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Muscle Fatigue Evaluation System Applicable while Skiing
Using EMG and Knee Joint Angles

Yukihiko Usaryama,* ** Takeshi CHiGIRA,* Toshio MurayAMA,* Tohru Kiryu*

Abstract

Muscular fatigue gradually progresses during long-time repetitive exercise in sports or rehabilita-

tion, and in turn, it causes a higher risk of injury. Especially, the risk is higher than expected for skiing exercise
because skiing exercise is alternately repeated all day long including ski-lift riding. Additionally, skiers must dis-
embark from the ski lift after riding it to the top of the slope. In this study, we measured surface EMG at the tib-
ialis anterior (TA) and the vastus lateralis (VL) muscles with respect to knee joint angles using a portable data
acquisition system. For estimating muscular fatigue, we calculated the mean power frequency (MPF) of the sur-
face EMG for selected intervals as determined by knee joint angles. The results showed that MPF at VL declined
in the first half of the trial, and then plateaued in the latter half of the trial. The trend in decreasing MPF was
steep in the afternoon compared to that in the morning. Therefore, the muscle activities during skiing can be
evaluated by the MPF of EMG for selected intervals using knee joint angles.

Keywords : ski turn, EMG, muscular fatigue, knee joint angle, mean power frequency.

1. 3 U &

BRoOEHtSoEENEHE - T, FREEOLY
Y=L LTOAF—ICHEET L APHERTETVS. L
L, "EEZEENRELIAF—IBETITSEBINT
WhEREVWEEW, AF—ICLBEDHBLITBICES
LTHEY[1], chi3ERICI-TFERBIENEIDT
HbhH. FORD, PRERERENHRE LZAF—HETII,
AF—Y—-HEOEBKEZILET A LIIREEHAL,
WL WZR 5,

AF =D LX) BlERLERH T RREMITHY LEFTVEE
L, BELREEFIEEITWRBEIRL RS, THITHE
PP L BEPHOE T OMIZ, FICHADEN &L,
EBBESMETTAZLICEIZb0THS. ZOB, Ei)

AR TS VR YT L 2005 %% (200549 A, KR
2005 4E 8 A 8 H3A+, 20054 10 B 14 HEET
Received August 8, 2005; revised October 14, 2005,

* FBRFRF B BARE R

Graduate School of Science and Technology, Niigata Uni-

versity

*IBARFEANL S - HERER

Institute of Humanities, Social Sciences and Education, Nii-

gata University

BRCBITAREORY) HIZX o TEFOBRNEIRE T
(reEZONS[2]. T/, BHRFICKEZINSL Y A 3
VIZLZEORSICIEANENH L. 2T, EBHF O
BEEOEILZMD Z e TENE, BEHREOKTICLS
rHREDBEERRIPB I ENTES. T, FKC
KEBBFTFTHLIPEIDIZOVTH LI ENTENIE
BEHIEA L D BRI LR 5.

LaL, ThoohgiEnibis s S E5 181N
ZPRMEAELNDY, HNETOIL TS L IZHET
HbH., T, FHEHFEIANLT2ESHEHETLHOT
HoTiEhbEw., ZLT, 2OFFEKRIIOVTHZED
BCTREIZT A —FNy 7 L CREFOBREF-% L
oTLEI.

EELIZ, AF—EHIRCBLEAERE, TR
GEBORECELEVE D ICEHIT 2 RELRAELTE
TEY, FREHWTA T — &R EE)EETM % 1T
W, 0, BEICZORREAF -V —IZ74—-FNNv o
TE2LIICLTETWS[3,4]. LaLEPHL, ThE
TRAF—DOBERBIPORTETER—ICHRI LTS
D, HIEHIRALRBEE Z 9 TRVREAREL TV
2%, BHOHBIHIIS WEEbH -7

A% —EBIIBOEMIBRYBEINDL L) EEEEL

NI | -El ectronic Library Service



Japanese Society for Medical and Biol ogi cal Engineering (JSMBE)

ISR | REBUEA BE & IR I & B B BAE AP B (617)

FoThBY, E5I27 -V ORICIIESEN, E00%
EDORINIHT B 1D DHEB I T TnE., Dk
o, BORMRREZEEBL, ChZ2TicHERZMEL
TN 5 2 & THOBEEHE % & D IEFEIZITH 2 23T
XBbDEEZHND.

AT, HAET 2 RKAHERDSRD S5 FHHK
¥iE# (MPF: mean power frequency) % ¥ — ViEIZEH
L, 1HDWFEHIZED L) REATRE TV D H, T2,
1 HZE L CHEERDH LABROZEFEDL I ICE-T
WABEPIZOWTHE L7,

2. KRB AT LDOEBR S LUEHRIZH

2-1 EBRYXFLOER

B1LICAF—7 Ly FICBIT5ERY R T ABROMRE
ERT. COEBRVATARAF—Y— (HBE) Wodt
W F— S GEE L XBEMNOMTHARA a2 —%
BLUY—N—=25%5%. T/, 74— FATOHEER
MAZIZEMR LAN (IEEE802. 11b #it%, H Kimak & E 11
Mbps) Z@A L7, P2y A5 4k L TiE wire-
less body area network % o 72 L BR % L OEBEFE
ZFV TV ATABIREMRET L GPS Y2z
VaXrIrXBVATAGlI R EOHENSHL. LrLS
NOENRBIFHT - RBTERE 74— F Ny o
THIELREMELZ2bOTIE R, 512, Bz
BELTEZYY VT L7205 T72HN,

WERE DR AHEH - F— s EBEBIITES2TH
METLEHOHEICR SN EPRETHL. FO7k
o, RHEHER LLEXS X OBESOREMIRGTEZ, PDA
(portable digital assistant) # vz 37 b7 — &
FREEBELTRWTESRL. COEBINBEELDTF—¥

Skier

| Electrode "Goniometerl—l

PDA {— ADC [— Amplifier
» L
ﬁ %(IEEE802.11b) Experiment support center
K
Wireless LAN
accesspoint | (FTP)  Ethemet(TCP/IP)
O I 0
(HTTP) (FTP)
y result of analysis Y

load
Web site for up

viewing result

Host computer
for analysis

E1 FEBIEIATAOBK
Fig. 1 Configuration of the communication system for sup-
porting field experiments.
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lateralis.
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Fig. 4 Selected EMG intervals during skiing.
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experiments.
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Decrease in MPF was larger during the morning than

in the afternoon.
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Table 1 ANOVA for regression analysis of the slope in MPF decline.

ANOVA coefficient std. error t p-value lower 99.0% upper 99.0%
. intercept 1375 1.2 111.1 <001 134.2 140.7
morning
slope -11 01 -92 <001 -14 -08
" intercept 143.3 17 840 <0.01 1385 148.1
atternoon e ~25 03 -82 <001 -33 ~16
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