
..
unn 2

..... .., ..... ~

If)ncr11I1D::~1\l1IlElfllnEl1'Uf)~

fl11Itl~f)U 'M1'lJfl~;HnllJ'Unl1'1hiillf1111J~;~'1 I';U nmfiu nl1~~ M;f)nm)fln

• ~ '" l' .J. ~ ~ 11 ~ • , 11~ 11 , ~ • • .... ~
nlMnllJ ltl1H1U IflIJ1'1'1UflUfl1l11J1Ufl!lIJH fln'lSfllla::ln1Jf)~ U1::flUMU11J1J!llJfltl!llflflIl1flnl1

~ 11~:" "11~" ".11Mflila::tl a1IJm'lJfl~fln11J1U6U Ul!l~1'I'l1l::111'ltaa'lJf)~fln11JIU61Jtl111J 191flTHlll (excitable cell)
• •

ua::ll11Jl1I1ri~nqjqj1tll''I'Hh (action potential) 'llfl11JThu,h~'1'lJfl~I'ltaa1tf l~flflil11JnjflMfI
~ ., ~ ~ .ol , ... • 11 ~".l'l! .. ~
,nil::m MlflflllHila::nl11fla flU M111'lUflH'1 'lJflUHfl11J fln11JIUflll~IU1IJUI1l'1JflU~11J1::

~';1MU'1~thflqj'Unl1111aIJU'I'llimultljj (chemical energy) 'H'I~U'I'ltimufla (mechanical
..... .....l.,tJ~ ~IIIIII. .....,. I .........

work) . 'lt~!l~tl1l1::flfluri1flqj'l'lm Mfln11JIUfl1J'ltllll1JU9I Unl1'1'1H1UllflflJlHflUflfl lI'Ufl'lJfl~
• •'11 .. ~ 11"

l'lta afln 11JIUfllla::1::UU'I'la~~1U'lJfl~fln11JIUfl

~ i 11 ~
'If\lVl"f)~I"'DDna11l1\lf) (Muscle fiber types)

11 ~ • , .. , ~ '11 ,~ '11 ~ ..
flll11J1U fl a1IJIIfI eeIIM~1Jtl111J1111J1111 Um 1Mf1f11 tlllfl flJlH fl UIIa:: I'lta afl n11J1U fl 1J

fl11';\1IU1I1a::llimi'l'H'1M1J l::111JnUMU'1~nl1';H1Ulla::nl1 H'I'lti~~ lU'lJfl~I'IIan 1I1nfll1

;;mtll1'ltllll1JtiA;;lfl'lll~1J1tiUfl111J1~1'Ufl11Mfl,j111a1~'rtUnl1Mfl,j1I1a::'ltllll1JuiinH
...... t:» I !II ... ..
'lS1Ifl1J IIU~I'ltnftfln11JIUflIUU 3 lI'UfI (Jay, 1994) tlfl

I. Type I ( slow twitching muscle fiber, slow oxidation muscle fiber)

2. Type II A (fast oxidation glycolytic muscle fiber)

3. Type II B (fast glycolytic muscle fiber)
.. ~ I Z ...... ..... 1 ..... ..1 , .J.

l'ltaftfln11JIUfl'lH 3 'lSUfl1J'llllll'1JUflllflflflHflU f14'1'1l1n'f1~ U f111Hfl 2.1



..
fll11UI 2.1 Motor unit characteristic (Jay, 1994)

Characteristic Musclefiber type

I IIA liB

Nomenclature S,SO,Red lntermediate:FGO Fast,FG,White

a- Motor neuronproperties

Cell body size Small Medium Large

Axon diameter Small Medium Large

Threshold for recruitment Small Moderate High

Conduction velocity Slow Fast Fast

Physiologic properties

Shorteningvelocity Slow Moderate Fast

Rate of force development Slow Moderate Fast

Absolute force output Low Moderate High

Resistance to fatigue High Moderate Low

Structure

Diameter Small Moderate Large

Z-line thickness Wide Moderate Narrow.
T tubulesurfacearea Small Large Large

Myosinlight-chain type Slow Fast Fast

Terminal cristernae surfacearea Small Moderate Large

Mitochondrial density High High Low

Aerobic capacity High High Low

Glycolytic capacity Low High High

Glycolytic content Low High High

Myoglobin content High High Low

Capillary density High High Low

Predominant enei-gy Aerobic Combination Anaerobic

6
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.. ,~ I ~ ~ .:... .. • J .. d

Q1MmH\1 2.1 tlltJ t1111'1tllnnnl~IUO~UflType I ~lllllfl~lllllH~lfl ~"Ulf1lllfl

d _ _: ~ ~y. "''' ~
~ mitochondria ~lfl ~ myoglobin ~lfl ~ glycogen f11 llfll1fllnlf1fl1'IJ111ll:;I~OlJnllJlfl 'It~

• •
';~H~f1lrtUfjlUtl~ufi"o~fll,H"Il;~~lUlltJtJ aerobic l'ltllftfl/il~1I7o~17" Type II B iiliillfl~l
J II .... 1/ .. .., .. d' ... ~,"

. IlllJ~UOlJ ~ mitochondria llll:: myoglobinUlllJ )J glycogensnn llfll1fll'H"fl11nllft::l~lllJnlt1

~llJ li'JUfjlUtl~Ufi"O~fll' l~Vln~~lUlltJtJ anaerobic

• •
l'ltnftfllil~I\JO~iifl Type II A iiliiofl~llr\lJUnfl ii mitochondria, myoglobin

_ ~ ~ d _ "''' ~ '" ~- lY. ~
lln::glycogen ~~ ~Ofll1fll'Hflfl1Inlln::~flm~OlJnllJlfl 'It~llJUfjlUtl~tJfl"O~fll' 'IJVln~~lU

•
,;~ aerobic lin:; anaerobic ;1~tlU

: I '" ...... ~~ :: • 11 ~~:
fllil~IUO lUllfln::~f1Q::~nflWlU::Htl~"MI'ltnnflnl~IUO'n~ 3 ~UfI tl1l'ltnnnnl~IUll

_ 1 d "I d· - ... «:» I _:: •
~u" f1~~lfl flnl~IUOflQ:;~fjlUn~tJfl"ll~I'ltnllflnl~IUOllU"UU'11flUOOfl~1 (Strauss, 1984)

'u' .1'.11
1l'lla~,..a~~1\l'llMnglJJ1\lU

•• •
flIi1~1I7OIi'JU01lJ1diiifl11~nl~1'n1Ufll' ltJalJ1~Vlnmulfliili'JU1'lnmUflll ,;11lflnfl

fll' Ifl~OU,H1"O~;NflllJ lufl2::tJ1U nun!m'ln~~lu"o~nlil~ldoJu l'ltllll"'lJnl~l'f1l~

nl'01'1l1,n!1~1'lftmulu,;uii 1l~i1fllHhfitlJlufll,n!HVlftmUflO ATP (adenosine

• ~ ," " ~ ~. '" u • ,_1':triphosphate) 'It~ 'IQlnfl2:;tJ1Ufll,n'HVlM~lU 'It~lltJ~ltJU 2 '::tJtJfI~flO lJU

nl'1'lftH1U ATP ~1~tJodlufllil~ldo nllllJi1MVlftmU~~n/il~ldOlh'tJl~unu

'Ilfl.h flltJlu 11Ulii thU ATP 'Ilft~tlftltJilli'Ju ADP (adenosine diphosphate) fi'~J\llrto
• •

ATP (InHH~f1, tJnlil~I\JOljfl\!UQ:: H~f1nfll1'lfll'';H1\l flOH~f111HHfli1~ll 'tJ'IJ'If i~lh

'" ...:.. .1''' .I 1 i :» I.. .,,,. ',1- 1
IlJ\llllJl~tJ~'nQ:;Jlll~nn~nl' ATP "\l~1 H~ flnl~IUOQ~Q:;nl~l'f1'nHl\l "fill uen flU

nfHQln

1.1 reuu phosphagen ':;tJtJd'm::,hlu sarcoplasm"ll~llJfl/il~ldll l~
~ . .

Vln~~l\lQlnnl' creatinephosphate (CP) 'It~tJ;~llU"O~ CP lun/il~njllii~lnfll1 ATP fi~\!\l

"!'I ,.... .s ,"" ......1 • J ..AI- ...
CP Q~llJUllHM1'lllHl\l"UU~fllll\lO~-lIln ATP Vlll~~1\l'nlflflQlflfl2::tJ1UflU\l Q:;~lJgn1lJl
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In'l~uno~f1f~;j'l9iotlU flo CP ll'lMi1riOU hf phosphate IlItl;~lh1,rADP 11lJ9i'1tlU

phosphate flnl/JI~U ATP 1;/Jfll1 Coupled reaction (Fox. 1984) "f19i'1,.rbilnU 30 1Ul\; 9i~

lln'l~1ul~UflnTM'u~ I lU~ 2.1 fllUr!H ATP sm CP llnfl~nlJfl11'~9i~rl'

Phosphagen system

(CP)

ADP+Pi ~ ATP (30 seconds)

. • JI4I'- ..t
1.2. Lactic ACId system (LA system) nU'lU'lOfill glycogen lfl'lTl sarcoplasm

• • •
'IlM1/JflA'llJlilO 1::uuiinllJl111rt!H ATP 'A',::"iH 30-901Ulfi llrrfl~1ul~UflmMu\; 2

lU~ 2.1 lln::ldlll'u;mU\jflH"lJfI'U l~uflnrlv::nfl~lnniu\; lln::jjHnHiiflli\f1~uflllLactic
•

acid llrt'l~rtlJfl11'~9i~ii

Glycogen I mol. ~ Glucose 2 mols, + Lactic acid + Energy

ADP + Pi ~ ATP 30-90 seconds

2. fl1::U1Ufl11rt!HTIl;~~lUlfl/JlllK/JllllflajjIVU (aerobic metabolism) d'1fl11"'l9i'1

l' .: ~ • - • "_1 - _ .. .l '_I l' .. 11 1 . 11 ~
'IlMflnllJIUll/J~f1l1UUflll IllflU 90 1Ulfl '\lU Illl111 ATP Tlrtn~ "lJV::"ll~lllfl/J aerobic

.I • 1 ... .... ..t
system 'It~fI1 fI/Jlllfl/J Oxygen + Carbohydrate "'ll Oxygen + Fat "'ll Oxygen + Protein TllJl

•
tlUliillfllfl/JV::llflfl9i'11,rwnmu 1u mitochondria llA'1wnmuuu\jmh'urr!H ATP 1,,1i lin::

Iill~ul1ll~ll1K/J Kreb 's cycle lin:: electron transport system "ill Phosphorylation system (Struss,

1 ~ ..1 ~.. _I" .I": ~ .l .. • ~ .l
1984) llrtfl~ UlnUflnnlnUTI 3 lIlTl 2.1 'It~11lJ'l1U'\lU '\l1ll::Tlfl11llllflfl1n~fll(lU1U'\lUllrtfl~.. . ~ ,~]I .: . ..;,.. ']I~ .r
1l~fl11 rt~'I'tnH1U "fll1llJIUllll/JHflOl1lll~lln::ITl/J~Tllllln:: IIrtfl~rtlJfl11 tlfl~U

Carbohydrate

Fat ~ CO, + 8,0 + Energy

Protein ADP+Pi ~ ATP

Lung ~ Oxygen

AcrobicATP I mol. glucose ~ 38 ATP

2 mol. FFA ~ 147 ATP

Aminoacid ~ Pyruvic acid ~ ATP



'" _~. ~. ~ ~ I • ., ..
'I1~nl1l1HIlU'lJtJn1lJtJfjlllnlltJ9I~()n'l1l~~lUmmJl'lHJlI9I1l~'IIU91 U 911'N'll 2.2

9

.. 2'AnN'll ._ _I".!!!" "'- I'" ~ ~ I .-

lU' IJtJI'lllJtJfjlllnlltJ9I~IHIl»ll~flll~~lU ~ ()~flnl1l1U ()1l9l11~'IIU" (Fox and

Mathew, 1984)

ATP-PC System LA System OxygenSystem

Anaerobic Anaerobic Aerobic

Very rapid Rapid Slow

Chemical fuel : PC Food fuel: Glycogen Food fuel :Glucose

: Fat: Protein

Very limitedATP production LimitedATP production Unlimited ATP production

Muscularstores limited By product, Lacticacid No fatigue by product

causedmusclefatigue

Usedwith sprint or any Usedwith activities of Usedwith endurance

high powershort duration 1-3 minutes or long duration .
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7 I............... tl- Short-term eDelllY system

I l/': LonE-term enelllY system
r-, Glycolysis

~V (Aerobic)
1'0-....:

r7 I I

~~
immediate energy system

(ATP-CP)
CJ

"'10. 30. 2 min

Exercise duradoD

Smin

i 1.l fl1' llllflf'hn~ fl11J M; IIIn1.lii1'l'1 IIfln:;'lfijfI 0:;jjti0flmJI~1l1l~hM lJ11J~1191 fl flHfl1.l
•

ll~flth:; fllllJT'I'~n'!H11.lllf1.l1IJflK1lJn7aun:;':;lJlJfl1,1'l1wn~~l1.l IilllJ;ill~119IflflH fl1.l;i-lIJ
, .

ti~lt.lii 2,2 m:;lJ11.lfl1'n'fHWn~~11.l11.l"W:;llllflfi1n~fl11J ;ill~llltYlJti~lllJlJ aerobic lin:;

anaerobic l'ln'lJfl1.l 11.l691'uh 1.l ~1If1 flflHfl1.l" 1l~lIfln:;'lfijfl"ll~tio fl"lJ

01fllt.l~ 2,2 1In'f1~t.I;lJ1WWnm1.l 'lfijfl aerobic fllJ'lfijfl anaerobic flflli'J1.lflllJft:;

"n~~11.l~1'l111.lfl1'llllflf'hn~fl1IJM;llln1.liiW1'1fijfl9iH'1 (Mc.Ardle, Kalchand Karch, 1996)1,j1.l
• •

IJmhM,rfllin:;i~ 100IlJfI' 1'l1waH1\l aerobic 0 % 1'l1"n~~1\l anaerobic 100%

~~ 200 IlJfI' 1'l1"aH11.l aerobic 7 % 1'l1'ill;~~1\l anaerobic 93 %

~~ 800 IlJfI' 1'l1"n~~11.l aerobic 43 % 1'l1"n~n1.l anaerobic 57 %

~~ 1500IlJfI,1'l1"n~~l\l aerobic 64 % i~Wn~~l1.l anaerobic 36 %

~~lJ1"1I!l\l 1f"a~~1\l aerobic 100% H"aH1\l anaerobic 0 %
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. ",.;" ,\~

AEROBIC ANAEROBIC

~ ~

Weilbtliftial 0 100 IOO-.dub
Gynuwtic 00"

200 meter dab 10 B..bdloIl

100 mctcrswim 20 ... ..-....
reanis

Ficlld hockey 30 """cor

40

BOll.lD& SO 200meccr IWUu
Sk.tial(1$00 ....)

Rowm,2000meter 60
Il'IIiknan

400 meier swim 70 ISOO meternul

2 mile nan 80 SOO IUCIel'swim
3 mllenm

SkctiJl. 10000 IDf#:I" 90 Cross country Nftillol

10000meterI'WI 100 Jouial

".......

.. ... .ilJi!11 I ..... ·

lUfI 2.2 U1'IMMllH1UfI 'DIUn~1JUnnW1U'::ltlfl

fiH'l (From Mc.Ardle, et aI., 1996)



Muscle fiber composition

% STfiber

100 80 60 40 20 o

011. Aerobic

20 40 60 80 100

12

I I I I I I I
I Cross county skiing I

I Long distance runner I

I Canoeing I

I Swimming I

I Weight lifting I

\ .Alpine siding

\ Wresting I

r Ice hockey I

Running lOGo200 m. I

l1J~ 2.3. IItrfHI1Jll!I~\l,r"Il~I~\l1!ln«'lJldll (% slow-twitch fiber, left side) 1I11::
.1 'd , 11 ~ 1J! - .
IlJll'I'll\l91"Il~ m::1J1\lm'll'lHYlllHl\lIl1J1J 'IJlllln'lllll\l (% aerobic

processes,right side) (from Mc.Ardle, et al., 1996 )



13

..l ., .Jt ~ .. , .....
~1111U'I'1 2.3 Utlfl~ O~flU,::mlU"O~ln\l 1!1l1~llJl\lou n::'::tJtJYln~n\l1\l1111lJ\ll1fll'f1

..~ 11 1Y. ~ • '.
"O~ Scandinavian 'I'1lJtllJnnfllYltl1\lfl11lJOfl'l'l\lUn:: 'n::tJtJYln~~l\lOOI1'11I~\ll!~ 1'IJ\l Distance

runner un:: Cross-country skier ~::iiU;lJ1111"O~ Slow-twitch fiber ~ Gastrocnemius muscle 1\l
• •

IUOi'I~\l~;;l!~ ii~ 90-95 % tl1\ll1ljlJ\l'l1fll'f1 Weight lifters un:: Sprinters ~::iilil\l1!1fl~llJ1UO

'lJijfl Fast-twitch fiber l!~ (70-80 %) un::HYlllm\l1\l1::tJtJOOfloil~\l~1(40 %) ri1\lflljlJ

~ "1Y. ~ ::. .'. . d ~. .1i 1 11 ,:11l'f1'1'1 'D'::tJtJYlnH1\l'l'1~ aerobic un:: anaerobic 1'IJ\l SWJIlIrlIIIIg 11~::lJ'IJ\l.WO~lll\l !Ifln1lJl\lO

~~ 2 'IJUfl1\lU;lJ1111~111~lfl!l~ti\l (U1::lJ1111 50 %)

•
fl~\l'\l 11111lflihn11;61111611flthti~lIfin::uuu \lllflll1flA'll~fh\l ~ii~fl11lJlll!flfl11lJ·ltJ1

IIn::11n1~~::;)ll~1~ \l1111flflflti1ti~l11!1 u9ln::flUHII~1 ~:: lil\lM-hA'6~fh\l~ii~'IJijfl"fl~liI\l

1tl11~llJl~flun::""Il~~l\l~lIfll1fiHti\l flflfl~ulI1tl I'Ji\l l1~lJl!flfll..,;iNl1I~fll~lJti1ti~lIn::fl11lJ
• •

1~11\l,::tl::l'i'\l'lI,j\l Weight lifting s, Sprinters i~A'fl~FlflB'tlfl~llJI17fl'IJijfl II B lin::1~. ,
.."n~~l\l'IJUfl ATP-PC 1'1l\l'\ll1n1Flfl;)MflflflIlHlJ111n-h 90% "fl~ Max. Strength. fl~lJl!fl1~

400 IlJfl11~\l~111l11f111lJl~1I1n::iil1n1fld1::l1'h~ 30- 90 1\l1;; i~fi'fl~FlI1l~fll~lJ1tlfl~llJl~fl'
. .

'IJijfl II A unen B IIn::1::tJtJYlll~~1\l ATP·PC lin:: LA. system Yl1I1UI1n1Flflfi'fl~flllflIlH

1::'1dH 80-90% "fl~max. strength.

•• II II

1\ll1ljlJ \l'fl1~ 800 llJfl1, 1~ 1500 llJ9I1l~\lfl111lml~fl11lJl~1I1n::fl11lJ'I'l\lm\l 11\l'\li~
• •

;)fl~FlI11~tll1~llJI17fl'IJijfl II A lin:: I IIn::1~Yln~~1\l LA system lin:: aerobic system Yl111Ul1n1

~flfi'fl~flflflIlH1::".jH 70-80% "fl~ max. Strength. ri1\l\l'fli~lJl11116\l1~\lfl11Flflfl11lJfltl'l'l\l
• • •

flUH1~tl1 11 \l'\li~fi'fl~Flfl 1~tlfl~llJIUfl'IJijfl I IIn::Ylllm\l;;1~~I~\l'IJijtl aerobic I1n11lflfi'fl~

" .flfll1l1H\lfl!lfl11 50% "fl~ max. strength

· .. .
fl~\l'\li~YlfltllU~II"h fl116flflti111~fl1!1l!~qfl'l'l1~l1n,fi~lIfi 11\llii9\la~ 90 1\llii1~

Yln~~1\l91111::tJtJ'I.iHflllfloi19\l +ifl ATP·PC un:: LA system undjlil\l1!1fl~llJl~fl Type lIB

1~\l6~~U1::fl6tJ ~~fl11lJtl1lJ11nl!~qfl"fl~l1~llJldfl 1\lfl111~"n~~'\l91fl1::tJtJ~l.il~
~ J""" , • I ti~"llflfl'll19\l\lI1!1fl11 tllJ11afllYlfl\l1I11fl\l!llJ (anaerobic performance) tl1\lfl11flflfl 1Mfl1!1 'I'l

';liiflfiori\l\ll\lln\l 3 \llii~\l~U 1';\lfl1'~~lJmllfl\l l~Ylll~~l\l Aerobic 100 % un::ii
•

lil\l1!1fl~llJ1Ufl Type I 1~\lfl~~U1::l1fltJ ';11~';'~fl1!1tl1lJ11ai'fl1l1fl11lJ'I'l\l'l'l1\l "fl~fl11

llllflthn~fl1!1~IIflUHfiflld fl~Un::!I11\ll\l ~~fl11lJtl1lJl1al!~tltl"fl~m\'llJldfll\lfl11 1~Ylllm\l
v

'\l1::tJtJ1~flflfloilll\lU ii!lfl'j, tllJnafllYlIl1\lfl11lJ6f1'1'l\l (aerobic performance l1;fl
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endurance performance) (Astrand and Rodah1, 1970; Aya1on, Inbarand Bar-Or, 1974)

. ..
1l'1l"OIl11'ftllllfllfl\ltlll (ADaeroblc performaDce)

fl111J rlllJ l'll~~llfl'UtI~;Hf11tJ111f11H)tlOfhn~f11tJ 1fill1~'::UUfl1' rr!l~Yln~~lllIlUU
•

hi1~!ltlniJll~ll ,:rlliitl~ti'lh::n!lutlg 2 ri1ll fltI

~ 1" . A ,.j~ II. Yln~IIUUII!lllll!l 1Ufl (anaerobic power) HIJ1UM fl11IJrrlIJ1111~~llflflnnlIJI1l!l

lil~lll1fIll1~Yln~~111~ln ATP-PC 111'1:: LA system'U1II::~tl"f1~lnfl11'~Utln;nlll iiH\hu

1fllflll watts (EdgertoD,1976; Kar1CSSOD, et aI., 1981; Lamb,1984; Stone,et al.,1987)

2. rlIJ11111riUIIUUIIUllll!l1,iifl (anaerobic capacity ) HIJ1Ua~ fl11IJrrlIJ1111~~llfl'1l
• •

f111;;~::i'nwm;fiun"liH1ll'UtI~n«11JIiiu'llfl~ug 1flu,.gftn~~lll~ln ATP·PC 111'1:: LA system

'U1II::~tlnfl~lnf111HU!lnoil~ll iiHlhll1fllflll watts ( Costill, et aI., 1968; Crie1 and Pimay,

1981; Lamb, 1984; Stoneand O'Bryant, 1987)

•
1llfl11!lUOfhn~f1111IlUUIIUlllI!lhiifl \ill 111,i1~ll1n;Hfl111rllIJ1111liH1ll'~tlth~I~1J

,.j 1Ji ~,.j '" , • ~ '_1 ,f1lft":: 'IJYlM~lllflrr::rlIJU~111Hfl111 ('fl A) IIflIIJUftn~~lllnflM lIfl111Jrll1J1111 unu

liH1ll~~::nfln~flllJ'tl~111 IIrrfl~Mfi~ltl~2.4
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10. 30. 2 min

Exercise duration

5 min

m1Y1f1&rflulUlnPl IIflUllflT1UfllYl&r.1 (Wingate Anaerobic Test· WAnT)

I~uuulJ'I19HllllJVU;~1l11:; rnn11"11nfJlIlJlJIIII14II111, Ufl 'IIII~ trillU141'11fJ1"1tr"flu Ifl"

, 1.1 • ..I" . .. , , 11
14 ':;1'11" lltrnlllll 'I1'1l'1l11 " Wingale Anaerobic Tesl " 'Il'llfJ1l11 "WAnT "( Lamb, 1984 !l1~

V~lJ1~lfl Wingate Institute, 1981) ~~~'lIU1Im1fllllJlJYlfltrlllJm'1lH1u~':;~lJt1~rtfl'U. ..
~ '" 1 . '"il ~ '" ,'::fJ::nll1<1U'] flll f1fJmnlf1trlllJ'I11'UW:;'I1 U~fl'fJ1U ( pedelling 11,n arm cranking) lH

• 10' .. w

1~1JVi ( All - Out ) 'Unll1 30 lU1Vi 1f1fJ,j~1l111,rmb~MnlJ~uli'nlJ1l111,rfl,j1'Ull~~;lJm,
AI • .. '- ... 4 ...... .

'I1f1trlllJLLll:;1f1':;fJ:;'I11~~lfl~lU1U'lllJalJ 'lI~lJU'I1fl "Ifl'] 5 1141'11 'Il11J1fl1'1l1W 111fl1l!~rtfl

(anaerobic power) 1l11:;~111l~fJ'Ull~tr1J"alnfJlllJlJllllUIl1l1,iifl (anaerobic capacity ) m,

'I1f1trlllJ WAnT ijm1lJl~fJ~"'~ tr11J1,a1l1 't1'~1l1U1fJ Vlri'~Il11:;tr1J"aln/JlllJlJllllUllllhiifl

• ~ ... ~... I ,

mn:;1Jfl11lJ<11JVlUllflU':;111H power 1111:; capacity 'Ull~ ATP-PC 1111:; glycolysis system 14

flt\'llJld'V (Bar-Or,Dolon and Inbar • 1981; Bouley. 1985; Bar-Or. Doton and Inbar , 1987 )
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lrU"Qll1ff~nlfllUJll~nU ( Endurance performance)

.. 1 • W ~2' W '" 01 '"'1HnVtHft'lJn\101Vl llfll11111n01MfllV l'lllVNtlllmLa~LlIllna1V1'llllll 'If~lllllf111lJ

ft'llJ11\1'11V~'i1~nlV1II011Hm ~1JIII fll1 ft'!l~Vlli'~ ~ III U1J1J1oNlllln~1Illl '-:~i1Il~v~jjNatiII

I. m1lJft'llJ11\11llfll1Hlllln~lllll~~t'{~ (VO, rnax.) (Astrand and Rodahl, 1986;

Jones, 1988)

2. UllllUll1'Ufll'l1,ft'1uaA' (Anaerobic threshold = AT) (Whipp. Davis,Torress and

Wasserman. 198I; Shephard. 1982 )

,h11 VO, max. lJ11l1n maximal oxygen consumption. maximal oxygen intake tlill

maximal aerobic power tllJ1vii~ l.1;lJllllVllncilllll~~t'{~ 1ll'NfllV~\ln1oN1~v'ln'1I'lra6'11ll~

'i1~fl1V 1llm~1J1llfll1ft'!1~Vlli'~nll1::,.d1~';H1lltl,rn (exhausting work) (Jones. 1988;

Astrand and Rodahl. 1986 ) tl;llfi1~Uft'~~f111lJU~n';N1::tl11~1.1;lJ1lllllllnciLllll'lllll~tl1vlIll~1

n1Jl.1ilJ1lllllllncilll'\.l'llIll::tl1V11llllln 1ll'llIll::~nHllltl,rn~~t'{~ ( Lamb, 1984)

..:. ,I • ... ... .. ...
O1llVllJ'IIll'llll~ VO, max. lJm1lJft'lJVlll~'l1N1Jlnn1J frequency, intensity ua:: duration

'IIll~011llllntha~fllVtl;llfll1NnU1J1JUllhUfl ( Franklis; Gordon and Timinis,1988) lVl11~. , .
11fll1llllntila~nlVU1J1JUll11iifl ItJll msnenti1a~n1vii n1::~ll1,.rn ~llJli7vn1~lllua~jjfl111oN

VvncilIlll~1llllllJ1n;~ltJllfl11~\lIlll11~1J1Jfll1 ft'fNVlli'~~lllU1J1J0111oNllllncilIlll Na'llMfll1

"" .1".1 ~ .. , 1v • ~.I·· .1
Hnll::luaVllUuM'l1Nft'nl'l1V1'lllln1~01V tl'l1N1lllJu1~ft''l1~tl1VllJ1n'llll (Morgan and

Daniels .1994) tl1Vtlli~fll1Nn 3 1ll/nl.1~1,.r 1.11~lJ1lll 8 ntl~l1'I1 ( ACSM. 1994) ;~m1
.. ... II· .:..1.

11.1avllul.1a~'l1ri~Na1tl VO, max. IVllJ'IIllflll

.IW W ..I": 11 W 1
1. m1u11JmIVllllWlJm1ft'11~Wa~~lll ll1::1J1J aerobic... ...

1.1 lJ011lWlJ\lllnllUa::'IIll1~'IIll~ mitochondria (Howald. 1985)

1.2 iinm~lJ1::~U'llIl~llllJ''lrlJill1::1J1J1,rllllncilllll ~m1Jf)lJ pyruvate ua:: free
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fatty acid oxidation N11-111H oxidative phosphorylation'1-I oxidative fiber ftOnl1n'!H ATP

( Holloszy,1988)

. ,

2. m,tlfmi1m~'~1J1J111'~IlIl~lHl6flla091ll11~'~1J1J111tJ'~ LYln~,r~n'tl~'~1J1JliitJ1

'Il'IHt11Jfl1111n'll1lHl'1-Inmi~Otln~I~1-I ,,rllriiHmtJ ~~m,tlf1Jfi'1fi~mil1~ri~Nll',rVO, max.

~ ~ .
LYllJ'Ull flll

2.1 1~1I'U1l191'Utl~l1'1'~ (Hichson, 1985; Mitchell, 1994)

2.2 tli1l1~''Ull~Liill91I~1I~1l (Convertino, 1991; Luetkemeier, 1994)

2.3 li~nm'L"'1-I'UIH111'~'1-I'~tJ::nnllll~'UQI~llontha~mflll9111~ (Berger.1982;

Yoshida, Suda and Takeuchi. 1982 )

2.4 1;j1l Stroke volume (Spinna, 1992; Ehsam, 1991)
,

2.5 1;j1l Cardiac OUtpUI ( Astrand and Rodahl, 1986)
'.I

2.6 11'11', lltl1Yl'Ull~tlOfll;j1l'U1-I (Shepherd,1987)

2.7 1l1l~1~1I Oxygen extraction ( Rowell. 1994) llll:: Aneriovenous oxygen (a-v 0,)

1~1l~1I1~lnm"~lJ'Utl~micro circulation '1-Intl'llJl,1o (Lash,I995; Mithchell, 1994) jjtli1l1Q1
..: .1

myoglobin lYlll'U1-I (Lakatta,1993; Seal, 1994 )

nmtliitJ1-IlltlMl11~n';'7f1tJ11~1-INil~lnnl1;'nll1JUUOhiiflfi'~m;l1ri~NllM VO, max.

1~1I~1-I fh',ri1~mflJJtl,::al'I;tllYl~~::ri~oon;1~1-1 ,,rntl'lllL,1On'!1~Ylam1-l hl'Olh~1 ~fl~YlO

( Weltman. et al., 1987 ) iHmtJi~jjfl11lJn'llJ"tl~~~00ntha~mtJ',\'tJ'11-1'1l191fl~m'n'~n'lI

'Uo~ lactic acid 1191,j'Il~ (McArdle; Katch and Karch, 1996)

.
m1flntnn va. max.

4 _ ..

11 2 11l flll

1. 7Ifln~"'0"'I11f1fl~H (direct gas analysis) lflfl'll91n'lJU'UQI::~~;1Jm'l1f1n'lJ1J
.~ tI" I ••00nn1MmflU1-I'l n,QI'Ilfln'fJUI'lJ1-I graded treadmill walking 11,lJ jogging 11,lJ ergometer

cycling i~II9iI~1I;i'1-I ii~fl111111l3'nq~tf911111~lllmrril111fl'~L,r11111~een tl~\lmrt1Jllll~7Ifl"~H

,\'1fl gas analyzer ti1'UlJ~ YO, max. M1I1~lnm,7lfl"~"'nm·l~lln'f1~'f1~'l.ijjnmtlafl1-l

tI .... ... ...I
II 1l~'UlJ~ oxygen uptake 'UQI~'Ilfl~lIm'IYlll'U1-I'UM work load(Stanly;Genz;Wisneski;Lynn;

Neese and Brooks. 1985)
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6.0

S.O

VO, 4.0

( IImin)
3.0

2.0

1.0

.. ----------------~--~--~---~--------

2 • 6 8

TIDIe(mln)

10 12

o 300 600 7S0 900 10SO 1200

1.1 .1 •.1 - , , • 1 • -1 11 2.5 ",lnllllfHmnlll'ltl1f11~~.~ V02 max. lI~mnIl1~ gas anal~zer

• ~ .1,,_ 1.1- 1.1 ~.
V02max. 1l~'"11 lJlJn17l MUll M~~~OXygCDuptake ~llltl1U~

jjm71~lJ4u~~~ work load (Modified from Stanley; Gertz; Wisneski;

Lynn; Neese and Brooks, 1985)

2. fll111tll'lUlJltllJ1i6ll~ ( indirectmethod) ltllJ1Ifln:af1l1flfi9lnfllll~'Iltllni"l'1l
.,J.J'~ ... .I ......

tlUt11':l11lfll1'1'191l'1lllJllllflfllMfl1lJ'I'I sub maxima1911~"l1lfl11tU~ Astrand lint Rodah1 (1986)

IIfl'Ulflhii" ImcrllJD~ ( Anaerobic threshold)

• '" M • .I .... .: M· .I ~ 1 •
'IllJ11J'Il1J "lJ11"1"tIl!J~1J"lJ'I 'Il~ t fN I'I~11an Wltt1'Ilfl"l1~ llfl '1'1 'Il ueuufl 111f111111'1

•
ll1nfi' 'llgfliilJ1~1~'Ilfl;~1I1fllf1lJWasserman lint Mcilroy1'1lu 1964 'I~1lJn~"1tfilJ""l1~

... . ... ..1_,., ... .1 _, ..
'I'IlfltfNfl1H)llflfl1n~fl1lJ'I'I'I'I1 'IInflflmW~t'lltfl~fl1flunflflfl 'Illnflfl" (Wassennamand

, • 111 1"1.:., • .1.1 .1
Mellroy,1964) IIntflf)~1UlJ1~ 'lgflllrlltIW~I"~"ll"....Un::~flm1Jn!JUU1Jn~tf)~'::1JlJfll1l1ntl

.1.1 .. ~ • • ~ .
l1JnlJUfll'l111lJIUf)~f1UrJ"llJ" (Wasserman ,Whipp,Koyal and Beaver, 1983 )
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~ 1 .1.1 '" "', , ~ .: 1 '" ,
f1~Ull'fH U~lJfI 2.6 un:: 2.7 m'lIUfl~lllnllJfl11~flllJflH1UI1Ufl"U fll11111J lllflfllN

• 1" l' .1".. ~ " ~.I, 11 ,~...flflfl'll'lllU I1fln1lJlUfl lJlfllJ~flflflllfl'lllJ"fl~fl11fln~nUfl "Olfl1::lIl1 'lIflflfl'l/IIlU 1l~l1lJfI

'lr::Sfl 7iiflHtJflfi"fl~fllllfl1f1n1'l1 glucose ~~A'!I~pj1U mitochondria l~fll~l Kreb's cycle'uJu
1"':\.1 " • .:1' .1"11 ~ ~ ,:., '" 1"!I'll \V ~tJfI 2.6 lJIM1"'ll fln1lJIUflll~"fl~llflI11f1M~lUlfllJl"lJ'llfl1::1I1UflUflU fllJ

n!Hflamu~'~1~flflfloilllU ~tl~ 2.6JU"flu011n::~tJ~ 2.7JU"flU 0 '1hhf

NADH \lfl reoxidized N1Uprotonshunttle liifl pyruvate reoxidized NADH '1hhfiifll1f1n"

.:, l' .I • .1 • .: .• ' JI' .. ',,,.lactate 1l'::ll'lJlJ1fl"U Ufln1lJIUfl mflllftfl"fl f1IMWUll::\lfllJnfllJl'lJ1I!m::1l1l'Iftflfl m l1lflfl
•• • Ill' I

m flliiu1Ulg fl" til. ~fI;;;HflllJl;lJ'~fl1::1I1Ufm;;,~,~flflfloilllUiil1;fl~fI;;mf1unflfifltl,1flt). ,'" 1" .. , ~ , .1'",,1.1 Ulftflfl 111J1111 anaerobic threshold (AT) fI~llrrfl~ U~lJfl2.7

- -,

.- -.
+'O'--'UO' __'4 '"2

Membrane

Mitochondrial- --

Carbohydrate

-

Electron transport

111

\

\
I

I,
\ -. .-

NAD \
I

._ NADH+H+ ~
I,
\ -

ATP..
'\OIl

Lactate

Pyruvate

Acid

Cycle

FFA

AA

1
• - 1J.

I NAD
I,

~ CD -. NADH/f,+, / ~
.... '" \..V...... _--

- - Acetyl CoA - - - • - Shuttle

ATP ATP ATP

,1.1 ... 11 .: .: • 1 1
~lJfI 2.6 urrfH1am~flUll'n~ A TP llft::flmfllJ"U"!I~mflllftflflfl fllJflft fl'I!I~ reoxidationof

cytosolic NADH (Modified from Wasserman, 1986)

1 " .. •• ,. 11 1 1 ••• ..I
U1::l11Hn~flllJlJflnlllnfl"fllflU lJflfl"fl~l111J 111::1J11J CO, flflfllJ1 UlJ1lJ1t1lfll!~

.: '" .• ~ 1" 1 • ~..I •.1 I 1 1 I,,1.1 IflfllJ11Jrrtllfl pH Ulftflfl fllJ mflUftfl"fl 1l::\lflllnlnfl1 (buffer) fllJ lIfll1l1fllU9I
, . ,

(HCO,) fl~llrrfl~1u~tl;; 2.7 ';U9IflU;; <!) 1f11J mflllftflfifll;~tlOfl;1J1fl11rrfH CO,
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(Wasserman,1986)

Muscle Cell Blood .
Lung

Q Substrate + 02
°2 °2.y

Energy + CO2 CO2 CO2

+ H +La"+ ( Anaerobic)

CD H+La+K+ HC02
HCO,

+

H+La

H+La"
H2O

+

CO2 CO2

•
II nfH,j'\l9lU\l"U~fIl'liiflflHllIlIfI~f1l1l1~ flll1flfll,ufhYlu1"tH11Jf1l111UI\l9l lii9l CO2

lii\l\l\lfl,~.,t~\1flfln\l1f1M (Modified from Wasserman, 1986)

.. ... ~... I I ,f.
Anaerobic threshold nll'l'l\lllfl1l endurance performance 1'I'l"~11 nl111,a1l~'lIa~

Ui1l1W tJ~flfl ''Ifll'ri~uufloil\l\l"U~;HfIllJl~UnfH'I'lri~~l\l1~udHI;jlJ~'I'lU1fllJ11J~U~Ul';lJ

fIl'nfl~'I'lam\l''I'::111111J'~uUfloil\l\l 1il'~fl"n~ nll"U~fl1f1l1l1f1~f1' \llaUfI11Jlii\l

.. '11 . "" ".1 ~4 mmols.ll (Whipp, et al.; 1981) \l~ 'IJanaerobic threshold 11J\llflWcn l'I'lU1J'~llI\l

nlJ"atm""U~f111lJUfI'I1\l'~ (Wasserman, 1986; Posner, et al., 1987)
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. ........
11 2 711 flll .

1. f1119117glf1ti1"Il~llafl';f1 hlliilltl"lll~llllf1fhft~fl11J (invasive study) thuf1,;'llln'U

0-4 mmolefL (Stanley .et a1., 1985; Whipp, WardandWasserman, 1986; Heck, et aI.., 1985)

2. TfllJfl11ilfl,,~11'fl1maf1lUalJufl'1'Jj (non-invasive study) Inun1flnlll1l1f1l'nfl11

llllf1fhft~"Il~'il~fl11JTfllJ'~lfI~Il~IlIlf1fhft~f111Jl';UIi'f111J1'U If;ll ~~~ lla~1flll1fl1ftl111J'g

( nfl1/'U1;i) lla~iltl11~11'fl7111IoG'lIoG''U''Il~ 0, lla~ CO, ''U''1ll~lf11J''lloG'll1a~llllf1 glf1\!'Ulf1fh

U;1I1911~1l'U1;i "ll~ 0, ~'l~fl1IJH (VO,) lIa~fi1"1l~ CO, ~'l~fl1lJtrfH (VeO,) "1ll~1l1lf1

fhn~fl11J VO, g~I~1I;f'U911111~fi1J"Il~fl111111f1fhn~fl11J ,hhfn1111111'~ VO, In'Ufll1'1lilm111
.. • ... ,-..;, ... ell ..... • ..

If'Uf1-11J1''1l~fl111111flf11a~ fl1 VO,111HfllIJ llflf1fllMI91111111IJf171 VO, max. "1ll~lflIJ7

fl'UU;1I1911fll1lf1IJh (VE) ~1~lJln'U1i'flth'Ufl1Jfl1111flflfiln~I';'Ufl'U

.lI , ...... .; .. " .. 11 '.
IlJIl1Hfl1IJIlIlf1fl1ft~fl11J1l~~flanaerobic threshold 'IIf11flllaflflflI111Hafll'U1UlClfl" pH

''Uliillflg~aflM iiNClf11~~'Utifll1f111lf1IJhlln~f11"lInfl';fl V~';7IJd~m1m1Nnfl CO, ~~jj

'Ji~~f"'''':~ " .. .I ....... .I, • s :
n7'Uf11~'I'Ufl71tJ41f1lJ MIWlIflfll1fll1M11J g MU~'U'Ullf1 fl1 V£ lln~ veo, g~u~'lI'U 'U'Il7~'U"~

, .
llnfl~''UIU;i 2.811n~ 2.9 fi~U'U''Uf111M1fil anaerobic threshold 'Ullf1g1f1g~Mg1f1fll11~1~liill"

1~Il'itlfl711l1<O'lIoG''U'lIll~f11flllafl';fllltl'7v~n1lJl1l1 1~fl11ilfl,,~11'fi1 V£ If;ll vco, '~I';'U.. ..
1~1J7fl'U (Beaver, Waasennan andWhipp, 1986) 'Jj~fll1;lml1f1f~,rnillf1fi1anaerobic

threshold
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,Anaerobic tbreshold

10

30

20

.
yeo:

60

40

so

w w ~ 40 ~ ~

.l.l 1 ... .. .l' .:,1 , ' ...
1ul1 2.9 IU'I'.H anaerobic threshold f1~11l V-slope methord f1tl~f1l1Ve02IfllJ"U IJllJU

tYfllhutilJ Y0
2

(Modified from Beaver, Wasserman and Whipp, 1986)

~I·. ~.Ii~:"
n1'Hnfllnlll'll~IIH'llf)~nllllJllJf)~mnlntlJn(Weight training)

fmllnnnllJl.a1l ( Muscle training) 1~1l"IIIUlfllllJl'I'llJll(l 'unmh~lU"Il~nillIJ1,ff)

,~nl'l'lJ"nmfl;Hfll~ (physical fitness) ~l'I'IJIJHIj'llft~I~U 't19111J-)91ljtl1~l'I'~ti',.tl~fll,.tln lflll~
, .. ~ I '" '.1 .l... ~ ,
llflllIJ1l"~IlH,.O~nalIJIUtlllJUtl~f1u1~ntllJl1nlflty"O~l'I'lJ"nfllfl1HmlJ (Bucher, 1968 )

f1111J1l~~1l1~l'I'lJlJ' W,.o~nnllJl.aOi~nfllllJrilftty'Utlflflft,rl't1111J,f~1Uunihn lfl11~nn11J
.: ~ d.... .. ... 1"...... I "al ~ - 1 ' ,I
lU0l1ll"~1l1~lJl'I'IJ11nfllWflQ~"nU1~OlIJ1~OU'1"O~1HflllJlJu1~a'l'lllmflUfll111H1uq~"U

, ~ tl..l. d ."......... ... t ... ,... , ~- tl ... , I d .,. t

l"U na11J1Utl'l'l1l"~IlH'I'l1'11Ull1lJlJlftllflnftlJtl'l11Qflfll1na11J1UO 'I'l 1J1l"~IlH NftflflO"llJ

, ~ ,.. .. ".1 ~. , , ,I... ~ ~.. ~.. ..
'I11~lJlJ 'I1ftll~UlfttlfllJu1~nl1l1mW Um111H1Utl~,.U n1'111lJUnnK1Q~"tl~lJfIl11J1l"~llH

, ~ ,.1 " 11 -'! ".. tI .l1! ~ ..1J1nfll1f1Um u lJ~flllUlllJll91 unK1 1~ltl'l'l'l'l"tl~tl1rr~f1111J11U'I'l1UIJ1n'1f1111J1l"~llH.. .
1f1~rilU111J M'lua~ri1titV;\uniiK1th~ltl'l'luQ:;li'o~n fll1Qfl1thlln1IJm111n;HflllJri1'11;lJ

~ ,t1.... ..... ~ ~.. tI ,.... , , '!'I" ~ .." ~
tlflfl nm nfl'l11tln 1'111lJUnnK1 1~ ltll191H'1 nfl 'I11n IJlJ,,~m1 HfllflOfllllU1'111OlW01nW1

.. 1! I '1'11 .... . '" 1t1 .l ,
fIl11J1l"~IlH"tl~na11J1UO 'l~111J nnlll1llJU '1lfl11J11,.1f1f1l11Jt'i'1J1J'11l (Wilmore, 1982;

Sander,1983 )
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~ .,.. 11 .. 1"~ ~ .. ", .. , .. ~11: ~

1\JjJ~~U\JWU1n'fIl,rhl~fl11~1l\J~Il'~ "flnl~IUVfll1J\Jfl\JV~ flVfIl,,,,nw1VU1H\Jfl
.i ... ~ Sli • ~ I I ~ .. JI •

(weight training) 'II~"~lVINfIl'Nfl,,,,H fIlV""lfln 1~IUVll'1UUU ll'l~l' II 7\Jfl112lfllUmUIl'I2I

.1 .1'.... ~ .,.I!'I .... 1 .1 ... ~.. ~
\JU~lflllMI111flUU~flUl211 'IJ IU 'HflnflKlfl1 nfl2l1fl\JUIl'In~IUUfIl'NflflflH"12lHnn. . .
1flVlflHl'flf jjHnflfll",n~IH~Nn;;w~~u"'1l1flvu.",nflfluNflIl1vii flVV'1IW2Ilh",rfl"ilJ

1~2Ifl112l1l1\Jfll\J ~Ufl1t,t~fl/(121nilJll'1211'lllllufl1uJ1"uflM2I1fl~\J (overload principle)

: ~"".1!!t JI.,JI '11 .:. , .1 .. K ,"IW,1~U1"UflfllW 2I\JU lllUIlHfl1Um "l'lltlnflnl21IUVflH1U2I1flfl1111'tlnt11 flfllln~ fl1~.1U "

I:' .... ~ J
fl/(UJl\JV\J\J 1~'qjlflU 1flllntll\J~IlH\J\J (Wilmore, 1982; Thomas and Zebas , 1987;

Thygerson ,1989)

'1'.1 ~I 11 .Ii 11 ~".... , ,111111n1IJnl1PlnnallJl'IIfl.1111'11111'11tlPllIJ11nl1'Ufl~ Iflfl1Dfl11J

... ~ ~ ~ 11 : ~ , , ",Y.
"2I1VfI~fIl'Nflflnl21IUlJw1V\Jl'HUflfll21I1UU\JV~lflV,nV'2I (De Lorm, 195I) n 'lJm,

~!II ,., .;.~ ~ : ... 11 I .:<tJtl.
NfllllU'llflf)V1\J '1 tit 3 'IIfl Iln~l121tl1Vm'Nn~lnUl"unuvv flVV'1ll'121Ul'HUn'lUl1flV '1 ~U

m~,t~1l'1211'f1NflIl1vJl'HUflf)121fllfl112111'1211'f1~~~fl'll (Sander, 1981) 1f1Vtil"Ufl'llf)~1
• • •

m~lil 10 fl;~~fl\l1'HUflrflVn~ 50 'lfl~fl1121ft'1211'f1'UfIl'Vfl,jl"Ufl~~~fI (10 repettition
• t'" .

maximum = 10·RM) 'IIfl;;2 l11:;,il10 fl;~~fl,jl"UflrVVnt75 'lfl~fl112111'121Ull 'UflUVfl
'" ..I II.,
\lll1Un~~~fl(lORM) 'lflfl3 fl1~';ll0fl;~~V\lll1UflrflVnt100 'lIHfl112111'1211'f11UflUVtl

JlI1Un~~~fI (lORM)Iln~lrtlJlJflfln~I~1;UflUNflft'1211,mJflJ",ufl '1l2l1flfl11 10 flf~ 'U'IIfl~
• •

3 Ill(1~~t"'lJ~lilf1l'''lfllUH'''lumU~~~fI'ufluvml1"ufl~~~fI 10 fl;~'"li 1UIlUUfIl'Nfl

'llJ~lfllJfntlf21 , ll~flW~~U111~U1uuutJm,Nfl~jjU'tiiflifl1l'l2l1fl~~fl, Uil~1tiu

(Sander,1981; Shaver, 1981 ) Iln~';1~'ltl~m'Nfl 6 ti'UfllH'1 nt U'~2Il111 3 1UI~U'~!J~lfl!J~

.. ., ".. .1" .1' 11 ~ .. ~ .. • ~,~
Wtlfl~~m 1'IIflflfl11111nVUUlln~ Ufl11121IUtllln~2Ifl1nII'llUlfl1121U'l~IIHllntmn~ "

(Derlorme, 1951; Ross,1970; Carpovich and Murray, 1977; Ikai, 1973; Sander, 1981; Shaver,

1981; ACSM ,1990; Macinik, 1991 )

~I .~ 1I.Ii, .1".1 •
ND'lfl~fll1Plnfl111J1I'U~1I1.:j"fl.:jflallJl\lflPlfln11111DII'IIlIlID~"fl~'1~fllll

~.I • 11 ~ ~ ,~~ '!'l'.ol ,.... .. "j .. , JI ..
Nnfl1'Nflll'~~1111flnl21IUfl"'Ufl1''''flflVIUfl~tl!JHI''2Ifl'lS')'~V~''U~~~Jll"Iflflm,

lugvullun~1f17 ~ft'rH'lfl~fll( 1~1~fll~Ua~1I'fl fltlnl' lM\l'VflI\'ll.lI~fljj"Ulfl, "q/~u fllll21

.: .. 1.1 ,~ .. .1.11 ~ ~ ~ .. JI~ .11'
lU V2I'lUlfl "'lUwm 1~fltJfl1'IYl2l'lU'l fl~ln U'fltJ1~'lfl~flnl~IU flllntYl\lfl"Ulf)fl"fl~lll U v

fllll~ldv (Hypertrophy) (Mikcnky, et al,,1991; Clancy, 1983; Stone, 1988) Idfl~Vlniinu
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.1~1J1i1U'UUn~'IIU1f1'Uv~lilJ Ie1l'j,iil'l ~vllfultJnli'11J,6vI l'lll'ln (Komi, 1986 ; Tesch, 1987;

d ... 1. 1 .. .l~~ ~. .1'" .1 ~
Mikenky, er al., 1991 ) 1Jm1IVl1JV1U,U'IIV~ uHlun l'lf lumn'A'J,un~1JmlluntJUuuIH lU

•• •
I~U'IJ'Uv~nli'11JliJv 1~lIJiinl1luiilJuuuMlutT'f1fhu'IIv~1IJflli'1JlliJv (Hather, Mason and

Duley, 1991; Hather, Tesch, Buchanan and Duley, 1991) tl1lJl1n~f111Nn 19 tT'UA1lf 'l'tU'j,
..l .. ~ ....

Muscle type liB fibers Mln~ (P<0.05) lU'IIllI::n Muscle type I1A LVl1J'lJU (P<0.05) 'II~Hl'l

f111;1fl1l1'JHnUf111;1mn'Uv~ Staran, et.al . ( 1991 ) un~ Gregory, et, al. ( 1993) fl1UHM11
, .

;ln1l11ul;V~I~IJ,nuij lfllJH'lnflufl SDS,PAGE V1U11l'pe liB Myosin heavy chain nAn~

(P<0.05) lU'lJlll~~ Type IIA Myosin heavy chain 1~1J~U (P<0.05) l';UI~tJ,nU

• •
Macinik (1991) 111J~1UHnm1;1fl\l1'IJv~m11lfl.htJf111i~U111Ufliijj~Vti1ti'~ m11J

U~~lLH m11JVAnUlLn~m11Jn1Jliun'UM01AUnflfifl 'l'tU11 m1lJllflnul\lm1~uIi'01tJ1U
..:. .I "''' ~'" . ..:.,J d 2 I ...

l'l'tlJ'UUUl'l~n1JVlUllnUn1'IVl1J'lJU'lJIl~ f111lJU'IJ~U1~'lJV~nI11lJIIJV'U1Un::f111rlAM'IJ!l~1::AU

'Ull~n1f1Unfl;jflluln!lfl lL91ilinHn9111 V02 max. n!lAflli'!l~tiUf111ftn\l1'IJ1l~ Jacobs (l987)

un:: Hickson, ~t al. {I 988) 111J~1IJHl'lm1ftn\l1'IJIl~m1L~lJ1U1u01lJf111Nnm1lJU~~UH
~.l ... . ~ ~ ~ • .1 ...... 01

'Ull~n n1lJlIJII 'l'tU,1lJnlJl'C11l1V1i'11\l fl ,1lJllAnlJn~1::IJ::nIJUn::1~1J::IJ1'lL'l'tlJ'lJlJ 1AtJnlJ'l't1J1l

~ .. .I " J! Ii'"' • i' '"nUm1IVllJ'lJU'IJ!l~f1111JU'IJ~UH'IJ!l~fln1lJLIJ!l'IJ1 1J'U1lI~nfl1 'lJll~ V02 max. lJ1untJlJUUn~

m1ffn1l111n1tJ "1 nl1ftn\l1 1';1J Sale, el al, (1990); Dudley and Djamil (l985) un::

Hickson (l980) ntJ~1IJPln;j'IJ!l~nl1ftn\l1 1AtJnl1U1fll1Nnfl11lJUAflU;1lJnUnl1Nfl

" J!l J!~ <! ... ,
f1111JU'IJ~UH'lJU~flI11lJ11J!l nVflfll1!l~flUf111"fl\l1'IJU~ Wilmore, el al. (l995) 'II~V1U11. ,.
tl11J11n~n11Nn;1lJnIJV::jjf1111.1;u9i11IJ 1f11 ~n!Htl1IJ 1lJ'lJU~ llJflli'1lJLUU1AtJl-WlJti'~'IJ\l UIUrl::

• 1.1 ... ~, i" J! .,l
V11J,1J'lJ1l~muscle type IIA fiber un~ u1'JlJtJfll1fl'J1 n~Hn l1nlJ11C1tl1'1'tt11Um1lJllflflIJA'lJ1J
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