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Ryohei Hayashi', Takuya Yoshida® and Kiyonobu Kigoshi’: Effects of drop height and load on ground reaction
force and joint kinetics of the lower extremity during the drop clean. Japan J. Phys. Educ. Hlth. Sport Sci.

Abstract: The purpose of this study was to identify the characteristics of lower extremity joint kinetics during the
drop clean based on the plyometric theory. Twelve male track-and-field athletes performed the drop clean under 4
conditions. Kinematic and kinetic data were collected using a Vicon motion system (250 Hz) and force platforms
(1,000 Hz). The results of these analyses were as follows:

(1) The peak vertical ground reaction force, joint torque of the ankle joint, and torque power of the hip and
ankle joints during the drop clean were significantly greater than those during the hang power clean.

(2) During the drop clean, force development was achieved mainly by the hip joint during the descending phase
and by the ankle joint during the ascending phase.

(3) The joint torque of the ankle in the descending phase, and the joint torque and joint torque power in the
ascending phase were increased when the total mechanical energy was increased by the mass factor. The joint
torque and joint torque power of the ankle in the descending phase were increased when the total mechanical
energy was increased by the velocity factor.

(4) Even if the magnitude of the mechanical energy was the same, the vertical ground reaction force in the
descending phase during the velocity-type drop clean was larger than that during the mass-type drop clean. The
ground reaction force, joint torque of the hip, and joint torque power of the hip in the ascending phase during the

mass-type drop clean were larger than those during the velocity-type drop clean.

Key words : resistance training, power clean, weight training, plyometric training, drop jump
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Fig. 2 Four conditions of drop clean.
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Fig. 3 Typical example of vertical and horizontal ground reaction force (vGRF, hGRF), joint angular velocity, joint torque

and joint torque power during the drop clean (Drop clean B: 1.0 body weight, 0.25 m) and hang power clean.
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Table 1 Comparison of joint kinetics between hang power clean and drop clean.

Drop height (m)
0 0.2 0.3 Difference
(Hang power clean) (Drop clean) (Drop clean)
Ground reaction force 19.83 + 1.65 3491 + 2.59 35.66 + 2.59 0m<02m,0.3 m**
(N/kg)
Hip 2.45 £ 0.70 271 £ 0.72 2.68 + 0.83
Joint torque Knee 1.10 + 0.58 0.87 % 0.60 1.00 + 0.65
(Nm/kg)
Ankle 0.49 + 0.52 2.03 £ 0.49 227 + 0.64 0m<0.2m,0.3 m**
Hip 6.01 = 1.61 9.44 + 2.10 9.24 + 2.44 0m<0.2m,0.3 m**
Joint torque power
56 + 1. 81 + 1. 21 + 2.
(Wike) Knee 3.56 = 1.84 2.81 1.73 321 +£ 234
Ankle 1.10 + 1.47 8.58 £ 2.00 9.36 + 3.15 0m<0.2m,0.3 m**

INT— D AE (BRI : F = 28.81, P <0.01,
R D F = 6254, P<0.01) A, NIRRT
— 7 V=Y EHRUTHRICRENT LD 5
nr.

Table 2 1%, 4 FHO Ry 77U — Ikl
BN, MmO, JIEBX T3 B
IO MV 7 BX T NIV 78T — D KAEIC
THMEHLE DR R R Uz, T T T, S22
I 3R)VF—0DKE X% Kinetic Energy, JJF#AT
FIVF—T72 HERK 9™ % BE[K 7% Factor of Energy, JaiTil
7 Phase, PAHi% Joint & L C/rU7z. BERICDW
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RS 2 ERMICENT 1 ROZEAER R
STz, WK STDRAEIC DOV TIE 2 ROZZH.
ERAPRD LN, NFNT IV F—DREE X
TIEN T3V F— 72 T 2 BRI, ST
NVFE—DKEE XFMEM, NIV F—%
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MICBOTOR | ROLZEEADRD SN, B
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TeRE 2 FRER I B X O LR /i /2 TRL
Te. WMITZZIROMEZIT-> 2GR, 2 ToRu
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Table 2 The results of statistical on time, ground reaction force, impulse and joint kinetics in drop clean.

Time
F-value P-value P<0.05 P<0.01
Three-way interaction Kinetic Energy x Factor of Energy x Phase 4.31 0.061 n.s.
Two-way interaction Kinetic Energy x Factor of Energy 9.18 0.011 *
Kinetic Energy x Phase 1.58 0.230 ns.
Factor of Energy x Phase 0.45 0.514 ns
Ground reaction force
F-value P-value P<0.05 P<0.01
Three-way interaction Kinetic Energy x Factor of Energy x Phase 23.40 0.001 *
Simple interaction effect Kinetic Energy x Factor of Energy 7.33 0.004 *
Kinetic Energy x Phase 12.57 0.000 *
Factor of Energy x Phase 9.72 0.001 *
Impulse
F-value P-value P<0.05 P<0.01
Three-way interaction Kinetic Energy x Factor of Energy x Phase 0.19 0.675 n.s.
Two-way interaction Kinetic Energy x Factor of Energy 84.66 0.000 *
Kinetic Energy x Phase 1.84 0.201 n.s
Factor of Energy x Phase 1.44 0.245 ns
Descending phase
Joint torque F-value P-value P<0.05 P<0.01
Three-way interaction Kinetic Energy x Factor of Energy x Joint 0.28 0.757 n.s
Two-way interaction Kinetic Energy x Factor of Energy 0.23 0.640 n.s
Kinetic Energy x Joint 4.51 0.023 *
Factor of Energy x Joint 2.14 0.142 n.s.
Joint torque power F-value P-value P<0.05 P<0.01
Three-way interaction Kinetic Energy x Factor of Energy x Joint 0.65 0.532 n.s
Two-way interaction Kinetic Energy x Factor of Energy 8.66 0.013 *
Kinetic Energy x Joint 8.58 0.002 *
Factor of Energy x Joint 0.87 0.431 n.s
Ascending phase
Joint torque F-value P-value P<0.05 P<0.01
Three-way interaction Kinetic Energy x Factor of Energy x Joint 9.25 0.001 *
Simple interaction effect Kinetic Energy x Factor of Energy 15.86 0.001 *
Kinetic Energy x Joint 11.69 0.001 *
Factor of Energy x Joint 6.01 0.001 *
Joint torque power F-value P-value P<0.05 P<0.01
Three-way interaction Kinetic Energy x Factor of Energy x Joint 3.01 0.070 n.s.
Two-way interaction Kinetic Energy x Factor of Energy 19.09 0.001 *
Kinetic Energy x Joint 7.99 0.002 *
Factor of Energy x Joint 2.19 0.136 n.s.

Ho5NTz, TRREmMTIE Ry 77—y
Ray 77— A& LT, Fay 7oy
—YBA ROy 7 U—2DEHKLT, Ko
wITOU—=VBHA ROy T U= A LR L
T, TNENFREICRKZTVCT RSN (P
<00D. 7z, 4002 TOROYy S 71—
ICBWT, FEEEmmICHT 3K 1 AR
L THRICREVW T EMRED SN (P <
0.01). NI DOWTHMEMNROMEZIT> 72

MR OTPEREETE Ray 7 —rDMR RO
w7V =2 CEIRLTHERICKEL, Fo
wIO)—=VBA ROy ST )= A LKL
THERICRZEVWZ LR DENTZ (P <0.01).
TR Tl ] & 2 < F URERNRD 5N
fz (P <0.01).

Fig. 512i&, 4 O Raw 77U —> 0 R
JHHEIC BT BHE MV B XU NIV T 8T —Di
KAtz Uz, BEET L 27 O RAEIC 350 CHLRE
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Table 3 Comparison of time during the drop clean.

Time (s)
Descending phase Ascending phase
Drop clean A 0.206 + 0.053 0.299 +0.102
Drop clean B 0.279 +0.055 0.325+0.078
Drop clean C 0.231 +0.057 0.309 +0.105
Drop clean D 0.229 + 0.054 0.309 +0.088

ALL drop clean = Descending phase < Ascending phase*
ALL phase = Drop clean A < Drop clean C*,

Drop clean D < Drop clean B**

* P<0.05,** P<0.01

TRB L CLHELEZT- AR, BificD
WThBE, 2TORAY T 7)) =B TER
BIEI D IERIET B K ORI L i L TRE VT
LR LN (P<00D. i, Fav )y
J—VEIiCDOWTHS L, BHEficERay 7y
J—YBHFRay T 7)) —VA LHEBELTHE
k&L (P<00D), Fay77U—VDAHR
0y 70— CEHRLUTHREICREY (P <
0.01) TE&MNEBLNTz. B bV 78T — D
KAEIC B CHE - BT B K U2 E Lz
Tol-fER, BfiicOVWTHABRE, Fav Sy
U — AICBW TR 2 BT & b U T
BICKEL, Fay 70—y CclcBWTHE
A EEE & L THBEICRKRENT AR
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b5z (P<001). £z, Favy 7 70—/
KDOWVWTHBE, REETE Ry 77— A
MRy 7V —VB R LU THEICRKEL (P
<0.05), Fay77U—rDMHMRoay 7o) —
VCEHBUTHRICREWY (P<0.01) T&M
RHHNT.

Fig. 6 1Ci&, 4O Fay 7o) —>o |7
JRNC B 2 BIET L7 B X T RV T 8T —Dix
K7 R Uz, BAET BV 2 OFRKAEIC 5 T Hf
TRRBEICLEILE 21T 726ER, BfiflicD
WTHhdE, Ry 7 7U—rBECIKBWT
MEBEE, JERHET, MRBEEIOIEIC K Z VT EHFR
5N (P<0.01D), Fay 7V —=rDIZBWVT
RERAE 5 & O 2 BTSRRI & Lk U TR EICR
T EMROENTE (P<0.0D. Fay 7o
V=V DOWTHB &, REFiTE Ry 7o
V=Y CchRay 7=V ALl LUTERE
WKkEL, Fay 7 7V)—ryBhAkay 771
—YABXUDEHBRLTHREICKRENT EH
moHsntz (P<00D). BT ROy S
V—=YBA ROy 7 —V A LB LTHEE
KREVWT EDREDEN (P <0.01). BT~
VIR —DREAMEICE N THM IR L UZ
B ZTT > TR, BficoOVwTHz L, &
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100 * ik *% [ Mass B Velocity
80 -= KB (Small)---y--- KE (Large)--
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G 60 ) N ) |
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[a W) ml
20 w/ v
0
ALL Drop clean = Ascending phase < Descending phase Drop clean C Drop clean D
12 ek ek ) N ) N
m4
A ? 3%“’3 ha) v %
= h3) V' M
2% 6 v v
g4
— 3 Kinetic Energy (KE): KE1 = KE3, KE2 = KE4
Dropping Height: h3 <h1, h2 < hd
0 Dropping Velocity: v3 < v1, v2<vd
A ¢ B D B D

Drop clean

* £<0.05, *%; P<0.01

Fig. 4 Comparison of peak vertical ground reaction force during the drop clean.
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Descending phase
Hip Knee Ankle Hip Knee Ankle
3 . ¥k , . *% . O Mass W Velocity
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+ fol] e | ]
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—ﬁ L T J Dropping Height: h3 <h1, h2 < hd
S_J' -50 Dropping Velocity: v3 < v1, v2<v4
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* P<0.05, ** P<0.01

Fig. 5 Comparison of peak joint torque and joint torque power in Descending phase during the drop clean.
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VACIBRUTHERICKEL, Fay 77 1)—
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o ! w5 ok
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0
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* P<0.05, %% P<0.01

Fig. 6 Comparison of peak joint torque and joint torque power in Ascending phase during the drop clean.
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D LB LTHBEICREWT EMNRDLNT: (P
< 0.01).
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