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ABSTRACT

Muscle fatigue is a major limiting factor in the use of functional electrical stimulation
(FES) for strength training. FES induces rapid muscle fatigue because muscle fibres
have to be activated at unnaturally high frequencies to generate functional contractions.
To overcome this weakness, we have proposed a unique method called Spatially
Distributed Sequential Stimulation (SDSS), and tested its advantage in isometric
contractions for major leg muscles. The purpose of this project was to test if SDSS was
capable of reducing fatigue for isokinetic knee extension. Eleven healthy volunteers
participated. Intermittent stimulation (0.3-s on : 0.7-s off; 120-s total) was delivered
to the knee-extensors using the conventional method (Single-Electrode-Stimulation;
SES) (1 active electrode; 40 Hz) and SDSS (4 active electrodes, each stimulated at 10
Hz; composite 40 Hz stimulation) in separate trials, to generate isometric (0° /s) and

isokinetic (180 /s) torque. Measures of fatigability included fatigue index (FI, average
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peak torque of last 10 contractions + average peak torque of initial 10 contractions)
and torque peak mean (TPM, average peak torque of all 120 contractions + average
peak torque of initial 10 contractions). FIs were significantly higher for SDSS than
SES during isometric (SES = 0.616*0.092; SDSS = 0.761 +0.165; p = 0.002) and
isokinetic (SES = 0.645+0.147; SDSS = 0.800+0.175; p = 0.002) contractions. TPM
values were significantly higher for SDSS than SES during isometric (SES = 0.781
+ 0.068; SDSS = 0.846 + 0.108; p = 0.022) and isokinetic (SES = 0.788 * 0.103;
SDSS =0.883 + 0.075; p = 0.014) contractions. We have reproduced previous findings
that SDSS reduces fatigability of isometric contractions compared to similar sized
contractions generated by SES. Further, we have extended these findings to isokinetic

conditions. The present findings are important for facilitating the utility of FES for use

in strength training.
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Hypothesized Mechanism
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Muscle

- In SES, a smaller number of muscle fibres are

activated continuously with a high frequency.

- In SDSS, a larger number of muscle fibres are

activated alternatively with a low frequency.

5 SDSSIEDHEF OB, HIIEATZIE

T2 b AR—YEF Vol. 37



MR AME RIS 5 &£ 2 5N, SDSS %0
BB\ IHRE S AR B % 7290 (2R 2 B e
B (§74 b5 10 Hz) TRl

LCWBIREETH B, T OWFEICHEZIE, HIEM
THLHATE WSS L FHER, &
BB & TS 5 SRR & v 2
5. FEBE, REHER, ThabbFEE L CHIKE
IR A 47> 723612 h, SDSS Lo 51K
WA AR SN TV 5 (Sayenko et al. 2015) 7
KBRVUSESG I O L L W B CH Y, 558
4 BBZENZNDME ORHIAEEN B85 — v 2
L, #ERMCEZL WM - Ao 38 HAZ AR
RS TIRIEENTWA EE 2L 505, KRN
SR O & 9 e LM AT 2356, &)
B EERET B HEICHANT, B b i
MEEICEIE T2 &) HTHEAL v, JEH
ICHIEICE T X B 720, BEDHER S T
RIGH EOFFIERKEVEZEZ HND.

K4 LRI EoR b B2 E %, FES
ORI 7R & L C SDSS A IR E L T
%. SDSS i BB & DSHE R L [ LT
D, MEICEMZEETE L. SHICHERICHIC
WLz hgkE T h 72002, SDSS 7 F T8 — %
JE L7z, SDSS 7 ¥ 7 ¥ —id, WO & il
BIZOFIHT A ENTE, 45E SN -EBmRS
ZETIE, [EIC SDSS & RIS 5
ENTEDL. Sk, FOADESN-EHDHE
THIEIZED, FRRTHIMEIZ SDSS % o
L O LB DRFEIIOBRITETFETH S,

4. £&8

AKWF5E L, FES @ BRI 57 2 Ik & & %
SDSS % FES i /1 b L — = > ZIZIs X<,
SRV R R R RIS B W ORI RREE 2 4T -
7o, FOKEH, SDSS {5 i B A R B
BV THIEFEBENED D B 2 Lhbhorz.
Z ORI, SDSS S, T THEATREMEM

7 N AR—VEE Vol. 37

203

FED7ZDIZHCENTEEREEEOHLL S
3, XVERRMNZFES B b L —= v 7I2Bw
THOHENTHAHILZRIEL TN,

TR A T ERIRIS ) % e85 12 FES 09 57 R %
L T 5b. SDSS 2 ORI AR E <,
SDSS 74 7% — LI T 5 2 & T, BEHIC
ML—=V 7B THHATE A HEETHY, FES
ML == TR THILT, AR
M=V 7 OFRREICKRECHBTE 2 RN
DTV 5,

B o

AWFFEI, LFFEE B L5~k Vishvek Babbar
KoBtwmxo—&s L Clifrash7. F7z,
I 5EHE T H 5 UiFsE S H L 5RF7E B Austin
Bergquist [RIZO HEEET 5. KfE, A
WEIFEAARRLE T > b AR =y B ERE
HIWF e Bl % 4 B & U Canadian Institutes of Health
Research (OMH131582) DBy % 15 Ti1h L7z,

X ®|

1) Masani K., Popovic M.R., Chapt. 44; Functional
Electrical Stimulation in Rehabilitation and
Neurorehabilitation. In: Handboook of Medical
Technology, Springer, pp 877-896 (2011)

2) Bergquist A.J., Clair J.M., Lagerquist O., Mang
C.S., Okuma Y., Collins D.F., Neuromuscular
electrical stimulation: implications of the electrically
evoked sensory volley. European Journal of Applied
Physiology 111:2409-2426 (2011)

3) Nguyen R., Masani K., Micera S., Morari M.,
Popovic M.R., Spatially distributed sequential
stimulation reduces fatigue in paralyzed triceps
surae muscles. Artificial Organs 35:1174-1180
(2011)

4) Malesevi¢ N.M., Popovi¢ L.Z., Schwirtlich L.,
Popovic D.B., Distributed low-frequency functional
electrical stimulation delays muscle fatigue
compared to conventional stimulation. Muscle Nerve
42:556-562 (2010)

5) Decker M.J., Griffin L., Abraham L.D., Brandt L.,



— 204 —

Alternating stimulation of synergistic muscles
during functional electrical stimulation cycling
improves endurance in persons with spinal cord
injury. Journal of Electromyography and Kinesiology.
20:1163-1169 (2010)

6) Sayenko D.G., Nguyen R., Popovic M.R., Masani K.,

Reducing muscle fatigue during transcutaneous
neuromuscular electrical stimulation by spatially
and sequentially distributing electrical stimulation
sources. European Journal of Applied Physiology
114:793-804 (2014)

7) SayenkoD.G.,NguyenR.,HirabayashiT.,PopovicM R.,

Masani K., Method to reduce muscle fatigue
during transcutaneous neuromuscular electrical
stimulation in major knee and ankle muscle groups.
Neurorehabilitation and Neural Repair 29:722-733
(2015)

8) Botter A, Oprandi G, Lanfranco F, Aliasia S.,

Maffiuletti N.A., Minetto M.A., Atlas of the muscle
motor points for the lower limb: implications for
electrical stimulation procedures and electrode

positioning. European Journal of Applied Physiology
111:2461-2471 (2011)

T v AR—=UEEE Vol. 37



