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EFFECT OF LOAD VARIATION ON LOWER MUSCLE ACTIVITY AND
JOINT TORQUE DURING PARALLEL SQUATS

YOSHIAKI MANABE, TOSHIHARU YOK0zAWA and MITSUGI OGATA

Abstract

The squat is used for strength training of the hip and knee joint muscles. The weight to be lifted
is important for multi-joint movement like a squat, because weight differences are thought to directly
affect joint load. The purpose of this study is to compare the activity of eight muscles crossing the
ankle, knee and hip joints during three kinds of squats with different loads (60%, 75% and 90% of
1IRM). Eight male athletes performed squats with three different loads. Variables such as net torque,
power and work about the joint were calculated only during the ascending phase of each squat. At
the same time, surface electrodes was placed over the eight lower extremity muscles, and %iEMG
was also calculated during the ascending phase of each squat. Elector spinae and Biceps femoris
muscle activity of 90% was significantly greater than at 60%. Gluteus maximus muscle activity at
90% was significantly of 75% and 60%. Mean torque and work on the hip joint increased significantly
as load increased from 60% and 75% to 90%. For the knee, mean torque increased significantly from
60% to 90%. These results that a heavy weight like 90% of 1RM used in squat exercise increases the
load on the hip joint extensor muscles.

(Jpn. J. Phys. Fitness Sports Med. 2003, 52 : 89~98)
key word : squat, muscle activation, joint morment

D, OO THLH OFEEEILIZEEIE Y
T =< ABLICBYETH S, ORBEE L
FEREEE b ) OBmBEOMILFER E L T—HK&BIIZH.

I. #&

GLDAR—YTEH W T + - Y ARHET

oij

AL, BRBEB R EICBITAEELZ T v b
7 —2, EERCHKIEEROHUIRICEIT5BR
B HRELREDE I, TEEVEFICEELR
‘RENZFRIL TS, TEEIIRBEE, KRS
TURMEDIDODRME L, TREFILZCHTH
BRI TB), FRFNROEEIXEKE F VY
ARELLY, WUEIALF—FEX) LA
D2 RIEBTAZETHEEHICEML TW
5. B THIREE &AM RE R VS 2R
ET2, WhiFr I e LTn&kE+H-TH

WHNTWBEDHN AT Ty hTHB. A7 T v b
X ERIES, RERBEN, MRRAETOEEh % 1 O L EEE
BTh, THEHIL—=r 7 D58{LDFE(Pillar
of strength) & L T b T 5.

A2 7y MIBERRERLER A EILS €5
ZET, BRALBNLFIBES R D EAHRES
LEZLNTWAS, AF Y ABROEHEDHED
GHEDENMERREODRLZBEAI T v FORKENL,
FRENROMEEZHES ML LI & LABIERIETW
(ohH ST zrpoBonHMRIES <

Do kB HEHIR
F305-8574 FHRIE DO IXHKESHL-1-1
Dy R P RERY % Doctoral

R AP R Ol i

T305-8574 FEH{E O K IFHEKEHL-1-1

D N alth ~ed | i oy s -~
regram inn Health and SPGIt OCIENCES, UiVErSity O

Tsukuba Tennodai 1-1-1, Tsukuba, Ibaraki (305-8574)

Institute of health and Sport Sciences, University of Tsukuba
Tennodai 1-1-1, Tsukuba, Ibaraki (305-8574)

Conmned Calnemnns

NI | -El ectronic Library Service



The Japanese Soci ety of Physical Fitness and Sport Medicine

90 B, M RBE

DIL—ZVVEBOEEESINTEL. 20
LEHEICEHL-bDE LTIE, EARAAD
?%“t§5~7), 2% ymeS,S)’ Oiﬁ’ﬁ@[ﬂ38~10),
BIOYr 7 bEHECHBEV 2 LB L sET,
ZNENDORHIEEFE Z IR L BB IT S5 h
5.

SolC, EFPICHRESINLEEE ML 2 ICEH
L7GHEFEICiE, TREELELEm»HEL-D
DB, kHRBDES E B LD, 24
7 FHPORBREEIZH D5 Shear force & TR/
bW LB, LHALENS, X7y k
FUIZHBEIZD D 5RBMICOVWTHEE MV 2 & 555
B RO S & FEIREE L 725712 1332,
EMG (Electromyogram) {2 & » THIE S 1L 5 5%
BEE, BHERTOIOTR L NHERZDOET
REZTRTODTHE. 020, HiES-
PIMRITEAM L2 ERERICIEZ ST, MUEHER
HLTWTYH, EEOEERLEIICL o THIFH
BRELLZEPTEHSIATHEY, F72, k
L= 7B THEIZLD2S ML — = 7 H
UL, COREBAENZITDO MV ERE LD,
FTOHRPBELBBHITENL SNFEEILTWED
PHEICE B 0L REBEANS, A5 Ty
MIBIHEEEN L BEET PV 7 2 BB ICHIE T 5
CEIRFEICEETH .

FDIER, INLORTHEST P nizrar
7% 1 RM (One repetition maximum, fx A% FEE)
DEOBLLT &L v ) KBHBEVEES*HWVWTE D,
FNVEVERETHCTVWAED TL75%, o
¥ D 10RM(Ten repetition maximum) A4 D EE
L2V TwRWw, CoBEEE LT, 90%LLEE
Wo ZZIEFICEVEETCIRENMIC L —= v 7
EATo TVBHRETLRVRYERTDH S LD
&, ATy FOEMEEHEL, MMEDKE%
BOLZENHRETHLZ ENBITONE,

ETHBY, BHIMNL—= 2BV T, %¥1&
HIRFHRHEDRRKLHEROBICE Voo b L —
S UHRERET ABOTCEELERY Y ¢
HbH. COBLEEN ML - FPHRICEITT
S28IZBI L TIE, Schmidtbleicher and Buehrles!®
N, NFTVRACRRENBBOMERHA b

V==V TRIELTEBY, RKHIDIO%DE
ECIr—=v792EHDNLENYHEL R
D, T0O%DEETH A &HIEMEREIEAKT S L
BELTWE., L2L, 20—FTHH, HEE
BB L URNBITERED - ) OB BZ1L
WKL T, 70750 ERIFHELEN
ETBHED b H D, H—LrRBRELAT
Wiy, FD7eH ML= v SBRBIIBIT A% E
HEOERIIBRBMIITHL S 2B VOIER
TH5b.

DEI B IL—= U IHRICEZ BEEIIN
AT, A7 Ty bOkRLEEES THE, H
WAHLELTEEOTLIZL > THRHEE V2 DY
NETHDEALT AAEMEDIEZ SN B, Jacobs
and Ingen Schenau21)0i, RO %I
HEEHHTH 5 KEH LML HY S 3 7-
B, HOOKEZIZI > TZHEH &L DEHED
HEIETHELTVD, T2, H12D 51
BECTOREMEHLE) 2B TOBMESE TIX
THRESHOEREIEMNMT L LTS, Z0k
) BHATHHES LD, A2 Ty MIBIFARLE
BOBALY, HREHOHNENMCHEL5 22
CEDTREEI NG,

EBRICHIEEEENE LT, A7y bk
IV E OMEBPEESTAEE T O%BE, b
V== 7us s a0MAFICIA, ®txds
ERDEBRPEEM NV O PE S A ERT LI L
BIEEICEETHAL. 22T, AMETIRAZ T
v MOELFEEOTALREE EBESG I LY D
FOWEEIB LU, BES PV 7 IS RIZT 2B % R
TrIEELT.

I. % *

A. HBRE
BREIZHEDILOAZ Ty ML —Z 0 7 %4T
> TWBHHF 84 (FHFH : 21.5+1.85%, Fiy
& 1 174.314.2cm, FHEKE : 67.0£4.9kg,
A7 Ty bDOFH1IRM : 123.5+12.33kg) & L
7. ML= v R RBALERELSRAVW-EH
&, TPV HORIENES THHE,
BERLBYORFEXITZAABTHS. £2TOH

NI | -El ectronic Library Service



The Japanese Soci ety of Physical Fitness and Sport Medicine

ATy b OFLEREHRBEE L BEHE L) OHOEHS I UBEE PV IZ5 R 5 91

BEICAEBROEE, NE, BLURKRMEIIOW
THonLHHAL, ShMoREREEZE/.

B. AIEAEHSUREIRB
1. EERRE
EBRRKIFII T LILAZ2T v bEL, Y¥ T b
38 CRIEBIE PG LB, ©F%0m&3FT
E L7, Ay ARG KPR AT & F4TIC %
LZETCTHETHEVHIHEL, BIE, dLIEE
ML YFEVIBTIIERMEICZ LOHERESTRL
ENni-d, BIROI40%DIETHALT A FR
Yy AxFEBALA, AERI&LIEIE L, B
1RM%100% & L 72356 D90%, 75%, B L U60%
O3IFEEE L. THRREEOBEEREIIERL L,
ZErRBEEREREKEEE L. &8, TEI»LEL
NOY YR LEICIEXEI E DT v & ) IC—HEEF
ETrEH5FRLA.
2. STIBH
SZETELELBEOA L L, HED 5 DK
A FELERL, HBR) @ REELERL
BraroimEIELRaSETE L.
3. FEREH
1) HEHH
WA, A7 7y PROBHESEFTAITNS
SATRRZES TV L CHRRIEE S, MOME
BEDEBHBLIUVAIZ Ty MiZThL—=0 7
THIENHKS E STV RIS,
KBAR, B, KBRER, KEBRTHMHREHE, R
MRS, YMALE B & UBEESSMIIEED 8 i & L
7o, BHOGEEEMISEEEERE 4 mm O/NEIAE
FREB(BARNLELER) ¥ Ay, RKEAURLHE
W& D LA BRIk L, Wiomd
EHEEXRBLATALDICEBORIE, BLXUTILV
I-VREEFT, BEAESRSIEEOHAEO—
HESHIE o CTHBEL -, &iHE MR —HXAE
KIZCE BB EMNFLEOYE % BT 5 7-% Basma-
jian and De Luca®® gz tE v, SRR LD
LeHalE ¥ -3 EBENIC TS LTERTAEL
7o, BREGTEEESE Y 7 — IS ) EBRBOBEE*
1.5cm & L TEED FFIF7-.

2) MBS

FEALIE Multi Telemeter (AR E TR,
WEB-5000E) # W THEHH L, 7)) 7 F
#H 1 kHz T A/D ZH#etk, T v Ex— ¥ II5CE
L7z, ik L-mENEFIIODVWTT—F 777
MRS EBRETBID, NAIINATANSY ) T
iTo72. 4 ROHGAET D%\ Butterworth
FATEINTANTIZENDT—FT77 b %
Ay M 7B 1I0H (S THIE L, BESH»S
2 LBIET 2 HEN LAV,

B DOIEBEOREICIIHEXFESME(EMG)
H\vi7:. iEMGC BEHICIIFMESORLE b &
WCRBIRLARBOBEMOBHRT— 9 2 EHL
7o, EBRFICBIT 5 ERXEIEEE LRG> O H
HRTECT, BRRHMESRENMHEMVO)IIBW
TREKOHEBEZ R L 7ZBEM A SR11£0.58
&L, BRKOWERPHEFRMGER 2 50,58 Kb
DB L-HE0RIRK B, E8FHE,S
1WEE L. ThOSDRENEL MVC IZTE
L, &RBUIBT 25 EBEM O HERE D
B2 il LAvAs

3) MVC Dk

MVC D% X DANIELS AND WORTHING-
HAM'S MUSCLE TESTING® 2 8B L, 77
VWTEELLZVIAY VATV —LxHVWTER
BIREE AT o 72, BHHRFH O N ERFOLEIIFAE
RS AIIKBANGL T ok R, KEH SRBALZ T
ORI BE, PRI TORBEE, K
BETE A5 LA T ORCBAETI R, KERZHBHEHEIZ
SAL TR ET DR & AR o 72K EE T 0 i B Ei
B, ENEABIZIA TR IEE L/ICIRETOR
BAET PR, SMEILH (3 EEAL T ORI, B &
OBERS s/ RISE I I T RBEEEE & L 7.
MVC DULHERFRHIIZ 3 FM & L7C.

4, ¥FTF4 7 AF—7DHIE
1) RF0HmE

KBOBFICIE 268D0EFEEE VIR /A 5
(NAC #8, HSV-500C) % F v & #2% L #0250
I, v v ¥ —AE— K 1/1000 #CEREL 7.
HASREEEROLRDOHEH 15m #ia L AFD
%75 15m HEIZERE L, JeEifEAEIEL 50° & L

NI | -El ectronic Library Service



The Japanese Soci ety of Physical Fitness and Sport Medicine

92 Hifh, #uE, RBE

o, BEHEEHMELLZTRECERET LD, BE
FHIIHEFRLPLE LTHIZ 1m, £5 1m,
ET2m & L7,
2) EfgT— 5 WE
ERICTHONAEEGEY» S, DT, Bk,
¥E, RS P.G, FRBEETG, RRBAEHL, B X
URF E&DET 7 5.0 2 RITFEFE({E% 62.5Hz T
M7 L, 3°KRJC Direct Linear Transformation
(DLT)EC & D KESD 3 RITTHEIEMEH EH L
2. WEIZTHESRNA 250Hz DF— % % 62.5
Hz THMLADORGH ELOFH A -0 TH
BN, A7 Ty FX)SEEHOEIEENFVE
TSR D 5N 5 € BRS84S 50Hz & ST
VBB L hs b+ RllEEREER TS 5
EEZONS, T O—LEAL Y FOERMEE
SHEEE DEREEZE T, X#MAAA5.0mm, Y
WA 0.7mm, ZEGFEA5.0mm THo7:.
ROEFHEREOFH EH LS A MELD]L O
BT BEMORKMEIX 190.7mm THB7-9,
BHEREIFRICKELEE T RIS VL EZ
SNb. 3RTHEEEHH, Wells and Winter2”
DHFESL Y BIESEIC, EERERR(2 ~
3.25Hz) % % L, Butterworth Bl 54 ¥ L7 4
WEEBWTIERIL L, FIBH%RD 3 RITCEEY
- DEREPDPELBBERIKEICKEL, 2 KTHE
BEAEH LA, 2RTEEGEHE, WI® o
Body Segment Parameter {2 & V) B HME %+ B
X b, TR AU b, KBBES XV B,
BIUOKRHLI7 A MISGEL(M1), &5 A
YIMDHEE, BFEBIUVELMIEZ#EE LS. £
AP OBERILE L CREEAE, KA
BEBLUKRMEEAELBEL L. SESFOREE
FZIIH 1 IZ/RL 7.
5. ¥AT7 4 7 AF— ¥ DHlE
1) WERAEE

ATy VEBRPOERIERT 2 HER S %
BIETBDIZ, 1EDTH+—ATF 9 T+ —
A (Kistler #7182 Type 9281A) % V7=, T % — X
TI79 M7 —LDPoDORNEBTIERT V7
(Kistler 3 Type 9865 B) # 4 L T A/D &
L, ¥ 7) Y 7EEE 500Hz T/8— v F )L a

Center of hip joint

Superior /of sternum
~

|Torso Segment |

re

Center of gravity
of torso segment

Hip joint angle

-~

|Thigh Segment |

Knee joint angle

[Shank Segment]
Ankle joint angle

Center of ankle joint

-_——
T~

~

-
~
[Foot Segment |  Thenar

Fig. 1. Link-segment modelfor the calculation of
joint torques and definitioin of hip, knee and ankle
joint angie.

YE2—FIZWYAA. F7-, HEARNT—¥
& VIR HEB L UHEBEMNEST R EL0
R A E (B AR FE A 8Y) % W {128 LA
A, MHEFE* 7+ —ATFy M7+ — L LGE
HEMAEEED A/D B A— FARYAA
72,
2) MEibLvoEH
2= SN RAARHERDT— % &,
EIE» SH/ON/-BEAE, BEAERE, Lo
Y NOEONE, BOIEE, AEE, BLUE
BE-—ALMIHETE, EHFTICOVWTERH
BEADPOLET AV FOBEMEIIERT 588 bV
S EET NI NN —BIUHFEZER L (T
2). B, BEARDT— 7 2B BEH 0
Winter D FEIZX VEH L7,
6. FHaHLE

ATy VOELESICLILEEH MVY, BX
UMEBHIEDOZROKREIZIE, ATy PO
EETERLETS 1 TREOSHS T ZH, F
EAA E 7235461213 Bonferroni/Dunn 2 & 5
SEHNBRELXTo7Z. MENDAHEKEIZLT
P<0.05& L 7-.

NI | -El ectronic Library Service



The Japanese Soci ety of Physical Fitness and Sport Medicine

Fyd

Fzp, Fyp : Proximal joint force
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Fzp

Fyp

I / Joint torque

Fpi = —Fdjt+mj.g+mj-a
Tpi = —Tdj+1; a —mp;j-Fpj+rd;-Fdj
Joint torque power
JTPi = Tpi-AVi
Fzd Work
2
W= {JTP. dt

Fzd, Fyd : Distal joint force

Tp
Td

: Proximal joint torque

: Distal joint torque

: Mass of segment

 Gravitational acceleration (9.8 m-s™ )

az, ay : Linear acceleration of segment

: Angular acceleration of segment

: Unit vector of proximal origin from center of gravity
: Unit vector of distal origin from center of gravity

: Segment morment of inertia

: Joint torque power

: Joint angular velocity

: Work

Fig. 2. Forces, torques, and works applied to

segment.
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Fig. 4. Joint angle displacement of ascending phase
of squat with 3 different loads.
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Fig. 5. Mean muscle activities (£ 1 SD) during squat
with 3 different loads. Es : Erector spinae, Gmax :
Gluteus maximus, Gmed : Gluteus medius, Rf : Rec-
tus femoris, Bf : Biceps femoris, Al - Adductor lon-
gus. VI : Vastus lateralis, Ge : Gastrocnemius.
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work load of ascending phase of squat with 3 dif-
ferent loads.
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