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Experimental analysis of automatic discrimination performance between simulated
bruxism and non-bruxism using electromyography and machine learning
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It remains questionable whether bruxism can be reliably diagnosed using

conventional evaluation criteria. Therefore, we wondered whether it would be possible to objectively
distinguish electromyograms during different types of bruxism, swallowing, scratching, and body
movements. In this context, we attempted to discriminate electromyograms by applying a method to
discriminate changes in vector values (feature values) by converting electromyograms into
high-dimensional vectors.
As a result, it was shown that this classification system can discriminate teeth contact bruxism
from non-bruxism with high accuracy using masseter muscle EMG. In addition, it was shown that an
analysis model that included bilateral infrahyoid muscles and skin-transmitted sound further
improved the accuracy of discrimination.



Excessive Mechanical Stress: EMS EMS
Brux Brux
Brux
Brux
Brux
Polysomnography PSG
Brux
80.7% Brux
bracing bracing
Kothari SF, et al, 2021 bracing
clenching, grinding Brux
Brux
Brux
Brux/ Brux
12 10 2 35.3+ 8.4
(BMwTC) (BMwoTC) (non-
BM) (BMwTC)
5
(BMwoTC)
5 (non-BM)
5 5 5
PSG-1100
IC 1,000Hz 44.1kHz
1
5 5
100ms 50ms
BMwTC BMwoTC
non-BM 1 2 5
HMM 1 11
HMM BMwTC BMwoTC non-BM

BMwTC BMwoTC non-BM
BMwTC BMwoTC non-BM

SS
MS
SS

5)

BMwTC BMwoTC non-BM
BMwTC BMwoTC non-BM

MS 1)
2) 3) 4)
5
leave-one-out



11 1

SS 12 F
F p<0.001, p=0.01, Game-Howell
BMwTC non-BM 0.77+/-0.10 0.89+/-0.04 BMwoTC
0.20+/- 0.16
MS SS
BMwoTC
0.5
EMG BMwTC
BM

Table 1-a Validity of the BMwTC detection in single-stream HMM

Positive predictive Megative predictive

Sensitivity Specificity value value
Right masseter 081 +-0.14 095 +-0.03 0.76 +-0.12 0.96 +-0.03
Left masseter 078 +/-0.22 095 +-0.03 0.77 +-0.11 0.96 +- 0.04
Right infrahyoid muscles 0.62 +/-0.31 042 +-0.18 0.15 +- 006 0.88 +- 0.08
Left infrahyoid muscles 0.59 +/-0.35 046 +-0.19 0.16 +-0.07 0.88 +- 0.08
Chin 0.50 +-0.24 0.83 +-0.10 038 +-0.15 0.90 +-0.04
Suprahyoid muscles 0.64 +/-0.22 b4 +-0.13 0.25 +-0.07 0.91 +-0.04
Sound data .66 +/- 0.26 091 +-0.06 0ol +-0.15 0.94 - 0.04
{mean +- 8D

Table 1-b Validity of the BMwoTC detection in single-stream HMM

Positive predictive Negative predictive

Sensitivity Specificity value value
Right masseter 047 +-0.39 090 +- 0.05 018 +-0.15 097 +-0.02
Left masseter 0.45 +-041 086 +- 008 0.11 +-0.09 097 +-0.02
Right infrahyoid muscles 067 +-0.37 L85 +- 009 017 +-0.11 098 +-0.02
Left infrahyoid muscles 0,60 +-0.43 082 +-0.15 0.15+-0.13 098 +-0.02
Chin 0.25 +-0.26 0BT +-0.12 010 +-0.13 096 +-0.02
Suprahyoid muscles 0,60 +- 0.40 0.93 +- 004 0.27 +-0.20 098 +-0.02
Sound data 0.45 +-0.34 0.92 +- 0,05 019 +-0.13 097 +-0.02
(mean +- D)

Table 1-¢ Validity of the non-BM detection in single-stream HMM

Sensitivity Specificity Positive predictive Megative predictive

value value
Right masseter 086 +-0.07 088 - 0.14 0.97 <~ 0.04 0.63 +-0.11
Left masseter 0.81 +-0.11 085 +-10.21 0.96 +-0.05 0.58 +-0.16
Right infrahyoid muscles 0.25 +-0.22 081 +-0.30 0.91 +-0.10 0.20 +-0.07
Left infrahyoid muscles 0.27 +-0.16 080 +-0.19 0.88 +/- 008 0.22 +-0.04
Chin 0.72 +-0.19 0.70 +-0.24 0.91 +- 0,06 043 +-013
Suprahyoid muscles 0.58 +-0.15 080 +-0.20 0.94 +-0.05 0.33 +-0.06
Sound data 086 +-0.10 0.82 +-0.19 0.95 - 0.05 0.63 +-0.14
{mean +- 8D

Table 2 F-value of BMwTC, BMwoTC and non-BM detection in single-stream HMM

BMwTC BMwoTC Non-BM

Right masseter 0.77 +- 0.08 0.23 +- 0.18 0.91 - 0.04
Left masseter 0.77 +-0.13 0.17 +-0.15 0.87 +- 0.05
Right infrahyoid muscles 0.24 - 0.10 0.27 +-0.17 0.34 +-0.22
Left infrahyoid muscles 0.24 - 0.10 0.23 +- 0.19 0.39 +- 0.19
Chin 0.40 - 0.13 0.14 +-0.14 0.79 +- 0.14
Suprahyoid muscles 0.36 +- 0,09 0.35 +-0.23 0.70 +- 0.10
Sound data 0.60 +- 0.16 0.25 +- 0.18 0.90 - 0.05

(mean +- 50
BMwTC BMwoTC non-BM

/ F




Table 3-a Validity of the BMwTC detection in multi-stream HMM

Betigitivily Specificity prﬁd[jl.:tsi:::a lue prﬁrf:ﬁ::‘:l lue
M5-1 085 +-0.16 096 +-0.03 081 +-0.11 0.97 +/-0.03
M5-2 0EZ +-0.16 096 +-0.03 080 +-0.11 0.97 +/-0.03
M5-3 08D +-0.16 096 +-0.02 0.79 +/- 0.09 0.97 +/-0.03
M5-4 083 +-0.22 096 +-0.03 0.83 +/-0.09 0.97 +/- 0,04
MS5-5 086 +-0.16 096 +-0.03 083 +-0.10 097 +/-0.03
{mean +- S[)

M5-1: EMG of bilateral masseter muscle, bilateral infrahyoid muscle, chin and right suprahyoid muscle
MS5-2: EMG of bilateral masseter muscle

MS5-3: EMG of bilateral masseter muscle and cutaneous transmittanee sound

M5-4: EMG of bilateral masseter muscle and bilateral infrahyoid muscle

M5-5: EMG of bilateral masseter muscle, bilateral infrahyoid muscle and cutaneous transmittance sound

Table 3-b Validity of the BMwoTC detection in multi-stream HMM

Betigitivily Specificity prﬁd[jl.:tsi:::a lue prﬁrf:ﬁ::‘:l lue
M5-1 058 +-0.41 0.93 +/-0.04 0.23 +-0.15 098 +/- 0,02
M5-2 0.45 +/-0.40 0.90 +/- 0,06 017 +-0.15 0.97 +/- 0,02
M5-3 0.52 +/- 0.40 091 +-0.05 018 +-0.14 098 +/- 0.02
M5-4 0.66 +-0.39 0.90 +- 0,06 0.23 +-0.15 098 +/- 0,02
MS5-5 058 +/- 0.36 096 +-0.03 0.37 +/-0.22 098 +/- 0.02
{mean +- S[)

M5-1: EMG of bilateral masseter muscle, bilateral infrahyoid muscle, chin and right suprahyoid muscle
MS5-2: EMG of bilateral masseter muscle

MS5-3: EMG of bilateral masseter muscle and cutaneous transmittanee sound

M5-4: EMG of bilateral masseter muscle and bilateral infrahyoid muscle

M5-5: EMG of bilateral masseter muscle, bilateral infrahyoid muscle and cutaneous transmittance sound

Table 3-¢ Validity of the non-BM detection in multi-stream HMM

Betigitivily Specificity prﬁd[jl.:tsi:::a lue prﬁrf:ﬁ::‘:l lue
M5-1 0.EE +/- 0.06 085 +-0.17 0.96 +/- 0,04 067 +-0.10
M5-2 087 +-0.07 0BT +-0.16 0.96 +/- 0.04 065 +-0.13
M5-3 087 +-0.07 087 +-0.16 096 +/- 0.04 066 +-0.13
M5-4 085 +-0.07 086 +-0.17 0.96 +/- 0,04 062 +-0.11
MS5-5 0.92 +/- 0.06 084 +-0.17 096 +/-0.04 0.76 +/-0.12
{mean +- S[)

M5-1: EMG of bilateral masseter muscle, bilateral infrahyoid muscle, chin and right suprahyoid muscle
MS5-2: EMG of bilateral masseter muscle

MS5-3: EMG of bilateral masseter muscle and cutaneous transmittanee sound

M5-4: EMG of bilateral masseter muscle and bilateral infrahyoid muscle

M5-5: EMG of bilateral masseter muscle, bilateral infrahyoid muscle and cutaneous transmittance sound

Tahle 4 F-value of BMwTC, BMwoTC and non-BM detection in multi-stream HMM

BMwTC BMwoTC MNon-BM
MS-1 082 - 0.09 0.32 +-0.21 0.92 +-0.03
MS-2 0.79 +- 0.09 0.22 +/-0.18 0.91 +-0.03
MS-3 0.79 +- 0.07 0.26 +-0.21 0.92 +-0.03
MS-4 0.80 +-0.15 0.33 +-0.20 0.90 +- 0.04
MS-5 0.83 - 0.09 0.43 +-0.25 094 +- 0.03
(mean +- SD)

MS-1: EMG of bilateral masseter muscle, bilateral infrahyoid muscle, chin and right suprahyoid muscle
MS-2: EMG of bilateral masseter muscle

MS-3: EMG of bilateral masseter muscle and cutaneous transmittance sound

MS-4: EMG of bilateral masseter muscle and bilateral infrahyoid muscle

MS-5: EMG of bilateral masseter muscle, bilateral infrahyoid muscle and cutaneous transmittance sound

BMwTC BMwoTC non-BM

/ F
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