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Assessment of Electromyographic Changes in a Patient with 
Masseter Hypertrophy and Muscle Pain after Botulinum 
Injections: A Case Report and 5 Months Follow-up
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Ab s t r Ac t
Aim: To determine if botulinum injections in masseters could be an option to avoid surgery and prolonged treatment with occlusal splints and/
or drugs to care for both painful bruxism and cosmetic improvement in a patient with a square jaw, bruxism, and orofacial pain.
Background: Masseter muscle hypertrophy (MMH) is a benign, unilateral, or bilateral, painless enlargement in the lower face. It presents as 
a symmetrical or asymmetrical increase in the masseter muscle. Masseter muscle hypertrophy (MMH) sometimes can be related to bruxism 
symptoms like muscle and/or temporomandibular joint (TMJ) pain.
Case description: A 38-year-old woman complained of bilateral pain at palpation in the masseter body. She also complained about esthetics 
because of the prominent masseter muscle in the face and square face shape. A diagnosis of bruxism-related myalgia was performed, and 
treatment with botulinum injections into the masseter muscles was opted for. An oral electromyography was performed to detect the electrical 
muscular activity of masseter muscles over time.
Conclusion: After a drastic reduction in the mean electrical activity immediately after the botulinum injections, a progressive increase in strength 
over time was noted, testifying about the decrease in the effect of botulinum over time. The pain disappeared for 5 months after the injections 
of botulinum. The reduction of the masseter muscle mass led to a softening of the face shape.
Clinical significance: This case report shows that treatment with botulinum can lead, in the short term, to a reduction in orofacial pain due to 
a decrease in muscle electrical activity.
Keywords: Botulinum toxin, Dental esthetics, Masseter, Occlusion, Orofacial pain, Sleep bruxism.
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In t r o d u c t I o n
The masseter muscle is the main mastication muscle, and its 
hypertrophy may cause undesired cosmetic alterations in the 
shape of the face.1

Masseter muscle hypertrophy (MMH) is a benign, unilateral, or 
bilateral, painless enlargement in the lower face.2 Lower facial contour 
is shaped by the mandibular bone and by soft tissues, such as skin, 
subcutaneous tissue, and muscles. Masseter muscle hypertrophy is 
also called squared face or square jaw. It is called so because in this 
condition the lower jaw results as inspissated antero-posteriorly and 
bilaterally from the lateral and frontal view, respectively, thus making 
a squared shape of the face.

Prevalence data are scarce but a recent systematic review 
observed that the majority of the patients with masseter hypertrophy 
were Asian, with a male to female ratio of 1:1.3

The square jaw is divided into two forms: one is benign 
masseteric hypertrophy or simply masseteric hypertrophy, 
a condition where the muscles are aggrandized; the other is 
prominent mandibular bone, where the bony part is enlarged. 
Mixed types of both forms are also often clinically observed. In 
clinical terms, masseter hypertrophy presents as a symmetrical 
or asymmetrical increase in the masseter muscle.3

Masseter muscle hypertrophy (MMH) may also be related to 
bruxism symptoms.

Bruxism, clenching or grinding of the teeth, is a common problem 
in the adult population. Although the etiology is still uncertain, 

anxiety and stress, asymmetry of teeth, and digestive and sleep 
disturbances are related to bruxism.4–6 Since 2018, the international 
community of bruxism experts has defined sleep bruxism as “a 
masticatory muscle activity during sleep that is characterized as 
rhythmic (phasic) or nonrhythmic (tonic) and is not a movement 
disorder or a sleep disorder in otherwise healthy individuals”, and 
awake bruxism has been defined as “a masticatory muscle activity 
during wakefulness that is characterized by repetitive or sustained 
tooth contact and/or by bracing or thrusting of the mandible and is 
not a movement disorder in otherwise healthy individuals”.7

Muscle hyperactivity can be the cause of intra-articular 
and muscular disorders. The overload on the stomatognathic 
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structures, in patients with bruxism, can lead to pain and spasm 
in masticatory muscles, headache, neck pain, and functional 
limitation in movement of the mandible.8,9

Muscular surgical reduction for the correction of MMH was a 
common choice in the past, but the risk of damaging the facial nerve 
with this kind of intervention is quite high. Other disadvantages of a 
surgical correction are the risks associated with general anesthesia, 
postoperative hemorrhage, edema, hematoma, infection, and 
scarring. Therefore, medical management utilizing botulinum 
toxin A started to be successfully used to correct hypertrophy of 
the masseter muscle.10,11

Botulinum toxin (abobotulinum) is a neurotoxic protein 
produced by the Clostridium botulinum bacterium. Its mechanism of 
action is expressed through the denaturation of the Snap 25 protein 
of the SNARE complex with consequent blocking of the release 
of acetylcholine in the neuromuscular plaque, thus preventing 
the transmission of the nerve impulse to the muscle fibers, it is, 
therefore, a presynaptic block. The result will be that of flaccid 
paralysis of the muscle.12,13

The authors present a case in which a 38-year-old woman 
with bilateral MMH and bruxism and local pain was treated 
with botulinum toxin A to correct masseteric hypertrophy and 
functional impairment.

Electromyography (EMG) is a noninvasive exam, which 
evaluates the masticatory muscle activity by facial application 
on the cleaned skin of sensors, close to the masseter muscle, and 
anterior temporal muscle. In the present case, it was used to analyze 
the changes in muscular activity before and after the treatment 
with botulinum toxin A.14–16

cA s e de s c r I p t I o n
The patient, a 38-years-old woman, presented to the Dental 
Clinic of San Gerardo Hospital in Monza because of localized 
bilateral facial pain that has been present for about 6 months. 
The clinical practice followed the principles of Helsinki for human 
experimentation.

History
No signs or symptoms of TMJ pain, noises, or locking were detected. 
Mandibular movements were in the normal range and there was no 
history of temporomandibular joint clicking and no family history 
of masseter hypertrophy. No history of TMJ or masseter muscle 
pain was reported.

Clinical Examination
Muscle pain at palpation in the masseter body was present 
bilaterally, leading to a diagnosis of myalgia according to 
diagnostic criteria for temporomandibular disorders (DC/TMD). 
The diagnosis of bruxism was made with the diagnostic criteria 
for sleep bruxism of the American Academy of Sleep Medicine. 
These criteria are the referral of sounds of tooth-grinding during 
sleep, which must be confirmed by a roommate, plus a report 
of one criterion between masticatory muscle fatigue or pain on 
waking, masseteric hypertrophy, and abnormal tooth wear.17 
Bilateral masseter muscle hypertrophy was also noted, thus 
suggesting a connection with the bruxism-related pain. Among 
the aforementioned criteria, only tooth wear was not present in 
this case report.

The patient also complained about esthetics because of the 
prominent masseter muscle in the face and square face shape.

Treatment
Since the problem concerned both muscle pain and facial esthetics, 
treatment with botulinum injections into the masseter muscles was 
opted for.

The patient signed an informed consent form and the therapeutic 
protocol followed the Helsinki principles of medical ethics.

An oral electromyography was performed to detect the 
electrical activity of masseter muscles in µV. A four-canal surface 
EMG was performed using BTS TMJoint® (BTS Bioengineering) 
oral electromyograph. Bipolar circular-shaped electrodes with a 
diameter of 1 cm and pre-gelled with saline base conductive gel 
were used. The skin was first cleansed with denatured ethyl alcohol. 
The electrodes were placed at the belly of the masseters (at the 
intersection of the tragus-commissure labial and exocanthion-
gonion lines) and along the anterior border of the temporal muscle, 
at the level of the coronal suture, after palpation of the muscles 
in maximum clenching to feel their anatomy. The inter-electrode 
distance was kept constant at 2 cm (Fig. 1).

The acquisition protocol consisted of two tests with a duration 
of 5 seconds each:

• Clenching test on cotton rolls (COT), to be placed between upper 
and lower premolars and molars, both on the left and right side, 
without constraining the canine guidance and not too close to 
the cheeks not to alter proprioception.

• Test in maximum bite force, also known as maximum voluntary 
clenching (CLE), on teeth.

During the test, the patient was seated on a straight-back chair without 
metal structures, with the eyes closed, the feet touching the floor, the 
hands along the thighs, and the head straight. During the 5 seconds 
of each test, the patient was continuously encouraged to keep the 
maximum clenching strength. Measurements taken using EMG were 
processed by Dental Contact Analyzer® (BTS Bioengineering) software 
which returns numerical values of the muscular electrical activity 
analyzed.

The Dental Contact Analyzer® (BTS Bioengineering) software 
provides the following data:

• Mean activity of each muscle (left and right masseter, left and 
right temporalis) during the 5 seconds of each EMG record 
expressed in µV*sec.

• Total muscular activity during the EMG recording time expressed 
in µV*sec.

Fig. 1: Sensors placed on masseters and temporal muscles
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The aim of this first electromyographical recording (T0) was to assess 
a baseline so that changes in masseter muscular activity could be 
determined. Temporal muscle activity was recorded as well because 
of the four-canal surface EMG protocol. Photos were taken after the 
positioning of the electrodes so that they could be repositioned in 
the identical position in the successive tests.

The patient was treated with abobotulinumtoxin A (BTX-A), 
following a codified protocol.

The infiltration points have been identified, 3 for each muscle, 
located to form a triangle with a lower base (Fig. 2).

At T0, immediately after the first electromyography, 18 
Speywood Units were infiltrated for each injection point for a total 
of 54 US per muscle.

A check was carried out 14 days after T0 and further infiltration 
of BTXA of 8 US per injection point was carried out for a total of 24 
Speywood Units per side.

Follow-up
Further electromyographic exams were made 1 (T1), 3 (T2), and 5 
(T3) months after the treatment with botulinum toxin to see the 
duration of the effects of the treatment (Table 1).

The examination of painful muscle sites was performed at each 
visit by the same specialist on the basis of the masseter muscle sites 
determined by DC/TMD. These sites are the upper, middle, and 
lower parts of the masseter muscle (with 1 kg palpation pressure). 
During palpation, the patient’s mandible was in a rest position, with 
the teeth out of contact.18

Electromyographic Activity
From T0 to T1, the mean electrical activity of the right masseter 
muscle decreased by 85% and the mean electrical activity of the left 

masseter muscle decreased by 84.53%. At T2, the mean electrical 
activity was 33.88% of the initial (T0) mean electrical activity for 
the right masseter and 25.65% for the left masseter, while at T3 the 
mean electrical activity was 55.6% of the initial (T0) mean electrical 
activity for the right masseter and 59.59% for the left masseter, 
highlighting a progressive increase in strength over time (Fig. 3).

Pain Assessment
With regards to the muscle pain, before the treatment with 
botulinum, the pain sites examined on the basis of DC/TMD were 
6 out of a total of 6. They decreased to 0 at T1, remained unvaried 
at 0 at T2, and then increased to 2 at T3. The patient didn’t refer 
pain at temporal muscle sites.

Esthetic Result
The treatment of the masseter muscle with BTX and the consequent 
functional decrease of the same has led to a decrease in muscle 
mass. This significantly affected the esthetics of the patient. The 
reduction of the masseter muscle mass caused a positive effect on 
the patient, thanks to a reduction in the thickness of the preauricular 
region with a softening of the face shape and reduction of the 
square jaw (Fig. 4).

dI s c u s s I o n
Bruxism is one of the main risk factors for myofascial pain in the 
masticatory muscles and temporomandibular joint disorders.19

The origin of MMH is unclear. It may be a consequence 
of masticatory muscle hyperactivity or para functions and 
dysfunctions in the stomatognathic system, even though they 
cannot be verified in all cases of hypertrophy.

Hyperactivity of some muscles related to their continuous 
activation during parafunctions like bruxism can modify their 
anatomical characteristics because of the stimuli to which they are 
subjected, leading to changes in the size of fibers guided by the 
central nervous system. A relation with stress has been assumed 
in some cases.15,20,21 Some cases of MMH may also be congenital.

The most common treatments for the management of bruxism 
are conservative symptomatic therapeutic modalities such as 
behavioral and physical treatments, sleep hygiene measures 
combined with relaxation methods, occlusal splint therapy, 

Fig. 2: Injection points on the right masseter located to form a triangle 
with a lower base

Table 1: Mean electrical activity of left and right masseter at T0–T3 

T0 T1 T2 T3
Right M. COT. 374.4 56.17 126.85 208.17
Right M. CLE. 311.11 48.15 79.81 185.41
Left M. COT. 316.7 48.4 95.39 154.01
Left M. CLE. 279.35 55.1 103.37 177.54

COT, cotton rolls; CLE, maximum voluntary clenching; M, masseter

Fig. 3: Mean electrical activity of left and right masseter at T0–T3. COT, 
cotton rolls; CLE, maximum voluntary clenching; M, masseter
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pharmacological management, methods to increase an individual’s 
awareness, reliant electrical stimulation, and physiotherapy.15,22,23

Chronic local muscular contracture has been known to cause 
inflammation and localized muscular hypoxia leading to chronic 
myofascial pain.15,24

In addition, bruxism also leads to some diseases pertaining to 
the teeth, such as tooth wear, tooth pain, damage to an implant-
supported prosthesis, and periodontal disease, which can be 
approached in different ways with several techniques.25–32

Prominent benign masseteric muscle hypertrophy and related 
increased painful muscle tone can lead the patient to complain 
about undesired cosmetic alterations in the shape of the face.1,33,34

If the patient complains about esthetics, MMH can be treated 
with surgical or nonsurgical methods. It is difficult to assess the 
amount and depth of resection of the masseter muscle during 
surgical excision. Moreover, the surgery is complex and may result 
in postoperative complications, including bleeding, hematoma, 
facial nerve damage, asymmetry, and the inability to masticate.35,36 
Botulinum toxin A injection for the treatment of masseteric 
hypertrophy is a popular alternative due to the simplicity of the 
procedure and the rapid postoperative recovery times.37,38

In this case report, the authors opted for an option to avoid 
surgery and prolonged treatment with occlusal splints and/or 
drugs to care for both painful bruxism and cosmetic improvement.

Several meta-analyses and reviews demonstrated that 
botulinum is effective in diseases characterized by increased painful 
muscle tone, and it might be indicated in bruxers and in patients 
with myofascial pain.

Sendra et al., in a systematic review of the available literature 
without language or date restrictions until October 2019, stated that 
botulinum toxin type A injections are effective in the treatment of 
the symptoms of primary bruxism in adults.39

In a meta-analysis by Cheng et al., the authors found that the 
pain from bruxism was significantly relieved after BTX-A injection 
and that BTX-A could reduce the events of sleep bruxism.19

Kwon et al. in a review of the application of botulinum toxin in 
the maxillofacial field in South Korea stated that botulinum toxin 
effectively decreases square jaw, corrects the patterns of muscle 
work, and gives relief from pain.40

On the contrary, a systematic review relating the effectiveness 
and efficacy of BTX-A with bruxism stated that the current literature 
is inconclusive and does not show enough evidence that bruxism 
can be treated effectively with BTA injections, even though 
promising results were shown in individual studies.41

BTX-A can be used as an alternative to an occlusal splint in 
achieving pain relief. Jadhao et al. didn’t find a significant difference 
in the treatment of pain levels in the comparison of a group treated 
with BTX-A and a group treated with an occlusal splint; according to 
their research, the use of occlusal splints was as effective as BTX-A 
application in pain control.

Yurttutan et  al. divided 73 patients into three groups. The 
patients in the first group were given occlusal splints, the patients 
in the second group were treated with infiltrations of botulinum 
toxin in the masseter muscles, and the patients in the third group 
were treated with botulinum toxin together with occlusal splints. 
At the end of 6 months, questionnaires to evaluate pain showed a 
significant decrease in the complaints of the patients in the second 
and third groups. This result led the authors to state that there is a 
necessity to further analyze the use of occlusal splints to recover 
from pain in patients with bruxism.42

In the clinical case presented in this paper, the patient was not 
suggested to wear an occlusal splint during nighttime because 
the muscle activity during maximum voluntary clenching was 
remarkably decreased as noted by electromyography.

As regards an instrumental point of view, we can find in 
literature studies stating that BTX-A is effective in reducing muscle 
activity. Lee et  al. demonstrated that episodes of sleep bruxism 
analyzed with electromyography significantly dropped in the 
masseter muscle after BTX-A injection, and this reduction was still 
detectable at 12 weeks, being in line with the duration of BTX-A.43 
Similar results were obtained by Jadhao et al., where the maximal 
voluntary clenching force was significantly lower in the group 
treated with BTX-A when compared to both the placebo group 
and the controls at 3 months after treatment, and after 6 months 
the decrease was still significant as seen via electromyographic 
analyses.

Even though protocols on its use have yet to be drawn up, the 
authors noted that a BTX-A injection is effective in reducing muscle 
hypertrophy, and this result is esthetically visible and recorded with 
surface EMG. The aim of cosmetic and pain improvement is thus 
reached. The only problem is that treatment must be repeated every 
4/6 months for consecutive 2–3 years before having stable benefits. 
In fact, in a variable period between 2 and 12 months after the 
treatment, the patients, as reported in the literature, have a gradual 
recurrence of the symptoms and restitutio ad integrum (restoration 
to original condition) of the neuromuscular plaque.21,44–48

Preliminary evidence suggests that muscle activity by a patient 
after the injection may be beneficial, but concerns that botulinum 

Figs 4A to D: (A) Esthetic situation at baseline; (B) After 1 month; (C) After 3 months; and (D) After 5 months
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administration can lead to osteopenic changes in the condyles and 
the sites of muscle attachment still exist.

The allergy to the toxin and the presence of inflammation 
or infection at the injection site is the only real absolute 
contraindication to the use of botulinum toxin.

Side effects of BTX-A are usually transient, well-tolerated, 
and related to the spread of the drug in adjacent muscle groups. 
Dysphagia is the most frequently reported side effect in the 
literature, but dry mouth, dizziness, and visual disturbances have 
also been described. Generalized fatigue or the development of 
severe electromyographic changes is rare. A small percentage 
of patients (0.28–0.49%) can develop neurotoxin neutralizing 
antibodies.

Future Directions
Additional, well-designed, adequately powered, controlled 
randomized studies should be performed to determine the 
efficacy and long-term outcomes of the use of BTX-A in some 
temporomandibular disorders and to compare them with other 
therapeutic alternatives.49–53

Follow-up and other electromyographic evaluations are 
necessary to determine whether to intervene with occlusal splint 
treatment when the masseter activity recurs to initial values. 
Another option is the new administration of BTX-A.

Clinical Significance
The most recent reviews of the literature demonstrate that 
all the studies analyzed show promising results of botulinum 
toxin type A injections on primary bruxism and increased 
painful muscle tone with esthetic alterations due to masticatory 
muscle hyperactivity, even though further research in this area 
is needed.39,41 Randomized clinical trial studies involving larger 
groups and long period follow-ups are still needed to establish 
effective protocols.

With the analysis of muscle activity by surface EMG, the clinician 
is provided with important information regarding muscle activity 
changes after BTX-A injection, thanks to a simple, noninvasive, 
and quick exam.

This case report shows that treatment with BTX-A can lead, in 
the short term, to a reduction in orofacial pain due to a decrease in 
muscle electrical activity detected with an oral electromyograph. 
Because of her esthetic request, the esthetic result obtained in this 
young female patient is equally valuable.
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