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Effects of Elastic Resistance Training on Biomechanical Ability

in College Tackwondo Athletes
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Purpose: This study compared the effects of the elastic resistance and general training for college Taekwondo athletes, and investigated
the biomechanical ability and lower extremity function according to the movement speed of the knee joint.

Methods: Twenty university student Taekwondo athletes participated voluntarily in this study. The subjects performed general resistance
training for four weeks, followed by elastic resistance training for another four weeks. The biomechanical parameters during the fast and
slow isokinetic conditions, Y-balance ability, and vertical jump ability were measured three times: before training, after general resistance
training, and after elastic resistance training. Statistical analysis was performed under isokinetic conditions and the intervention effect.
Results: The biomechanical ability differed significantly between fast and slow isokinetic conditions (p < 0.05). An analysis of the training
method revealed a significant difference in the maximum knee extension speed and the posterior-lateral direction of the Y-balance test

(p<0.05).

Conclusion: Elastic resistance training had a more positive effect on the functional task performance than biomechanical factors related
to muscular strength compared to general resistance training. In addition, speed-related knee biomechanical information of subjects

with strong physical abilities could be utilized in sports physiotherapy.
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Figure 1. Standard training program and Elastic exercise program. A: Knees up, B: Front kick, C: Knees up 2 repetition, D: High knee running, E-1:
Knee to chest jump (ready position), E-2: Knee to chest jump.

X

il A e LA Bty

Figure 2. Measurement equipments. A-1: Isokinetic measurement (resting position), A-2: Isokinetic measurement, B-1: Vertical jump height test
(baseline position), B-2: Vertical jump height test (starting position), B-2: Vertical jump height test, C-1: Y-balance test, C-2: Y-balance test (start
position), C-3: Y-balance test (anterior), C-4: Y-balance test (posteromedial), C-5: Y-balance test (posterolateral).
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SRR LERuE:
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(Hamstring to quadriceps peak torque ratio:
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&I 270 W fOfRE Aol S LERH O (p <0.05) AR 7 A
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Table 1. General characteristics of subjects

Participants (n=20)

Age (years) 20.9+0.3
Height (cm) 1720+14
Weight (kg) 675124
BMI (kg/m?) 22.8+0.7
Level (degree) 3.7+0.8
Career (years) 9.4+39
Gender (M/F) 16/4

All values are presented as mean + standard deviation.
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Table 2. Comparison of isokinetic parameter and functional ability for each training program

o Angular Intervention
Isokinetic parameters -
velocity (%) Control (n=20) STP (h=18) EEP (n=16) p-value Post-hoc
PT (Nm): Flexion 10 105.68+22.12 105.70£2450  110.69+25.30 0.44
100 69.75+14.31 69.70+14.80 71.60+15.85 0.98
PT (Nm): Extension 10 170.88+38.29 155.09+34.04 157.71+41.81 0.65
100 56.08+10.81 62.50+12.75 61.15+13.90 0.02* STP> Control
TW (J): Flexion 10 124.08+25.73 123.37+30.41 131.10+30.13 0.05* EEP> Control
100 71.07+16.17 73.91+15.07 74.40£18.02 0.56
TW (J)): Extension 10 145.63+34.12 14524+2791  154.65+36.43 024
100 62.85+13.08 73.43£15.31 68.75+£16.11 0.06
AP (W): Flexion 10 60.90+15.39 59.09+£15.92 61.58+17.10 045
100 187.87+46.12 189.26+3790  197.38+44.08 0.17
AP (W): Extension 10 68.60+21.28 63.98+16.68 70.15+20.27 0.27
100 142.42+45.77 17422+4975 176.58+5524 0.05* EEP> Control, STP)> Control
HQ (%) 10 64.92+12.10 69.91+16.52 71.93+13.00 0.27
100 126.12+23.86 112.34+1543  119.07+£20.65 0.21
PV (deg/sec) 10 40.57+2.58 43.06+2.35 42.89+2.68 0.02* EEP> Control, STP)> Control
100 405.67+25.77 430.61+£2355 42894+26.82 0.02* EEP> Control, STP) Control
Functional ability
ANT 78.13+£13.35 73.28+7.19 73.83+£7.24 0.44
PM 102.39+14.86 98.24+7.70 105.50+10.99 0.04* EEP>STP
PL 102.32+9.95 93.72+9.64 107.39+£10.27 0.01* EEP> Control > STP
VJH 50.35+12.63 53.34+11.07 67.38+54.86 0.02~ EEP> Control, STP)> Control

STP: Standard training program, EEP: Elastic band exercise program, PT: Peak Torque, AT: Average Torque, TW: Total, work, AP: Average Power,
HQ%: Hamstring Quadriceps peak torque ratio, PV: Peak velocity, ANT. Anterior, PM: Posteromedial, PL: Posterolateral, VJH: Vertical jump height,

+SD: Standard deviation. 'p<0.05.

oz

5 QA AR A1 28 31 QL ThEk B Aol
I AT} EbY WES 2§35 TR0 Ao] S L) SEot k2 &
= z70o] ohsl 2 AAIetEI SRE S, Usk AR S 75
of choh ZAFSIGIE £ ATOIA WHE S5 2.2 el Fe) S
o 2.2 B FY FA0R AP LA S 2AL e
o Smo] 10mHIE 2 AT SES Hr) S 2 ARk 544
2A0 2 2RIk B S 27T 12 S o] thet )
39 5.2 S A0] ARelar wRAE L) £, 5 U
18 HQY, 3t} 455) B 501+ o] 2 Mgieh 1 A7) Fkof
o2 ARleek oA 5 B QBT AT e uE S 2
Aol thtat wlmsto] Qv A9} Fest ) A ERlolA]
37K 21T 4 9k TRLHER Abolo] 012k Aol ¢
ek £ oite] 2110] Auhi she] 7 5ol ekt )
7h o] sl b A Eato] vt At FAuH A S
shsick

136 www.kptjournal.org

o

o%

AT S0l el Lo} u|Tsto] o
5o B9} gl g
oz B 2R 54 &
553 314 goltk. 21|
o Bt o2l ols) 4% 7]
oA 2 243k glolt) o) Z7he 2

g m9] 94 TAH AR e
¢}

1
H1
N e
o
i
oo
=2

wo,
%

[e]

=~

=

7

=
Q. ol ey
S oR

%

X

N

i)

oY
e
o
2
o
tlo
rE

oF

>
)

1o ¢
o

2

Ir
)
o
h:)
20
e ot
=
iried
oft
flo
i

oz ©% o
oo
e,

o
Y

oy
B
il

[
-

moreore

o
o
£,
off
ol
Noofl £ do
ol

o
=)
i
H1
o A
of
N

o3
B

ofs
=

tu
1
o
o
2
)
ol
o
T
2
2
ol
1o
m]I
3
o
o
o
ofr
o
rlr
rl
)
)

i)
2
N
=
M
2
-
BN
1
N o
rl_-é
5 i
>
i
)
ne
i1
rlo
ne
off
o
[
X

=L
4
o
>
o
o
u
i
Hr
=
lo d
fu
oL
1o
i
T
=)
<
re
e r2
i)
i)
2
s

=

N
=~

flo n&
oy B
B g
I
i
hu
o
i
o
2 e
o,
o
Ir
r
ol
1B
ox
o
N

Al
=
El
o
2

e

N
=)
M
=2,

i)
2
N
=
o
D
o [o]
1o
) >
)
oN
B
1o
rlr of
ook
2
anj

ol
=
b
H1
lo
L
N

{

ue
o nﬁom ot 2
ﬁl@
)
Py
o

e
4

oA

2
o
ox
u)
o
5}
i,
39
i)
rir
pos)
tlo
rE
of
E)
B

N
rir
o
4>
L
u
)
ki
r>~
>
o
o,
o
=
gl
b
|
N
)
=

i

e
1o

c

ut

>
M go &
X
i
10 o
to o
o
I
N
il
iy
of
St
pol)
o
fru
o=
S
i)
e

e J
i)
®
o)
o,
)
ot
o
o
o
ol
ol
i
B
e
us

https://doi.org/10.18857/jkpt.2023.35.5.132



Effects of ER Training on Biomechanics

o e 0] Aol LehiA) gpokek 37ba 0.2 ARleetd
210] 31, ok AF, 193 QY S5 2J3 Kpol7h Lhehx) o
Sleh AT ATk B S 8% A SEL TGE 5L
A3 ke et vl mste] AHIeHE, 123 715 4
of o] H ik 12l ek o] 1 8-e A, 7)5 A
RO 2 ol AT 240 2 Eg) ALg =T QJek 1oLt e
A E2tat 22 o) Tz A3 71AE ol 83 HEA A T

ot

4
=
>
o
o,
B
odt
Mo
ol
flo o
)
of
2
-0,
2
odt
p
i)
z
>l>
QL
X
ry
i)

7Ie= 77171 S18h

2771 Lasto] ol

R
4mrlr%
i3
S b
%2
[FTIG (1)
o = T
Eé‘t:;u:
(LTSI
(]

e 2ol
R
= o
o
2o
oo
—n
N
N,
1o
ot
i
rlo
p

iy
|

He A7} 2] glol= A
A7 AREIgick B4 A
J A5 £9 L 2o Aao) 4
ot 7w s g Eck wheb
splel sl 22} T whsit

]_

lu E{o

195
5

B3
oo

g =

2 30

O Ny
xR

G

o~

<lo‘v —{n
rooft ox o

B o mo
XNoofn =
N
0-‘; o
[
g %P
ﬁ rlo
tlo

=2

By
1o

Mol o
r
Z
3
2
i

fr

°

N

o

l

i)
o
% H
K
tr
N
e

]

B
ol

7] izl &= Atolof 2o 7]

A oA SAdo ot Aol ¢l

_;;g]

=
f
1
i
j"ﬂ

1=

N2
Al

AU (¥

lo

f
5oz

5

o

¥

_\lr‘

|o
it
o
re
-
o
X
rlr
=
(=}
H
ot
Bl
at)
>
AN
o
froo
s
=S
o
el

Ho

= o

>~ F
Mo o Mo & 2 @

7o) 940 2 2|47 0 2 glUE o}

A AR 2 AH SA A 717l =
ko] vl A= foJ3t 2Rl 7F It
=

o &
(i,
=
N

ol
o
Mo o o

=2

st

TR
fr o
_:;l
s
)
ot
tlo
2
oo
ot
Mo
offl
pau)
= o
el
Ir o
ofr
2 %
y i)

olr er

=
Ml
ottt
oY,
>~
>,
=2
ol
An
r‘O
B
I
1)
N
I
o
odt
2,
=
[ =
[T o R

8o
]

Fol Sk V-2 AAbaTeh ek
S 7Y 28 mE gl dhel ) ABBAZ 7
WL 71 e AR} R 2

Zof| s AAH| ) ST HEE wole T2 Y

o
&E

fl

M o2
M W
o o =

e 1« N P T A O R« R T S o

Aol £28 we ) Fol Seo] Bzt o]

o Hu £ do (m

ol g

LG

off X

N

s 5

U=

ok ook

rp G

H

r o

% ('

-

ot

o

2 o

W

o 0%

of ol
T
T ST
2 fo x0 i 3
2 1o o i

9#
[
)
K
Ir
N
H
oS
o
u
N
Mo
i‘_‘-‘,
oE
4o
<
ol
N
oz
ri
rer
LU
o
mE
o

o
ok b 4] S A BAAEUSI/E Z7 kel ket A

ot
S

™
s}
rir
pau)
©
&
¥
il
:?g
i)
i)
-

o
)
o
Mo
offl
rlo
i)
i)
N
N
offl
ok

X
X
2
>
o
ot
1z
of
)
il
T
o=
>~
y
o
rir
pas
o,
20
off
2
-0,
2L
o
Mo
offl
HH D

https://doi.org/10.18857/jkpt.2023.35.5.132

=
SoAeke uhebd] 2 A7 At e A EA0 2 2E S whals)
5]

ot
°
o
rir
ol
oft

<
£
2
L
ot
4
o2
olr
J1E
1o
ool
o
2
N
ro,
%
E
>,
U
¢

W,
o
30
rlr
Mo
oft
r>~

o

H‘u_l
wr
X
i
20
Su)
LUR -

2

oo oy ok
=

ok

L
— =
Uk 2T ey 5 T Alololl 4] 717he Mg

I
=
T >

-
I
fu)
P
¢
EQ
[
offt
ne
ot
fu)
o
i
=2
L
ne,
=
Mo
i
RS
Mo
ol
[o

o] o]
SRR
=40l ez BAglo] v 2 5
whizoloick F4 ATolAE AIAA
7h80 2 mstel Zintel uhet Ak &

=
ne
=
(o
=
fuj
o)
H1
o
ofl
2
=
>~
K
2
40
I
1o
oZ

£y
~N

> oot

offf off X B gx o 2 M3 omx wn
ot
i r
]
I
2 X
[e]
i1
% et
o i &
f
>
09-_‘-“
i
%2,
i)
[
©
Jo
rir
(e
re

Eopyac)
44
e J
X

=

2
Jo
1o

>l$ r_?L: ol
-~
o,
~
<
®
%
N

o,
3
e}
o
X
il
o

my &
m,
oXx,
Mo
oft =
Ao
rL
tlo
N
)
)

2 oo
s
i)
fo
N
N
)
O,

e
)
|o
ffl

f
[2ad
i_x“
ofr

W,
|
N
RS
ki
)

L
%
o=

i
A
i
i
=2

> = rhr
s
oZ,
i_l“
5
_l (
3
N
i
A=)
QL
ofr
1%
-
=
ro
ox,
ol |
1
¥O0 ox &

tr
i
o
12a)
j’,ﬂ.
Q
[
it
i)
N
[ETR
4
_|_O“ e}
1o
~|
£ X
R
N
B
Irt
2
ol
EL
K

o
X
&
K
.

o
N
o
Mo
)

o]

o
2

21} 2] Yo 4] Wt

=
So] Teju} phelel 8 4 nck /1A 3] 8

ot
o
i
_\3
9
&l

=
finj

ol
ox
i)
re
1131([
K9
¥0,
o
o
=
ol
o
bas
inl

ACKNOWLEDGEMENTS

=13

=

filo

2 A= SR A Yk e At ] Ate] A
2 &4519)(2020R1CIC1012483).

REFERENCES

1. Frost DM, Beach TA, Callaghan JP et al. The influence of load and speed
on individuals' movement behavior. J Strength Cond Res. 2015;(29):2417-
25.

2. Lee DK, Kim YN. The effects of proprioceptive neuromuscular facilita-
tion lower extremity pattern on muscular strength and flexibility in an
aquatic environment. ] Kor Phys Ther. 2013;25(2):49-55.

3. Han KJ, Choi BK. Comparison of the surface electromyographic signal
of progressive resistance increase and progressive resistance decrease ex-
ercise. ] Kor Phys Ther. 2008;20(1):11-6.

4. Crewther B, Cronin J, Keogh J. Possible stimuli for strength and power
adaptation. ] Sports Med. 2005;(35):967-89.

5. Colado JC, Ranulfo M. Joaquin C et al. Effects of strength training with
variable elastic resistance across the lifespan: a systematic review. Cul-

www kptjournal.org 137



KPT The Journal of
Korean Physical Therapy

tura, Ciencia Y Deporte. 2020;15(44).

6. Spiering BA, Kraemer WJ, Anderson ] et al. Manipulation of resistance
exercise programme variables determines the responses of cellular and
molecular signalling pathways. Sports Med. 2008;38(7):527-40.

7. Kwak C, Kim YL, Lee SM. Effects of elastic-band resistance exercise on
balance, mobility and gait function, flexibility and fall efficacy in elderly
people. ] Phys Ther Sci. 2016;28(11):3189-96.

8. Suchomel TJ, Nimphius S, Bellon CR et al. The importance of muscular
strength: training considerations. ] Sports Med. 2018;(48):765-85.

9. Hammami R, Gene-Morales J, Abed F et al. An eight-weeks resistance
training programme with elastic band increases some performance-relat-
ed parameters in pubertal male volleyball players. Biol Sport. 2022;39(1):
219-26.

10. Page P, Ellenbecker TS. The scientific and clinical application of elastic
resistance, Scottsdale, Arizona, Human Kinetics, 2003.

11. Moglo KE, Shirazi-Adl A. Cruciate coupling and screw-home mecha-
nism in passive knee joint during extension-flexion. ] Biomech. 2005;
38(5):1075-83.

12. Aboodarda SJ, Page PA, Behm DG. Muscle activation comparisons be-
tween elastic and isoinertial resistance: a meta-analysis. Clin Biomech.
2016;39:52-61.

13. Lopes ], Machado AE Micheletti ] et al. Effects of training with elastic re-
sistance versus conventional resistance on muscular strength: a systematic
review and meta-analysis. SAGE Open Med. 2019;7:2050312119831116.

14. Mentiplay BE Banky M, Clark RA et al. Lower limb angular velocity
during walking at various speeds. Gait Posture. 2018;(65):190-6.

15. Grimmer M, Elshamanhory AA, Beckerle P. Human lower limb joint
biomechanics in daily life activities: a literature based requirement analy-
sis for anthropomorphic robot design. Front Robot AL 2020;7:13.

16. Mulligan EP, Weber MD, Reinking ME Competency revalidation study
of specialty practice in sports physical therapy. Int ] Sports Phys Ther.
2014;9(7):959.

17. Moreira P, Falco C, Menegaldo L et al. Are isokinetic leg torques and
kick velocity reliable predictors of competitive level in tackwondo ath-
letes? PLoS One. 2021;16(6):¢0235582.

18. Iglesias-Soler E, Farifias ], Mayo X et al. Comparison of different regres-
sion models to fit the force-velocity relationship of a knee extension ex-
ercise. Sports Biomech. 2019;18(2):174-89.

19. Yu C, Chang S. The isokinetic evaluation of knee extensors and flexors
in the normal subjects for those twenties. ] Kor Phys Ther. 2013;25(4):
167-73.

138 www kptjournal.org

Hyun Suk Yang, et al.

20. Shin Y, Yoon T. The short term effects of ankle strengthening emphasis
with jumping on strength, mechanical properties, and balance with and
without wearing high heel in ankle instability. ] Kor Phys Ther. 2019;
31(4):176-83.

21. Lee D, Kim G, Ha S et al. Correlation of the Y-balance test with lower-
limb strength of adult women. ] Phys Ther Sci. 2014;26(5):641-3.

22. Cramer JT, Housh TJ, Johnson G et al. Mechanomyographic amplitude
and mean power output during maximal, concentric, isokinetic muscle
actions. Muscle Nerve. 2000;23(12):1826-31.

23. Cramer J'T, Housh T}, Weir JP et al. Power output, mechanomyographic,
and electromyographic responses to maximal, concentric, isokinetic
muscle actions in men and women. ] Strength Cond Res. 2002;16(3):
399-408.

24. Kurdak SS, Ozgiinen K, Adas U et al. Analysis of isokinetic knee exten-
sion/flexion in male elite adolescent wrestlers. ] Sports Sci Med. 2005;
4(4):489-98.

25. Seger JY, Thorstensson A. Muscle strength and myoelectric activity in pre-
pubertal and adult males and females. Eur ] Appl Physiol Occup Physiol.
1994;69:81-7.

26. Webber SC, Porter MM. Reliability of ankle isometric, isotonic, and iso-
kinetic strength and power testing in older women. Phys Ther. 2010;
90(8):1165-75.

27. Vandewalle H, Peres G, Heller ] et al. Force-velocity relationship and
maximal power on a cycle ergometer. Eur ] Appl Physiol Occup Physiol.
19875(56):650-6.

28. Hewett TE, Myer GD, Zazulak BT. Hamstrings to quadriceps peak
torque ratios diverge between sexes with increasing isokinetic angular
velocity. ] Sci Med Sport. 2008;11(5):452-9.

29. Knapik JJ, Bauman CL, Jones BH et al. Preseason strength and flexibility
imbalances associated with athletic injuries in female collegiate athletes.
Am ] Sports Med. 1991;19(1):76-81.

30. Hewett TE, Myer GD, Ford KR. Decrease in neuromuscular control
about the knee with maturation in female athletes. ] Bone Jt Surg. 2004;
86(8):1601-8.

31. Purkayastha S, Cramer JT, Trowbridge CA et al. Surface electromyo-
graphic amplitude-to-work ratios during isokinetic and isotonic muscle
actions. ] Athl Train. 2006;41(3):314.

32. Aandahl HS, Von Heimburg E, Van den Tillaar R. Effect of postactiva-
tion potentiation induced by elastic resistance on kinematics and perfor-
mance in a roundhouse kick of trained martial arts practitioners. J
Strength Cond Res. 2018;32(4):990-6.

https://doi.org/10.18857/jkpt.2023.35.5.132



