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Purpose:Purpose: Oromandibular dystonia is a neurological disorder that affects the jaw and lower 
face muscles, often resulting in abnormal repetitive movement of the jaw and perioral 
structures. The purpose of this study was to assess the effectiveness of surface electromyog-
raphy (EMG) in evaluating the treatment outcome of oromandibular dystonia.

Methods:Methods: Based on a retrospective review of medical records, we analyzed the data of four 
patients who received medication or botulinum toxin injection, as well as surface EMG of 
the jaw muscles before and after treatment. We assessed the patients’ clinical characteristics 
and the results of surface EMG before and after treatment.

Results:Results: The case series included one female and three males, and the age range was 65-
78 years. Based on the clinical features, two subjects were classified as jaw deviation and 
the remaining two were as jaw closing. Dystonic patterns revealed by surface EMG varied, 
including phasic, tonic, and mixed contraction patterns. EMG amplitude after treatment 
was lower than pre-treatment value in all four subjects, suggesting improved clinical signs 
and symptoms. One subject who received clonazepam and another who received botulinum 
toxin injection showed a remarkable reduction in EMG amplitude within a normal range.

Conclusions:Conclusions: Surface EMG can be used to effective evaluate treatment outcomes in patients 
with oromandibular dystonia. It could be considered as an adjunctive diagnostic tool in 
managing patients with dystonia.
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INTRODUCTION

Oromandibular dystonia (OMD) is a neurological disorder 

involving the jaw and lower facial muscles. Patients often 

show abnormal repetitive movements or stereotypic posture 

of the jaw, tongue, and perioral structures [1]. Involuntary 

movements commonly seen in patients with OMD include 

jaw closing, jaw opening, lateral grinding or clenching 

teeth, tongue thrusting, lip-smacking, or a combination 

thereof [2-4]. The clinical diagnosis of OMD is confusing 

or difficult in the absence of established diagnostic criteria; 

however, various diagnostic guidelines have been proposed 

[5-7]. The American Academy of Oral Medicine suggests 

physical and speech therapy, massage, biofeedback, acu-

puncture, occlusal appliance therapy, pharmacologic thera-

py, botulinum toxin injection, and surgery for the manage-

ment of OMD [7]. Effective pharmacologic agents include 

anticholinergics, baclofen, carbamazepine, and benzodiaz-

epines [8]. Currently, botulinum toxin injection is the first 

line of treatment for OMD. The jaw-closing OMD responds 

most effectively, while the lingual type is the most difficult 

to treat [9].
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Surface electromyography (EMG) is an objective method 

to obtain and analyze myoelectric signals related to muscle 

activity using a skin sensor. Surface EMG has been used to 

diagnose temporomandibular disorders [10-13], assess mus-

cle function in a patient with malocclusion [14-16], and 

evaluate neurological diseases such as OMD [17,18].

Surface EMG has several advantages for use in dental 

clinics. The equipment of surface EMG is inexpensive and 

easier to use than needle EMG. Since the sensor utilizes sur-

face electrodes, the measurement procedure is non-invasive. 

Thus, it is advantageous in obtaining patient’s consent for 

examination.

However, few reports are available on the application 

of surface EMG in evaluating treatment results of patients 

with OMD. Therefore, in this study, we evaluated the effec-

tiveness of surface EMG in assessing treatment outcomes in 

OMD.

MATERIALS AND METHODS

The study was exempted from ethics approval of the 

Chonnam National University Dental Hospital Institutional 

Review Board. We reviewed the medical records of patients 

who were diagnosed with OMD and treated with systemic 

medications or botulinum toxin injection into the jaw mus-

cles involved. Patients who had complete medical records 

and underwent surface EMG before treatment and during 

or after treatment were selected for further investigation. 

We assessed the clinical features of the patients during the 

initial diagnostic phase and evaluated the results of surface 

EMG examination.

Subjects were diagnosed with OMD based on history and 

clinical findings. The clinical examination included resting 

jaw movement or jaw muscle activities, muscle tenderness 

with manual palpation, and the presence of muscle hyper-

trophy. According to the symptoms and clinical findings, 

subjects were assigned to one of the three OMD subtypes 

(jaw deviation, jaw closing, or mixed).

The EMG examination and recording procedure were per-

formed in an isolated, quiet room containing a dental chair 

with controlled illumination and temperature. The subject 

was seated upright in the dental chair with the head erect. 

The subject’s eyes were open, and physiological blinking 

was not restricted. Myoelectric signals were recorded under 

resting jaw condition.

Myoelectric signals were detected with a bipolar surface 

electrode configuration and a single differential EMG sys-

tem. Disposable, monopolar, disc-type, Ag/AgCl surface 

electrodes 10 mm in diameter with sticky gel (T246H; Bio 

Protech, Wonju, Korea) were attached to the skin after vig-

orous rubbing with alcohol cotton pads. A single mono-

polar reference electrode was placed over the skin of the 

spinous process of the seventh cervical vertebra. Pairs of 

surface electrodes were located on the skin of the anterior 

portion of the temporalis muscle (TA), superficial masse-

ter muscle (MM), and anterior belly of the digastric muscle 

(DA) on both sides. The center-to-center distance between 

electrode pairs was fixed at 20 mm, and the electrodes were 

secured with adhesive tape. The positioning of the surface 

electrode pairs on TA and MM was described in a previous 

study [19]. A pair of electrodes was placed over the skin of 

DA, about halfway between the ‘Menton’ anatomical land-

mark and the hyoid attachments.

EMG signals from each electrode arrangement were am-

plified using an eight-channel single differential ampli-

fier (K7 EMG PRE-AMP; Myotronics, Inc., Kent, WA, USA). 

Input impedance was >20 MΩ, the common mode rejection 

ratio was >110 dB, the instrument noise voltage was <0.2 

μV, and the maximum output voltage was 2.048 mV. The 

signals were band-passed at 15 to 400 Hz and band-stop 

filtered at 60 Hz. The raw signals were digitized by a 12-bit 

analog-to-digital converter at a sampling rate of 690 Hz, 

amplified, and stored in a personal computer. The EMG sig-

nals were analyzed using K7 software (Myotronics-Noromed 

Inc.). The average rectified value (in microvolts) served as 

the amplitude variable for the EMG signal.

RESULTS

1. Subject 1
A 72.4-year-old female complained of involuntary tooth 

grinding and showed repetitive lateral jaw movements in-

volving the left and right sides during clinical examination 

(Table 1). Surface EMG revealed phasic contraction of the 

TA and MM and mild tonic activities of the DA in the rest-

ing condition. Pharmacologic therapy was administered, 
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and the patient’s signs and symptoms were effectively con-

trolled with 1 mg/day clonazepam. Surface EMG revealed 

no phasic contraction and normal resting activity (Table 2, 

Fig. 1).

2. Subject 2
A 78.3-year-old male complained of pain on the right 

temporomandibular joint (TMJ), opening limitation, and 

involuntary parafunctional habits, including tooth grind-

ing and jaw thrusting. During clinical examination, repeti-

tive lateral jaw movement (40/min) was observed, sug-

gesting dystonia of the jaw deviation type. TA on both 

sides showed severe tenderness and muscle hypertrophy 

(Table 1). Arthrocentesis and intra-articular injection of a 

Table 1.Table 1. History and clinical findings of the subjects

Variable
Subject 1 

(F, 72.4 y)

Subject 2

(M, 78.3 y)

Subject 3

(M, 65.4 y)

Subject 4

(M, 69.6 y)

Dystonia type (clinical) Jaw deviation Jaw deviation Jaw-closing Jaw-closing

Dystonia pattern (EMG) Phasic Mixed Phasic Tonic, partially phasic

Symptom Involuntary tooth grinding Involuntary tooth 

grinding

Involuntary teeth 

clenching, toothache

Involuntary teeth biting, 

jaw pain, headache

Medical condition Hypertension, diabetes 

mellitus

Diabetes mellitus, 

gastroesophageal reflex 

disease

Angina, reflex  

esophagitis, gastritis

Diabetes mellitus, 

cerebellar ataxia, drug-

induced tremor

Jaw movement/ 

muscle activity

Repetitive lateral jaw 

movement (3 mm to left 

side then 3 mm to right 

side)

Repetitive lateral jaw 

movement (40/min)

No jaw movement but 

rhythmic contraction of 

masseter & temporalis

None

Muscle tenderness None LTA (+++), RTA (+++) None LTA (++), RTA (+), LMM (++), 

RMM (++)

Muscle hypertrophy None LTA, RTA LMM, RMM RTA

Additional diagnosis Xerostomia Right TMJ arthralgia, 

myalgia of temporalis

Tooth sensitivity Myalgia of masseter 

& temporalis, disc 

displacement without 

reduction of right TMJ

F, female; M, male; EMG, electromyography; TA, temporalis anterior; MM, superficial masseter; DA, digastric, anterior belly; LTA, left temporalis 

anterior; RTA, right temporalis anterior; LMM, left superficial masseter; RMM, right superficial masseter; TMJ, temporomandibular joint.

Muscle tenderness scale: mild (+), moderate (++), and severe (+++).

Table 2.Table 2. Surface EMG sample data before, during, or after the treatment

Variable
Subject 1

(F, 72.4 y)

Subject 2

(M, 78.3 y)

Subject 3

(M, 65.4 y)

Subject 4

(M, 69.6 y)

Dystonia type (clinical) Jaw deviation Jaw deviation Jaw closing Jaw closing

Dystonia pattern 

(EMG)

Phasic Mixed Phasic Tonic, partially phasic

Main treatment Clonazepam Baclofen & analgesics Botulinum toxin injection Botulinum toxin injection 

& clonazepam

Surface EMG (μV) Before Tx During Tx Before Tx During Tx Before Tx After Tx Before Tx After Tx

LTA 4.2a 0.4 3.0a 1.1 12.4a 5.7a 2.5 1.5

RTA 7.4a 0.7 3.0a 1.8 19.4a 6.7a 2.2 1.1

LMM 11.8a 0.8 2.4 2.4 31.3a 4.6a 2.0 1.7

RMM 5.1a 0.9 3.8a 1.1 18.6a 2.6 2.7 1.0

LDA 2.0 1.0 12.5a 0.8 3.4a 1.5 4.8a 1.2

RDA 2.2 1.6 2.9 2.4 2.4 1.2 8.9a 1.7

Recording time (s) 30 15 15 30 15 15 15 15

EMG, electromyography; F, female; M, male; Tx, treatment; LTA, left temporalis anterior; RTA, right temporalis anterior; LMM, left superficial 

masseter; RMM, right superficial masseter; LDA, left digastric, anterior belly; RDA, right digastric, anterior belly.
aSignal amplitude greater than 3.0 μV was considered significantly high in a resting condition.
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corticosteroid relieved the joint symptoms. Therapy with 

clonazepam was ineffective in controlling dystonia symp-

toms. Surface EMG revealed a mixed pattern of various 

types of tonic contractions. Pharmacotherapy with baclofen 

reduced the dystonia symptoms significantly. However, the 

patient could not tolerate the adverse drug reactions, and 

the treatment was discontinued after three weeks. Occlusal 

adjustment was performed on teeth with excessive con-

tacts. Surface EMG showed that dystonic activity was 

significantly reduced, and the amplitude was close to the 

normal range although not eliminated (Table 2).

3. Subject 3
A 65.4-year-old male complained of involuntary clench-

ing and associated generalized tooth sensitivity. The pa-

tient showed rhythmic contractions of MM and TA muscles 

and hypertrophy of the MM muscle (Table 1). Surface EMG 

showed phasic contractile activities of MM and TA muscles 

A B

Fig. 1.Fig. 1. Subject 1. A 72.4-year-old female with the jaw-deviation type of oromandibular dystonia and phasic contraction pattern. The surface 

electromyography (EMG) recording revealed a prominent phasic contraction pattern of the temporalis and masseter muscles bilaterally before 

treatment, which was effectively controlled with pharmacologic therapy using 1 mg/day clonazepam. (A) Before the treatment (gain: 100 

μV/division, tracing speed: 2.0 s/division). (B) During the pharmacologic therapy (gain: 30 μV/division, tracing speed: 1.0 s/division). LTA, left 

temporalis anterior; RTA, right temporalis anterior; LMM, left superficial masseter; RMM, right superficial masseter; LDA, left digastric, anterior 

belly; RDA, right digastric, anterior belly. Numbers added to the tracing records denote the amplitude of the myoelectric signal (unit: μV).

Fig. 2.Fig. 2. Subject 3. A 65.4-year-old male with the jaw-closing type and phasic contraction pattern. The surface electromyography (EMG) 

recording revealed regular phasic contractions of the temporalis and masseter muscles bilaterally before treatment. Botulinum toxin therapy 

was mainly effective in normalizing the resting activity of the masseter muscle. (A) Before the treatment (gain: 200 μV/division, tracing speed: 

1.0 s/division). (B) After the botulinum toxin injection (gain: 200 μV/division, tracing speed: 1.0 s/division). LTA, left temporalis anterior; 

RTA, right temporalis anterior; LMM, left superficial masseter; RMM, right superficial masseter; LDA, left digastric, anterior belly; RDA, right 

digastric, anterior belly. Numbers added to the tracing records denote the amplitude of the myoelectric signal (unit: μV).

A B
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(88/min). Pharmacologic agents, including clonazepam, di-

azepam, and baclofen, were ineffective. A botulinum toxin 

(Botox; Allergan, Irvine, CA, USA) was injected bilaterally 

into the MM and TA muscles, which almost resolved the 

patient’s signs and symptoms. Surface EMG showed that 

botulinum toxin therapy was effective in normalizing the 

resting activity of the MM muscle (Table 2, Fig. 2).

4. Subject 4
A 69.6-year-old man had several complaints, such as in-

voluntary tooth biting, jaw pain, and headache symptoms. 

Clinical examination showed moderate tenderness to pal-

pation in the TA and MM bilaterally. The patient was di-

agnosed with disc displacement without reduction of the 

right TMJ as well as myalgia of the jaw muscles (Table 1). 

Surface EMG revealed a tonic contraction with partially 

phasic features, especially in the TA and DA. Analgesics 

and physical therapy were not effective in relieving the pa-

tient’s symptoms. Botox (Allergan; 100 IU in total) was in-

jected bilaterally into the MM and TA muscles, followed by 

1 mg/day clonazepam. Subjective pain and muscle tender-

ness were significantly reduced during the follow-up visits. 

Surface EMG recording revealed a normal amplitude range 

in all muscles (Table 2).

DISCUSSION

Among the four subjects diagnosed with OMD clinically 

in this study, two subjects showed jaw deviation and the 

other two manifested jaw closing. Yoshida [5] reported that 

59.5% of 385 patients manifested the jaw-closing OMD, 

12.7% jaw-opening type, 5.5% jaw-deviation, and 25.5% 

lingual dystonia. In the study of Slaim et al. [4], the jaw-

opening type of OMD was the most common accounting 

for 62.1% of 240 patients, followed by jaw closing (20.0%) 

and mixed type (17.9%). In addition, lingual dystonia was 

identified in 26.7% of the patients.

In the present study, surface EMG was used to assess TA, 

MM, and DA muscles, which are often affected by dystonia. 

Because they are close to the skin surface, surface EMG was 

easily used for assessment. Bakke et al. [17] reported that 

dystonic activity was frequently found in the TA, DA, and 

lateral pterygoid muscles, based on the EMG examination 

of the masticatory, lip, and tongue muscles.

The surface EMG pattern of dystonic contractions in the 

four subjects at rest varied, including those of phasic, tonic, 

and mixed contractions. Kim et al. [18] suggested several 

surface EMG features of patients with OMD, such as phasic 

and tonic contraction, synchronous contraction, and high 

signal amplitude under resting condition. Muscles with dys-

tonia exhibit persistent involuntary firing of motor unit ac-

tion potentials with needle EMG at rest [20].

Treatments were effective in all four subjects. In subjects 

1 and 3, dystonic symptoms were almost resolved, and the 

surface EMG results correlated with the clinical findings. 

For example, the surface EMG of subject 1 treated with 

clonazepam showed features of normal signal amplitude 

without dystonic activity. The mean resting amplitude of 

the TA and MM muscles in the elderly is 0.5 to 1.0 μV [21], 

and it is generally within 3.0 μV [22]. These results suggest 

that surface EMG can be used to evaluate the effectiveness 

of specific treatments for OMD and monitor the course of 

treatment. For example, Yoshida et al. [23] demonstrated 

clinical improvement and reduced EMG activity following 

intramuscular injection of diluted lidocaine and alcohol in 

patients with OMD.

OMD and temporomandibular disorders often coexist 

[4,24-26]. Subject 2 was first diagnosed with arthralgia and 

disc displacement with reduction of the right TMJ, myalgia 

of TA, and later OMD. Subject 4 was diagnosed with my-

algia of MM and TA, disc displacement without reduction 

of the right TMJ. Muscle hypertrophy was observed in sub-

jects 2, 3, and 4. Subjects 2 and 4 underwent regular TMD 

treatment, including physical therapy, analgesic medication, 

arthrocentesis, intra-articular steroid injection as well as 

treatments for OMD.

When interpreting the surface EMG data presented in 

Table 2, it should be noted that they are not absolute val-

ues but closely associated with typical dystonic activity in 

the recorded data. In patients with OMD, monitored muscle 

activity continuously changes over time. Therefore, depend-

ing on the measurement time, the amplitude of EMG activ-

ity may vary significantly, or different types of muscle con-

traction may be observed [18].

Although surface EMG has many advantages, it also has 

several limitations. EMG signals cannot be obtained from 
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deep jaw muscles such as lateral and medial pterygoids. It 

is difficult to access the inside of the oral cavity and mea-

sure signals from intraoral muscular structures, including 

the tongue. Further, it is not easy to obtain an isolated sig-

nal from a specific perioral or facial muscle by distinguish-

ing other neighboring muscles. Therefore, it is not possible 

to evaluate all types of OMD using only surface EMG. These 

technical challenges can be resolved by using needle EMG.

This study has the following limitations. First, only a few 

subjects were included. Follow-up studies that include a 

large number of subjects exposed to various treatments are 

recommended. Second, surface EMG was measured only in 

the resting condition. It is desirable to obtain results using 

other tests under different conditions. Third, the reliability 

of EMG raw amplitude presented in the results is question-

able because the measurements are influenced by various 

factors. One way to solve this problem is to perform maxi-

mal voluntary muscle contraction, followed by normaliza-

tion. Fourth, objective and quantitative clinical indices were 

not used to evaluate the severity of dystonia before and af-

ter treatment.

In conclusion, surface EMG can be used to effectively 

evaluate treatment outcomes in patients with OMD. It could 

be considered as an adjunctive evaluation tool in managing 

patients with dystonia.
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