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Abstract Background/purpose: There is inconsistent evidence regarding whether the botuli-
num toxin A (BTA) injection can relieve pain caused by bruxism. This study aimed to estimate
the efficiency of BTA injection in relieving pain caused by bruxism at different follow-up pe-
riods.
Materials and methods: Five electronic databases were searched from 2005 to 2022 using
search terms related to botulinum toxin and bruxism. Only controlled clinical trials were
included. Two investigators reviewed each article and discussed any disagreements until a
consensus was reached. Pain outcomes as evaluated by the visual analogue scale (VAS) were
subjected to single-arm and Bayesian network meta-analyses. Pooling data were measured
by a random-effects model.
Results: Eleven studies with a total of 365 bruxism patients were included. According to the
single-arm analyses of the pooled data, the reduction in bruxism-related pain after BTA injec-
tion measured 4.06 points (95% CI Z 3.37 to 4.75) on the VAS, and the pain relief was signif-
icant in the first 6 months after treatment (P < 0.01). According to the Bayesian analysis, BTA
also resulted in significantly greater pain relief than oral splinting (mean difference
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(MD), �1.5; 95% credible interval (CrI) Z �2.7 to �0.19) or saline injection (MD, �3.3; 95%
CrI Z �6.2 to �0.32).
Conclusion: BTA significantly relieves the pain of bruxism for 6 months after injection, and its
therapeutic efficacy was higher than that of oral splinting. Nevertheless, further long-term
follow-up randomized controlled trials comparing BTA with other management or drugs are
warranted.
ª 2023 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

Bruxism is a type of abnormal muscle group activity that
causes a series of irregular mandible movements including
thrusting or bracing of the jaw as well as grinding or
clenching of the teeth.1 Bruxism is grouped into two cate-
gories based on its place in the circadian cycle: awake
bruxism (bruxism occurring during wakefulness) and sleep
bruxism (bruxism occurring during sleep). These abnormal
movements probably cause other disorders, such as func-
tional abnormalities in the temporomandibular joint,2 low-
quality sleep, headache,3 myofascial pain,4,5 and tooth
wearing due to overloading of the stomatognathic system.
Because of the above complications, pain symptoms have
become a major concern for bruxism patients.6 There is no
consensus on the aetiology of the bruxism. Some authors
believed that psychological factors, occlusal disturbances,
and abnormal morphology may increase the risk of bruxism,
but there is no conclusive evidence supporting these points
thus far.7 The prevalence of bruxism in the general popu-
lation is 22.1%e31.4,8 with a female predominance, and all
age groups are affected. Additionally, the more developed
the geographical location, the higher the incidence.9

For the treatment of bruxism, patients prefer relatively
conservative treatments, such as oral appliances,
cognitive-behavioural approaches and psychosocial in-
terventions, as they are noninvasive and cost little. How-
ever, there have not been sufficient studies to set a specific
guide for the bruxism management, and these interventions
require good compliance in order to be effective.10,11

Pharmacological approaches, such as botulinum toxin,
clonazepam, clonidine, propranolol and amitriptyline,12,13

are more effective and less dependent on compliance
than conservative treatments, but they require patients to
have no allergies or other stress reactions to these drugs
and are sometimes limited by contraindication to their
application. Surgical treatment for bruxism may be the
least acceptable option for both patients and doctors
because it can cause damage to the surrounding normal
tissues, and a series of strict indications must be met
before surgery is performed.

Botulinum toxin (BTA) was first found in poorly prepared
foods such as blood sausages and has been recognized as a
lethal substance for many centuries, causing painful,
secretory dysfunction, and unfavorable cosmetic
changes.14 Until 1981, BTA was applied therapeutically by
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injection into the external oculomotor muscles to correct
strabismus caused by neuromuscular disorder.15 Thereafter,
the perception of BTA changed completely when it was first
approved by the FDA for the clinical applications in 1989.16

In terms of composition sources, BTA is a type of endotoxin
secreted from the anaerobic botulinum, and it can reduce
muscle contraction by constraining the connectivity of
neuromuscular transmission.17 Therefore, some re-
searchers suggested that BTA could be used to manage
bruxism by alleviating contractions of masticatory muscles.
BTA has seven structurally similar but immunologically
distinct types, designated A, B, C, D, E, F and G subtypes
marked by the capitals, of which type A (BTA) is the most
widely used.

In this study, we performed a single-arm and Bayesian
network meta-analyse to evaluate the efficacy of BTA-A
injection in relieving the pain caused by bruxism. We hy-
pothesized that BTA-A injection could be a reliable and
stable means for managing bruxism at any follow-up
period. To our knowledge, this study is the largest to
date on this subject and the first undertaken to investigate
the therapeutic efficacy of BTA for pain relief in bruxism
via two analysis methods. This study allows us to under-
stand the potential therapeutic role of BTA in bruxism,
providing a reliable option for relieving the pain caused by
bruxism.
Materials and methods

Search process for literatures

A literature search was undertaken in the Web of Science,
Medline (PubMed), Embase and Cochrane Library databases
to identify full-text articles published from 2005 to 2022.
The search keywords mainly include: “Botulinum Toxins”
and “Bruxism”. There were no restrictions on the language
of publication. In addition, references of probably related
articles from the included studies were also screened. Each
specific step of the Web of Science and Medline search
processes are shown in the Supplement-Appendix as ex-
amples. Two investigators (the 1st and 2nd authors),
working independently, screened each abstract against the
inclusion criteria; disagreements resulted in inclusion at
this stage. Full-text records for the relevant abstracts were
retrieved, and each record was independently reviewed by
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2 investigators (the 1st and 2nd authors). Two investigators
then used standardized forms to extract the study
endpoints.

Inclusion and exclusion criteria

The inclusion criteria for the studies to be considered in this
study were as follows:

(1) Articles related to human clinical trials, including
observation studies, retrospective or prospective
randomized controlled trials (RCTs), and cohort
studies, that evaluated the efficacy of BTA injection
in relieving bruxism-related pain.

(2) Trials whose subjects were adults diagnosed as
bruxism.

(3) Outcomes recording muscle pain severity in patients
with bruxism at different follow-up periods after
management.

The exclusion criteria were as follows:

(1) Reviews or systematic reviews, meta-analysis, case
reports, and meeting abstracts;

(2) Trials involving animal subjects;
(3) Trials that did not report key data regarding pain

severity in bruxism.
Quality and risks-of-bias assessment for the
included articles

Quality and risks-of-bias assessments for the RCTs were
performed according to the Cochrane Collaboration note-
book and guide,17 which includes 7 items: blinding of
personnel and participants, selection bias, random
sequence generation, blinding of outcome assessment,
attrition bias, reporting bias, and other biases. For non-
RCTs, the non-RCT of Interventions tool was used to
assess the quality and risk of bias.18 This tool also includes 7
items: intervention classification, confounding factors,
deviations from intended intervention, selective reporting,
detection bias, selection bias, and selective bias. Each
domain was ranked as having a low, moderate, significant,
or critical risk of bias. For each of the 7 items, two re-
viewers (Author 1st and 2nd) selected one of three options,
including low risk, high risk and unclear risk. “Low risk” was
give one point, while high risk and unclear risk were given
zero points. The total score was considered to reflect the
quality of each study (0e2: low quality; 3e5: moderate
quality; 6e7: high quality).

Data collection

Using a data collection form created after including liter-
atures, two reviewers independently extracted the data
from the included studies. The following data were
collected: the country of the study; authors and year of
publication; age; sample size; study design; intervention
methods for bruxism patients; BTA injection dosage and
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position; outcomes of pain on bruxism; and the follow-up
period.

Statistical methods

Data analysis was performed with R version 4.2.0. The
package “meta” (version 6.0) was used to perform the
single-arm analysis, and the packages “gemtc” (version
1.01) and “rjags” (version 4.13) were used to perform the
Bayesian network meta-analysis. A random-effects model
was used to analyse all estimates, as variations between
studies could exist in the real world. For the single-arm
analysis, the mean differences (MD) with 95% confidence
intervals (CIs) were used to assess the changes in pain
scores. Statistical heterogeneity was defined by the I2 test
at a Z 0.1. We performed a subgroup analyses for different
follow-up periods. For the Bayesian network meta-analysis,
network plots were generated to illustrate the network
geometry of different management strategies for bruxism.
Odds ratios (ORs) with 95% credible interval (CrIs) were
created to show all results,19 which were visually pooled in
forest plots. The relative rank probabilities of all manage-
ment strategies for bruxism were calculated to determine
whether BTA injection was the most effective treatment.20

For hypothesis testing, statistical significance was defined
by P < 0.05.

Results

Characteristics of the included studies

The search procedure was mapped out according to the
Preferred Reporting Items for Systematic Reviews and Meta
Analyses (PRISMA) statement; a search flowchart is shown in
Fig. 1. A total of 495 records were identified from four
electronic databases (PubMed, Web of science, Embase and
Cochrane Library), of which 197 studies were duplicates.
Then, 287 studies were screened out on the bases of
irrelevant titles and abstracts. Ultimately, eleven stud-
ies21e31 containing a total of 365 patients were included: all
eleven studies were included in the single-arm analysis, and
the seven that were RCTs were included in the Bayesian
network meta-analysis. The characteristics of the included
studies are shown in Table 1. The quality assessment of the
seven RCTs and four non-RCTs is presented in Fig. 2 and in
the last column of Table 1, respectively.

Single-arm meta-analysis

Ten studies included in the single-arm meta-analysis re-
ported the efficacy of BTA in relieving bruxism-related pain
evaluated by a visual analogue scale (VAS) between the
pre-injection and post-injection timepoints. We divided
them into three groups based on the follow-up timepoints,
namely, the 1st, 3rd and 6th months. A forest plot con-
taining 26 records (Fig. 3) showed that the VAS score of
bruxism-related pain decreased by 4.06 (95% CI, 3.37 to
4.75) after injection of BTA, and the pooled results in the
subgroups (Fig. 3) showed that 4.28 (95% 3.09 to 5.47,
follow-up � 3months), 3.87 (95%CI 2.60 to 5.14, 3 < follow-



Figure 1 Flow diagram of the search process.

Table 1 Characteristics of the included studies.

Study Years Study
design

Sample
Size (M, F)

Age (Mean �
SD or range)

Intervention
vs. control

Injection
positon

BTX-A
Dosage (U)

Outcomes Follow-up
length

Quality
score

Guarda
et al.21

2007 RCT 20 (10, 10) 25 - 45 y BTX-A vs.
Saline

MM and
TM

MM: 60 TM:
40

Pain (VAS) 6 months NA

Al-Wayli
et al.22

2017 RCT 50 (0, 10) 45.5 � 10.8 y BTX-A vs.
Oral splinting

MM MM: 40 Pain (VAS) 1 year NA

Jadhao
et al.24

2017 RCT 24 (NR) 20 - 35 y BTX-A vs.
Saline

MM and
TM

MM: 60 TM:
40

Pain (VAS) 6 months NA

Yurttutan
et al.26

2019 RCT 73 (28, 45) 30.5 � 9.95 y BTX-A vs.
Saline

MM and
TM

MM: 30 TM:
15

Pain (VAS) 6 months NA

Ondo
et al.25

2018 RCT 23 (3, 19) 47.4 � 16.9 y BTX-A vs.
Saline

MM and
TM

MM: 120 TM:
80

Pain (VAS) 2 months NA

Al-Wayli
et al.29

2021 RCT 40 (16, 24) 30.9 � 31 y BTX-A vs.
Saline

MM MM: 20 Pain (VAS) 6 months NA

Kaya et al.28 2021 RCT 40 (7, 33) 18 - 45 y BTX-A vs.
Oral splinting

MM MM: 24 Pain (VAS) 6 months NA

Asutay
et al.23

2017 RS 25 (0, 25) 35.84 � 8.41 y BTX-A MM MM: 20 Pain (VAS) 6 months 6, HQ

Hosgor
et al.27

2020 RS 44 (8, 36) 35.7 � 12.66 y BTX-A MM and
TM

MM:
50 TM:33.33

Pain (VAS) 6 months 6, HQ

Kef et al.30 2021 PS 37 (15, 22) 34 � 9.13 y BTX-A MM and
TM

MM: 20; TM:
25

Pain (VAS) 6 months 5, MQ

Silva et al.31 2022 PS 20 (4, 16) 34 � NR y BTX-A MM and
TM

100 Pain (VAS) 6 months 6, HQ

Note/Abbreviation: RCT, randomised controlled trials; M, male; F, female; U, units; BTX-A, Botulinum toxin A; MM, masseter muscle; TM,
temporalis muscle; NR, no records; NA, not available; NR, no record; HQ, high quality; MQ, moderate quality.
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up < 6 months) and 3.99 (95%CI 2.76 to 5.23, follow-
up � 6months). The line chart (Fig. 4) shows significant pain
reduction at the 1st, 3rd and 6th months after injection of
BTA compared with the pre-injection timepoint (P < 0.01).
888
Bayesian meta-analysis

Seven RCTs articles included in the Bayesian meta-analysis
to evaluate pain reduction in the BTA, oral-splint and saline



Figure 2 Risk of bias and quality assessment for RCTs on summary.

Figure 3 Forest plot of bruxism pain relief evaluated by VAS score. Pre: pre-injection; Post: post-injection; MD: mean difference;
95% CI: confidence interval.
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Figure 4 Line chart indicating tendency of VAS score at pre-
injection, 1st, 3rd and 6th month.
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placebo groups. The structure of the different management
strategies for bruxism is shown in Fig. 5. The results of the
Bayesian meta-analysis indicated that BTA injection was
significantly more effective than oral splinting (MD, �1.5;
95% CrI, �2.7 to �0.19, Fig. 6A) or saline (MD, �2.4; 95%
CrI, �3.2 to �1.1, Fig. 6A) at follow-up 3rd month. While at
follow-up 1st and 6th month (Fig. 6A, 1st and 6th month),
the bruxism pain reduction of BTA injection were slightly
higher than that of oral splinting (MD, �0.67; 95% CrI, �1.9
to 0.57, 1st month; MD, �1.7; 95% CrI, �4.5 to �1.2, 6th
month) although these differences were not statistically
significant, and significantly higher than that of saline (MD,
�1.7, 95% CrI, �2.9 to �0.67, 1st month; MD, �3.3, 95% CrI,
�6.2 to �0.32, 6th month). Additionally, the ranking
probability plot (Fig. 6B) suggests that BTA injection is most
likely to be the best approach (80.73%, 98.09% and 81.05%,
Fig. 6B) at any follow-up period.

In addition, the shrink factor for each comparison was
nearly 1.0 and showed no instability after 40 000 iterations
Figure 5 Network plots of different managements for
bruxism patients. BTA: botulinum toxic A.
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on a Gelman convergence plot (Fig. 7), which indicated the
result possessed a reliable convergence.
Discussion

BTA relieves bruxism-related pain through several mecha-
nisms. Several studies have indicated that neuro-
transmitters release can be suppresed by BTA to achieve
pain relief32; for example, the substance P from the dorsal
root ganglion can be blocked,6 limiting the resulting pain-
related amount calcium signaling. Furthermore, BTA in-
jections can reduce the muscle contraction by reducing the
extracellular concentration of acetylcholine in the motor
nerve terminals, which induces muscle relaxation, resulting
in a decrease in pain levels.33 Therefore, we deduced that
the BTA injection would significantly relieve the severity of
pain caused by bruxism. In this study, we found significant
relief of bruxism-related pain at every timepoint after in-
jection of BTA compared with the pre-injection timepoint,
and BTA maintained stable efficacy in the relief of bruxism-
related pain for six months. Furthermore, BTA reduced the
pain score by 4.06 compared with its pre-injection value
(Fig. 3), which means that BTA injection into the mastica-
tory muscles could relieve the initial severe or very severe
pain to mild pain (Fig. 4). Regarding the safety of BTA,
several studies found no significant adverse events and
sometimes no adverse effects at all during the treatment of
bruxism.6

Occlusal splint therapy is the traditional and first-line
choice for the treatment of bruxism in the clinical practice
of dentistry due to its relatively low cost and easy appli-
cation; in contrast, BTA is costly to produce and requires
repeated injection. However, wearing occlusal splints can
cause an uncomfortable foreign-body sensation in in the
mouth and trigger the gag reflex. Additionally, the thera-
peutic efficacy of occlusal splinting is intermittent, as it is
difficult to wear the device for the whole day, whereas BTA
injection can generate a sustained therapeutic efficacy
against bruxism for at least six months. Based on this in-
formation about BTA and oral splinting, we deduced that
BTA relieved bruxism-related pain more effectively than
oral splinting. This Bayesian network meta-analysis sug-
gested that BTA injection was more effective than oral
splinting and saline injection in reducing pain levels in
bruxism patients at all follow-up timepoints.

There are several possible explanations for the hetero-
geneity observed in this study. The different injection
doses, positions, and pain score evaluation methods were
not completely consistent among the included studies. The
selection of BTA injection sites to manage bruxism is
controversial, as some researchers believe that multiple
muscles are activated during bruxism events,34 while others
believe that only the masseter muscles are involved and
that they should therefore be the primary or even the only
injection sites.22 The doses applied in the included studies
ranged from 20 to 120 U, and some articles failed to
accurately record whether consistent doses were used
bilaterally. Different dosages would be expected to alter
the treatment effectiveness of bruxism treatment, but in
practive, the influence is not obvious; BTA can be fully
effective at low doses. Finally, Jadhao et al.24 applied only



Figure 6 Forest plots of different comparisons in network meta-analysis (A) and Ranking probabilities of all managements for
bruxism (B). BTA: botulinum toxic A; MD, mean difference; CrI, credible interval.

Figure 7 Convergence assessment based on Gelman plot for each outcome. BTA: botulinum toxic A; SD, satisfaction degree.
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a 5-point scale to record the pain scores, the small number
of options may have compromised the ability of the scale to
reflect patients’ pain relief accurately.

As far as we know, this is the first and largest study using
single-arm meta-analysis and Bayesian network meta-
analysis to investigate the efficacy of BTA in relieving
891
bruxism-related pain. However, there are a few limitations
that inevitably should be considered. First, the limited
sample size in the Bayesian network meta-analysis could
cause insufficient power to obtain some real statistically
significant differences between BTA and oral splinting.35

Second, this study failed to evaluate therapeutic efficacy
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on bruxism by comparing BTA with other new treatments,
such as clonidine, amitriptyline and clonazepam. New
studies should be designed in which controls other than a
mere saline injection or placebo group are compared with
BTA injection, because only in this way can the value of BTA
be fully reflected. Third, the included studies were not all
RCTs; non-RCTs can have associated biases, such as selec-
tion bias. Finally, the most controversial issue regarding the
treatment of bruxism with BTA is whether it can reduce the
frequency of tooth grinding, as the injections act locally
and do not affect the central nervous system. However,
previous studies have suggested that BTA can markedly
reduce the frequency of bruxism events, as it can limit the
activity of the nerve endings responsible for bruxism.6,36

This topic will be worth exploring in the future. There-
fore, RCTs with larger sample sizes using BTA for bruxism
patients and performing comparisons among BTA and other
therapies are warranted.

In conclusion, within the above-mentioned limitations,
BTA is effective for relieving pain caused by bruxism and
more effective than oral splinting. Nevertheless, more
long-term follow-up randomized controlled trials
comparing BTA with other different managements or drugs
are warranted.
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