Mouth Splint with Force Sensor and Electrodes for the Treatment and Prevention of Bruxism

Corey Benton, Sarah Michaels, Laura-Min Proctor, David Scdmidt

University of Wisconsin-Madison

Abstract: Bruxism, or the involuntary clenching and grinding of the teeth, is a habit that can lead to many health problems. The development of this device aims to provide an electric stimulus to a patient in response to bruxing. The device consists of a conductive polymer force sensitive resistor (FSR) and is connected to a circuit that converts the signal to an electric pulse with a specific frequency and pulse width.  The pulse is sent to the patient’s inner cheek (next to the upper molars), via carbon rubber electrodes.  This electric stimulus continues until the patient ceases to brux.  The actuating force has been determined to be 250 N.  Proof of principle has been accomplished based on tests conducted on the device.

Bruxism is defined as involuntary clenching and grinding of the teeth, usually occurring during sleep.  Common causes of bruxism include stress, malocclusion, trauma, injury, and drugs (Agard et al. 2001). Over time, bruxism leads to health problems that can include headaches, muscle strain, wearing of the tooth surface, oral infection, and excessive tooth mobility (Agard et al. 2001).
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Currently, the most common treatment for bruxism is a custom-fitted mouth splint that protects the teeth from degradation.  Although the mouth splint reduces the tooth wear associated with bruxism, it does little to alleviate other symptoms or prevent the disorder.


The device aims to aid bruxing patients by providing them with a gentle stimulus in response to bruxing during sleep without waking them up.  Over time, it is intended that this learned behavior would curb and prevent the disorder.
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The device includes a hard acrylic mouth splint that 
       Figure 1 sensor, splint, and electrodes

was fitted for one of the experimenters, a conductive polymer 

FSR, carbon silicone electrodes and a circuit.  The FSR activates the circuit at a threshold of 250N (56lb) detects bruxing.  Carbon silicone electrodes were selected because they adequately conduct the stimulus, are inexpensive and do not contribute to the chemical reactions that occur as a result from the electrical stimulus on tissue (cell membrane voltages altered from ion concentration gradients) (Vander, et al., 2001).  The electrodes are embedded in the splint so the stimulus will act inside the user’s mouth near the upper cheek.  This avoids painful stimulation of the gumline and teeth.  The circuit includes a 356 op-amp and a 555   
Figure 2 circuit diagram

              timer.  The op-amp acts as a comparator and                                                      




         the timer creates an electric pulse from a continuous power source.  The power source will be two 1.5V batteries and the minimum stimulating voltage is 12V.  The circuit is not yet miniaturized or embedded, but will be after all circuit values (e.g. threshold voltage) have been determined and tested.

The potential benefits to individuals experiencing bruxism of this device are based on biofeedback.  With regular use of the device it is intended that a user will learn to cease bruxing and no longer need it.  In addition, the side effects will be alleviated.  The final design of the device will be engineered to be water proof, self contained and durable yet effective in the wet, hot and high friction environment created by bruxing.

Ethical issues considered during design and testing are based on user safety. The fact that an electric stimulus is administered to the user introduces the possibility of electric shock or pain resulting from inappropriate levels of current given a user’s specific oral sensitivity.  Dental work (e.g. fillings or braces) in a user’s mouth has the potential to inappropriately conduct the stimulus throughout the mouth.  Therefore it is important to consider the possibility of having each device deliver a safe but effect level of electric stimulus determined by the dentist and user.  This raises issues regarding training and liability if the process is inadequately carried out and results in user harm.

Another ethical consideration relates to testing of the device before it is marketable.  It must be conclusively determined that the device will not harm users. The only way to ensure this is to conduct tests on a large number of diverse human subjects.  Testing on human subjects at the University of Wisconsin must follow the UW Multiple Project Assurance (MPA) guidelines.  Participants in the study must give consent, and obtain maximum benefits with minimum harm (MPA, 2002). In addition, evaluation of test results would be most useful if the team had access to the subjects’ dental records to determine whether dental work is a factor in tooth sensitivity.  This presents further ethical questions (Agard et al., 2001).  

While the proposed mouth splint with a FSR and electrodes is in the prototype stages, it has immense potential to treat and prevent bruxism.  In a time when there are plenty of band aids for medical problems, this device offers an effective way for users to have control over ending a habit and its detrimental side effects.  
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