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Abstract

Background: Temporomandibular disorders (TMD) are a wide range of clinical abnormalities 
affecting the masticatory muscles, the temporomandibular joint (TMJ), the surrounding bony 
structures, the soft tissues, or any combination of these components. Botulinum Neurotoxin 
Type A (BoNT-A) is one of the newest and most potent ways to slow or stop muscle activity. So 
this study aimed to evaluate the efficacy of BoNT-A injections in reducing symptoms of TMD.
 Materials and Methods: This pilot experimental study was conducted in the oral and maxillo-
facial surgery department of Isfahan University of Medical Sciences in 2022. Fifty patients with 
TMD were recruited. Participants received BoNT-A injections as the intervention. Outcomes 
measured included mouth opening, bite force, and joint pain/discomfort, assessed before and 
4, 8, and 12 weeks after injection. Statistical analysis was performed using SPSS software. 
Results: This study included 24 male and 26 female participants, with a mean age of 29.92 ± 
7.44 years. Chewing force significantly decreased four weeks after the injection compared to 
the baseline. From the fourth to the eighth week, the chewing force continued to decrease, but 
this was not statistically significant (P=0.820). Finally, chewing force gradually and signifi-
cantly increased by the twelfth-week post-injection (P<0.001), although it did not return to the 
pre-injection level. After the injection, pain-free mouth opening began to increase, which was 
not significant during the first four weeks (P=0.711) but became significantly greater in the 
eighth and twelfth weeks post-injection (P<0.001In addition, compared to before the injection, 
pain and discomfort were significantly reduced four weeks later, according to the VAS test re-
sults. Furthermore, pain significantly decreased from week four to week eight (P<0.001), and 
discomfort decreased steadily from week eight to week twelve. Nevertheless, the statistical 
significance of this decline was not established (P=0.132). Conclusion: Based on the results, 
BoNT-A injections reduce chewing force, alleviate pain and discomfort, and increase pain-free 
mouth opening. Therefore, BoNT-A has beneficial therapeutic effects on relieving symptoms of 
parafunction and dysfunction in the temporomandibular joint.
[GMJ.2024;13:e3650] DOI:10.31661/gmj.v13iSP1.3650
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Introduction

Temporomandibular disorders (TMD) are a 
large class of clinical conditions that can 

affect the masticatory muscles, the temporo-
mandibular joint (TMJ), the surrounding bone 
structures, the soft tissues, or any combination 
of these parts. Symptoms of TMD include a 
loss of range of motion in the lower jaw, pain 
in the joint, restricted or abnormal jaw open-
ing, and stiffness in the masticatory muscles 
[1]. Jaw clenching, grinding, and/or thrust-
ing are the hallmarks of bruxism, a repetitive 
masticatory muscle activity that can occur 
while awake or asleep. There are several fac-
tors that can contribute to this issue, including 
anxiety, stress, depression, personality types, 
nutritional deficiencies (such as magnesium, 
calcium, iodine, and vitamin complexes), 
poor dental occlusion, disorders affecting the 
central nervous system, certain medications, 
lack of oral proprioception, and genetics [3]. 
While several factors have been postulated as 
potential causes of bruxism, including emo-
tional stress, neurological disorders, specific 
medications, and occlusal interferences, the 
exact origins and pathophysiology of the dis-
order remain a mystery [4]. Because bruxism 
can lead to tooth fractures, denture wear and 
loosening, temporomandibular joint difficul-
ties, masticatory muscle soreness, fatigue, 
and masseter muscle hypertrophy, controlling 
the habit is essential for reducing its nega-
tive effects [5-8]. The masseter, temporalis, 
and medial pterygoid muscles are involved 
in chewing and that are responsible for clos-
ing the lower jaw. The force that is generated 
when chewing is mostly generated by these 
muscles. The jaw-closing movement, which 
increases the total chewing force, is provided 
by the three muscles working together. The 
masseter muscle alone is responsible for pro-
ducing around 43% of the total chewing force 
[9-11]. The masseter muscle in particular can 
enlarge as a consequence of chronic brux-
ism. Masseter hypertrophy [12] is a growing 
growth of the masseter muscle that is asymp-
tomatic and can occur on one or both sides of 
the body. Although it is less prevalent, unilat-
eral hypertrophy can nonetheless occur based 
on how someone chews. Consequently, face 
enlargement and an angular appearance may 

be symptoms of this condition [13]. Many dif-
ferent methods, including medication, physi-
cal therapy, and dental procedures, have been 
suggested for the treatment or management 
of joint-related issues. The most common 
approaches include the use of both occlusal 
splints and systemic pharmaceuticals, such 
as anti-inflammatory, antidepressant, anxiety, 
or muscle relaxant drugs [14]. These conven-
tional treatments may not work 100% of the 
time, thus more research into complementary 
and alternative medicine is required.  
Exotoxin BTX-A, generated by the bacterium 
Clostridium botulinum, reduces or inhibits 
muscle action by blocking the release of ace-
tylcholine from cholinergic nerve terminals 
at the neuromuscular junction. The US Food 
and Drug Administration (FDA) has given the 
green light to BTX-A for a variety of uses, 
including alleviating symptoms of cervical 
dystonia, severe primary axillary hyperhidro-
sis, strabismus, blepharospasm, hemifacial 
spasm, and glabellar wrinkles [15-17]. To 
get the most out of this treatment, you need 
to pick the active muscles correctly [18]. A 
thorough understanding of the lower face’s 
anatomy, muscle interactions, aesthetics, and 
the risks of injecting botulinum neurotoxin in 
the wrong places is necessary for a successful 
procedure [19]. In order to avoid treatment-re-
lated problems, it is crucial to do a clinical 
evaluation of vital signs, apply the correct 
dosage, and follow all pre- and post-treatment 
instructions [20]. Recent research has looked 
at the results of injecting botulinum neuro-
toxin into the masseter muscle. To minimize 
unwanted side effects, it is essential to inject 
botulinum neurotoxin only into the targeted 
muscle area when injecting it into the masse-
ter [21]. Chen and colleagues [22] analyzed 
research that demonstrated several points at 
which botulinum injections were adminis-
tered; some studies used a two-point injection 
approach, while others used a three-point or 
five-point injection method, each with its own 
set of specifics. Rathod et al. [21] proposed 
a 6-point injection technique for botulinum 
toxin injection into the masseter muscle; Al-
though this study was a case report, the results 
suggest that the 6-point injection technique 
may be an effective and patient-satisfactory 
approach for treating masseter muscle hyper-
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trophy. Given the existing research on the ef-
ficacy of BoNT-A injections in the masseter 
muscle, and considering the high prevalence 
and significant impact of TMD symptoms on 
patients’ quality of life, it is essential to in-
vestigate the effects of BoNT-A injections on 
TMD symptoms. Therefore, this study aims to 
compare the chewing force, pain, and maxi-
mum mouth opening of patients experiencing 
TMD symptoms before and after receiving in-
jections of BoNT-A.

Materials and Methods
Study Design, Settings, Population, and Ethi-
cal Approval
This pilot experimental study was approved 
by the Institutional Review Board (IRB) un-
der the code IR.MUI.DHMT.REC.1402.105. 
The study was conducted at the oral and max-
illofacial surgery department, and a total of 50 
patients undergoing treatment for TMD were 
recruited. 

Inclusion and Exclusion Criteria
The inclusion criteria for this study were 
carefully defined to ensure that only patients 
with moderate to severe TMD symptoms 
were included. The criteria were as follows: 
[1] patients exhibiting symptoms of TMD 
as determined by a clinical examination and 
questionnaire, [2] patients aged between 18 
and 55 years, and [3] patients with moderate 
to severe discomfort in the masticatory mus-
cles. These criteria were established to ensure 
that the study population was homogeneous 
and that the results would be generalizable to 
patients with similar characteristics.
In contrast, the exclusion criteria were de-
signed to eliminate patients who may have 
had conditions that could affect the study out-
comes or compromise the safety of the par-
ticipants. The exclusion criteria included [1] 
patients who refused to allow the research 
project to use their data, [2] patients with 
loss of two or more posterior teeth (exclud-
ing the third molar), [3] patients with fixed 
or removable prostheses involving more than 
four dental units, [4] patients with advanced 
malocclusion, [5] known allergy to Botox, [6] 
pregnancy, [7] neuromuscular function con-
ditions, [8] bleeding disorders, [9] infectious 
lesions in the injection area, and [10] patients 

with nighttime coughs. By excluding these 
patients, we aimed to minimize any potential 
confounding variables that could affect the 
study outcomes.

Data Collection and Measurements
The following characteristics were evalu-
ated in this study: [1] mouth opening, [2] 
bite force, and [3] joint pain and discomfort. 
Mouth opening was measured before and after 
surgery using a digital caliper. Patients were 
asked to open their mouths as wide as they 
could without hurting themselves. Bite force 
was measured using the MES Bite Force Me-
ter (TCS-1T) available at the Research Center 
of the School of Dentistry, Isfahan University 
of Medical Sciences. The bite force was mea-
sured at teeth 11 on the upper jaw and tooth 
41 on the lower jaw. Joint pain and discomfort 
were quantified using the Visual Analog Scale 
(VAS), a horizontal scale from 0 cm (no pain) 
to 10 cm (worst anguish).

Follow-Up Evaluations
Follow-up evaluations were conducted at three 
time points: Week 4 Post-Injection, Week 8 
Post-Injection, and Week 12 Post-Injection. 
At each follow-up visit, patients underwent 
the same measurements as at baseline. 

Statistical Analysis
Statistical analysis was performed using SPSS 
software version 26. The following tests were 
used: [1] Shapiro-Wilk test to check for nor-
mality of data distribution, [2] Mauchly’s 
Sphericity Test to check for sphericity as-
sumption, and [3] Pairwise Comparisons with 
Bonferroni adjustments to compare the means 
of different groups. P-values of under 0.05 
were considered statistically significant. 

Results
 
Participants in this trial were 26 females and 
24 males who were all receiving therapy with 
BoNT-A. According to Table-1, the partici-
pants’ average age was 29.92 ± 7.44 years.
Before, four, eight, and twelve weeks follow-
ing injection of BoNT-A, the patient’s bite 
force was assessed in Newtons, as shown in 
Table-2. After four weeks of injection, the bite 
force was much lower than it had been be-
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forehand. Bite force also decreased between 
weeks 4 and 8 following injection, however 
this trend was not statistically significant (P 
= 0.820). The biting force gradually and con-
siderably rose (P < 0.001) by the twelfth week 
after injection, although it did not go back to 
its initial levels before injection.
As observed, following the BoNT-A injec-
tion, the pain-free mouth opening increased 
progressively. However, this increase was 
not statistically significant in the first four 
weeks post-injection (P = 0.711). Significant 
improvements were noted in the eighth and 
twelfth weeks post-injection (P < 0.001).
The patient’s reported pain and suffering is 
significantly reduced four weeks after injec-
tion compared to before treatment. In addi-
tion, there is a continuous and significant re-
duction in pain levels (P < 0.001) from week 
four to week eight following the injection. In 
conclusion, pain levels do go down from week 
8 to week 12 after injection, however it’s not a 
statistically significant drop (P = 0.132).

Discussion

This study aimed to evaluate the effective-
ness of a specific treatment approach on TMD 

symptoms and identify any significant chang-
es in mouth opening, bite force, and joint 
pain and discomfort. In our study, chewing 
force was shown to be considerably lower 
four weeks following injection of BoNT-A 
compared to levels before injection. Further-
more, between weeks 4 and 8, chewing force 
decreased, however this change was not sta-
tistically significant (P = 0.820). Chewing 
force increased gradually and significantly (P 
< 0.001) by the twelfth week post-injection, 
although it did not go back to its initial values 
recorded before the injection. In two separate 
studies, Swan et al. [23] and Zhang et al. [24] 
discovered that the maximal occlusal force 
was significantly different in the BTX-A group 
compared to the control and placebo groups. 
However, in neither of these studies were 
there significant changes between the control 
and placebo groups. Results from the study 
by Sewane et al. indicate that the maximal 
occlusal force in the BTX-A group changed 
significantly with time, reaching its lowest 
point three months after treatment [23]. The 
occlusal force was also shown to be statisti-
cally lower six months after treatment ended 
compared to levels before treatment. Regard-
less of the study group, Ramalho et al. [25] 

Table 2. Assessment and comparison of patient’s bite force¸ Pain-Free Mouth Opening, and VAS  before 
injection, four weeks, eight weeks, and twelve weeks after injection of BoNT-A (in newtons)

Test Performed Before 
Injection

Week 
4 Post-

Injection

Week 
8 Post-

Injection

Week 
12 Post-
Injection

P-value 
(week 
4 vs 

Before)

P-value 
(Week 

8 vs 
Week 

4)

P-value 
(Week 
12 vs 

Week 8)

Patient Bite 
Force Test (N) 69.64±8.07 36.46±4.22 36.08±4.47 59.60±16.19 <0.001 0.820 <0.001 

Pain-Free Mouth 
Opening (mm) 30.42±2.11 30.48±1.65 32.20±1.76 33.04±1.64 0.711 <0.001 <0.001 

VAS (pain and 
discomfort) 6.24±0.91 3.10±0.58 3.60±0.63 3.82±0.77 <0.001 <0.001 0.132 

Table 1. Distribution of Participants Based on Demographic Variables
Variable Unit Mean ± SD/ Frequency (%)

Age Years 29.92 ± 7.44

Gender Male 24 (48.0%)
Female 26 (52.0%)
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found that patients who underwent evaluation 
showed less biting force and orofacial pain. 
Our work, together with that of Ramalho et 
al., and other investigations, provide credence 
to these conclusions, indicating that BTX-A 
is a viable approach for treating bruxism by 
lowering chewing power. These findings are 
supported by research conducted by Ægren et 
al. (2020) and Muñoz (2019) [26, 27]. Also, 
Muñoz and Ågren found that biting force re-
bounded to near baseline levels 120 days after 
the reduction of pain-related chemicals, such 
as substance P, compared to 180 days for pain 
levels, mostly because of presynaptic medi-
ators [28]. Regardless, treatment satisfaction 
was excellent in both groups throughout all 
assessment times. The researchers also noted 
a marked reduction in bruxism, a condition 
that lowers quality of life due to tooth wear, 
disruption of vital dental functions, sleep 
problems, and overall disruption [29]. Hence, 
BTX-A could be quite useful as it doesn’t de-
pend on patients following instructions like 
physiotherapy and occlusal splints do [26].
A painless assessment of the patient’s mouth 
openness revealed that following the injection 
of BoNT-A, it had increased. However, after 
the first four weeks of injection, there was no 
statistically significant increase (P = 0.711). 
The eighth and twelfth weeks after injection, 
nevertheless, showed considerable improve-
ments. The masticatory muscles that are near-
by can be relaxed, inflammation reduced, and 
mouth opening improved with BoNT/A treat-
ment, according to previous research [30, 31]. 
Therefore, the mandible’s range of motion 
can be used to measure BoNT/A’s treatment 
efficacy. Multiple studies have shown that af-
ter receiving BoNT injections, patients’ abil-
ity to open their mouths is significantly im-
proved, allowing them to open their mouths 
a lot wider. Consistent with our results, Dela 
Torre Canales et al. [32] just published a study 
that found that after 180 days, independent of 
the dose, the BoNT/A group had significantly 
better mouth opening than the saline injection 
group (P < 0.05). The maximal mouth-open-
ing range was shown to be significantly high-
er in the BoNT/A group compared to the sa-
line placebo group at baseline, one week, one 
month, and six months after injection, accord-
ing to Guarda-Nardini et al. [33, 34]. Howev-

er, three months after injection, the maximal 
mouth-opening range was significantly higher 
in the saline placebo group, according to a re-
search by Nijdam et al. Alternatively, maxi-
mum mouth opening was found to be reduced 
in the BoNT group [35].
Based on the evaluation of pain and discom-
fort in the joint area using the VAS test, the 
study found that four weeks following the in-
jection of BoNT-A, the patient reported much 
less pain and discomfort than previously. Fur-
thermore, from week four to week eight after 
the injection, the patient reported significantly 
less pain. From the ninth to the twelfth week 
after the injection, the discomfort eventually 
subsided. But this decline was not statisticaly 
significant. 
The visual analog scale has been the standard 
assessment tool in most studies that have used 
pain as a primary criterion. However, Kurto-
glu et al. [36] used other diagnostic criteria, 
specifically the Research Diagnostic Crite-
ria for Temporomandibular Disorders (RDC/
TMD) Axis II, to evaluate the severity of 
pain. Ernberg et al. [37] found that BTX-A 
reduced pain more effectively than saline at a 
one-month follow-up. The average reduction 
in pain following BTX-A was 30% on a VAS 
scale from 0 to 100, while the average reduc-
tion following saline was 11%. There was a 
23% decrease in pain in the BTX-A group 
and a 4% decrease in the saline group at the 
three-month follow-up. In addition, the study 
by Nardini et al. [33] found that BTX reduced 
resting pain from an initial score of 5.00 ± 
3.62 to 3.60 ± 2.88, while the placebo group 
experienced a decrease from 3.90 ± 2.92 to 
4.10 ± 2.58 over the course of two months. 
In addition, after six months, the BTX group 
reported less pain when chewing, going from 
an initial score of 6.20 ± 2.78 to 2.37 ± 3.60. 
In comparison, the placebo group went from 
an initial score of 4.92 ± 2.10 to 2.79 ± 3.70. 
Compared to the placebo group, those who 
received Botox showed statistically signifi-
cant pain reduction at baseline, one week, one 
month, and six months after treatment. The 
authors of the study by Kim et al. [38] found 
that the BTX group experienced higher pain 
scores than the placebo group, especially when 
it came to the intensity of facial pain (OVAS), 
and this difference became even more notice-
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able at four weeks. The OVAS groups did not 
differ significantly from one another, never-
theless, when comparing BTX to placebo. The 
BoNT-A group benefited from the change in 
VAS for pain, according to Ondo et al. [39] 
who used a 2-tailed T-test. At four weeks, the 
IncobotulinumtoxinA group reported far less 
discomfort than the placebo group, according 
to the research by Patel et al. [40]. The BTX-A 
group reported less pain both at rest and when 
chewing, according to Sewane et al. [23]. On 
the other hand, there was no discernible dif-
ference in pain levels between the control and 
placebo groups. 
On average, compared to the placebo group, 
91% of BTX patients reported a 3.2 reduc-
tion in VAS pain, according to Lindern et al. 
[41]. It was also observed that 26 patients with 
baseline pain levels of 6.5 or higher shown 
significant improvement (≥ 3.5), while 27 pa-
tients with baseline pain scores of less than 
6.5 exhibited only moderate improvement (≤ 
3.5). Researchers Kurtoglu et al. [36] found 
that BTX reduced pain levels. Nixdorf et al. 
[35] found that the masseter muscular action 
potential decreased on day 14, then increased 
on day 28 of their investigation. But even 
on day 28, the pain scores kept going down. 
There was no statistically significant differ-
ence in pain intensity between the BTX and 
placebo groups, according to these research-
ers [35]. Parafunction and temporomandibular 
dysfunction patients often feel oral and facial 
pain, which is most likely caused by hyper-
active muscles [26]. Because BTX-A causes 
temporary paralysis or changes neuromuscu-
lar contraction, it is possible that it will relax 
muscles and reduce discomfort [42]. Further-
more, BTX-A may exert its analgesic effects 
via two additional pathways: [1] reducing the 
number of transient receptor potential chan-
nels on the membrane of neuronal cells and 
[2] inhibiting the release of pain-related neu-
rotransmitters (such as substance P from dor-
sal root ganglia) [42]. The goals of our investi-
gation were similar to those of Song et al. [34] 
who looked at BoNT-As a potential treatment 
for TMD. Their goal was to create and spec-
ify an algorithm for the treatment of TMD. 
Prior to administering BTX-A injections, 
the researchers recommended conservative 
treatments including behavioral therapy, oral 

devices, warm compresses, and medicine (in-
cluding anti-inflammatory and muscle relax-
ant pharmaceuticals). Hence, BTX-A should 
only be administered to individuals who have 
not shown improvement with more conserva-
tive therapy options. For patients with TMD, 
they also proposed a BTX-A dosage: 7.5-10 
units for the lateral pterygoid muscles (LP) in 
instances of submaxillary discomfort, jaw de-
viation, or behaviors like bruxism [34].

Limmitations of study
This pilot study has several limitations that 
should be considered when interpreting its 
results. Firstly, the sample size is relatively 
small, with only 50 participants, which may 
not be representative of the larger population 
of individuals with temporomandibular disor-
ders. Furthermore, the study’s design is a pre-
post study, which lacks a control group, mak-
ing it difficult to attribute the observed effects 
solely to the BoNT-A injections. These limita-
tions show the need for a larger, randomized 
controlled trial with a longer follow-up peri-
od to confirm the findings and establish the 
efficacy and safety of BoNT-A injections for 
treating TMD.

Conclusion

The results of this study show that patients 
experience less masticatory force, less pain 
and discomfort, and a greater range of pain-
less mouth opening after receiving an injec-
tion of BoNT-A. This pilot study provides 
preliminary evidence that Botulinum Neuro-
toxin Type A injections may have an impact 
on symptoms of temporomandibular disor-
ders. The observed changes in chewing force, 
pain-free mouth opening, and pain/discomfort 
over time suggest that BoNT-A injections may 
be worth further investigation as a potential 
treatment option for TMD. 
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