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Abstract

Botulinum toxin type A (BTX-A) injections have emerged as a promising alternative for the management
of bruxism. In this context, a systematic review of randomized controlled trials on the impact of BTX-A on
patients with bruxism was conducted. A literature search of multiple online electronic databases (PubMed®,
Scopus, Web of Science, and Cochrane Central Register of Controlled Trials (CENTRAL)) was undertaken
from their inception to February 1, 2024. The Medical Subject Headings (MeSH) included “Botulinum
Toxins’, “Botulinum Toxins, Type A", “Bruxism”, and “Sleep Bruxism’, which were combined with the
Boolean operators "AND" and “OR". The methodological quality of each included study was assessed using
the Joanna Briggs Institute (JBI) critical appraisal tool. Reducing muscle pain and activity were assessed
as primary outcomes, while the quality of sleep was considered as a secondary outcome. Twelve articles
met the inclusion criteria. The risk of bias was low in 10 studies and moderate in 2. Bilateral injections
of BTX-A into the masseter, temporalis and medial pterygoid muscles were compared to saline injections,
the use of occlusal splints and conventional treatment. Of the 12 studies, 6 reported a reduction in muscle
activity recorded by rhythmic masticatory muscle activity (RMMA) and electromyography (EMG) after the
administration of BTX-A. In addition, 3 studies indicated that the intensity of muscle pain, measured using
the visual analogue scale (VAS), decreased significantly in individuals with bruxism who received BTX-A.
Finally, 1 study highlighted improved sleep quality in patients with bruxism who were rehabilitated with
a single-arch implant overdenture and received either BTX-A or occlusal appliances. Botulinum toxin type
A can effectively reduce symptoms of bruxism. However, the included studies exhibited heterogeneity and
methodological differences. Long-term follow-up studies with large sample sizes and the incorporation
of repeated injections are necessary to further validate the findings.
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Highlights
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* Botulinum toxin type A may be effective in the management of bruxism.
+ Studies suggest low doses of BTX-A as an alternative treatment for bruxism.
* Further prospective, long-term studies are needed to determine optimal parameters of BTX-A injections.

Introduction

Bruxism is a topic of interest in oral medicine.!
Lobbezoo et al. defined bruxism as “a masticatory muscle
activity that occurs during sleep (characterized as rhythmic
or non-rhythmic) and wakefulness (characterized by re-
petitive or sustained tooth contact and/or by bracing or
thrusting of the mandible)”? Research has demonstrated
that bruxism can have harmful effects on various struc-
tures within the mouth and contribute to tooth wear,
damage to periodontal tissue, myofascial pain, headache,
and muscular or joint problems.® Two different categories
of bruxism have been identified, namely sleep bruxism
and awake bruxism, observed during sleep and wakeful-
ness, respectively.>* Lobbezoo et al. have emphasised the
role of the masticatory muscles during sleep and wakeful-
ness in provoking potential clinical consequences.? Sleep
bruxism is no longer considered as a parafunction or
a disease but rather as a behavior.® Classifications and def-
initions of bruxism have varied widely over the decades,
along with the assessment tools and diagnostic criteria.>®
Non-instrumental (e.g., questionnaires, oral history, clinical
examinations, and diaries), semi-instrumental (e.g., ecological
momentary assessment) and instrumental (e.g., electro-
myography recordings, polysomnography records)
approaches have been implemented to diagnose the con-
dition.* In addition, a grading system has been proposed
to determine the degree of validity of these means of
assessment in order to facilitate therapeutic approaches.?
Several treatment options are available for the manage-
ment of bruxism, including occlusal splints, biofeedback,
cognitive-behavioral approaches and pharmacological
methods.” Among these, occlusal splints are typically the
preferred method for protecting teeth and dental prosthe-
ses from damage.” However, there is insufficient evidence
to support the effectiveness of occlusal splints in reducing
sleep bruxism.® Recently, local injections of botulinum
toxin (BTX) have been increasingly used in the treatment
of movement disorders and have received the attention
for its efficacy in treating bruxism.

Botulinum toxin, also known by the brand name
Botox, is an anaerobic bacterial endotoxin produced by the
Clostridium botulinum bacterium.® It has been the subject
of research since the late 1970s regarding its therapeutic
potential in the management of various neuromuscular
disorders.” Botulinum toxin blocks the action of neuro-
muscular transmission, which leads to muscle relaxation

and decreased muscle contractions. A recent systematic
review has shown the efficiency of BTX in treating refrac-
tory myofascial pain associated with temporomandibular
disorders (TMD) by alleviating pain and increasing the
pressure pain threshold.!® Since bruxism is a behavior
characterized by repetitive masticatory muscle activity
that may lead to TMD, researchers have proposed the
administration of BTX injections to mitigate bruxism by
reducing the contractions of the masseter muscles.’ Despite
the widespread use of BT X in clinical practice, the efficacy
and safety of this approach in the treatment of bruxism
have not been fully established. Previous systematic
reviews on the subject have included articles with subjective
outcome values, such as reported pain reduction, instead
of objective reduction of muscular forces and/or episodes
of bruxism.”11-1> As a result, the conclusions that could
be drawn from these reviews were limited to more sub-
jective interpretations. It is therefore important to con-
duct a novel review in order to obtain more reliable and
consensus-based results. This objective can be achieved
by incorporating newly published articles that have not
been systematically reviewed in a scientifically rigorous
manner. Hence, this systematic review was carried out
as an attempt to evaluate the efficacy of botulinum toxin
type A (BTX-A) in the treatment of bruxism.

Material and methods

Protocol and eligibility criteria

The present study adhered to the guidelines established
by the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) statement.'® The review
protocol was registered with PROSPERO (identification
No. CRD42023472755).

The inclusion criteria were established in accordance
with the PICOS criteria, as follows: P (population) = pa-
tients diagnosed with primary bruxism; I (intervention/
exposure) = injection of BTX-A; C (comparison): patients
with primary bruxism receiving placebo injections or
treated by conventional therapies or with a lower dose
of BTX-A; O (outcome): decrease of pain and/or mus-
cle activity; S (study design): randomized clinical trials
(RCTs) written in English. The review question posed
was: “Is BTX-A effective in reducing symptoms of primary
bruxism?”.
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The present study was conducted with no restrictions
applied concerning setting, country, or period of the
study. Studies that did not share the purpose of this
systematic review, as well as studies reported in proceed-
ings, books, dissertations, theses, and monographs, were
excluded from consideration. Studies not fully published
and those with data associated with other health prob-
lems and with secondary bruxism caused by psychological
or neurological disorders were also excluded from the
analysis.

Search strategy

A comprehensive electronic search of the PubMed®,
Scopus, Web of Science, and Cochrane Central Register
of Controlled Trials (CENTRAL) databases was conducted
by 2 independent reviewers (GO and MK) to identify
studies assessing the efficacy of BTX-A in the manage-
ment of bruxism. The following Medical Subject Headings
(MeSH) were used: “Botulinum Toxins”, “Botulinum
Toxins, Type A’, “Bruxism’, and “Sleep Bruxism” com-
bined with the Boolean operators “AND” and “OR’, as
follows: (“Bruxism”[MeSH] OR “Sleep Bruxism”[MeSH])
AND (“Botulinum Toxins”[MeSH] OR “Botulinum Toxins,
Type A’[MeSH]).

Disagreements among reviewers regarding the final
inclusion of articles were resolved by consensus. The
search was limited to articles published in English
language before February 1, 2024.

Study selection

Two investigators (SY and GO) used the EndNote™
software, v. 9.0 (Clarivate™, London, UK) to eliminate
duplicates and perform the initial screening of the articles
based on their titles and abstracts. Subsequently, the full
texts of eligible articles were assessed according to the
established inclusion criteria. Any discrepancies between
the 2 reviewers were resolved by the third reviewer (MK).

Data extraction

The data from the included studies was extracted in
a specified format, including the population, the param-
eters being investigated, the periods of parameter collec-
tion, and the significant findings. The extracted data was
then reviewed and analyzed by 2 authors (SY and GO).
Subsequently, it was verified by the third author (MK).
Any divergence in data collection was resolved through
consensus.

Methodological quality assessment

The quality of the included studies was assessed accord-
ing to the Joanna Briggs Institute (JBI) critical appraisal
tool for the assessment of risk of bias for randomized
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controlled trials.!” The tool encompasses 13 items: random-
ization component; allocation concealment; similarity
of treatment groups at baseline; blinding of participants;
blinding of personnel; blinding of outcome assessors;
groups treated identically other than the intervention
of interest; follow-up; intention to treat; similar way
of outcome measurement; reliable way of outcome mea-
surement; statistical analysis; and trial design.

The methodological quality and risk of bias of each
included study were analyzed independently by 2 authors
(SY and OG). The reliability was scored as “yes’, “no’,
“unclear’, or “not applicable”. In case of discrepancy, the third
author (MK) reviewed the studies to reach a consensus.

The risk of bias in the studies was categorized as low
(“yes” scores 270%), moderate (“yes” scores between 50%
and 69%) or high (“yes” scores <49%).18

Results

Search results

The search of the electronic databases yielded a total
of 647 articles published between 2008 and 2024. After the
elimination of duplicates, 569 papers remained for further
consideration. In the first phase of the study, the titles and
abstracts of these articles were reviewed, resulting in the
selection of 23 studies.>®**1°-38 No additional paper was
added after screening the reference lists of the 23 articles.
In phase 2, the texts of the articles were read in full, with
11 papers excluded.?®-3® Ultimately, 12 studies®®*1°-%7
were included in the systematic review (Fig. 1).

Methodological quality assessment results

The methodological quality of the included studies was
assessed using the JBI critical appraisal checklist, with
10 articles classified as low risk of bias and the remaining
2 papers classified as moderate risk of bias. The final score
ranged from 61% to 100% (Table 1). All studies reported
data on the following items: 1 (i.e., randomization compo-
nent); 7 (i.e., groups treated identically other than the in-
tervention of interest); 8 (i.e., follow-up); 9 (i.e., intention
to treat); 10 (i.e., similar way of outcome measurement);
11 (i.e., reliable way of outcome measurement); and 13
(i.e., trial design).

Study characteristics

After the selection of 12 articles,>3%19-?7 the following
information was extracted: first author; year of publica-
tion; study period; study design; follow-up duration;
diagnosis of bruxism; inclusion and exclusion criteria; sam-
ple size; age and sex of participants; collected data and
how they were assessed; and characteristics of BTX-A
injection (Table 2). The included studies were published
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Identification of studies via databases and registers

Records
o identified from: Records removed
=) ® PubMed (n = 55) before screening:
| | ® Scopus (n=507) —| o Duplicate records
& || ® Web of Science (n = 59) removed (n = 78)
‘g ® CENTRAL (n = 26)
) ¢
Records screened T Records excluded
(n =569) (n =546)
g’ Reports sought
.g for retrieval > Reports no_t (r)etrieved
o (n=23) (n=0)
3]
m ¢
Reports assessed Reports excluded:
for eligibility —P>| @ Not related to the
(n=23) topic (n =5)
— ® No control group (n = 3)
¢ ® Wrong outcome
measure (n = 2)
° Y
E Studies included ?lno=n;1 )m erical data
= in the review
3 (n=12)
c
= Reports
of the included studies
(n=12)

Fig. 1. PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) flowchart of the study

CENTRAL - Cochrane Central Register of Controlled Trials.

between 20082 and 2024.'° They were conducted in Saudi
Arabia,’*?° Egypt,?> Turkey,?® Australia,?! the United
States,?”” South Korea,>®?* Italy,?® India,” and Syria.?? All
studies were RCTs. The sample size ranged from 12% to
50% subjects, with 3 studies reporting a sample size calcu-
lation.19?2% Ten studies*®1%21-%7 included both males and
females and 1 study included females only.2’ Additionally,
1 study did not report any information related to sex.’
The mean age of the study participants ranged from 2532
to 58% years. The duration of follow-ups varied from
4 weeks® to 12 months.2%

Diagnosis of bruxism

The included studies showed different approaches to
bruxism diagnosis through a combination of both subjec-
tive and objective criteria. These methods included the
evaluation of clinical signs and symptoms (such as muscle
pain, tooth grinding, attrition in occlusal surfaces of pos-
terior teeth), medical questionnaire and electromyo-
graphy (EMG). Patients were diagnosed with definite
bruxism in 9 studies.>*19-21:2325-27 Ty studies?"*” applied
the International Classification of Sleep Disorders
— Third Edition (ICSD-3), whereas “The international
consensus on the definition and the diagnosis of bruxism”
by Lobbezoo et al. was followed in 1 study.?

S. Yacoub, G. Ons, M. Khemiss. Botulinum toxin effect on bruxism

Outcome assessment

Different bruxism characteristics were evaluated,
including muscle pain'®-232627 and muscular activity.??
Pain intensity was measured using the visual analogue
scale (VAS)*19-232627 and the short-form McGill Pain
Questionnaire.! Muscular activity was recorded through
rhythmic masticatory muscle activity (RMMA)>38
EMG,?821222427 bruxism index (BI),*! and bite force.?
Bruxism symptoms were also investigated using various
questionnaires.?!

The secondary outcome was the participants’ quality
of sleep. The Epworth Sleepiness Scale (ESS)?'?” and the
Pittsburgh sleep quality index (PSQI)?**?” were used to
evaluate this outcome.

BTX-A injection

Botulinum toxin type A was injected in all subjects in
the included studies. Among the 12 RCTs, in 48192224
and 2 trials,?%?” respectively, bilateral injections were
administered into the masseter muscles and both the
masseter and temporalis muscles. Controls received
placebo injections of isotonic saline. Cruse et al.
extended their comparisons to include bilateral injec-
tions into the masseter, temporalis and medial ptery-
goid muscles, with a control group receiving saline
injections.! On the other hand, bilateral injections
of BTX-A into the masseter muscles were compared
to occlusal splints?® and conventional treatments
for bruxism, which included behavioral strategies,
occlusal splints and pharmacological treatment.?’ Only
1 investigation compared bilateral BTX-A injection in
the masseter muscles alone with combined injections
in the masseter and temporalis muscles.? Jadhao et al.
included 3 groups and compared bilateral BTX-A
injections into the masseter and temporalis muscles
to a control group.’ The control group received saline
injections, and a second control group was not subjected
to any intervention.’ Finally, a study by Ali et al. used
bilateral injections of BTX-A into the masseter and
temporalis muscles and compared it to conventional
occlusal stents and a second control group that did not
receive any intervention (patients were instructed to
only remove the overdenture at night).?

The total dosage of BTX-A injections administered to
the masseter muscles ranged from 20 mouse units (MU)??
to 120 MU.? In the temporalis muscles, the dosage ranged
from 30 MU?! to 80 MU.?” Cruse et al. injected 15 MU
into each medial pterygoid muscle (Table 2).%

Efficacy of botulinum toxin in the

management of bruxism

The main results of the published studies assessing the
impact of BT X-A on bruxism are presented in Table 3.



Dent Med Probl. 2025;62(1):145-160

149

Table 1. Quality scoring of the analyzed articles according to the Joanna Briggs Institute (JBI) critical appraisal checklist

S I I I 7S S NS N2 A I I T O s

32;22 etal. Y v Y Y N/A Y Y
g(r)észez]et al. v Y % v \% Y Y
gg;tz?h Y Y Y NA O NA Y Y
2/-\(I)vg/z%/gh etal. v v % % Y NA Y

Kaya and Ataoglu v U v NA - N/A U v

20213

ggiznc;ft i Y U Y U U U Y
gg 1O|8(§7et ? y U Yooy Y U y
Jzzcif;aglo etal. v U v y y ! y
2A(|)_1V\£oy “ Y Y Y NA NA U Y
igiﬂft ? Y U U Y U Y Y
Eg?()e;al. Y U Y Y Y Y Y

Guarda-Nardini et al.
2008%

Y Y Y Y Y Y 92 low
Y Y Y Y Y Y 100 low
Y Y Y Y Y Y 84 low
Y Y Y Y Y Y 92 low
Y Y Y Y Y Y 69 moderate
Y Y Y Y U Y 61 moderate
Y Y Y Y Y Y 84 low
Y Y Y Y Y Y 84 low
Y Y Y Y Y Y 77 low
Y Y Y Y Y Y 77 low
Y Y Y Y Y Y 92 low
Y Y Y Y U Y 77 low

Y —yes; N - no; N/A — not applicable; U — unclear; item 1 — randomization component?; item 2 — allocation concealment?; item 3 — treatment group similar
at baseline?; item 4 - blinding of participants?; item 5 - blinding of personnel?; item 6 — blinding of outcome assessors?; item 7 — groups treated identically
other than the intervention of interest?; item 8 — follow-up?; item 9 — intention to treat?; item 10 — similar way of outcome measurement?; item 11 - reliable
way of outcome measurement?; item 12 - statistical analysis?; item 13 — trial design?

Myofascial pain or jaw stiffness

Three studies?*??? indicated a significant reduction in
pain scores in the BT X-A group compared to the placebo
group, while 1 investigation® reported the same reduction
in the treatment group compared to conventional treat-
ments. On the other hand, 5 studies demonstrated the ef-
ficacy of BT X-A in addressing bruxism-related myofascial
pain symptoms.!920:2223.26 Specifically, Guarda-Nardini et
al. observed a significant pain reduction during chewing
after 6 months in individuals with bruxism who received
BTX-A, as compared to those who received a placebo.?
In addition, Kaya and Ataoglu reported that both occlusal
splints and BTX-A were effective in alleviating pain
associated with bruxism.?? However, BTX-A was found
to be slightly less effective in pain reduction compared to
occlusal splints. Notably, BTX-A injections still provided
a significant reduction in pain symptoms, making them
a viable and alternative treatment option.??> Two other
studies??’ reported contradictory results in terms of pain
reduction following the injection of BTX-A. No evidence
was found for change in pain intensity as measured by the
short-form McGill Pain Questionnaire?! or the VAS??’
compared to the control group and before injection.

Muscle activity

Three studies*®?? demonstrated the efficacy
of BTX-A injections for sleep bruxism, as evidenced
by the reduction in the intensity of both the masseter
and temporalis muscles in comparison to the control
groups. However, this reduction was observed only
in the masseters in 2 other studies.®?* Three studies
reported that the administration of BTX-A into the
masseter muscle®?* and into both the temporalis and
masseter muscles® reduced muscle activity compared
to the baseline. On the other hand, Kaya and Ataoglu
reported that BTX-A administration effectively
increased the relaxation of the masseter muscles.?®
The study demonstrated that BTX-A injections offer
a promising approach to alleviate muscle-related pain
and discomfort in patients with bruxism, providing
a potential alternative for those who may not be able
to use traditional occlusal splints or who have contra-
indications for other treatments.??> Cruse et al. dem-
onstrated a decrease in BI in the masticatory muscles
evaluated by EMG between the experimental and con-
trol groups.?!
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Table 2. Main characteristics and methodological aspects of studies on the efficacy of botulium toxin type A (BTX-A) in the treatment of bruxism

Publication Publicati . .
. ublication Follow-up Diagnosis of : o . o
city . : Inclusion criteria Exclusion criteria
(country) year duration bruxism
—loss of 2 or more posterior teeth
- fixed or movable
prosthodontics for more than
4 dental units
—advanced malocclusion
- pain in the masseter -TMD
- bruxism - age: 18-40 years — orofacial pain
. 2 Damascus parallel questionnaire - tooth grinding - insomnia
shefrietal (Syria) 2022 2021 RCT omonths clinical — attrition in occlusal —known BTX-A allergy
examination surface of posterior — pregnancy
teeth - neuromuscular disease
—hemorrhagic disease
- antibiotic treatment
- infectious lesion at injection site
- respiratory ailments causing
night time coughing
- medications affecting muscle
relaxation
— previous jaw trauma
2 Melbourne crossover — orofacial pain
sl (Australia) 2022 2017-2020 RCT IS ICSD-3 BI>5 - neuromuscular disease
- pregnancy
— previous or current BTX-A
injection for bruxism
- natural dentition in
1 arch
— at least 6 anterior
teeth - previous bruxism
Giza arallel at least one - maximum 1/2 management
Ali et al.® (Eaypt) 2021 2019-2020 pRCT 12 months  of the bruxism  premolar/molar missing - medical condition that would
9P signs/symptoms in any quadrant affect TMJ, such as radiation,
- single implant- osteoarthritis or trauma
retained overdentures
loaded 1 year before the
study
—dentures
—implants
- Nno systemic — use of orthodontic appliances
pathologies — orofacial pain
- moderate/severe pain  —insomnia
Riyadh — 2013 protocol 6by in the masseters and —known BTX-A allergy
Alwayli etal.”® (Saudi 2024 2017-2019 p?{g#e' 24 weeks Lobbbe.zoo atel’  ThiL ciee —pregnancy
Arabia) —bruxism —-age: 20—§O years - neurqmus;ulardmease
questionnaire - tooth grinding - bleeding disorder
- ccclusal wear of — antibiotic therapy
posterior and anterior — respiratory ailments causing
teeth night time coughing
—infectious lesion at injection site
— previous bruxism treatment
— use of systemic steroids,
immunosuppressive drugs or
non-steroidal anti-inflammatory
drugs within the last 7-10 days
- age: 18-65 years - use of occlusal splints within the
- absence of systemic last 6 months
Kaya and Istanbul parallel . . . diseases - removable or fixed prosthesis
Ataoglu® (Turkey) 2021 2017 RCT 6months  clinical diagnosis myofascial pain in —missing teeth
the masseter during —-TMWJ surgery
palpation - patients who received
physiotherapy for TMJ within the
last 6 months
- patients with occlusal etching
- pregnant and nursing women
_ tooth grinding at least = severe obstructive sleep apnea
3 nights/week on polys_o r_nnqgra_phy
gnts/we ) - BTX-A injection in the past year
) pasty
Seoul clinical signsand — Morning Jjaw silimess medications affecting muscle
. arallel 9 - presence of tooth ’ 9
Shim et al® (South 2020 2017 pRCT 12 weeks symptoms of relaxation
Korea) sleep bruxism wear — infectious lesion at injection site
- moderate to severe
wear facets on the —haeniE e als)
: - neuromuscular disease
occlusal splint
— pregnancy
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Sample

size Pa(r,w::;;a'r;ts Intervention | Comparison Collected data Equipment Injection position BT(X —Qgic:jsea)ge
calculation ‘ p
yes 20(7/13) 29817128 BIXA saline ~ _Ppainintensity - —EMG masseter 20 MU (10 MU)
o - muscular activity - VAS (2 points)
_EMG - group A: 60 MU (masseter:
- bruxism — masseter iog’?gtd)p B: 90 MU (masseter:
SUESTOmENTE {1 poin) 30 MU ter.nporalis muscle: ‘
- Bl — SF McGill Pain — temporalis 15 MU/) :
NR 22(8/14)  4210+1398° BTX-A saline - pain intensity Questionnaire muscle (3 points) .
- headache —VAS + pain rating - medial (_rr?argsue?ecr: ;é?\/{\ﬁu
scale pterygoid muscle I" I’ 15 M
_HTs (1 point) tempora is muscle: 15 MU,
_ESS medial pterygoid muscle:
15 MU)
group 1: ~ho — patient
58.70 £9.20° overdenture at  vicfa ction
group 2: BTX-A + night - subjective sleep PQl masseter
yes 42 (20/22) . - overdenture ) - TMD/numeric ) 50 MU (25 MU)
5748 £8.30° overdenture at niaht + quality scales (3 points)
group 3: convgentional - prosthodontic
53.70 +6.30° occlusal stents complications
- pain intensity _VAS
- subjective } )
efficacy of the ~ qusstlogpaﬁg
yes  40(16/24)  21-52° BTX-A saline  treatment LS vt 40 MU (20 MU)
- subjective € |cacy§n (4 points)
tolerability of the il il @iiing
treatment LEatent
- pain intensity
263 - maximum bite - FlexiForce masseter
NR 40(7/33) (21752)C BTX-A occlusal splints  force pressure sensor 3 points) 48 MU (24 MU)
- functional -VAS P
movement
- sleep duration
- sleep efficacy/
placebo latency
group: —apnea-hypopnea —EMG -
NR 23(10/13) 2890 +8.132 BTX-A saline index - audio-video & o) 50 MU (25 MU)
BTX-A group: - periodic limb polysomnography P
3246 £9.94° movement
- RMMA episodes
- EMG variables
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Bl Publication

year

Follow-up
duration

Diagnosis of

. Exclusion criteria
bruxism

Inclusion criteria

[€13%
(country)

Ondo et al.”’

Al-Wayli®®

Shimetal?

Jadhao et al?

Lee etal?*

Guarda-Nardini
et al?®

Texas
(USA)

Riyadh
(Saudi
Arabia)

Seoul
(South
Korea)

Hingoli
(India)

Seoul
(South
Korea)

Padua
(Italy)

2018

2017

2014

2017

2010

2008

2009-2011

2010-2011

NR

NR

NR

p;;{rglll_el 8 weeks
pirgl_el 12 months
pz;rgl_el 4 weeks

parallel RCT 6 months

parallel RCT 12 weeks

parallel RCT 6 months

-1CSD-3

- bruxism signs in
polysomnography
- EMG

- diagnostic
grading system
of bruxism

- bruxism
questionnaire
- clinical
examination

- history of
tooth grinding
occurring >3
nights/week
—morning jaw
stiffness

- tooth wear

- use of an oral
splint

screening-oriented
clinical diagnostic
criteria

- medical
questionnaire
-EMG

screening-oriented
clinical diagnostic
criteria

- diagnosis of bruxism
- subjective symptoms
associated with bruxism

— moderate to severe
pain in the masseter
muscles and TMJ area
related to bruxism
—age: 20-60 years

- tooth grinding

- occlusal surface
attrition of posterior
teeth

- self-reported bruxism
activity

- moderate to severe
wear facets on the oral
splint

- RMMA at the baseline
polysomnography
recordings

- grinding or bruxing
sounds during sleep 5
nights per week

- tooth wear and shiny
spots on restorations or
masseter hypertrophy
or evidence of morning
masticatory muscle
fatigue and pain

- tooth grinding
- healthy participants
—age: 20-30 years

- grinding or bruxing
sounds during sleep for
the past 6 months

- tooth wear and shiny
spots on restorations or
morning masticatory
muscle fatigue and pain
or masseter hypertrophy
or myofascial pain of the
masticatory muscles

- cranial dystonia

- severe obstructive sleep
apnea on polysomnography
with the apnea-hypopnea index
>30/h

— orofacial pain
—insomnia

- known BTX-A allergy

- pregnancy

- neuromuscular disease
- bleeding disorders

- antibiotic therapy

- respiratory ailments causing
night time coughing

- infectious skin lesion at
injection site

- previously received BTX-A
injection into the masseter and
temporalis muscles

- medications affecting muscle
relaxation

- infectious skin lesion at
injection site

- known BTX-A allergy

- neuromuscular disease

- pregnancy

- heart disease

- mental illness

- systemic disorders

— treated for bruxism and/or
TMD in the 6 months prior to
the study

- neuromuscular disease

- hypersensitivity to BTX-A

- diseases that could cause
jointimbalance

-TMD

- orofacial pain
—insomnia

- known BTX-A allergy

- pregnancy

- neuromuscular disease
- bleeding disorders

- antibiotic therapy

- respiratory ailments causing
night time coughing

- infectious skin lesion at
injection site

— treated for bruxism and/or
TMD in the 6 months prior to
the study

- neuromuscular disease

- hypersensitivity to BTX-A

NR - not reported; RCT - randomized clinical trial; ICSD-3 — International Classification of Sleep Disorders — Third Edition; EMG — electromyography;
Bl — bruxism index; TMJ — temporomandibular joint; RMMA — rhythmic masticatory muscle activity; TMD — temporomandibular disorders;

VAS — visual analogue scale; HIT-6 — headache impact test; ESS — Epworth Sleepiness Scale; PSQI - Pittsburgh sleep quality index; SF - short-form;

2 mean (M) + standard deviation (SD); ® minimum-maximum; ¢ M (minimum-maximum).
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Sample

Participants

(M/E), n Collected data

size Intervention

calculation

Comparison

- pain intensity
- sleep efficiency
- bruxism
questionnaire

- clinical global
impression

NR 23 (4/19) 474 +169° BTX-A placebo

- polysomnography

data

behavioral
strategies,
occlusal
splints and
pharmacological
measures

NR 50 (0/50) 455+10.8° BTX-A pain intensity

- RMMA

- orofacial activity

- frequency of
episodes, bursts
per episode,
episode duration

BTX-Ain the
masseter and
temporalis
muscles

BTX-Ain the

NR 20(7/13) masseters

258 +5.1°

- peak amplitude

of EMG activity
- sleep variables

- pain intensity
- subjective
efficacy of the
treatment

- duration of
clenching and
releasing
—asymmetry
index for occlusal
force

- saline

20-35° N
- no injections

NR 24 (NR/NR) BTX-A

- EMG bruxism
events

- subjective
symptoms of
bruxism

M:250+2.35?

NR 12075) F:248+083°

BTX-A saline

- pain intensity
— mastication
efficiency

— maximum
mouth opening
- functional
limitation
during usual jaw
movements

- subjective
efficacy of the
treatment

— treatment
tolerance

NR 20 (10/10) 25-45° BTX-A saline

Equipment

- polysomnography
- bruxism
questionnaire

- HIT-6

- PsQl

- ESS

- anxiety scale

VAS

-EMG
- audio-video
polysomnography

—-VAS
- I-Motion occlusal
force analyzer

-EMG
- bruxism
questionnaire

- VAS

— questionnaire
on the subjective
efficacy of the
treatment

Injection position

— masseter

(2 points)

- temporalis
muscle (3 points)

masseter
(3 points)

— masseter

(3 points)

— temporalis
muscle (3 points)

— masseter

(4 points)

— anterior
temporalis muscle
(3 points)

— masseter

(3 points)

- temporalis
muscle (3 points)

— masseter

(4 points)

— anterior
temporalis muscle
(3 points)

BTX-A dosage
(per side)

200 MU (masseter: 60 MU,
temporalis muscle: 40 MU)

40 MU (20 MU)

- 50 MU (masseter: 25 MU)
- 100 MU (masseter: 25 MU,
temporalis muscle:

25 MU)

100 MU (masseter: 30 MU,
anterior temporalis muscle:
20 MU)

80 MU (40 MU)

100 MU (masseter: 30 MU,
anterior temporalis muscle:
20 MU)
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Sleep variables

Ali et al. reported that BTX-A and occlusal appliances
effectively improve sleep quality in patients with bruxism
who have been rehabilitated with a single-arch implant
overdenture, as compared to the control group and the
values registered prior to the injection.?

Discussion

The present systematic review included 12 RCTs>8919-%7
that reported the effects of BTX-A on primary bruxism.
Although BTX-A doses and injection sites varied widely
between the studies, a promising conclusion was retained:
BTX-A injection can be an effective management strategy
for bruxism.

Scope of the study

Bruxism is defined as repetitive masticatory muscle
activity, which refers to the involuntary and non-functional
grinding or clenching of teeth, occurring during sleep or
while awake.?32 Bruxism is a behavior that may have several
etiologies.>* Central nervous system involvement in the
pathophysiology of bruxism has been demonstrated, with
a role of brain neurotransmitters,® including the sero-
toninergic pathway.*® Bruxism affects the quality of sleep
and muscle activity, causes pain in the teeth, temporoman-
dibular joints and mastication muscles, as well as leads to
tooth decay.? Despite the existence of various therapeutic
modalities, including pharmacological and non-
pharmacological approaches, none of these techniques has
been fully effective for bruxism management.?*¢ Firstly,
behavioral approaches necessitate that the patient be
conscientious and observant. The latter is imperative for
massage sessions.!* Secondly, pharmacological treatment
involves the administration of various drugs, such as
clonazepam, clonidine, buspirone, clozapine, gabapentin,
and amitriptyline.*! Although these molecules are effective
inreducing bruxism pain, many druginteractionsin patients
with other diseases contraindicate their use.*? Particular
care should be taken when prescribing these medications
due to their potential adverse effects.** Moreover, de Baat
et al. concluded that “there are insufficient evidence-based
data to draw definite conclusions concerning medications
attenuating sleep bruxism and/or awake bruxism”’#
Additionally, given that bruxism is a condition that
causes phasic or tonic masticatory muscle activity, the use
of splints has been explored as a means of mitigating muscle
contractions.?? A recent systematic review has concluded
that there is an absence of sufficient evidence to prove the
effectiveness of occlusal splints in the treatment of sleep
bruxism, thus recommending a multidisciplinary approach
encompassing the use of occlusal splints in conjunction
with complementary therapies, such as massage therapy.*3

S. Yacoub, G. Ons, M. Khemiss. Botulinum toxin effect on bruxism

Over the last 2 decades, an increasing number of studies
have explored the efficacy of BTX-A in mitigating noc-
turnal bruxism, with encouraging outcomes reported.??
In addition, patients may exhibit a higher motivation for
BTX-A injections compared to the nocturnal use of splints
or repeated psychotherapy sessions.!*

Efficacy of BTX-A injection

The present review provides a summary of the current
evidence regarding the efficacy of BTX-A in the targeted
management of bruxism. The studies included in this
systematic review reported a short-term assessment that
consolidated the analgesic effect of BT X-A; only 2 studies
reported a follow-up of more than 6 months after the end
of the intervention.?*?> However, of the 12 studies, only
6 reported a reduction of muscle activity after administer-
ing BTX-A.389212224 Nevertheless, this reduction was
observed in the masseter muscles, and not in the temporalis
muscles, in 1 study.?* Shim et al. found that the injection
of BTX-A to the muscles reduced their activity in the tem-
poralis muscles, but not in the masseters.® In addition,
3 studies'®?>? indicated that the intensity of muscle pain
significantly decreased in patients with bruxism who
received BTX-A. Finally, 1 study highlighted that patients
with bruxism experienced enhanced sleep quality follow-
ing the administration of BTX-A.%

The heterogeneity of the results may be attributed to
methodological differences among the included studies,
which precluded the possibility of conducting a meta-
analysis to synthesize the data. Three remarks related to
the differences regarding the BTX-A injection should be
highlighted. First, concerns have been raised about the use-
fulness of injecting areas other than the masseter muscles.
The masseters are the principal muscles responsible for
both grinding and clenching movements observed during
bruxism.* Secondly, the variability concerned doses which
ranged from 20 MU?2 to 120 MU? and from 30 MU* to
80 MU? for masseter and temporalis muscles, respectively.
In addition, the dosage of BTX-A products is influenced by
their formulation.*> For example, 1 MU of Botox (Allergan
Aesthetics, Irvine, USA) is equivalent to 3—5 MU of Dysport®
(Ipsen, London, UK).* Thirdly, the varied frequency
of injections could possibly lead to different results. Ali et al.
opted for repetitive injections every 3 months,* despite the
fact that recent studies have demonstrated the longevity
of toxin action for months after its single use.*” In fact, the
attenuation of symptoms was still significant 12 months
later despite the unique intervention in 1 study.?

In this context, future studies should ascertain the op-
timum characteristics of BTX-A injections for individuals
with bruxism. The authors of the present study recommend
that injections be administered exclusively into the mas-
seter muscles, with ultrasound assistance. The principal
advantage of this technique is the quantification of muscle
thickness.?® In addition, musculoskeletal ultrasound is
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a useful guidance for interventional procedures, has high
spatial resolution, allows for serial evaluations, and is widely
available.®® A maximum dose of 100 MU of BTX-A is
proposed per dental session.?’ Larger doses can cause side
effects such as dysphagia, dysphonia, dry mouth, head-
ache, and nervous atrophy.*® In addition, sensitivity and
mild cutaneous reactions at injection site are frequently
observed.®® Animal studies reported the possible systemic
adverse effects after the injection of BTX-A, which include
transient weakness, fatigue, nausea, and pruritus.” These
effects are presumed to result from BTX-A diffusion into
the bloodstream.>! However, the studies included in this
systematic review did not report any side effects. There-
fore, the injection of BT X-A may be considered safe for the
management of pain in patients with bruxism.22.

Biological mechanisms underlying the
effects of BTX-A injection

Botulinum toxin, recognized as the most potent neuro-
toxin, is produced by C. botulinum.?® The present sys-
tematic review revealed that BT X-A may be efficacious in
managing symptoms of bruxism. Botulinum toxin acts as
amuscle relaxant and provides an analgesic effect in neuro-
muscular disorders.*” Additionally, it reduces bruxism
pain through 2 mechanisms.>>>® The first mechanism
involves the antinociceptive effects of BTX-A. Studies have
highlighted that BTX-A impedes the release of substance
P and calcitonin gene-related peptide (CGRP).>>°® More-
over, based on the examination of mechanical sensitivity
of dural afferents, BTX-A has been shown to reduce the
activity of mechanosensitive receptors and the transient
receptor potential ankyrin 1 (TRPA1) channel. These pro-
cesses elucidate the antinociceptive activity of BTX-A.%
The second mechanism involves the masseter muscle,
which is induced to a state of rest by BTX-A injection.
The final mechanism involves the reduction of exocytotic
release of acetylcholine among the motor nerve termi-
nals by inhibiting the fusion of synaptic vesicles with the
pre-synaptic membrane at the neuromuscular junction.>*
This mechanism stems from hydrolysis of synaptosomal-
associated protein 25 (SNAP-25), a vital component
within the vesicle docking system responsible for exo-
cytosis.> It is an integral part of the SNARE (soluble
N-ethylmaleimide-sensitive factor attachment protein
receptor) complex, which plays a crucial role in facilitating
the docking and fusion of synaptic vesicles.”> Consequently,
the source of muscle contraction is blocked.*” Based on
these 2 theories, the efficacy of BTX-A was tested in several
pathologies that cause increased painful muscle tone, and it
might be useful to manage bruxism and myofascial pain.2
In addition, some studies indicated that the BTX-A effect
persists for months after its single use.¥” The principal
contributing factor is the BTX-A protease, which has the
capacity to escape from cellular degradation mechanisms
and survive in the cell cytoplasm.¥
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Despite the recent biological findings, no study has yet
reported on the efficacy of BTX-A injections for reduc-
ing pain with a constant and long-lasting effect follow-
ing a single injection. Patients were followed up for short
periods, whereas bruxism is a chronic condition. Longer
follow-up observations are necessary to determine the
long-term effectiveness of BTX-A in treating bruxism.
Therefore, upcoming controlled clinical studies should
extend their observation periods to more than 4 months.

Discussion of the methodology

The evaluation of treatment efficacy or preventive
interventions is more rigorous through RCTs.> In effect,
a low score of risk of bias was attributed to 83% of the
included studies. As systematic reviews have the risk
of being affected by bias at the level of individual studies,
the validity of these studies is necessary to estimate when
conducting this type of review.””8 Indeed, the true inter-
vention effect may be over- or underestimated.””

The included studies employed a variety of tools and
methods for bruxism diagnosis, a factor that can intro-
duce discrepancies. None of the included studies men-
tioned the depth of the BTX-A injection.?19202227 The
primary outcome assessment of patients in the included
studies focused on bruxism characteristics, which were
evaluated using various assessment tools. Initially,
muscle pain was assessed and analyzed. To this end,
8 studies employed VAS, a unidimensional pain rating
scale, 2197232627 while only 1 study used the short-form
McGill Pain Questionnaire,?! a multidimensional ques-
tionnaire that provides a description of pain aspects in
adults with chronic pain.?!>°

In order to assess the impact of BTX-A injection on
patients’ quality of life, 3 studies considered sleep quality
as a secondary outcome and used ESS and/or PSQI for
evaluation.??>?7 Although ESS is a valid tool commonly
used to measure sleepiness, it is important to consider its
limitations in order to avoid bias.?! Recent studies have
demonstrated the clinical application of PSQI and its
efficacy in sleep measurement.®

Limitations

The current systematic review is subject to 4 limita-
tions. The first limitation concerns the number of patients
included in the studies, which varied between 12 and 50. In
fact, only 3 studies reported on the method of sample size
calculation.!*?225 While the results of studies are promis-
ing, the quality level of the evidence is not high enough
to provide explicit guidelines for bruxism. Consequently,
upcoming studies should include a sufficient sample size
to ensure the representativeness of the studied population
and to minimize the risk of bias.®! The second limitation is
related to the assessment of bruxism characteristics. Only
3 studies evaluated the quality of sleep,??>?” while the
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muscle activity was assessed in 6 studies.>®%?2-2* Future
works should formulate common criteria for the assess-
ment of bruxism to ensure the attainment of conclusive
results. Thirdly, the included RCTs explored events related
to pain and bruxism only. Subsequent studies should
also evaluate the alleviation of bruxism complications
after BTX-A injections, such as tooth wear.” Fourthly,
concerning control groups, it would be preferable to opt
for traditional therapies rather than placebo injections. In
fact, this comparison allows for widening the gap between
the 2 therapeutic approaches and, thus, emphasizes the
effect of BTX-A injections. From an ethical standpoint,
even if control patients are engaged in research activities,
it is advisable to recommend a standard therapy to them
in order to alleviate their pain, even if only minimally.

Conclusions

This study investigated the impact of BTX-A injections
on patients diagnosed with bruxism. A comprehensive
review of the relevant literature revealed that BTX-A may
be effective in the treatment of bruxism. Therefore, low
doses of BTX-A may be an alternative treatment option
for patients with bruxism, especially in the absence of well-
established treatments. Further prospective and long-
term follow-up studies, taking into account the potential
need for repeated injections, should be conducted.

Trial registration

The protocol of the review was registered with
PROSPERO (identification No. CRD42023472755).

Ethics approval and consent to participate

Not applicable.

Data availability

The datasets generated and/or analyzed during the cur-
rent study are available from the corresponding author on
reasonable request.

Consent for publication

Not applicable.

Use of Al and Al-assisted technologies

Not applicable.
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