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Effects of Energy System Contribution on Isokinetic
Muscle Strength in Various Sport Events Athletes
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Abstract This study was conducted to compare the muscle strength, muscle power, and H/Q ratio according to energy
system contribution in athletes participating in various sports. Subjects of the study were assigned into an Anaerobic
Exercise Group (AEG, n=60; Short-Distance, Weight Lifting, Jumping, Throwing, Bowling, Golf) and an Endurance
Exercise Group (EEG, n=60; Modern Pentathlon, Field Hockey, Handball, Cycle, Boxing, Rowing) groups. Isokinetic
peak torque/body weight% and flexor/extensor ratio at 60, 180 deg/sec of knee extension and flexion were measured
using an cybex 770. Data analysis was conducted using an independent t-test and one-way ANOVA. Based on the
results of this study, there was higher extension, flexion strength and flexion power in the AEG than the EEG
(p<0.05). We also confirmed higher muscle strength and muscle power in short distance and jumping athletes than
other athletes participating in other events (p<0.05). However, there was no significant difference within the endurance
exercise group. The HS ratio was within a stable range of 50% to 60% in all events. Collectively, the outcomes of
this study indicate that routine physiological and performance testing can provide measurable benefits for elite athletes

and their coaches.
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d=3ld g UL SFATE B4 Bl SA4EeI A
EAE Aoz Uw AUzl peak torque-%/body

T4 5 A HAEG; Anaerobic Exercise Group) 6  weight® 523} 3130 skl gAY 3
FE60(HALANT 147, AEAS 147, Lo T AEYI(HQ HE)O] HES AE
W, FHAF 7Y, EYAF 7Y, S5 11‘31)3]' A
7F oYX 2 A5 ~45% o]AF BEALA diAhE] A7|E ) ) .
L; 13712 A o ol Ak iAhs) 271S Table 1. Classification of sport events according to
TP Fka %EZ“&(Endurance Exercise Group) energy contribution [14]
67 =& 60”3( 5EXF 119, =914 129 G Energy contribution
oup
A=BAE o, AAAMF 119, BA4F 117, 4 L
_ Short-Distance 90
A ) o= 733 93\2‘11, BE gF@AEAA AE Weight lifting 98
S} BAS MRS, AE geldel Hatol F AEG Jumping 9%
L (N=60) Throwing 97
o|NE Wi, A4 B B 2gas ok Sol o) B =
W BAS WA F BOING o} o] Bl Golr 52
- - Modern Pentathlon 5
Qe stelch ATt AR SHE FAL & et >
TR A9 AL Wt 174.1~183.0cm, A EEG Handball 10
y N=60 Cycl 21
71.7~98.7kg, AL 14.3~21.5%0] 7] PR (=60 e i
G AS NS Het 174.7~183.9cm, AT Rowing 40
68.2~81.0kg, AALEL 13.1~16.7%JoH AT
E‘}SL\% Table 29}‘ ZEI-]:]— 2 }EHEI
EEY EE AT PSS(Ver 22.0) AZZOHS
=AM 7= A
2.2 S84 =7Is BM olgste] Witw TEARE AEsgon, TAANG
“?‘%1@94 Al ’:17'9] &4 47]%‘% 74/\}01'7] ‘A 3 } A = o pa=sto 2 H
I Fakd JAzt Afolg 4SS }]Hﬁﬂ Tak+ t-test
& 554 <8 47|20 CSMi (Humac Co., U.S.A) (Independent t-test)S A5t om, 7} Fk o] 2=d
£ olgstgon, FAME FEAE] AELEE 60%sec SLolZ AZ=alo] o=l oo akr Al
2ol g ASst7] 93] LYW R4 (One-way ANOVA)
A ° S huRy; o) A A E
o A 53](9), 180°/secollA] 103] ()= A} 2 A8, 2o)7} oju] QA LR 7S Tukey W
Az A gk A Hoigh A Z353 A H-ES 8t WMo Aesle] AFEAZS S5ty RE Az ¥
1, 247k 34 4 3804 A4 el AR Al s ejrmre qmosz A
Table 2. The characteristics of subjects
Variable Height Weight Body fat
Group (Cm) (Kg) %) Age(yrs)
Short-Distance(n=14) 179.2+4.9 72.745.1 14.8+3.7 21.4+0.7
Weight lifting(n=14) 174.1+6.6 93.8+17.5 21.5+4.8 21.7+0.7
ABGN=60) Jumping(n=7) 183.0+3.5 71.7+4.0 14.3+3.4 21.9:0.6
Throwing(n=7) 182.7+4.7 98.7+12.7 21.5+5.9 21.6+0.9
Bowling(n=7) 174.6+4.9 73.8+7.6 19.6+2.6 21.6+0.8
Golf(n=11) 176.6+4.3 73.4+6.3 19.1+3.5 21.5+0.7
Modern Pentathlon(n=11) 178.1+4.8 69.33.7 13.8+2.0 21.7+0.9
Field hockey(n=12) 175.9+5.1 71.3+6.3 16.7+3.0 21.5+1.0
EEGEN=60) Handball(n=9) 178.245.4 78.9+6.8 16.3+4.7 21.6+1.3
Cycle(n=11) 174.7£7.4 70.2+11.9 14.9+2.5 21.5+0.8
Boxing(n=11) 175.4+7.2 68.2+11.3 13.1£2.8 21.8+1.0
Rowing(n=6) 183.9+5.4 81.0+7.9 14527 21.6+0.9

Means + SD, AEG: Anaerobic Exercise Group, EEG: Endurance Exercise Group.
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Ak fAE REEEY AYEASY 854 270l nXE ¥
3. A zD} (p=025), ¥ F5W PAEnE BAe A3 $4
A FE0] 236.7+32.8% 2 HEFTE 178.9+31.8%
3.1 50 wWE £ M2 FciZH M (p=001), FHEE 170.0£16.2% (p=001), S=F=
H|m 143.4£14.9% (p=.001), =ZE& 169.7429.1% (p=.001),
F2o| W2 PERd QEARETAIAD)Y] 2Ee EOFEE 199.1£17.2% (p=048)°] Hldl w2 0w 1}
AAVEE A3} Table 39 Tk BALA Auks SAb: 7 ERRTE e fakh S5 el S5 Aozt
9e Pd o Aouizd Ad Pae eggdel  WERM et
318.1455.8% % FAkh SEHT 294.7+32.6%°l 1] 3
oF 733% O 2 <3S 235 Aow Yeykon Table 4. Knee flexion muscle strength
(p=000), Fehdl F5 HAPANS 24 Av 54 Total | "'
_ Group Mean+SD Foval p-value
SAY FEo] 365.1241.6% = FHEE 291.1£38.9% value | B e
(p=013), EJZE 271.0£303% (p=.001), ZTZZE Short-Distance  |236.7+32.8" "
283.5441.6% (p=001)°] w8} ¥ slo® vhepyel Weight liting  |I789518 | 145 9,40
TRh AR R el FE dolrh vjehty ARG | duwhe | AT
. (N=60) Throwing 170.0+16.2" " | F-value
AT , ] 14743
Bowling 143.4+£14.9 p-value
Golf 169.7429.1" * 025”
Table 3. Knee extension muscle strength post-hoc : a > bedef/c>e Fovalue
-tost Modern Pentathlon | 173.2+23.3 12.8874#
Group Mean+SD Total p-value Field hockey 171.3£24.3
Fvalue | - 174.1424.3
EEG Handball 175.6+33.6
Short-Dist 365.1441.6"
or-istance (N=60) Cycle 18034160 | F-value
Weight lifting 325.9+50.9 - 0.203
318.1+55.8 Boxing 171.7£30.4
Jumpi 337.2450.5
(£E6GO) umping ol Rowing 171.7£19.6
= i * -value
Throwing 29112389 6.359" Values are Means + SD. *p<.05, * * p<.001, # F<.05
Bowling 271.0+30.3" " ’ ' AEG: a=Short-Distance, b=Weight lifting, c=Jumping, d=Throwing,
p-value = B s
Golf 283.54416" 006" e=Bowling, f=Golf
post-hoc : a > d,e,f
Modern Pentathlon| 303.2+25.3 F-value I
12.061% 3.3 =0 WE F& MXMZ ZcHumt] Ah
Field hockey 293.9+30.4
294.7+32.6 H|@
EEG Handball 290.3+31.9 =
(N=60) Cycle 299.9+24.6 | F-value T WE FEAE EHATFEHRIAD) Y] 95
0.374
Boxing | 289.4:478 AAFEE 23k Table 59 2eh Pk AEd fakk 4
Rowing __ | 2865395 e AW 7 Aduas ds Fia ol
Values are Means £ SD. *p<05, * * p<.001, # F<.05 ° -
YR =04 3l
AEG: a=Short-Distance, b=Weight lifting, c=Jumping, d=Throwing, 209.3+30.9%= ‘”‘/‘j—*" o é‘% 199.6+23 '8%01] H] OH
e=Bowling, f=Golf F 4.64% T & HE W dhs AoE YEpAwt &
AHel Aol veh 229tip=058). ek v F2
32 B=0 WE FE S22 AciZH Hof  d dAEAE 2AE AR S8 @A $50
H|m 240.8430.3% % GE=TE 202.6£23.4% (p=.002), F3
FEo| 2 FEud ArEY (2o ge o 2002£18.0% (p=01), =T 178.1£15.4%
ArVs A} Table 49+ 2t} EAbA Qekal Saka 2 (p=.001), ZEZFE 197.9+25.4% (p=.001)°] H]3)] =&
gs Ad 7k Ageag Ay 2As SEF o) Aoz yEhgth a8y fika 5w Helld F5
- = I o)o)
187.9+40.2% 2 $4F SEATH 174.10243%0] g B Ael7E HEREA gk
oF 735% H & ¥ U3she AR Yehgon
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Table 5. Knee extension muscle power

Table 6. Knee flexion muscle power

Total ttest Total ttest
Group Mean+SD p-value Group Mean+SD p-value
F-value F-value
F-value F-value
Short-Distance | 240.8+30.3" Short-Distance | 180.4+22.3" "
Weight lifting 202.6+23.4" | 209.3+30.9 Weight lifting 134.4£22.2" " | 141.4+30.8
AEG Jumping 217.7+25.1 AEG Jumping 146.8+10.3" "
(N=60) Throwing 200.2+18.0" F-value (N=60) Throwing 128.4+13.3" " | F-value
Bowling 17802154 | 7854 | o value Bowling 10354186 " | 17.760° | value
Golf 197.94254°" 058 Golf 129.6:21.1° " 013"
post-hoc : a > bdef/c>ce post-hoc : a > b,edef/b>/c>e
Modern Pentathlon | 209.4+21.7 F-value Modern Pentathlon | 138.0+24.8 F-Valu¢
Field hockey 196.0426.9 | 199.6+23.8 | 3-464 Field hockey 12445189 | 128.5825.0 | 2773
EEG Handball 187.6£19.9 EEG Handball 125.0+20.5
(N=60) Cycle 204.6+18.1 F-value (N=60) Cycle 125.4+40.1 F-value
Boxing 185.8+£20.5 2.644 Boxing 122.0£17.5 0.769
Rowing 215.8426.5 Rowing 137.4+17.6

Values are Means + SD. *p<.05, * * p<.001, # F<05
AEG: a=Short-Distance, b=Weight lifting, c=Jumping, d=Throwing,
e=Bowling, f=Golf

3.4 Z=20| ME FE =32 E|cioy] Yol
H|

Tl w2 FEE FREY2(AIAD) Y deE

AANEE A7} Table 69 2tk FAaka Jeba} faka 3

G A 3 A g As Bas EFidel

141.4£30.8%% k4 58T 12

A 8.5+25.0%0l H] 3|
ok 9.13% ¥ 2 78S ek Aow yehit
(p=013). F Ul T5E AXNAAE T4 A7 &4
GAE] FEo] 180.4+22.3%2 AEFE 134.44222%

(p=.001), 128.4+13.3 (p=001), ZHF=
103.5+18.6% (p=.001), ZZFEE 129.6+21.1% (p=.001),
TokEE 146.8+10.3% (p=.007)°l Hlal] =& Aog U}
Bt ey AR R dlelA FEE Apolvt

LR A e3gkth

Exz
FHEE

3.5 F20| WE FE AAEZZ / HENFS

ZHH|E(H/Q HI2)2| Hlw

FTEl whE FEUAY P1EYT dEAFE 2
o H&S Ak A ke Juat fila e
o 2B Aol YA e tthp=.092). W

2

ANATE B4 A S TAY T
65.0£9.1% % EFE 56.5+8.7% (p=.05)°] H|&l H&
°Z YEPGANF EREERRe] Aol YERA] gkoke

2
B it SEAE BANE F3W Aolt venin
e}

Values are Means + SD. *p<05, * * p<001, # F<.05
AEG: a=Short-Distance, b=Weight lifting, c=Jumping, d=Throwing,
e=Bowling, f=Golf
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Fig. 2. Muscle strength of Knee Joint by Energy
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