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Aims: To systematically review the scientific literature for evidence concerning
the clinical use of botulinum toxin (BTX) for the management of various
temporomandibular disorders (TMDs). Methods: A comprehensive literature
search was conducted in the Medline, Web of Science, and Cochrane Library
databases to find randomized clinical trials (RCT) published between 2000 and
the end of April 2021 investigating the use of BTX to treat TMDs. The selected
articles were reviewed and tabulated according to the PICO (patients/problem/
population, intervention, comparison, outcome) format. Results: A total of 24
RCTs were selected. Nine articles used BT X injections to treat myofascial pain, 4
to treat temporomandibular joint (TMJ) articular TMDs, 8 for the management of
bruxism, and 3 to treat masseter hypertrophy. A total of 411 patients were treated
by injection of BTX. Wide variability was found in the methods of injection and
in the doses injected. Many trials concluded superiority of BTX injections over
placebo for reducing TMD pain levels and improving maximum mouth opening;
however, this was not universal. Conclusion: There is good scientific evidence
to support the use of BTX injections for treatment of masseter hypertrophy and
equivocal evidence for myogenous TMDs, butvery little for TMJ articular disorders.
Studies with improved methodologic design are needed to gain better insight
into the utility and effectiveness of BTX injections for treating both myogenous
and TMJ articular TMDs and to establish suitable protocols for treating different
TMDs. J Oral Facial Pain Headache 2022;36:6-20. doi: 10.11607/0fph.30283.

Keywords: botulinum toxin, bruxism, myofascial, pain, temporomandibular
disorders, temporomandibular joint

of conditions causing pain and/or dysfunction of the masticatory

muscles and/or temporomandibular joints (TMJ). Common signs
and symptoms of TMDs include pain in and around the jaw aggravated
by jaw movement and function, restricted or limited jaw movements, and
TMJ noises, such as clicking or crepitus." TMDs are a leading cause
of orofacial pain and can be associated with significant morbidity and
negative impact on a patient’s quality of life.? It is well recognized that
TMDs have a multifactorial etiology arising from an interplay of predis-
posing, precipitating, and perpetuating factors.? Internationally accept-
ed dual-axis, evidence-based diagnostic criteria have been developed
to enable clinicians to diagnose various TMDs with validated physical
examination methods and psychosocial instruments.® Imaging studies
may be required for additional diagnostic information, such as to assess
the status of the TMJ articular discs or the osseous structures of the
TMJ.

The initial management of TMDs usually involves conservative and
reversible measures such as patient education, reassurance, soft diet,
home exercises, application of moist heat, simple analgesics/nonste-
roidal anti-inflammatory medications, and occlusal splints.> Surgical
interventions are indicated in specific circumstances, such as when
nonsurgical treatments have failed and severe TMJ pathology has been
established as the cause of pain.*®

Botulinum toxin (BTX) is a 150-kDa exotoxin produced by the anaer-
obic bacterium Clostridium botulinum. It consists of a heavy chain (100

Temporomandibular disorders (TMDs) are a heterogenous group
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kDa) and a light chain (50 kDa) linked by a disulfide
bridge.® Seven distinct serotypes (A through G) have
been identified, with further subtypes.” Four types of
serotype A (BTX-A) are commercially available for
use in humans.” BTX acts by presynaptically block-
ing the release of the neurotransmitter acetylcholine
into the neuromuscular junction.®® The heavy chain
of the BTX molecule binds to the neuronal membrane
presynaptically, and the light chain enters the motor
neuron cell via receptor-mediated endocytosis. Once
in the cell, the light chain binds to SNAP-25 (syn—
aptosomal-associated protein of 25 kDa) docking
proteins and cleaves the synaptic SNARE proteins
(SNAP receptors) that form the synaptic fusion com-
plex.578 This inhibits the fusion of acetylcholine—con-
taining vesicles to the cell membrane at the synapse
and thus the release of acetylcholine into the synaptic
cleft at the neuromuscular junction. Reducing acetyl
choline in the synapse results in reduced postsyn-
aptic muscle contraction.® The effects are temporary,
lasting about 3 months. In addition to the well-known
action on cholinergic nerve endings, such as the neu-
romuscular junction and salivary and sweat glands,
BTX-A has also been found to act on other nerve
endings and to reduce pain by both peripheral and
central actions.®'® In rat models, peripheral injection
of BTX has been shown to inhibit the secretion of
substance P, glutamate, and calcitonin gene-related
peptide (CGRP) from sensory neurons.'®'2 It also
reduces local inflammation' around nerve endings,
inhibits sodium channels that are essential for pain
transmission,'® is retrogradely transported to the
spinal cord, and inhibits release of substance P and
c-Fos expression.' In humans, there is evidence that
BTX therapy is effective for a number of neuropathic
pain conditions, including postherpetic neuralgia, tri-
geminal neuralgia, and posttraumatic neuralgia.'®
BTX is currently used to treat a number of head
and neck pain and dysfunction disorders, especially
when the problem is assumed to be primarily of mus-
cular origin.'®"'8 It is the approved treatment of choice
from the Food and Drug Administration for certain
movement disorders, such as blepharospasm, stra-
bismus, and torticollis."” Despite a paucity of studies
supporting high-grade evidence of its effectiveness,
BTX has been increasingly used to treat muscle
spasms and myofascial pain in patients with TMDs.'®
This is based on the assumption that most TMDs are
myogenous and associated with increased mastica-
tory muscle tension and myofascial pain secondary
to excessive masticatory muscle activity.'® Thus, a re-
duction of TMD pain and associated symptoms might
be expected after reducing muscle hyperactivity.'
To date, the use of BTX to treat various TMDs re-
mains controversial. Previous systematic reviews of
studies on the use of BTX in TMDs have discussed
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outcome measures in terms of pain intensity and
range of motion for myofascial pain patients, but
generally have not discriminated, nor separately as-
sessed, the outcomes for other types of TMDs.'®""®
Based on this premise, the aim of the present review
was to review the current scientific evidence con-
cerning the effectiveness of BTX injections for treat-
ing various TMDs, with suggestions for future clinical
research.

METHODS

Search Strategy and Criteria for Selecting
Articles

A thorough review of the relevant literature address-
ing the use of BTX to treat different TMD diagnos-
tic categories was performed. The literature search
was carried out using the Medline, Web of Science,
and Cochrane Library databases. Additional stud-
ies identified within the references of the reviewed
articles were also included if they met the inclusion
criteria.

The search queries used for PubMed were a
combination of the keywords *“botulinum toxin,”
“toxin,” and “Botox,” with relevance to the following
terms: temporomandibular disorder, temporomandib-
ular joint disorders, TMJ clicking, bruxism, masseter
hypertrophy, TMJ degenerative joint disease, TMJ os-
teoarthritis, TMJ arthrosis/arthritis, myalgia, myofas-
cial pain, myospasm, TMJ arthrocentesis, TMJ disc
displacement, TMJ ankylosis, and TMJ pain. The full
list of keyword combinations used can be seen in
Appendix 1.

Inclusion Criteria

Randomized controlled clinical trials (RCTs) that
evaluated the use of BTX to treat TMDs and other
musculoskeletal pain in the head and neck were in-
cluded. Studies had to be written in English.

Exclusion Criteria

The following publication types were excluded: non-
randomized controlled trials, systematic reviews,
meta-analyses, nonsystematic reviews, studies not
reporting data on the use of BTX in TMDs, studies
reporting redundant data from previous publications,
opinion papers, letters to the editor, and articles pub-
lished before 2000.

Selection of Participants

Adults of either gender with a diagnosis of TMD,
bruxism, myofascial pain, TMJ articular disc displace-
ments, and/or any painful disorders involving the
head and neck who underwent any treatment with
BTX (of any type) were included.
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Table 1 Levels of Evidence

Level Type of study

e Systematic reviews of randomized controlled trials (RCTs)

¢ Large RCTs with narrow Cl and a sample size of n > 100

e Smaller RCTs with wider Cl and a sample size of n < 100

Il ® Systematic reviews of cohort studies
e Outcomes research (very large ecologic studies)

e Cohort studies with concurrent control group

1l : : .
e Systematic reviews of case-control studies

e Case series

v e Cohort study without concurrent control group (eg, with historic control group)

e Case-control study

® Expert opinion/expert opinion based on theory or physiologic research

e Case study or report
e Bench research
e Common sense/anecdotes

Table 2 Jadad Scores

Maximum
Item point Description
¢ 1 point if randomization is mentioned
Randomization 2 e 1 additional point if the method of randomization is appropriate
e 1 point deducted if the method of randomization is inappropriate (minimum 0)
e 1 point if blinding is mentioned
Blinding 2 e 1 additional point if the method of blinding is appropriate
e 1 point deducted if the method of blinding is inappropriate (minimum O)
An account of all patients 1 e Qutcomes for all patients in the trial are known. If there are no data, the reason is stated.

In relation to the effects of BTX in patients diag-
nosed with bruxism, this work aims to evaluate the
efficacy of BTX in relation to symptoms connected
to bruxism, not to the reduction in electromyography
(EMG) values or the EMG-documented frequency of
bruxist events.

Methods

The review process first involved screening of titles
and abstracts and then considered the full texts of
relevant papers for inclusion. Three different review-
ers (M.V,, R.D., D.M.) independently performed the
screening process, and discordant evaluations were
discussed. The selected articles were obtained in full
text. In each study, the data extracted included the
following items: author(s), year of publication, study
design, sample size, gender and age of participants,
follow-up period, TMD diagnosis, outcome variables,
and results. A PICO-like?° structured reading (ie, P
= patients/problem/population, | = intervention, C =
comparison, and O = outcome) was adopted based
on the following question: In patients with various
TMDs, including those with bruxism and masseter hy-

pertrophy (P), do BTX injections (I) as compared to
other treatments (C) lead to reduced jaw pain levels,
jaw stiffness, and muscle tenderness, and improve
jaw range of motion (O)? Afterwards, a descriptive
analysis was conducted to evaluate the selected
studies. It was not possible to structure the review
strictly according to PICOT (where T = time) due to
the extremely wide variation of the timelines used to
assess the outcomes of the selected studies.

Statistical Analysis

Although a meta-analysis was intended to be per-
formed for this systematic review, this proved im-
possible due to the marked heterogeneity of the
studies.

Quality of Studies

The quality of the selected studies was assessed by
grading the level of evidence according to Sackett et
al?' and is summarized in Table 1. The Jadad score??
(0-5) was used to assess the quality of the random-
ization, double-blinding, and flow of subjects for the
selected studies (Table 2).
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Fig 1 Flowchart of article
c selection.
.8
5 Articles identified in database search
= (n =4,900)
=
[}
=
Records after duplicates removed - Records excluded
(n = 3,274) (notan RCT, n = 2,072)

Records screened
(n=181)

Y

(did not involve TMJ, n = 1,891)

Records excluded

Y

Full text assessed for eligibility
(h=27)

Records excluded
(no in English, n = 3)

\
Studies included in review
(n=24)

( Included ) (Eligibility ) ( Screening )

Outcome
The primary outcome measures were as follows:

= Pain levels assessed by any validated scale, such
as a visual analog scale (VAS)

= Maximum mouth opening in millimeters

= Health-related quality of life assessed by any
validated tool (if available)

= Adverse events; eg, serious disability and/or
incapacity, hospitalization, infection, dysphagia,
anaphylaxis, allergic reactions, urticaria, soft
tissue edema, etc

The secondary outcome measures were as
follows:

= Jaw function assessed by a validated
questionnaire
= Use of pain medication and dosage used per day

RESULTS

A total of 4,900 papers were found. From the analy-
sis of the literature, 24 randomized clinical trials were
selected on the basis of the keywords searched. A
flowchart illustrating article selection is shown in Fig
1. Due to the considerable variations in study meth-
ods and evaluation of results and the very low number
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of papers, particularly in relation to TMJ articular dis-
orders, a meta-analysis could not be performed.

Study Characteristics

Table 3 shows the relevant characteristics of the
included studies (published between 2000 and
2021).23-46 The studies included a total of 698 pa-
tients, 411 of whom were treated by injection of BTX.
Women markedly outnumbered men, reflecting the
epidemiology of the condition(s).

Quality of Selected Articles
Table 4 depicts the levels of evidence and Jadad
scores of the 24 selected articles.

Types, Number, Sites, and Doses of BTX

The majority of the selected studies evaluated the ef-
fectiveness of BTX type A. One study compared BTX
type A and type B for the management of masseter
hypertrophy.?®> Only 2 studies®*2° utilized a cross-
over design. In most studies, both the masseter and
temporalis muscles were injected,?#2672° with only 3
papers injecting either the masseter or lateral ptery-
goid muscles alone.°-32 Most papers'®:20:23:26-32,35-38
used palpation to establish injection sites. EMG con-
firmation of needle location within the target muscle
was utilized in six studies.?#2%29-8133 K{jtiik et al®2 and
Jadhao et al®** used ultrasound guidance to perform
injections. Guarda-Nardini et al*® used ultrasound
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Table 3 Characteristics of the Included Studies

Test (T)/
Sample control (C)
size (test/ interven- Primary Secondary ~ Secondary out-
Study,y Diagnosis control), n tions outcome(s) Primary outcome results outcome(s) come results
Leeetal,”® Masseter 15 (1 drop- Single Masseter  Both BTX-A and BTX-B pro- N/A N/A
2013 hypertro- out) injections volume duced significant improve-
phy of BTX-Aor reduction  ments in masseter hypertro-
BTX-Bata phy. The maximum volume
dose ratio of reduction, as determined by
1:60 or 1:70 CT scanning, at 12 wk was
in a split- comparable between BTX-A
face study and BTX-B at a dose ratio
of 1:70 (16.6% and 14.2%,
respectively). At 24 wk,
only masseters treated with
BTX-A maintained a signifi-
cant volume reduction.
Nixdorf et TMD 15/15 T=BTX VAS pain Baseline to 8 wk: mean MMO (with MMO with/without
al,>#2002 (RDC/TMD (0-100 mm), difference in VAS and without pain: increase from
groups la C =saline  no raw data pain) baseline to 8 wk (mm):
and b and present Pain intensity: C = 1-mm C=5/10,T=3/0
myofas- reduction, T = 19-mm
cial pain reduction
without and
with limited Pain unpleasantness: C =
mouth B5-mm reduction, T = 13-mm
opening) reduction
Ernberg et TMD 21/21 T=BTX VAS pain  Mean results, baseline: C = MMO Increase from baseline
al,® 2011 (myofascial (0-100 mm) 54, T =58 to 1/3mo:C = 0.9
pain) C = isotonic mm/0.1 mm, T = 1.6
saline 1 mo: C = 11%, T = 30% (to mm/1.6 mm
baseline)
3 mo: C = 4%, T = 23% (to
baseline)
Guar- TMD 10/10 T=BTX VAS pain Baseline:C =41, T=6.2 MMO (non- Increase from baseline
da-Nardini (RDC/TMD (0-10) assisted and to 6 mo (mm): C =
et al,?® groups la C = saline 1wk:C=38T=5.2 assisted) 21and 1.8, T=0.3
2008 and Ilb) and and 1.0
bruxism 1mo:C=37T=36
6mo:C=47T=236
Guar- TMD 16/15 T=BTX VAS pain Baseline:C=6.0,T = 7.3 MMO Increase from baseline
da-Nardini  (myofascial (0-10) to 3 mo: C = 0.44 mm,
etal?’ pain) C = fascial Immediately postoperative: C T=27mm
2012 manipulation =21,T=52
technique
3mo:C=25T=438
von T™MD 60/30 T=BTX VAS pain Baseline to 4 wk: N/A
Lindern et (myofascial (0-10), no
al, 222003  pain) and C = saline raw data C = 0.4 improvement, T =
bruxism present 3.2 improvement
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Table 3 Characteristics of the Included Studies (continued)

Test (T)/
Sample control (C)
size (test/ interven- Primary Secondary  Secondary out-
Study,y Diagnosis control), n tions outcome(s) Primary outcome results outcome(s) come results
Kurtoglu et TMD 12/12 T=BTX RDC/ Baseline: C = 58.9, T = 56.1 EMG readings Calculated mean EMG
al,??2008 (myofascial TMD Axis Il at rest and (for temporalis and
pain) C = saline  biobehavior- maximal masseter muscles
al ques- 14 d: clenching of  bilaterally) when rest/
tionnaire, C=511,T=458 the anterior clenching (mV):
questions 28d:C =51.4,T=439 temporalis and
7-9 (related masseter Baseline: C =
to pain) muscles bilat- 200.0/529.3, T =
erally 206.3/296.0
14d:C =
262.3/498.8, T =
165.0/199.0
28d:C =
212.8/540.8, T =
221.0/256.0
Patel et T™MD 10/10 (1 T=BTX Pain scale  Baseline:C =5.43,T =54 N/A N/A
al,30 2017 dropout) (1-10)
C = saline 1 mo: C = 4.5 reduction, T =
1.7 reduction
Altaweel et TMD /7 T=BTX, Mouth- Significant improvementin  Disc position MRI showed no
al® 2019 extraoral opening mouth opening from 8 wk change in disc position
injection  assessment, postinjection was reported after injection.
lateral in both approaches. There
C =BTX, pterygoid was a significant improve-
intraoral muscle ment in TMJ clicking from
injection  tenderness, 1 wk postinjection, with no
TMJ clicking, group difference. The EMG
and tender-  assessment documented
ness LPM hyperactivity preinjec-
tion followed by significantly
decreased muscle activity
at 8 and 16 wk postinjec-
tion, without a statistical
difference.
Kitik et T™MD 20/20 T=BTX VAS pain, Pain at rest was relieved MMO, jaw In Group C, recovery
al,® 2019  (myofascial crepitation, more effectively in Group C strength of TMJ function was
pain) C =drynee- functional at the end of 6 wk. more obvious at 6 wk
dling limitation following dry needling
Improvement in jaw protru- (P =.002).
sion angles on the right (P
=.009) and left (P = .002)
sides was more evident in
Group C after 6 wk.
Cahlin et Bruxism 6/6 T=BTX Bite force, No significant changes N/A N/A
al,%#2019 chewing between the two groups
C =saline  efficiency,
VAS pain
(0-100)
Jadhaoet  Myofascial 8/8/8 T=BTX VAS pain Baseline: T =3.8,C1 =4, Maximum Baseline:
al,®* 2017 pain and (0-5) ce2=4 occlusal force
bruxism C1 = saline 7d:T=-3243,C1 =
7d: T=23.55C1=3385, -56.81,C2 = 0.63
C2=no C2 =23.80
treatment 3mo: T=-3764,C1
3mo: T=320C1 =41, =-11.32,C2 = -6.77
C2=4
6 mo: T = -30.12, C1
6mo:T=23,C1=38,C2 =-24.34,C2 = -3.66
=39
11 Volume 36, Number 1, 2022
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Table 3 Characteristics of the Included Studies (continued)

Test (T)/
Sample control (C)
size (test/ interven- Primary Secondary Secondary out-
Study,y Diagnosis control), n tions outcome(s) Primary outcome results  outcome(s) come results
De Carliet Myofascial 7/8(3drop T =BTX VAS pain  Baseline: C = 7 (approx), T = MMO Baseline: C = 42, T
al,%®2016 pain outs) (0-10) 7 (approx) =38
C = low-lev-
el laser 30d: C = 3.5 (approx), T =
therapy just under 3.5 (approx) 30d:C=42,T=36
De la Torre T™MD 4/474/474 T = oral VAS pain BTX reduced pain intensity Muscle A transient decline in
Canales et (myofascial appliance (P <.0001) and increased contraction, masticatory perfor-
al,%6 2020 pain) PPT (P < .0001) for up to 24  masticatory ~ mance (P < .05) and
C1 = saline wk compared to placebo.  performance, = muscle contraction
solution muscle (P <.0001). A
thickness,and  decrease in muscle
C2,C3,C4 mandibular thickness (P < .0b)
= three BTX bone and coronoid and
groups with condylar process
different bone volume
doses (P < .05) were found
as dose-related ad-
verse effects of BTX.
Pihut et al, TMD B75 T=BTX Assessment Average load values for Numeric mod-  In the anterior right
872017 of the loads  all evaluated zones of the el tests disc, the load was
C =occlu- of fourdisc right and left articular discs lower in patients
sal splint zones of differed in a statistically belonging to group |
the TMJs  significant way in favor of the than in those in the
basedon  BTX group, with the excep- BTX group.
the results  tion of the external mid part
of clinical of the discs.
studies
Shandilya ~ TMD (after 10710 T=BTX Pain and Mouth opening achieved EMG record-  Transient decrease in
et al,%® surgical ease of with BTX was significantly ings were the microvolt value in
2020 approach C = saline active phys-  greater than that achieved ~ performed of =~ EMG analysis of the
to TMJ) iotherapy for the C group. None of the individual ~ masticatory muscles
atthe 1-wk  the patients in the T group masticatory  oninjection of BTX.
and 1-,3-,  reported pain during the jaw ~ muscles in
and 6-mo movements over follow-up.  each patient
follow-up before injec-
visits using tion and at 1
a question- and 3 mo after
naire injection.
Ondo et Bruxism 13/9 (1 T=BTX CGl CGl improvement (P < .05) VAS of change VAS of change (P <
al,%® 2018 dropout) favored the BTX group. in bruxism  .05) favored the BTX
C = saline and pain at 4 group.
to 8 wk after
injection
Leeetal  Bruxism 6/6 T=BTX  No.of brux- No. of EMG bruxism N/A N/A
2010 (Dysport)  ismevents events/h during sleep (using
during sleep  the 20% MVC criterion) at
C = saline baseline/4/8/12 wk:

C=(248+1.26)/(224 +
1.06)/(2.50 £ 1.37)/(2.66
+ 1.44)

T=(277 + 1.86)/(0.156 +
0.29)/(0.26 + 0.35)/(0.26
+ 0.24)
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Table 3 Characteristics of the Included Studies (continued)

Test (T)/
Sample control (C)
size (test/ interven- Primary Secondary  Secondary out-
Study,y Diagnosis control), n tions outcome(s) Primary outcome results outcome(s) come results
Shim et Bruxism 11/11 (2 T=BTX No.ofbrux- 9 (4 from T and 5 from C) N/A N/A
al,*1 2014 drop outs) injected ism events  subjects with a self-reported
bilaterally  during sleep  decrease of tooth grinding
into the had a significantly higher
masseter RMMA index (3.83 + 1.50/h)
muscle compared to the other 11
subjects, who self-reported
C=BTX no change (2.38 + 0.87/h;
injected P =.015). The reduction in
bilaterally the sensation of morning jaw
into both the stiffness after BTX injection
masse- was 47.50% = 15.86%
ter and in group T and 57.560% =+
temporalis 30.30% in group C
muscles
Shim et Bruxism 13/10 (8 T=BTX No.ofbrux- RMMA episode variables N/A N/A
al,*2 2020 dropouts) ismevents  did not change significantly
C = saline during sleep  during the 12 wk in either
group except for the number
of RMMA episodes per hour
of sleep (RMMA episodes/h)
in the placebo group
(P =.036).
For RMMA episodes/h,
significant differences were
found between baseline and
4 wk (P =.011) and between
4 wk and 12 wk (P =.020) in
the placebo group.
MVC MA and RMMA MA
significantly decreased only
in the T group for 12 wk.
For these variables, a signif-
icant difference was found
only between baseline and
4 wk (paired ttest: P =.001
for MVC MA, P < .0001 for
RMMA MA)
Zhang et TMDand 10710710 T =BTX Occlusal Changes in mean (SEM) N/A N/A
al,** 2016  bruxism or (two control force maximum bite force (kg)
daytime groups)  C1 = saline from baseline to 1/3/6 mo:
clenching
for > 2/12 C2=no C1:7.97/13.33/22.52
h treatment
C2:0.94/8.63/3.77
T: 41.97/48.17/39.79
Kaya and TMD and 20/20 T=BTX Maximum 0-2wk: T =577 Pain VAS 0-2wk:T=29,C
Ataoglu,* bruxism bite force (0-10) =920
2021 C = occlusal 0-6wk: T =66.6
splint 0-6wk: T=3.3,C
0-3mo: T =137 =18
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Table 3 Characteristics of the Included Studies (continued)

Test (T)/
Sample control (C)
size (test/ interven- Primary Secondary Secondary out-
Study,y Diagnosis control), n tions outcome(s) Primary outcome results  outcome(s) come results
Leeetal®® Masseter 56 Split-face Masseter  The efficacy and safety of in- N/A N/A
2014 hypertro- study, on- volume cobotulinum were not inferior
phy abotulinum  reduction  to those of onabotulinum in
vs incobotu- treating periocular rhytides
linum and masseter hypertrophy
up to 16 wk after injection.
There were no noteworthy
differences in the onset
time of effect between two
botulinum toxins for perioc-
ular wrinkles and masseter
hypertrophy.
Wei et al,*®  Masseter 49/49 BTX into Masseter  The duration of the masseter N/A N/A
2015 hypertro- the masse- volume muscle hypertrophy was
phy ter muscles:  reduction  significantly prolonged in the
T group (stretching) patients.
T=in- The thickness and the vol-
structed to ume of the other masticatory
strengthen muscles were significantly
increased in the T group,
C=no but were either slightly
instruction decreased or insignificantly

different in the C group.

CGl = Clinical Global Impression; CT = computed tomography; EMG = electromyographic; MA = muscle activity; MMO = maximum mouth opening; MRI =
magnetic resonance imaging; = MVC = maximal voluntary clenching; N/A = not applicable; PPT = pressure pain threshold; RDC/TMD = Research Diag-
nostic Criteria for Temporomandibular Disorders; RMMA = rhythmic masticatory muscle; SEM = standard error of the mean; VAS = visual analog scale.

guidance in 2008, but only palpation in 2012.%7
The total BTX units injected and the dose per indi-
vidual muscle varied enormously, even where the
same (myogenous) pathology was being treated,
and therefore cannot be properly compared.

Table 4 Level of Evidence and Jadad Score of

Selected Studies

Study Level of evidence  Jadad score
Lee et al®® Il
Nixdorf et al?* I

Ernberg et al?® I

BTX in Myofascial Pain/Myospasm

From the analysis of the literature, 9 RCTs (Table
5) were selected that assessed the management
of myofascial pain in the head and neck, with a
total of 315 patients analyzed.?425:27-29.82.34-36 No
RCTs were found that specifically treated masti-
catory myospasm. The BTX-A serotype was in-
jected in all studies in doses ranging from 25 U to
300 U. Most studies compared BTX-A injections
to saline injections,?+25282983436 \while 4 studies
compared BTX-A to low-level laser therapy,®
physiotherapy,?” dry needling,®? and oral appli-
ances.®® The number, location(s), and frequency
of injections differed between studies. Although
individual studies used a standardized injection
approach, no identifiable standardized protocol
was common between studies. Patient follow-up
time also varied from 28 days®® to 7 months®
across studies. Furthermore, with the exception
of the VAS scale and millimeter measurement

Guarda-Nardini et al®®
Guarda-Nardini et al?”
von Lindern et al*®
Kurtoglu et al?®

Patel et al*®®

Altaweel et al®!

Kitik et al®?

Cahlin et al*®

Jadhao et al®

De Carli et al®®

De la Torre Canales et al®®
Pihut et al®”
Shandilya et al*®
Ondo et al®®

Lee et al*®

Shim et al*!

Shim et al*?

Zhang et al*3

Kaya and Ataoglu**
Lee et al*®

Wei et al*®

W —=NNNNWO—=NONNO = =DM NNNDdMdM®
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Table 5 Characteristics of Studies on BTX for Treatment of Myofascial Pain/Spasm

Study

Total dose (U)

Muscles injected

Sites of injection

Both groups: 50-U masseter, 25-U temporalis
(single session, bilaterally); 0.6 mL for each dose
divided over 3 injection sites in each muscle

Both groups: 3 standard points on each masseter,
deep portion 0.1 mL (10 U) x1, superficial portion
0.2 mL (20 U) x2 (single session, bilaterally)
Group 1: single session, dosing not specified
Group 2: weekly (facial manipulation)

Both groups: dependent on areas with pain (single
session, bilaterally)

Both groups: three injections within the masseter
(30 U) and two injections within the temporalis (20
U; single session, bilaterally)

Group 1 BTX: not declared

Group 2 dry needling: The needle was inserted into
the muscle until the trigger point in the muscle band
with the tip was found. The same point was needled
rapidly 8 to 10 times with the tip of the needle
mounted to the empty syringe.

Group 1: intramuscular injections for each side (30
U) within the masseter muscles and three injections
(20 U) within the anterior temporalis muscles
Group 1: 30 U were applied per point in two points
of the superficial bundle of the masseter muscle (in

Nixdorf et al** 160 Both groups: masseter and temporalis

Ernberg et al®® 50 or 100 Both groups: masseter

Guarda-Nardini 300 Group 1, BTX: masseter and temporalis

et al?’ Group 2, facial manipulation: not applicable

von Lindern etal®  Average: 70 Both groups: masseter, temporalis, or medial
pterygoid, depending on areas of maximum
tenderness and pain

Kurtoglu et al?® 100 Both groups: masseter and temporalis

Kuttk et al®? 25-150 Group 1, BTX: masseter, temporalis, and
lateral pterygoid
Group 2, dry needling: masseter, temporalis,
and lateral pterygoid

Jadhao et al® 100 Group 1, BTX: masseter and temporalis
Group 2, saline: masseter and temporalis
Group 3: no injection

De Carli et al®® 500 Group 1, BTX: masseter and temporalis
Group 2, laser: masseter and temporalis

De la Torre Cana- 40-100 Group 1, oral appliance: N/A

les et al®®

masseter, temporalis

Group 2 saline solution: masseter, temporalis
Groups 3, 4, and 5, different doses of BTX =

the upper portion and the lower portion) and in one
point of the temporal muscle (central portion); 15 U
15 d later

Group 2: GaAlAs active medium, 100 mW of power,
at a continuous emission mode, wavelength of 830
nm, and dose of 80 J/cm? per application point
Group 2, saline: Temporal 0.4 mL, masseter 1 mL
Group 3, BTX: Temporal 10 U, masseter 30 U
Group 4, BTX: Temporal 20 U, masseter 50 U
Group 5, BTX: Temporal 25 U, masseter 75 U

GaAlAs = gallium arsenide and aluminum.

of mouth opening used as outcome variables in all
papers, no other common outcome variables could
be identified to evaluate the success of the treat-
ment. De Carli et al*® utilized EMG values to evalu-
ate the effects of BTX on occlusal forces, while De la
Torres Canales et al®® used EMG, CBCT (to evaluate
TMJ osseous changes), and ultrasound (to evaluate
changes in size of the affected muscles). No signif-
icant adverse events were reported in any studies.
Three double-blinded RCTs?*26 failed to find sig-
nificant differences between patients treated with
BTX and saline injections. Nixdorf et al** failed to find
statistically significant differences in regard to pain
intensity (P = .10), unpleasantness (P = .40), and
muscle palpation tenderness (P = .91), but found sta-
tistical significance in maximum opening without pain
(P = .02) and with pain (P = .005). Interestingly, the
BTX group demonstrated a relative decreased mouth
opening. Ernberg et al*® found minimal pain reduc-
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tion at 3 months after BTX injections compared to
saline, concluding that BTX has low clinical efficacy
for treating persistent myofascial TMD pain. However,
a number of studies?”29323538 ghowed statistical-
ly significant improvements in pain levels and jaw
movements in the group of patients treated with BTX.
Interestingly, other studies have shown that low-level
laser therapy®® and dry needling®? resulted in faster
reduction of pain than BTX injections.

BTX in TMJ Disorders

Only 4 articles were included for BTX in TMJ
intra-articular disorders (Table 6), with a total of 64
patients.3%3137.38 Qnly 3 studies specified the pa-
rameters for the diagnosis of TMD in the selected
patients. BTX-A was used in all studies, but the
studies could not be compared due to the diversity
of TMJ diagnoses, doses of BTX used, and the sites
and methods used for the injections. Patel et al®°
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Table 6 Characteristics of Studies on BTX for Treatment of TMDJ Articular Disorders

Study Total dose Muscles injected

Sites of injection

Patel et al®® 170 U Both groups: masseter, temporalis,
and external pterygoid, crossover
setting after 1 mo

Altaweel et al®! 20U Group 1: Injection of LPM using
extraoral approach
Group 2: Injection of LPM using
intraoral approach

Pihut et al®” N/A Both groups: not described
Shandilya et al*® 48U Both groups: masseter and tempo-
ralis

50 units to each masseter, 25 units to each temporalis, 10
units to each external pterygoid

Both groups: 20 U per side

21 U for each muscle in 3 points of 7 U each

Two injections (2 x 4 U) were given

1 cm above the inferior border of mandible; two

(2 x 4 U) were given 1 cm below the inferior border of the zy-
gomatic arch; and one (1 x 4 U) was given at the center of the
masseter muscle. The injections into each temporalis muscle
were given at the junction of the scalp and non-hair-bearing
skin in the temporal region. Three points of injections of 4 U
each (3 x 4 U) were given horizontally at a distance of 1 cm
below the level of the temporalis muscle origin.

reported a statistically significant reduction of pain
levels after BTX injections when compared to saline
in a crossover setting, but the diagnosis and patient
selection are unclear. Although not strictly meeting
the criteria, the authors noted a prospective, un-
controlled, and unblinded study®' comparing BTX
injections for treatment of TMJ clicking via intra- and
extraoral approaches to the lateral pterygoid muscle
in patients with MRI-confirmed TMJ articular disc
displacement with reduction. Both approaches led
to significantly reduced TMJ clicking noise, but the
MRI-determined position of the articular disc did not
change. Pihut et al®” demonstrated that BTX injec-
tions into masticatory muscles significantly reduced
average loading forces on the TMJ articular disc.
Shandilya et al®® assessed the effectiveness of pre-
surgical BTX injections in patients who were sur-
gically treated for TMJ ankylosis and demonstrated
a significant reduction in pain levels and improved
mouth-opening range.

BTX in Bruxism

Eight articles reporting on the use of BTX-A for the
treatment of bruxism were extrapolated?6:33:89-44
(Table 7). A total 36 patients were studied. All articles
used the BTX-A serotype in the management of sleep
bruxism. Total doses of BTX-A ranged from 24 U** to
100 U.#° Time of follow-up ranged from 12 weeks*°~42
to 6 months.** Subjective bruxism symptoms were
significantly decreased in the BTX groups.26:39-41:43,44
Ondo et al®® compared BTX-A and saline solution
injections into the masseter and temporalis mus-
cles of bruxers. Reduced VAS pain levels, improved
sleep time, and reduced number and duration of
bruxist episodes were found in the BTX group. Shim

et al*'*? evaluated the efficacy of different BTX in-
jection protocols and found that BTX injections
reduced the peak amplitude of EMG bursts in the
masseter and temporalis, but not the number of
rhythmic masticatory muscle activity (RMMA) epi-
sodes per hour during sleep. Investigating bruxism
in patients with cerebral palsy, Cahlin et al®® failed
to find any significant effect of BTX-A compared
to placebo. No dysphagia or masticatory adverse
events were reported.

BTX in Masseter Hypertrophy

Three RCTs on BTX for masseter hypertrophy
were highlighted, accounting for a total of 169 pa-
tients234546 (Table 8). All three studies performed a
single administration of BTX, but different serotypes
were evaluated, making it difficult to compare dos-
es. The follow-up time varied from 16 weeks*® to 12
months.*® The efficacy and safety of incobotulinum
were not inferior to those of onabotulinum in treat-
ing masseter hypertrophy up to 16 weeks after injec-
tion.*® There were no noteworthy differences in the
onset time of effect between two BTX serotypes for
masseter hypertrophy.*® Lee et al*® highlighted that,
at week 24, only the BTX-A injected group main-
tained a significant volume reduction; however, if both
patient satisfaction scores and objective computed
tomography (CT) measurements were assessed,
both BTX-A and BTX-B were considered effective for
the treatment of masseter hypertrophy. It appears that
BTX-B at a dose ratio of 1:70 has a comparable ef-
ficacy but a shorter duration of action than BTX-A.>3
No adverse side effects were reported in any of the
studies.
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Table 7 Characteristics of Studies on BTX for Treatment of Bruxism

Study Total dose Muscles injected Sites of injection
Guarda-Nardini 100 U Both groups: masseter and temporalis Both groups: four intramuscular injections within the
et al?® masseter (30 U) and three intramuscular injections
within the anterior temporalis (20 U; single session,
bilaterally)
Cahlin et al®® 100U Both groups: masseter and temporalis Group 1: 30 U in masseter muscles and 20 U in the
temporalis muscles on each side
Ondo et al®® 200U Both groups: bilaterally into masseter and ~ Group 1: Total 60 U injected into each masseter
temporalis muscle (2 sites)
Group 2: Total 40 U injected into each temporalis
muscle (3 sites)
Lee et al*® 80U Both groups: masseter Both groups: masseter (3 points)
Shim et al*’ 50-100U  Group 1 = BTX bilaterally into the 25 U of BTX-A was injected into each muscle.
masseter muscle
Group 2 = BTX bilaterally into both the
masseter and temporalis muscles
Shim et al*? 100 U Both groups: masseter Group 1: 25 U of BTX-A injected into each masseter
muscle (2 points)
Zhang et al*® 100U Both groups: masseter Both groups: masseter (3 points)
Kaya and Atao- 24 U Group 1, BTX: masseter Group 1, BTX: 24 units of BTX-A were applied on one

glu** Group 2, occlusal splint: N/A

side of the masseter muscle

Table 8 Characteristics of Studies on BTX for Treatment of Masseter Hypertrophy

Study Total dose Muscles injected Sites of injection
Lee et al®® 30 U BTX-A, Both groups: masseter Fixed dose (30 U) of BTX-A injected into the masse-
1.6 Uor2.1 BTX-B ter muscle on one side and either 1.5 U or 2.1 U of
BTX-B injected symmetrically into the muscle on the
other side
Lee et al*® 50 U (incobotulinum or  Both groups: masseter Both groups: injection of 25 U (incobotulinum or
onabotulinum) onabotulinum) into the lower posterior portion of the
masseter muscle on each side
Wei et al*® 70 U BTX-A Group 1 = BTX bilaterally into the Both groups: intramasseter muscle injections of 35
masseter muscle + stretching U, once per side
Group 2 = bilateral BTX into both the
masseter muscles
DISCUSSION conducted in more than 30 participants.2844-4¢ The

The aim of this systematic review was to summarize
the current scientific knowledge on the effective-
ness of BTX injections for the management of vari-
ous TMDs. Unlike previous reviews that limited their
scope to myogenous TMDs, the purpose of the pres-
ent article was to investigate the specific use of BTX
injection for treating other TMD diagnoses and to
suggest strategies for future research.

Four main categories of TMDs were identified:
(1) myofascial pain (and/or myospasm); (2) TMJ ar-
ticular disorders; (3) bruxism; and (4) masseter hy-
pertrophy. Extensive searches using multiple search
terms and words were carried out in order to include
as many relevant studies as possible. All studies had
small sample sizes, with only 4 of the 24 studies being
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high cost of BTX, the short-term nature of its effects,
and the absence of approved indications for BTX in-
jections into the masticatory muscles could explain
the small number of participants in these studies.
Such low numbers resulted in obvious consequenc-
es regarding the external validity of the findings.
Furthermore, the absence of an established in-
jection protocol has led to a wide range of BTX
treatment methods. Most studies evaluated the re-
sults of a single BTX injection into the masseter mus-
cle without considering other masticatory muscles
injected, and there was no consistency in the num-
ber, method, or site of injections. Other masticatory
muscles were rarely mentioned, and the effect of BTX
injections into multiple masticatory muscles during
one visit requires further study. Only one study*
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compared a single BTX injection into the masseter
muscles with additional injection into the temporalis
muscles. Most studies used palpation to locate the
sites,?529,32,34-41,44-46 \yhjle others used ultrasound
or EMG guidance.?¢3234 |t is evident that more con-
trolled trials evaluating the outcomes of different
doses, numbers, and sites of injections are needed
to establish the most effective and safe protocol for
treating a particular TMD. Most of the studies failed
to provide information on needle size, without any
studies mentioning the depth of injection into the
muscles. The relevance of injection depth also re-
quires further study.

Consistent with previously published systemat-
ic reviews,'®"'® most data supporting the efficacy of
BTX injection for treating TMDs came from studies
on myofascial pain or muscle spasms. This was a
logical expectation based on the well-known primary
mechanism of action of BTX. Similar difficulties were
encountered when comparing studies due to the dif-
fering study designs, poorly defined TMD groups,
and different outcome assessment criteria. Despite
benefits being found in many studies, consensus on
the utility of BTX injections to treat myofascial TMDs
is still lacking.* The reported superiority of BTX in-
jections over placebo?72930.82:3536:3839 for reducing
pain levels was not universally replicated for increas-
ing mouth opening and mandibular range of motion
values. Interestingly, there are some suggestions that
other treatments (eg, low-level laser therapy®® and
dry needling?®) may achieve faster pain relief than
BTX, possibly supporting the hypothesis that multiple
visits with the caregiver may enhance the results of a
therapeutic regimen. Clearly, further RCTs with larger
samples of well-defined diagnostic groups accord-
ing to the Diagnostic Criteria for TMD (DC/TMD) and
longer follow-up periods are required.

Concerning TMJ articular disorders, only 4 stud-
ies were eligible for the review,30813738 || utilizing
different methods, diagnosis, and outcome variables,
making comparison of these studies and the draw-
ing of conclusions impossible. In particular, despite
a tendency to report BTX superiority over placebo,
comparison of the effect of BTX on different articu-
lar TMJ disorders was impossible. No blinded RCTs
were found regarding injection of BTX into the lateral
pterygoid muscle to reduce TMJ clicking and improve
articular disc displacement. Similarly, no high-quality
evidence regarding the use of BTX injections to
specifically treat TMJ arthralgia, nor other effects of
directly injecting BTX into the TMJs, was found. If ef-
fectiveness is proven, such injections could be a po-
tential alternative for treatment of TMJ osteoarthritis.
Recent rheumatologic literature has demonstrated
improvement in arthritis pain and joint function after
BTX injections directly into a number of other joints,

Delcanho et al

although the results are variable. To date, human
studies have been small and with inconsistent re-
sults.*” Clinical RCTs with accurate phenotyping and
defined patient criteria are required to determine the
characteristics of, and selection criteria for, the OA
population that would most likely benefit.#® The utili-
ty of intra-articular injections of BTX directly into the
TMJ to treat TMJ articular disorders such as osteoar-
thritis and internal derangement—both directly via its
analgesic effects and indirectly via muscle relaxation
effects—needs to be investigated.

The literature on bruxism is difficult to analyze be-
cause of the difficulty discriminating between BTX
effects on the reduction of bruxism (ie, a decrease
in the number of sleep bruxism events) and on the
control of bruxism-related symptoms (ie, a decrease
in pain levels in populations of individuals diagnosed
with bruxism).*-5! The available research is incon-
clusive and does not show enough evidence that
bruxism can be treated with BTX injections. Although
promising results have been shown in individual stud-
ies, further clinical RCTs are needed. Evolving works
concerning bruxism definition paradigms must be
taken into account for designing future trials on the
topic, with a focus on the possible etiology and prop-
er assessment of bruxism, which is much more than
just sleep-time tooth grinding in relation to arousals.*’
Studies also need to define the treatment indications
for bruxism and use standardized protocols regarding
dose, number, and location of injection sites, etc.

Regarding esthetic indications, the existing liter-
ature supports the usefulness of BTX injections for
masseter hypertrophy, demonstrating superiority over
placebo.23454¢ As demonstrated elsewhere, con-
cerns were found here regarding the quality of cur-
rently available material, given the poor description of
procedures that have been used to evaluate muscle
thickness and hypertrophy.

These findings confirm that a better refinement
and increased homogeneity of research protocols are
needed to achieve tailored indications for the use of
BTX to treat different TMDs. In particular, two possi-
ble critical concerns must be considered for design-
ing future trials. First, given further evidence of the
pain modulation properties of BTX and its potential
effectiveness for managing symptoms of neuropath-
ic pain, it is fundamental that differential diagno-
sis using validated diagnostic criteria, such as the
DC/TMD,? is established before enrolling patients in
clinical trials. This is important when considering the
overlap of symptoms that is often seen in the clinical
setting, which is seldom considered in the research
setting. Second, there is an almost universal absence
of information concerning Axis Il (ie, psychosocial)
findings as prognostic predictors of the effectiveness
of various treatments. Again, given the well-known
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impact of those factors in the clinical setting, consid-
eration must be given to the biopsychosocial model
of pain when gathering evidence-based information.

Conclusions

Orofacial musculoskeletal conditions are very com-
mon disorders that are usually well managed with a
number of reversible and conservative approaches.
It appears that BTX is gaining popularity due to its
effects in reducing muscle contractions and modu-
lation of peripheral and central pain. However, with
particular respect to both myogenous and arthroge-
nous TMDs, high-quality, evidence-based data utiliz-
ing the DC/TMD with consideration of Axis Il factors
is lacking. The present evaluation of the literature
was performed to summarize the current knowledge
on this topic. Only 24 RCTs were identified, all with
limitations, therefore not allowing validated protocols
for managing different TMD conditions to be identi-
fied. Despite the limitations, the data to date justify
further research to better identify the patients most
likely to benefit and to establish the best protocol (eg,
site, number, and dose of injections) for treating dif-
ferent TMDs (eg, myofascial pain, TMJ osteoarthritis,
and internal derangement). Such research is required
before routine clinical use of BTX to treat TMDs can
be recommended.

Key Findings

= BTX treatment is gaining popularity; however,
the results of studies to date are somewhat
equivocal, and BTX is not necessarily superior
to currently available less invasive and less
expensive conservative treatments.

= There is good scientific evidence that BTX
treatment is effective for treating masseter
hypertrophy and equivocal evidence for its use
in treating masticatory myofascial pain. However,
there is a paucity of evidence concerning the
effectiveness of treating TMJ articular disorders.

= Further controlled studies of improved
methodologic design are required to identify
the types of TMD patients most likely to benefit
from BTX injection treatment and to establish
standardized protocols.
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Appendix 1 Supplementary List of Search Keywords

Generic

BTX

BTX

BTX

BOT
TOX

BTX

:TMJ

: TMD

: Bruxism

ULINUM
IN BRUXER

: Masseter

hypertrophy

BTX

BTX

BTX

BTX

BTX
pain

BTX

BTX:

20a

: Ankylosis

. Arthrosis

: Arthritis

: Osteoarthritis

: Myofascial

: Myalgia

™J

(((("botulinum toxins"[MeSH Terms] OR (“botulinum”[All Fields] AND “toxins”[All Fields])) OR “botulinum toxins[All
Fields]) OR (“botulinum’[All Fields] AND “toxin"[All Fields])) OR “botulinum toxin"[All Fields]) AND ((“head neck’[-
Journal] OR (“head”[All Fields] AND “neck’[All Fields])) OR “head neck’[All Fields]);B

(“botulinum toxins"[MeSH Terms] OR (“botulinum’[All Fields] AND

“toxins"[All Fields]) OR “botulinum toxins"[All Fields] OR

(“botulinum’[All Fields] AND “toxin"[All Fields]) OR “botulinum

toxin"[All Fields]) AND (“temporomandibular joint"[MeSH Terms] OR

(“temporomandibular”[All Fields] AND “joint”[All Fields]) OR

“temporomandibular joint"[All Fields] OR “tmj"[All Fields])

(“botulinum toxins"[MeSH Terms] OR (“botulinum’[All Fields] AND

“toxins"[All Fields]) OR “botulinum toxins”[All Fields] OR

(“botulinum’[All Fields] AND “toxin"[All Fields]) OR “botulinum

toxin"[All Fields]) AND “TMD”[All Fields]

(((("botulinum toxins"[MeSH Terms] OR (“botulinum”[All Fields] AND “toxins”[All Fields])) OR “botulinum toxins[All
Fields]) OR (“botulinum’[All Fields] AND “toxin[All Fields])) OR “botulinum toxin"[All Fields]) AND (“bruxism’[MeSH
Terms] OR “bruxism”’[All Fields])

(“botulinum toxins"[MeSH Terms] OR (“botulinum’[All Fields] AND

“toxins"[All Fields]) OR “botulinum toxins"[All Fields] OR

(“botulinum’[All Fields] AND “toxin"[All Fields]) OR “botulinum

toxin"[All Fields]) AND (“bruxer[All Fields] OR “bruxers”[All Fields])

(“botulinum toxins"[MeSH Terms] OR (“botulinum”[All Fields] AND “toxins”[All Fields]) OR “botulinum toxins"[All
Fields] OR (“botulinum”[All Fields] AND “toxin”[All Fields]) OR “botulinum toxin"[All Fields]) AND (“masseter mus-
cle’[MeSH Terms] OR

(“masseter’[All Fields] AND “muscle’[All Fields]) OR “masseter muscle’[All Fields] OR “masseter’[All Fields] OR
“masseters"[All Fields]) AND (*hypertrophy”’[MeSH Terms] OR “hypertrophy”[All Fields] OR “hypertrophied”[All
Fields] OR “hypertrophies’[All Fields] OR “hypertrophying”[All Fields])

(“botulinum toxins"[MeSH Terms] OR (“botulinum’[All Fields] AND

“toxins"[All Fields]) OR “botulinum toxins”[All Fields] OR

(“botulinum’[All Fields] AND “toxin"[All Fields]) OR “botulinum

toxin"[All Fields]) AND (“ankylose’[All Fields] OR “ankylosed”[All

Fields] OR “ankylosis"[MeSH Terms] OR “ankylosis"[All Fields] OR

“ankyloses’[All Fields])

(“botulinum toxins"[MeSH Terms] OR (“botulinum’[All Fields] AND

“toxins"[All Fields]) OR “botulinum toxins"[All Fields] OR

(“botulinum’[All Fields] AND “toxin"[All Fields]) OR “botulinum

toxin"[All Fields]) AND (“joint diseases’[MeSH Terms] OR (‘joint"[All

Fields] AND “diseases"[All Fields]) OR “joint diseases"[All Fields] OR

“arthrosis”[All Fields])

(“botulinum toxins"[MeSH Terms] OR (“botulinum’[All Fields] AND

“toxins"[All Fields]) OR “botulinum toxins”[All Fields] OR

(“botulinum’[All Fields] AND “toxin"[All Fields]) OR “botulinum

toxin"[All Fields]) AND (“arthritis"[MeSH Terms] OR “arthritis”[All

Fields] OR “arthritides”[All Fields] OR “polyarthritides”[All Fields])

(“botulinum toxins"[MeSH Terms] OR (“botulinum”[All Fields] AND

“toxins"[All Fields]) OR “botulinum toxins"[All Fields] OR

(“botulinum’[All Fields] AND “toxin"[All Fields]) OR “botulinum

toxin"[All Fields]) AND (“osteoarthritis"[MeSH Terms] OR

“osteoarthritis”[All Fields] OR “osteoarthritides”[All Fields])

(((("botulinum toxins"[MeSH Terms] OR (“botulinum”[All Fields] AND “toxins”[All Fields])) OR “botulinum toxins[All
Fields]) OR (“botulinum’[All Fields] AND “toxin"[All Fields])) OR “botulinum toxin"[All Fields]) AND “MYOFAS-
CIAL[AIll Fields] AND

(“pain”[MeSH Terms] OR “pain”[All Fields]) “MYOFASCIAL'[AIl

Fields] AND (“spasm’[MeSH Terms] OR “spasm’[All Fields] OR

“spasms’[All Fields]) AND (“botulinum toxins’[MeSH Terms] OR

(“botulinum”[All Fields] AND “toxins”[All Fields]) OR “botulinum

toxins”[All Fields] OR (“botulinum”[All Fields] AND “toxin”[All Fields])

OR “botulinum toxin”[All Fields])

(“botulinum toxins"[MeSH Terms] OR (“botulinum’[All Fields] AND

“toxins"[All Fields]) OR “botulinum toxins"[All Fields] OR

(“botulinum’[All Fields] AND “toxin"[All Fields]) OR “botulinum

toxin"[All Fields]) AND (“myalgia’[MeSH Terms] OR “myalgia’[All

Fields] OR “myalgias’[All Fields])

(((("botulinum toxins”"[MeSH Terms] OR (“botulinum”[All Fields] AND “toxins”[All Fields])) OR “botulinum toxins”[All
Fields]) OR (“botulinum"[All Fields] AND “toxin”[All Fields])) OR “botulinum toxin”[All Fields]) AND ((“temporoman-
dibular joint"[MeSH Terms] OR (“temporomandibular’[All Fields] AND *“joint”[All Fields])) OR “temporomandibular
joint”[All Fields]); “botulinum toxin and TMJ dislocation” and ““botulinum toxin and TMJ subluxation”;
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Appendix 1 Supplementary List of Search Keywords (continued)

BTX: TMDs

BTX: TMJ surgery

BTX: Meniscectomy

BTX: Arthroplasty

BTX: Pain

BTX: Disc
displacement

BTX: Clicking

BTX: TMJ internal
derangement

BTX: TMJ

arthrocentesis

BTX: Degenerative
joint disease

((((“botulinum toxins"[MeSH Terms] OR (“botulinum”[All Fields] AND “toxins”[All Fields])) OR “botulinum toxins"[All
Fields]) OR (“botulinum”[All Fields] AND “toxin’[All Fields])) OR “botulinum toxin”[All Fields]) AND ((“temporoman-
dibular joint disorders’[MeSH Terms] OR ((“temporomandibular’[All Fields] AND “joint”[All Fields]) AND “disor-
ders"[All Fields])) OR “temporomandibular joint disorders”[All Fields]) OR (‘temporomandibular’[All Fields] AND
“disorder”[All Fields])) OR “temporomandibular disorder”[All Fields])

(“botulinum toxins’[MeSH Terms] OR (“botulinum’[All Fields] AND

“toxins”[All Fields]) OR “botulinum toxins”[All Fields] OR

(“botulinum’[All Fields] AND “toxin"[All Fields]) OR “botulinum

toxin"[All Fields]) AND (“temporomandibular joint"[MeSH Terms] OR

(“temporomandibular’[All Fields] AND “joint”[All Fields]) OR

“temporomandibular joint"[All Fields]) AND (‘surgery’[MeSH

Subheading] OR “surgery”[All Fields] OR “surgical procedures,

operative’[MeSH Terms] OR (“surgical’[All Fields] AND

“procedures’[All Fields] AND “operative’[All Fields]) OR “operative

surgical procedures’[All Fields] OR “general surgery”[MeSH Terms] OR

(“general”[All Fields] AND “surgery”[All Fields]) OR “general

surgery”[All Fields] OR “surgery s"[All Fields] OR “surgerys"[All Fields]

OR *“surgeries[All Fields])

(“botulinum toxins"[MeSH Terms] OR (“botulinum’[All Fields] AND

“toxins”[All Fields]) OR “botulinum toxins’[All Fields] OR

(“botulinum’[All Fields] AND “toxin”[All Fields]) OR “botulinum

toxin’[All Fields]) AND (“‘meniscectomy’[MeSH Terms] OR

‘meniscectomy’[All Fields] OR “meniscectomies’[All Fields])

(“botulinum toxins"[MeSH Terms] OR (“botulinum’[All Fields] AND

“toxins"[All Fields]) OR “botulinum toxins’[All Fields] OR

(“botulinum’[All Fields] AND “toxin"[All Fields]) OR “botulinum

toxin"[All Fields]) AND (“arthroplasty"[MeSH Terms] OR

“arthroplasty”[All Fields] OR “arthroplasties”[All Fields])

(“botulinum toxins’[MeSH Terms] OR (“botulinum’[All Fields] AND

“toxins”[All Fields]) OR “botulinum toxins”[All Fields] OR

(“botulinum”[All Fields] AND “toxin”[All Fields]) OR “botulinum

toxin”[All Fields]) AND (“pain”[MeSH Terms] OR “pain’[All Fields])

(“botulinum toxins’[MeSH Terms] OR (“botulinum’[All Fields] AND

“toxins”[All Fields]) OR “botulinum toxins"[All Fields] OR

(“botulinum’[All Fields] AND “toxin"[All Fields]) OR “botulinum

toxin’[All Fields]) AND “DISC”[All Fields] AND (“displace’[All Fields]

OR “displaced”[All Fields] OR “displacement, psychological’[MeSH

Terms] OR (“displacement”[All Fields] AND “psychological’[All Fields])

OR “psychological displacement”[All Fields] OR “displacement”[All

Fields] OR “displacements"[All Fields] OR “displaces”[All Fields] OR

“displacing’[All Fields])

((((“botulinum toxins"[MeSH Terms] OR (“botulinum’[All Fields] AND “toxins”[All Fields])) OR “botulinum toxins"[All
Fields]) OR (“botulinum”[All Fields] AND “toxin[All Fields])) OR “botulinum toxin[All Fields]) AND “TEMPORO-
MANDIBULAR’[AIl Fields] AND (((“click’[All Fields] OR “clicked”[All Fields]) OR “clicking”[All Fields]) OR “click-
ings’[All Fields]) OR “clicks"[All Fields])

(“temporomandibular joint"[MeSH Terms] OR (“temporomandibular”[All

Fields] AND “joint"[All Fields]) OR “temporomandibular joint[All

Fields] OR “tmj"[All Fields]) AND (“internal”[All Fields] OR

“internally”[All Fields] OR “internals”[All Fields]) AND (“derange’[All

Fields] OR “deranged"[All Fields] OR “derangement”[All Fields] OR

“‘derangements’[All Fields] OR “deranges”[All Fields] OR

“deranging”[All Fields]) AND (“botulinum toxins"[MeSH Terms] OR

(“botulinum’[All Fields] AND “toxins"[All Fields]) OR “botulinum

toxins”[All Fields] OR (“botulinum’[All Fields] AND “toxin”[All Fields])

OR “botulinum toxin"[All Fields])

(“arthrocentesis’[MeSH Terms] OR “arthrocentesis’[All Fields] OR

(“tmj"[All Fields] AND “arthrocentesis’[All Fields]) OR “tm]

arthrocentesis”[All Fields]) AND (“botulinum toxins’[MeSH Terms] OR

(“botulinum’[All Fields] AND “toxins”[All Fields]) OR “botulinum

toxins”[All Fields] OR (“botulinum’[All Fields] AND “toxin’[All Fields])

OR “botulinum toxin"[All Fields])

(“osteoarthritis’[MeSH Terms] OR “osteoarthritis"[All Fields] OR

(“degenerative’[All Fields] AND “joint"[All Fields] AND “disease’[All

Fields]) OR “degenerative joint disease”[All Fields]) AND (“botulinum

toxins”[MeSH Terms] OR (“botulinum”[All Fields] AND “toxins”[All

Fields]) OR “botulinum toxins”[All Fields] OR (“botulinum”’[All Fields]

AND “toxin”[All Fields]) OR “botulinum toxin"[All Fields])
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