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ABSTRACT 
Aims: Sleep Bruxism (SB) is a condition that is usually present with increased bite force (BF) resulting in 

tooth wear, orofacial pain and fractured restoration. So, this study aimed to compare the BF in patients with 

SB before and after using a mandibular advancement device (MAD) and maxillary occlusal splint (MOS). 

Methods: In this randomized controlled trial (RCT), 28 subjects were randomly intervened either MAD or 

MOS. Subjects BF was assessed with a digital Gnathodynamometer in the first molar region. This variable 

was evaluated at baseline, 1 month and 3 months follow-up 

Results: Out of 32 participants, 28 participants were statistically analyzed as four subjects did not respond at 

the follow up period. Both MOS and MAD significantly reduced BF (p<0.001) after 3 months from baseline. 

However the average BF was similar at baseline, 1 and 3 months between the groups.  Conclusion: The 

results suggest that both Mandibular advancement device and maxillary occlusal splint reduce bite forces in 

sleep bruxism. 

 

Keywords- Sleep bruxism, mandibular advancement device, maxillary occlusal splint, gnathodynamometer, 

bite Force 

 

INTRODUCTION 

Bruxism is a repetitive jaw-muscle activity characterized by clenching or grinding of the teeth and/or by 

bracing or thrusting of the mandible. Bruxism has two distinct circadian manifestations: it can occur during 

sleep (indicated as sleep bruxism) or during wakefulness (indicated as awake bruxism).1 Among these Sleep 

bruxism (SB) is a sleep related movement disorder characterized by clenching or grinding of the teeth.2 

Although the pathophysiology of SB has not been completely elucidated recent evidences suggest that SB is 

an excessive response to micro arousals.3,4 

 

SB is usually presented with tooth wear and orofacial pain but even lead to teeth cracking or fracture, 

breakage of dental fillings or prosthesis in severe conditions.5-7 These consequences of SB is mainly because 

sleep bruxers exercise their masticatory muscles beyond normal limits other than muscle activity resulting in 

stronger and more fatigue resistant masticatory muscles.7,8 This abnormal muscle activity finally leads to 

muscular hypertrophy and increased BF. However, the magnitude of BF varies between subjects and 

depends on the methods used to measure the force.9-12 

 

There is currently no specific or definitive treatment for SB. So, various preventive measures can be used 

such as: various occlusal devices; irreversible therapy involving occlusal treatment with occlusal adjustment; 

physiotherapy; emotional stress therapy; pharmacological therapy.13 

 

Among these techniques, occlusal splint is considered as the most popular management strategies to prevent 

the consequences of SB. Several studies have reported significant reduction in the SB motor activity index 

(episodes per hour of sleep) after using the occlusal splint.14-17 In present scenario several designs of occlusal 

splint are in use with the Maxillary Occlusal Splint (MOS) being one such type of occlusal splint. The 

Mandibular Advancement Device (MAD), which is an alternative for the treatment of obstructive sleep 
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apnea (OSA), may also be used to reduce SB.18-24 In addition to this certain studies had found that MAD and 

occlusal splint reduces BF in SB patients.13,22,23 

 

However, certain studies have reported that there is no difference in BF in bruxers and non-bruxers and bite 

force is influenced by certain confounding variables such as pain, age, craniofacial morphology, and sex.9-12 

In addition to this, there is a lack of well designed randomized controlled trial to evaluate BF in SB patients. 

So, a well-designed randomized controlled trial was planned to evaluate BF in individuals with SB after 

random intervention with either a MAD or MOS controlling for potential confounders such as sex and body 

mass index (BMI).The null hypothesis was that MAD or MOS would have no effect on BF in SB 

individuals. 

 

MATERIALS AND METHODS 

A total of 50 individuals with self-reported SB were recruited for this randomized controlled trial from the 

general clinic of King George’s Medical University (tertiary care hospital), Lucknow, India. These 50 

individuals were then interviewed and clinically examined and thereafter 40 participants were selected based 

on the following inclusion criteria: self-reported SB, where tooth grinding sounds had occurred at least three 

times a week for the past 6 months; people of either sex aged between 18 and 40 years; and less than two 

missing teeth except for third molars. The exclusion criteria are as follows: strained or diurnal bruxers, 

physical and mental disability that would interfere with the study, and restricted mouth opening (less than 35 

mm). The institutional ethical committee granted the ethical clearance (63rd ECM II-B/P11). All participants 

provided written informed consent after explanation of all aspects of the treatment. 24 

 

To confirm the diagnosis of intense and frequent SB the 40 participants spent 2 nights in a sleep laboratory. 

The data of the first night were excluded from statistical analysis as participants were permitted to 

acclimatize to the sleep-recording environment. So, the diagnosis of the SB and exclusion of other sleep 

disorders such as apnea, periodic limb movement, or epileptiform activity was based on the date of the 

second night. The polysomnographic SB research diagnostic criteria were used for diagnosis of intense SB: 
25 more than four bruxism episodes per hour, more than six bruxism bursts per episode, and/or 25 bruxism 

bursts per hour of sleep and at least 2 episodes with grinding sounds. The polysomnographic recording was 

done by using laboratory-based polysomnography (S-7000 Cogent Technology; Embla System Inc, US). 

The data obtained were then analyzed  using software(Somnologica Studio; Embla Systems Inc, US). After 

polysomnographic data analysis out of 40 participants, 36 participants meeting the SB research diagnostic 

criteria were enrolled into the study (Fig. 1). For this study Block randomization was planned. Computer 

generated chart was used for randomization in each block. One of the authors (B.P.S.) performed the 

allocation concealment, who handed over a sealed envelope containing the name of one of the devices to the 

patient. The other authors opened the sealed envelope and the device, either a MAD (MAD group) or MOS 

(MOS group), was given to the participants. However, because of discomfort four participants were unable 

to wear the appliance. In addition to this, four participants did not return for the follow-up examination, 

reducing the sample size to twenty-eight. 24 (Fig 1) 

 

The MADs were fabricated with casts mounted on a semi adjustable articulator (Quickmount 8800; Whip 

Mix Corp, USA) at 50% to 75% of the maximum protrusion (depending on the participant’s tolerance) with 

approximately 6 mm of inter-incisal opening.26,27 On the maxillary and mandibular arch two sheets of base 

plate wax (Modelling Wax, MAARC, Shiva products, Thane, India) were adapted covering the occlusal 

surfaces of all the teeth, after which at the recommended protrusive position indentations were created on the 

wax pattern. The heat-polymerizing acrylic resin was used to process the wax pattern (DPI Heat Cure, 

Dental Products of India, Mumbai, India) and later on finished and polished (Fig 2). To fabricate the MOSs, 

the cast were articulated in centric relation with approximately 2.5 mm of inter-occlusal clearance in the first 

molar region.12 On the maxillary arch two sheets of base plate wax (Modelling Wax, MAARC, Shiva 

products, Thane, India) were adapted, and an anterior ramp was created simultaneously to provide evenly 

distributed occlusal contact with the mandibular teeth. The pattern was processed by the heat-polymerizing 

acrylic resin (DPI Cure, Dental Products of India, Mumbai, India) and the processed MOS was then 
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remounted on the articulator for occlusal adjustments until mutually protected occlusion was established. 

Later on the occlusal devices were finished and polished (Fig 3). The appliances, i.e. the MADs and MOSs 

were then adjusted to fit without discomfort. The MOS was adjusted such that there was mutually protected 

occlusion. The participants were instructed regarding the use of the device. For habituation the devices were 

worn for a period of 2 weeks. Participants were regularly followed throughout this period, to ensure their 

comfort with the appliance.18 

 

The BF (Kgf) was measured unilaterally using a digital gnathodynamometer (Load Master, Model: BT 100, 

serial number 014831211, and Load Master Digital Indicator Model: LI450, Sl. No 014841. Bangalore, 

India) in the first molar region (Fig 4). The BF was measured in the first molar region this is because 

different regions of the oral cavity show different bite force and greater bite force is seen more posterior the 

transducer is placed in the dental arch, which has been explained by the mechanical lever system of the 

jaw.28 The recordings were made with the participants sitting upright and the transducer placed between the 

upper and lower arch at first molar region and were instructed to bite as forcefully as possible for about 3 

seconds as shown in (Fig 4). Three recordings were made with a rest period of 5 minutes for each side of 

each patient in each group and mean of the three recordings were taken as a final recording. The rest period 

was in agreement with the previous study.13 The mean BF recording of each patient was then comparatively 

evaluated at baseline, and 1month and 3 months post rehabilitation with MOS and MAD. 

 

Statistical analysis 

The categorical variables were compared by the chi-square test, and continuous variables between the MAD 

and MOS were compared by an unpaired t test. Repeated measures ANOVA was used to compare the 

average change from baseline to follow-up (p=.05). The age and body mass index (BMI) were tested as 

covariates in the model. The analyses were carried out with statistical software (SPSS version 16.0; IBM 

Corp). 

 

RESULTS 

Table 1 shows the sociodemographic characteristic of all participants.24 Assuming a 5% significance level 

and 14 participants as the sample size; the power of the study was found to be 99%. A significant decrease 

(P<0.001) in the right BF was observed in both the groups from baseline to 1 & 3 months. Similarly  a 

significant decrease (P<0.001) in the left BF was observed in both the groups from baseline to 1 & 3 months  

However the average BF was similar at baseline, 1 and 3 months between the groups (Table 2 and 3). The 

addition of age and BMI as covariates in the model revealed no significant (P>.05) effect of age and BMI on 

the change in the BF. 

 

DISCUSSION 

A significant improvement (P<.001) in right and left bite force at 3 months compared to baseline was seen 

after using MAD and MOS. Therefore, the null hypothesis was rejected. Similar to other studies on bruxism, 

the study sample consisted of 28 participants, which supports its external validity.23,29 T he mean age of the 

participants was 38.3 ±11.05 years in the MAD group and 31.31±9.4 years in the MOS group which was 

also similar to other recent studies.22,23 The proportion of men was higher in both the MAD (71.4%) and 

MOS (57.1%) groups  which is contrary to the other studies which reported the proportion of men to women 

with bruxism to be 50% (Table 1).22,23The sample was controlled for the possible confounding factors such 

as height, weight, or BMI values and further because of the short span of the study, there was unlikely any 

changes in the variables. 

 

Similar to this study, Alkanet al13  and Manieriet al22,23 reported reduction in BF after using MOS and MAD 

respectively. The mechanism behind the positive effect of the MAD might be that the masticatory muscles 

have relaxed, and BF decreased.22 But further studies are needed to clarify this as there are other hypothesis 

regarding its mechanism such as dimension and configuration of the appliance, presence of pain, restriction 

of movement or change in airway patency.30Other than MAD, MOS reduce hyperactivity and asymmetry in 

the activity of jaw elevator muscles by maintaining equal intensity contact on all of the teeth with immediate 
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posterior disocclusion with anterior teeth in all excursive movements consequently leading to a stable and 

physiologically optimal occlusal force.31,32 Despite this there is still no common consensus regarding the 

association between high BF and bruxism. Some authors reported higher bite force in subjects with bruxism 

while others did not found any association of higher bite force and bruxism .9,10  Regarding MAD it has been 

seen that it is associated with discomfort, including tooth sensitivity and drooling which may have 

influenced BF measurement.  

 

Despite all these, the study had certain limitations. Firstly eventhough sample size was sufficient to get a 

significant difference a larger sample size is required to reduce sample bias. Secondly the duration of the 

study was short as it has been reported that occlusal splint have short term effect on SB.7  

 

So, in future long-term studies with a larger sample size oriented toward smaller, less cumbersome MADs 

are required to rule out sample bias and adverse effects of MAD.  

 

CONCLUSION 

Within the limitations of this short term study, both MAD and MOS improved the bite force of patients. 

However, a prolonged follow up study on a larger sample size must be performed in the future to assess the 

long-term effect of MAD and MOS. 

 

CLINICAL IMPLICATIONS 

The result of this study suggest use of MAD and MOS in sleep bruxism. 
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Tables 

Table 1: Age wise Distribution of subjects in different groups 

Group Group A (MAD)  Group B (MOS) 

Mean Age in years 38.13±11.05 31.31±9.4 

Gender (%) 

Male 

Female 

 

  71.4  

28.6  

 

57.1 

42.9 

Weight 73.96±7.39 71.16±5.56 

Height 167.6±6.62 172.62±5.90 

Basal metabolic index 

(BMI) 

26.45±4.24 23.94±2.31 

SES (Total score) % % 

Lower (<5) 0.0 0.0 

Upper Lower (5-10) 21.4  0.0 

Lower Middle (11-15) 21.4 71.4 

Upper Middle (16-25) 57.1 28.6 

Upper (26-29) 0.0 0.0 

 

Table-2: Comparison of Right BF from baseline to 1 and 3 months 

 

 

 

 

 

 

 

 

 

 

Table- 3: Comparison of Left BF from baseline to 1 and 3 months 

 

EMG BF Left Group A (MAD) Group B (MOS) P-value 

Baseline 52.59 ±2.45 50.73±12.65 .58 

1 month 43.33±1.97 44.21±4.51 .59 

3 month 36.76±1.13 37.72±1.72 .16 

p-value2    

Baseline vs 1 

month 

.0001* .0001*  

Baseline vs 3 

month 

.0001* .0001*  

1 month vs 3 

month 

.0001* .0001*  

 

EMG BF Right Group A (MAD) Group B (MOS) P-value 

Baseline 55.38±1.97 52.22±11.15 .29 

1 month 44.77±2.39 45.59±5.25 .59 

3 month 37.34±0.96 38.92±1.33 .07 

p-value2    

Baseline vs 1 month .0001* .0001*  

Baseline vs 3 month .0001* .0001*  

1 month vs 3 month .0001* .0001*  
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Legends 

 
Figure1. Flowchart according to CONSORT 

 
Figure2. Mandibular Advancement Device 

 
Figure3. Maxillary Occlusal Splint 

 
Figure 4.Measurement of Bite Force 
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