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ABSTRACT

The purpose of this study was to examine the effect of a bionator on masseter and suprahyoid muscle activities during 
sleep. Ten healthy Japanese males (mean age: 26.3 years) participated in this study. Electromyographic (EMG) activities of 
the right masseter and bilateral suprahyoid muscles were recorded during sleep with and without a bionator. Although no 
significant changes were observed in the maximal EMG activities of these muscles, the maximal EMG activity of suprahyoid 
muscles tended to decrease while wearing the bionator. The number of events over 40% maximal voluntary contraction (MVC) 
tended to decrease in these muscles with a bionator, but these changes were not statistically significant. These findings 
indicate that there are no significant changes or there is only a tendency to decrease the activities of the masseter and 
suprahyoid muscles while wearing a bionator during sleep.
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A functional appliance, which is considered to stimulate mandibular growth in growing patients with retrognathia, is widely used in daily 
orthodontic practice. Andersen and Hauple1 suggested that the mechanism of action involved activation of the masticatory muscles. In an 
electromyographic (EMG) study, Eschler2 demonstrated that wearing such an activator increased the EMG activities of the temporalis, 
masseter, and orbicularis oris muscles. Since then, several studies have investigated and discussed the concept that functional appliances 
activate orofacial muscles.3–22 

Most previous studies regarding the effect of a functional appliance on masticatory muscle activities were performed during wakefulness. 
However, functional appliances, except for the fixed type such as the Herbst appliance, are mainly used during sleep. With regard to the 
difference in muscular function between wakefulness and sleep, Tangel et al23 demonstrated a significant decrease in the tonic activity of 
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the masseter muscle during non-rapid-eye-movement sleep. This indicates that changes observed in masticatory muscle activity could be 
different between wakefulness and sleep. Some authors have proposed that a functional appliance should be used in the daytime to obtain 
better treatment results.4,7,10,16 Ahlgren4,10 cast doubt on the idea that the mechanism of action was functional stimulation during the 
night, since there were no changes in either the postural resting activity or the biting contraction of jaw-closing muscles upon insertion of an 
activator.

The purpose of this study was to examine the effect of a bionator on the activities of the masseter and suprahyoid muscles during sleep 
using a newly developed portable EMG recording unit. In this study, the short-term response of muscle activity to a bionator was 
experimentally examined in healthy male adults.
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Subjects

Ten healthy Japanese males (mean age of 26.3 years) participated in this study. Each participant had an acceptable incisal relationship 
and a complete dentition except for their third molars. They had minor crowding among the anterior teeth, however, they were judged to 
have acceptable occlusion. Among the 10 subjects, 3 were aware of nocturnal bruxism. Prior to the study, all of the subjects gave informed 
consent to participate after receiving a full explanation of the aim and design of the study.

Experimental procedures

Both maxillary and mandibular plaster models of each subject were mounted on an articulator (YS-714: YDM YAMAURA, Tokyo, Japan) 
using a construction bite. The construction bite was taken in the protruded mandibular position; the mandible was positioned anteriorly to 
achieve an edge-to-edge incisal relationship and opened vertically to an inter-incisal distance of 2 mm. Using the working model, a bionator 
was fabricated using 0.9 mm Co-Cr orthodontic wire (Sun Platinum Orthodontic Wires: SANKIN, Tochigi, Japan) and self-curing resin 
(Orthodontic Resin: Caulk Dentsply, Milford, Del). Figure 1  shows a bionator fitted in a subject. In this study, the acrylic resin of the 
bionator was not trimmed to prevent movement of the appliance.

Electromyographic activities of both the right masseter and bilateral suprahyoid muscles were recorded with a portable EMG recording 
unit (Muscle Tester ME3000 Professional: Mega Electronics, Kuopio, Finland). A bipolar surface electrode was set on the masseter muscle 
so as to be parallel to muscle fibers, whereas a bipolar surface electrode for recording of suprahyoid muscle activity was positioned 
bilaterally in the submental region (Figure 2 ). Ground electrodes for the masseter and suprahyoid muscles were attached to the 
forehead and ipsilateral ear lobe, respectively.

The overnight experiment was conducted in a room at a lodging managed by the Dental Alumni of Tokyo Medical and Dental University. 
At midnight, the subject was asked to lie on a bed following complete preparation of the surface electrodes. The subject was instructed to 
perform maximal clenching in the intercuspal position 3 times for 3 seconds each time, and maximal jaw opening 3 times for 3 seconds 
each time. The mean EMG activities recorded during maximal clenching and jaw opening were used as a basis (100% MVC) for the 
following analysis of masseter and suprahyoid EMG activities, respectively. After the maximal clenching and jaw-opening effort, the subject 
was allowed to fall asleep. The experimental session consisted of 2 parts. In the first half of the night, EMG activities were recorded for 
about 3 hours of sleep without the bionator. Following the first recording session, the subject was awakened to fit the bionator and then 
asked to sleep again. In the second half of the night, EMG activities were recorded during about 3 hours of sleep with the bionator. After the 
second recording session was completed, all electrodes and the bionator were removed.

Data Analysis

Integrated EMG activities were transferred to a personal computer (FMV-BIBLO NR IX 30L: FUJITSU, Tokyo, Japan) using a SRAM card 
(MELCARD: MITSUBISHI, Tokyo, Japan), and data analysis was performed with accessory software (Muscle Tester ME3000P Software 
v.1.4-program: Mega Electronics, Kuopio, Finland). First, the total recording time with and without the bionator was calculated. Second, the 
periods between 30 minutes after the beginning of the first and second halves of the experiment and 5 minutes before the end of each half of 
the experiment were used for further analysis (Figure 3 ). Maximal EMG activities of each muscle recorded during sleep with and without 
the bionator were calculated as percentages of 100% MVC for each muscle.

Number of events beyond 40% MVC per hour

Electromyographic activities beyond 40% MVC in the masseter muscle were regarded as bruxing events during sleep24. The total 
number of these events was counted for recordings with and without the bionator, and divided by the hours in the recording period to give 
the number of events per hour. Similarly, EMG activities beyond 40% MVC in the suprahyoid muscles were regarded as significant events, 
and the number of events per hour was calculated in the same manner. Two or more consecutive events separated by less than one second 
were regarded as a single event.

Distribution of muscle activities



The duration of recording for each level of muscle activity (0–1% MVC, 1–5% MVC, 5–10% MVC, and over 10% MVC) with and without 
the bionator was measured and ratios to the total recording time were calculated.

The Wilcoxon signed-rank test was used for the statistical analysis. A value of P < .05 was considered significant. 
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Changes in the maximal EMG activities of the masseter and suprahyoid muscles with and without a bionator are shown in Figure 4  
for each subject. In both muscles, the maximal EMG activities showed no significant changes with the bionator. However, the maximal 
EMG activity of the suprahyoid muscles tended to decrease when the bionator was inserted (P = .0593). The mean maximal EMG activities 
of the masseter and suprahyoid muscles without the bionator were 59.9% MVC and 167.3% MVC, respectively. Those values recorded with 
the bionator averaged 42.7% MVC and 102.0% MVC, respectively. In all of the subjects, the maximal EMG activity of the masseter muscle 
did not exceed 100% MVC either with or without the bionator, whereas that of the suprahyoid muscle recorded without the bionator 
exceeded 100% MVC in 7 subjects, and thus was beyond the EMG activity during maximal jaw opening in the awake state. Changes in the 
number of events beyond 40% MVC before and after insertion of a bionator are shown in Figure 5 . Although no significant changes were 
found in the number of events in either muscle, the number of events tended to decrease in both the masseter (P = .0756) and suprahyoid 
(P = .0663) muscles. The mean number of events in the masseter and suprahyoid muscles was 9.8 per hour and 17.2 per hour without the 
bionator and 2.0 per hour and 7.2 per hour with the bionator, respectively.

Table 1  shows changes in the duration of the lowest (0–1% MVC) and highest (over 10% MVC) levels of EMG activities of the 
masseter and suprahyoid muscles by wearing the bionator. In the masseter muscle, the duration of the lowest level of EMG activity 
increased in 6 subjects, decreased in 2 subjects, and did not change in 2 subjects. In the suprahyoid muscles, the duration of the lowest 
level of EMG activity increased in 6 subjects and decreased in 4 subjects. On the other hand, in the masseter muscle, the duration of the 
highest level of EMG activity decreased in 9 subjects and increased in only one subject. In the suprahyoid muscles, the duration of the 
highest level of EMG activity decreased in 7 subjects and increased in 3 subjects. Collectively, the masseter and suprahyoid EMG activity 
tended to decrease with the bionator, although no definite change was observed.
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Methodology

Previous studies used a conventional EMG recording unit to examine changes in nocturnal masticatory muscle activities induced by 
wearing oral appliances including the functional appliance4,10 and occlusal splint.25,26 However, such a recording unit seems to be 
inappropriate for the precise evaluation of EMG activity. We should be aware of noises derived from unconscious body movements when we 
record EMG activities of masticatory muscles during sleep. In this context, with the portable EMG recording unit used in the present study, 
problems with motion interference that normally occur in field measurements have been solved using state-of-the-art amplification 
technology in which the amplifier is connected directly to the ground electrode. This very effectively eliminates noises caused by 
disturbances such as body movements27,28 and retains EMG signals. Therefore, we can expect that actual EMG activities were measured 
much more accurately in this study than in previous reports.

In all of our subjects, EMG activities were invariably recorded without and with a bionator in the first and second halves of the experiment, 
respectively. Recently, it has been demonstrated that bruxism shows day-to-day variation within individuals.29 To distinguish the actual 
effect of a bionator on EMG activities from the day-to-day variation in nocturnal bruxism, EMG activities of the masseter and suprahyoid 
muscles both with and without a bionator were recorded during sleep on the same night.

One of the most critical limitations of the design of this study is that the electroencephalograms and electro-oculograms were not 
simultaneously monitored to determine sleep stages during this study. It is generally considered that there is a definite sleep cycle in 
normal sleep. The average period of the NREM-REM sleep cycle is approximately 90 minutes throughout the night.30 In the present study, 
the recording time of both the first and second halves of the one-night sleep was about 3 hours (180 minutes), which is twice the period of 
the normal sleep cycle. Since all of the subjects in this study were normal young adults who had conventional sleep-wake schedules with 
no sleep complaints, the distribution of the sleep stage is probably similar between the first and second halves of the one-night sleep. It 
was also demonstrated that the distribution of sleep stages across full-night polysomnography and polysomnographic recording during first 
half of night was not statistically different. From this finding, it was suggested that the split-night study was an appropriate method for 
diagnosis and treatment of sleep-disordered breathing, instead of conventional 2 night diagnostic and therapeutic studies.31,32 Moreover, it 
is generally suggested that a sleep latency shorter than 5 or 10 minutes can be related to abnormal sleep such as sleep-disordered 
breathing, although the precise definition of the onset of sleep is controversial.30 To make sure that the EMG activities recorded during 
sleep could be analyzed, the data analysis began 30 minutes after the beginning of the first and second halves of the experiment. 

In the present study, EMG activity of the masseter muscle exceeding 40% MVC was considered to be significant. This is consistent with 
a previous study24 in which clenching of less than 40% MVC was intermingled with swallowing, which generally occurred at less than 30% 



MVC. On the other hand, regarding the suprahyoid muscles, EMG activity beyond 40% MVC was analyzed in the same manner as for the 
masseter muscles because no previous study has provided criteria for evaluating the EMG activity of the suprahyoid muscles. 

To evaluate the distribution of EMG activity, 4 levels (0–1% MVC, 1–5% MVC, 5–10% MVC, and over 10% MVC) were established for 
this study. The lower level of EMG activity was recorded throughout almost the entire night of sleep; therefore, the lower level of EMG 
activity was subdivided and analyzed in more detail than the higher level.

Changes in EMG activity with a bionator

The maximal EMG activity during sleep did not show any significant changes in either the masseter or suprahyoid muscles. However, 
the maximal EMG activity in the suprahyoid muscles tended to decrease after insertion of the bionator (Figure 4 ). While the maximal 
EMG activity of the masseter muscle recorded during sleep was below 100% MVC in all of the subjects, the EMG activity of the suprahyoid 
muscles during sleep exceeded 100% MVC in many subjects. This means that the EMG activity recorded during maximal jaw opening 
during wakefulness was not necessarily the actual maximal activity of the suprahyoid muscles. Among the suprahyoid muscles, EMG 
activities of the anterior belly of the digastric, geniohyoid, and mylohyoid muscles could be recorded with surface electrodes attached to the 
submental region in this study. Moreover, this type of surface electrode could also record the EMG activity of the genioglossus muscle. In 
the present study, several suprahyoid muscles were regarded as a single muscle group, and the overall EMG activity was recorded without 
distinction among individual muscles. These muscles are considered to be active during jaw opening, swallowing, and controlling the 
position of the hyoid bone and tongue posture. Therefore, suprahyoid EMG activities beyond 100% MVC during sleep were likely to be 
associated with these behaviors rather than maximal jaw opening.

Although the number of events beyond 40% MVC per hour did not change significantly in the masseter and suprahyoid muscles, it 
tended to decrease with a bionator. Interestingly, events beyond 40% MVC were recorded in the masseter muscle of all of the subjects, 
which inferred that all of the subjects performed bruxing during sleep. Three subjects were aware of their nocturnal bruxism, however, there 
was no relationship between the number of bruxing events and awareness of nocturnal bruxism.

The duration of the lower level of EMG activity tended to increase and that of the higher level tended to decrease with a bionator (Table 1 
), although no definite changes related to the insertion of a bionator were observed in the distribution of EMG activities. Regardless of the 

presence of a bionator, EMG activity of 0–1% MVC was recorded for almost the entire recording period, indicating that the masseter and 
suprahyoid muscles showed a low level of EMG activity during most of the sleeping period. This is consistent with the findings regarding the 
maximal EMG activity and the number of events over 40% MVC.

The activities of the masseter and suprahyoid muscles did not seem to be stimulated by wearing a bionator and, indeed, nocturnal use of 
a bionator appeared to relax these muscles. This supports previous reports which demonstrated that there was no increase in the postural 
EMG activity while wearing an activator during sleep.4,10 While it is unclear why the EMG activities of the masseter and suprahyoid 
muscles were reduced by wearing a bionator, there are several possible explanations. It has been reported that an increase in the occlusal 
vertical dimension reduced jaw-closing muscle activity.33 Therefore, such a change in the vertical dimension induced by wearing a bionator 
might lead to a decrease in masseter EMG activity through a reduction of proprioceptive feedback from the muscle spindle. On the other 
hand, insertion of a bionator could bring the mandible to a forced forward position. It has been demonstrated that forward positioning of the 
mandible could contribute to increase the sagittal upper-airway dimension.34 Since the suprahyoid muscles play an important role in 
maintaining the upper airway,35 the increase in the upper-airway dimension induced by wearing a bionator could reduce the tonus of the 
upper-airway-dilating muscles. This may be equivalent to the tendency for suprahyoid EMG activity to decrease. 

It has been suggested that anterior repositioning of the mandible9 and the facilitation of mandibular growth could be induced through the 
functional activation of masticatory muscles resulting from the forced forward positioning of the mandible by a bionator.36 Furthermore, it 
has been indicated that the tongue posture could be retrained through the activating effect of a palatal bar on tongue muscles.36 However, 
based on the findings in the current study, it is apparent that the activities of the masseter and suprahyoid muscles tend to decrease by 
wearing a bionator during sleep (ie, the bionator does not stimulate these muscles during sleep). Therefore, it may not be advisable to use 
the appliance during sleep to obtain the treatment effect through the working mechanism traditionally suggested in the clinical application of 
the bionator. This agrees with previous studies which suggested that a functional appliance should be used during daytime.4,7,10,16 It has 
been reported that the adaptation of the muscular function could be established within a short period of time.22 Therefore, future studies 
should examine the longitudinal change in activities of these muscles with the bionator to clarify the mechanism of action of the bionator 
and propose a more effective and evidence-based modus operandi. 
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TABLE 1. Changes in the Duration of Muscle Activity Among 10 Patients After Wearing the Bionator 
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FIGURE 1. A bionator used in the present study 
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FIGURE 2. Surface electrodes to record EMG activities of the masseter and suprahyoid muscles 
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FIGURE 3. Definition of recording periods for analysis 
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FIGURE 4. Changes in the maximal EMG activities of the masseter and suprahyoid muscles recorded during sleep with and without a 
bionator. NS: not significant 

Click on thumbnail for full-sized image. 

FIGURE 5. Changes in the number of events beyond 40% MVC recorded during sleep with and without a bionator (per hour). NS: not 
significant 
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