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TAKAHASHI Kazutaka', SHINOHARA Hidenori” YOSHIDA Takuya® and ASAI Takeshi*: The kinetics and
kinematic properties of the trunk during the bar twist exercise with bars of increased length or mass. Japan J. Phys.
Educ. Hlth. Sport Sci.

Abstract:This study was performed to clarify the kinetic and kinematic properties of trunk motion while

performing the bar twist exercise. The increasing length and increasing mass of the exercise bars were taken as

the independent variables. A total of 21 male athletes who regularly performed strength and power training were
included in the study. The bar twist exercise was performed using 5 bars, comprising 1 bar 2.00 m in length and

10.00 kg in weight (NB), 2 long bars with an increased length without changing the mass (2LB, 3LB), and 2 heavy

bars with a mass that was increased by adding weight to the bar without changing the length (2HB, 3HB). The

three-dimensional kinetic and kinematic variables were then calculated. The principal findings were as follows:

1) The torque of the trunk twist increased as the length or mass of the bar was increased.

2) The torques of trunk flexion and lateral flexion to the left against translational motion were greater for HB
than for LB (flexion (Nm/kg): 3LB [0.23 + 0.22] < 3HB [0.34 £ 0.25]; lateral flexion to the left (Nm/kg): 2LB
[0.35+0.23] <2HB [0.39 £ 0.28], 3LB [0.33 £ 0.21] < 3HB [0.35 + 0.28], Nm/kg).

3) The rate of torque development (RTD) of trunk twist torque was greater for LB than for HB (2HB: 6.90 +
3.22 <2LB: 7.84 + 2.58, 3HB: 6.09 + 1.63 < 3LB: 6.88 + 2.13, Nm/s/kg). However, the RTD of trunk twist
torque for LB and HB was smaller than for NB (9.13 + 2.53 Nm/s/kg).

These results indicate that the trunk twist torque increases with the moment of inertia of the bar due to the
increase in length or mass, which is a standard feature. In contrast, it was suggested that the increase in mass
contributed to the increase in trunk flexion—extension and lateral bending torque. The RTD of trunk twist torque
was decreased due to the increase in length or mass. However, the amount of decrease in RTD of trunk twist
torque was smaller for LB than for HB.

Key words : trunk joint, plyometrics, momentum
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M5 (EH, 2009 ; ELNEAD, 2014 5 =04 « #H,
2009), REIRIEFIREC SSCHETIAE LT Y, K
DREBRFMVIBLU MV NN =R E5
TEeh, BENERERT +—< V ADOHFICER
EEZbNS. SSCHEFIZFHLIE N —= T
JTEELTRTIAF AN IANETEN, &
WRIEF O T T A A A MY T AFED 1 DI/
—V A A MHZEFS5N% (Radceliffe and Farentinos,
2015, p.94 ; EFGIE D, 2017, 2018). N—Y A1 X
M &, (R RERIC BE 5.9 2 I OB R O AR,
ZTHUC KB - RNTY—FEfOm L2/ T, SSC
MRS i - FTHEBI ORI 2 LEXE 5 L —
ST EINTEL (EEED, 2017, 1k
BRI T S A A A W) 7 A BT B2 EME TR
1 DThHBHLEZLNS.
TIAZFAR) T ZAIBNTE, FEHICK >
THREIND MV IZBIUTMVINT—DKE
ENP L=V RIS ET 5 T & (Bobbert,
1990 ; i - K7, 2005 ; Young et al., 1999), T
T A R BT BAMDRKEINFEEEINS b
WIBRURVIINT—RZFD N L—=2V T5IR
IS5 % T & (Bobbert et al., 1987; Newton et al.,
1997 ; EkEIE/», 2017 ; Taube et al., 2012) HS¥RE
ENTVDB. TOTEND, TIYY A RICBT
BF T4 7 AR ZHSMCT BT 2, T
FAFA MY T REEHNM, SIRMCHEGT %
ETCHRAIRTHD. =V A AMITI, YA
ML=V T TN /8—72 WV T Hi
TN (f3 4, 2009 5 Poor et al., 2017; Radcliffe and
Farentinos, 2015, p.94), HW 2/ X\—DEMEE— A
VDRI A RSB I BAREEZLNS.
N—DEEE—RA VM, N—DEEHLNFHE
BRI EZTETHRDZVIEHDIES
TEMTES. IREETIE, N—DEED 20 Ibs.
M5 501bs. (9.7 kg 5 22.7 kg) DIN—7z
BHelidibENTWVWAB A (Radeliffe and Farentinos,
2015, p.94), TNHDEED/N—7Z2HNZFRICH
FEBERBIRIEDOF 2T 4 VA, FRIT 47 AN
KRS DWW TS S LERIEH 5Nz, N
—DHEEDOHKICK > TEEE—AY FHAEL
BB &, N—ZEEEEE2 T EHMREICKE T &

M, KR MV BHAT S TSN
3. MATN=YA AT, N—O[EEHE)IC
Mo TUEEFHE LT R T LickD, ok
HilHg % e iR DR E>HE & o 7z b
WIRELRINE EEZEND. N—DHED
ZE LI EIcE, N—2ZZ25zdlc, Tns
DRIV TEENT B ETFHINDM, TOREIC
DVTHPSMICETN TR, — T, =D
EXOZIC KB HEHRIZOF 2T 0 7 X, Fx
T 4 7 AMNFREIC OV TG LTEigE b A BN
B, N—DOHEBEEZ(LTETICES 2T Y
BT ik TEETE—AY BRI ERES
IKDWTEZB L, HREZBRKEIEINN—LH
BRI, N—ZREfiE 85 EHAREICEZ T Eh
5, RERIE ML IERELSAD T ENTRHEIN
5. LML, HEZEKEIEZWAN—THET L
M5, IN—OIEEINCHIT BIK5D MV 7138
KUENT RTINS,

oz ehs, N—olEkE—A> D%tk
WR—DEREEXDEL 5DZELISERT % H
IC&>T, N—=VARANMBIBIERGEOF T 1
7 AR RS B ATREMEDMER SN B, T D
MERHSMMCT BT &, BOHE)OITES) R ED
ST 4 =V ABED B TeDITIN—Y A A b
FHEMT B LT, FL—Z VT OREMREICHT
LZEBITHIAZIERT2LEZLGNS.
ZFTTARMETIE, N—DEEHZVIZESE
BREBIN=FH N ToN—Y A A MZEIT Bk
BOFRT 4 VA « F2T 0 7 AWNFHEZIH S
MCT B ezHNE L.

n 5 &

1. xg&#E

WFE, B RU—r L=V T ZEM
BNC TN L TV B IRE RZEICHTE T % B
F 214 (FE#N20.50+E1.89 years, HE :1.76+
0.05m, A :82.06119.89kg) TH o, HEE
ZBET HICHT2D, TXRTORNGEZITANIZED
Hi, JiikdB KRB S 222 IS Fi
L, FEEROBHFH S OME 2 T oIc HiE
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Yic. BB, AUFUIHER ARG R MEZE
BROERZG T2 DTH 5.

2. SREREH

AMFFE D R EAE E D (2017) & Ak
12, REEDLIH S R THREHR D I/ S—Z [
TH, WMREOFTEKFE ETHERT 50128
— MR T A EA -75° OMEICH B HEZE1E L
7%, BIEEIC TR D IS/ N—Z [l X B % 5
L. ZDt%, N—0OMEH 180° IC3ET S 1
HON—ZEE 8. coREE%Rd 2 HE
HBHVIREINER B /N— 5 FEE AV TE
LTz, IN—DJ OB/ S—DNEHEDN S 10°
DEBZT, DON—FfEEEE 3 I/ N—H
180° 0 5 £10° OHPHIC B X & > el BB B
e Lie, #nFhodHongE kE A
TV EREDHIM LTV i 2 K 3 [
BIB2ETHMLIE. NS ORFEOE L TER
T B3—D/KFH FOfMERFIL, FAUA
JEDOFPAN TEITENTOIERMEDS B, &
EN—DIRE RO Z S e Uiz, N
—VA AT TAFAN) T AFEE UTHNE
T3 L THERTNEEERANDE ORI 2R 7
O, RAFETIEZN—DAMEN R EHO A 25
Hroutgee UCGEATE. 1 OMERV»ELT 5T
DT, AEOICETRICKRER & 8T

3. fEALK/N—

N—=YAZFNTEANEZN—DEETE— AV
b, TEDbEN—DHEELEIHN M L—Z2 T
BIFsAamREEZILN, TNHDOEICK>TE
BOFRT A TR FRIT 4 TANERT S

EHERIND. FTTAWITETE, N—0DFR
M0.15m, EX200m, BE& 10.00 kg DEH O
(LAF INBJ &I89), FEREBLUCHEZZZT
WKN—DEIZR I T80 (LUK LB
L) T2 AR, FRBIXUCRSZEZZTITN—
ISR DR N 2 CERZ R E B TS o
(LUF THBJ &W&T) Z2A, GFSARON—%
R U7z (Tablel). ARWIFED/N—DEEE— A
VDR ER, $5EE (Radcliffe and Farentinos,
2015) TRl ENTVBN—DEBEN 9.7kg H 5
22.7kg CHBHT &, @EfEEM (2017) THHE
Nz 2 @EHON—OEE L EEE— X M EN
ZN 10kg, 3.57kgm’, 75T 20kg, 8.07kgm®
ThHolT b, ThHDN—DOERDENE
— XV F & %#I|CNB, 2HB ¥ K& U 3HB 7 {4l
U7z. %7z, 2LBIX 2HB &, 3LB (3 3HB &1EME:
E—AVIDEFELLARDLIICETZHREL.
ENBOBERE—AV D 2EBXIU 3Lk
HEICETFREEREZENENZE L. N
—DO¥EER Uz, HEah—HKT, IR
SARMEROMIARE (B E 5 moduiZzidE % i)
DOEEE—A Y MELUTFOX 1 TROENS.

[=1/4*mb*r’ + 1/12*mb*Lb* + (ml X Ld*)*2 -1

T TT, mb3/N—DHEE, rld/N— DA%,
Lb 3N—DEE, ml(ZFOEE, LddHED/N
—DHL S D2 RS, Kk, N—2FRY
21 H 729 3 X5t CAD (Computer-Aided Design,
Dassault Systémes SolidWorks Corporation #1  # |
SOLID WORKS ver.2010) 7\ 7z. 3 Xyt CAD
ZHWT, N—OEEE—A Y M RE U R
(Tablel), K 1ICK->TROSNTfE L TERITIE

Table 1 Using bars in this study.

Bar

Load Moment of inertia (kgm®)

Total mass

Length (m) Radius (m) Mass (kg) bD;rStf::;fr(?:; Mass (kg) (kg) Ma;ilslTl;2cal 3D CAD
NB 2.00 0.15 9.95 — — 9.95 3.37 2.88
2LB 2.83 0.15 10.05 — — 10.05 6.75 6.16
3LB 3.46 0.15 10.05 — — 10.05 10.11 9.63
2HB 2.00 0.15 9.95 0.80 2.60 x 2 15.16 6.71 6.11
3HB 2.00 0.15 9.95 0.80 521 %2 20.37 10.04 9.52

CAD: Computer-Aided Design
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—® Lkaholz. 7L, 2LB £ 2HB, 3LB &
SHB EBBLZREETHD, NB & 2LB/HB ¥
KU 3LB/HB DRNCIEHREICEW D H S EEZ D
N5. LEM>T, RUIFETHERLUNN—DOBEME
E— AV MIAWIZEO HiNZMETT 5 ET, HW
BODEMEE—AY MEoTzeE26N0%. LU
oz s, AW TEN—DEEE—A 2k
&, 30T CADIC K> TR SNz lZ R LTz,

4. HEHZE - EE

IR AL HR 71 X5 (Vicon Motion System #f: 8,
Vicon MX+) Z 10 /W T, FafRicBir 25
TARHAL 47 7 (Suzuki et al., 2014) BXT/N—D
FAT 2 MOBKET— &2 7%, Y27V 2 TE
#250Hz TULHE U7z, &% 10 PR 1 Al B B AR IR
DX RERTICERR T Bz X i, FlH Baah
DOXREN 2 Y i, $hE Lz z#Med 3
ETEEREER UL BOoNTHEEERO
R, PRASIRR Y T & VS el I e (X il
150Hz, Y i : 15.0Hz, Z#f: 12.5—15.0Hz) 7%
Wells and Winter (1980) DJFIEICE & DWW THRE
L, Butterworth digital filter % Ff L T - #5 {b L B
Eiiolz. 7B, T—REZ—ET )V E—Il@L
fetk, TDT—2OIEFZ KRS HTE 5 —EH
C7«q)vz—c@ml, MHThzfmlz (5
1L« BEFR, 2002, p.172). Eiz, 2H5DT7 4 —2RA
TL— 1 (Kistler #1484, 9287C) ZH W\ T /AT
ZNFENOMIE N ZEHI L Tz, Hifi )7 — %
& 1,000Hz DY > 7)) VT EEECCEHIIL, A/D
BRI Utetk, /N—=VF)ara—2—Ic
WOSAATE. T35, M7 — 2 OFiE LA
W35 Laho e,

5. BHF&k-1EE

IN—, EHA, B, REREEOIK A B0 f s
EE, mfEES 017) OWFgEE FRBRICTEI L
feo 28—, LA, BEEEAEBRIRRF O 5E DRl
FSK L TEAT Bz EHEIC, KINGTHED
KR L T A S ZIE, Kata ) icmEi L Twv
LG nAa L ER L. ARIEICE LT, &
g7 RIS EIRAADS RSO D ICEiE L T 556

ik, WETEOICEEE L TWaA G ZE EERL
fe. £, ThHOMEZRERMI T2 L TH
HERRH L.

S BT B \—DmER R 2B % 7z
B, m@kEED (2018) LFERIC, N—ARiEHED
IZIAllE LW A X% Countermovement Phase (14
T TCP) EW&9), T D= FGHE D I
DUk, ZTOMEEMNRKICET 2 F TOXMZ
Main Phase (L~ TMPJ &%) LEHKL, T
NS ORI E LRz N\— D [Elhk ] & LT
B U7z,

HWEDF T 4 J AELHOBEHICEHL T
Kariyama et al. (2017) WEZRL TV H LT AV
SRS K UBEIEE R 2 ER L. @
KOG SNSRI D 3 JoT B L, T
— AT L— M XDFHlE N 7 — 2 &
2 OV CHE AR R 2 T, RS T RO
HH ISRV Te (R ARBIERIC 51 % el i, {0
JBXICREE MV 2RI U, i, EHLE
R S Hh R, e 35 K CIRfZ R (Kariyama
etal, 2017) ICBUJ B MA@, M, =2
EAEE L ZNZENDO ML DONFEICK-> T, i
rhffE, MlE, R0 MLV ST —Zz2JH Uk,
RO AR, EANOWE, FEADIfRisZ
EElLiz. TNHDEBRUTED MV T IRT —
ZCPHBIUMPICELENHTHEYLIZEDR
EBXUTAOHEEfFE LTRENLE. &, &
YAV FOELBRXCHAHED, EHEE—XY
F ORI (1996) D EARE M FREZ
iz, EfgmElie SV 27, REE LY BXT
IRBEET AV A DIRBEET 72/t L CEE O _E Tl
DICERT 2 ML e LTEZLAEH L (ino
and Kojima, 2001). F7z, KR Lo BXT
BHgmGE LY 2R LIcs D& FILT D
RTD (Rate of Torque Development) & L THiHi L
fe. N—O#EEFZIIN—DHE L HEORE LT
H L.

6. HREHIOIE
BHIEH E M RERBICEB T 5 FHEE - 1E%E
WAETRLUE., IXTOMKHLEIZ DV T,
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SPSS (IBM #1:#Y, Statistics Version 22) &L 7z,
HT e UTE U 7z ad B O B 72 AR P AH BE 5
(ticc (1, D] ZHWTHIB L. £/, LB-HB
MBXCEEE—AY MEZERKET S, IS
D2 ZJthil@E DA 2 O, FERREICIE
Bonferroni {£1C X 5 ZE A E N LTz, GRE/K
KL 5% Ami& Uiz, &3, MEEL Ly, b
V78T —, RTD BLUHETIREICBWTIE, %
WREFC B BAMEEIKT S e L. T
FAFARNY TR SSCHEFIZFH LN —
—ZVITHY, FHMTXORERNERET S
T L E LT AEENCIBWT, TOEH)ST +
—VAZM EEEB LICDiEN S (Malisoux
et al., 2006 ; [XIF, 2000, 2012). TDT Lh 5,
IN=YVAZANETITAF AN T AL LTHET
5T, TORL—Z VT AMEHATZICH T
ST, XD & RAMEZ T 2 L hZ
UThHHEEZLNS.

n #% 2

3t & UCTERA U 7ead B D P 8 72 iR N AR BE
¥ ce (1, D] ZHOCTUPLUHSSE, 0.89—
094 Th-oTz.

CP B XU MPICH L /zHER 1 (Table2), MP
ICHBWTLBMWHB KO FEICHED, >z (F=537,
P<0.05). F/z, HEEET—X2 FOBEKRITHEY,
PLMFHEITAERICE KLUz (F-18248,P<
0.05). CPICFBWTIX LB-HB EIC A E 2138
SNz o fz/H, 3LB/HB A NB ¥ & U 2LB/HB
KOHREICENM> Tz (F=7.36,P<0.05).

MP I 1) B I KA E 2 T I»% & (Tabled),
N—& EICH5WT LB AYHB & D A I i Ml
ZRUT ON—:F=2398, EJ:F=13.03, &

£ P<0.05). HiE, KEiiMEOESXT
&, MEDIEA, IRIEOIEDRKABEICIENT
¥ LB-HB MICHRADRD NAEh o o, fREp
BIEOEDORKRAEEICE N TIEEENRD S
N, LBAHB KO KELHADEZ /R LTz (F=6.71,
P<0.05). Fi, N—, i, &%, ARizo
EOAHEITWOIT NGB IEEE— X > M ERR
NRHHN, EBEE—AY FOBEKRICHEWER
WK R U7z ON— D F=770.82, LMl : F=594.21,
BRI F=74.43, AL D F=64.15, WITNE P <
0.05).

Figurel IC, NB, 3LB, 3HB 7% [\ 7 BRIk
IRARBAENC B0 2 SR AR, [JE, $240 MW,
~VZ, BIVIIST—=D7 TV EEER L
7o, JRihEE T, CPITHBWTHIE ML 2 H3FE
N THEAEENEL, MP TIZEM LY
X N A DV E U Tz (Figurela).
MPICHWT, 3LBIE NB B K U 3HBICLEXRT
R0 MV DN DEBA RSN Tz,
CPH 5 MP HHERIZ D TIED b L7287 — 73,
MP O TIZED MLV 7RI =R N TV
7z (Figureld). MIJE T, CPICBWVTEND
VI BFEHREN, SEANORIEAHRENE T Tk
(Figurelb). F7z, CP & MP DY b b HUT
HAND RV B, MP HEARICBWTHTLEAND b
IWIODNRENTED, AMEIIEZRL TV
(Figurelb). RV Z7 8T —1%, MP#IRICHIT T
BD MV IRT =R EN Tz (Figurele).
2R TIX, CP D 5 MP RIS H I THEAD
MV RN T Wiz (Figurele). NB & 3LB
BEU HBITHEAR TR MV I FEFED /NS
MBS N, MAEEE CPFHN D CP & MP
DOYIO b b L E TADFEEN, ZD%IEIE
DAHEENFE TN Tz (Figurele). L7

Table 2 Time of bar rotation.

NB 2LB 2HB 3LB

3HB Interaction Differences
(F value)

CpP 1.25+0.33 1.31+£0.38 1.30+0.38 1.41+0.32 1.48+0.48 1.22
0.45+0.08 0.52+0.08 0.55+0.09 0.60+0.09 0.61+0.08 2.41
Total 1.70+0.33 1.84+0.40 1.85+0.41 2.01+0.34 2.10+0.50 0.95

Time (s) MP

NB < 3LB/HB
LB <HB, NB <2LB/2HB < 3LB/HB
NB, 2LB/HB < 3LB/HB

<;P<0.05
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Table 3 Peak angular velocity during MP.
Interaction X
NB 2LB 2HB 3LB 3HB Differences
(F value)
2HB <2LB, 3HB <3LB
Bar 589.62 £ 69.68 499.16 +65.21 473.99 +58.80 427.73 +56.07 407.42+51.59 11.61 *
3LB <2LB <NB, 3HB <2HB <NB
2HB <2LB, 3HB <3LB
Upper trunk 525.15+£60.34 442.88 £57.61 425.51+52.12 380.10£51.65 364.55+46.32 4.64 *
3LB <2LB <NB, 3HB <2HB <NB
Pelvis 311.45+50.39 264.17 £52.07 262.32+40.80 230.91 £45.69 234.21 +46.96 0.14 3LB/HB < 2LB/HB <NB
Trunk FL/EX
R 39.09 +£20.33  40.73 +23.65 38.01+19.06 34.54+18.64 38.50+19.30 1.35 n.s.
(maximal value)
Peak
Trunk FL/EX
angular . -38.38 +£45.80 -49.09 £45.33 -42.62+45.55 -45.14+36.57 -40.30 +36.67 0.48 n.s.
. (minimal value)
velocity
Trunk L-LF/R-LF
(deg/s) "TuT 686+ 11.04 942+1530 8.67+17.06 8.62+1228 880+20.80  0.05 ns.
(maximal value)
Trunk L-LF/R-LF
L. -85.31 £52.87 -79.05+40.72 -71.12+41.48 -64.34+3541 -69.47+4391 1.80 n.s
(minimal value)
Trunk L-TW/R-TW
. 434.96 + 88.83 376.50 = 81.55 357.34 £99.43 337.28 +69.40 323.14 +94.27 0.18 3LB/HB <2LB/HB <NB
(maximal value)
Trunk L-TW/R-TW
L. -44.14 £35.15 -38.93 £30.79 -28.65+40.21 -39.41+35.05 -31.09+30.01 1.62 LB <HB
(minimal value)
FL: Flexion, EX: Extension
L-LF: Left lateral flexion, R-LF: Right lateral flexion
L-TW: Left twist, R-TW: Right twist
* <;P<0.05
—NB — 3LB - 3HB
a. Flexion-Extension d. Flexion-Extension
4 CP MP 4 CP MP
2 . 2
+: Flexion
0 0
-: Extension
2 -2
4 L L i ' -4 L L i '
b. Lateral Flexion e. Lateral Flexion
4 CP MP 4 CP MP
o)
g 2 , g 2
5 +: Left lateral flexion =
g < g 2
- ~= 520 —~
g . .
‘3 & -: Right lateral flexion s <
= -2 g -2
5]
<
-4 " " i . -4 " " i .
c. Twist f. Twist
4 CP MP 4 CP MP,
2 X 2
Left twist Z !
0 0
S
-: Right twist
-2 2
4 L L L s -4 L L L s
0 25 50 75 100 0 25 50 75 100

Normalized Time (%)

Figure 1 Ensemble averages of (a.) flexion-extension, (b.) lateral flexion and (c.) twist torque
and (d.) flexion-extension, (e.) lateral flexion and (f.) twist torque power of trunk in
NB, 3LB and 3HB.
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HENTWiz (Figurelf).

Table4 IC RfFFETHEHH LIzF T 1« 7 AZH

&, ARl sV o cp B XU MP,
it kL2 D CPIC IV TDFH LB-HB [EIC
NBH 5Nz,
MLB KD HEIC
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JEANOM
Tah

Jadh kL7 O CPIZ BT IE HB
CREDST: (F=4.64,P<0.05).

DKz F iz, K EAEEEO MV S T JEIM MLV ZOMPIZBWTIE3HBA LB KO H
Table 4 The kinetic variables during the bar twist.
NB 2LB 2HB 3LB jpp  meraction Differences
(F value)
CP 0.03+021 0.06+0.19 0.00£021 0.00%0.16 0.02+0.17  1.09 LB <HB
fL MP 030+022 028+023 029+024 023+0.22 034+025  4.90 * 3LB < 3HB
CP 036+0.18 039=0.19 040+022 037+021 038+022  0.04 ns.
X MP 030+021 036+0.16 030022 032+0.15 028+0.16  0.87 ns.
CP 0324025 035+023 039+0.28 033+021 035+028  7.66 * 2LB<2HB,3LB <3HB, NB <2HB < 3HB
Peak joint 7L MP 0.58+0.25 0.52+021 0.54+021 045+024 052+028  1.02 ns.
(;\TI:;/E; L CP 0.13£020 0.16=0.18 0.17+0.18 0.19£0.19 0.13£020 231 ns.
MP 032+025 035+£023 0.39+028 033+021 035+£028 041 ns.
Lrw CP 1.02+0.51 126£050 1.29+0.54 1.46+0.50 144052 026 NB < 2LB/HB < 3LB/HB
MP 2.11£033 221032 216035 228+033 229034 097 NB < 2LB/HB < 3LB/HB
R CP 026+0.13 032018 034021 038+020 0.41=025  0.77 NB < 2LB/HB, 3LB/HB
MP 0.08+0.15 0.06=0.19 0.08+0.18 0.01+0.16 0.06=0.17  0.99 n.s
""""""" B TP 0125013 0134010 0154016 0114008 0124011 0.5 g
Maximal ~ MP 0.2140.16 0.18+0.14 0.17+0.24 0.14+0.16 0.17+0.15  0.34 n.s
FL/EX CP -0.04 £ 0.03 -0.05+0.04 -0.06 £ 0.06 -0.04+0.03 -0.06+0.05  0.52 n.s
Minimal ~ MP -0.21+0.30 -0.28 £0.37 -0.23+0.29 -0.21 £0.20 -021+0.14  0.67 ns.
L-LF/R-LF CP  0.11£0.09 0.10=0.14 0.10£0.06 0.10=0.08 0.09+0.05  0.93 ns.
Peakjoint  Maximal MP 0224022 0.15+0.17 0.19£0.19 0.14=0.11 0.14+0.19 049 ns.
torque power
(Wikg) ~L-LER-LE CP -0.03:+003 -0.050.08 -0.05+0.05 -0.05+006 -0.05£0.03  0.04 ns.
Minimal ~ MP -0.60+0.45 -0.44 = 0.31 -0.48 £0.37 -0.36 £0.29 -0.42+0.34  0.87 ns.
L-TW/R-TW CP 0.14£0.10 0.16+0.14 022+022 020+0.17 024+026  2.17 ns.
Maximal ~ MP 4.11£1.06 3.94+0.89 3.78=1.10 3.84+0.85 3.68=0.85  0.61 n.s
L-TW/R-TW CP -127+1.26 -1.41+139 -1.35+1.27 -1.53+1.24 -127+ 107  0.95 ns
Minimal ~ MP -1.19+0.91 -1.21 = 1.01 -1.01 £ 1.10 -1.21 £0.98 -1.08+0.92  0.58 n.s
""""""" T TP 001 £ 0,01 1001 £0.01 0,01 £0.01 001 0.0 20.01£001 320 % TTTTTSE i TTTTY
Negative ~ MP -0.01 % 0.02 -0.02 £ 0.02 -0.02+0.02 -0.02£0.01 -0.02+0.02  0.33 ns.
FL/EX CP 0.02+0.02 0.03=0.03 0.04+0.03 0.04=0.03 0.04+0.03  1.09 n.s
Positive ~ MP  0.02+0.02 0.02+0.02 0.02=0.01 0.01+0.01 0.02+0.01  2.02 n.s
L-LF/R.LF CP  -0.00£0.00 -0.00 £ 0.01 -0.01+0.01 -0.01 £0.01 -0.01+0.01  0.87 ns.
Joint work ~ Negative  MP -0.05 £ 0.04 -0.05+ 0.04 -0.04 = 0.04 -0.05+0.04 -0.05+0.04  0.63 ns.
(J/kg) L-LF/R-LF CP 0.03+£0.01 0.02+0.02 0.03+0.02 0.03£0.02 0.03+£0.02  2.49 LB <HB
Positive ~ MP  0.02+0.02 0.02+0.02 0.02=0.02 0.02+0.02 0.02+0.02 021 ns.
L-TW/R-TW CP -0.17£0.14 -0.21 £0.16 -022+0.13 -0.24£0.15 -024+0.16  0.79 ns.
Negative ~ MP -0.08+0.11 -0.09 +0.15 -0.05+0.09 -0.08 £0.10 -0.07+0.08  1.91 ns.
L-TW/R-TW CP  0.04+£0.03 0.05+0.03 0.06=0.05 0.06+0.04 0.07+0.07  1.00 ns.
Positive ~ MP  0.68+0.21 0.79+0.21 0.78+020 0.84+025 0.81+022  0.53 NB < 2LB/HB, 3LB/HB

.............. R e AR
Peak pelvic torque (Nm/kg)

.......................... 33002 Lo 0 LT O LT T LTS 0 e S,
f:;kovfi:::;’: Trunk twist 0.13+2.53 7.84+2.58 6904322 6.88+2.13 6.09+163  1.86 ZLB/H;E;BEEB B
development

(Nm/s/kg) Pelvic torque 11.70 £ 7.13 12.16 + 6.66 12.06 + 8.59 10.97 + 6.02 11.20 + 8.01 0.05 n.s.

FL: Flexion, EX: Extension

L-LF: Left lateral flexion, R-LF: Right lateral flexion

L-TW: Left twist, R-TW: Right twist

*,<;P<0.05
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HEICRKED STz (F=8.05,P<0.05). KENOHH
VIO CPIZBNTIEVWINDOHB L LB KD
Al k&L (QLB/HB: F=7.52, 3LB/HB: F=15.31,
WINE P<0.05), BEOMKIIEVWERICK
Tz R LTz (F=591,P<0.05). END
g bV 7 IZCP, MP & B ICEEE—AV FD
BRIV REZMEZ/R LT (CP: F=9.32, MP:
F=4.23, WINE P<0.05. HNDIRHE ML 7 I
CP IZ ¥\ T 2LB/HB #5 & U 3LB/HB A NB & O
KEfEZR LUK (CP: F=5.48,P<0.05). kL7
NT—IZBNTE, WTIhOMICEERAEDE
BoNEh o EFEICBV TR, EihfdED
CPICBIFBADHEHICHBVTIE, ZAMEHDE
HHN LB A 3HB KD HRICKEZADEZR
Uiz (F=5.69,P<0.05). Fiz, flJfD CpiciiF
% IEDALFHIC IV TId LB-HB I B3 RN

5N, HBM LB & O KE&fiZ/R LTz (F=8.65,
P<0.05). RIEDOMPICEIFAAFHITHBNTIE
BEEE—A Y FMEICESENIED SN, NBH
2LB/HB $ X UF 3LB/3HB X D AEI/NE o T
(F=4.75, P < 0.05). ftho> ¥ LB-HB [ X UE
PE—AY MEHICHEEENRD NG -T2 &
HEME NIV 2 O CP BK T MP I % I KMl
LB-HB {35 K CEIEE— X > FRICHE AN E
HENEM o To. PREREE VY O RTD Ok
fHiZ, LBAHB X O HREICKEL, NB A 2LB/
HB 5K U 3LB/3HB KO HEICKEM -7z (LB-
HB : F=4.83, BT — A2 bR F=1339, P<
0.05). HHEEIfE kL7 O RTD O KflE LB-HB
MBXCEEE— A Y FICHREEDRD b Nix
otz

Figure2 IC, NB, 3LB, 3HB % 7z BR D /3
—0OkL, HEBXUTLTARANOEIHEDT
VYU TIWEE R U, EANDOME R T
13 (Figure2a), MPIC B W T LT HIAN K & 75 5#
FEMNAH SN, 3HB TRRRKZWHEIAA SN
Tz, Wi\ EH = TIE (Figure2b), MP H g
MHBBFMANKE GEFENA SN, 3HB TR
RRKEVHEHAN A SNz, ERADOES R TIX
(Figure2c), MP JF#CTIE A M, FEEDIEEIC
EAEANOEFENH SN, 3HB TRPAEW

—NB —3LB - 3HB

a. Lateral
8 CP MP
4+: Right
Oﬁv -------- S
S v
. ,’
4} -: Left N
N’
-8
b. Anterior-Posterior
8- CP MP
= 4t+: Forward
5 ~
e 2
£ 0
= -4} -: Backward

c. Vertical
8r CP MP
4+: Upward s
)
Ofe== wf

.....

-4} -: Downward

-8

0 25 50 75 100
Normalized Time (%)
Figure 2 Ensemble averages of (a.) lateral, (b.)

anterior-posterior and (c.) vertical
momentum of NB, 3LB and 3HB.

fEmNAH SNz,

Table5 IC/N— D Hi1%, EHBIXT L TAHM
NDOBEHBEORKMEZ E L DT EHEAND
HEIR T, CP, MP & £ IC2HB W 2LB & ©
EL3HBM3LB KW ARICAKE A ZERLE
(CP, 2LB/2HB: F=4.87, CP, 3LB/3HB: F=5.03, MP,
2LB/2HB: F=26.87, MP, 3LB/3HB: F=53.17, ¢
NEHP<0.05). £/z, CPTIE3HBANB KD
&, MPIZEEDIKE L& ICHEICK E 0iET)
| LT (CP,F=4.33, MP, F=8.25, W3 Nd P<
0.05). fi/FmAN\D#EHE T, CPICHBWVT HB
WLB & O HRICKE&EZ/R L7 (2LB/2HB:
F=17.90, 3LB/3HB: F=30.40, \"3°11 & P < 0.05).
F 7z, 2HB, 3HBA'NB K D & AR K&
FhEsERLE (F=7.81,P<0.05). MP CTld\ih
DN—RICBNTEHEEENALNED S T
B ANOET & T CP, MP & & IC HB A
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Table 5 Peak bar momentum during the bar twist.

Interaction

NB 2LB 2HB 3LB 3HB (F value) Differences
CP 1.32+0.82 1.36+0.94 1.73+1.19 1.47+0.89 2.11+1.32 3.81 * 2LB < 2HB, 3LB < 3HB, NB < 3HB
Left MP 3.46+1.79 3.46+1.46 550+1.68 3.71+£1.61 6.70+2.69 27.41 * 2LB<2HB, 3LB < 3HB, NB <2HB < 3HB
Right CP 1.16+0.63 1.16+0.74 1.63+0.95 1.06+0.61 1.98+1.00 18.85 * 2LB<2HB,3LB <3HB, NB <2HB, 3HB

MP 0.56+2.07 0.44+1.84 0.35+2.19 0.66+1.73 0.53+3.00 2.18 n.s.

CP 0.14+0.36 0.16+0.33 0.27+0.40 0.24+0.28 0.50+0.63  1.75

Peak bar Backward

LB <HB

MP 193+191 1.65+1.83 2.36+£2.26 2.03+1.99 3.16+3.02 4.26 * 2LB <2HB, 3LB <3HB
momentum
kem/ CP 1.08+0.65 0.95+0.38 1.38+0.86 1.02+0.45 1.52+0.76  3.53 * 2LB <2HB, 3LB <3HB
(kgm/s)  Forward
MP 1.83+1.45 225+1.53 1.99+£1.56 1.73+£0.87 2.05+1.50 1.51 n.s.
b d CP 1.12+0.69 1.33+0.68 1.90+1.32 1.47+0.93 2.45+1.49 1327 * 2LB<2HB, 3LB <3HB, NB <2HB, 3HB
ownwart
MP 1.67+0.96 1.70£0.84 226 +1.46 1.62+1.05 291 +1.50 21.83 * 2LB<2HB,3LB <3HB, NB <2HB, 3HB
U d CP 0.24+041 037+0.47 0.55+0.67 0.38+0.45 0.76 +0.98 545 * 2LB <2HB, 3LB <3HB
pwar

MP 2.12+1.35 1.89+1.41 2.83+£1.78 220+1.62 4.21 £2.51

1477 * 2LB <2HB, 3LB <3HB, NB <2HB, 3HB

LB XD AEICKZ&MZRL (CP: F=6.94, MP,
2LB/2HB: F=5.07, MP, 3LB/3HB: F=7.45, W3 N &
P<0.05). EEE—XAY  MNEOEEAITRDS
Nixhoiz. wiFHANOEFHRTIE CPIcHNT
HB A LB & D FEIC K E &% 7R L7z (2QLB/2HB:
F=7.39, MP, 3LB/3HB: F=6.49, \"3'11% P < 0.05).
CP, MP L BICEEET—A Y FMEOBAERZIZR
HoNEhote. FAMANDOMSE R TIECP,
MP & & ICHB AW LB K D HEICKE R MEZ R
L (CP, 2LB/2HB: F=8.97, CP, 3LB/3HB: F=24.25,
MP, 2LB/2HB: F=6.52, MP, 3LB/3HB: F=44.76, \»
ITNEP<0.05), 2HBB XU 3HBMWNB KD
BICRERMEZER LU (CP: F=8.12, MP: F=14.23,
WINE P<0.05). LFmAD#EE)R T CP,
MP L &ICHB A LB KD HEICKEREZRL
(CP, 2LB/2HB: F=5.18, CP, 3LB/3HB: F=6.56, MP,
2LB/2HB: F=10.02, MP, 3LB/3HB: F=28.86, \» 3 11
& P <0.05), MPIZHBWTDH2HB 5K U 3HB
MNB KO HRICKEAMEZR LU (F=11.97, P
<0.05).

v & &

AWFETIE, N—DHEHZWVIFET ZHAX
BloN—Z 0 eN—Y A X MBI KD F
KT A TR« FRIT 4 7 AR ZIAS T
T EZHMNE LT, AWMFLONN—7Z2/Fd %1

* <;P<0.05

H7H, 3R CAD ZHNWTNN—DEEE— A
v b EEH LU (Tablel). 2LB & 2HB, 3LB &
3HB 3 BB L ZFIEETHH, NB & 2LB/HB B
X U 3LB/HB DRICIEZ DEICEWD RIS H B
LEZOHNDG. Lieh->T, AWIFEOHMNE K
T3 ET, U= EE— A2 FIHWL
HODEDTH-TeEZOLNS. Xz, NN
BREORERMN S, ohre UTHRA Lo
Bt E 5.

MV BX T RIVI IR —DRERAT—ZH 5
(Figurelc, 1), /N—ODFATRROFIHZICHE T,
FRERICE 59 2/ - il sSCEEIAME LT
T EMREIND. TNHORZZIEIHWEN
—WCXoTEVHEZZENTH-IZE DD, FD
FEFERARIC B U TR L T WO e ARG TR,
EEE—A Y FOBRICE T, AEREE ML
AT 2 EFTRLEED, AUFZEOREIIE T D)
HELFTHEDTH > (Table 4). LB & HB
BT, R V7 BR T MV I ST -0k
K, EOEFEOVTIUCENTE, FREADE
HHENGEMN o T2H, R2EE VT DO RTD & LB A
HB XD HEICKED 57z (Tabled). LR L
X1, N—DN AR 1T SSCIEEIMNAET
%. SSCHEITIX, TiZERIC X 2HDOIEE(L>
(Bosco and Viitasalo, 1982; Ingen Schenau, 1984 ; &
KEA, 1991), [EFGHPEEZRIC BN S N % il
I x)VF—DIFE « T (Asmussen and Bonde-
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Petersen, 1974 ; @AM D, 1991) X I K-> T,
FREEINDZF 2T VADAKT B mBENT
W3, F/z, SSCHEBC K ZHEBDOREIXIEE)
O nREE S FIHE G A D R T 27T %
LI EN TV (Aura and Komi, 1986; Cavagna
et al., 1968; Ishikawa et al., 2006). LB & HB [l T
&, MPICHT B ARBIRIOADMEEICHBNT
LBA HB KO HRICKEMN -7 (Table3). L7z
Mo T, LBIX HBICLEENR, FEEFAGRERICE T S
KRR O B DOAEENKE L, ThbERKEG
RIEICE ST 50 - BOAZRMHEINTED,
SSCHEH DY RIT K - TE RTD DIEFIC B
Sk EHRING. &5, RIE MV D RID IF
EHEE—A Y FHDVNEWNB RS KEM -T2
(Tabled). T DRI L Tid, AREERDOIERRR
ETIEHSMNCT BT ENTERM D, &
BRI LTV R ETH B EEZDBNS.
Doz ehs, JEe—XY Fo¥EKIc - T,
R MV 7 3 KI5 &, LB & HB Tlt
B UEEICE, LB OJ5HRES RV O RTD B
KENT EARENTZ. BB, N—YA AT
N—DERZHRBBEIC R TXASTEehb5,
THDF 3T ¢ 7 A K> THBDEEES N, &
R UG, EIET— XY 2L, il
EOZIICK ST, FRMARICESZ 208 %
b5 2AREMD S 2 T LD, TR E#EZ B
X85 MJ)V7 (lino and Kojima, 2001) IZ DWW TR
B U7, ZOE, FBEITE MLV 7 ORKMER
ZORIDICENT, WINDN—DRICEHE
ZNRDENZN > Tz (Table 4). TDIT LMD,
AWFZETHWIZNN—TX, TR HZZ %
WEICHL, H0RN—IZX2ENIRNEEZ
5N%.

AR OJRHHHESSHED MV 7 REICELTE
Wil ZFHT25EDTH D, N—DiliEESIC
19 % ML IR EN TV (Figure 1a, 1b,
2a, 2b). 7z, TO VY OEKMEIEHB A
LB KO EREICKEM o7 (Table 4). (Kig{R5E
BT, 2450 LM T b 2 BRI EE L1
(Kumar et al., 2003; McGill, 1991 ; KALR « 40,
2009) OIEBI7ZF TR L, MEEF, B

E DRI P ORI L EICE T 2
G819 % (Kumar et al., 2003; Pope et al., 1986).
AW TIE NS DTGS2 Gt L ThRndy
HBMWLB KO MVIDKEN ST & EEET
%L, ARG 31T IR 228 X8 B HHD
WEIL REL o TV eiEREINS. DT
EM5, HBIFHEDHKIC K > THREDLREL H
WO DERT % T EIhnZ T, N\—0OfiEEH)IC
K5EEEA LB KO KELARD, ZRUHIT S
KEED MV RN REL ZD T LN I
o7z,

ARFFDIERN S, =V A XA TlE, N—D
EXH20EFHEEOHEAKICKOHEE—AY D
WRTZHTLICEST, RHEMVIMBERT S
EDHLEMN IR STz, Lo T, REBMEHCN
LTaMEREI T VG AICE, EBEE—
AV BRI TN=EHVE T EDHIT
HBHeEZSNS. £z, 2 M)V DRID I
HHEE—A Y FORE/NTVONB HREKEL,
LB & HBITIX LB KEN ST, 2D &M
5, BT REE MV RS E R EEH
FNC/S—Y A X+ 2 Nid 2 BICiE, EIEE— X
YV hONETRN—, HBEIVIFEEE—A FDOE
{EPNE S OZLICKKNT B 3—% 3 Z EHEH
MTHBEMREIND. —F, AT, /N—
O [al i S W EER 2 HlHd 5 7 dic, 1k
BORHHPESHEE Vo MV B F-HEESNT
Wiz, HB ZHWzRRII, (REpRiE B L o7 Hhg
KIBeedilc, N—ONEHEBNCHTT % /zHIC
OB I CHE VI LB KO AL T
We. LED-T, TNHED MV ZEREES
ETI, BEE—XAY OB EROE ICK
KT 2 N—ZHNEWETHEEEZLN
%, kB, KUIRICBWT, iRz D DR
b0 ICHFESN ML Y, MV IIRT
—i&, REBMEDOICHEINTZILIO NV
IR =R TNE WA 7Z 5 72 (Figurel).
Ngetal, (2002) &, EHZHBEMN 12 HICHBT 5%
RO vRaeg il - g, BXTREOH 11D
WTHETLTWRD, 12 %05 NV
7 OEEENNTND 100 Nm BB TWizT &
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EMELTVD. HREDKETERLIZE LT
&1 Nmkg ZHBA TS LHBITES., Thic
S UAWIZE O SEIE, ) RT—FL—=>
Z RN E L TV B B E cHB T &
M5, Ngetal (2002) ORE XD &JEH - (R
RIS BIF BRI KRENT EDHEES N
5. TNHDOTLEEET L E, AWIROMET
FEINE - HEBITIED bV 7 DK
i (Tabled) (IHEE SN2 RAMEEI MLV IC
ERTNENEDTH- e HEEREING. 514l
IN=YAANMIEKBFL—ZVINAILEST,
RiR720 ek, Jidh - ffESAEDOF T 1 7
AEZTBDD, HBVIEN—Y AL A MIBT
BRL—ZV I OAMRELTEETZNEZEDT
HBDOMRGET 2 ENH B, T3F, AL TH
W N—DEEE— AV ME, $58E (Radcliffe
and Farentinos, 2015), 7% 5 UNIEfT%E (kG E
M, 2017) THAININN—ZSEIHRE L.
A CHHENINN—DERDH DV E X O
Pz 2 T anicid, AW ORI R & Bk % nl[E
HhH 5.

V E 8

KWL, RHDIVIZESEBAIE 23—
FHWENA—Y A A MBI BEBOF T 1 7
A s FRRT 4 7 AN ZIASMNCT BT
Hiye Lz, i« U — ks L—= 7% el
ICHEHE L TV ARERAICHTIR T 2 B s
21 e MBI, REEEzHWTIT5 13— A1
A NEHEHBZVIFET DR S 5 KD/~ ]
WTHEMEYE, 30tF T4 7V ABXUTFEY
T 7 AL E Uz, ARIFZEO X7 kE R L
TOEOTH 5.

D N—OHEEHLIVIFEIOHEKICEST, K
WRIE NV 7 IEBR LTz,

2) HEEBAIGTAN—TIE, /N\—OEET)
KPS B A O h s KGRI bV o O
DEIEHARIEIZNN=EDKELE>TY
7z.

3) BRI N—TRE, RIEMNIOD

RTD (Rate of Torque Development) /HVE =7 14
RERFN—ITHRTREN S T2
INHDT &IF, N—=YVA A NETITA4L AL
VAL UTHWAED, AfEZEAZ% LT
AREMAZERT2EDTH 5.
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