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Purpose: The aim of the present study was to compare the efficacy of an occlusal splint and botulinum

toxin for the treatment of bruxism.

Patients and Methods: Seventy-three patients with myofascial pain due to bruxism were included in

the present study. The patients were allocated into 3 groups. Group Awas treated with an occlusal splint,
group B was treated with botulinum toxin injections, and group C was treated with an occlusal splint and

botulinum toxin injections. The Temporomandibular Disorder Pain Screener, Graded Chronic Pain Scale,

Oral Behavior Checklist, Jaw Function Limitation Scale, and visual analog scale (VAS) by palpation of the

chewing muscles were administered to all patients before treatment and 6 months after treatment.

Results: The questionnaire and VAS scores decreased in all 3 groups (P < .0001). The VAS and question-

naire scores had decreased significantly in groups B and C compared with those in group A (mean VAS

score: group A, 5 [range, 3 to 7]; group B, 1.9 � 0.97; group C, 1.79 [range, 0 to 3]).

Conclusions: Occlusal splints might not be necessary for patients treated with botulinum toxin

injections.
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Temporomandibular disorders (TMDs) are musculo-

skeletal disorders that consist of clinical complaints
involving the temporomandibular joint (TMJ), muscles

of mastication, and related orofacial structures.1,2

Furthermore, temporomandibular disorders (TMDs)

can cause a very common pain in the orofacial

region without a dental origin.2,3 TMDs can be

intracapsular or extracapsular, or a combination of

both. The etiopathogenesis of myofascial pain is

multifactorial, and the exact cause is unknown.2 Myo-
fascial pain is muscle pain characterized by painful

trigger points induced by parafunctional habits,

posture disorders, and psychological and physical

environments.4 Bruxism is one of the major causes

of myofascial pain in themasticatorymuscles. Bruxism
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and myofascial pain are interrelated clinical condi-

tions. Bruxism consists of repetitive masticatory mus-
cle activities characterized by clenching or grinding

of the teeth.5 Myofascial pain is a complex term, and

its treatment is determined from the symptoms and

indications.4

The Research Diagnostic Criteria for Temporoman-

dibular Disorders (RDC/TMD) is the reference stan-

dard evaluation for the diagnosis and evaluation of

TMDs developed by Dworkin.6 RDC/TMD separates
TMDs into 3 physical diagnostic sections: 1) mastica-

tory muscle pain (‘‘myofascial TMD,’’ with or without

limited jaw opening); 2) TMJ disk displacement

(reducing or nonreducing, with or without limited

jaw opening), and 3) other joint conditions (eg,
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arthralgia, arthritis, and arthrosis).6,7 The RDC/TMD

standardizes the TMD diagnostic criteria and

treatment plan.8

Various options have been used to treat myofascial

pain and manage bruxism, including occlusal splint

therapy, behavioral treatments, transcutaneous electri-

cal nerve stimulation (TENS), trigger point injections,

ultrasound therapy, acupuncture, biofeedback, low
level laser therapy, tricyclic antidepressants, muscle

relaxants, and other drugs.4,9,10 Occlusal splint

therapy has been the reference standard for TMD

treatment.3 Occlusal splint therapy rearranges occlu-

sion, and it has been assumed that it alters the periph-

eral sensorial response of the masticatory muscles and

reduces intra-articular pressure.11 Although an

occlusal splint should be the first choice, other treat-
ment modalities can be performed for bruxism and

myofascial pain.3

Botulinum toxin (BTX) is a neurotoxin produced by

the Gram-positive anaerobic Clostridium botulinum.

BTX reversibly inhibits the release of acetylcholine

from the presynaptic terminal end of the neuromus-

cular junction.12,13 BTX has 7 serotypes. Serotype A

is a suitable and clinically used form owing to its
biological activity.2,14 Recently, an increasing number

of studies of BTX have demonstrated its therapeutic

effects in the treatment of myofascial pain due to

TMDs.4,15,16 BTX also prevents the release of

inflammatory mediators, substance P and glutamate.17

Although many methods are available to treat

bruxism, no clear consensus has been reached

regarding the most effective and useful treatment for
patients. The aim of the present study was to compare

the efficacy of an occlusal splint and BTX injections,

the two most commonly used methods.
Patients and Methods

A total of 173 patients were examined for myofascial

pain due to TMDs in the Department of Oral andMaxil-

lofacial Surgery, Faculty of Dentistry, Ankara University

from April to August 2018. The institutional ethical

committee approved the present study, which was

registered at ClinicalTrials.gov (ClinicalTrials.gov iden-
tifier, NCT03891121). All the patients provided writ-

ten informed consent before beginning the present

study, which was performed in accordance with the

Declaration of Helsinki.18 The patients were included

in the present randomized, single-blind, prospective

study in accordance with the CONSORT (Consoli-

dated Standards of Reporting Trials) statement19 and

3 examiners performed the present study.
Patients aged older than 18 years with chronic myo-

fascial pain for more than 6 months diagnosed using

the RDC/TMD guidelines were included in the present

study. The exclusion criteria were as follows: intracap-
sular TMD (disc displacement with or without reduc-

tion); a history of any treatment of bruxism; use of

aminoglycosides, penicillamine, quinine, or calcium

blockers; pregnancy or lactation; the presence of a

neuromuscular disorder (eg, orofacial tardive dyski-

nesia, Lambert-Eaton syndrome, myasthenia gravis),

rheumatoid arthritis, or TMJ osteoarthrosis with radio-

graphic signs; previous joint surgery; previous BTX
treatment; and an allergy to BTX-A.

The patients who had myofascial pain were exam-

ined and the diagnosis was determined using RDC/

TMD diagnostic category I by the first examiner

(M.E.Y.).20 The patients were allocated to 3 groups us-

ing a computer-generated randomization code, with

block randomization. The patient groups were as fol-

lows: group A was treated with an occlusal splint;
group B was treated with BTX injection; and group C

was treated with both an occlusal splint and BTX

injections.

The visual analog scale (VAS), TMD Pain Screener,

Graded Chronic Pain Scale, Oral Behavior Checklist

(OBC), and Jaw Function Limitation Scale (JFLS)

were administered to all patients before treatment

and 6 months after treatment by the third examiner
(K.T.S.). The patients’ pain was examined by palpation

of the chewing muscles, and the pain was marked

from 0 to 10 on the VAS before and after treatment.
Questionnaires

The TMD Pain Screener is a self-reported, simple,

and reliable questionnaire used to assess the presence

of any pain related to TMDs. The full version with 6

questions was used. The total score is from 0 to 7. If

the total score is between 0 and 3 points, no TMD is

present. If the total score is between 4 and 7, a TMD
is present.20,21

The Graded Chronic Pain Scale is a reliable, short

and valid tool that evaluates pain intensity and pain-

related disability with 7 questions. After scoring,

the scores can be classified into 5 grades. Grade

0 indicates no intensity or disability, grade 1 indicates

low intensity and low disability, grade 2 indicates high

intensity and low disability, grade 3 indicates high
intensity and moderately limiting disability, and grade

4 indicates high intensity and severely limiting

disability.22

The Jaw Function Limitation Scale evaluates the uni-

versal limitations on chewing, jaw mobility, and verbal

and emotional expression. The patient indicates the

level of limitation in these activities from 0 to 10.23,24

TheOral Behaviors Checklist evaluates the effects of
oral parafunctional habits on the masticatory system

and the frequency of these habits. The score is

summed from 21 items, with a total score available

from 21 to 105.25,26
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Occlusal Splint Therapy

Occlusal splints are appliances made of autopolyme-

rizing acrylic resin. They are usually applied to the up-

per jaw and designed to cover all the teeth. The splint

is produced using 2-mm thick hard acrylic between

the maxilla and mandible, as defined by Okeson.27 In

the centric relation position, the buccal cusp tips

and incisal edges should be in contact simultaneously
and canine protection should be present during eccen-

tric movements. The patients were instructed to wear

the occlusal splints 12 hours daily for 6 months. Pa-

tients returned back for follow-up visits 7 days,

3 months, and 6 months after splint insertion to check

whether they had been using the splint regularly.

When necessary, additional adjustments

were performed.

INJECTION TECHNIQUE

All the patients were informed of the possible side

effects of BTX injections, and all the patients provided

written informed consent before starting

the procedure.

We diluted 100-U of freeze-dried BTX-A (Botox, Al-

lergan, Inc., Irvine, CA) with 1.0 mL of sodium chlo-

ride, for a dose of 1.0 U/0.1 mL. We administered all
skin injections using a 1-in. 30-gauge needle. The pa-

tients were placed with the Frankfurt horizontal plane

parallel to the floor.

The skin areas were cleaned and dried with povi-

done iodine. Five points for the masseter muscle and

three points for temporalis muscle were marked (Fig

1).28,29 The posterior, upper, and lower limits of the

masseter muscle were determined for safety before
the injection. Before the injection, the patients were

instructed to clench their teeth to make the injection

sites more prominent, and the correct muscles were
FIGURE 1. Injection sites marked on the masseter muscle.
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determined. The needle was placed perpendicularly

to the skin. After aspiration, the injections were

gradually applied to minimize the spread of BTX-A to

the adjacent anatomical areas. The same maxillofacial

surgeon, the second examiner (A.M.T.), performed all

the injections. Each participant received 90 U of BTX-

A: 15 U into each temporalis muscle and 30 U into each

masseter muscle. After injection, 1 patient had an
asymmetric smiling side effect; therefore, we excluded

this patient from further analysis.

STATISTICAL ANALYSIS

The data were analyzed using SPSS for Windows,

version 17 (IBM Corp, Armonk, NY). The results

were recorded as frequencies, percentages and the

mean � standard deviation. P values < .05 were

considered statistically significant. The power analysis
revealed a probability of less than .05 with 95% power

for 73 patients in the present study. The significance of

the amount of change in the scores of the TMD-PS was

evaluated using McNemar’s test. The significance of

the difference between more than 2 independent

groups was evaluated using 1-way analysis of variance

and the Kruskal-Wallis test. The Mann-Whitney U test

was used to determine the significance of the differ-
ence in the mean values between the groups when 2

independent groups were present. Statistically signifi-

cant changes in the VAS, JFLS-8, and OBC-21 scores

were investigated using the Wilcoxon signed rank

test and dependent samples t test. However, Bonferro-

ni’s correction was performed to check for type I er-

rors in all possible multiple comparisons.

Results

Of the 173 patients initially considered for the study,

79 were excluded before randomization (71 did not

meet the inclusion criteria and 8 had declined to

participate). Thus, 94 patients were divided into 3

groups using block randomization. Those patients

who did not use the splint regularly (5 in group A

and 6 in group C) and those who had not participated

in the follow-up process (2 in group A, 7 in group B,
and 1 in group C) were excluded from the analysis.

A flow diagram of the study design is shown

in Figure 2.

None of the patients reported any adverse effects

related to the BTX injections or occlusal splint ther-

apy during or after the treatment period. A total of

73 patients completed the study. No significant differ-

ence was present in age (P = .949) or the gender dis-
tribution (P = .915) among the 3 groups (Table 1). A

statistically significant decrease was observed in the

TMD in all 3 groups (group A, P = .00006; group B,

P = .00003; and group C, P = .00002) using the

TMD-PS (Table 2). The distribution and proportion



FIGURE 2. Flow diagram of the study.

Yurttutan, T€ut€unc€uler Sancak, and T€uz€uner. Occlusal Splints or Botulinum Toxin for Bruxism. J Oral Maxillofac Surg 2019.

2434 OCCLUSAL SPLINTS OR BOTULINUM TOXIN FOR BRUXISM
of the patients before and after treatment using the

Graded Chronic Pain Scale are presented in Table 3.

No statistically significant differences before treat-

ment were found among the 3 groups according to

the VAS, JFLS-8, and OBC-21 scores (P = .9,

P = .602, and P = .534, respectively).
Table 1. DEMOGRAPHIC CHARACTERISTICS OF PATIENTS

Characteristic Group A (n = 25) Group B

Age (yr) 31 � 7.33 30.5 � 9

Gender

Female 16 (64) 15 (

Male 9 (36) 9 (

Note: Data presented as mean � standard deviation or n (%).
* One-way analysis of variance.
y Pearson c2 test.

Yurttutan, T€ut€unc€uler Sancak, and T€uz€uner. Occlusal Splints or Botulin
According to the VAS scores, a statistically signifi-

cant decrease occurred in all groups after treatment

(P < .0001). A statistically significant difference was

found after treatment between groups A and B

(P < .0001) and groups A and C (P < .0001). The differ-

ence between groups B and C was not statistically
(n = 24) Group C (n = 24) P Value

.95 30.2 � 8.63 .949*

.915y

62.5) 14 (58.3)

37.5) 10 (41.6)

um Toxin for Bruxism. J Oral Maxillofac Surg 2019.



Table 2. CHANGES IN TEMPOROMANDIBULAR DIS-
ORDER PAIN SCREENER SCORES

TMD-PS

Before Treatment After Treatment

P ValueP/A P/A

Group A 25 (100)/0 (0) 9 (36)/16 (64) .00006*y

Group B 24 (100)/0 (0) 2 (8.33)/22 (91.66) .00003*y

Group C 24 (100)/0 (0) 1 (4.16)/22 (95.84) .00002*y

Abbreviations: A, absence of temporomandibular disorders;
P, presence of temporomandibular disorders; TMD-PS,
Temporomandibular Disorder Pain Screener.
* McNemar’s test.
y Statistically significant.

Yurttutan, T€ut€unc€uler Sancak, and T€uz€uner. Occlusal Splints or
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significant (P = .471). The decrease in the VAS scores

before and after treatment were significantly different

among the 3 groups (P < .0001). The differences be-

tween groups A and B (P < .0001) and groups A and

C (P < .0001) were statistically significant. However,

the differences between groups B and C were not sta-
tistically significant (P = .638; Table 4).

According to the JFLS-8 scores, a statistically signifi-

cant decrease occurred in all 3 groups after treatment

(P < .0001). No statistically significant difference

was found among the 3 groups after treatment

(P = .105). When comparing the decrease in JFLS-8

scores before and after treatment, no significant

differences were found among the 3 groups
(P = .053; Table 4).

According to the OBC-21 scores, a statistically signif-

icant decrease was found in all 3 groups after treat-

ment (P < .0001). A statistically significant difference

was found after treatment between groups A and B

(P < .0001) and groups A and C (P = .0069). The differ-

ence between groups B and C was not statistically sig-

nificant (P = .888). The decrease in the OBC-21 scores
before and after treatment was significantly different
Table 3. CHANGES IN GRADED CHRONIC PAIN SCALE SCORE

Group

Before

G0 G1 G2 G3 G4

A 0 (0) 13 (52) 10 (40) 2 (8) 0 (0

B 0 (0) 13 (54.6) 10 (41.6) 1 (4.1) 0 (0

C 0 (0) 10 (41.6) 12 (50) 2 (8.3) 0 (0

Note: Data presented as n (%).
Abbreviations: G0, grade 0 (no intensity or disability); G1, grade 1

and low disability); G3, grade 3 (high intensity and moderately l
limiting disability).

Yurttutan, T€ut€unc€uler Sancak, and T€uz€uner. Occlusal Splints or Botulin
for all 3 groups (P < .0001). The differences between

groups A and B (P < .001) and groups B and C

(P < .001) were statistically significant. The difference

between groups B and C was not significant

(P = .223; Table 4).
Discussion

Bruxism causes increased muscular hyperactivity

and myofascial pain. Treatment of myofascial pain

related to bruxism aims to reduce the pain, replace

function, and improve patients’ quality of life in daily

activities. Many treatment options to improve the ef-

fects of bruxism have been reported. Conservative

methods have included the occlusal splint, which
has been the preferred and most used treatment. Phys-

ical therapy, acupuncture, stretching exercises, ultra-

sonography, behavioral therapy, low laser therapy,

and TENS are additional options for management of

myofascial pain due to bruxism.30 Invasive treatments

include acupuncture, dry needling, injection of a local

anesthetic or saline, and BTX injections.7 Although

many studies have been reported on the prevalence,
etiology, effects, and treatment of bruxism, no guide-

line or consensus treatment has been determined.

G€ul and Onal31 compared BTX injections, lidocaine

trigger point injections, and conservative treatment

methods such as TENS and laser treatments. They

found that BTX treatment yielded significantly more

positive results statistically than the other applied

treatments.31 In the present study, treatment with
BTX injection showed more improvement than treat-

ment with the occlusal splint alone.

The first step in TMD treatment is an accurate diag-

nosis. The RDC/TMD have been accepted for clinical

and research applications. In the development of a

diagnostic protocol, use of the RDC/TMD is important

to determine final diagnosis and evaluate the treat-

ment results and in the standardization of terms used
in reported studies.20,32 Kim et al.2 evaluated the ef-

fects of BTX treatment using the RDC/TMD in patients
S

After

G0 G1 G2 G3 G4

) 0 (0) 18 (72) 6 (24) 1 (4) 0 (0)

) 2 (8.3) 20 (83.3) 2 (8.3) 0 (0) 0 (0)

) 2 (8.3) 19 (79.16) 3 (12.5) 0 (0) 0 (0)

(low intensity and low disability); G2, grade 2 (high intensity
imiting disability); G4, grade 4 (high intensity and severely

um Toxin for Bruxism. J Oral Maxillofac Surg 2019.



Table 4. VISUAL ANALOG SCALE, JAW FUNCTION LIMITATION SCALE, AND ORAL BEHAVIOR CHECKLIST SCORES
BEFORE AND AFTER TREATMENT

Variable Before Treatment After Treatment P Value* Variation

VAS

Group A 8 (6-9) 5 (3-7) <.001yz �3 (�4 to �1)

Group B 7.83 � 1.12 1.9 � 0.97 <.001zx �5.91 (�8 to �3)

Group C 8 (6-9) 1.79 (0-3) <.001yz �6.20 (�8 to �4)

P value .900k <.0001zk <.0001zk

JFLS-8

Group A 19.4 (10-41) 11 (4-19) <.00001yz �8.44 (�30 to �3)

Group B 19.91 (9-39) 9.08 (2-19) <.00001yz �9.83 (�30 to �3)

Group C 18.2 (12-42) 8.95 (3-19) <.00001yz �9.25 (�23 to �4)

P value .602k .105k .053k

OBC-21

Group A 43 � 9.75 31.64 � 7.78 <.00001zx �11.36 � 3.65

Group B 44 � 8.79 26.2 � 6.3 <.00001zx �17.83 � 6.31

Group C 46 � 9.88 25.9 � 6.44 <.00001zk �20.12 � 6.14

P value .534* .008z <.00001zx

Note: Data presented as mean � standard deviation or mean (range).
Abbreviations: JFLS-8, Jaw Function Limitation Scale; NA, not applicable; OBC-21, Oral Behavior Checklist; VAS, Visual Analog

Scale.
* One-way analysis of variance.
y Wilcoxon signed rank test.
z Statistically significant.
x Dependent samples t test.
k Kruskal-Wallis test.

Yurttutan, T€ut€unc€uler Sancak, and T€uz€uner. Occlusal Splints or Botulinum Toxin for Bruxism. J Oral Maxillofac Surg 2019.
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with TMDs and bruxism. They observed significant

improvement in the results of the patients’ graded

pain score, characteristic pain intensity, disability

points, and chronic pain grade after treatment.2 In

the present study, the RDC/TMD was used to evaluate
participants and the effectiveness of treatments in a

standard, accurate fashion.

An occlusal splint will usually be used to prevent

the damage caused by bruxism, in addition to its thera-

peutic purpose.5 An occlusal splint provides a more

balanced and stable occlusion by improving the jaw–

muscle relationship. It also reduces interference and

the intra-articular pressure in the TMJ and allows the
condyle to be in the centric relation position.1,3

Although the occlusal splint is the reference standard

for the treatment of myofascial pain, it requires strict

compliance by the patient.8 Akbulut et al.32 reported

that patients who used a 3-mm-thick occlusal splint

did not observe a significant difference after 3 or

6 months. However, they reported significant improve-

ment in the TMD symptoms at the end of 12 months.32

In the present study, occlusal splint treatment was

proved useful after 6 months of regular use.

Patientswith bruxism can benefit from the effects of

BTX injections, which reduces muscle hyperactivity.33

BTX therapy is a powerful and valuable clinical tool for
the treatment of TMDs. It provides significant relief in

the treatment of bruxism-related TMD pain and re-

lieves the intensity and frequency of the pain.28 BTX

treatment has been approved by the Food and Drug

Administration for the treatment of strabismus and
blepharospasm. However, it has not been approved

for bruxism, although clinical trials are ongoing owing

to its efficacy in treating bruxism.17 The efficacy of

BTX treatment for bruxism and myofascial pain, first

described by Van Zandijcke and Marchau,34 has been

reported by many studies. However, most studies

were performed with comparisons against a saline

control group. Studies that included a saline control
group found that BTX therapy reduced myofascial

pain and improved patients’ complaints.5,13,17,35–37

Von Lindern et al.36 found significant improvement

in pain symptoms with BTX treatment in 90 patients

with myofascial pain who had not responded to con-

servative treatment. In the present study, in which

conservative occlusal splint treatment and BTX injec-

tions were applied together, the occlusal splint did
not contribute additional benefits to the BTX

injections.

The BTX effect is reversible; the effects of BTX

occur within 1 to 14 days, reach a maximum at

4 weeks, and start to decrease after 12 weeks.13,28
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The occlusal splint requires continuous and regular

use. In contrast, BTX therapy can be considered an

attractive option because it does not require patient

compliance, unlike the occlusal splint.38,39 In the

present study, occlusal splint therapy was effective

in the treatment of bruxism. However, more

improvement was observed in the groups that had

received BTX injections.
Bruxism is one of the most important risk factors for

myofascial pain, and the appropriate treatment op-

tions should be performed to prevent permanent dam-

age to the patient. Although BTX has not been proved

superior to other therapies for TMDs, it is a treatment

option with a good risk/benefit ratio. The occlusal

splint can be difficult to wear regularly and requires

long-term compliance. In contrast, BTX treatment re-
quires a short time commitment but is a long-acting

treatment. We found no study comparing occlusal

splints against BTX injections. According to the ques-

tionnaire results, pain reduction and relaxation in daily

activities were observed with occlusal splint therapy

and BTX injections.

BTX therapy could be preferred as an alternative to

conservative treatment modalities for bruxism owing
to the potential effect on muscle activity. However,

the high cost of the drug compared with other treat-

ments is a disadvantage. The limited number of studies

identified might have been, in part, because it is a new

therapeutic approach.40

The present study also had some limitations. First,

no placebo therapy such as a nonocclusal palatal splint

or saline injections were used. Second, no follow-up
data after 6 months were included. In future studies,

more than 6 months of follow-up data should be

included to improve the study results.

According to our findings, the use of an occlusal

splint will benefit patients, although BTX therapy

and combined occlusal splint and BTX therapy were

more effective. BTX therapy effectively improved

myofascial pain with or without the use of an occlusal
splint.
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