomized, Controlled Clinical Trial. J
Clin Med. 2021; 10. https://doi.org/10.3390/jcm10112342.

Gholampour S, Gholampour H, Khanmohammadi H. Finite Element
Analysis of Occlusal Splint Therapy in Patients with Bruxism. BMC Oral
Health. 2019;19:205. https://doi.org/10.1186/512903-019-0897-z.
Keskinruzgar A, Kucuk AQO, Yavuz GY, Koparal M, Caliskan ZG, Utkun M.
Comparison of Kinesio Taping and Occlusal Splint in the Management

of Myofascial Pain in Patients with Sleep Bruxism. J Back Musculoskelet.
2019;32:1-6. https://doi.org/10.3233/BMR-181329.

Sriharsha P, Gujjari AK, Dhakshaini MR, Prashant A. Comparative Evalua-
tion of Salivary Cortisol Levels in Bruxism Patients Before and After Using
Soft Occlusal Splint: An in Vivo Study. Contemp Clin Dent. 2018;9:182-7.
https://doi.org/10.4103/ccd.ccd_756_17.

Kolcakoglu K, Dogan S, Tulga Oz F, Aydinbelge M. A Comparison of Hard
and Soft Occlusal Splints for the Treatment of Nocturnal Bruxism in
Children Using the Bitestrip®. J Clin Pediatr Dent. 2022;46:219-24. https:/
doi.org/10.17796/1053-4625-46.3.8.

Akat B, Goriir SA, Bayrak A, Eren H, Eres N, Erkcan Y, Kiligarslan MA, Orhan
K. Ultrasonographic and Electromyographic Evaluation of Three Types of
Occlusal Splints On Masticatory Muscle Activity, Thickness, and Length


https://doi.org/10.3390/ijerph20010581
https://doi.org/10.1111/joor.12011
https://doi.org/10.1111/joor.12011
https://doi.org/10.1024/1661-8157/a003517
https://doi.org/10.1111/jopr.13308
https://doi.org/10.1111/jopr.13308
https://doi.org/10.1080/08869634.2021.1904181
https://doi.org/10.3390/ijerph19020691
https://doi.org/10.1007/s11682-021-00601-w
https://doi.org/10.1007/s11682-021-00601-w
https://doi.org/10.1111/joor.12971
https://doi.org/10.1111/joor.12971
https://doi.org/10.1590/1807-3107bor-2021.vol35.0090
https://doi.org/10.1590/1807-3107bor-2021.vol35.0090
https://doi.org/10.1111/joor.12807
https://doi.org/10.1111/joor.13354
https://doi.org/10.1111/joor.13354
https://doi.org/10.1111/jopr.13315
https://doi.org/10.1111/jopr.13315
https://doi.org/10.3390/jcm11247453
https://doi.org/10.3390/jcm11247453
https://doi.org/10.1016/j.adaj.2016.06.014
https://doi.org/10.1016/j.adaj.2016.06.014
https://doi.org/10.2174/1874210601812010400
https://doi.org/10.1111/jre.12829
https://doi.org/10.1111/jre.12829
https://doi.org/10.1038/s41415-022-4143-8
https://doi.org/10.1038/s41415-022-4143-8
https://doi.org/10.3390/children9101466
https://doi.org/10.1080/08869634.2021.2014167
https://doi.org/10.1080/08869634.2021.2014167
https://doi.org/10.4317/jced.59255
https://doi.org/10.7759/cureus.26120
https://doi.org/10.7759/cureus.26120
https://doi.org/10.1111/joor.12618
https://doi.org/10.1016/j.jdsr.2022.02.004
https://doi.org/10.1016/j.jdent.2021.103621
https://doi.org/10.1016/j.jdent.2021.103621
https://doi.org/10.1111/joor.12914
https://doi.org/10.5606/tftrd.2021.6288
https://doi.org/10.5606/tftrd.2021.6288
https://doi.org/10.1080/08869634.2020.1724458
https://doi.org/10.1080/08869634.2020.1724458
https://doi.org/10.1007/s00784-020-03270-z
https://doi.org/10.3390/s20010089
https://doi.org/10.3390/s20010089
https://doi.org/10.17245/jdapm.2021.21.1.71
https://doi.org/10.1080/08869634.2020.1853464
https://doi.org/10.3390/jcm10112342
https://doi.org/10.1186/s12903-019-0897-z
https://doi.org/10.3233/BMR-181329
https://doi.org/10.4103/ccd.ccd_756_17
https://doi.org/10.17796/1053-4625-46.3.8
https://doi.org/10.17796/1053-4625-46.3.8

Lei et al. BMC Oral Health

40.

41.

42.

43.

44,

45.

46.

(2023) 23:325

in Patients with Bruxism. Cranio. 2023;41:59-68. https://doi.org/10.1080/
08869634.2020.1820685.

Abe S, Huynh NT, Rompré PH, de Grandmont P, Landry-Schénbeck A,
Landry M, Kato T, Kawano F, Lavigne GJ. Sleep Quiality and Comfort
Reported by Sleep Bruxism Individuals Wearing the Occlusal Splint and
Mandibular Advancement Splint: Revisiting Two Crossover Studies. Int J
Prosthodont. 2022. https://doi.org/10.11607/ijp.7525.

Ikebe K, Matsuda K, Kagawa R, Enoki K, Okada T, Yoshida M, Maeda Y.
Masticatory Performance in Older Subjects with Varying Degrees of Tooth
Loss. J Dent. 2012;40:71-6. https://doi.org/10.1016/j,jdent.2011.10.007.
Kosaka T, Ono T, Kida M, et al. A Multifactorial Model of Masticatory Per-
formance: The Suita Study. J Oral Rehabil. 2016;43:340-7. https://doi.org/
10.1111/joor.12371.

Esclassan R, Rumerio A, Monsarrat P, Combadazou JC, Champion J,
Destruhaut F, Ghrenassia C. Optimal Duration of Ultra Low Frequency-
Transcutaneous Electrical Nerve Stimulation (Ulf-Tens) Therapy for Mus-
cular Relaxation in Neuromuscular Occlusion: A Preliminary Clinical Study.
Cranio. 2017;35:175-9. https://doi.org/10.1080/08869634.2016.1171479.
McDevitt WE, Warreth AA. Occlusal Contacts in Maximum Intercuspation
in Normal Dentitions. J Oral Rehabil. 1997,24:725-34. https://doi.org/10.
1046/j.1365-2842.1997.00596 X.

Qadeer S, Ozcan M, Edelhoff D, Van Pelt H. Accuracy, Reliability and Clini-
cal Implications of Static Compared to Quantifiable Occlusal Indicators.
Eur J Prosthodont Restor Dent. 2021;29:130-41. https://doi.org/10.1922/
EJPRD_2202Qadeer12.

Gu Y, BaiY, Xie X. Bite Force Transducers and Measurement Devices. Front
Bioeng Biotech. 2021; 9:665081. https://doi.org/10.3389/fbioe.2021.
665081.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 11 of 11

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1080/08869634.2020.1820685
https://doi.org/10.1080/08869634.2020.1820685
https://doi.org/10.11607/ijp.7525
https://doi.org/10.1016/j.jdent.2011.10.007
https://doi.org/10.1111/joor.12371
https://doi.org/10.1111/joor.12371
https://doi.org/10.1080/08869634.2016.1171479
https://doi.org/10.1046/j.1365-2842.1997.00596.x
https://doi.org/10.1046/j.1365-2842.1997.00596.x
https://doi.org/10.1922/EJPRD_2202Qadeer12
https://doi.org/10.1922/EJPRD_2202Qadeer12
https://doi.org/10.3389/fbioe.2021.665081
https://doi.org/10.3389/fbioe.2021.665081

	Neuromuscular and occlusion analysis to evaluate the efficacy of three splints on patients with bruxism
	Abstract 
	Objective 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Patient selection
	Occlusal splint design
	Comfort index (Numerical Rating Scale)
	Electromyographic detection
	Occlusal force evaluation with Dental Prescale II (DP2)
	Intermaxillary space before and after J5 Myomonitor transcutaneous electrical nerve stimulation (TENS)
	Statistical methods

	Results
	Comfort index (Numerical Rating Scale)
	Electromyographic detection
	Occlusal force evaluation with Dental Prescale II (DP2)
	Intermaxillary space and electromyographic activity at rest position prepost-treatment by J5 TENS

	Discussion
	Conclusion
	Acknowledgements
	References


