i

Lifting BIfE DM EIX 35 & OBB“F#RIWE7E
— T RPIOLRA Squat IKICRITTHE GF2 #)—

P PRI, WA EZY, Bi/bhHE—
VIR B R AR A B R R SR SRR B0 DR
IR BRSSO SIS B U B B 0 1) G 270

CERE 23 4E 3 A 17 H5A))

B 41k, EEPYOEEOIMIZ X 5 T Lifting B0 A2 H 1) (Squat #E2* 5 Stoop
BACHEM L 72 HEABAT L), —#RICHESE ST b Squat T Lifting BifE 2 F25i§ 51213 &k

LTAT) BB Z s Lz, RERIE, C OBMERRSOZILIC T/ 552179 & b 2 R
HiREAOWEENEH L, LDFEMAEEERGET 22 L2 HINE LTIT- 72, SR IENER O
B X OB, ¥ 7 Lifting BifEIEE 2 RITTERZ S22 WRERABIE 10 ATH o7 £
T ERNEA RS ERAER (LP), KBES (RF), WHIAR (VM) OfEENZAH L7z, Lift-
ing BRI, MERSMIIRAE AL 2 BAGGIAT & L 72 Squat #:12THT » 72, ERIE 1kg, AEBW) D
10% BE U 15% (15%BW) IZ&E L7z, #alF BN IZIE—ICRE 5 80T B & 0% E IR
SER AV, A EKME 5% K& PRT L7z,

IEEETIE, LPIdERE kg E LT, I5%BW 12425 2 AREIZE L -7z (p<0.01) 2%,
RF & VM ICI3ARELET RO L o7z /2, BEARE, BRI T &, Squat S - I
B OMENEITL, JlEHRIEEIMET LHNICRIT L. HERENBA 25 15%BW
OEEY O Lifting BIfETIE, MBEEMORAHEIIER T LW REEARIE S Nz, EBIZENBINE S,
C OBEROBATIE, B HHICEEEZ RS HFEANOBITTH L LHRINL. 2F 1, Lift-
ing BifE%E KAET 5 2 LIS L D IEERHOES AL, HOWMET 251 LA kbLEE
AoNA. T/, MHEOGAHEIMNT LI LIcE ), EREOEREIETLIDEEbR
7.

(HWESEERRE, 59 : 245—250, 2011)

e
Lifting Bk, MEEREEAALmIRE, MG EX
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. EUBIC

B DFEFEE N D 1 > TH 5 Lifting BITEICH L, Zh
ETITFHR IS L B BE C OWED D 5. PR I7 B 5E
B ALt 35 & OVPESEDR SR LI 1713, T 3 Bl 5 &
LT, BGOBERMEADIREZ S 1B § 2 6 5K & ik
L7z THE\ 280 2 B9s PR sdast | 2 &2 HEL T
Wa, ERPOEEICH LT, MBI RABEIISET
B Wit FoR I & OSRBEAF SR X ) O F X 13 55kg LLF
2, AW ESRE L 30kg LLT IS, #kielESEI 20
kg ITICT 2 LML T 5. [MARICHEE1E, AJo
AT ) HEDHZIE, RAFBETIEAEEDK 40%
DIF, "R EED 60% FTELTWS.

Txid, LHIBTHEYOHE)H§IT L Lifting

DS Squat 24 S L 72753 (Stoop HEIZHEHBT 5
it BUF, Stoop i) ~BATL, ZOEERORAT
EEICHEEESAH T ARtk E R L. 2 20
MR OBITIEN L EER, KED 15% D Eo L &
THAHEWME LAY, 512, %58 b HARKE - KER
FRFMREN TR RIFE K ED IR % Eh RS 5
Squat 1%, EEWIAITHLEWEERTE RV L 2R
L7720 LA Lad s, 2hd oL, BTG o
MHENEL L OCEBEEITOA L2 T->TEHT, il
% BT MEI LT H - 72,

22T, AR TIIERYOEEOIIM X % Lifting
EDORROZELD, FIHEBEI CITHON TV 2 a
5 LB, TOBEOMEBI IR O i B e
ERIITTHhEHONCTEIEE L. S5, ERT
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1 Sorensen ? trunk holding test ®FEH7IZ & % LP @ MIVC il €A

R 2 Daniels & OFEFH A (EBHiHE Normal) AL
12X % RFE, VM @ MIVC {ll5& B

PixfsRORMEMAZELZ L2 HWE LT T .
Il M¥REFGE

1. WRE

IR OBER L BRI, /- Lifting BiEICH
WA MITTERNZ D 2 WEERABE 10 A GE#E :
243+257%, HE 1 1736+52cm, KH : 67.3+6.7kg) T
Hotz. wFEFIE, WERMIC TSI EITY, B
DFRBEEZRZ. BB, AREITIIHD, KEKRY
K BEPR A A ZE Rk O B B Rk AR 16 I BB % 3 B B R B
S0 HAFEE7: (No. 0750).

2. BIERH

BN EEES Noraxon #:8L, TeleMyo 2400,
KE S 7 v Z B 15kHz) & 7z gk
MyoVideo 1.5.04 (Noraxon #:8) 2 L, BURZEEIC
THHGEYEM B L CBH OFLERE T > 72, 2B, B
FYZNVETF A AT (Sony #H#, DCR-TRV27, HA ;
B 7Y 7L — b 30flame/s) # AV, AL SR L

JJOMT Vol. 59, No. 5

72, WO ISAE R OEER AR (Lumbar  Paraspi-
nals : LI'F, LP), KB E#H (Rectus Femoris : PAF, RF),
WL (Vastus Medialis : PUF, VM) #®&R L 72, %
B, BEMBIZIE Ag-AgCl LM EM (Ambu #1#, BlueSen-
sor M-00-S, 7 v ~—2)%&H\wiz. B o sy
B L, LP I3z o 2~3cm FMU O I8 TR ETTIC
Wro 7oA, RE & RHiEE B & B 2 45 SHt oy
FOGIETHRIRMEEAT IR - 72 60E, VM ZEEF L
A5 2cm W (55 EEOMER}) OfiIE TRtk ETTIh -
7oA & U, & THMORIAT U722, H
35mm & L7z, 77— ABWEITAHLE 12 hE i L7z, &
WU, EWRET T Z RS LR (AAEEA
W OAX Y27, HER) 2w, EBEESAAES)Y
KOREET B 5kQ LT IS 5 X 9 IS B % 47 5 72
EME PO W, (R8T IV AR F 1RE L Tl
BEENLET ST L2 WIFEL, BT 5 /R I
BTAY(L— T8 FTAHE FTUINIVTFT A —
% AD-5523, HA) #HWTiTo7z. ZOBOEIUED
S5kQ LLF & % & %o 72358, TR Z 17572,

HEY OB L, FEIEEIERARR LT, e n?
WRELEZEZHRL TS lkg BIUOEFNLEORE
D 10% (LLF, 10%BW), 15% (LLF, 15%BW) & L
oo EEOFEZ, HHRINTWS 16 3kg oxEEM L
YHE05, 1, 2kg DWER 20x40%x 30 (cm) DFHITHEE
D TATH 7.

MY BN T2 7-0IC6MoRE, KisT, Ll
Wrg ik, bea, KBREAHE, SAROEN6 ATz~ —
71 & Wit L7z,

HEEITIWREORSZ, FH23C &b LHicx
T eaArvFE4vas vy I RiTo .

3. AIEEB S LCBEIEFE

1) SERMHRAMEDNM (Maximum Isometric Volun-
tary Contraction : BL'F, MIVC)

EHOFIEB AL Z IEBULT 572012, MIVC Ol
BB 2% L7, LP & Sorensen ® trunk holding test
OBAL (K1), RF B X O° VM i Daniels OFETF 1R



Wz %5 : Lifting B0 EX B L BB AR E—E Y O B2 Squat B RIS HE (5 2#H)—

3 Normal DAL (K 2)212T MIVC %2 #lE L 7-.
oL EFNEHEIIE, REOETICEVINA S h7- it
WZPLL CHEBL 2 5 B RIPRFET 2 & 9 IR L 72,

2) Lifting BhfE

BARI AL SRR DS 15~20cm (272 % & 9 (2B
TR L), RIKHE e 372 F AR
H AL TS B B AR e L2 IREB & L7z, #TH
PAXBE AL E L7z, %3, Lifting B1/E1Z Squat %12 TH7
W, MEBFBOOBEICL 2 ARTHIET 2 L5 IR LZ.

T2, B OB EEMEALD X X TIrbE .
BLOZT% 2 0L L, W7 0 1.5m O E I L 7238

EEEFERT L IIICHERLE FERICBWT, &I
5HF ooz, HEOREFLT v & a L Lz Bk
¥— NifrEE L7

4. R

1) X AE Rt

AT B O F L, Lifting B)fE 5 #4705 HAIEI &%
2 b < 3MICK L, BfERATY 7 7 = 7 My-
oVideo 1.5.04 (Noraxon ft#) # W Tir-o72. %8, B
TR TV BERR U 7 ], & T i B A 1 Bk 2 A 12 TR
FL-ERYOR SIE

L. & - BEBIEEBY A5 7 L 72
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Wi & BLE L, KIRM2 SR L7-8hm % 212 BT
[lsg U7z, BRI o 5 0 B i 3 7 B X AT~ 7 b
%7 =7 MyoResearch 2.11.15 (Noraxon #1:#) = T
JBoNWIEE EWERILL:%, SNEEOHIATE
X O Lifting BjERF ] 2 Z & L, EHRAL L 72 MIVC O
B 2 L ISR EN RN L R O ERILx TR L
7z, 728, MIVC ofiilx, MIVCHllZEHR Tk KE oz
100ms & 7= ) O FXIRIEMHE %~ HYv, 2 OfE % 100%
MIVC & L7-. BifEROMiGEI=EIE 3 FITOMREFE %
T, —EIEO S L OREFMNZEIL 20% Z & OX[HE
FEERL L7

2) B fEAT

BififAaEr BT 2I2Hh ) BERTY 7 b 27
MyoVideo 1.5.04 (Noraxon #:#8) & THNTHIPH DR %
M L7z 2 RoCHigfty 7 b 27 (7 v 2 A4k
#, Motion Adviser, HA) &\ CEIfER I O IEB L%
TV, RERENY 22 221k 20% BhYERER (Motor Time : BT,
MT) B K EEMEZRD 2. REMEEE, B E
& LRSI A TZRICTE 28, RaikERe B
W Bzt A TZMOP T LB ZAEA TSR3 AE L
7o (X 3-a). WXPAMIAEEL, BlEd KiET %8 A 7S,
KT & REEEFNEEZEAZRE 2T AE L (K
3-b). JEBAEIMELL, KIET & KBAEIVEZ & A 7S,
KIEF AV E VR E A TZRS /M & L7z (K 3—¢).
HHEHAEOENEFET 572012, IR Z 0%, &
ThALE 100% & L, KBEfMimEEREERGm L (T
).
X)) AP A R b=

BRRAIE AT O T B A1 B — 25 R m B0 2 T A 1

BRRRI A O JE BH A1 B — #&T I o0 i B £ B

7L, MithAmEEZIEE L, MEAFIIALT 5.

x 100

3) MRTEERIIEAT
WAt AT T, JSTAT for Windows 12.6 % Fiv»,
ﬁi’?iﬁiﬂ%ﬁ X Zﬁﬁéﬁﬁﬁafﬂ’ﬁ L. —JcRES T 2 47

- , BEENARONTE, Tukey B2 & %% EIL#EH
B3 #REfE ﬂz"&ﬁot nB, HE 7J<4£ 3 5% Kii & L7z
a) HERMEE b) BBIMIAIE o) BN

%) %) .
60 —— kg ==-10%B¥ = 15%BW 40
45 [ ok F * f 30

15 = 10

0 1 1 L 1 0

0-20%  20-40%  40-60%  60-80% 80-100% lkg 10%BW 15%BW
a) 200MTZ & OB E —BIEOERIIEE &
% : p<0.05 (lkg v.s. 10%BW) w1 p<0. 01

#k : p<0.01 (lkg v.s. 10%BW) T :

p<0.01 (kg v.s. 15%BW)

4 LP OffiGsha
MT : Motor Time
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*) kg ®
80 N.S. - = - 10%BW 40 N.S.
60 —— 15%BW 30
(= g I
£ 40 £ 20
= =
0 1 1 1 1 _ J O 1 1
0-20%  20-40% 40-60% 60-80% 80-100% 1kg 10%BW 15%BW
a) 20%MTZ & OBl & b) —EMEDEEFEE &
N.S. : no significant difference
5 RF OifH)w
MT : Motor Time
(%) — kg %)
60 N.S - =~ 1O%BW 40 N.S.
45 = 15%BW 30
2 S
= 30 - = 20
S =
0 Il Il Il 1 J 0 1
0-20%  20-40% 40-60% 60-80% 80-100% lkg 10%BW 15%BW
a) 20%MT 2 & O fRiEBh & b) —EMEDEHIEE &
N.S. : no significant difference
6 VM OffiGshE
MT : Motor Time
%) (%) %)
100 100
75 75
50 50
25 25
O - 1 1 I 1 1] 0 1 1 I 1 ]
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
BEhERER %) BHERER ) BhEIRER] %)
— lkg == 10%BW =—— 15%BW
a) FERMAE b) F&BAHA B c) WEBAHAE
* @ p<0.05 (lkg v.s. 15%BW) T @ p<0.05 (LO%BW v.s. 15%BW)
X7 &f AL
WL #E ] 2L 40%MT £ TOMTHEIFE IS /TLNE (K
T 7-c). FRAHIT & Squat Hir S B - HEBUEIHIE AT
1. BEENE L, 5l&fe & Riosigd 2 7387 L.

LP ofplh#heid, Ea lkg & KL T, 15%BW 127
LHEABICEMERLZ (p<001). 42, RERZAL
40~60%MT, 60~80%MT £ X F80~100%MT @ 3
X T I5%BW OfiE#EdsEs xR L7z (K4). RF
BXO VM OfiisimiE, ERICL2AELRERIALR
Lotz (K5, 6).

2. BAEAE

R EEL L ), EOERYO ARG I3E
Moo, AEZEIROONEo7z (K 7-a). B
FEEALL Y, BOERYO A MR- 7
A, AEAIBDOSN o7 (K7-b). BRI ELE
L&), BERYOTHMBEEMEIZR C, R

Iv. & &

Yol oM Lifting B1{EIC I T8I
W, FAEBEEIZBOTHRATRIOHRE" & O H
27z, oF D, WHICED D < 15%BW UL EodE
T Lifting 81 D #3228 Squat ¥4 5 Stoop ZEA~BAT
THIENEM SN, LALARDES, ThETcoHsy
&, NESBEEEALG O 7 B KA AT & IS A Lo sE
BRI DA Z AT o TWizizd, ORI ED
HTIDON TV DPRRPIA T THo72. 22T, K
PRI B RN D ZLIZ B S L7z L & 2 5 1 5 B s
BTICER L TIT- 72
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a) Stoopi: ¢) Squatif

b) StoopZEik

8 #% Lifting Hiko £k
a) Stoop ¥ : KB DA CTEREW 22 L3 5 )ik
b) Stoop ZE#: : MERIHEI PR % 64T L CTATv> (Stoop #: D BEA 12 HH
PLL72BAED &), Z ok, Aol chs
Waz b5l
c) Squat % : R - [RRBARN - RO 2 [ R ICP R S ERY) & 25
Bk

FHEAENZEILL Y, Lifting B0k 15%BW
D%, 1kg £7213 10%BW o f& & ik L, BIE X
D RSB AT LR L, ZoRMEE X
OMEEPMHE L. 2F ), HEMNEL %513 L Stoop
BEE A EIREN, INE TEL RS LK
EBETH o7z, B, K8 IETARHE TR <XTv 5 Stoop
i, Stoop Z#EB L U Squat FEOBMEHBEDOEREE R L
Twb. 7z, LP OfilfisE b 2 TOHdE & Ak
WRTHY, 15%BW O & & 1kg OHF I AFGIGTE) =
AR & <, Lifting BIfEIC B 2 EI L VW E Bbh
7o, =, BBEEHMERESEE T 52 LISk THIE
BAPBIT T2 ERHAELTHZARFB LT VM O
WHEIRICIIE B2 EZRDT, BifERoRBITICIZRE
HiMBEGREEOME G AL W EAR SN IBHS91X
Stoop H:E KBEPUSEAG O I IZ A H B, T AHEERIH R %
B L= ThsbELTWA. 2, AHLVIZE A2
AL TIIHFRRTG LILEMIET LA e LT
%. =, EARSYIZ, Stoop BELFM L7 HETIIME
WERE & T %% B3 5 I A FEICA U, Squat T
EIERENIEDS B L7214, 2 B35 MBI 5 & i
L7:. 2% 1, Stoop Z#:1%, Squat #: & bk L T+
JEENIE % w6 5§12, Lifting BifE %479 HiETh b
LRbNI LAt T, Stoop i, JEREPNIE & G
BOBLRB L ONEEIRRT it E & LA, B
R ERFIERITIENEZIOLN, ThHICK
% B DOFAE DOV REVEA D A Bt L R S 7z, Lo L,
HEERYOEROHME D v, BEHRICANIET 2
DR D 2 & F e b Stoop £k Lifting BifE DKk
KOBATT 5 Z LIRS, ABIZETIE, B2 S
T ECOEIRINBEE e SMBEMTIT) 2 LR E
S LTz, 20720, KPR TERM L 72 Squat
IR SERME TOLN—T — 2D EL, BEY

BHCHEZEOBIKIZ X ) BB~ OB AR LIEE 5 210
BT 5720, BHrLEEWE TOLN—T — A4
RHELSTHIUEVH 72D EBbs. 2%, Stoop
PN, ERAM I D ARFZE OB E B E I L7 kR
RThozdbEIZONE. 512, AZEKEERETH
B Squat  (FRw - BB - EBIETE Hhhz 2 & [F] gL
L, EEWEHEETLHE) TITH) &AL T
w7z, Lo L, 10%BW o Lifting 81/ T 1313 1T Squat
FBICTETTERZICOED ST, 15%BW O Lifting BjfE
TREFTTE Lo h 5, BEHAHOB S5 S
EHPEERIHESEBITL-EEZ LN o), |
Je 57 By FEER 4 7 &5 HESE S % Lifting B5E (Squat
) BATO IR L TTO LERH D, FFIC 15%BW
DETIFICERT AL ENHDLEERD.

Lifting B % SAE L CTAT 9 & BT SR 09 57 234 ©
PR EI O T 248 &, 4R ISR O BHHAH N 5.
5, HEHOAMDHIINT 2 & EEAE OBk )s
BELIDOLEZONL. T, AWIRONGE IIIELL
GEIHEBE DL VWRERATH Y, ThSEREOM
LR BRI % A9 5 % o Lifting B11F & 13 B 7 5 4% F
PEREONTTEEYDH S, L7223 T, RWFZETidEds
OFBECHLTBRIZILTESLT, Br &M T oHlE
LTV BEXH L0 EBbNR, XV FEM 7% Lifting
BIEICET 285 B L O 4 128 bE - PR EDIRE
BT o T 72002, % EICREN D 5 H ik &R R
ZIZL7WMEZITo T BEDPHLDDEER .

X #

D) e, AMZESE, TGRS, ft: WikoRs L
BRI TG B X O E AN ORE. )R
s Qe S (1) : 4—8,2008.

2) fEILRIZ:, M EE, R B HEAHOEEWIFD 1
FIZ BT 2 FAHE G OB — BT 7E—. BpiR:
B 17 (4) : 233—236, 2002.

3) WMEE BR B AR ERWED LITBECE
RO E S OAEDPUBARSET OB =12 RT3
IREBRFREFY x—F v 2 (1) : 72—77,2002.

4) Ando S, Ono Y, Shimaoka M, et al: Strength and per-
ceived exertion in isometric and dynamic lifting with three
different hand locations. ] Occup Health 42: 315—320, 2000.

5 MWEMERE, KR B mERWED LFBIEICE T 58N
IEFE AR IR T 2 BT E. Bk - KRS 52
(6) : 341—347, 2004

6) BANEE, ZR B HLETHFECBTIERYOKR
& X LB 2B ERSZE. HEK - KER
50 (6) : 341—347, 2002.

7) MBEZ TP R WA RE T A Pk
BB A—R Pk~ = 27V 1 S5 d
S ER W4, 1998, pp 75—76, pp 210—251.

8) TEEFYL AT | — THRIC BT 2 W5 Bt
WIRET JORA ¥ b— 2R B, H YRS SE R k1
4%, 2007, pp 48—53.

9) BT W ERMEEREO AR R QETH. W



250 HARESE - SFERFRETE  JJOMT Vol. 59, No. 5

n, EESEEASIRFUME, 2003, pp 133—136, pp 142—143. 17) AH A, 958 HEBRSE, b §i2AABBTOR

10) P2 FR—IR, WA EE : Lifting BfEOfER%E L O BRI R SRS & FIFEBNC BT 4B X O B iR
B F BT FE—E Y OB E S EE T EICB XTI B oW ER WG, EEREERY 22 (1) @ 145—149,
BW— MWk - %EEEE 58 (5) @ 234—239, 2010. 2007.

1) W2 FR—H8, R EZ, F/NH3E— @ Lifting BifEof; 18) sA Wk, SUAEHE, SHHRR, b fe o FE R LE)
HEFB L OCEB A —Rm R O ESEE RIS FEIZ BT 2 BREZLOMF—LIDO Lift System % v
T GB2#H) — HW - S 58 () - 231 7z Isokinetic lifting |2 81F % LBME— HARRRK N1 4
2010. AH = AR 16 1 181—185,1995.

12) F¥tk : FHMEN~ = 2 7V, 55T, HHhE
%, 2004, p 99, 107. BURIEERSE T734-8551 )R IAIKE 1—2—3

13) TE#E  FRHER~ = 27 VLR - BHRISH. BT, INEYNEy N VS e o S S ey 3 e 3 U VS
WFEH#E, 2010, p 145, 152. ZEEIL

14) FENPerst, spAs i, HpEei—, RRREA TR O W2 S —Hp
95 5. Journal of clinical Rehabilitation 10 (10) : Reprint request:

914—918, 2001. Koichiro Naminohira

15) Hislop HJ, Montgomery J : % - fEFA ass:. gl Health Sciences Major, Doctoral Course, Hiroshima Univer-
—ER. O, WIAEEE R, 2003, pp 207—211. sity Graduate School of Health Sciences, 2-3, Kasumi 1-chome,

16) IEEH], ERE I GERaoFist+ay— 6 Minami-ku, Hiroshima-shi, Hiroshima, 734-8551, Japan

LR B35t BREESEHAR, 2005, pp 314—316, pp 361—369.

Electromyographic and Kinematic Study of Lifting Motion in Male Adults
—Effects of Mass of the Object on Motion Patterns (The Second Report)—

Koichiro Naminohira”, Masahiko Fujimura® and Koichi Shinkoda”
VHealth Sciences Major, Doctoral Course, Hiroshima University Graduate School of Health Sciences
“Hiroshima University Department of Physical Therapy and Occupational Therapy Sciences

Previously, we showed altered posture patterns, i.e., ‘squat’ to ‘stooped’ while lifting an object as the weight
increased. In addition, we emphasized the importance to consciously lift heavy objects in a squat posture.

Here we studied the effects of the lifting the object on the knee extensor muscle activities and the joint
kinematics using the electromyography and motion analysis in the frontal plane. Ten healthy male adults were
recruited as the subjects in this study. Each had no history of low back pain, and factors affecting the lifting mo-
tion. Before lifting, their initial position was they so-called ‘squat posture’ (in the maximum knee flexion). The
weight of the object was increased according to the subject’s body weight (BW): 1kg, 10%BW, and 15%BW.
The subjects were asked to lift the object until they was in the right standing position. To reveal muscle activi-
ties while the lifting motion, surface electromyography was obtained from 3 muscles: the lumbar paraspinalis
(LP), rectus femoris (RF), vastus femoris (VM) in the right side. A one-way analysis of variance and a multiple
comparison test were used in statistical analyses, and the significant level was set at P<<0.05.

Muscle activity of the LP in 1kg lifting was significantly higher than that in 15%BW lifting (P<0.01), while
there was no significant difference of muscle activities in both RF and VM between in the two weights. Motion
patterns were altered ‘squat’ lifting to other lifting method: the hip and knee extended before the trunk exten-
sion as the weight increased.

As a result, it is suggested these alterations of posture patterns as the weight increased while lifting have a
risk to induce excessive stresses and fatigues in para-spinal muscles, and the low back pain accompanied with a

compensatory stress in other structures.
(JJOMT, 59: 245—250, 2011)
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