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Abstract

Barbell squat is an important strength training to enhance muscle strength in
weightlifters. Previous studies investigated different techniques and loadings in barbell
squat; moreover, biomechanical evidences were proved in the sagittal plane. Besides,
the previous researches also documented that it induced greater joint power throughout
rebounding technique in bench press. However, the effect of rebounding technique
which influences biomechanics of lower extremities is still unknown in barbell squat.
Objectives-The purpose of this study was to estimate the full three-dimensional
biomechanical parameters of lower limbs during a barbell squat with different
techniques and loadings (60%, 70%, 80% of 1 RM). Methods-Thirteen male
weightlifters (age: 20.0+2 years old; body height: 170.7+6.8; body weight: 88.8+20 kgw)
from college weightlifting team members were recruited in this study. VICON motion
analysis system (VICON Motion System Ltd., UK) was used to collect the trajectories
of the reflective markers at 250 Hz. Two force plateforms (Kistler Instrumente AG,
Switzerland) were synchronized with the motion analysis system to collect ground
reaction forces and moments at 1000 Hz. Each subject was asked to perform the barbell
squat using different weights (60%, 70%, 80% of 1 RM) combined with different
rebounding skills (with/without rebounding). The paired-t test and repeated measure
ANOVA were be used to analyze the effects of different weights combined with
different techniques in biomechanical data during barbell squat. Results-The peak
anterior/compression/medial forces of ankle joint, the peak knee joint force toward
anterior direction, and peak hip joint force toward posterior direction were significantly
greater in barbell squat with rebounding comparing to the skill without rebounding. The
peak medial force of knee joint and peak anterior/lateral forces of hip joint were
increased with lifting weights in non-rebounding skill. There were peak
anterior/medial/compression forces of ankle joint, peak anterior and compression forces
of knee joint, and peak anterior/posterior/lateral/compression forces of hip joint

increasing by rebounding skill with lifting weights. The knee flexor moment was
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significantly increased with lifting weights both in rebounding and non-rebounding
skills. Conclusion- These results suggest that knee flexor play an important role for
generating power in barbell squat exercise. The adequate strength training is needed to

enhance muscle strength in lower limbs in weightlifters.

K eywor ds-Weightlifting, Squat, Rebounding skill, Join force, Joint Moment
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$oend B T E P H 3 50- 3002 5 > BSR4 LN E A

i%&ﬂ:b%&.(f‘]fi’_ﬁ o

Q.

Wretenbreg % (1996) % % % 57 > @& + H £ L v g 5o
fo & s vh Qe e E ot R R i B R ko
W a4 e BN E R SRR M A R RO 0
G BTN LEEE i T A N O SR I U

B

IR
3
A
ey
-
3
Rl
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¢
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v
e
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B v TR

H o R e gﬁﬂm{:&iﬁﬂoyf’l‘”ﬁ’é#g&pu% ﬁ‘ﬁ]ﬂ“—?{%ﬁ_'u
fc ¥ (eccentric contraction) > + F P & % & T ¥ (concentric

contraction)  # i d ¥ g v H AR R M & H ALK & S B M
E < I I+ A A £ I B S SR AN G ﬂ(ﬂﬁ;ﬁ i
S E o TR TR LB A TH Y BERE o R ER & E o
B R AHERTEBRBEMLY > BRI ELH g R T

Ao B R % s A AR M S A Y 60°-90° (Escamilla ®

T

, 1998 ; Wilk % ,1996) - Schoenfeld %, (2010) 5 & » % s
fort B oA E D R f F AR LR EER e ek e
S HRE P AR M S B M BB R R M S R
LIS IR QY = SHRE .S S A N S S

I

Bogo- BT chd F o BEE G v - BAR X ] o
oo e s @ B FF AR F R
£ > Kellis ¥ (2005)% 5 4 21 % ¢ & f f7 3 % % > ¥ 6 (v F
* o4 8 1.67£0.20 B F H 40 ) 3.21£0.29 @ h 4 £ o @ AL M

S
>
ra

B A rBRM S S E R §F I E G F 4 Attila
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% (2006)+ dp B B oAF g M E AL L K hE G FIFR
4 o Bentley #% (2010)32 % T H & % 2 1 & B ¥ F ¥ * 4 5
o A FE R AT HERY (e REA S LS
s 4 R AT HE LT R R L L R G R E
v R AP A T M R Lo BB K G F F
Ao M A P R PTZRAERHBRE R R R (fast

Cadence) 3 ™ H - # + # - § ~ ¢
TH B - ok R (slow

DA R

3

#
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SRR

LIS S

o
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oo e E B A R R/E R R e s PR
P RFE LT HEFEALE e B4 YR LA
)i

R T R 4

fod o BB T M B @ % 4 F ok &
kK s > P8R AP R ESF oGRS TG E
(Stevenson % , 2010) - ",% TOE_ b it B 4 A N 4 F e
4 AR O (box squat) @ dp T OH B O AW
P HFEF R FERAED DRI F %“—k-‘?r.l‘l'é‘ﬁi,}c,é

oo w3 MR 5 H F (box squat)® - 4 H £ (squat) >

KAPR:ABHERET NP RS e Frod 5 RF
@ % 4 > McBride % (2010)% % B 7 > B # o8 B £ 2 F
G g 4 R fe B ow K AR oo A VU R fhgE fv 2R A o o B
PE R T P HBayep Bt 2T BHRRPRAOF G A
- RAE &

pe

r‘rJ
Comfort % (2007)4p &1 » & & @ B H L - B H 7

WA E A E o op R MEHE LR RS NE R
PHOE S RARMREHE e PN R B p RehB iFT R
FHE A FEREAF R B - TG FR - RSEF

Tl B R T kR g REBA D REER TR LR

S N A N AN

MoA2-D ¥ 3-D A7 F R o F BUM & b b B Ax <
PP T OB i B A% F % B 3 X & % (Escamilla, Francisco,
Flesing, Barrentine, Welch, & Kayes, 2000)> & % % 2-D 2
IR VN B I AR G A S A

Wretenberg % (1996)# * 2-D = 7 & 4 wHE R ELHE
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P BB H B % B ¥ & B R X 146°% 125° % MO B % By W
E R K 126°% 138° LM & M & 4 &9 324(N-m)& 230(N-
m)~ B &K &4 e 139(N'm)&# 191(N-m) -

Escamilla & (200)f1 * % 3% % 5% 40.9 == 2 ~ ¢ 3 7 4
59.7 2 A H EH K 69.6 A kPt itd EEaHER T

s 0 F g 2-D ¥ 3-D A 5 e iR > B SR EE N i ¥ om A

ok

bt L B2 A 2-DAYF R EEENSEE LRI FHATY
105+9° ~ 5 103+13°; ¢ # % % 105+11°~ 104+13°; % # &
% 103+12°~ 106+12° & 3-D A 45 % M & & 4L M & B & & 2
SR M R 106+8° -~ 107+£10°; # # % 5 102+7° -~ 109+£8°; %
# R F 99+10° ~ 110+7° - B & 4 & ;N > B M & 52 F H %
272498(N -m) ~ % # % 305+80(N-m) > % B & % % # %
207+97(N-m)~ & % % 146+75(N-m): 3-D "% B & B &

B K K S573£179(N-m) >~ % # % 756+£235(N-m) - ¥ & & /8 4
PORFFTABFL AN TR E SRR

FHORAEPE S BN SRS R R A RN SR
P 2-Dff R R R RS R M s g

F 2-D & 3-D A oo d P E G HE e LR

S BB EHBE
WRAE S B R T RS BHRFHE R
THME S FRE . LR Rl R E S %

?ufﬁig&ﬁ,’ifig%g;,ﬁﬁsijﬁ/pagﬁg»};fﬁ?ggf’rw A

PP =

)

FOAHEEF R E L R A I B (leg press)® g B

2

\

#r @ % (Smith machine squat)> # + & £ ¢ ,'%g d o B L g B
i AR B D SV E e b s R R 4 (compress)
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S E R R - R AR kR A
¥ ok ERF R mER A AL RERR > LD
PR B 44 (Escamilla %, 2001 ;5 Schwanbeck %, 2009) -
MM BER NG KT EERME D RN R A
BSERE 0 FH R E GRS DIRRE o R o
TR H N L 3 F(PCL)E 4 AR FH T €T
B o

< By oW

M-
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P N R TE I SR N
3

B

-

Rooom e g R R R MO B 6 25°

=1
=
3

2o g E it B B L AR M S RY 60°
W E R BB S A X B AR PR o A R
Bopp ot 2 T o B e f JF e fngE s RN e E s R
# o] ik @ o Schwanbeck %, (2009)#F 4 4f & ©H £ fv ¢ % #f
B O A #H I 352N S B B N S SR
N S S A B Ol e s A T i V-
BN 3 - s B AR S T B T N L L A R
ken g oo H AR B OE LR o BT O 4 3 BB S BB YT

Jet

OB S B e R M OE W o B

)

W é&E R
HEEAREX A 2 BHE®S RPFD > T HRB DY -
% % @ ¥ & (first peak velocity)» £ B & I - B 40 ¥ & | {f

# B (minimum bar velocity) » £ “4c i F| % = § % & % A
(second peak velocity)  # # - B R w@® > 2 3 % & + B o 4

¥ B or o Low B > L o4t ¥ (acceleration phase)
i % ¥ (sticking region) ~ & = 4 € ¥ (maximum strength

region) # j& i& # (deceleration phase) > 7 ¥ 45 & # 8 § 42 ¢
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i kYR RESNESRY RS- BREESF AT
* ¥ hid & FlF - g XINERITREA G TRE PR
oot B~ v d &R M OE K ol B A IR A g Mk
# 1+ 2006) °

Miletello % (2009)3 % & 6 & £ @ o & & § T > § B ¥

B E Y Rty o D H I oA &'wﬁ—*{'fr*ﬁ = B o

Aow bt BREA O FERLKAR R DG P £
- SR R B P T NPT S U R N B T -
+’ﬂé%*?§ﬁ%iﬁkﬁfﬁmﬁﬂﬁiﬁﬁﬁﬁ
Ao bk EAE A F AV R G LG T R

FE S RRRBE SN A LG M
fl* BV RABRFAFEDER LR PR E

3
Ry

&
0
<

HERE R RHITF > o dELRFS L RDER > AERE
ks & L P W 7k (Hales %, 2009)c 82 X & % i 7§
I3 5 AEHE G P HESFRE Ao R A HOE
R H R BEHER LR ek RKEEELRSESN kR
w4 A AF ER o R HROHE B GRS DT

4 (2 %X Pz o 2001) -

AWy o0 AR L A o R A E - S e
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R AR BN ERHEELOHE S Y F T AE
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AR RBFE I PR ERT s A
2o %3 FERFEVRS E DL HEH G AR R
7 M (squat)® 1T o B Bk o1 N OB e oo 2 ¥ ¥ % 2 ¥
B AR TR RAFERRAATHEOCRE - ) B F e D
B mEE B RE AL G A
PR R A BRFFORIAFTRIFAFRFLI(CEEHE ) T F
LHreFmaiAEL G LI EBF R R OR Y
LR BREERD AL TR T2 KA oW o- E
i:‘%ii@—‘f-ﬁt?iigi’,l%#%ﬂ%uifaj""9;4: LS R - LG
N 3 N A
231 EREAATH
¥ % (cm) # £ (kg) #E £ 2 (kg)
60 % 70% 80 %
(IRM) (1RM) (IRM)
170.7 88.9 118.0 137.7 156.2
£6.8 £13.2 +13.3 +£13.0 +£13.7
¥ -8 R % ¥ B
- T RERFE
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EE 7 i 3

- ~VICON NEXUS 1.4.116 # it & 47 & %%

AP 7 % *VICON = @ 2 3 & %2 % (R 3.2) % @ &
i * VICON NEXUS # it & 47 % L (VICON NEXUS motion
analysis system, Oxford Metrics LID. UK)P ¥ @ 8 ¢ :F & £
TR o 1 250 A B H KB F ket 3 B Y OE R 2
# > & d VICON NEXUS % % # 48 (B 3.3) > & & #& % (label)
Ao B o2 A BB fr Bk F Ok 4R 2z (markers) o ™ JE B OF Sk ko A
S F R R E
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B 3.3 VICON NEXUS 5 % i 48

Sz aEB A F
~F 3 #% *KISTLER = & B + 4 (B 3.4),% %t (KISTLER

force plate, Type 9260AA6) > ™ # ) # F 1000 & %« # P % 3#

¥
il

S
-
-

*?ﬁﬁﬁéiﬁﬁ‘f‘\iﬁf%ﬂ*4?*%?%¢°%@§{&i‘ﬁ”ﬁﬁ
(A/D converter)® VICON & it A 7 & s & 7 F ¥ 5 F # fz
ot & A R K EHE S FEELE >V EHRH

CRE R EE A S IR EE I 3 R S 3
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r ~ £ % B H

or B OE OB LB EIWF) ;T o2 R T Y 4 & (20kg) &
P 2025~ 15~10~5~2.5 27 > 10 2 4 B - & & B %
- B(WM 3.7 8% BH)-

(b)
2 F H(a)i 5 (b)) & ¥

|k

B 3.7
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DA RHE R TEAY R R L Ta b2 23 W F %
SRR 2 5 BT o
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S A BRRDE B R R

L

Z(L-frame) &k =

i
N

&
A
F1#*L 4] # & & o z

Bt B(wand)E R B ESHLZRFFR > NHERERPZFL L
Vicon motion i % R L 4 B P o I 3 < 3F —g{ HoE (s o F N

B~ # P2 FR o R ME T REMRAY X F

T~ AR F ORI
WX E P ARMRIF kT2 B HE v A R 2R

N
~

—H R ko AR Y o B2 kK G 25 F ke
I~ EFERTFTHEIRE
XLREURINER S OREFLTHEFL LR EL

Ao~ BT R B
AE LB A BT3B AR EREF(60% - 70

% ~80% IRM)z @ # > FlE# F £ £ ~ > #F 4L EFXF > &
B YER R RN LE R EEFE £ R T
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A v 6 HER L X FF YR
# R e HRES R EBERERT BB 2 B ER TD
Sjg 2 2 F (R 3-3) FHEEK LT FHE3E A
o R L1 2A4c8 IRMZH® £33 %5+ B0 p 2 &
FHESE b R E RN > P E N s R
P EEE QL5 T e
% 3-3 B B & ¥ = R
£ 3 PR F ol

60%(1RM) | 2

70%(1RM) 3 4

80%(1RM) 5 6
~‘~?Fﬁﬁllf@;ﬁw>#r

ARG OA R AT O R  R M e 2 BRM e 2 MEE
BB &4 £ 84 @ B JEd R Ry b2 F kR
% 2z (marker) > # * VICON NEXUS % %t $it %8 - Jc & & m &
FEFTHE e F AR FAE Y E o LAENERERL
ok o F Sk zp #uE 11 Butterworth 6 A i X i@ jg A (low pass
filter)# F # T /F (smooth) > * i jg f& 3 o ¥ & F 4 £ 7
MG oE e 4 s 3B N E B F SR 8 R e

Al AR R FH L P AR BN M S
fob e AHPRTHRLIEFLUEN TR I EE LT HE
oo ik B2 A P B o M A P & (Euler angle)® ;3 E > R
BHe s R REXAE T ARG YR (y)-h B/ T (x7)-
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