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Abstract

Lunge exercises were widely been used to strengthen the quadriceps and hamstrings
muscles, and co-activation of the quadriceps and hamstrings could affect stabilization of the
knee and movement. Therefore, identifying lunges that facilitate balanced activation of the
quadriceps and hamstrings might be beneficial in knee joint injury prevention and
stabilization of movement. Purpose: this study was to examine the co-activation of the
quadriceps and hamstrings during multiple planes of lunges. Methods: There were twelve
healthy collegiate individuals volunteered to participate in this study (age 20.7 £ 1.4 yrs,
height 174.6 = 3.9 cm, weight 68.8 + 8.5 kg). Surface EMG signals were collected by five
Delsys Trigno sensors at 1000 Hz. Sensors were placed on rectus femoris, vastus lateralis,
vastus medialis, biceps femoris, semitendinosus of the dominant leg. One-way ANOVA
with repeated measures was used to exam the differences in biomechanical parameters of
the lower limb muscle activations during multiple planes of lunges. Results: The muscle
co-activation ratios (Q:H) are calculated as mean quadriceps activation divided by mean
hamstring activations during movement. The quadriceps activation and knee extensor
moment of side lunge was greater than other two lunge exercises, the hamstrings activation

of reverse lunge during descending phase and ascending was greater than other two lunge,
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The Q:H ratios of reverse lunge was smaller than other two lunge exercises. Discussion: A
resulting Q:H ratio equal or close to 1.0 indicates a more balanced muscle activation. The
smaller Q:H ratio (close to 1.0) during descending phase of reverse lunge could be
peculated that reverse lunge was a more hamstring dominant exercise than other two lunge
exercises. A significant greater Q:H ratio of side lunges could indicate that a stronger
quadriceps muscle activation was existed and tended to lead to greater stresses on the knee

joints.

Key words: reverse lunges, electromyography, co-contraction
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BRIk LA | R R L%

FHD* L8k B ORHT

BHD* PATEEIRE R > 2 FHD &
fe— B-KTq

C7 % 7 & (7th cervical vertebrae)

T10 5312 % 10 & (10th thoracic vertebrae)

CLAV 4 ¥ (clavicle)

STRN 534 (sternum)

SHO* A 4% ¥ (Acromio-clavicular)

UPA* FRES gt eIt
2L

ELB* “k + 42 (lateral epicondyle of elbow)

MELB* r 4R (medial epicondyle of elbow)

FRA* R A dsigmey gk
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WRA* Bt gy
WRB* T Bk
FIN* % = ¥ % #g (head of third metacarpal)
RBAK + | A 7 ¥ (right scapula)
ASI* §2 o+ % (anterior superior iliac spine)
PSI* %% 18 + #= (posterior superior iliac
spine)
TRO* ~ #& = (Trochanter major)
THI* SRR SN Y b
W ogk
KNE* A 4R (lateral epicondyle of
femoral)
MKNE* i 42 (Medial epicondyle of
femoral)
TIB* LR R CH R v BRag AR
v gk
ANK* “t g (lateral malleolus)
Foenf L | fERIE R R
MANK* B (Medial malleolus)
TOE* % = g ¥ g8 (head of second
metatarsal)
HEE* ¥ (calcaneus)
MP1* % — mk ¥ (1st metatarsals)
MP5* % 7 gt ¥ (5th metatarsals)
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I~ AR TR

T 2o T Bl TR R 4 % 2O ek g (Vastus Lateralis, VL)
3% 2 v (Rectus Femoris, RF) ~ 7 p g3~ (Vastus Medialis, VM) ~ 3% = gg 3~ (Biceps

Femoris, BF) ~ L #=3+ (Semitendinosus, ST)(®] 3-10) -

$]3-10 ~ s~ ZERE =% B] (B~ p The ABC of EMG)

o EE
B B PR T R

=~ P S
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=~ 5 R (W 3-15)
BAPE A R R s E R 2L X B
HEEHR LA 2 R Y e B R EFAM DR (BEF SRR NI

R A L e R e Y AL A T

e P X PR AFRE PSR IRIPA R E 2 PARG A g iF o

AFERFTHAITA AL > B LIS K TS HheT o K BhFER Az &
FH AT 5
-~ ERFER
FU% 2GR Visual 3D i (78 4 B BB 6 A 5 5 ads (TA 0 AT

B (FR D EBME S Ae £8) 2 28 (B EER Md & A 3%

SR RIS S SR A
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BE & s pREF BT 2@ smeir s 0 & -
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15%7]3-16\5—53?;4%?7%5%%1%&@%&.&

Rknee angle X

22

ML AL E R G FE 4 SBE RRFEME A BRMEERS LR
PESTA D P B G R ET 4 R e e I e R 1 i
B a4 pant By 3 il d 4 B 2R FEY > k22 L% & o Dempster
A BB S-fic (Dempster, 1995) ~ Vicon #7118 B ELiE 6 B ffic~ 2 2 R4 HE AR
Pogokirr 4 2RSS E AR RHEMRRIE > EF LM E
4485 A Visual3D #df e > 2P E M & 54 EL T AeT

Ci =Iiai + Ce)i X (11(2)1)

n q p

Mproximal = z (Ci + Ri X Ai) + Z (Pi X Fa) + z Tk
é =

i=1 j= k=1
Ai=m(a+ ¢g)
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Ri = ri+ I'i+ ri—1

AN LG EREAEN HBEERFREE o 2 EER My RMRF

oo 2%EAcEAE SN LRsgrraas R ke q 5 b4 hikd S F, 0
4t B LA A AR p LA aEz #icE P Lh4 iER 13T

ML ® R 5 ERAURECTITAM S B 2R BT

HATE A (dot 6 F TEY 4 M S EE) g PE S R (Body
weight, B.W.) -
92.5 4
z
JP\ -~ f\ AN l'\ ) I\ f\ sy P,
\j | U 7 S V ¢ I ™~
-15.8 . ‘ !
0.0 g 22.0
B 3-17 M- 3845 5 B H2 hM & aE
g i

RFT G A AT AR B W] LfE H Hrenil B A s A e s AL vk e s ik o
gpoers & Loggies 1) Visual 3D & 7 FALA AT R TS E S it 20-450 Hz
(band pass filter) - £ &7 > B ngsr (full wave rectification) » # 1 £ 2 root
mean square 20 % #; T it (smoothing) T o K7 Dl F R L e
(average EMG) = a2 > 975 e EMG FAE M (TR Y SR Eit S B
(Peak task) % fafl i it o B ts %A L T g o RiBEF AT
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B 3-18 ~ H - g2 3 fidh Lovp % LW BF 5% 50~ RF 5%
B Pe~ ST 42 Zmgsv s VL Zehipsv~ VM 43 p s

CRES L
dr T B A e L g R o
(=) % Ffes
A9k B & swiE (quadriceps, Q) oy ¥ (hamstrings, H) st
(QH ratio) - 2 ¢ Q % VM- RF fv VL thigfr+ H 5 BF ~ ST e fe o 1t
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(RF + VL + VM)
(BF + ST)

Q: H ratio =

I8 RPEL
AFTY L SPSS20.0 k2 B OAHME F R4 o fI H F]F £ 47 E B R ds
+7 (One way ANOVA with repeated measures) % i % o > w5 45 5 $Poep 5 1L g2
FoBFLRERL VRIRP >0 PRALZFEIR e (BRI 1) 5 5% &
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I LR R B 4 B FERE A AN

WM
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AR SRR B L TR BTRASL DB AR EARTH ¥
S5 R FIUER G VULE AT B2 E L RME T S B &L 2 RE i

Prahdl2rEk ’égﬁﬁﬁﬁ’ﬁﬁﬁ?%égﬁw\@$‘%ﬁﬁﬁ
LB B R TR LAY o

% 4-1 ~ x;é—ﬁféﬂ\?—}i

k3 i
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BE (27) 68.8 8.5
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SN I TR R R s e
F 42 SR EpACER et 2 fE 5 R o T g 2 A g epiep R R o
BT > e FEehfpl s H o aE B+ (3232 £ 5.14% EMG) > ® 224 5 H
# (20.81+4.88% EMG) 2 ¥ £ £ (p<.05) 827kl 3 #2137 #4 (31.66+
340% EMG) A F AR > Rl HHsep Fiting B2 Rhadkd o @
b AP B R B S RE A (4219 + 4.33% EMG) > ¥ #2% 5
# % (3847 + 3.89% EMG) #AF £ £ (p<05) - |5 HiHpARArgiEs £
(3166 + 3.40) EAF A B > fevvp B X385 Hh > @ =5 HHh
gy e 5T (38.47~42.19) ¢ A T ) (20.81~32.32) o Bt L A A
THH s HHEE (3086£7.10)0 F 2R HAH (21.83+£844) A FLR
(p<.05) » 155 HHeeRA®H 5 %4 (2741 + 4.99) ERFLE > mocp Ei 1
«xgh s HH o P A Y B (35.25 + 9.21) Hwep Eib ks 5 H 4 (28.00
+723) 2 pl5 A (2727£7.99) ERFLE A Z 5 B At AP amp B

it (28.00~35.25) % ~ *+T g (21.83-30.86) -
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A N s L T L Rt

5 5 5 & &5 HH
L EgIUCR A L (EMG)
™ g 20.81 + 4.88%P 32.32+5.14 31.66 + 3.40
Ay 38.47 + 3.892 42.19 + 4.33 40.72 + 2.37
Bfg et E i (EMG)
= g 27.41 + 4.992 21.83+8.44>  30.86+7.10
R I 28.00 + 7.23P 27.27 + 7.99P 35.25+9.21

agpi AiHEHFFLE (p<.05)
beris #H2EFLE (p<05)

28 BMEIRIE

AL AREERR S BT (£ 43) HERBT AT HI RIS B W%

4 4F (1.583 £ 0.341 N-m/Kg) ¢ % ¥ <~ *tm 5 4 # (1.275 £ 0.167 N-m/Kg) » 82 2% # &
i85 %4 (1.324+£0194N-m/Kg) 8 F L 2 > 3 HH B4 B R|x om + 2

Wipl s % eni b4 4E (1636 £ 0.299 N-m/Kg) * &% + o5 5 4 (1447 + 0.236

N-m/Kg) £ {55 4 # (1.323+ 0.194 N-m/Kg) -

%43~ M EER B

K R R 5 % (65 4
B R B &R A B
(N-m/Kg)
g 3 1.275+0.167° 1.583 + 0.341 1.324 + 0.194
A 1.447+ 0.2367 1.636+ 0.299P 1.323+£ 0.194

aLps FHEHEFLE (p<.05
b ##4LHEFLL (p<.05
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Wi e AR FILT YIS H gt @ (1.09+0.37) Few 3 HH (0.77+0.16) 2

GHEHFLE (L7440.75)» £ 2 527 1.0 @ ¢ A Wi des T @4
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+0.75) > B4 RABITH 100 @ B3 HH BI M BH P BF o
3o A-4 ~ Vw BT RE LS URLR L L L
LER L GER L ERR
Row R BB IR (S UL L L
(Index)
T 4 0.77 + 0.16" 1.74 + 0.75*P 1.09 + 0.37
. I 1.45 + 0.34P 1.65 + 0.46P 1.21+0.27

agpiFHEHEFLLE (p<.05)
bgrs ##42FLAE (p<.05)
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