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Automatic detection of teeth clenching and/or teeth grinding 

Field of invention 

The present disclosure relates to automatic detection of a predefined event in a 

dataset, more specifically to a method, a device and a system for automatic detection 

5 of teeth clenching and/or teeth grinding. 

Background of invention 

In a number of circumstances it is desirable to detect teeth clenching and/or teeth 

grinding of especially human beings, in particular with the objective of being able to 

detect and possibly avoid undesirable, unnecessary and/or potentially harmful teeth 

10 clenching and/or grinding. In particular it is desirable to be able to detect such teeth 

clenching and/grinding with the objective of being able to interfere in such a manner 

that the undesirable activity may be limited or even brought to an end. 

Teeth clenching and/or teeth grinding may be done more or less consciously or even 

15 completely unaware, for example in the sleep, and may also cause damage or 

unwanted effects. 

Both teeth clenching and teeth grinding may be be categorized as the affliction known 

as bruxism; powerful jaw movements without any real function which takes the form of 

20 involuntary grinding movements of the teeth during strong clenching. This affliction may 

cause serious dental damages such as for example wearing of the teeth, damages to 

lips and the tongue, lose teeth, gingival pockets etc. Bruxism is often in addition also 

associated with pain in the back of the head and chronic headache. 

25 Bruxism is normally divided into chronic and acute bruxism. Acute bruxism can happen 

to all and may often be observed in stress situations, for example at athletes in games 

or at persons that have to observe a deadline. Chronic bruxism is divided into night­

time (nocturnal) and day-time (diurnal) bruxism. 

30 Day-time bruxism is characterized by being a conscious clenching of upper and lower 

jaws and grinding of the teeth, although dominated by the latter. Day-time bruxism may 

be perceived as a bad habit. Triggering of day-time bruxism may be related to exposing 
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a patient to stress. Day-time bruxism may be relieved relatively easy by informing the 

person that he/she is bruxing. 

Night-time bruxism is unconscious and may normally only be perceived by the 

5 surroundings (for example relations) as an unpleasant squeaky noise. During night­

time bruxism, teeth grinding is more common than teeth clenching. Night-time bruxism 

is often alleviated by protecting the teeth with a splint. 

Using monitoring devices, it is possible to detect events related to bruxism. However, 

10 events related to bruxism may be difficult to detect because they may be similar to 

event related to ordinary teeth clenching. On the other hand, both day and night time 

bruxism typically lasts more than 2-5 seconds. This knowledge may be used to detect 

events directly related to bruxism and so it has been. Several monitoring devices exist 

to monitor events related to bruxism, for example by sensing signals from muscular 

15 activity of the jaw such as electrical signals or sound signals. In common for these 

devices is that they require a patient or another person to manually set up the devices 

such that they become adapted to the individuals, in particular such that the devices 

sense the signals related to jaw movements and distinguish them from other signals as 

given off by the individuals. 

20 

An example of a device with an automatic threshold to discriminate between normal 

jaw movement and muscular activity related to bruxism based on a manual setup is 

disclosed in W004087258 A1. 

25 A manual set up is far from optimal in that the sensing device may then depend on the 

person setting up the device. If the detected signals may be used, as for example by 

providing a treatment stimulus to the patient, an incorrect set up may be problematic in 

that a correct treatment may not be provided. 

Summary of invention 

30 In order to solve the above described problems and address the above described 

needs, the present disclosure relates to a user-friendly device which automatically 

detects teeth clenching and/or teeth grinding without the use of a manual set up. The 

user friendly device may be easy to use in terms of daily setup, such that particularly 

calibration is avoided. Accordingly, the present disclosure relates to a user-friendly 

35 method which automatically set up a device such that it becomes adapted to the 
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individuals, in particular such that the device detects the teeth clenching and teeth 

grinding signal and distinguish them from other signals as given off by the individuals. 

Accordingly, the present disclosure provides a computer implemented method for 

5 automatic detection of teeth clenching and/or teeth grinding in a dataset representing 

the level of biting force vs. time of a subject, the method comprising the steps of a) 

calculating a threshold level of biting force assigned to time t=ti based on a background 

level determined from the dataset at a prior time t=trTback, where Tback is a first 

predefined period of time, b) checking the level of biting, and if the level of biting force 

10 at time, t, exceeds the threshold level assigned to time ti for a second predefined 

period of time, Tciench/grind, then assigning an event of teeth clenching to time t, c) if an 

event of teeth clenching has been assigned to time t, then either waiting a predefined 

period of time Twaii, or waiting until the level of biting is below the threshold for another 

predefined period of time Tend, d) if no events of teeth clenching and/or teeth grinding 

15 have been assigned for a third predefined period of time Tsi|ence, then repeating steps 

a)-c), e) if events of teeth clenching and/or teeth grinding have been assigned for a 

third predefined period of time Thence, then repeating only steps b)-c). 

The presently disclosed method is based on the principle that the threshold leve 

20 constantly adapts to and is delayed from the background level. This may find use in 

broader aspect than detection of teeth clenching and/or teeth grinding. In a more 

general aspect the present disclosure therefore relates to a computer implemented 

method for automatic detection of a predefined event in a dataset representing the 

level of muscular activity vs. time of a subject, the method comprising the steps of: 

25 a) calculating a threshold level of muscular activity assigned to time t=t| 

based on a background level determined from the dataset at a prior time 

t=ti-Tback, where TbaCk is a first predefined period of time, 

b) checking the level of muscular activity, and if the level of muscular activity 

at time, t, exceeds the threshold level assigned to time t-i for a second 

30 predefined period of time, Tciencwgrinci, then assigning an event to time t, 

c) if an event has been assigned to time t, then either waiting a predefined 

period of time Twait, or waiting until the level of muscular activity is below 

the threshold for another predefined period of time Tend, 

d) if no events have been assigned for a third predefined period of time 

35 Tsilence, then repeating steps a)-c), 
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e) if events have been assigned for a third predefined period of time Thence, 

then repeating only steps b)-c). 

5 One purpose of the presently disclosed method is to determine the background level 

when there are no muscle events related to teeth clenching and/or teeth grinding. 

Since both day and night time bruxism typically lasts more than a few seconds and with 

an onset that is abrupt, then the background level, as determined from a period of time 

longer than the event related to bruxism, may not be affected by the event related to 

10 bruxism. Furthermore, if more than a predefined time has passed since the end of the 

latest burst of an event related to bruxism, it is most likely that the signal may contain 

no events related to bruxism, and therefore it may be a good estimate of the 

background level. Thus a pseudo-code of the method may be written as follows: 

15 { 

calculate envelope of signal 

check for signal activity (burst and/or grind active?) 

if there is no current activity AND no activity has appeared for a predefined period, 

then 

20 { 

calculate new background value based on signal envelope level another 

predefined time ago 

} 

} 

According to described method, it is one purpose of the present disclosure to assign an 

event to teeth clenching and/or teeth grinding. 

Furthermore, the present disclosure provides a data-processing system comprising a 

30 processor and a memory which may be configured to perform the method as described 

above. 

Also, the present disclosure provides a device for monitoring facial activity related to 

teeth clenching and/or grinding of a subject comprising a measuring unit for providing 

35 signals indicative of said facial activity, and a processing unit for processing said 

signals in order to detect said teeth clenching and/or teeth grinding. 
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Due to the desire of a user friendly device and/system, the present disclosure further 

relates to a bruxism system comprising the above described device and a storage case 

for housing and charging the device, wherein the device is configured to be 

5 automatically switched on when removed from the storage case. Furthermore, the 

present disclosure relates to a user-friendly device which automatically turns on when it 

is placed on the user, and also turns of when not on the user. 

Description of figures 

Fig. 1 shows a magnitude and phase plot of an embodiment a 1sl order lowpass filter. 

10 Fig. 2 shows an embodiment of the disclosed method. 

Fig. 3 shows another embodiment of the disclosed method. 

Fig. 4 shows an embodiment of a measuring unit. 

Fig. 5 shows an embodiment of the disclosed method illustrated as a flow chart. 

Fig. 6 shows another embodiment of the disclosed method. 

15 Fig. 7 shows an embodiment of the disclosed method illustrated as a flow chart. 

Fig. 8 shows an embodiment of the disclosed method illustrated as a part of the flow 

chart from Fig. 7 

Fig. 9 shows an embodiment of the disclosed method illustrated as a part of the flow 

chart from Fig. 7. 

20 Fig. 10 shows an embodiment of the disclosed method illustrated as a part of the flow 

chart from Fig. 7 

Fig. 11 shows an embodiment of the disclosed method illustrated as a part of the flow 

chart from Fig. 7 

Detailed description of the invention 

25 Teeth clenching and/or teeth grinding 

An event of teeth clenching and/or teeth grinding may be characterized as one or more 

of the following: bruxism, day-time bruxism, night-time bruxism. 

Teeth grinding is when people slide their teeth back and forth over each other, whereas 

30 teeth clenching is when people tightly hold their top and bottom teeth together. In this 

way, the two terms are per se different events. However, both events are related to 

muscular activity of the jaw. The medical term for both teeth grinding and teeth 

clenching is bruxism. 
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As described, bruxism can be chronic and acute, whereof chronic bruxism can be 

night-time (nocturnai) bruxism and day-time (diurnal) bruxism, 

Signals 

5 Since teeth clenching and teeth grinding is related to muscular activity of the jaw, it 

may be advantageous to have a dataset from a signal to represent muscular activity of 

the jaw vs. time of the subject. Accordingly, the dataset may comprise 

electromyography (EMG) data from EMG signals. 

10 EMG signals are electrical impulses of muscles, which may be measured at rest and 

during contraction. An EMG signal is small and needs to be amplified with an amplifier 

that is specifically designed to measure physiological signals. This signal may be 

measured with an electrode. A skin surface electrode may often be preferred, because 

it is placed directly on the skin surface above or near the muscle. 

The point of interest of the signal is the amplitude, which may range between 0 to 10 

millivolts (peak-to-peak) or 0 to 1.5 millivolts (root-mean-square). The frequency of an 

EMG signal may be between 0 to 500 Hz. However, the usable energy of EMG signal 

may be dominant between 50-150 Hz. 

As regards EMG-signals, focus will be placed on the chewing muscles when teeth 

clenching and/or teeth grinding is involved. In technical language, these muscles are 

called muscle Temporalis and muscle Masseter, which can be utilised for the 

registration of EMG signals in connection with teeth clenching and/or teeth grinding. 

25 

The Masseter muscle consists of two parts, a surface muscle and a deeper-lying part 

which, while strongly clenching the teeth, can easily be localised by pressing a finger 

into the cheek and leading it out from the mouth towards the ear. The main task of the 

Masseter muscle is to raise the lower jaw, although it also plays a part in the lower 

30 jaw's horizontal movement (as a part of the chewing movement). It contributes towards 

drawing the lower jaw forwards. Muscle Temporalis is a large fan-shaped muscle which 

covers and adheres to a large part of the side of the cranium, which means that most of 

it is freely accessible. 
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Movements of the jaw may give rise to various bio-signals that may be measured. The 

presently disclosed method may work regardless of the signals. Thus, it may be 

possible to automatically detect the background level regardless of the signal, such that 

the background signal can be used to automatically determine a threshold level without 

5 a calibration procedure. In this regard, it is one purpose of the present disclosure to 

provide a method that operates on any type of signal and thereby provide a user-

friendly setup, i.e. an automatic setup, meaning no manual setup, regardless of the 

signals. 

10 Accordingly, signals other than EMG signal may be used to represent muscular activity 

of the jaw. Hence the dataset may comprise one or more of the following: 

electromyography (EMG) data, electroencephalography (EEG) data, phonomyography 

(PMG) data, acceleration data, sound data and/or strain gauge data. 

15 These data may accordingly be obtained from EMG signals, EEG signals, PMG 

signals, acceleration signals, sound signals and/or strain gauge signals. 

EEG signals are electric fields of the human brain. Accordingly, EEG may be measured 

on the scalp or on the brain. The amplitude of the EEG may be about 100 pV when 

20 measured on the scalp, and about 1-2 mV when measured on the surface of the brain. 

The bandwidth of this signal may be from under 1 Hz to about 50 Hz. EEG signals are 

closely related to the level of consciousness of the person. As the activity increases, 

the EEG shifts to higher dominating frequency and lower amplitude. Thus, muscular 

activity may be observed using EEG signal 

25 

PMG signals are the low frequency sounds created during muscular activity. It may 

therefore be possible to measure the force of muscle contraction from PMG signals. 

PMG signals may be from 1 Hz to 100 Hz. 

30 Acceleration signals may be voltages created when a muscle accelerates. Hence, 

acceleration signals may be measuring muscle activity using an accelerometer, such 

as a miniature piezoelectric transducer by attaching it to the stimulated muscle 

Acceierometers may be a pair of microstructures next to each other such that they 

detect the changes in their capacitance; by converting the change in capacitance to a 

35 change in voltage, the acceleration the may be obtained. Acceierometers may also be 

use the piezo-resistive effect, hot air bubbles, and light. 
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Sound signals may be the sounds produced by for example the teeth during events of 

teeth grinding, and may accordingly be recorded using a microphone. Clenching may 

not produce sounds, and in this way, it may be possible to distinguish between teeth 

5 grinding and teeth clenching. 

Strain gauge signals are changes in resistance corresponding to strain, and may be a 

way to measure movement of the jaw. Strain may be measured using a strain gauge, for 

example in the ear. 

10 
The signals generating the dataset may be a stream of data continuously received from a 

measuring unit. 

Regardless of the signals, it is one purpose of the present disclosure to relate any of 

15 the described signals for detection events related to teeth clenching and/or teeth 

grinding, thereby allowing one or more of the signals to be used in the detection. In 

other words, it is an objective or the present disclosure to provide some kind of pattern 

recognition, which may be applied to any signal in order to detect events related to 

teeth clenching and/or teeth grinding. It must be noted, that teeth clenching and/or 

20 teeth grinding may not need to be related to bruxism. 

Background level and threshold level 

In one embodiment of the present disclosure, the background level is determined by 

applying a low-pass filter to the dataset. In this way, the background level may be a 

smoothed signal containing only low frequency components. The low pass filter may in 

25 particular be a first order filter with a cut-off frequency of for example 0.05 Hz. In some 

embodiments of the present disclosure, the background signal may be determined by 

applying another type of filter to the data set, such as a bandpass filter or a high-pass 

filter. The background level may be an estimate of the noise level, where the noise may 

be thermal noise from an electrode, amplifier noise and/or external noise. Accordingly, 

30 the background level may be the level of a recorded signal in the absence of muscle 

activity. The background level may depend on the impedance of the electrode. Thus, 

the background level may be dependent on the placement of electrodes, in that 

electrodes may be placed on skin, for example using gelpads, where for example moist 

will be created, and this may affect the impedance. In this regard, there may be 
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circumstances, where the background level may be time-dependent. It is with this in 

mind, that the background level may be determined at different times during use. 

In a preferred embodiment of the present disclosure, the threshold level may be greater 

5 than and proportional to the background level. Accordingly, the threshold value may be 

defined to be at least 1.5, 2, 3, 4 or at least 5 times the background level. 

Signal processing 

In order to process the signals, it may be required to include an initial step of providing 

a frequency domain transform of the dataset, a frequency domain transform such as 

10 fast Fourier transform (FFT), discrete Fourier transform (DFT), discrete cosine 

transform (DCT) or discrete wavelet transform (DWT). 

The frequency domain may in some embodiments be more preferred than the time 

domain, in that for example frequency filtering, such as low pass filtering, may be more 

15 easily implemented. Other advantages, such as reduced calculation time, may also be 

obtained by working in the frequency domain. Furthermore, by applying a DWT, 

advantages are that transient features are accurately captured and localized in both 

time and frequency. In relation to this, some special DWTs may increase computational 

speed of for example algorithms in comparison to applying for example Fourier 

20 transforms or classical DWTs. 

According to the initial step, it may comprise the step of averaging a predefined number 

of frequencies. A predefined number may be advantageous over for example an 

estimated number in that the estimation may be avoided. Thus, the predefined number 

25 may be used to speed up the calculation time. 

As an example of a signal processing, a signal envelope may be calculated from the 

result of the applied FFT for each block of raw signal values. The signal may be 

sampled at a rate of 2000 samples/s and blocks of 64 samples may be collected for 

30 FFT analysis. This results in a sample rate of 31,25 samples/s for the signal envelope. 

For each block of data, the FFT may be applied, and the result may be represented as 

32 'pins' of data, where each pin represents a step of 31.25 Hz. The pin value may be 

the amplitude of the frequency spectrum at the specific frequency. The 0-pin may 

contain the DC value. The signal envelope may be obtained by the mean value of pin 

35 7-13, where pins 7-13 represents values from 218.75 Hz to 406.25 Hz. 
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Since the calculation time may be fast, the automatic detection of teeth clenching 

and/or teeth grinding may be a real-time process carried out on a stream of data 

continuously received. Accordingly, the data may not need to be stored, and therefore 

5 the processing unit may be integrated in the measuring unit and still be as compact as 

shown in Fig. 4. 

Predefined time periods 

In a preferred embodiment of the disclosure, the times Ter,d, Tciencwgrind, Tback, Tsilence,are 

predefined time periods, meaning time parameters, defined such that 

10 Ten[j -Tc|ench/grind < Tback Tsj|ence-

Tend• 

Tciench/ghnd may be regarded as a predefined time period in which events related to teeth 

clenching and/or teeth grinding is ending. Accordingly, Tend may in a preferred 

15 embodiment of the present disclosure be 0.125 s, or less than 0.25 s, or less than 0.5 

s, or less than 0.4 s, or less than 0.35 s, or less than 0.3 s, or less than 0.25 s, or less 

than 0.2 s, or less than 0.15 s, or less than 0.1 s, or less than 0.05 s, or less than or 

less than 0.01 s. 

20 Tclench/grind-

Tciench/grind may be regarded as a predefined time period in which events related to teeth 

clenching and/or teeth grinding is at least to last. In this way, all events less than 

Tciench/grind may not be related to teeth clenching and/or teeth grinding. Events that last 

less than Tcierich/grind may be a normal bite or any normal movement of the jaw. 

25 Accordingly, Tciench/grind may in a preferred embodiment of the present disclosure be 

0.25 s, or less than 0.5 s, or less than 0.4 s, or less than 0.35 s, or less than 0.3 s, or 

less than 0.25 s, or less than 0.2 s, or less than 0.15 s, or less than 0.1 s, or less than 

0.05 s. 

30 Tbac/f. 

TbaCkmay be regarded as a predefined time period in which the background level is 

recorded. Accordingly, Tback may in a preferred embodiment of the present disclosure 

be 2.5 s, or less than 10 s, or less than 8 s, or less than 6 s, or less than 5 s, or less 

than 4 s, or less than 3 s, or less than 2 s, or less than 1 s. Accordingly, Tback may in 

35 another preferred embodiment of the present disclosure be at least 2.5 s, or at least 1 
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s, or at least 2 s, or at least 3 s, or at least 4 s, or at least 5 s, or at least 6 s, or at least 

7 s, or at least 8 s, or at least 9 s, or at least 10 s. 

Tsilence • 

5 Tsiiencemay be regarded as a predefined time period in which there may be no events 

related to teeth clenching and/or teeth grinding, before an initiating of a repeated 

procedure takes place. Since there may be no events related to teeth clenching and/or 

teeth grinding in the time period 7"s//ence, there may be silent. Accordingly, Tsiience may in 

a preferred embodiment of the present disclosure be 5 s, or less than 10 s, or less than 

10 8 s, or less than 6 s, or less than 5 s, or less than 4 s, or less than 3 s, or less than 2 s, 

or less than 1 s. Accordingly, Tsi|ence may in another preferred embodiment of the 

present disclosure be at least 5 s, or at least 1 s, or at least 2 s, or at least 3 s, or at 

least 4 s, or at least 5 s, or at least 6 s, or at least 7 s, or at least 8 s, or at least 9 s, or 

at least 10 s. 

Twait• 

Twaiimay be regarded as a predefined time period in which the measuring unit may be 

configured to stop providing signal indicative of facial activity when a feedback signal is 

providing in response to detecting bruxism. Accordingly, Twail may in a preferred 

20 embodiment be 1 s, or less than 10 s, or less than 8 s, or less than 6 s, or less than 5 

s, or less than 4 s, or less than 3 s, or less than 2 s, or less than 1 s. In another 

preferred embodiment of the present disclosure, Twaitmay at least be 1 s, or at least 1 

s, or at least 2 s, or at least 3 s, or at least 4 s, or at least 6 s, or at least 7 s, or at least 

8 s, or at least 9 s, or at least 10 s. 

25 

Further, Tend may be between 0.4 and 0.6 times Tciench/grind or Tend may be between 0.3 

and 0.7 times Tciench/grind or Tend may be between 0.45 and 0.55 times Tclench/grind OT 

wherein Tend may be 0.5 times TC|encWgnnd 

30 Further, Tback may be between 0.4 and 0.6 times Thence or between 0.3 and 0.7 times 

TSiience or between 0.45 and 0.55 times Tsiience or Tback may be 0.5 times Tsiience 

Further, Tciench/grind may be between 0.05 and 0.15 times Tback or between 0.02 and 0.25 

times TbaCkOr between 0.08 and 0.12 times TbaCkOr Tciench/grind may be 0.1 times TbaCk 

35 
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Further, Twail may be less than TbaCk and less than Tsiience, such as between 0.15 and 

0.25 times T^nce or Twaii may be 0.1 times Tsi|ence. 

Processing unit 

In a preferred embodiment of the present disclosure, the processing unit is configured 

5 to automatically determine a threshold level according to previously described. 

Accordingly, the processing unit may be configured to perform the previously described 

method such that it may be used for automatic detection of teeth clenching and/or teeth 

grinding. 

10 
In the presently disclosed method, the frequency domain transform is hardware 

implemented in the processing unit. This may be advantageous in that it may speed up 

the processing time. 

15 Furthermore, in the presently disclosed method, the signals indicative of said facial 

activity represents the level of biting force vs. time of the subject and wherein the 

processing unit is configured to perform the described method and wherein an event of 

teeth clenching and/or teeth grinding is an event of bruxism. As previously described, 

the various signals may be related to the facial activity such as moving the jaw, thereby 

20 able to represent the level of biting force vs. time and relate this to bruxism. The facial 

activity may also be muscle activity, teeth grinding, and/or teeth clenching. 

Measuring unit 

In one embodiment of the present disclosure, the measuring unit comprises at least 

one electrode assembly for providing said signals. The signals as previously described 

25 are indeed measurable using at least one electrode. 

Feedback unit 

in one embodiment of the present disclosure, the device is further comprising a 

feedback unit for providing a feedback signal in response to detecting said bruxism. In 

this way, the feedback unit may be able to provide treatment of bruxism. If the 

30 feedback may be provided for night-time bruxism, the feedback may be such that the 

user may not be awakened during sleep. Furthermore, the feedback may not be given 

in situations that are not related to bruxism. 
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Accordingly, the measuring unit may be configured to provide a feedback signal in 

response to detecting said bruxism. The feedback signal may be a visual, tactile, 

acoustic, and/or medical, such as a relaxing agent, feedback delivered to the subject. 

In the case of a visual feedback signal, it may for example be on a screen, such as on 

5 a smartphone, a phone, a tablet, a computer screen or any type of display. The visual 

feedback may however also be a diode, such as an LED, or any type of lamp. In the 

case of tactile feedback signal, it may for example be a vibration such as from vibrators 

in smartphones or phones. The accoustic feedback signal may be a sound from a 

speaker such as within a smartphone, a phone or a speaker by itself. 

In another embodiment of the present disclosure, the measuring unit is configured to 

stop providing signals indicative of facial activity for a predetermined period of time, 

when a feedback signal is provided in response to detecting said bruxism. This may be 

to avoid too many signals at the same time. 

15 Design and power integration 

In one embodiment of the present disclosure, the processing unit is integrated / 

incorporated in the measuring unit. Such a design may allow the user to wear only one 

unit. Accordingly, the device may be manufactured with low cost such as in terms of 

materials. 

In another embodiment of the present disclosure, the measuring unit comprises an 

electrode assembly configured to be attached to the skin of the subject and wherein the 

device is configured to monitor the electrical connection between the electrode 

assembly and the skin, and wherein the processing unit is configured to begin 

25 processing the signals when a connection between skin and electrode assembly has 

been detected. Such a configuration may allow for optimal power usage, i.e. to save 

power and provide user-friendly operation. In this regard, the device may be further 

comprising an internal chargeable electrical power source, such as a battery, for 

powering the device. 

30 User-friendly bruxism system 

In one embodiment of the present disclosure, the device and the storage case are 

configured such that the device is automatically switched off when installed in the 

storage case if the storage case is not connected to an external electrical power 
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source. Such a configuration may allow for optimal power usage, i.e. to save power 

and provide user-friendly operation. 

According to one embodiment of the present disclosure, the storage case may 

5 comprise an electrical circuit configured to detect an electrical connection between the 

storage case and the device. Accordingly, the device may comprise at least one 

magnet and the storage case may comprise a sensor unit for sensing the presence of a 

magnetic field, such as a hall-effect switch, and wherein the storage case sensor is 

configured to detect the presence of the device in the storage case. 

In another embodiment of the present disclosure, the device may comprise a 

mechanical switch that is configured to be engaged by the device when the device is 

installed in the storage case. 

15 In yet another embodiment of the present disclosure, the storage case and the device 

is configured such that the internal chargeable electrical power source in the device is 

charged by electrical power transmitted wirelessly from the storage case to the device. 

This may ease operation of the device. 

Example 1 

20 In order to calculate a background level, the background level may be a low pass 

filtered EMG signal envelope as here described. 

The filter is a 1sl - order autoregressive filter in the form: 

25 y(n)=0.99-y(n-1)+0.01 x(n-80), where 

x(n-80) is the 2.56 second old envelope value (80samples/31.25samples/s=2.56s), 

y(n-1) is the latest value of the background level, 

y(n) is the new value of the background level, 

30 0.99 is the filter coefficient, 

0.01 is a gain-factor on the input signal, to ensure an overall gain of 1. 

The calculation is implemented in integer arithmetic, to reduce computational load in 

the embedded processor. This is done by multiplying the values from the FFT algorithm 
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(which is an 8-bit algorithm), with a scaling factor of 10000. Further, the filter described 

above is calculated as 

y(n) = ( 99-y(n-1 )+1 -x(n-80)) /100 

5 

as decimal numbers cannot be represented in integer arithmetic. 

The Magnitude and Phase responses of the filter are shown in Figure 1. It has a -3dB 

cutoff frequency of 0.05 Hz (1/20 Hz). 

Example 2 

An illustration of an embodiment of the method for automatic detection of teeth 

clenching is shown in Figure 2. In Figure 2, the data is EMG data obtained from EMG 

signals. The signal envelope 23 is calculated by FFT of the raw EMG signal 24. As can 

15 be seen from Figure 2, the estimated background level 22, 22' is constantly changing 

with respect to time, except for the periods wherein the calculation is stopped, i.e. 

wherein the method is fixing the threshold level, and after which the calculations are 

restarted. It can be seen in Figure 2 that four bursts 25 are detected in total. 

Example 3 

20 An illustration of another embodiment of the method for automatic detection of teeth 

clenching is shown in Figure 3. In Figure 3, the data is EMG data obtained from EMG 

signals. In Figure 3 is shown the initial output from the method when no activity related 

to the teeth clenching has been assigned. The raw EMG signal 34 is sampled at 2000 

Hz. The signal envelope 33 is calculated by a 64-point FFT and averaging pins 7-13, 

25 as this corresponds to an RMS value of frequencies between 218 and 406 Hz. As can 

be seen from Figure 3 the initial output of the background level 31 is rather high and 

the method waits 5 seconds before it starts calculating new outputs (assuming that a 

signal may have been present before the start of the method). The initial value of the 

background level 31 is set to a higher value than expected in the recorded signal 34. 

30 Due to the high start level and depending on the actual level of background activity, it 

can take up to 10s for the filter to find the precise level of the background activity. In 

this particular example, the filter has a time constant, T = 1 / (2TT f3dB) where f3dB -

0.05Hz, i.e. T = 3.2s. 
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Example 4 

An example of a measuring unit is shown in Fig. 4. It comprises three electrode 

assemblies, each assembly consisting of an electrode connector 1, an electrode 2 to 

be connected on the top surface 3, such that the bottom surface 4, connects to the skin 

5 with the three electrodes 2, 

Example 5 

Another embodiment of the method for automatic detection of teeth clenching, 

illustrated as a flow chart, is shown in Figure 5. The flow chart starts from the top, 

where a new signal envelope is calculated. This is an initial step to the disclosed 

10 method, which may be providing a frequency domain transform of the dataset, a 

frequency domain transform such as fast Fourier transform (FFT), discrete Fourier 

transform (DFT), discrete cosine transform (DCT) or discrete wavelet transform (DWT). 

The initial step as here illustrated may also comprise the step of averaging a 

predefined number of frequencies. The next step may be related to the measuring unit, 

15 since the measuring unit may comprise an electrode assembly configured to be 

attached to the skin of the subject and wherein the device may be configured to 

monitor the electrical connection between the electrode assembly and the skin, and 

wherein the processing unit may be configured to begin processing the signals when a 

connection between skin and electrode assembly has been detected. In case of poor 

20 electrical connection between the electrode assembly and the skin, the measuring unit 

restarts as shown in the flow chart. When beginning processing the signals, it may also 

check whether or not event detection is enabled as also shown in flow chart. In case of 

event detection being disabled, the time since last event is being updated as shown in 

the flow chart. From here, and in all circumstances, if no events of teeth clenching 

25 and/or teeth grinding has been assigned for a third predefined period of time Tsi|ence, it 

may be possible to go back to start. In some cases, the step back to start may be 

followed with a calculation of a threshold level of biting force assigned to time t=ti 

based on a background level determined from the dataset at a prior time t=t1-TbaCk, 

where TbaCk is a first predefined period of time. From start, there may be a check of the 

30 level of biting, and if the level of biting force at time, t, exceeds the threshold level 

assigned to time ti for a second predefined period of time, Tcier,ch/grind, then there may be 

assigned an event of teeth clenching to time t. If an event of teeth clenching has been 

assigned to time t, then there may be either a waiting of a predefined period of time 

Twait, or a waiting until the level of biting is below the threshold for another predefined 
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period of time Tend. If no events of teeth clenching and/or teeth grinding have been 

assigned for a third predefined period of time Tsiience, the procedure repeats itself 

On the other hand, if events of teeth clenching and/or teeth grinding have been 

assigned for a third predefined period of time Tsi|ence, then there may be a repeating of 

5 only some of the steps as shown in the flow chart. 

Example 6 

An illustration of another embodiment of the method for automatic detection of teeth 

clenching is shown in Figure 6. In Figure 6, the data is EMG data obtained from EMG 

signals. As can be seen from Figure 6, the estimated background level 62 is constantly 

10 changing with respect to time, except for these periods wherein the calculation is 

stopped, i.e. wherein the method is fixing the threshold level 61, and after which the 

calculations are restarted. It can be seen in Figure 6 that eight events 65 related to 

grinding are detected in total, in this example, the raw signal 64 is sampled at 2000 Hz. 

The signal envelope 63 is calculated by a 64-point FFT and averaging pins 7-13, as 

15 this corresponds to an RMS value of frequencies between 218 and 406 Hz. The noise 

level 62 is calculated by low-pass filtering the envelope when no activity is detected for 

at least 5 seconds. Furthermore, the threshold 61 for an event detection of grinding 

and/clenching is 3 times higher and 2.5 seconds delayed compared to the noise level 

62. An event detection of grinding and/clenching is assigned if the envelope 63 is 

20 above the threshold 61 for more than 0.25 seconds. Accordingly, the events noted as 

A, E and F are small bursts, and not related to events of grinding and/clenching 

because the durations are too short. The events noted as B, D, G, H, I and K are bursts 

that are related to events of grinding and/clenching because the durations are longer 

than 0.25 seconds. The event noted as C is iong burst between 2-3 seconds, and 

25 accordingly detected as two bursts, since per definition a burst is defined as 1 second 

in duration. The events noted as J, L and M are changes in background level, and 

because the signal envelopes 63 are too low in amplitude, they are not assigned as 

events related to grinding and/clenching. In the time before the event A, only the noise 

level 62 is changing, and the threshold level 61 is therefore constantly adapting to it. 

30 When the background level 62 is elevated at the event L, the threshold level 61 at M is 

accordingly elevated. 
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Example 7 

An embodiment of the method for automatic detection of teeth clenching, illustrated as 

a detailed flow chart, is shown in Figure 7. The detailed flow chart is divided into four 

blocks as shown with punctured lines, wherein the four blocks are shown as enlarged 

5 in Figure 8-11. The upper left block of Fig. 7 is shown enlarged in Fig 8, the upper right 

block of Fig. 7 is shown enlarged in Fig 9, the lower right block of Fig, 7 is shown 

enlarged in Fig 10 and the lower left block of Fig. 7 is shown enlarged in Fig 11. 

The flow chart starts from the top, where a new signal envelope is calculated. This is 

an initial step to the disclosed method, which may be providing a frequency domain 

10 transform of the dataset, a frequency domain transform such as fast Fourier transform 

(FFT), discrete Fourier transform (DFT), discrete cosine transform (DCT) or discrete 

wavelet transform (DWT). The initial step as here illustrated may also comprise the 

step of averaging a predefined number of frequencies. The next step may be related to 

the measuring unit, since the measuring unit may comprise an electrode assembly 

15 configured to be attached to the skin of the subject and wherein the device may be 

configured to monitor the electrical connection between the electrode assembly and the 

skin, and wherein the processing unit may be configured to begin processing the 

signals when a connection between skin and electrode assembly has been detected. In 

case of poor electrical connection between the electrode assembly and the skin, the 

20 measuring unit restarts as shown in the flow chart. When beginning processing the 

signals, it may also check whether or not event detection is enabled as also shown in 

flow chart In case of event detection being disabled, the time since last event is being 

updated as shown in the flow chart. From here, and in all circumstances, if no events of 

teeth clenching and/or teeth grinding has been assigned for a third predefined period of 

25 time Tsi|ence, it may be possible to go back to start. In some cases, the step back to start 

may be followed with a calculation of a threshold level of biting force assigned to time 

t=ti based on a background level determined from the dataset at a prior time fcVTbaa, 

where TbaCk is a first predefined period of time. From start, there may be a check of the 

level of biting, and if the level of biting force at time, t, exceeds the threshold level 

30 assigned to time ^ for a second predefined period of time, Tciench/grind, then there may be 

assigned an event of teeth clenching to time t. If an event of teeth clenching has been 

assigned to time t, then there may be either a waiting of a predefined period of time 

Twait, or a waiting until the level of biting is below the threshold for another predefined 

period of time Tend If no events of teeth clenching and/or teeth grinding have been 

35 assigned for a third predefined period of time Tsitence, the procedure repeats itself. 
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On the other hand, if events of teeth clenching and/or teeth grinding have been 

assigned for a third predefined period of time Tsiience, then there may be a repeating of 

only some of the steps as shown in the flow chart. 

Further details of the present disclosure 

5 The present disclosure may be described by the following items: 

1. In a more general aspect the present disclosure relates to a computer 

implemented method for automatic detection of a predefined event in a dataset 

representing the level of muscular activity vs. time of a subject, the method 

10 comprising the steps of: 

a) calculating a threshold level of muscular activity assigned to time t=lt based 

on a background level determined from the dataset at a prior time t=ti-Tback, 

where Tback is a first predefined period of time, 

b) checking the level of muscular activity, and if the level of muscular activity at 

15 time, t, exceeds the threshold level assigned to time ^ for a second 

predefined period of time, TC|ench/grinci, then assigning an event to time t, 

c) if an event has been assigned to time t, then either waiting a predefined 

period of time Twau, or waiting until the level of muscular activity is below the 

threshold for another predefined period of time Tend, 

20 d) if no events have been assigned for a third predefined period of time Tsi|ence, 

then repeating steps a)-c), 

e) if events have been assigned for a third predefined period of time Tsiience, 

then repeating only steps b)-c). 

2. A computer implemented method for automatic detection of teeth clenching 

and/or teeth grinding in a dataset representing the level of biting force vs. time 

of a subject, the method comprising the steps of 

a) calculating a threshold level of biting force assigned to time t=t-i based on 

30 a background level determined from the dataset at a prior time t=ti-Tback, 

where Tback is a first predefined period of time, 

b) checking the level of biting, and if the level of biting force at time, t, 

exceeds the threshold level assigned to time ti for a second predefined 

period of time, Tciench/grind, then assigning an event of teeth clenching to 

35 time t, 
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c) if an event of teeth clenching has been assigned to time t, then either 

waiting a predefined period of time Twaii, or waiting until the level of biting 

is below the threshold for another predefined period of time Tend, 

d) if no events of teeth clenching and/or teeth grinding have been assigned 

5 for a third predefined period of time Tsiience, then repeating steps a)-c), 

e) if events of teeth clenching and/or teeth grinding have been assigned for 

a third predefined period of time Tsiience, then repeating only steps b)-c). 

3. The method according to any of the preceding items, wherein an event of teeth 

10 clenching and/or teeth grinding is characterized as one or more of the following: 

bruxism, daytime bruxism, nocturnal bruxism. 

4. The method according to any of the preceding items, wherein the dataset 

represents muscular activity of the jaw vs. time of the subject. 

15 
5. The method according to any of the preceding items, wherein the dataset 

comprises electromyography (EMG) data. 

6. The method according to any of the preceding items, wherein the dataset 

20 comprises one or more of the following: electromyography (EMG) data, 

electroencephalography (EEG) data, phonomyography (PMG) data, 

acceleration data, sound data and strain gauge data. 

7. The method according to any of the preceding items, further comprising an 

25 initial step of providing a frequency domain transform of the dataset, a 

frequency domain transform such as fast Fourier transform (FFT), discrete 

Fourier transform (DFT), discrete cosine transform (DCT) or discrete wavelet 

transform (DWT). 

30 8. The method according to item 7, wherein said initial step further comprising the 

step of averaging a predefined number of frequencies. 

9. The method according to any of the preceding items, wherein the background 

level is determined by applying a low-pass filter to the dataset. 

35 
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10. The method according to any of the preceding items, 

Wherein ,.3^- I clench/grind ' wait ^ • back ^ ilence-

11. The method according to any of the preceding items, wherein Tend is 0.125 s, or 

5 less than 0.25 s, or less than 0.5 s, or less than 0.4 s, or less than 0.35 s, or 

less than 0.3 s, or less than 0.25 s, or less than 0.2 s, or less than 0.15 s, or 

less than 0.1 s, or less than 0.05 s, or less than or less than 0.01 s. 

12. The method according to any of the preceding items, wherein TC|ench/grind is 0.25 

10 s, or less than 0.5 s, or less than 0.4 s, or less than 0.35 s, or less than 0.3 s, or 

less than 0.25 s, or less than 0.2 s, or less than 0.15 s, or less than 0.1 s, or 

ess than 0.05 s. 

13. The method according to any of the preceding items, wherein Tback is 2.5 s, or 

15 less than 10 s, or less than 8 s, or less than 6 s, or less than 5 s, or less than 4 

s, or less than 3 s, or less than 2 s, or less than 1 s. 

14. The method according to any of the preceding items, wherein Tback is at least 

2.5 s, or at least 1 s, or at least 2 s, or at least 3 s, or at least 4 s, or at least 5 s, 

20 or at least 6 s, or at least 7 s, or at least 8 s, or at least 9 s, or at least 10 s. 

15. The method according to any of the preceding items, wherein Tsiience is 5 s, or 

less than 10 s, or less than 8 s, or less than 6 s, or less than 5 s, or less than 4 

s, or less than 3 s, or less than 2 s, or less than 1 s. 

25 

16. The method according to any of the preceding items, wherein Tsi|ence is at least 5 

s, or at least 1 s, or at least 2 s, or at least 3 s, or at least 4 s, or at least 6 s, or 

at least 7 s, or at least 8 s, or at least 9 s, or at least 10 s. 

30 17. The method according to any of the preceding items, wherein Twait is 1 s, or less 

than 10 s, or less than 8 s, or less than 6 s, or less than 5 s, or less than 4 s, or 

ess than 3 s, or less than 2 s, or less than 1 s. 

18. The method according to any of the preceding items, wherein Twaitis at least 1 

35 s, or at least 1 s, or at least 2 s, or at least 3 s, or at least 4 s, or at least 6 s, or 
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at least 7 s, or at least 8 s, or at least 9 s, or at least 10 s. 

19. The method according to any of the preceding items, wherein Te„d is between 

0.4 and 0.6 times Tciench/grind or wherein Tenci is between 0.3 and 0.7 times 

5 Tciench/grind or wherein Tend is between 0.45 and 0.55 times TC|enCh/grind or wherein 

Tend 'S 0.5 times clench/grind 

20. The method according to any of the preceding items, wherein Tbar,k is between 

0.4 and 0.6 times T^nce or between 0.3 and 0.7 times Tsi|ence or between 0.45 

10 and 0.55 times Thence or wherein TbaCk is 0.5 times TsiienCe. 

21. The method according to any of the preceding items, wherein TC|ench/gmd is 

between 0.05 and 0.15 times Tback or between 0.02 and 0.25 times TbaCkOr 

between 0.08 and 0.12 times TbaCkOr wherein TC|ench/grind is 0.1 times Tback 

15 
22. The method according to any of the preceding items, wherein Twaii is less than 

TbaCk and less than Tsi|ence, such as between 0.15 and 0.25 times TSiience or 

wherein Twai[ is 0.1 times Tsi|ence 

20 23. The method according to any of the preceding items, wherein the threshold 

level is greater than and proportional to the background level. 

24. The method according to any of the preceding items, wherein the threshold 

value is defined to be at least 1.5, 2, 3, 4 or at least 5 times the background 

25 level. 

25. The method according to any of the preceding items, wherein the automatic 

detection of teeth clenching and/or teeth grinding is a real-time process carried 

out on a stream of data continuously received. 

26. The method according to any of the preceding items, wherein the dataset is a 

stream of data continuously received from a measuring unit. 

27. A data-processing system comprising a processor and a memory and being 

35 configured to perform the method according to any of preceding items. 
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28. A device for monitoring facial activity related to teeth clenching and/or teeth 

grinding of a subject comprising: 

a measuring unit for providing signals indicative of said facial activity, and 

a processing unit for processing said signals in order to detect said teeth 

5 clenching and/or teeth grinding. 

29. The device according item 28, wherein the processing unit is configured to 

automatically determine a threshold level according to any of preceding items 1 

to 26. 

30. The device according to items 28-29 , wherein the processing unit is configured 

to perform the method of any of preceding items 1 to 26. 

31. The device according to items 28-30, wherein the frequency domain transform 

15 according to item 7 is hardware implemented in the processing unit. 

32. The device according to items 28-31, wherein the signals indicative of said 

facial activity represents the level of biting force vs. time of the subject and 

wherein the processing unit is configured to perform the method of any of the 

20 preceding items 1 to 26 and wherein an event of teeth clenching and/or teeth 

grinding is an event of bruxism 

33. The device according to items 28-32, wherein the measuring unit comprises at 

least one electrode assembly for providing said signals. 

34. The device according to items 28-33, wherein the facial activity is muscle 

activity, teeth grinding, and/or teeth clenching. 

35. The device according to items 28-34, further comprising a feedback unit for 

30 providing a feedback signal in response to detecting said bruxism. 

36. The device according to items 28-35, wherein the measuring unit is configured 

to provide a feedback signal in response to detecting said bruxism. 

35 37. The device according to items 28-36, wherein the feedback signal is a visual, 

tactile, acoustic, and/or medical, such as a relaxing agent, feedback delivered 
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to the subject. 

38. The device according to items 28-37, wherein the processing unit is integrated / 

incorporated in the measuring unit. 

39. The device according to items 28-38, wherein the measuring unit comprises an 

electrode assembly configured to be attached to the skin of the subject and 

wherein the device is configured to monitor the electrical connection between 

the electrode assembly and the skin, and wherein the processing unit is 

10 configured to begin processing the signals when a connection between skin and 

electrode assembly has been detected. 

40. The device according items 28-39, further comprising an internal chargeable 

electrical power source, such as a battery, for powering the device. 

15 

41. A bruxism system comprising the device according to item 40 and a storage 

case for housing and charging the device, wherein the device is configured to 

be automatically switched on when removed from the storage case. 

20 42. The bruxism system according to item 41, wherein the device and the storage 

case are configured such that the device is automatically switched off when 

installed in the storage case if the storage case is not connected to an external 

electrical power source. 

25 43. The bruxism system according to any of items 41 to 42, wherein the storage 

case comprises an electrical circuit configured to detect an electrical connection 

between the storage case and the device. 

44. The bruxism system according to any of items 41 to 43, wherein the device 

30 comprises at least one magnet and the storage case comprises a sensor unit 

for sensing the presence of a magnetic field, such as a hall-effect switch, and 

wherein the storage case sensor is configured to detect the presence of the 

device in the storage case. 

35 45. The bruxism system according to any of items 41 to 44, wherein the device 

comprises a mechanical switch that is configured to be engaged by the device 
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when the device is installed in the storage case. 

46. The bruxism system according to any of items 41 to 45, wherein the storage 
case and the device is configured such that the internal chargeable electrical 

5 power source in the device is charged by electrical power transmitted wireiessly 
from the storage case to the device 
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Claims 

1, A computer implemented method for automatic detection of a predefined event in a 

dataset representing the level of muscular activity vs. time of a subject, the 

predefined event being teeth clenching and/or teeth grinding, the method 

5 comprising the steps of: 

a) calculating a threshold level of muscular activity assigned to time t=ti based 

on a background level determined from the dataset at a prior time t=ti-Tback, 

where Tback is a first predefined period of time, 

b) checking the level of muscular activity, and if the level of muscular activity at 

10 time, t, exceeds the threshold level assigned to time ti for a second 

predefined period of time, Tciench/grind, then assigning an event to time t, 

c) if an event has been assigned to time t, then either waiting a predefined 

period of time TWait, or waiting until the level of muscular activity is beiow the 

threshold for another predefined period of time Tend, 

15 d) if no events have been assigned for a third predefined period of time Tsiience, 

then repeating steps a)-c), 

e) if events have been assigned for a third predefined period of time Tsiience, then 

repeating only steps b)-c). 

20 2. The method according to claim 1, wherein the level of muscular activity is the level 

of biting force. 

3. The method according to any of the preceding claims, wherein an event of teeth 

clenching and/or teeth grinding is characterized as one or more of the following: 

25 bruxism, daytime bruxism, nocturnal bruxism. 

4. The method according to any of the preceding claims, wherein the dataset 

comprises one or more of the following: electromyography (EMG) data, 

electroencephalography (EEG) data, phonomyography (PMG) data, acceleration 

30 data, sound data and strain gauge data. 

5. The method according to any of the preceding claims, further comprising an initial 

step of providing a frequency domain transform of the dataset, a 

frequency domain transform such as fast Fourier transform (FFT), discrete Fourier 

35 transform (DFT), discrete cosine transform (DCT) or discrete wavelet transform 

(DWT). 



27 

6. The method according to any of the preceding claims, wherein 

Tend — Tciench/grind < Twait Tback < Tsiience-

7. The method according to any of the preceding claims, wherein Tend = 0.125 s, 

5 Tciench/grind — 0.25 S, Tback — 2.5 S, Tsiience — 5 S and Twait —1s. 

8. The method according to any of the preceding claims, wherein Tend is between 0.4 

and 0.6 times Tciench/grind. 

10 9. The method according to any of the preceding claims, wherein Tback is between 0.4 

and 0.6 times Tsiience-

10. The method according to any of the preceding claims, wherein Tciench/grind is 

between 0.05 and 0.15 times Tback. 

15 

11. The method according to any of the preceding claims, wherein Twait is less than 

Tback and less than Tsiience, such as between 0.15 and 0.25 times Tsiience-

12. The method according to any of the preceding claims, wherein the threshold level is 

20 greater than and proportional to the background level. 

13. The method according to any of the preceding claims, wherein the automatic 

detection is a real-time process carried out on a stream of data continuously 

received. 

14. A device for monitoring facial activity related to teeth clenching and/or teeth 

grinding of a subject comprising: 

a measuring unit for providing signals indicative of said facial activity, and 

a processing unit for processing said signals in order to detect said teeth 

30 clenching and/or teeth grinding, wherein the processing unit is configured to 

automatically determine a threshold level according to any of the preceding 

claims 1 to 13. 

15. The device according to claim 14, wherein the signals indicative of said facial 

35 activity represents the level of biting force vs. time of the subject and wherein the 

processing unit is configured to perform the method of any of the preceding claims 

1 to 13 and wherein an event of teeth clenching and/or teeth grinding is an event of 
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bruxism 

16. The device according to any of the preceding claims 14-15, wherein the measuring 

unit comprises an electrode assembly configured to be attached to the skin of the 

5 subject and wherein the device is configured to monitor the electrical connection 

between the electrode assembly and the skin, and wherein the processing unit is 

configured to begin processing the signals when a connection between skin and 

electrode assembly has been detected. 


