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BACES L CHRBEIR-U—-FE VLD, EBEES
AD Z#a2F (power lab, SA F VY —F k¥ — (BR))
EALTVI VIO RAR, F—Fi%, svaro
B L CHMEICTHBETESL L) T
- MVC 2 I2BE L COFER

ERBRUEER O MVC oW izkrsh, KL Ei
LEBE IO ENRE LTREBELZE L SR EWIE
RHBECOWTFHRERZ T -2, T3, FHEEICO
X, JBRDY EERELO 25LM4TTMVC HEL BE
BONEFET2H T2 o720 MVCHlEX, 5B 0%
RYENGE % 30 B H T 5 HATV, RADOfEE MVC
fEE Lize 2 &t CofllEICIZ5 S MOBEEZ HiF 7.

MVC R ZiX, T R 2 ko Clla, Bk
Bhlnr oS LB EB2 L o8, BRHDOD
SfTiE, THEFICOTFZES W], [Ry FicEdE
BLoawl, TBR2BMERV] Wi iERES 2
77 BRI LT, IhosoOEiERIImE, BED
REGOfAZEIT, RKEHOREBIOCOEEZMSE
7o —H, WAL LOLEMGTIE, ERE3EOOEERE
Bz hdrol, ¥z, MVCHIZBICELT, OEEZHL
FFTnwsd, @QEHEWHLAIT TS, OFBEFOIT
FoTwhd, QBHIBVTVWESE, O4HEBELL,

FREBROKR, BRE25ZT-HAEIZ108P9IHN
4 HOBEHEAPETHIA L Ed o7z, 72, MVCHl
EPICHSEE 2 1 DU ERDHEIX, £TRHOLR
o 2BEIT T, MVCIZid 10 ~ 20% o ¥inas
FoObNz, TNHORRLY, EFR4HEPETHEA
LawnwzZ L2 HlEDSEME Lz,
« MVC #il%E

MVC IR IcoE s, RERERLHHICEEL4E
HoR%25 2 CT1HEBHEEEZIT>72. MVCHIER, 5
B o% RSN E 30 BE 1T 3 AT, RRKOMHE
FMVCAEE LTEHA L.
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BT MVC B & XR 2 Y B IshHcEzZ T
72REE L L, EBPRIEHEHROLHIBR L, ESH
L, BEFEHHICRETEZ S ESEBELFMELTHY
72 BREIZ62 cm X 62 cn DFNMAT X T A B E
HU, o970 a—vEREOEBHRNC X 5 EE+
T o 7RI EE Lz MBHISHRIES & /LS &
L7z EMOBERIE LIEEH2STH 10 cm, HH
5 cm DORLE % L E LCRMER, SV —Hd
DEEE Lz, PWEEGORMIZPIEIBBESRES S Eh
10 cm, Al 5 cm OAEELIC, FARICAMULE G OB
AR S B 12 cm O BICES L,

HIBEEEL 10% MVC OB 123 o h 58
TME L Ui, BBGRER Il gEmit, &7
Brge & FlRE, B 100 Hz, 79V AR 600 us,
SVAB6 M, SV AFIKIERES sk L P, 29
LCRD - HBEREE ST, 79V AFMKIERE 2 BS HE
L BEHIBE DI VE SN 10 s ICEBEL 12,
LFF OBEZMAE L SN b 15 7% 5 002 100 Hz 0 2
BEOREHT S 35 FoMWES 272, TLT,
Z ONEEOMBINFH D% 5 40RE%E HT T 2 EK
7z

4. F— ¥ BHT

LFFEEM I v 2 i B iy ))&, 15 Hz &
100 Hz & BB T8V ZAF] 3FITH-§ 5 B i
Hhoss, BA2500ORKMVZEOTHHEZH
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# (Coefficient of variation, CV) # W/, F— ¥
11 SPSS ver 16.0 (SPSS Japan, BE) #fH L77,

= R

ENBEHEOMBI T B OERME, FHE, EiERF
EZERLIICR Lz, $-FHERBEEZ 293 + 87 mA
THolzo

B &L o HAEBRMYEOICC &, 15Hz
0977 (95 % CI: 0.930-0.993), 100 Hz: 0985 (95 % CI:
0.954-0995) T & o 720 CV X 15 Hz 6 %, 100 Hz
4% ThHo7z0 B4, FHICEKL MBI
Bland-Altman 25 7 %R L7z

F&RIC, HEBEHRMEO ICCy 1%, 15 Hz 0883 (95%
CL 0540-0.946), 100 Hz: 0874 (95% CI: 0.638-0.960)
THolzo CVIZ15 Hz: 8%, 100 Hz: 5% TH o 72,
K5z, HEZEZ TEML -MERH H 5 @ Bland-

Ammﬂ7?7%ﬁbto
% %

RKFFE T, ESEBE LRy FETOfHZEEL-
MmN EEBE 3L, LFF 25 M7 A2 BN HHH
OBHRMEMRE Lz TO#E, LFF O MigE L 2
%15 Hz % 5 UM 100 Hz © ES B oS 195 1,
HA, HEEDIZHWEEME/RL, LFF OE1liFE
ELCHRIGHSTREE Bbhr,

AR TR, WEBEMEZ XY FETOREBHZEE
LT77y—9—frk L, KEEMEROMENLHH %R
L7z SNFETABIGEL M UKBMNERZ NS E LA
B & DOABBN G BT OB AL, WAL T T RO A&
TE L% (BRIMME O B, MBIEIE i 90 i) Y,
FEALCT A T EE L AR (RREE o0 B, MR
HiJE it 60 ) 1 THRE S H TV 5, Bergstrom M 5

%1 15Hz 100 Hz T® 10% MVC MEEIZ 3517 5 By b ) o S 3l

15 Hz FiSUEMEIRH M7 (Nm)

il Hse ;

1HE 1HE

1EH 2 H
B 1 12.89 12.89 1425
Bl 2 772 9.56 9.08
ek 3 5.73 6.12 5.54
B 4 7.02 702 497
WeBRE 5 10.78 1059 834
HEE 6 1554 18.92 16.01
ek 7 415 395 821
BB 8 21.75 2477 28.60
W9 20.04 20.84 1522
BB 10 1895 21.89 29.08
BeERE 11 123 194 741
B 12 2309 2392 19.28
BERE 13 772 753 1047
i 12.05 1307 1357
R 721 8.00 8.01

100 Hz RIS HUE AR ) (Nm)

e WE

1HH 1HH zﬁgia

1EE 2@
W 1 2538 2638 2667
W 2 1470 1746 1670
W 3 452 1510 1701
IR 4 759 702 764
RS 5 2202 2215 2162
BB 6 2251 9510 1977
W 7 020 920 1486
W 8 2060 3202 3806
WBE 9 3334 3671 2373
BERE 10 3881 4016 4084
WBRE L 1005 1094 2082

WEE 12 34.53 3702 35.03
WeBRE 13 16.72 1801 1746

Iy 21.53 22.87 2309
PR 2 1035 1112 9.70

3R 15 Hz TOMBIMHHD 2R L, HFEITIZ 100 Hz TOMBIEORG I %57 L7z

SD=1. 32
2°
4
H L
Q 2 mean +2SD
0 [g ettt e e
N 2 k *
A * € me#n—2SD
m—4 T
I I I |
H-¢
0 5 10 15 20 25

1B BE 2| E DFEY (Nm)
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SD=1. 32

= -
= 6

4 F
:Héﬂ 9 k mean + 2SD

* *

m o [ e . T "Tean
@_2 C v & v *
ﬁ * hd * g mean—2SD
m—4 |
E} -6 1 1 ! ! J

1B BE20E B DI (Nm)

100Hz

B4 Bland-Altman plot (HPERM)
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18 T 20 1
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6 mean+ 25D 10 L * mean -+2SD

*
& _mean—2SD

IAEE2BH D= (Nm)

-18 I
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LA HE2H BD¥E (Nm)
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IHEL2HB O (Nm)
<

1HBE2H HOEE (Nm)
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21, 10-50 Hz ToRBEO 0 HEIEE CV 50%,
HHEBEREEXCV 49% THoZo LB L, Booth J 5
31 BANEEMEO R OB T 10 Hz M # & CV
11.1%, 100 Hz A CV 31% THh o/ #iEHL T
Vo ABFFETR S i 0 AR & 0N 0 B F S
i, IRSWHEIZIIFRBROEETH o 72, RZEIER
H U700 Booth J & A%Kat L 72 %8s % 45 BEfS
FCHEE L2723 Ch by, HEARWICEREUEBTH D,
LA LS, MENMTOMEE 2570, AT
BIERTIC N ZhORSE O TRERICAbETED
JEET, THEROBELR, T2, Ealks
BIFCT 5720, HxOKBECADERLLKESD
R 7 v v a v ECCTROBERH X, &5y F
TRESHOEER T2 29 LTHEEL2SDEN
USSR VARIE CA B RO A5 o 2 B W AR lC L7z 2 &
7, BIFREBMEC O RS b ok Bbhz,

SR DU BE A5 DAAL C b MBI D R S T
59, YA X0BCEIHERECIEEL Twh
vy, Mellor R SidEE AOBIENEH 205 E L C,
10 Hz, 20 Hz, 50 Hz, 100 Hz To ES B O LB 105
HAoHEBEREEZ®RE L, ThZhoBEK ot
B O CV I 15%, 11%, 10%, 8% Th -7z
LiE LT D, KR HBEBMA 15 Hz ©
X CV8%, 100Hz Tix CV5% L EHBP LR E2RL T
BY, B A ZREALCEEELEVLOLBbR
720 EIREVOIX, BALDHERICES S Mellor R 5%
Booth J 512 % 3L 525, MBUEBRMAMEL 25138
FBMEAE S 4 S HD HLNDL I EThH D, O
BIZoWTI, R e L, R s R
MOEBEZFRTWY LshTwa, Miicd ESH
OB LIS, RESHE S ruEys oL
PG SN T VD, AR TN S OLHKNT %%
B 2720, SiRE 24 CIOHM L, #E1E Booth J¥
SLABGEEMIZLAREE L, LaLAESS, o
NE BRI 2 &R ECH LTI

SREENTESY, XVl LErL L
Vo

FRMBERIZ D W T, AR TIRETEE 3R %
5 D% MW7z, Bergstrom M 61280 R Fig e
05 ms DR, 25% MVC DML VI RERZH WV,
Booth J & 13780V A FpfelF i 100 pus DB E, R
FZAWZ D HBEKRBEOMETITF->Twvb, Mellor R &
i, 79V AR 50 us DI F Bk EHlEIC T
ToTwb, 72, 30OMFIXHE—REIZ 3 5 BBy
M2 lEL TWb, ABFZE CRBIEERED 10%
MVC AT FE & DR, FAESHAIZMERL T35
HHRAALZBORS 25 OMENNTEH ) OFEEME % B H
Lo SNSOMENEDHICHEDL ST, TiTifzes &
MAEOBEREIZEPLTBY, HERED 5 Wi mEhn
HHIDRESY 4 I V7 IEIREICE 2 5B/ EW
bDEBbhiz,

B B O FREIT T 2 EOBEIT 0K
FEhTwiv, AR TREZFREEZNRE L
4%, Booth J 513 1° B % 4Er# & L, Bergstrom M
S BEENEE LTV, Ty FORERNTG L
L L7-HETE, Aoy R ESBOMmE)
R ICEEL 2 WERE L -TBY, BEIXESK
OHBORISHICHEB LAV EARBRIATVS 7,
AWFIeER DS, BEHEE TSR E L7z Booth J HO#
2 LEMLTVE I ERST DL, HHAHEREC
B2 hBIthwbotBbns,

—F, HAEIEIZREEEEC L) RESED L
N7zo 100 Hz BBy % o) oo B N3 2 72
Bland-Altman 75 7%, 13 7uay rf 1072y b T
MEENTAFAOEERY, 1THE XY 2HEH O
B RRE L B EAPREN/, 2RI L
T, 15 Hz Bl REI % oD o H WH 3R 15 He,
100 Hz H i BA0 45 0 o H BB TIE Rk o8
ML S5, ES miftk CMBifs B lE %17 5 B
213, 100 Hz B BB A9 85 OO0 13 R kg D 72
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DOYE R, 15 Hz ORIEZAR Lo OEE % 2T 5
WS H 5 Z LICHBETRE L BbNI, L LAt
B, MBS D o FUS B B S S Rl o
BELZRTVEV) AFRERL IR 22HE LD
D1 BEOLZS, TOEEEIHLH TRV, LFF
12 ES HISH A o f5 DUR BUSYECEMET % 720121, 7
HIB O MBI 13 2 B & SRR < & )
DL Bbhiz,
AREOBRIE2 KD Do | B RFGHEE B TE %
Do Th Do MR MBIIE I BE R RIZT 7
w19 Mellor R & 13 BERPERNS  MBH B9 MM 5212
BT, BARBEMNZ CHEEZIZIZ-FIZLTYS
D, AWETIXZO XS BRI ToTE LT, HEHE
DBHRAHICE > TR T TREREETE %
Vo 2 B HIE, RMHICHT 2 BAMBIC L ) AL B
BUOEFOFE ©Th o, PRIEORER I AT
MEAED VEL ) W ICEEPELLbDTHD
A, AW T DR & KT A A MR LT
Whhote L7ASoT, ABFSECH = MBI
PR OES OBE R T T RESEE T, &
BT REPEE o 720

AWFFE0#E R LFF OFMIEICH VSN2 15 Hz,
100 Hz OB M G BEBBICBERTVD 2 L &R
LTwd, ShETESBERETREOERERO
WELIVELLOBERZHICHBET L L XY, WEH
DA Z ENELBTOBRERL Tz, Lzdo
T, MRBIZIZLFF BELTWboeEZ SNEDS,
IHEFEMCRE L-#BEIC T T3 ol &
MIERRILZES ICRHAEOHE TH A LFF OF i Hk L
LT, s R ST TA 5 2 & B R
THDTHY, 4H0 ES OBIRICH R 72 M6 % 52
¥ s b Bbii,

¥ & 8

ES #iEK¢ @ LFF % 3§ 5§ 715F % & N2 ES 258
RRMEL, 15 Hz 100 Hz @ 2 IO RIS BT 21t
B e L7z, Fo/E, 15 Hz 100 Hz ofis
BWHBoBEMEE, AN, BEESICRIFTHD,
LFF OFHiiteE & L CElRRISHAP TR TH L L BEbh
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{Abstract)

Reliability of Muscle Torque Response to Electrical Stimulation which Applied
to Evaluate Low Frequency Fatigue

Sato NITOBE, PT, Yuko TANAKA, PT, Yuko SHIMIZU, PT, MSc, Yuji KONO, PT, MSc
Program in Physical and Occupational Therapy, Nagoya University Graduate School of Medicine

Sumio YAMADA, PT, PhD
Department of Physical Therapy, Nagoya University Graduate School of Medicine

Daisuke SAKUI PT, MSc
Rehabilitation Center, The Tazuke Kofukai Medical Research Institute Kitano Hospital

Masahiro NARUSAWA

Minato Medical Science

Purpose: This study aimed to investigate the test-retest reliability of muscle torque response to
electrical stimulation (ES) which applied to evaluate low frequency fatigue (LFF).

Subjects and Methods: Thirteen healthy female university students were recruited in this
study. LFF is typically measured by recording the torque responses to different frequencies of
ES. We used 15 Hz and 100 Hz ES. The reliability of the torque responses to ES at 15 Hz and
100 Hz on same-day were assessed by two ES sessions conducted five minutes apart. The reli-
ability of the torque responses to ES at 15 Hz and 100 Hz between-day were also assessed by
two ES session conducted within 2-3 days between the sessions.

Results: The ICC1; was 0977 for same-day comparisons and 0.833 for between-day comparisons
at 15 Hz ES. The ICC;; was 0985 for same-day comparisons and 0.874 for between-day compari-
sons at 100 Hz ES. A Bland-Altman 95% limit of agreement test showed no systematic variation
in 3 of the 4 test observations; systematic variation was only observed in the 100 Hz ES on
same-day.

Conclusion: The findings of this study suggest that the evaluation index of LFF could be con-
sidered as a reliable measure, and confirmed usefulness of torque responses to ES for evaluation
index of LFF.
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