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The Effects of an Hand, Leg and Back Load Vg Capacity
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Abstract

This study aims at investigating the effects upon cardio-respiratory functions such

as VOs, RER, Vg, HR caused by four types of external loading and without loading.

These measurements and analysis are made with the co-operation of 5 male and 5

female college students as subjects.

The results are as follows:

1. During treadmill exercises, All weights were sustained at the same level for 6
minutes, but HW loading was at maximum for 6 minutes to 10.5 minutes, the Ve
value sequence was LW, BW and NW, but after 10.5 minutes, LW was rapidly
increased and the resultant values are shown in the order of LW, HW, BW,

NW.
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2.. In maximum effort periods, male subjects showed maximum readings for LW of
164.031 and the other values were: HW(126.801), BW(112.101), NW(111.711). Female
subjects showed maximum readings for LW of 154.061, HW(124.561), BW(97.021) and
NW (96.73]).

3. The R2 of the regression line (above 80.484) was very consistent and showed a
significance level (p<0.05) of high validity as well.

4. In maximum. effort periods, comparative tests,- which had a significance level of
p<0.05, showed each weight / loading ratio as : male (0.0437) female (0.0367).

So the weight ratios were significantly different. NW(0.0390), HW(0.0001), BW(0.0330),
LW(0.0230) were significantly different between male and female subjects.
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ME ko] ST F7(Glycogen)o] +d AAzke] COx
H0& ’%‘”‘éé}‘ﬂ/“] ﬂ]‘—‘V]*E‘ gt 58S 3 HY %l feddte 80 BEHERL
F71gt. FAle] CO2 59 ﬁﬁi‘%ﬁﬂ A H 2L fEmEee] FAls 25 B o MK
e iRES Svle OFEe mhad 5
& &9 x| Yal oldl-Al /;}Q]ﬂ-(Adenosme triphosphate : ATP), z=@o}¥l gl4k
(Creatine phosphate : CP), J&lzZA %—O] 2 4sbe] A AHLatic acid)e] &AF o}.(/) R
=,1984 ; NHFEH199]) 223 HAEEFe] FolAW fhlkie]l WElE A Hol 289 MK
WwEe e ¢A =t} (Bulbulian %,1987 ; Hermansen, 1969).
AAY BF54Y $9E s 29, & BABFBHEMaximal oxygen uptake : VOo)
(ETHIES,1983 ; db)115-,1982 ; Garey$,1974) EMEMESRES o] o At 1elx
A Gl oJzte] s won olF a<lEe] EgEN vl Q%L +FY FH w
2} th2rc} (Astrand £,1964 ; Karlsson%,1975). & \’47{2] A7 dx T3 7o R
TEFE T2 A AT, AR ATPE 233 22 23z £ (Power)dl 9]t
AT AR A7e 2L AMEEEDHS %ﬁ( % ®iE, 7% %44 (Running
economy) & =9 &F& AV FAY S e TH, HEMEER ERER 534 U4
g A7} e Aeg 4# A gl (Costill$,1973 ; Dirix$,1988 ; Karlsson$,1975).
BAN EEEEAC] 72 AR K BEBRES $THF S8R FAEE ¥
N o] afHes Z7FEE Aoy dedx ¢l (Fox5,1973 ; Gaessers,1984).
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o aff el AR 5 A7t SEREE(Ve)A miAle 9%

Ay TEMFEL LESAL 27TV Slal =l FFOUY TS Hesw F
£ =

Hol FHAN Sgﬁbﬁﬁﬁ% & ﬂP’* o8 F/HE 5 deAld EHEH

e A <l
1Z0] dofdr)= _1_7} 4t} (Bruces,1974 ; Caltln‘§,1979 Graves%-,1988). = E%E’J
EAole A £5% ASA 42 0B} OFKE o S7EA, EASEFY Fel &
218 SAEE B S5 A sl EdsuFgus A& v 22 EHER, 5
Mg Ee] 2ouds mE ¥ LB o & J2E: BaFHd (Graves$,1987
Jacksons-,1973).

gdH 5 wshege] Frhel w}\?} % Ak F2r) FA3% Fkske AR me olg #HH
o] &it RH(Gas exchange)dll Hgo] dejite AAeNA ] BEEHES FALAA
(Anaerobic threshold)zt i 7&46?“ °U=1 A A oA BEHRES &5 T “}E} 2t
o7} gl 7o UdeiAch & Arm cranking £F Aol EHEE FAel vld #H4 EH)
=27 %] WEd 7}%%%——% A A v glek (Mcardles,1973).

RO R Ve 13 £ §719 3715E 2719 S Fa, Ve 18] ZFHTV) x &
o 3EFDA 8 2RH} ® &5 Follv Z8KY EFo] UMl wet AW AL S
o] Z7lstel, 22 dd ALAAKVY Fh 2F =He, 2FEE V)5 Fale] L3}
A =eh Vpe %%%oll Z7ksln W9 B9 sEe ke #4328l M &
W A9 45 Veopd] AM e Z7hel wlalich zelu Verl A & Hulgk srte]
o ol2ae ol Vool vlHskx| ¢3 F&3) Z7bshe whael, Veor AL Vst vl
dc}. B d7E Eald #, ], Sol 2L ARzt Veel ojujd o] YehteAE ¢
3 Edoldnt &% At 7lx AZE At st stk

v
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£ Fole AR At $74sA "ok 2HA 5L FEEA R
-11-:17'3]'—!«, GRS B 23], dEstawsl, a1 HEE 5o HU)E 8 .
F2] Zolet vixe) FrHAZ#7 S F71), sl BHeze 4ba &abst el s
*711—4 olAbgtet 4 gHike] ZrHHAIRFS F7bel oalA A=l KA F, 1992)
o Zoll 4] 7hamtel] P oF 2] 0 RS oA o] iAo o] AL et B WUl EEE
Eol oA o]FoAlch ALAE Aol B BU] falM e AaE 2t gle H71E AWl
Eo] wujol g} dirle EFEF 23 el Eeirlzdl, old slol E¥ARlE 379 4&
iR Eol et &rt.o] £217) A2 7)1 5H & Vel glch. o] 5.8 a§o) wdadeel 5o
7)o et AR o, #99] =7]& A d4-ekKtotal lung capacity)e|2} £l 2 W fell= A&

2
Jo,
N



OB Ok/W OB K

F3 1ol qlek Wl 187E AR st ey o] SR EE (minute
ventilation, Vp)2} 8o chos} e Aoz vebd 4= ek £, 1994).
Ve = TV X f (714 TV (Tidal Volume)i= 13] $h7]2k-s vhel o, f (Respiratory rate)i=
ZIHFNEE el
13 F71HTV)= 2 HNEMe] B9 2gr13un 94 AQxs) 39 = ] 3 ZFeka)
TEUEZL sttt $9 W)L v Sstths Aolnh. Awbd o b A TV 400-600
moli f = 10-183)/%-o]c7) %, 1992)

€ TR A A9 vl Zrlsliy A *H?*ol 70-85%¢ll sl 72
HARA o]23 2 o|Fole $EFEI} BHE 2 Wb} glod, f = EERET} o}
Aol w2k A48 FAAsA Hed, 38547 Brhe AS £5 2o £nE gz & we] 3
EAAEYE AE oy
BN TV AdiHe FFHLR FAle AL 2025 0]@, oxp= 1.5-201 7} it}
< U9 Aozt A ¢y 9—}’ 40-603)/% A%y} =) a8 w Ho) A A Hwko] wralw|
HANEFAH Ve @le] 4 80-120 { /min, oIl 60-80 { /minol] DA et EmET

ol

4 A¥E —BAEY Fo} "‘ZP7} 120-180 / /min, o}x}+= 100 ! /mine) ol&th EEAFe]
A% Verk & AL 3547k Akt afojs} gloma SHFHTVIO =27] wfgeln], 224

2 TV < 25351 A7} Ho¢r =, 1994)

TE Toll Vee F7bsled oA 538s 2o o8 sugs Aba-o] ofzt o)itsieis
o AR ko) widgoh aehd frlgke] Ho 2o Hgx 7}77}01011 2§ well=
i vk dn F48A Zo1eoh whel o) Algeks AL o)k vl Eet
tH7 &, 1992).

ER(T6)E 13]9) hr)ake $57 %ol vleste] Zr}shionl VOsmaxst 70-85%¢° s}l
A9 BEfEc]l E9ety 1% $E4E5) Eoldr Ag dAAY EE A7t st A
ol Adcks Yok wd ZFSE LEFEI) Zoldo] whal xj4ia) F7bshedl o s
aA vt Agr1RE $ER T Ao ulaste] Zrtg ] sdeletm o)

Fox and Mathews(1981)& ¥387]2te $2a= 28] o8 2o} T AHEE O 3 2y
A= COx¥st vlelEv], Ve waixiy} nlghaiziug o) vebdchs Ycolgel A4l
& &5 4] 130-180 //min 747] #Hgh7)eko] Zr}sle] ka4 of 5-6 [ /minel] B]f-3 o of
25-308) A= FrlEl3 9leS whgc).

Rowell(1965)2 #Fat7]eko] 120-150 1 o o2t #ola] el be)ol FolAl =4 Fe
Oz §He] &l w »wgch
A 51990y 1257 Edold e 3t A #r)2ke] Wi v 2o A¥YA 1246+
270 I /min °]l¥] Zo] E#e]y Fol 12.88+2.44 [/min® 2 HF 337% A Zr}sled
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o, Edo]YT-E 12454245 [ /minold 14.55+2.07 | /mine.2 16.87% A% o< o8
A %7} stdoka Yok

©](1990)%= Treadmillg o] &4 SE7+E 80% VOmmax2 19 1584 Fct} 37102 83
b Edold-& Fdtel Edoldre AS AHA 7.9711.08 I /mincA] Ede]d F 9.80+
143 [ /min®.2 k7t Zrs o), HoleEA o Hujghr]eke 122.84+13.64 [ /mino]4 129.28
+11.76 { /min & 2 5.24%7} $-2&A Zslstadcia o)
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1) NW (No weight) : JEEMZ AREIA 942 AMGEES 3o

2) HW (Hand weight) : & &#Z 2 - 5 T8 FFE AR 248 w3k

3) BW (Back weight) : 5 A2 3 - + ZA%E F¢ ol FF& AHY 2L ¢t

4) LW (Leg weight) : t}2] AMZ 3} - § & T AfR 2708 23}

5) RBP (Resting blood pressure) : S+ A] mM(mmHg)

6) VC(vital capacity) : fiiif&(@/min) : BAREHEA W F& F e TAFE

7) RHR (Resting heart rate) : 313 Al L& #(bpm)

8) VO, (Oxygen uptake) : BEWE(Vmin) : ¥ AT 4 & B HE

9 \'/'Og/kg (A unit of weight oxygen uptake) : ¢35} BEBIEMmYmin) : ¢ A

F% ¥ A + de BE BE

& E avE EEe oFd dY ¥2
& “RRES e

10) RER (Respiratory exchange ratio) : 353

11) HR (Heart rate) : .08 ¥(bpm)

12) MNW (Male no weight) : =}e] &AM

13) MHW (Male hand weight) : d#}2] & &5
14) MBW (Male back weight) : d=}e] 5 A7
15) MLW (Male leg weight) : 3=z}2] ob&] &7
16) FNW (Female no weight) : <=}9] &A%
17) FHW (Female hand weight) : o{=}¢] o+ %
18) FBW (Female back weight) : ojz}2] & A7
19) FLW (Female leg weight) : o=}¢} clg] &
20) TF (Test for lack of fit) : EAGIME: FrAAl it HF EEEHR] et ol



BOE OKR/W OB K

o] RZE 73
21) RT (Residual test) : Zx} 33 ol Wpo] f2ghola] Fghe wh of
22) ND (Normal distribution) : F74: $&3tEo] AFEEE ula Aokl sz
23) IV (Independent variable) : £ 4]: I} t}4=2] glzpEel o5 R&Eo] gli=

22k80]

S 2 AdRFEe] ME EgHog 3HE7H of
o
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1. R HR

2 979 W4 vlF The University of Kansas B]A14-3 Jd 72zt sedM oz & 109
o2 ¥}

AT W ADEL TFASE ste FHES Ao E AFAES AuT F YA @
2129, a2k 99 FolM wileg AFE, AT AFARE sl Za¢j(Random
sampling)2 A1#slgdom A7t AAA E4L <Tab. 1> 3} ).

Tab. 1. Characteristic of Subjects

Age Height Weight RBP VC Body fat RHR

(yrs) (cm) (kg) (mmHG)  (1/min) (%) (bpm)
Male 20.1 179.00 76.50 120/80 4770.0 23.00 64.0
SD 1.0 5.00 5.50 10/00 450.0 2:00 3.0
Female 20.5 172.00 63.33 120/80 4178.5 24.00 67.0
SD 10 2.00 3.00 0/00 320.0 2.00 2.0

* RBP : Resting Blood Pressure. VC : Vital Capacity.
RHR : Resting Heart Rate.
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Tab. 2. The instrument of test
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1249 AE
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& 1030)4F wlasle] Abr)el %

Instrument

Model

Company

ECG Monitoring System
Treadmill Control
Oxygen Analyer

Medical Gas Analyer(Co2)
Data System

Gas Tank

ECG Electrode

Parafilm

Alcohol Swab

Glove

Nose Clip

Mouth Piece

Spirometer

Stop Watch

Stethoscope

Mercury Sphygmanometer
Lange Skinfold Caliper
Body Load

Height Scale

Weight Scale

621 B

LB-1
LB-2
IBM
02:15.1% Co02:4.98%
NDM
M
B-D
NDM
”

”

”

14730xP

Quinton Instrument Co
”

”

”

Zenith

Linde Gas Co

Daton Co

Greenwich Co

Becton Dickinson Co
Dayton Co

”

”

Olathe Co

Quinton Instrument Co
I/4

”

Cienetific Industries Co
”

”

»
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2 ATE % A, el AW, 5 AMS AEE TA 9k O1 2402 o6, YekE F
= 271 3kge] H-3lZ <Tab.3> J} 7ol Maximum Bruce Treadmill test protocolZ =7
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&< #3814 1.2mphs}t 0% ZAbellA o 3370 7b Al Ak ohgel Aata £Xo) AR}
$E+ L7mph, AAte 10%2 Z719c) o] s} o2 ohe RE ghls 3% £ A4y
o, th& wAle 05 - 09 mph £52 Z7}sle Aale 2% 713t} Treadmill test:=
AAH oz o ol AXT 5 §1g d7x] AAse, HAES BUT 2] LE(Cool down)L
#18ted 1.7mph 459} 0%9] Al 4] 120bpm o]3}e] Alubr) & wjrbx] A=),

All oute] et Zxhxzl ¥ste] A8} (20mmHge] )t b3l Wtab4, Data systems)
71845 $A, A2 At 371 25bpm oAb, DasiAL AdFo] Auls) A o, LAz
< HetliAug FESAE Jebd o, 284z ¢ Pa Treadmill $5& 22 A 7ok

olei¥ FHE M 34 308He A IS Set-upAlFld, 2HA i 21° +
I° c2 §AA1719, $EE 55 + 5% $5& At}

Gas calibration Balance Nitrohen, Oz 15/1%, CO: 4.98%7} £§% 3 GasZ A4}
029} COz-Analyzer& ¥ % 3ic}.

#1Be) §-3254 ECG monitors F3le] Alwts wishg #abslr] $lsbe] gabate] sheo)
ECG electrodes ¥-21j7]1, HlAE T3 golu} £alelo) 213t noiseS H}A|3l7) $)sle]
Electrode®| Zwiell Surgical tape2 oAl matAzon], 24 vtz "ol djabate] A3 7|9t
< Data Systemedl] ¢J&3lo] BTPSA el 2 ¥ §)c}.

Traedmill 3535 A4 Hadel s ZHs)7] foto] $E 8 ARelo 98 AEoz
255 £ Data System$ AH8-31v] HFEIS} A4% ALE Gas BA7]) S o]Lste] SEZ =
2371 2(Ve)S o] 30z0bc} 24519}

Bﬁlo

5. ®H miE

& A7elx AAE 3HAA =E 8L The University of Kansase] National
Supercomputing Network(KUHUB)A}ell4] IMSL{(International Mathmatical and Statistical
Library) Software Packages& A}-4-3l] Data £4¢ sl EARHLE c}o3} 2o wyow
AA et

(D) 7z %3 =708 Ho] vz

@) A wE 74 33 FE7ke] AL e A A

(Simple regression analysis)

(3) A4 (Analysis of variable : ANOVA)S 94 2 Az AA
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Tab. 3. Maximum Bruce treadmill test protocol

Stage a Duration(min) Speed(mph) Grade(%)
Warm up 3 1.2 0
1 3 1.7 10.0
2 3 2.5 12.0
3 3 34 14.0
4 3 4.2 16.0
5 3 5.0 18.0
6 3 55 20.0
7 3 6.0 22.0
Cool down HR7} 120bpm ©]3} 1.2 0

* (FHILIFIES, 1986; OsnessS-, 1991)
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1.98HERR(Ve: B)

¥ A7 Veoll i3t #LE <Tab.d>s} <Fig.l>elld B= 6% 30272 NW7} 38.315
! /min, HW~} 39.318 [ /min, BW~} 37.833 { /min, 28] 3 LW~} 43.343 | /mino. & HW7} A
d E=GAT A9 2 $5L S8k 2y 7ERE] NWr} 40.438 [ /min, HW7} 54.265
[/min, BW7} 42.963 [ /min, z8]1 LW~} 48.905//mino& HW7} Ad E3 1 t}Lo]
LW7} £& Z712 rojon], BWS} NWE u]4§ 2712 wolch v} 103 3022 71Ho
2 #A 11%el:= NWr} 71.522 [ /min, HW-} 89.175 [ /min, BW~} 82.272 [ /min, 228]%
LW7} 92525 (/minZ 23]8) HWxtt LW7l o] &4 Z7}st7) Aaste] LW Maximal
exercisedl|A] F43] Friste AdlE vehvidoh. = BW NWE BW7L ohe £71 stiA=t
v 23k FECR Al FUtste 47HA] AR 2AFAA 7P 3A Jebdd



® OB k/@ & XK
Tab.4. Time series data of Vg
Time(min) MNW MHW MBW MLW FNW FHW HBW FLW
0.5 22.093 18.338 14.392 20.635 18995 18215  11.093 17.940
1.0 21.065 21.888 17932 19.323 22.050 20430 12.823 18.058
15 19.528 22222 20975 19.020 19.385 20420  14.523 17.535
2.0 19.815 23.960 22440 20.110 21.015 22.000 17.428 15.803
2.5 21.540 26.243 21613 22978 21.815 24975 19.6656 16.682
3.0 23.995 28.097 25938 25403 26.358 26.763  18.433 22.088
3.5 28.068 33.860 26.473 30.965 26.798 29.198  22.007 23.950
4.0 29930 35498 27.678 32268 28.700 29.333 23783 28475
4.5 31603 37.515 31.953 30.955 27.023 30.310 25.850 27.153
5.0 30.995 39.403 32.780 34.810 29935 33570 24.865 29.493
5.5 35.063 41.990 34493 38.685 31.288 35.335 32.118 30.090
6.0 37.188 45595 38.230 41410 31.873 37.183 31.983  32.743
6.5 38.3156 39.318 37.833 43.343 33.792 39.358 35912  34.928
7.0 40438 54.265 42693 48905 34.775 = 47.248  39.225 37.280
7.5 42.953 58.373 38.680 48.055 36995 51.838 42.398  39.410
8.0 45980 60.807 46.237 51.022 38465 54.273 46.798 41915
8.5 52.853 64.230 51.380 57.890 41.257 58.718 53.685 45.045
9.0 61.320 68.280 55.135 63.770 49.373 63903 55370 55.415
9.5 62.780 80.540 61.093 72.018 57.313 68.013 59965 61.660
10.0 63.380 83.290 71.418 77598 59.570 77.810 68.628  64.640
10.5 65.400 84.188 76.125 84.963 61.933 78903 71.195 70.900
11.0 71.522 89.175 82.272 92525 627768 81.790 74.963  81.980
115 77.368 97.185 89.640 102.140 71.303 88.083 82.055 94.750
12.0 83.450 102.457 98.898 115.528 79.017 95503 88.087  106.065
12,5 88.670 108.747 92283 121.673 89.117 100.577 95.787 115.790
13.0 94.950 117430 96.003 133.957 87.380 115.070 97.925 122.850
13.5 96.993 123.950 103.633 143.053 85.810 124560 96.890 135.780
14.0 100.247 129.225 103.735 156.445 88.130 97.020  154.060
14.5 105.063 126.800 112.100 164.030 96.730
15.0 107.890 -
15.5 111.705
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<Tab. 5>ollA] Wzbe] EH HE 4 A3E 29 @F B A8 43 MNW(O3.341),
MHW(93.116), MBW(83.658), MLW(87.487)%= 2.2 ‘}ehi} o} Egto ], o] [HEF Bl e
Sold AHME w% folsrte AE dodck 2w A AAE By A4
MNWe} MLWE wh&sht MHWSF MBWE b7t slofydeh. ik S3i4lelx e 25 o2 W
et

<Tab. 6>2] 28k Aol A EE Fkol dg F214 A M= Pvaluert 0052t 25 4
of frelstete A& & & AUt

Tab. 5. Simple regression analysis of Ve M)

MNW MHW MBW MLW
R2 93.341 93.116 83.658 87.487
P-value 0.0000 0.0000 0.0000 0.0000
Regression y = 4.513 y = 4.225 y = 1.888 y = -b.075
+ 6.352x o+ 7.886x + 6.934x% + 9.214x
TF P-value 0.0000 0.0000 0.0335 0.0000
ND N AN AN N
RV | IV AN AN AN AN
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Tab.6. Analysis of variance of VE

R? F-value Df  Coef(P-value - probjt|) TP
P(1) P2)

MNW 93.341 0.0000 115 B O( 3.275 - 0.0014) 0.0390

B 1( 39.798 - 0.0000)
MHW 93.116 0.0000 106 B O( 2528 - 0.0130) 0.0010

B 1( 37.507 - 0.0000) 0.0437(M)
MBW  83.658 0.0000 109 B O( 0.782 - 0.4359) 0.0330

B 1( 23.404 - 0.0000)
MLW  87.487 0.0000 108 B 0(-0.859 - 0.0658) 0.0230

B 1( 27.224 - 0.0000)
FNW  81.224 0.0000 103 B O( 3.586 - 0.0005) 0.0390

B 1( 20.903 - 0.0000)
FHW 91522 0.0000 97 B O( 2.634 - 0.0098) 0.0010

B 1( 32.025 - 0.0000) 0.0367(F)
FBW 90.577 0.000 102 B O( -0.903 - 0.3688) 0.0330

B 1( 31.003 - 0.0000)
FLW  80.484 0.0000 99 B O( -1.246 - 0.2157) 0.0230

B 1( 20.001 - 0.0000)

2. umER(Ve: %)

Veol o3t wizls Tab.4.9} Fig.2.o14 ¥ Treadmill £%5¢ Aatslz 6% 302717
NW7} 33.792 { /min, HW~} 39.358 / /min, BW7} 35.912 //min =2]3 LW~} 34.928 [ /min
2.2 HW7} 3 5566 [ /minell4] 22 3.446 [ /min7}#] ¥£71 shi=|qt 47V2] B fE ) A
| Bld 8 dehligdeh 2ed 78R 102725 NW, BW 283 LWE #)&g &
TE FASA FoHYA R, HWE ot 2 o2 Zslshs 2418 Jehyooh 103 302
£ 7IHeZ @A 118%ee NW7l 62.768 [ /min, HW7} 81.790 / /min Z18]31 BW7}
74.963 [ /min Z12]5. LW7} 81.980 //mino2 38 LW7} HWxt} =4 ehwA all
outA7RA FAEshe AFE vehiddeh 2 gl HWHond, BWS} NWE12% 302715

{o

~— 16_



& af kel A 5 AR SEBREE(Ve nAe 4%

£ #7143kt BW, NW £02 all out7t] 79 $34 el S $2 3o},

<Tab.7>el|4] z}8] EHMEE 47 274 29 EFERA AT 493 FHW(1.522),
FBW(90.577), FNW(81.224), FLW(80.484)¢ 2 2 e} o}F ¥9kw, o EEEKR g
AN AAAMME BT fofstchz Aoe Ak 2w A3 FAE 2 AFAAME =F
WS vpehgew], SRAL 2F o2k sleiyte}

<Tab.6>2| S#AHTANA EEFERA Y F94 AA M E Pvaluert 0.0508c} 25 2o

Felstohe AT ¢+ o

Tab. 7. Simple regression analysis of Ve F

FNW FHW FBW FLW
R2 81.224 91.522 90.577 80.484
P-value 0.0000 0.0000 0.0000 0.0000
Regression =y = 6.966 y = 4.214 y = -1.517 y = -3490
+ 5.254x + 6.981x + 6.826x + 7.536x
TF P-value 0.0001 0.0000 0.0003 0.0000
ND N N N N
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maxgte] HAe o) stk T AW B WK AadtE 2 VO, $Fo|U FERon
g 2w A} el XA A7) 0}—1— ArHAstrand =-,1968; Rasmussen £,1975). o]7l&
dao] s Folvt A EEFe FEo] ZA FHIAA devhe AE AL HIe A7
A xx2 FHE e F FA IFH ALFEe] el FEAle v&dichn A
(Miles%-,1989; Pendergasts,1979). £ o379} <Tab. 4>2} <Fig. 1> 6% 30x72]= A
o] #& 58 Ay TEFEHE a9 AelE vehlwA HW7F Ald 3 1 chgol
LW z2]5 BWe} NWx B4 AelE velidel z2v 108 3028 71doz & 118
o= LWy} HWxl o] =4 Z7}8)7] Azbsle]d LWE maximal exercisedd] F4A3] =7}3}
£ AEE Jvehdgde}l all outA] NWe 111.705 [ /mine]| 3 HW7} 126.800 ! /min, BW7}
112.100 { /min, z8]x LW7} 164.030 {/minc2 LW7} 712 =3 2 t}go] HW, 128w
NWe BWe v &g +55 vehido

<Tab. 4>8} <Fig.2>el|lA, ozt Ve 6¥7b2E 79 vl&g 28 Ao} 722
HW7t oha & 202 Zolshy] Altgcl 108 3025 7|¥ez 118%Ee 238 LW7L
HWarh =4 vebwda] FAests 23S vepbdigdo all out Ao NW= 96.730 | /min¢]
3 HWi 124.560 [ /min BW= 97.020 [ /min 28]3 LW+ 154.060 | /min®. 2 LW7} 7}3F
=9ty 1 thgo] HW, BW, NW#o 2 Jehgdr}.
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Pk A Vb 4% 9 25719 $9¢ odAshed AL dbte A¢ 2@ (Fox
22 <qlg VO, maxZ Fox(1976) 5-& w.ojxds4el A% 180! /mina}t 130!

- ;11_:_; , o)L kA Al 5~8 I/minel| vls] 25~30wiy} =& $£x]elc)h
Saltin(1967)5< ¢4 A 6 [ /minF E o4 100 ! /min ¥ 150 { /min7}A] Z7}=]e] Zwhzaql
A5 200 /mind] e]E2Ex A$E dddw 33, Ekblom(1970)& 219 !/mino®
Costill(1970)-2 165.1 [/mino® B35 Aol Blasiel B dfox= B.s] NWep BW=
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o}F & FFolt LW As] 2T £E7A chdsl FBMEES 2to] S Uehiilon
B.gAteldlE Flgh HolE vhehlglh o]ebe] $Eo 2 Qg Ve ti® Zrl= 3E9
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& 27} e
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