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Analysis of Electromyograph to estimate the Onset Time of the Migraine Attacks
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Wearable

In this study, we aimed to extract issues related to neurological disorders
such as migraines from biosignals obtainable in daily life, like muscle activity, and to develop
outputs tailored to the condition for early detection, prediction of diseases, and realization of
personalized medicine.

Specifically, we developed a wearable device to predict migraine attacks from the muscle activity
around the neck and shoulders of migraine patients. We advanced measurement analysis using this
device, modeled the relationships among muscle activity, basal ganglia, trigeminal nerve, and
others, and conducted experimental validation of their effectiveness. Based on these results, we
also proposed an index for the likelihood of migraines.



52 [1]

2021 [2]
8.4 22 3
1 1
Sakai [3] 74.2
Takeshima  [4] 20.3
3
(5]
3 [6] 2 [7]
4 72
8]
[l
[10]
1
[11]
QOL QOL
(Surface electromyography: SEMG) SsEMG

[5]
SEMG

[12][13][14][15] Moskowitz [13]

calcitonin gene-related peptide: CGRP

CGRP

Schulte [14] fMRI
48

SEMG
SEMG

[16]
SEMG (Root mean square: RMS)
(Median frequency: MF)
[17]



sEMG RMS MF Migraine-likelihood index

RMS
Migraine—likelihood indexr = —— 1
trigger
Migraine-likelihood index(MI) MlI
M
Mi
M
1 SESEMGZHAHY = 79 7 VT N1 AL (a) Uz
7 5 TIVTFAAL ZEKE. (b)sEMG & 3. (c)
LT T TIT N AEEN
SEMG
SsEMG SEMG [18]
1(a) SEMG
B2 |k — b AKI
SEMG ( 1(b) 8
4ch  sEMG SsEMG 2.0[kHZ]
16bit A/D 0.0 3.3[V]
SEMG IMU(WT901B, WitMotion Shenzhen
Co.,Ltd) GPS(Adafruit Ultimate GPS with USB - 66 channel w/10 Hz updates,
Adafruit)
PC Raspberry Pi zero 24
1(c) SEMG

PC



(Mean: 32.8 , SD: 6.2)

SEMG
2
SsEMG
SEMG
3 FIERERE OEMIERHD sEMG B X O sEREEE O
FEADL AL,
1
11 21 1 2.4 SsEMG
3 21 SEMG
SsEMG 1000
6
3 1 SsEMG
SsEMG

[1] Lars Jacob Stovner, Knut Hagen, Mattias Linde, and Timothy J Steiner: “The global
prevalence of headache: an update, with analysis of the influences of methodological
factors on prevalence estimates”, The journal of headache and pain, vol. 23, no. 1, pp.
1717, 2022.

[2] « 20217, https://www. jhsnet.net/pdf/guideline_2021.pdf

[3] F. Sakai and H. Igarashi: “Prevalence of migraine in Japan: a nationwide survey”,
Cephalalgia, vol. 17, no. 1, pp. 15?22, 1997.

[4] Takao Takeshima, Kumiko Ishizaki, Yoko Fukuhara, Tamami ljiri, Masayoshi
Kusumi, Yosuke Wakutani, Masatada Mori, Mika Kawashima, Hisanori Kowa, Yoshiki
Adachi, and others: “Populationbased door-to-door survey of migraine in Japan: the
Daisen study”, Headache: The Journal of Head and Face Pain, vol. 44, no. 1, pp. 8719,
2004.

[5] Toshihiko Shimizu, Fumihiko Sakai, Hitoshi Miyake, Tomofumi Sone, Mitsuhiro Sato,
Satoshi Tanabe, Yasuhiro Azuma, and David W Dodick: “Disability, quality of life,
productivity impairment and employer costs of migraine in the workplace”, The Journal
of Headache and Pain, vol. 22, no. 1, pp. 1?11, 2021.

[6] Valery L Feigin, Theo Vos, Fares Alahdab, Arianna Maever L Amit, Till Winfried
B arnighausen, Ettore Beghi, Mahya Beheshti, Prachi P Chavan, Michael H Criqui,
Rupak Desai, and others: “Burden of neurological disorders across the US from 1990-
2017: a global burden of disease study”, JAMA neurology, vol. 78, no. 2, pp. 165?176, 2021.
[7] Valery L Feigin, Emma Nichols, Tahiya Alam, Marlena S Bannick, Ettore Beghi,
Natacha Blake, William J Culpepper, E Ray Dorsey, Alexis Elbaz Richard G Ellenbogen,
and others: “Global, regional, and national burden of neurological disorders, 199072016:
a systematic analysis for the Global Burden of Disease Study 2016”, The Lancet
Neurology, vol. 18, no. 5, pp. 459?480, 2019.

[8] “The International Classification of Headache Disorders 3rd edition” https://ichd-
3.org/



[9] NJ Giffin, L Ruggiero, Richard B Lipton, SD Silberstein, JF Tvedskov, J Olesen, J
Altman, Peter J Goadsby, A Macrae, : “Premonitory symptoms in migraine: an electronic
diary study”, Neurology, vol. 60, no. 6, pp. 9357940, 2003.

[10] Leslie Kelman: “The triggers or precipitants of the acute migraine attack”,
Cephalalgia, vol. 27, no. 5, pp. 394?402, 2007.

[11] D Valade: “Early treatment of acute migraine: new evidence of benefits”, Cephalalgia,
vol. 29, no. 3 suppl, pp. 15?21, 2009.

[12] John R Graham and Harold G Wolff: “Mechanism of migraine headache and action
of ergotamine tartrate”, Archives of Neurology & Psychiatry, vol. 39, no. 4, pp. 737?763,
1938.

[13] MA Moskowitz, MG Buzzi, DE Sakas, and MD Linnik: “Pain mechanisms
underlying vascular headaches. Progress Report 1989.”, Revue neurologique, vol. 145,
no. 3, pp. 181?193, 1989.

[14] Laura H Schulte and Arne May: “The migraine generator revisited: continuous
scanning of the migraine cycle over 30 days and three spontaneous attacks”, Brain, vol.
139, no. 7, pp. 1987?1993, 2016.

[15] Karl Spencer Lashley: “Patterns of cerebral integration indicated by the scotomas
of migraine”, Archives of Neurology & Psychiatry, vol. 46, no. 2, pp. 3317339, 1941.

[16] Constantine Tsigos and George P Chrousos: “Hypothalamic?pituitary?adrenal axis,
neuroendocrine factors and stress”, Journal of psychosomatic research, vol. 53, no.4, pp.
8657871, 2002.

[17] Jacqueline Wijsman, Bernard Grundlehner, Julien Penders, and Hermie Hermens:
“Trapezius muscle EMG as predictor of mental stress”, ACM transactions on embedded
computing systems (TECS), vol. 12, no.4, pp. 1?20, 2013.

[18] S Okajima, E I'a?nez E, H Yamasaki, AC Garc'?a, FS Alnajjar, N Hattori, and S
Shimoda S: “Quantification of Extent of Muscle-skin Shifting by Traversal sEMG
Analysis Using High-density sEMG Sensor”, In 2019 IEEE International Conference on
Cyborg and Bionic Systems (CBS), pp. 272?277, 2019.



2022

(Shimazu Tomokazu)

(10322413) (32409)
(An Qi)

(70747873) (12601)
(Okajima Shotaro)

(90846544) (82401)
(Ueda Sayako)

(40582416) (32670)







