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The purpose of this research was to study electromyographic activities (EMG) of the 

knee extensors of six training programs with different resting intervals. Six training programs 

included three courses of combined concentric with eccentric training with a resting interval of 

30 seconds, 2 minutes and 4 minutes, and three courses of eccentric training with the same 

resting periods. Fourteen male subjects were purposively sampled from Faculty of Sports 

Science, Chulalongkorn University, aged between 18 - 20 years old . The subjects were trained in 

all of six programs. Each program was performed 2 sets. The total length of this research was six 

weeks, one program per week. The subjects were tested to determine their relative strength by a 

leg press position from 90 degree of knee flexion before trainings. EMG were recorded during the 

trainings, and processed by using root mean square values. EMG from each muscle were 

normalized by converting to the percentages. EMG was obtained during maximal voluntary 

contraction . The obtained data were analyzed in terms of means and standard deviations. T- test 

were used to determine the significant differences of the obtained data at the level of .05. 

The results showed that : 

1. The effect of 30 seconds resting interval on percentages of maximal voluntary 

contraction in Rectus femoris , Vastus medialis and Vastus lateralis during the combined 

concentric with eccentric training and the eccentric training were not significantly different. 

2. The effect of 2 minutes and 4 minutes resting interval on percentages of maximal 

voluntary contraction in Rectus femoriS , Vastus medialis and Vastus lateralis during the combined 

concentric with eccentric training and the eccentric training in set 2 were significantly decreased 

at .05 level. 
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11111' U [l6LU 11,V ~ l1t,tel u-t~n.~m~tell1m' U ~11~U L~[JU uft~t':I u-t~n.~m~tell1m';:~" u-t~n.~, tel~, 

I1l11mLt-L~~~U'I1L~Ut-~rr.t-6"t-~'mLt,telL.j;\,u~6LUL~~\ (066~) 118S81 ;:~" J8pU811108 
, ~ 

~n., I1L~U t-~rr.n.lA.l4 ~I1Lt,tel t-L6~6 LU;: ~" ~m I1L~U t-~rr.t-6" t-rr." I1Lt,tel t-u ~6LU ~n., I1L~U t-~rr.l4 Ln.rr. 
1i=' '" tl IP' '" J) '" IF" '" ~ ~ ~ 

11~ '6LUn. U tral41 raL~~fM." t-Lra~n.'v.r-!!.ral;:6ftl4 ~,» U t LI1 u-t~ 11' l!al ~\l1m' ~t:, I1L~Ut-~rr.n.Lt-L~ 
, ~ 

6LU;:~" U6~n.l!am~tell1m' ~n., I1L~U t-~rr.n.Lt-LlA.6LU U6~n.l!a' tel~, I1m'~n.' I1L~U t-~rr.n.Lt-LlA.6LU 
--~ IF"" 0 ~J::I,!) IP''' 0 

~ ~ 

n. 

t-~ t-UL~ ~U[l6LU I1W"6ftl L~' Lr-6LU~~\ L~I1M. Ll1n.Lr~L~teln.,\t L.j;\,U~6LUULb Ie! ~mlJmLt,tel ~ft\ 

Ln.l'OO ~;:b~~~' L1-\~ l4t,:!!.;:~~'m,V t-b;:Lb';:LM.~' I1Lt,tel~» t U [l6LU ~ral41 U Ll1fU ~ L~I1Lt,tel~L~I1r

~U' I1L~U t-~rr.M.LLlijUI1~Ln.l'M ~6LUn. U t LI1Lt-L~ 116u"6ftl Lr-t-~ u-t~ 11' l!al ~\I1I11'~U' I1L~Ut-~rr. ~ ,~ 

n.Lt-LlA.6LU;:~" U6~n.l!a'n.~tell1l1"~n.' I1L~U t-~rr.n.Lt-LlA.6LU U6~n.l!a' tel~' 1111" ~n., I1L~U t-~rr.n.Lt-LlA. o __ n IS=''' 0 __ .D.D IP''' 0 
~ ~ 

6 L U t-~ t-U L~ ral41 U [l6 L U I1W"6 ftll1,V t,ra~, L ~teln.,\t L.j;\,U ~6 L U ~~\ L I1n.Lr ~L ~ t" l4 ~ ~~ 

Lh1.fu.r:t'@.rr.fu ~ Lf-11 Lf.,~ ::~" L~n.~' 11 Lf.,1e! 

LnlA.ll o 

~ 1A.1A.n. 
f"P 



2 
~ ~ 

Ebben LL~:; Watts (1998) 1~n~I'J~llwn1~tJm:n--l.n'El~i1~!X'El--ltJn~'JtJ~I'v1i1nri'EltJ 

,~ ~ 

c.J~ n1 ~';j4'ml'JtJ1 m\J 'YiU~1 '"l:;H L'J~I~ n'v1~--l'"l1 nYl~tJ~ ~ n1~tJ n ~'JtJ~I'v1i1n LL~'J [;l1~ ~'JtJ n1 ~ 
';"1 ... 'i' ... ~ ... "" ~ ... ""..,j.,l ~ ". I 'i' .. 
~n'Yi~tJ "'ElL~[;l~n "tJ'Vl~'Vl1l1tJ "tJL'J~1 30 'JtJl'Vl L'Yi'El'Vl'"l:;~I~I~rJ ""llu~:::"ml~'"l1nn1n:::~~ 

~ , 
'v1tl'JtJtJtJl'l"lJ'El--l L~tJ1tJ n~1~ L il'ElYl'v1 ~ [;]'J 1~ L~'J~1vil--lltJLUtJ~'JtJ 1 'v1 t1l 

Karp (2001) n~I'J~1 iJ'v1~n~1tJ~1~L~tJ~1 n1~~:;~~'v1tl'JtJtJ~l'l~ril'v1tJ~~tJt~tJ'v1~n ... 
11 II I I 

"lJ'El--l"lJtJl ~ L~~1tJn~l~ L il'Eli1tJ '"l:::iJn1 ntJ~tJtJ~1 ~U"lJ'El--l n1~~:;~~'v1tl'JtJtJtJl'l~1vi1--l1tJt~tJYI L~tJ 
II I II I I II 

1tJ n~l~ L il'ElYl'v1 ~ [;]'J 1~ L~'J'"l:;rJn~:::~~~lvil--l1tJri'EltJL~tJ1tJ n~l~ L il'ElYl'v1 ~ [;]'J 1~.nl Ln'Eln ~1~ L il'El 
'IJ 

, ~ , 
'v1 ~ [;]'J LLUU L~ r1 Lsn~[;l1n 'v11'El1 ~"lJru:;Y1vil--lltJ'El~I--l~'J ~ L~'J ~1'v1fu n ~ 1~ Lil'ElYl'v1 ~ [;]'J LLUU L~ r1 LsntJ 

[;l1m!tJ n1~~:;~~'v1tl'JtJtJtJl'l"lJ'El--l L~tJ 1tJ n ~1 ~ L ~'El~'v1 ~ [;]'J 1~ L~'J'"l :;~tJ'El~ nu r1'J1 ~ L~'J 1 tJn1 ~vil--lltJ 
'IJ 

~ , ~ 

"lJ'El--l n~l~ Lil'El ~--l'"l :;!X'El--lvi1--l1tJ~'JtJ r1'Jl~ L~'JtJltJn~I--l'"ltJ~--l r1'J1~ L~'J~--l L Vl1i1tJ 
'IJ 

~ 

!X'El--ln1n'J~I~m:::'v1~I--l"ll~"lJ'El--ln1~tJn~'JtJ~I'v1i1n ri'EltJn1~tJn'Yi~tJt'ElL~[;l1n 3 - 4 tJ1Y1 LL~:::H , 

r1'J1~'v1i1n 1 tJ~:::~U~--l 1 ~"lJru:;~ Jensen LL~:; Ebben (2003) 1~~ n~1 d'El--l n1~tJ m:n--l.n'EltJt~tJiJ 
'IJ 

I I lot '" I 

~:;tJ:;~ nYliJ c.J~ 111'El n1 ~m:::t~ ~ 1 ~LL~'J ~--l v'hVl1 LLU n~I'v1i1n~'El L -n11oX LU~~~'U1 n t~tJ1.n~I'v1i1nYl , 
~ 

vi11~hhntJ 5 r1f--l LL~'J~--l~mUtJL'J~1 10 ';jtJ1Y11 ~1Y1 2 tJ1Y1 3 ~1Y1 LL~:; 4 tJ1Y1 [;l1~~I~U 

'v1~--l'"lln~ n LL~'J 1oX~'El [;]'J LL~'Jm:::t~ ~~tJ1tJ1 tJLLtJ'J ~--l t~t1hJiJ4'--l'v1'J:;~ n (counter movement 

~ ~ , 
m:::t~~~tJYI 'v1~--l n1~tJ n~I'v1i1n -n'ElMtJ ~--l n~I'Jilvi11oXiJ ~1 m~~1 n~ltJ LntJ'J nutJ~:::~'Vlfi1l1'Yi , 

1 tJn1~tJ n L:n--l.n'EltJLL~:;r1'J1~ L 'v1~1:::~~"lJ'El--l n1 ~~ n'll'J--li~ 1 ~:::'v1~1--ln1~tJ n ~'JtJ~1'v1i1n nu n1~tJ n 

'Yi~tJt'ElL~[;l1n 
, , ~ 

L~ru 'Yi~'v1~LtJ[;l~ (2542) 1~~n~IL1'El--ln1~';jLr1~I:;oJr1~tJ1vHhn~I~Lil'El ~:::t'Yin LL~:::"lJ1 
'IJ 

r1'Ju~nUn1nr1~'EltJ1'v1'J 2 mi 1tJvi1~LLtJ'VlO]"lJ'El--li1nn"r11tJn~I'v1i1mm'J"lltJ t~tJ'YiU~1 Ln'El~I'v1i1n 
'IJ 

~HtJn~ln~tJLL~:::iJ~n~:::~ln~tJ 'YiU~1 r1~tJ1vHhL~~~tJLL~:::n1~Lr1~'EltJ1'v1'J 2 n~"lJ'El--l"lJ1iJ 
I II I " II I I I 

n1ntJ~tJtJ1tJ ~--li1tJ~--liJ r1'J1~~ 1 LUtJ Y1'"l:;!X'El--ltJ ntJ n~I'v1i1n ~'JtJ~I'v1i1n ~--l ~ ~Y1 LYl'El LYi~ r1'J1~ " , 
~ ~ 

LL ~--l LLN"lJ'El--l n~l~ L il'El LL~:;~ n~::: 1 ~n1 ~tJ n~1'v1i1n 
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I II I I 

~~VI~l~"ll (?In1~1J n LL 'W'J ~ (?I'ih~ ~'WVl n f'il'Jl.Jl,r'W ~~hj~1l.J1H1Vl~ ~Mtl1Jl~1~~tI~L'J~1~ n L'Vll hVl . , 
" " ~ ~iJ ~~YilL ~n~ll.J L \J'el1JlYil~1'W1Jl'el~1~iJtl~~~'VlfiI11'ViVl~ (?IL 'W"ll (?I nl ~1J n [;]'el1tl ~~hj~l~ ~LU'W • • 

" " , 
n1~1Jntl mJ1V1,rn n1~1Jn'Vi~tlL'el Ll.J ~1-n Vl1'eln1~1J nn~ll.J L\J'elJl'JtI~fi~'W 1 [;]1~ n ~'el~ n1~~~tI~L'J~l 

I II II '" '" I 

~ nVl L Vll.Jl ~~ l.J Jl'J tIfl'W~~ ~'W ~~1J~~iJif'el-n (?I LL~~'el~~ nl.J 1 n L 'WL1'el~"lJ'el~~~tI ~ L'J~l ~ n 'el~1~ L-n'W 
'IJ 

I II I I 

n1~Lif~~tI~ L'J~l~ nVli'W 'el1~iJif'el1Jl LmtltJL 'WL1'el~"lJ'el~n1m ~~~'WVl~~ ~lnn1n~(?Il.JWI.htltl'W(;] . " 
"lJ'el~ L~'WLtI n ~1l.J L~'el~VI(?I ~'J 1Jl L~'J LL[;]L 'W'Vll~ n~1J rl'Wn1~iJ~~tI~L'J~ 1~ n~'Wl'W~'W n ~1l.J L ~'el~~iJ 

", " 
n1nJ'el'WIi]~lt1Ii]'Jll.J ~~ L1i]1t1 (?IL 'Wn~ll.J L\J'el~~ LL~~~~iJ Lf'el~"lJ'el~ n1~~~~l.J'Vi~~~1'W1.n 'Wn~ll.J L\J'el 

, , " 
'el~l~Vlil~Vl~~YilL ~n~ll.J L\J'elYil~1'W1Jl'el~1~iJtl~~~'VlfiI11'Vi n~'el ~tlLL1J1J n1~1Jn L(?Imtl LL1J1Jn1~ 

'lJ 'lJ 

, " 
1J n LL1J 1JL (?I LL~~~~tI ~ L'J~l~ n L 'Vll hVl~~~l l.JlnlYilL ~iJ n ~1l.J L \J'elYil~1'W1Jl'el~1~iJtl~~~'VlfiI11'Vi 

~~ (?I tll~~iJ~tlLL1J1J n1~1Jn LL~~~~tI~L'J~l~n~~~~ (?I n~~YilL ~~tlLL1J1J n1~1JnJ'WiJtl~~~'VlfiI11'Vi 
~ ~ ~ ~ 

l.Jl n~~~'W 'W'el n~l nJ'W~~ ~ ll.Jl ~(lYi lL ~,rn n~l ~ll.Jl~(l~ ~'W 1 Pi' ntlI11'Vi"lJ'el~ ~'WL'el~ L ~ ~~~'W 1Jl~ n 
'lJ 

'" '" I II II 

Jl'JtI L 'W~'J'W"lJ'el~ n1~~ (?I,"I1n1~Yil~l'W"lJ'el~ n~ll.J L\J'el,r'Wm~tI~~Lif 1i]~'W1 vJYh n~ll.J L \J'el LU'W~'J~~ (?I 
" 

..,: o:r <01 0 "J' ~ 0 ~I 
'Vl~~LL~ (?I~ LVI'W(l~ n1~'Vll~l'W"lJ'el~ n~ll.J L 'W'el ~ 'W"lJ ru~'Vll n1~>-J n 

I I " '" 

LY1'el ~ n~11i]~'W1 ~Yll n~ll.J L\J'el"lJ'el~n~ll.J L\J'el LVI~tI (?I L~l"lJ'el~ nl~1J n 1i]'el'WL.n'W~1-n 1i]'J1J ~rl1J 

n1~1J n L~ Ii] L .n'W~ 1-n LL~ ~n1 ~1J n L~ Ii] L .n'W~1-n L(?ItlL if~~tI~L 'J~1~ n~ LL~ n [;]1~ rl'W 

I I '" I 

n1~L if~~tI~L'J~l~nVl LL~n[;]l~rl'W ~~~~ ~~YilL ~1i]~'W1 ~Yll n~ll.J L\J'elVl1J'eln ~~ n1~Yi1~l'W 

"lJ'el~ n ~1 l.J L ~'el ~~ n 1 ~1J n 1i]'el'WL.n'W~1-n 1i]'J1J r1 rl1J n 1 ~1J n L~ Ii] L.n'W~1-n LL~ ~n 1 ~1J n L~ Ii] L.n'W~1-n 
'IJ 

" LL~n[;]l~rl'W L(?ItliJ"lJ'el1JL"lJ~n1~~~tI ~~1J 
, " " 

1. n f'il.J ~'J'el~ l~VlLifL 'W n1 ~~~tlli]r~1J LU'W \j~ ~"ll1t1"lJ'el~ Ii] ru~~ 'Vl til pjl~ ~fn1~n~l , 
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" 2 . ~:;tJ:;L'J~'llwn1~~4'tJ 6 ~tlC;)'l-J ~tlC;)'l-J~:; 1 ~'W ~TJ1'W~'W4''WYlf HL'J~'lf1f..:J~:; 

1 i'JL~..:J ~TJL'J~'l 8.00 'W .- 9.00 'W . 

, " " 
3. iii 'J LL tl ~Vi ~ m=t'l1'W n1 ~~ 4' tJ f1 f..:J il 

1iI'J LLtl~~'W 

L tl ~ LL n ~ ~ n 'l ~ 1J n f1 TJ 'W L 0] 'W ~ l' n f1 'J 1J rl n 1J n 'l ~ 1J n L ~ f1 L 0] 'W ~ l' n L c;) tJ 1-n 
'IJ 

.Q <Qj oICIt..q 

4 'W'lYl 2 'W'lYl LL~:; 30 'J'W'lYl 

1iI'J LLtl~m~ 

" I '" ..... 1I.d 
m~TJtJ~:;"lITJ..:Jn1~VlC;)~'J"lITJ..:Jn~'l~L'WTJ~..:J~C;) (percent of maximal 

voluntary contraction) 
• '" I It !II' 

4. ~C;)f1~'W1YHhmh~LtlTJVin~'l~LtlTJL~f1Ii1~ ~~TJ1'~ (rectus femoris) n~'l~LtlTJ'J'l~IiI~ 
" qq .Q II 4..... .::::II!. 

~Lc;)tJ!l'l~~ (vastus medialis) LL~:;n~'l~L'Wm'l~~~ L~LYlTJn~~ (vastus lateralis) 

tI I I !.I I 

VI c;) 1iI'J"lITJ..:J n ~'l ~ L tlTJ Ln C;)'"l 'l n n 'l ~Ltl~ tJ'WLLtl~..:J"lITJ..:J Pi' ntJ1 ~-W'l1J1'L'J CWL~TJ""~ L 'l! ~; n ~'l ~ L tlTJ Vi Ln c;) , 
, " 

'"l'l n n1 ~~ 'l'WL -if 'lTJTJ nL'l! ~ ;"lITJ..:J~TJTJ'W~'l..:J 1 ;1'l1"" Ln c;) ~L 'Vi ~ 'l hL'l!-n'W1tl m~ L'l!~; n~'l~ L tlTJ 
, " , 

Lc;)tJ'"l:;~VI'I.l'JmiJ'W L'J~ j;f (volt) rl'l f1~'W1 ~Yh n~'l~ L tlTJ Lc;)tJVI'J 1tl m'l~~..:Jtl~:;~'lCW 50 - 1500 
'IJ 

I tI tI 11 I 

1~ Lf1 ~ L'J ~ j;f LL~ rl 'l TJ'l '"l L tl ~ tJ 'WLL tl ~..:J 1~1 'W n ~ 'l ~ L tlTJ LL~ ~:;,r c;) 1 'W..:J 'l 'W~4' tJ f1 f..:J il1-n Lf11TJ..:J ~ c;) 
I '" I 11 

f1~'W1 ~-W'l n~'l~ LtlTJ t'W Delsys EMG works 3.6 f1~'W1 ~-W'l"llTJ..:J n~'l~ LtlTJ'"l:;LL~ c;)..:J n..:J n1~;1'l..:J'l'W 
" ..r " "lITJ..:Jn~'l~LtlTJL~f1Ii1~ ~~TJ1'~ n~'l~L'WTJ'J'l~IiI~ ~L~tJ!l'l~~ LL~:;n~'l~Ltlm'l~IiI~ L~LYlTJn~~ 
~I a ~ I cv ~I a a .-

n1'i~·..n F1il'W L'lI'W (;l'in F11'U FI n'l.Jn1'i1;! mil FH'lI'W ~'in (combined concentric with .. 
" eccentric training) VI~'ltJn..:J n1~1J n n~'l~ LtlTJ1 ""VI c;) 1iI'J LL1J1J f1'J'l~tJ'l'J~ C;)~..:J LL~:;~'l~ ~'JtJ f1'J 'l ~ 

tJ'l'J L~~~'W Lc;)tJ~'l~'l~t'l L!l'l"ll'W:;LL~:;~'l'W~'lVltrn~H1 'Wn1~1Jn 1~ 1 'Wn1~~4'tJ f1f..:J~1-nYh L~ f1 L'Vi~~ 
t I '" I 

'"l'l n~~Vi L ~'l 90 TJ..:J PI'l '"l'Wm:;V1..:J L ~'l L VI~tJ c;) LiiTJ1J~ c;) LL~'J 1 "" ~'l'W"J'lVltrm'Wn~1J~'lTJtJ1 'Wvi'l ~~ ~'W 
, , 'IJ 

.. aa.- .ocS d. '" Ji' ''' ..... 
n'l'i~ mil FI L'lItl ~'in (eccentric traini ng) VI~'ltJ Cl..:J n1~~ n n ~'l ~ L 'WTJ1 VI VI c;) ~'J LL1J1J f1'J'l~ 

tJ'l'J L~~~'WLc;)tJ~'l~'l~Cl ~'l'W~'lVltrn~H1 'Wn1~1Jn 1~ 1 'Wn1~~4'tJ f1f..:J~1-nvi'l L~ f1 L'Vi~~ vi'l L1~ ~'W'"l:; 
TJtJ1 'W~ m=tCW:;L ~'l LVI~tJ c;) LiiTJ1J~ c;) LL~'J 1 "" ~'l'W~'lVltrn'"l'Wm:;vf..:J L ~'l;1'l~~ 90 TJ..:J PI'l 'IJ , , 
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fi1~1nvl~'el,:j'll'el,:jfi1~'il~tJri1';,:j~'el,:j (root mean square, RMS) "l-UJ1tJtl'l rl1~1~r.nn 
I I-' I I 

n1:J'~l'W~ ru~ntJ1 ~YhVlU'W~ n 1~ '"l1 n n~'nJ Lil~ Ll')tJ l-if n nVl ~~'1'lJ~'1 rl1 L'U~mJ~'1K C1J C1J1 ru 
I '" I '" 

",,~'W1~.yhn~I~Lil~ ru -rl~'1L~~I~;j'l Ll')tJ'"l~i1m.l~mu'WL~~(;]1'Wn1:J'";j9tJii rll RMS ~1'W~ru~~tJ 
, " 

hJnLm~";jL""n~,x",,~'W1~.yhn~I~Lil~ (signal acquisition and analysis software) Ll')woi1nn 
I I I '" q I q 0.... Q .c:I 0 11 4dI 

'V1~~'1'lJ~'1""IL'U~tJn1~'1~~'1'V1~'1~1') (maximum RMS value) '"l~LL~I')'1'Nn1:J''V11'11'W'lJ~'1n~I~L'W~ 
'II • 

I I I I II !J 

Vl~I')(;]~ 1~~lnVl~ I') ~1~ m:J':J'~I')~wt.l~tJtJ'W(;]Vl~1nVl~ 1')1 'Wm:J'~~n LLN ""f'l,r'W • • 

I I I J,I '" "" '" 

rl1L'U~tJfll~'1~~'1Vl~'1Vl~ I') '"lIn m:J'~1') (;]~'lJ~'1n~1~Lil~1'Wm:J''tJntJmll~,rn""f'l,r'W 1 Ll')tJ'"l~l "" 
" , " 

m:J'~I')(;]~'lJ~'1 n~l~ Lil~LLuu1~ L'l! L~ ~1n LU'W rll~~tJ~~~;j'l~~tJ'lJ~'1m:J'~I')(;]~'lJ~'1 n~l~ Lil~~'1~ I') 

(100 % MVC) 

t1~~LtJ"l!,rvll~~tJ'"I1nn1~':j~tJ 

1. L ~~ 1 ""'V1:J'IUtl'l t:J~'lJ~'1 "" ~'W1vHh n ~1~ L~~'lJ ru~'tJ n ""~'WL.n'W~1n ""~u ~ flU m:J''tJ n 

L~ "" L.n'W~1n LL~ ~'lJ ru~'tJ m~ "" L.n'W~1n Ll')tJ1-if:J'~tJ ~L~~I~ n~ LL~ n I1h'l fl'W 

2. ~1~1:J'tl-WI~~~~~Hl1.t11-ifLU'WLL'W~'V11'1 1 'Wm:J'~ W-J'W1 hJnLm~m:J''tJ n LL~~-WlhJ1-if 
'II 



, " 
2. ~~'W1YHhn~rnJLll'fl 

" " 
4. L~1-'fl~1'I?1~~'W1YHhn~1'-JLll'fl 

d 
tJ'VI'VI 2 

" 
6. 'fl~ r1U~:::n'fl1J"lI'fl~~'-J~~rJJl1~"lI'fl~ n~1'-J Lll'fl 

" 
8. n'i'l1nn1~Yi1~1'W"lI'fl~n~1'-JLll'fl"ll1 

9. VI-Knn1~'tJmL1J1JL~~L.n'W(;l1n 
" , 

1 O. n~1'-JLll'fl"ll1,rI?1V1Yi1n1~~m~1 

1. ~1'W~~tJl'Wu~:::L'VlPl 

2. ~1'W~~tJ 11l1~U~:::L'Vl PI 
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~ I ~ ~ 

~Pi'n~ L'J'llLLYiP1~ (2528) l~mh'J~'l n'l~(;]~'J"'lrl~,AYHhn~'ll-JL1j'el,rhl LiJhln'l~Uhl~n 

l-WVh"'l'l n n ~'ll-J L~'el LL~~"'l'l n L~hllh~~'l'Vl l-wvh~ Ln Vl~hll hln~'ll-J L ~'el LL~ ~L~hlth~~'l'Vl~LiJhl~'Jhl 
V1~'1l hln~ In n'ln1'l'1'lhl(;]'ll-JUn ~ L~'el~ rl'J'll-J ~ Vlun ~ Ln Vl~hl l-WYh~Uhl~ n 1~ LU~rJhlLLU~'11u~'JrJ 

" " , 
'tl~,rhl n'l~'Vl~'llJ~'lrJ~~L~rJ Vl"lJ'el'11-wvh 1 hln~'ll-J L1j'el LL~~ L~hlU~~~'l'Vl~'1 Ltlhln n :'lhlYl~'l fl C'1Jl hl 

, " 
mnih l"'l rl~hll-wyh n~'ll-J L1j'el 

~'Uj;)'!l'll'!l.:J 'l ~vh 
,. 11 I I 

'llPi'n~ L'J'llLLYiP1~ (2528) l~n~'l'J~'l n~'ll-JL1j'el LL~~ L~hlU~~~'l'Vl~rlru~l-JlJ~~LP1MYlL~'el 
'U , 

,xm'll ~ ~ ~'ll-J'l ~mU~rJhlLLU~'1 rl'J'll-J ~'l'1 Pi' nrJ1-wvh 1~ L~'el tl n m~~hl~'J rJ ~'1 L~'l~ L V1l-J 'l~~ ~ 
, 'U , 

", , 
n~'l~L1j'el~L~'el~~L'll~~Yldjhl semipermeable membrane ~'el ~'1ru~~,.mlhln'l~L~'elnl,x~'l~ 

~'l'1 1 eJ'lhlLif'l'el'eln"'l'lm'll~~1~ LL~~~~'l~~L~ rl Ll'l~l~vl ~ Ltlhl~'Jhlu~~n'ellJ~~'l fl ry 1~ LLn L'll L~rJ~ 
" LL~~LUnLl'l~ L~rJ~ ~m1'1~ n~ lnrl'elrJ~lJL Yi LLl'l~ L~rJl-J L if'llul hlL'll~~LL~ ~t.J~ n L'll L~rJ~'el'elnhl'eln L'll~~ 

'U 

" , 
l'l~'elVlL'J~'l lWl'l'J~~n (resting stage) ,rhlL~'el~~L'l!~~rJ'el~l'!XLYiLLl'l~L~tmeJ'lhl'el'elnhl'elm'l!~~ 

1~~'l n ~'1 50 LYl'l ~'1Yi'll '!XL Yi LLl'l~ L~rJ~'l:l'lu~~"'llJ'Jn'el'el nl-J'lif'l'1hl'el m'l!~~ LL~U~~"'llJ'J n rihJ , , 

.,J..l" r n .,J - .x "" "'" , n.':1 <V 'VlLrJ'elV1~L'l!~~ (membrane potential ) Pi'nrJ -W~'l'VlLnVl"lJhl "'l'1L~rJm'l Pi'nrJ -WY'i'l"lJru~Yin (resting , 

membrane potential) ~'1~fOl'lU~~l-J'lru 70 ;1~~L'J~1'l fl'lrJlhlLtlhl~lJn~'lfl'lrJhl'eln'el'l"'lL1rJn~'l 

~rh -70 ;1~~L'J~ I'l L~'el LmtJlJ LYlrJlJnlJ~'Jhl'eln~'1H\tlhl~~'l'1~'1 (reference potential ) 

«ntl1~vh'llcu~Vi1.:J1'U (action potential) 
r ," 

'llPi'n~ L'J'llLLYiP1~ (2528) l~n~'l'J~'l Li1'eln~'l~L1j'elV11'elL~hlU~~~'l'Vl~n'l~vl'l'1'lhl "'l~~n'l~ 
'U 

m~"'l'lrJ"lJ'el'11-W~ 'l'el'el n lu~'1"'l ~ Ltlhl~'JhlV1~'1"lJ'el'1 n ~ In n'l ~vl 'l'1'lhl ~'el L~hlU ~~~'l'Vl"'l ~l-D' n'l ~ 
, " " 

m~"'l'lrJ"lJ'el'11-W~'llu l'l'll-J lrJu~~~'l'VlYl ~tJ n~'l n~~LL~U~~~'l'Vl ~'Jhll 'Un ~ 'l ~ L 1j'el,rhll-D' m m~~"'l 'ltJ 
" I I I 

l-w ~ 'l1 U l'l'll-J L 'l! ~ ~ n ~ 'll-J L 1j'el L Yl'el Ltlhln'l ~'Il 'l ~ 'l ~'1 Yll~flJ"'l 'l n U ~~~ 'l 'Vl LVl tJ eJ 'lhllJ 1-L 'J ru~'el rJ ~'el 
" U~~~'lhl~~V1~ 'l'1 L~hlU~~~'l'Vl LL~~n~ 'll-J L 1j'el (neuromuscular junction) 1 ,xm~"'l'lrJlu l'l'l~ 

" " , 
n~'ll-J L 1j'ell~Vlm'J Vl L~'J LL~ ~n~'l'1"lJ'J'l'1 "'l~vl'll,x n~'l~ L 1j'elV1 VlI'l'J l~Yi~'el~ L Yi 1tJ'1 nhl l-w~ 'lYl m~"'l 'l tJ 

I I I 1J 

LiJhllJ'Jn Yl~rJn~'l ~LYi~'lln'l!-nhl (depolarization) Li1'elL'l!L~rJ~V1tJVlLihlulhlL'l!~~ V1~'1"'l'ln,rhl 

L Yi LLl'l~ L~rJ~~'el'elhlri"'l~~'1"'l'l nfl'ltJl hlL'l!~~'el'el n~hl'el n L'l!~~ vl'll ,xfl'lrJl hlL'l!~~Ltlhl~lJ LV1i1'elhlL~~ 
'U 
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, " 
"lJ'el'l" nrJ1 ~ Y11 "lJ'el'l L~'el~i.J L'1l 'C'l ~"lJ'el'l n ~ 1i.J L il'el LL'C'l::: L~tJU~:::~ 1Yl LL~ 'J '"l::: Ln c;) n1 ~n ~:::'"l1 rJ"lJ 'el'l , 

3 - 5 Li.J 1n~[;J'eltJ1Vi 

F1';11)J L;';I "l. 'lJ n1'1n'1~"ntJ ~ntJ1 VHh'lJ tu~'Vh.:J1'lJ 
~"n~ L'J'1lLmP1~ (2528) L~n~1'J~1 n1~LLtJm:::'"l1rJ"nrJ1~Y11"lJru:::Vi1'11tJ1tJ1mh:::~1Y1 

, " 
(nerve fiber) ViL1rJn~1 m:::LL~U~:::~1Yl (nerve impulse)"LJtJ ijrl'J1i.JL~'JLLlnn[;J1'1ntJi.J1n ~'el 
40il c:J .t:::II ~ ~J' I"" ea. 
i.Jrl'J1i.JL~'JU~:::i.J1ru 1 - 1 00 Li.JI?I~ / tJ1Yl Yl'ltJ"lJtJ'elrJnU"lJtJ1C;)LL'C'l:::'1ltJC;)"lJ'el'l1rJu~:::~1Yl 

" 
I \I... I 

~'JtJn1m~:::'"l1rJ "nrJ1 ~Y11LUIn1i.J L~'el~i.J L'1l'C'l~n~1i.J L il'el'C'l1rJ"LJtJ ij rl'J1i.J L~'J rl'eltJ-if1'1 rl'lVi , 

~'elU~:::i.J1ru 3 - 5 Li.JIn~ / tJ1Vi 

1. n1~ihm:::LL~U~:::~1Yl~hJiju'C'l'elmrrJ~~tJ~i.J (unmyelinated nerve fiber) , 

rl'J 1i.J L~'J 1 tJn 1 ~~1 m:::LL~U ~:::~1Yl1 tJ1rJu~:::~ 1Yl LLIn n [;J1'1 ntJI?I1i.J"lJtJ1 C;)"lJ'el'l1rJu~:::~ 1Yl 

" ~'el 1rJu~:::~1Yl"lJtJ1 c;) 1 V1 '1J ~1m:::LL~u~:::~1YlL~ L~'J n~11rJu~:::~1Yl"lJtJ1 c;) L~n 'elfiu1rJn'C'lLn L~ ~'1-n 

n1~~1 m:::LL~U~:::~1Yl r1i''el'l'el1 "rJ n1~LnU LL'C'l:::n1~U~'elrJu~:::'"lL ~Y11"lJ'el'l L~'el~i.J L'1l'C'l~ ~'1Vi1V1U1~ , , 

LtltJrl1U1:] LI?I'elf (Cm) LL'C'l:::L ~Y11~ r1i''el'lL V1'C'l tJ1tJrl'J1i.J r1i'1tJYl1tJ"lJ'el'l 'el1 t'1l~'C'l1~~i.J (axoplasm) 

L'J'C'l1~1-ntJn1nnuLL'C'l:::u~'elrJu~:::'"l~rJn rl1L'J'C'l1rl'l~ (time constant) "lJ'el'lL~'el~i.J . , 

Time constant (T.C.) = R x C 

", , 
1rJu~:::~1YlL~tJ1V1'1Jijrl1 R U'elrJ 'tl:::"LJtJ L'J'C'l1rl'lVi~'1U'elrJ~'JrJ Vi11~L'J'C'l1Vi1-ntJn1nnu 

LL'C'l:::U~'elrJU~:::'"lL ~Yl1'C'l c;)'C'l'l mnLtJ m:::'"l1rJL ~Y11LUL~'elih'l~'J c;) L~'J 'elrJ1'1hn~m~~1 m:::LL~ , 

" " 
i1'1n1rJ"LJtJ ij"lJtJ1C;)L~mYirJ'I 0.5 - 1.0 Li.Jrl~'eltJLyh"LJtJ 

2. n1~~1m:::LL~u~:::~1Yl1tJ1rJu~:::~1Yl~ijU'C'l'elmrrJ~~tJ (myelinated nerve fiber) 

U 'C'l 'el mr rJ ~ ~ tJ ~ ~ i.J ij rl ru ~ i.J u~ Ltl tJ'tl tJ'J tJ ~'1 Vi 11 ~ rl 'J 1 i.J r1i'1 tJ Yl1tJ"lJ 'el'l L~'el~i.J"lJ'el'l1rJ , . . 
U~:::~1Yl 1n~'1~ijU'C'l'el mrrJ~~tJ~i.J L ~i.J~tJ ~'1 LtltJ~'C'lYi11 ~ rl1U1:] LIn'elfLnuu~:::'"lL ~Y11L~U'elrJ'C'l'l , . 

L tJc;) 'el'el~ L~tJL~rJf (node of ranvier) ~ij rl'J1i.JrJ1'J LYirJ'I 2 - 3 Li.J rl~'eltJ LC;)rJ n'C'lLn ~'1n~1'JYi11 ~ 

rl1 L'J 'C'l1 rl'l~"lJ'el'l L~'el~i.J'C'l C;)'C'l'l L ~ n :::~1 rl1U1:] LLl?ltJ'lI"lJ'el'l L~'el~i.J 'C'l c;) 'C'l'l Vi 11 ~U~:::~1Yl~ijU'C'l'el n , . 
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~tJ~~tJ ~IYi~'ltJ~~~IYll~ ~~'J n~I"ll\l(;)~1,jntJ~'eln~tJ~~tJ"'~ ml~ ~~'J 1 tJnI~~IYi ~'ltJ~~~IYl • 

Fl~'l.I1~vhni1"Hif'tl 
Clarys ~~~~ Cabri (1993) 1~mh'J~1 rl~tJl~yhn~I~L~'el ~'el~'1)'1)lrul~Yh~,rtJ~nl~ 

'ill n n 1 ~VI (;) 1'l'J"lJ'el'l n ~ 1 ~ L ~'el Ln (;)'il1 n nl ~LtJ~ tJ tJLLtJ ~'l "lJ'el'l Pi' n tJ1 ~ YlI U1L'J ru L~ 'el"'~ L"l! ~; • 

n~I~L~'el ~Ln(;)'illnnl~~ltJL.jfI'el'elm"l!~;"lJ'el'l~'el'eltJ[;]I'l 1 Yhl"'Ln(;)~LYi~lhL"l!~tJltJ[;]I~L'1!~; 
n~l~ L ~'el ;'l ~1 ~1~1.lr) (;) L(;)tJl-if Lrl1'el'lr) (;) rl~tJl ~YlI n~l~ L ~'el L(;)tJ'il ~fu~ '1) '1)1 ru"lJ'el'l m~LL~ 

" " tJ~~~IYl"lJ'el'l n~~LL~ 1 ~YlI n~l~ L~'el L(;)tJl-if-n'Jfu~ '1) '1)1 rul ~YlI (electrode) LL~'J ~'l [;]'elltJ~'l 

LL'el~tJ~1 ~ L'el'elf (amplifier) "lJ'el'l Lrl1'el'li1'el L~'el"lJmtJ~ '1) '1)1 ruLL~'J LLtJ~'l~ '1) '1)1 rul ~YlI dJtJ 

" " ~ '1) '1)1 rufllYi LL~ (;)'l'el'elnYlI'l'il'el (oscilloscope) 1 tJYlI'l rh~l~n l-if Lrl1'el'lr) (;) rl~tJl ~YlI n~l~ Li~~'el 

i'J~ flUnI~~ Lrl~1 ~'If nlnrl~'eltJl VI'J"lJ'el'lil'l nltJ 

Fl~'l.I1 ~vhni1)J L if'tl "I. 'l.I n~n'i'i)J'VI1-3n1'iii~1 
," " 

m~Yi~~m~1 (2542) rl~tJl~Ylln~l~ L~'el "J!'JtJltJnI~~ Lrln~'lfnl~l11'lltJ"lJ'el'ln~I~L~'el 
", , 

L(;)tJ~ Lrln~'If~ln~l~ L~'eln nI~l11'lltJLi1'ell(;) Vl1'eln nI~l11'lltJ'elr11'lh 1 tJYlIYlI'l nI~Lrl~'eltJl VI'J 

" " 
1(;) 1 n~I~L~'el~(;)~nnl~l11'lltJ ~lmJ'elmYiml(;) nI~l11'lltJ1tJ~ltJnI~n"l11 L"J!tJ nln~f~ 

, " , 
LYltJ\l~ 'il~n nI ~~ Lrl n~'lfLnm flU n~l~ L~'elVl1-if1 tJnI ~L~f~~ n L(;)tJnnl~Yl (;)~'el'l LL~~Lnu.jf'el~~ 

~ ~ 

I I """ I 

rl~tJ 1 ~Yl11 tJ,rn n"l11Vln~ n'l=t~LL~ ~rl'Jl~ ~1 ~1 ~1.l-ntJ~'l 'ill n,rtJ~I~1 ~ Lrl n ~'If L Yl'el LiJtJLLUU'elr11'l 
~ 

I I I '" " 

1 tJnI~!Jn 1 "'flu,rnn"l11~tJ[;]'el hJ ~'l nI~H rl~tJl ~YlI n~l~ L~'el 1 tJYlI'l nI~n"l11,rtJ 1~nnl~~n'l=tl 
, " 

1tJVI~ltJ 1 "ll\l(;)n"l11 ~nnnnVltj'l~1~11-if1tJnI~tJ~~LijtJmnl~~I"lJ'el'ln~I~L~'el Vl1'el mnl~ 

UI (;)L~u1tJ,rnn"l11 L~'eltJ~~LtJ"lltJ1 tJnI~'JI'l LL~tJ LL~~ nlV1tJ(;) LtJ~LLm~nI~!Jn-if'el~ 

tJ'eln'illn~ Basmajian LL~~ De Luca (1985) 1~n~I'J~1 tJ~~LtJ"ll,r"lJ'el'lrl~tJl~YlI 
" , " 

n~I~L~'elVl~nin~11-if1tJYlI'lnl~n"l11H n~'l~ 

1. ~n'l=tIn1~l11'lltJ"lJ'el'ln~I~L~'el~~VI~I'lnl~Lrl~'eltJ1V1'J[;]I'l 1 L"J!tJ LL~'l"lJ'el'ln~I~L~'el 
"llUI'l"lJ'el'l L~tJ1tJn~l~ L~'el LtJ'elfL~tJI;lnl~l11'lltJ"lJ'el'ln~l~ L~'el LUtJ~tJ 

" " 
2. ~n'l=tl~'l~n'l=tru~nI~VI (;) 1'l'J"lJ'el'ln~l~ L~'el L"J!tJ chn~l~ L~'elVlI'lI'l'JLLUUL'el L"l! L~[;]1n 

" ," 
YiU~1 rl'Jl~ ~'l"lJ'el'l n~l~ L~'el 'il~~ rl'JI~~~~tJfiflU rl~tJL ~YlI n~l~ L~'el LUtJL:n'l L~tJl11~'l LL[;]cli nI~ 

VI (;) 1'l'J"lJ'el'l n ~1~ L ~'el hJ1"J! LLUUL'el L"l! L~ [;]1n YiU~1 rl'JI~~~~tJfi ~~VI~I'l rl~tJL ~YlI n~l~ L~'el flU 

" rl'Jl~ ~'l"lJ'el'l n~l~ L -W'el'il ~ hJ LUtJL:n'l L~tJ[;]N 



10 

3 . ~mj''l L~tJ'J nu~'J'l2.J L~'eltJ~'l'll'el'l n~'l2.J L~'el Lc;)tJ~n~'l~'l n ~'J'l2.J~ LL~:;~'J'l2.J~'l'll'el'l 
" 

i'k! r1J'l ru~~'W1 yJ-W'l Cl'l ~'J'l2.J ~ LL~ :;~'J'l2.J~'l'll'el'li 'k! 'k!'l ru~~'W1 yJ-W'l~ C;)~'l LL~ C;)'l~'l Ln c;) ~'J'l2.J 

, " 
4. lh:;d1'W1.J~:;~i'lfiJl'l'Yi'll'el'ln'l~1Jnt1.JLLUU[1]'l'l1 Yln[1]'eln~'l2.JLll'el 

tr,..4'!Iv1i:j eJ~ ~'el Fl~'Ul vJ.yhni'l~L if'el 
De Luca (1997) 1~n~'l'J~'l L~'elu'WYin~~'W1yJ-w'ln~'l2.JL~'el L~ltJL.jfi'Jfuir1J'k!'lru1yJ-W'l 

n~'l2.JL~'elLLUU~h (surface electrode) ~:;nif~~tJ~n~~m:;i'lu[1]'eli'k! 'k!'lru1 yJ-W'ln~'l2.J L~'el 
~'l~'l2.J'lH)LLtl'l1~Lll'W 2 n~2.J~'l~ , 

" 1.1 ~n~ru:;'lI'el'li'Jfui'k!'k!'lru1yJ-w'l (electrode configuration) H1LLri 'lI'W'lc;) 
'" • II I I II 

'lI'el'l~'WYl ~1'elt1.Jh'l'll'el'li'Jfui'k!'k!'l ru ~'ln ~~ [1]'el9'l'W'J'WWW'JtJtJ'Wj;JYlU'WYi n 1~ L 'W'lI ru:;n~'l2.J Lll'el 
" , 

~C;)(;]'J i'Jfui'k! 'k!'lru1 yJ-W'lYl L~2.J'l:;~2.J ~'J~n'll'W'l c;)1.J~:;2.J'lru 1 L'l1'W~L2.J 11l~ 

1.2 ~'lLL~'Il'l'll'el'ln'l~'J'l'li'Jfui'1J'1J'lru1yJ-w'l (electrode location) n'l~u'WYin 
I II II II I II 

~~'W1 yJ-W'l n~'l2.J Lll'el Lc;)tJL-ifi'Jfui '1J '1J'lruLLUU~'J,r'W ~'l Lm'll'lYl'J'l'li'Jfi'1J fkj'l ru1 yJ-W'l n ~~ [1]'el 

~'J'l2.J~'l (amplitude) LL~:;~'J'l2.J~ (frequency) 'lI'el'li'1J'1J'lru~~'W1yJ-w'ln~'l2.JL~'el ~'lLm'll'l~n 
~'J'l2.J m2.J'l:;~2.JL 'Wn'l ~'J'l'li'Jfui '1J '1J'l ru ~'el U1L'J ru, C;)~'l n ~'l'l ~:;~~'l'l' C;)2.J'el LI1l'elf (motor 

I I II I II ... 

Lu'Wu1L'J ruYl ~'J'l2.J~'l'll'el'li 'k! '1J'l ru~~'W1 yJ-W'ln~'l2.J Lll'eln rl'l2.J'l nYl~ c;) Lc;)tJHi'Ji r1J r1J'lru 2 :n'W 

v ~.... '" J' JiJ ..... 
'J'l'l'll'W'l'Wn'WLL~ :; 111'1 'U'l n nu L~'WLtJ mn2.J L 'W'eli'lI1l'el'l n'l~'J c;) 

2. if~~tJJl'ltJL'W (internal factor) L~tJ'J.jJ'el'lnu~1~fli'ltJ1 L~N~h'lLL~:;~'JL~n'll'el'l 
" , , 

n~'l2.J Lll'el Lll'Wif~~tJYlhJ~'l2.J'l~tl ~'JU ~2.J1~ ~'l~'l ~~ [1]'el'll'W'l C;)'lI'el'l ~'J'l2.J ~'l (amplitude) LL~::; , " 
I I '" I 

m'l2.Jn (frequency) 'lI'el'li'1Jfkj'lru~~'W1yJ-w'ln~'l2.JLll'elYlu'WYin1~ 1~LLri 
, 

o I r 0 I r4::i 

2.1 ~'l'W'J'W~'W'JtJtJ'Wl1l (the number of active motor unit) ~'l'W'J'W~'W'JtJtJ'Wl1li'l 
" ," 

vi'l'l'l'WL 'W'lI ru:;n ~'l2.J L ll'el~ c;) (;]'J n ~ ~ [1]'el ~'J'l2.J~'l'll'el'l ~~'W1 vi -W'l n~ 'l m ll'el ~'el Cl'l9'l'W'J'W 
" 

I II I II 

~'Il'JtJtJ'Wj;J'lI ru:;Yl n~'l2.J L ll'el~ c;) (;]'Jn9'l'W'J'W2.J'l n ~'J'l2.J~'l'll'el'l ~~'W1 yJ-W'l n ~'l2.J Lll'el ri~:;2.J'l n ~'JtJ 
" 

" " 
2 .2 'l1UC;)'lI'el'lL~'WLtJn~'l2.JLll'el (muscle fiber type) ~'ln~~[1]'eln'ln1.J~tJ'WLL1.J~'l 

" , 
2 .3 n'l~1~~L~tJ'WL~'elC;)Jl'ltJL'Wn~'l2.JLll'el (blood flow) n~~[1]'eln'ln~~'el'W~'ltJ 

~'l~~ Ln c;)~'l nm:;u'J'Wn'ln2.J I1l1U'el~~2.J (metabolism) LL~:;'elru~Jli'1 vi'lL ~n ~~ [1]'el ~'J'l2.J L~'J L 'Wn'l~ , " 
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ill~ntJl VHh'lJru:;"I11"l1'W LL~:;~'JllJ~"l'lJ'fl"l ~~'WlyjYhn~llJ L~'fl ~'fl L~'flm~1 V1~ L~tJ'WL~'fl ~1l1tJ1 'W .. 
, .,. J' ...:~ t- J'..l.,~ t- J't-
n"l mtJlJ~"l'lJ'W ~'JllJ~"l'lJ'el"l ~~'W ~ yjYh n ~llJ L'W'flYl1J'WVln 1~"'l :;lJl n'lJ'W~'JtJ .. .. 

" 
2.4 'lJ'W1 ~'lJ'fl"l L~'W1tJn~llJ Lij'fl (muscle fiber diameter) il ~~ (;]'fl ~'JllJ L~'J 1 'W 

, " 
m~ill ~ ntJl yjYh'lJ ru:;"I11"l1'W LL~:;~'JllJ~"l'lJ'fl"l ~~'Wl yjYh n~llJ L ij'fl .. 

II II I I 

2.5 ~'JllJ~ mL~ :;~'JllJV1'WI'lJ'fl"li'WLij'fl L~'fl il ~~ (;]'fl ~'JllJ ~"l LL~:;~'JllJ~'lJ'fl"l .. 
I II , II I 

~ CU CUI ru~~'Wl yjYh n~llJ L ij'fl L'lI'W m~tj' ~ ~~'Wl yj~1 n~llJ Lij'flVl'elt1~ nlJln"'l :;"1111 ,xrh ~'JllJ~"l 
.. ., \J \J 

I " II II 

'lJ'fl"l ~~'W~ ~~"l LL~ :;,h ~'JllJV1'WI'lJ'fl"li'Wl 'lJ,r'W 1~~'JV11!"l ~:;V1~I"l n~llJ L ij'fl LL~:;i'Jf1J~ ry '1)1 ru 1 yj~1 

, " , 
De Luca (1997) 1~m:h'J~1 ~'JllJ~"l'lJ'fl"l~ '1! '1!1 ru~~'Wl yj~ln~llJ Lij'fl LL~:;LLNVl Ln ~ 

"'llnm~V1 ~ [;]'J'lJ'fl"l n~llJ L~'fl~1 il ~'JllJ~lJ~'Wfirl'W L~tJ'Y'I1J~1 ~'JllJ~"l'lJ'fl"l ~ CU CUI ru~~'Wl yj~1 .. ~ ~ 

, " 
1 'Wn ~D1Vl n ~ 1 lJ L ij'flV1 ~ [;]'J LL1J1J 

", " 
1'fl LIjj LlJ [;l1n (isometric contraction) ~'fl n~llJ Lij'flV1 ~ [;]'J L(;1tJVl mllJtJl'J'lJ'fl"l n~ IlJ L ij'fl hJ 

, , " 
LtJ~tJ'WLLtJ~"l Wilmore LL~:; Costill (1999) 'Y'I1J~1 ~'JllJ~lJ~'Wfi'lJ'fl"l~~'Wlyj~ln~llJLij'fl LL~:;LL~"l 

I II I II 

Vl Ln ~"'l1 nm~V1 ~ [;]'J'lJ'fl"l n~llJ Lij'fl il~ n'l!tru:;dj'WL~'W[;lN tJ n [;]'J'flt11"l L'lI'W LSj'fln~llJ Lij'fl LV1~tJ ~-if'fl 

" ~ n'l!tru:;dj'WL~'W[;lN LL(;]tll m~V1 (;) [;]'J'lJ'fl"ln~llJ L ij'fl LU'WLL1J1Jl'fl LIjjL Y1iln (isotonic contraction) 
I I II I '" I I 

~"lilmntJ~tJ'WLLtJ~"l ~'JllJtJ1'J'lJ'fl"ln~llJ Lij'fl 'lJru:;Vl n~llJ Lij'flV1 ~[;]'J 'flI"'l"l111,xil mn~~'fl'WVl'lJ'fl"l 
II t I I 

i'Jf1J~ '1! '1!1 rul yj~I'lJ ru:;Vl"l11 m nr'W~ n~ '1! '1)1 ru ~'JlJ ~"l ~'JllJhJ ~"lVl'lJ'fl"lm,btJtJ'W(;]Vl"l11"l1'W 
II I" I 

'lJ ru:;n~llJ L ij'flV1 ~ [;]'JVli'J f1J~ '1) '1!1 rul yj~I,r'W~ n 1~ ~"l e.J ~ 1 ,xltJil"l'lJ'fl"l~ '1) '1)1 ru~~'Wl yj~1 
" I I I I" 

n~llJ Lij'fl Vl,r'W~ n 1~ LtJ~tJ'WLLtJ~"l1tJ ~"l ~'J IlJ ~lJ~'Wfi~:;V1~I"l LL~"l LL~ :;~~'W 1 yj~1 n~llJ L ij'fl"'l:;LU'W 
II II I II I 

L~'W[;l~"l L'tl'Y'lI:;'lI'J"l LLm'll'fl"l m~V1 ~ [;]'J'lI'fl"l n~llJ L ij'fl LVl11!'W (;]'fllJl LLN LL~:;~~'Wl yj~ln~llJ Lij'flVl 

,r'W~ n 1~ "'l:;hJil ~'JllJ~lJ~'Wfin'WLu'WL~'W[;l~"l tJn [;]'J'flt11"l L'lI'W n~llJ L ~'fl"l'fl-if'fl Pl'fl n 'fl'flnLLNV1 ~[;]'J 

L ~lJ;'WL ti'fl"l"'l1 n LLN~1J1L'J ru-if'flSj'fl L~lJ;'W 'Y'I1J~1 ~~'Wl yj~1 n~llJ L ~'fl"l'fl-if'fl Pl'fl nil rll L ~lJ;'W 
I "I I 

LL(;]~'JllJ~lJ~'Wfi'lJ'fl"l ~~'Wl yj~1 n~llJ Lij'fl LL~:;LLNVl1J1L'Jru-if'flSj'fl"'l:;hJ LU'WL~'W[;lN Lij'fl"l"'l1 n L~tJ 
II I" II I 

~'J'W1 m1i 'lJ'W1 (;)'lJ'fl"li'Jf1J~ '1) '1!1 ru~~'Wl yj~ln~llJ Lij'fl ,r nil'lJ'W1 ~ L~ nn~1 n~llJ Lij'flVl~'fl"lm ~ 

u'W~ n~ '1! '1!1 ru~~'Wl yj~1 n ~ IlJ L ~'el ~"l,r'W~I'W'J'W'lJ'el"l m.btJtJ'W(;]~,r'W~ n 1~'lJ ru:;n ~ 1 lJ L ~'elV1 ~ [;]'J 

~"lil~I'W'J'W,j'fltJ n~lV1tJ'JtJtJ'W(;]~"I11"l1'W"'l1"l L~'fln~llJ L ~'el'el'el nLLNV1(;)[;]'J L~lJ;'W "'l:;"1111 ,xilm~ 

~:;~lJV1tJ'JtJtJ'W(;] (recruitment of motor unit) L~lJ;'W tllV1tJ'JtJtJ'W[;l1mJLV1~I,r'W'flt11n~n1Ji'Jf1J .. 
, " , 

~ ry '1)1 rul yj~1 'Y'I1J~1 ~ '1! '1!1 ru~~'Wl yj~1 n ~llJ Lij'fl "'l:;il rll LVl1 n1J LLNVl Ln ~"'l1 n m~V1 ~ [;]'J'lJ'fl"l 
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~ ~ ~ 

n~l~ LU'ellOl1-~ LLJ;]nlvn.bmJiJ(;l1~~h~~l'WiJ 'el~1n~ rl1J-n';lf1J~ tlJ tlJlru1 ~yh Yi1J~l~ t1J t1jlru 

~~iJ1 ~Yh n~l~ L ~'el'el11OllOl:; hJ1Ji' L~~~iJ(;ll~ LL~~~ Ln ~IOll n n1~~ ~ r;l';l"lJ'el~ n~l~ L ~'ellOl1-~ 

~ ~ 

Jllt11~~liJl1Ol"lJ'el~~ (;l11Ol n~l~ L U'el LLJ;]~:;,r ~ ih~iJlh:;~lYl~l~~'el L~t1~~l n~lt1 L~iJlh:;~lYl 
I ~ ~ ~ 

LLJ;] ~:; L~iJYl~ltT~ n~ 1 ~ L U'el IOl:;LL(;l n'el'el n LlliJLL"lJiJ~ tJ'eltl11U L~ t1~ L'l! ~ ~ n~ 1 ~ L U'el~liJ';liJ~l n 

~ , ~ 

L-niJ n~l~LU'eltl'el~ (gastrocnemius) ~tl';ltltliJ~~;j~~tl';ltllOl:;u~:;n'el1JJi'';ltln~1~LU'el1 ,000 11~ 

2,000 L'l!~~ ~(;l~1~';liJ"lJ'el~L'l!~~n~1~L~'elrl1JL~iJU~:;~lYltliJ~~~lLim,riJhJ1~iJ'el~rllJ"lJiJl~ 

~ ~ ~ 

n1~~ ~r;l';l"lJ'el~n~l~ LU'el~lt1Un ~h1iJ L'l!~~ n~l~ LU'ellOl :;hJ~ ~r;l';lYl~:;L'l!~~ LLJ;]n1~Yi1~liJ 
'" 1.1 '" I '" 

"lJ'el~n~l~ LU'eltJiJ Ln ~IOlln n1~~~r;l';l'eltJl~Yi~'el~ LYi1mrliJ"lJ'el~n~~ L'l!~~n~l~ LU'el ~~ L~t1~L~t1 , 

LL~:;~1~ln1 m:;~iJ 1 ~ Ln ~ n1~~ ~ r;l';l1Ji' ~tl';ltltliJ~LLJ;]~ :;~tl';ltl ~1~ln1 () n n ~:;~iJ1Ji' Ji'';ltl ~';ll~ LLN , " , 
I I I I tI 

"lJ'el~ ~~ n ~:;~iJYl LL(;l n J;]l~ rliJ ~:;~lJ ~';lll-J LLN"lJ'el~ ~~ m:;~iJYlYi11 ~ L t1iJn1 ~~ ~ r;l';l"lJ'el~ n~l~ L U'el , , 

L1t1n~1 threshold ~tl';ltltliJj;f~~ threshold ~l IOl:;()nm:;~iJri'eliJ Yh1~~"lJiJl~LLNm~1iJ '" , 
~ , , 

n~l~ LU'el~:;~lJ~;j~ nl1 ~~';ll~LLN"lJ'el~~~ m:;~iJ~~Yi'el YJ n1~tl';ltltliJ~IOl:;Yi1~liJYi~'el~ LYi1t1~ rliJ 
, ~ 

vll1 ~Ji'LLN m~Yl Ln ~IOll n n1~Yi1~liJ"lJ'el~ n~l~ LU'el~~~ ~ " , 

.aI ..... .aI '1 •• 1.':1 "' ..t 
L~'i'2l-!l1~ ~'iI'U mll1n'il1~ L 'U'2l 

'l! Pin ~ L';l'l! LLYi filcl" (2528) 1Ji'n~1';l~1 L~i'el~~ ~ ~~iJ1 ~Yh n~l~ L ~'el u~:;n'ellJ1uJi'';ltl~';liJ 
" 

l.t I I '" 

1. -n';lflJ~tlJ'1Jlru~~iJ1~yh (electrode) YlH'(;l~';llOl~~n~1~LU'el~1~1~mLu~1Ji' 2 'l!U~ 
~ , 

lJi'LLri -n';lflJ~ tlJ tlJlru1 ~.wl'l!U~L~~ (needle electrode) vll n1~UiJ~ n~ '1J '1Jlru~~iJ1 ~.wl 
'" '" I '" I 

n~l~ L U'el L~t11.jf L~~LLYl~ L-nl1u1 iJn~l~ LU'el ~~1.jf~1~flJ (;l~';llOl~ ~ n1~vll~liJ"lJ'el~ n~l~ LU'elYl 

~'el~ n1~~';l1~~:; L~t1 ~ L ti'el~IOll n ~l~l~()~ ~ 1Jl1 iJLLJ;]~:;~tl';ltltliJj;f .r';lflJ~ tlJ tlJl ru1 ~.wl'l!U~~ 
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tJ,mUJ1:;~ 1~fu n1T(;]T'J9tJ ~n~rm L ~'el~'el~1 'W.r'W~ n (deep muscle) ~ n ~'JtJ ~'J'W.rr'J fu 
, " , 

i t1j t1j1 ru1vHh~ n"llij~~il'l ~'el "ll'Jfui 'kJ 'kJ1ruLYh~1"llij~ ~'J (surface electrode) ~'11h:;n'elu 

~'JmL~'Wt~~:;C~'W (Ag) LL~:;~1T~:;~1tJ~~L'J'elf~~'elh~ (Agel) ~'1Vhn1Tu'WVini'kJt1j1ru 

~~'WLyHh n~1~ L ~'el L~~tJ n1T'J1'1U'W~'J~,r'l~1-'eln~1~ L~'el i'kJ 'kJ1 ru~~'WL yJyh~u'WVi n L~ LiJ'W 

1:-J~~'J~'lJ'el'l ~~'WL yJvh n~1~ L ~'el91 n~~1tJ~tl'JtJtJ'W~ ~'11 'WYl1'1 m ~n'l'11,r n 1-if.rr'J fui'kJ 'kJ1 ru L yJvh 

" " oICIl cI 01II::II. ,.. 0 1I.d1 

"ll'W~'W~1'J L~n:;~m~Yl1'11'W'lJ'el'l n~1~ L'W'el 

2. LL'el~U~L yJ L'el'elf (amplifier) LL'el~U~L yJ L'el'elf'lJ'el'l L~-;:'el'ltJ ~~~'WL yJvh n~rm L~'el1-if'lJmtJ 
" ;( ntJl yJVh~1'W'J'W,J'eltJ ~'1 ~'el'liJ~ n~ru:;~'1il 

2.1 iJrh~'1'lJmtJ~'1 LL~:; ~~1L~~'el(;]~'el~-n'J'I 'lJ'el'l;(ntJlyJvh~~'el'lm~(;]~'J9tJ~ 
" 

I I II I '" 

L;j'el'l91ni 'kJ 'kJ1ru~~'WL yJvhn~1~ L;j'elYlu'WVin L~iJ'lJ'W1 ~L~n~1n ~'1,r'W LL'el~U~L yJ L'el'elf ~'1 ~'el'liJ 

n1~'1'lJmtJ~'1 LL~:; 'lJmtJi'kJ'kJ1ruL~~~1L~~'el 
2.2 iJ n1 ~(;]'elU ~'W'el'l ~'el ~'J1 ~ ~1 'W-n'J'I n.) 1'1 L ti'el'l91 nL~-;:'el'l tJ ~ ~ ~ 'WL yJvh 

n ~ 1~ L ~'el9 :;~'el'l (;] ~'J9tJ ~;( n tJl yJvh~ iJ n1 ~LU~ tJ'WLLU~'1 L~'J ~'1 1 00 L~ t~ ~ t'J ~ ~ 1 'WL'J ~ 1 

I I I " I I I I 

t"'tJ..r'J LUL~1-'el'ltJ~~~'WL yJ.yhn~1~ L;j'el~'el'lH-n'J'I ~'J1~n 2 - 1 0,000 L~~(;]i ~'1 LiJ'W~'J1~nYl n.)1'1 

~1 n LL~ :;~1~1 ~CltJ ~~U11'1'lJ'el'l ~~'W1 yJvh L~ ~~Utl'J'W 
" 

2.3 iJ~ (;] ~1 ~ 'J 'W'lJ 'el'l;( n tJl yJYl1 ~il'el'W L -if 1 ~ 'el n~:; LL~ 1 yJ Yl1 ~ LL'el ~ u~1 yJ L'el'el f 

~1~1~ClfuL~ (input impedance) ~'1 L~'el1"IXm:;LL~L yJYl1~'1iJ L~tJ'I L~n,J'eltJ~ninLU'lJmtJ1 'W 
I 11 I I II 

LL'el~U~L yJ L'el'elf1.~ LL~:;hJvi11"IXi 'kJ 'kJ1ru~~'WLyJYl1n~1~ L;j'elYlu'WVin L~iJlu11'1Yl~ '" L~tJ'W1u LL~:; 

iJ~ (;]n~'J'W'lJ'el'l;( ntJl yJYl1~~'1'el'el n ~'elm:;LL~ L yJYl1~ LL'el~U~L yJ L'el'elf~1~1~Cl ~'1'el'eln 1~ (output 

impedance) ~1 L~'el1 "IX~1~1~Cl'lJmtJi 'kJ 'kJ1 ru~'J1~~~~'1 1 L~~;'W 
2.4 iJm1~~1~1~Cl1'Wn1~n1~"'~'1~un'J'WL~~1n (high common mode 

, " " 
rejection raito) 'lJru:;vi1 m~tJ ~~~'W1yJYl1n~1~L;j'el "ll'Jfui 'kJ'kJ1 ru1 yJYl1m9fum:;LL~1 yJYl1 

91mL~~'1 ~'W 1 ~'JtJ tl1i'kJ'kJ1ru~vhm~tJ~iJ~1,J'eltJ'el~LL~'J 9:;LiJ'Wm~mn~9:;LLtJm:;~~1'1 
, " 

i'kJ 'kJ1 ru~un'J'WLL~:;i 'kJ 'kJ1 ruYl ~'el'l n1~tJ "'91'1 ~'1,r'W LL'el~U~L yJ L'el'elN'I ~'el'liJ ~'J1~~1~1~Cl1 'W 

m~n1~",i'kJ'kJ1ru~un'J'W1~~1n 

3. ~:;uu LL~ "''I LL~ :;u'WVini 'kJ 'kJ1 ru~~'W1 yJYl1n~1~ L~'el Lti'el'l91 n ~~'Wi 'kJ 'kJ1 ru1 yJYl1 
" I I I " 

n~1~ L;j'eliJ ~'J1~n ~'el'W-if1'1~'1 Lij'el LmtJu LYltJUrlU ~~'WL yJYl1n~1~ L;j'el-X'J 19 ~'1hJ~1~1~mL~ "''I 
" 

I '" I I 

~~'W L yJYl1n~1~ L;j'el ~'JtJ m ~ 1-ifU1 n m L~tJ'W~'1u'Wm:;"'1~ L 'Yi n:;9:;vi 11"IX ~~ 'W 1 yJYl1YlL~iJ ~U11'1 
" 

I II 11 I 

Yl~ '" L~tJ'WLU ~'1,r'W~'1 ~'el'l LL~ "''I ~~'WL yJYl1 ~'JtJ9'el1l1'Yi'el'el~~~ t~~t~u (Oscilloscope) 
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IV 0 .aI IV .aI 1-.1.~ ., .¥ 
\'I~nn1~'VI1~1'U".ll/eHILA~'el~';lj;lA~'U l'n'1n~1~L'U'el 

r I" II I 

~Pi'n~ L,)'lfLLVifil~ (2528) 1~n~1,)~1 "lJru:;Yln~1~LU'elnn1~vl1--l1'W,r'W '"l:;Ln(;1rl~'WhHh 

I I II " 

nn1nn~--l r;l')'j..;~'el~(;1r;l,)~1n rl,)1~ j;]1--l Pi'n~Yl1' (;11~Yl~h~,r--l"lJ'el--ln~1~ L U'eloW '"l:;Lij'WCJ~~,)~"lJ'el--l n1~ 
I "" II 

vl1--l1'W"lJ'el--lm .. hmJ'W[;] ~~1t11~oJ')t1 LL~:;H''elfiU1t111--l n'"lm~~Yln~1~ L U'el,r'W1vl1 rl,)1~ j;]1--l Pi'n~oW 
11 I I " " 

~1~1~n1' (;11~r;l--l LLj;] 1 1~Lrl~L,)~ [;] 11--l 5,000 1~Lrl~L,)~ [;] L(;1t1Lrl1'el--l1' (;1 rl~'Wl ~Yhn~1~ LU'eloW'"l:;1' (;1 
, " " 

rl~'Wl~yhn~1~ LU'eleJ1'W'V11--l -n')¥ui 'kJ'kJ1 rul ~YhLL~:;~1t1LrlLD~ L(;1t11' (;1 LU'W-if'el~~ ~u(raw emg) 

~1~1'(;11~'"l:;~mr'W\1n1'W~oJ')t1rl,)1~~1 (memory card) ~~'el(;1L-if1hJ~r;l,)Lrli'el--l~~n (main unit) 

LL~:;-if'el~~'"l:;,htlLtI--l L-if1~ Lrli'el--l rl'el~Yh L[;l'elf L~'elvl1n1~';j Lrln:;iCJ~ j;]'el hJ CJ~~,)~"lJ'el--l rl~'Wl ~Yh 
~ ~ 

" " ~1~1~n [;l~,)'"l~'elul~'"l1 n Lrl1'el--lu'W\1 n rl~'Wl ~Yl1"lJ'el--l n ~1~ L U'el 
I "" 11 

n1~[;l~,)'"l1'(;1~1rl~'Wl~Yl1n~1~LU'el n 4 -n'W[;l'el'W c;l--loW 
II I " I 

1. fl1rl9Ui'kJ'kJ1ru L(;1t1H-n')¥ui'kJ'kJ1rul~Yl1'lfU(;1~') ti(;1Yl~')~,r--l[;lNrlUn~I~LU'elYl 

," 
2. fll rl"lJtI1t1i ry 'kJl ru L(;1t1H LL'el~tJ~1 ~ L'el'elf LU'Wr;l,)"lJtI1t1 i 'kJ 'kJl ruYl-n')¥ui ry ryl ru 

..I ~ •. 1.':1 '" • "..t ~ """ ~ ,J' 
rl~'W ~Y'rY'j1~U~I'"l1n n1~'V11--l1'W"lJ'el--l n~l~ L'W'el ~~~"lJ'W1 (;1 ~~'kJ"lJ'W 

3. fll rlm'el--li ry ry1ru L(;1t1Hm~ L[;l'elf LU'Wr;l') r;l(;1i'kJ'kJlru~um'W~1~ ~'el--ln1~'el'eln ltJ 

4. fll rlLL~(;1--li ry ryl ru L(;1t1H rl'el~Yi') L[;l'elfLL~ (;1--l ~1 CJ~"lJ'el--l n1~[;l~')'"l1' (;1'el'eln~1 Lu'Wnn~ 

LL~:;r;l,) L~"lJ 

, " " 
~,:r lYl ~ 1 ~ 'kJ "lJ 'el--l n ~ 1 ~ L U'el ~'el n 1 ~~ (;1 r;l') 1 ~ i'WL -if 1 LL~:;n 1 ~~ (;1 r;l ') rl--l rl,) 1 ~t11,) L~ ~ 

1I I I I I 

n~l~ LU'el~1t1m (;1rlum:;(;1n~--ln-if'el j;]'el ti (;1rl'WL(;1t1 L~'WL~'W Ln'elnn1~~(;1 r;l,)'"l:;~--lm:;(;1n 1 ~ Lrl~'el'WYl " ~ 

o .,.¥.aI OIV 

nl~'VI1~1'U".ll'el~r.::'U'l..Jn~1 ~ L 'U'el L~'el'el'el n nl~~ nit! 
r " 

'If Pi'n ~ L,)'lf LL Vi fil~ LL~:; rl'WtI1 tJ1~:;';j1'fitI (2536) 1~mh,)~1 ~:;uu n~1~ LU'el ~'fll~~1 LU'W 
~ 

I II I II 

n1nrl~'el'Wl ~,)'el1 Pi't1n1~vll--l1'W"lJ'fl--ln~l~ LU'fl~It1~--l1 'W11--ln1t1n~--l~~ (;1 792 ,r (;1 ~'fll~~1 
'" I '" I '" 

n~I~LU'fl~lt1LU'W'fl1'm:;Ylntl1~,rn~1nYl~(;11'W11--ln1t1 ~'fltJ~:;~1ru 40% "lJ'el--ltll~,rnr;l,) • 

'" I I I I 

Yi~:;Vi--lpf 'LJ'kJm (2532) 1~n~I,)~1 n~I~LU'flLU'W~,)'W~U--l Ylvl1~,:rlYl1'Wn1nrl~'fl'Wl~') 
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I I I " 

IOl1 n~~~~ ;~ Lilw~,)'l..rVlYi1V1tJ1Vl ~')U ~~ m~Yi1~1'W'lJ~~ ~,)'W~1~1'lJ~~i1~mtJ Yi11 ~n~1~ Ltj~ 
I "" I 

Yi1~1'Wn'W~1~V1ihVl ~~t!'W U~::~1YlLL~::n~1~Ltj~tJ~~Yi1~1'Wth::~1'Wn'W~rh~~~Ltj~~ 
.., ..r 

ml1)JL '\J'£I~1!.1 

n~~ ~"'Yl~,)~ (2532) lc1lmh':l~1 n~1~L~~~1tJ~':l'W1V1'1JYi1~1'WJl1tJ1~~1'W11Ol~~11Ol 
t"'tJ m~Yi1~1'Wi')~ num::", n L~~ 1 ~ Ln ~mn~~~'Wl V1':l m::"'nYi1V1ih~ LiJ'W~1'W~1V1t!ni1~ mtJ 

'IJ 'IJ 

V11-~1' ~ Cl~ ~~~ m ~L~~~'Wl V1':l LiJ'W~':l1~ ~1'WYl1'W -if~m::"'n LU'WIOl ",fu~1V1t!n LLN~ Ln "'IOl1 n m~ 
• 'IJ • 

~ , 
V1 '" ~':l'lJ~~ n~1~ L tj~IOl::LU'WLLN ~~~ nu ~':l1~ ~1'WYl1'WL ~~ 1 ~ Ln "'~Jl1':l ::~~ ~~ 

'IJ , 

'i' .., .., d' 
~~~~~~1~~'£I~n~1)JL'\J'£I~1!.1 

Wilmore LL~:: Costill (1999) lc1ln~1':l~1 n~1~L~~~1tJu~::n~u~'Wc1l':lm"Jj~~V11-~ 
~ ~ 

1tJn~1~ Ltj~ (muscle fiber) LU'W"~1'W':l'W~1m~tJ~'lJ'W1'Wn'WLL~::~tJ~')~ n'WLu'Wl1 ~ t"'tJU~1m1~ 
'IJ 

" I I " 

~~~-if1~'lJ~~l1 '" n ~1~ Li1~IOl::~ "'~ ",nu Lii'W;~~ ~~~nu m::"'n~nVlV1il~ L~'W1tJ n ~1~ Ltj~ LL~~::1tJ 
'IJ 

• I J'" " .", l' 'I " Ji CJ .... ~ 'i' ~ •• 1 ... 'I' 
u~::n~u'lJ'W"'':ltJV1'W':ltJtJ~tJ1 L~tJm1L~'W ~tJn~1~L'W~L~nV1~~ L~ ~~ Ll1U~~ (myofibril) L'WLL~~:: 

~ ~ , 
1 ~u1~th::n~u~'Wc1l':ltJ L~'W1tJ n~1~ L tj~ ~~tJV11-~ 1~t~~~1 L~'W~ (myofilament) ~~t!U~1 LU'W 

, '" .... '" I 

W\,htJtJ~tJVl~ "''lJ~~ n~1~ Li1~ 1 'Wn~1~ Li1~iJ L~'W1tJ n~1~ Li1~ ~~tJVl~1 r1'1!~~~~~"1IU", ~~ L~'W1tJ 
~ ~ 

n~1~Ltj~~~mLuuV1'W1 (thick filament) LL~::L~'W1tJn~1~Li1~~~mLuuu1~ (thin filament) 

~1!.1~'£I~ni1)JL;f'£l (Striation) 
~ 

Wilmore LL~:: Cos till (1999) lc1ln~1':l~1 ~1tJ'lJ~~n~1~Ltj~Ln"'IOl1nm~L!-tJ~~':l'lJ~~L~'W 
~ 

1tJ n ~1~ L tj~ ~~tJ LLUUV1'W1 LL~ ::LLUUU1~~tJ1~iJ ~::dJtJUYi11 ~ Ln '" LU'WLLClUYiU LL~::IOl1~~~un'WhJ 

L~~~~~~c1l':ltJn~~~'~Yl~~P1'W1"'tJ1-nLL~~ (polarized Light) U1L':lruYiULL~~ (A-band V11-~ 
~ 

anisotropic band) Ln "'IOl1 nm~L!-tJ~ ~':l'lJ~~ L~'W1tJ n~1~ Ltj~~~tJ LLUUV1'W1 LL~::LLUUU1~ ~':l'WLLClU 

IOl1~ (I-band V11-~ isotropic band) IOl::iJLL~L~'W1tJn~1~L~~~~mLUUU1~~~~tJtui~LL~~n~1L~'W 
'IJ 

~ ~, 

1tJn~1~Li1~~~mLUUV1'W1 LLClUIOl1~~IOl::ClnLL1J~~1~t"'m~'WYiu L~tJn~1 ~-~1mr (z-line) U1L':lru 
'IJ 

, , ~ 

Vl~tJ~::V1~1~ ~-~1mr ~~~L~'WL~tJn~1 "Jj1fl~LiJtJf (sarcomere) ;~Lu'WW\htJ~wn'W'lJ~~L"Jj~~ 
'IJ ... 

~, , 
n~1~Ltj~VlYi1V1ihVl1'Wm~V1"'~':l 1'Wu1L':lruYiULL~~IOl::iJLLCluIOl1~L!-tJn~1 L~"Jj-t"Jj'W (h - zone) 

I I "I I 

;~ Lu'Wu1L':l ru Vll~ iJ ~ ':l 'W'lJ ~~ L~ 'W 1tJ n ~ 1 ~ L tj~ ~ ~ tJ LL UU U 1~ Vl~ 'WL -if 1 ~ 11 'W u1 L':l ru Yiu LL~~ L~ tJ 
" I I !I 

~tJ1~hri~1~1'Wu1L':lru L~"Jj-t"Jj'W ~IOl::~uL~'W1tJ L~~-1~u1~ (s-fibril) VlYi1W\J1Vl~"'U~1tJi~~~~ 

, ~ 

UYlU1Yl Lrim num~4' "'~':l L~'W1tJ n~1~ Ltj~ ~~tJ LLUUV1'W1 rl1 ~ "'U1L':l ruYiu LL~~ ~1~'lJ':l1~IOl::~U~1 
~ ~ 

LL~~:: L~'W1tJ n~1~ Li1~ ~~mLUUV1'W1 1 L~'WCln~~~~~ut"'m~'W1tJ n~1~ L i1~ ~~mLUUU1~~1'W':l'W 
'IJ 

, , ~ 

6 L~'Wvh~tJ~~':lLU'W~UV1mV1~tJ~ 1'Wn~1~Li1~~1tJ'lJ~~~'WIOl::~ulYlnL~'" (tri-ad) ~tJU1L':lru 
'IJ 'IJ 
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0"" 0 .... .1'.. ..., 
~1~tJn1~'VI1.:J1'U'lJ'el.:Jmn~ L 'U'el L 'Un1~"'~~1 

nl'l1 ~!?1Yl~'"J'I (2532) Hrmh'"J~1 n~1~L~'flLtlkl'flr)m:;I'l'flU~kl'fl'l~~1rl'1JtlklV1~'1"lJ'tN 
~ ~ 

h'l mtl mn11'11kl"lJ'fl'l n~1~ Lij'fl ~'fl'l Ln !?1i'"J~ nu~:;uutl~:;~1Yl L~~'fl Lklm~V1!?1 [;]'"J"lJ'fl'ln~1~ Lij'fl 

iltlnn:Jmn1rL'h'l 1 Ln!?1;klI'l1~~1~U~'1~ 
~.,. ./ .. J' ~ .l'./ ", ""./ ./ J' 1. I'l'fl'l ~ m:;LL~ u ~:;~ 1Yl Ln !?1"lJkl ~ klL~kl u ~:;~ 1Yl !?11kln'flklm ~'li LL klu m:; LL~ u ~:;~ 1Ylkl 

91Ltlkl~1V1fum~V1i'l'fl:;~~~t~~kl ~ ~LLkltl L~~vi 
'IJ 

I I I 11 I 

2 . 'fl:;~~~ t~~kl/Ol:;~'"J~ nU[;]'"JfuYl djklttl~~kl Yl L~'fl~~ L'li~~n~1~ L ij'fl v'i1L ~il mntl~tlkl , 

~'"J1~~1~1~n Lklm~~~ ~1kl"lJ'fl'l L~'fl~~ L'li~~ ~'fll'fl'fl'flkl~1'1 1 Ln!?1 ~t Y1~1 hL'li-nkl"lJ'fl'l L~'fl~~ L'li~~ 
, ,~ 

fh~Y1~1 hL'li-nklhJ~1nY1'fl n/Ol:;'flrh'tlY11:;Yl L'flklLY1~Yl hJm:;/Ol1tlltl;1'"J L'li~'; n~1~ L ij'fl Ln L1tln~1 
" 

Ln!?1L'flklLY1~Yl tY1LYlklL~tl~ (end plate potential) fh~Y1~1hL'li-nklti'lLYl~'lite1~r;ln/Ol:;m:;/Ol1tlltl"*'"J 

L~'fl~~ L'li~~ ~'"J~~'1~'"Jklvl'fl"lJ'"J1'1 ~'"Jtl Yi1L~~ntl1 viYl1"lJru:;v'i1'11klm:;/Ol1tlltlti'l1~t'fll viu1-~ I'lNL/Ol 
~ .." ... 

n~1'1L'li~~n~1~Lkl'fl 

3. ~'fl'l il m:;u'"J kln1 ntl~ tlklY1 ~'1'11kl~1~/Ol1 n ~ n tl1 vi Yl1"lJ ru:;Yi1'11klLtlkl Y1 ~'1'11kln ~ 
~ , ~ 

1~ LLn m ~V1!?1 [;]'"J"lJ'fl'l n ~1~ L ij'fl n ~:;U'"Jklm ~Ltl~ tlklY1 ~'1'11kli1 L1tl n~ 1 L ~ n 1'li r;lL Yl-nkl ~'flklL Yl m-nkl 

~~UY1~'1 (excitation contraction coupling, E-C coupling) 

~ ~ 

~'1 [;]'"J Lklm ~V1!?1 [;]'"Ji1n~1~ L ij'fll~ -ifY1~'1'11kl/Ol1 n L~Yl1U'fl~~~~V1~1 tl'li~!?1 

"" ....r 
n~~tJ1'Un1~~~1~~1'lJ'el.:Jn~1~L'U'el 

nl'l1 ~!?1Yl~'"J'I (2532) 1~mh'"J~1Lkl~:;V1~1'1~il~tY1~1hL'li-nkl~1klYl YlU~ (t-tubule) /Ol:; 
• " 'IJ 

~ 

Y1~1~~n L~~n~~~~ (sarcoplasmic reticulum) Yi1L~Ln!?1n1~V1!?1[;]'"J~'1mh'"JLL~'"J V1~'1/Ol1mrkl 
'IJ 

mm~:;~klV1tl !?1~'1 LL~~ L~tl~/Ol:;n~u~kl~'li1 t~Y1~1~~~ L~~n ~~~~ t!?1tl m:;U'"JklmnL~~ L~m..J 
~ 411 \J \.I 

, ~ 

u~Yi ~'1 ~'fl'lL-ifY1~'1'11kl Lklm:;u'"Jklm~i1LL~~ L~tl~/Ol:;V1~ !?1'fl'fln~1/Ol1 n 1~t'fll viu1-~ ltl Lm:;nu • 

" I' I 

~L~kl"lJ'fl'l'li1fi:~Y1~1~~~ L~~n~~~~ LL~:;/Ol1mrkl/Ol:;n~u~kl~YlL~~Yl LYl'fl~kl'fl~ ~1-~LYl'flLkl L~'fl 
'IJ 'IJ " 

"lJ1!?1 LL~~ L~tl~ Lih ltlLkll~t'fll viu1-~ ~:;Y11klL~'fl~n LLtl n [;]'"J'fl'fln LL~:;L'flkll'li~ LL~ ~ tl'l1~t!l~kl L!lYlYi 

L'fl~ (enzyme actomyosic ATPase) n/Ol:;hJYi1'11kl n~1~L~'fln~~1tl[;]'"Jn~U~~1l1Y1tln~ 
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I Q.,I ...3 '"' Q.,I ..,.d' 

LL \'I~.:JVi~.:J.:J11J·tt1\'1'i'U n1'i\'l ~ j;\1'l1'el·m~1~ L 1J'el 

J'l (;11 ~ C'l'Vl J',)..:J (2532) l~ n~h')i 1 n1 J'~ C'l r;l,)"lJ'fl..:J n ~l~ L ~'fl rX'fl..:J 1-if'Yi~..:J..:Jl'W~1~fu nlJ' 

~C'lr;l,) LL~:::r1~ltJ r;l') ~..:Jl~~lnr.nn L'flVl~ ~..:J Lih'!'Yi~..:J..:Jl'W~l~IOll n n1J'Lt.Jl t.J~1 C'1J"lJ'fl..:J r1lfiUle1 LC'lJ''Vl 

~.... Q.Q .::tI .... '" 1"" lI.cI cI.y r Q ..::.IX 
LL~::: ~"lJ~'W L'fl'Vl'YiL~'fl~~ltJ(;1,)LL~,)IOl::: ~r1,)1~J''fl'WtN12,000 LLrI~'flJ' LL~:::IOl:::·t'I..:JLrlJ'l:::~L'fl'Vl'Yi"lJ'W~l 

1~lJ IOlln~~n1J' ~..:J~ 

ADP + creatine phosphate creatine kinase A TP + creatine 
~ , 

1'Wn~l~Lil'fll:JL'fl'Wl"1i~ r11L'flVl'W lrlL'W~ (creatine kinase) ~..:JIOl:::'ll')mi..:JtJ~mm 1yj'fl~Lyj 

~ 

n1J'~~ltJ r1lfiUle1 LC'lJ''VlU'WIOl :::1oX'Yi~..:J..:Jl'WLL~ :::'ll')tJ 1 'Wn 1 J'~..:J LrlJ'1 :::tf~l J'r11L'flVl'W yj'fl~ L yj'Vl 

nu L'flVl~~'W L~'fl~l (;1l~ L.jfl~m:::LL~ L~'fl C'lltJ~ L'1l~;LL~,) r;l'),r'WIOl:::LtJ~tJ'WLll'WmC'll 'YiJ'7j rI 'W'flnlOl1n~ 
'IJ" " 

~ , , 
tJ..:Jl:J'Yi,) n n ~ tJ Lri LIOl'W'fltl~l n~ 1 tJ1 'Wn~ l~ L il'fl LL~:::Vl r;lU tl1l:J'fl'fl n=n LIOl'W mC'll'Yi J'7j r110l :::LtJ~tJ'W ltJ Lll'W 

" 'IJ 
~, ~ 

r11fU'fl'W1C'l'fl'flnl"1i~LL~:::~11'WVl~C'l7jfin1J'uiStJnil LL'flhun n~tJLrI~tJ=n~ (aerobic glycolysis) 

m~~~n1J' 

aerobic 
Glucose + 2 ATP 

aerobic 
Glucose + A TP 

tllhJl:J'fl'fln=nLIOl'W mC'l1'YiJ'7jrl~LnC'llOllnn~LrI~rilOl:::hlL.jfl1"1i(;11n LL'fl=nC'l hL~~ (citic acid 
'IJ 'IJ 

~ 

cycle) LL[;)IOl:::n~lmll'WnJ'C'lLL~r1~n nJ':::u')'WnlJ'U L1tJni1 LL'fl'WLL'flbun n~tJLrI~tJ=n~ 

(anaerobic glycolysis) (;11~~~n1J' 

anaerobic 
Glucose + 2 ATP 2 lactic acid + 4 A TP 

anaerobic 
Glucose + ATP 2 lactic acid + 4 ATP 

Fleck LL~::: Kramer (1987) l~mh')il LL~~..:J'Yi~..:J..:Jl'W~C'lvrltJ~H1'Wn1J'vil..:Jl'W"lJ'fl..:J • 
~ 

n~l~Lil'fl ~'fl L'flVl~ (adenosine triphosphate or ATP) LL~:::LL~~..:J'Yi~..:J..:Jl'WLLtJ..:J'fl'flmiJ'W 3 'llil~ 

~'fl 'llilC'l~ 1 LL~~..:J'Yi~..:J..:Jl'WL'flVl~ - ~~ (ATP-CP energy source) Lll'WLL~~..:J'Yi~..:J..:Jl'W~~:::~~H 
~ , 

1 'Wn~l~ L il'fl LL~:::'Yi ~'fl~VllOl :::1oX'Yi ~..:J..:J1'Wl~ 'W;1'WVl LL~:::llJ rX'fl..:J n1J''fl'fl n=n LIOl'W~ 1'll')tJ1 'Wn1J'tJ~'fltJ 

'Yi~..:J..:J1'W ~..:JL1tJnil Lll'WLL~~..:J'Yi~..:J..:Jl'WLL'fl'WLL'flLJ'un (anaerobic source of energy) LL[;)m~lru 
I " '" I 1.1 I 

"lJ'fl..:J L'flVl~Vl ~:::~ ~H1 'Wn~1~ Lil'flu'Wl:Jm~l ruVl~l n C'l ~..:Ju'Wm~l ru"lJ'fl..:J'Yi~..:J..:J1'WVll~IOl1 n LL ~~..:J 

'Yi~..:J..:Jl'W~~..:J~l n C'lltJ ~') tJ ~..:J~1~1J't1 H'Yi~..:J..:Jl'Wl~JlltJ1 'W 30 7j'W1Vl~1'fl,J'fltJ nil LL[;)l:J~..:J~ Lll'W 
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ojf'fll~LllitJlJ~1 mL \H-i'l~~'1'11'kl~ A'fl ~1l-J1~Cl,J1~~'1'11'kll-J1L-n~~'klYl LL'C'l::;~~'1'11'kl,r'klLn ~;'klL 'kl 
I 1.1 11 '" I 

ml-J1ruYll-J1 n L 'klL,)'C'l1~'kl~,) ~ L~,) ~'1'11'kl LL~~'1~~'1'11'kli19'1Lfl 'kl~tJLLlJlJ"lJ'fl'l~~'1 n~1l-J L C'flYlLfl 'kl 
" 

~Cl1'kln1mr"lJ'fl'l n1m~'1-n'kln'Yh,h'l 1L 'kln1~H'~~'1'11'kl~1mL~~'1~~'1'11'klL'flYl~ - ~~,r'kl~::;L fl 'kl 

~ Cl1'kln1~nr~'I1n nl11 ~'fl'l Lr1~'fl'kl~ ~,)tJ r1,)1l-J L~')~1'fl'fl'fln LLN'flr11'1l-J1 n L 'klL,)'C'l1~'kli'klL'flYl~ - ~~ 
a ~.I"';'" ova'" "'''' "''''~!:'"I t- J'", 
n9::;~l-J~ LU LL'C'l::;Ll-J'fll-Jn1~~~~~nn~::;l-Jn1~~::;~l-JL'fl'Yl~ - 'll~ L') L'kln'C'l1l-JL'kl'fl'fln (?l1l-J~::;tJ::;L,)'C'l1 

oiCII Qj.c:::.t QQ~ '" 
3 - 4 'kl1'Yl~::;~::;~l-JL'fl'Yl~ - 'll~ Lc;) 100 % 

'llil~~ 2 Lm~'1~~'1'11'klm~LL'C'lr1~n (lactic acid energy source) r11fllJle1L~~m::;~n 

~::;~l-JB1 'kln ~ ')l-J L ~'flL 'klltJ n ~tJ Lr1 L~'kl (g Iycogen) n ~ tJ Lr1 L~'kltJ~::;n'fllJltJ ~') tJ Ll-J L'C'l ~ 'C'l"lJ'fl'l~ 1 m 'C'l 

~L1rJn~1 n~Lr1~ (glucose) L~'flLl-JL'C'l~'C'l"lJ'fl'ln~Lr1~LLtJ'Ij;J,)'fl'flm1J'kl 2 ~,)'kl "I11N\nC;)~1nh::;n'fllJ 

~ L~tJn~1 1 ~lL,)'Yl (pyruvate) LL'C'l::;~~'1'11'kl~tJ~'fltJ'fl'flnl-J1~1n Ll-J L'C'l ~ 'C'l"lJ'fl'l n~ Lr1~ LLI'l'C'l::;Ll-J L'C'l ~'C'l 
, ~ 

~::;1~ 2 L'flYl~ ~,)'kll ~~L,)'Yl~::;LtJ~tJ'kl~Jl1~ L1J'klm~ LL'C'l r1~ n m::;lJ,)'kln1~i11~ ~'fl'l n1~'fl'fln=n L~'kll-J1 
" ~ ~ 

"lI')tJL 'kln1~tJ~'fl tJ~~'1'11'kl'fl'fl nl-J 1 LL'C'l::;L1tJ n m::;lJ,)'kln1 ~~'1~l-J c;)i1~1 LL'fl'klLL'fl L~U n n ~tI Lr1 'l'C'l~~ 

(anaerobic glycolysis) 

m~ LL'C'l r1 ~ n~ Ln C;);'kl~1n m::;lJ,)'kln1 nL'fl'klLL'fl hu n n~tJ Lr11'C'l~~~ ~::;Cl n~::;~l-JBL 'klL~'fl c;) 
" 

t; X .4.c.j 1I Q cr4 1.f ~ oICIo J' Q' q I .d 
LL'C'l ::;n'C'l1l-J L 'kl'fl 'll'lWJ 'C'l"lJ1'1 Lr1t1'1 (?l1l-Jl-J1n r1'fl Cl1 n~~ LL'C'l r1 (?l mn ~"lJ'kll-J1 n n~::;l-J e.J'C'l (?l'fl~ ~ L'll'fll-J , 

~ , 
~::;~~1'1 L~'kltJ ~::;~ 1'Yl nlJ L~ 'klLti n ~ 1l-J L C'fl Yl L1J'kl~ 1 L ~ (?lL ~ Ln ~'fl1 n 1 ~tJ') ~ r1~ 1 tI Cl n L ~ l-J LL 'Yl'l . " 

cal.... ..'" J' cal cr J'4a 
L 'kl"lJ ru::;L~m n'klJl1tJL 'klL'll'C'l'C'l n 'C'l1l-J L'kl'fl~::;l-J~Jl1~ dJ'klm~l-J1 n"lJ'kl 'll'l L1J'kln1~~lJn,)'klm::;lJ,)'kln1~ 

~ ~ , 
Lr1iJJl1t1L 'klL'll'C'l; ~,)l-J~'1 m::;lJ,)'kln1~e.J~ (?l L'flYl~~n ~,)tI ~'1'11'kl ml-J1 ruLL'C'l::;~~'1'11'klYll~~1 mL~~'1 

~ ~'1'11'kl~9'1 iJ r1,)1l-J91 n C;)~'klL ti'fl'll-J1~ 1 n e.J 'C'lojf 1'1 L~tJ'I"lJ'fl'l n ~~ LL'C'l r1 ~ n ~'1 n~ 1') 'fl tJ 1'11~ri (?l1l-J 

~~'1'11'kl~1~~1mL~~'1~~'1'11'klmC;)LL'C'lr1~n~ iJml-J1rul-J1nn~1~1~~1mm~'1~~'1'11'klL'flYl~ - ~~ 
LLI'l rihJ ~1l-J1 ~ClL ~~~'1'11'klLLri n ~1l-J L ~'flL 'klml-J1 ru~l-J1 n LL'C'l::;L 'klL,) 'C'l1~ ~') ~ L~,) L ~~'fl'klnlJ LL ~ ~'1 

~ 

~~'1'11'klL'flYl~ - ~~ ~'1'11'kl LL ~~'1~ ~'1'11'klm~ LL'C'l r1 ~n9'1 L1J'klLL ~~'1~~'1'11'kl~~ n L 'kl~ Cl1'kln1~nr 

"lJ'fl'ln1m~'1-n'kl~H'L,)'C'l1tJ~::;l-J1ru 1 - 3 'kl1Yl 

'llil~~ 3 LL~~'1~~'1'11'kl'fl'fln=nL~'kl (oxygen energy source) L1J'klLL~~'1~~'1'11'kl~~'fl'ln1~ 
'fl'fl n=n L~'kll-J1"l1,) tiL 'kln1 ~e.J ~ (?l L'flYl~ iJ~'fl L1t1 n~ n'fl tJ1'1~ti'l~ 1 LL ~ ~'1~ ~'1'11 'klLL'fl L~U n (aerobic 

energy source) LL ~~'1~~'1'11'kl~ Ln ~~1nn1ne.J1 e.J'C'l1 ry'fl1~1~tJ~::; LJl'Yl r11 fllJle1 Lc;)~(?lLL'C'l::;'l "lJl1''kl 
~ ~, 

Lc;)tltJ n ~L 'kl"lJ ru::;~ n'l1'kl ml-J 1 ruL 'flYl~~'1~l-J ~Yli1'1 n1 tI ~'fl'l n1 ~~::; 1~flJ~ 1 n n1 ne.J1 e.J 'C'l1 ry'fl1~1 ~ 

lh::;LJl'Yll"lJl1''kltJ~::;l-J1ru 2 L'kl 3 LL'C'l::;1~flJ~1nn1ne.J1e.J'C'l1ry'fl1~1~tJ~::;LJl'YlmfllJle1L~~(?l 



19 

d'eltl 11'W"llru::;~iJm~Lt:.J1t:H'l1'1!'el1'Wl~1.J~::;LflVl1"lll1'W'flI'l'fl'ld'elti 1 L'll'Wn'W mnt:.J1t:.J'fl1ry'el1VI1~ 
" , 

1J~::;LflVl ~l1fltJ1e1LI'l~(;] Ll'ltl1-n'el'eln:n LIOl'Wil L'hJ ~'Wm~'el'WntJm::;tJ'l'Wm~ LL'el'WLL'el hij n n~t1L~~t1~~ 

LLr;] Lti'el'llOl1 niJ'el'eln:n LIOl'W'elrh'l L Yitl'lYl'el ~1~1.J~::;n'eltJ1 YI~L'lVl~ Ln 1'l~'W~'IhJ L1.J~t1'W~fl1Y1 LiJ'Wn ~I'l 
'lJ 

" , 
LL'fl ~ ~n LLr;]IOl::;L'~h 11.J1 'Wi'W(;]'el'W"ll'el'l1.J~mtl1V11'1 L~iJYh~t1 n~1'l'llOln~~tJ (kreb's cycle) LL'fl::;m~ 

" , 
dioxide) ,j1 LL'fl::;L'elViYi ~'In~t1L~1'fl~~ 1 Ll-JL'fln'fllOl::;1~ 39 L'elViYi ~'l'Wn1nt:.J1t:.J'fl1rumVl1~ , ~ 

1J~::; Lfl VI 1"ll l1'WIOl::; LL(;] n r;] 1'1 'el'el n 11.J Ll'ltllOl::; L if 111J1 'W~'W(;]'el'W"ll 'el'l1.J~ n1t11 VI 1'1 L~iJ~ L1t1 n ~ 1 

" oxidation) LL'fl::; L if 1 ~ 'l'llOl ~L~ ~tJLI'l tI (;] N 1 'W i'W (;]'el'W~ 1'lY11 t110l ::;1~ 
'lJ , 

" ," 
m ftJ'el'W11'l'el'el n 1'l! c;l,j1 LL'fl::; L'elViYi L 'll'WL~t1 'l n'W ml-J 1 ru"ll 'el'l YI ~'I'I1'W Vi1~IOl1 nLL VI ~'IYI ~'I'I1'Wil 
II I I I 

~'W'eltJntJml-J1ru'el'eln:nLIOl'WVii1'1 mtl1~ftJ LL'fl::;ml-J1ru"ll'el'l'el'eln:n LIOl'WVii1'1mtl,j111J1-n1~ 1 'WVlil'l 
'lJ 

I "I I 

VI'll'lti L'l 'fl1 Ll'ltlvl'l 11.JIOl ::;1-n LiJ'Wi3 'fl~~ (;]~r;]'el,j1V11!n [;]'lVlil'l m'fl nfl-J r;]'el'W1 Vi L~'el LmtltJ LVi t1tJ LL VI~'I 
, " 

YI~'I'I1'W~n 2 'l!ilI'lLL~'l LLVI~'IYI~'I'I1'W'el'eln:nLIOl'WIOl::;1~YI~'I'I1'W1~-n1Vi~1'l ~'I1!'W LLVI~'IYI~'I'I1'W • 

'el'el n:n LIOl'W ~'I LiJ'WLLVI~'IYI~'I'I1'WVI~ n 1 'W~ (l1'Wn1~nr"ll'el'l n1 ~LL~'Ii'W~1-n~::;t1::;L'l'fl1'W1'W~iJ ~'l1l-J 
Vl1!n 1 'W~::;~tJ ~1 LL'fl::;ml-J1 ru~hJ~1 n I'l (;]ntJ Ly]1~tJ'IiJ'el1V11~1.J~::;LflVl ~1fltJ1e1 LI'l~(;] LL'fl ::;mVl1~ 

1J~::;LflVl1 "lll1'W1 'Wi1'1mtl 

" " 
Sharkey LL'fl::; Gaskill (2006) 1~ L~'W'el'el'l r11.J~::;n'eltJ"ll'el'l~l-Jn(lfl1Y1"ll'el'ln~1l-J LU'el H ~'Iil 

" , 
1. ~'l1l-JLL.jj'lLLN (strength) ~'el ~'l1l-J~1l-J1~(l"ll'el'ln~1l-JLU'el1'Wn1~VlI'l[;]'lLYl'el1~Vi1'11'W 

I I '" iI" '" I 

1~'eltJ1'1 L~l-JVi1 'Wn1~'el'el n LL~'IVlil'l ~f'l ~'l1l-J LL.]'I LLN"ll'el'l n~1l-J L U'el1!'WLiJ'WYl'W ~1'WVi~1 riru"ll'el'lVi n ... ~. 

, " 
']lill'l nV:h L Yl'el1-nt 'Wm ~1J nO]'ell-JVl1'el m nL ~'Ii'W1~'eltJ1'1 iJ1.J~::;~VI flfl1Y1 ~'I1!'WmJ n ~'el'W~'l~IOl::;~ ¥1'1 

'lJ 

" " 
m1l-J LL.]'I LL~'I1 ~ LVll-J1::;~l-JntJvlm~t::;LL'fl::;l1.JLLtJtJ"ll'el'ln~11!'W 1 ~'I1!'W m~~ ~'W1 ~'l1l-JLL']'I LLN"ll'el'l 

n~1l-J L~'el~'I LiJ'W~'I~1 LiJ'W~ ~'l~~1il'l ti'l~'W~tJ LLm ~'l1l-J LL.]'I LLN"ll'el'l n~1l-J L~'el~1l-J1~(l~ WJ'W11~ 
Ll'ltlm~1Jn~'ltl~1V11!n LiJ'W~'W 

'" II I I 

2. YI~'In~1l-JLU'el (power) ~'el m1l-J~1l-J1~(l"ll'el'ln~1l-JLU'el"ll1Vi'el'elmLN1~l-J1nVi~I'l'eltJ1'1 • 

~'ll'l L~'lVi11 ~ Ln I'l'l 1 'W1 'W~::;~tJ~'I YI~'ILL~ 1'l'l'el'elnl-J11 ~L~'W1 'Wl1.J"ll'el'l'l1'W~Vi1 Sharkey LL'fl::; Gaskill 

(2006) 1~L~'W'el~'l1l-J~l-J~'Wfi"ll'el'l'l1'W (work) ntJ~'l1l-JLL']'ILLN (strength) LL'fl::;~(;]~1L~'l 

(velocity) H~'I~ 
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work = force x distance 

power = work / time 

velocity = distance / time 

" 
~'l,r'W power = (force x distance) / time 

"" ~~'a power = strength x velocity 

,,~~ " ~ 
3. fI,)Il-J'a (;lYl'W'lJ'a'l n~lm'W'a LL~ ::Vi~'l fI') 1 l-J'a (;lYl'W'lJ'a'l n~ll-J L'W'a (muscle endurance 

and power endurance) 

,,~.. "I. I"" .-"" "I 
3.1 fI,)Il-J'a(;lYl'W'lJ'a'ln~Il-JL'W'a ~l-JltJtl'l fI,)Il-J~Il-Jl~tl ~'Wn1~u!lU(;1niOlm~l-J ~(;l 

niOln~~l-J~~'lHll 'W~::tJ::L,)~I~tJ1,)'Wl'W L(;ltJ,j~1 PliOll n fI,)Il-J~'a'W~1 ~1-'ai'jm n1~~'a'W~1'W'atJ~~ (;l • 
" " , 

LL(;]~ ::"I!il(;l ii -All'i''a'l n1 ~fI'J Il-JYl 'WYll'W'lJ'a'l n ~1l-J L tl'a hI L ~ih'Wfl 'W ~'l,r 'WfI'J ~i'j~,j LLUU n1 ~1J nVl 
'\J 

" 
3.2 Vi ~'l fI ,)1l-J'a (;lYl 'W'lJ 'a'l n ~ lW tl'a ~l-J 1 tJ n'l fI ') 1l-J ~ 1l-J 1 ~tl1 'Wn1 ~,j~ u~ 

niOlm~l-J1(;lniOlm~l-J~~'lL~ 'W~::tJ::L,)~I~~'l ~')tJ fI,)ll-J L~,) L"ll'W 91'W,)'Wflf'l~,rn ii-AlvilL~ 'WL,)~I~ 
91n(;l ii-Al~1-iffl,)Il-J~,rm::~u,jl'Wn~I'l1'WL,)~1~91n(;l (medium load over a few minutes) 

" " L~ LLn iiYrll-J')tJ,j~191 LU'WI'i''a'ln1~Vi~'l fI,)Il-J'a(;lYl'W'lJ'a'ln~ll-J L tl'a 1 'W~::~u,jl'Wn~I'l (medium -

term power endurance) ii-Al~HfI,)Il-J~,rm::~ULU11'WL,)~1~91n(;l (light load over a few 

minutes) L~LLn ,rn~'l~::tJ::tJ1') ,rn~'W9n~tJ1'W~::tJ::Ln~ LYl'Wil~ vi(;1u'a~ ,)'a~L~cl"U'a~ Ul~Ln(;1 • 
" , 

U'a~ LLU(;lij'W(;l'W LU'WI'i''W 91LU'WI'i''a'ln1~Vi~'lfl,)Il-J'a(;lYl'W'lJ'a'ln~Il-JLtl'aVltJ1,)'Wl'W (long - term 
" , " 

power endurance) ~,)'Wn1~vil'lI'W'lJ'a'ln~Il-JLtl'aVl'a'amLN1'W~::tJ::~'W (short put) L"ll'W n1H(;1:: 

" ~nvi(;1u'a~ 9'l~')::1'Wn1~~~mYl'Wil~ 1'i''a'ln1~Vi~'lfl,)Il-J'a(;lYl'W'lJ'a'ln~Il-JLtl'aii'atJ (short - term 
'\J • '\J 

power endurance) 

4. ,j~mtJ1(;1'au~'W'a'l fI,)Il-JL,) LL~::fI,)Il-JL~,) (reaction time, quickness and speed) 

4.1 ,j~ mtJ 1 (;1 'aU ~ 'W'a'l ~l-J 1 tJ n 'l "ll ,)'l ~::tJ:: L,) ~ 1 ~::~ ~ 1'l ~i'j n1 ~m:: ~'WLL~:: 
" , " 

tl~mtJ1 (;1'aU~'W'a'l flf'l LLm (;]'a n1 ~m::~'W tl~mtJ1 (;1'au~'W'a'l1 'WVliJ'a~Jll tJ11'i' n1~fI,)U ~l-J'lJ'a'l 
I I I I" 

~ 1 'WI iOl ~ (;11 iOl L (;l tJ n 1 ~ ~ 'l n 1 ~ lOll n ~:: U U tl ~:: ~ 1 YlL ~ f U ~ 'l L ~ 1 LL ~ ') ~ 'l n 1 ~ ~ 'll-J 1 Vl n ~ 1l-J L tl 'a 

~,)'ath'l L"ll'W L,)~I~,rniiYrI LU~U'a~ ~~n LU~U'a~ 
'\J 

, " 
4.2 fI,)Il-JL,) ~l-JltJn'l n1~(;1'aU~'W'a'l'lJ'a'l~'ln~::1'i''W1'W"ll,)'l~::tJ::'rl'W~'W L"ll'W • 

, " 
1 'Wn1 ~n 1') L Yf I~U'l n'l ~'a'l n 1') 1 'Wii-Al,)'a~ L~cl"U'a~i'j n1 ~1-D' fl'Jll-JL,)l-J1 n L"ll'W 9'l~')::1 'Wn1 ~~'W 

u~'an n1H-ih Ltl~~n L"ll'WL~tJ')nuiiYrI LYl'Wil~~ 1'i''a'l1-D' fI,)Il-JL,) L~~'a'Wn'W .. 
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5. n'lJ'V1 N (;]') (balance) '\UJ'1 EJ ti~ m'1~~'1 ~'1 J'Cll 'Wn'l J'fn~'1 rJ') '1~ ~~ (1l ~'lJ~~ 1'1~ n'l EJ 
• 

1'W 'lJ ru:;~ ~ tJ rl U ~ LL~:;1 'W 'lJ ru:;~ L rJ ~ ~ 'Wl ~ ')~ tJl~ L~ EJ ~ ~ n t'l! L 'l! ~1~~ ~ 1~ [;l J'~ ~ f'lVi '1~ ;~ L U 'W 
~ ~ 

" rJ,)'1~~'1~'1 J'Cll 'Wn'l J'Vi'1'l'1'W1JJ':;~ '1'Wrl'W J':;~~'1'lJ':;uu1JJ':;~ '1 VI LL~ :;J':;uu n ~'1 ~ L;j~ 1'W n'l J'V1 N (;]') 

LLiJ~~~ n LU'W~~~1JJ':::I.JlVl ~~ 
, , 

..... I.... 41 q 

5.1 n'lJ'V1N[;l')~r.!nU'lJru:::LrJ~~'WYI (dynamic balance) 
, 

.... I ..... oIICII 

5.2 n'lJ'V1J'~[;l,)'lJru:::~EJnuVl (static balance) 
~ 

" , 
6 . rJ ') '1 ~tl~'W (;] ') (flexibility) ~ ~ '1 EJ n'l rJ,) '1 ~ ~ '1 ~ '1 J'Cl'lJ ~~ n ~ '1 ~ L;j~ 1'W n'l J'Yl IOl:::~ (1l~~ n 

LL~:::~'1~'1J'Cl~ (1l L -if'1 Hl~tJ'1~~1JJ':::~V1flfl'1Vi n '1 J'~ ~~~ 1~-if~ [;]~ 1 'W~,)'W[;]'1'l1'lJ~'l 11'l n'lEJ ~'1~'1 J'Cl~ 

IOl :::LrJ ~~'W 1 ~') l~~tJ'1~~1JJ':::~V1 flfl'1Vi ~'W~'W'eltJ rl U rJ,) '1 ~tl'el'W(;],) ;~ f01,)'1 ~tl'el'W(;],)~~'1 ~'1J'Cl~ ~'W '1 
" " , 

HllOl'1 n n'l J''tJ n f01,)'1~~ (1l L~~EJ (1ln~'1~ L;j~U'WL~'l 

7. f01,)'1~f01~~~LLf01~')~~~l') (agility) ~~'1EJti~ f01,)'1~~'1~'1J'Cl1'Wn'lJ'Lf01~~'W~1~~tJ'1~ 
" " 

J'') (1l L~,)IOl '1 nlOl (1l~1l~ l1J~~~ nlOl (1l~1l~ n'lJ'~ ~'W '1 m '1 ~ LL ~~ LLN Vi ~~ n ~ '1 ~ L;j~ f01') '1 ~~ (1lVl'W'lJ~~ • • 
" " n~'1~L;j~ Vi~~f01,)'1~~(1lVl'W'lJ~~n~'1~L;j~ 1J~mm[;l~u~'W~~ rJ,)'1~l') m'1~L~,) rJ,)'1~~~~~'lJ~'l 

, , '" 1 """.1' CJ nI 0 1" , "~ "".1' ~. 1 " 
n~n'lEJ LL~:::rJ,)'1~~~'W[;l') ~(1l'lJ'W m:::·C'i~I:-.J~V1'1 ~m'1~rJ~~~LLrJ~,),)~~ ~')(1l'lJ'W[;l'1~ ~u(1l,)EJ 

, " 
Baker (2001) l~n~'1,)~'1 rJ,)'1~~unYlH1 'Wn'lJ'~ ~'W'1 rJ,)'1~ LL~'l LLJ''l'lJ~~ n~'1~ L;j~~~~~ 

" , , 
1. 9'1'W,)'WrJf~YlEJnl~~'1nYl~(1l (repetition maximum) • 

II I I I" 

2. L1J~fL:n'WI;l'lJ~~~'1",unYlEJnl~~'1nYl~(1l~ll~rJf~ (% of 1 RM) • 
, " 

~') 'WrJ,)'1 ~ ~U nYl1-if1 'Wn'l J'~ ~'W '1 Vi ~'l n ~ '1 ~ L;j~ ri~'11Ol1-if1 'W~ n~ru::: L1J~fL:n'W'lJ~~Vi ~~ 

" ~" <;'.1 1 " CJ "dI Sharkey LL~::: Gaskill (2006) ~(1lL~'W~ ~unLm~ 'Wn'lJ'M'1~f01,)'1~LL'lJ~LLN'lJ~~n~'1~L'W~ 

" -rl')~ LLm'lJ~~n'lJ''tJ n f01,)'1~ LL~~ LLN'lJ~~ n~'1~ L;j~ (beginner) 

f01,)'1~~Un 50 - 60 % 'lJ~~ 1 RM 

9'1'W,)'W"ll (1l n'l J''tJ n 1-2 "ll(1l 
• • 
" " 9'1'W,)'WrJf~ 10- 15 f01f~ 

f01,)'1~ L~,) 1 'Wn'lJ'EJ n 1J'1'Wn~'1~ 

f01,)'1~ ~1 'Wn'l J''tJ n 
" 1 - 2 f01f~ [;]~~1J (1l'1'if 
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wJ1l-JVl11n 60 - 70 % 'lJ'el'l 1 RM 

9 '"",Vol 'W'll V) nI ~ 'tJ n 2-3 'llV) • • 
" " 91'W'J'W~f'l 8 -12 ~f'l 

~'J1l-J L~'J 1 'Wnlnm 1.l1'Wn~1'1 ~'1 L~'J 

~'J1l-J~1 'WnI~'tJ n 
" 2-3 ~f'l ~'el~1.l v)1,.r 

m1l-JVl11n 80 -100 % 'lJ'el'l 1 RM 

91'W'J'W'll V) nI~'tJ n 2-4 'llV) , • 
" " 91'W'J'W~f'l 1-6 ~f'l 

~'J1l-J L~'J 1 'Wnlnm 
.. 
L~'J 

~'J1l-J~1'WnI~'tJn " 3-5 ~f'l ~'el~1.l v)1,.r 
..., ~ .r 

~'il·m~n)J L 'U'!l 
" " , 

1'W n 1 ~ LL"ll '1-n 'W n if 111 'W 11 n n if 191 L U 'W ~ 'el 'I ;:1 n 1 ~ i [;J,J 'W 1 n ~ 1l-J L i1 'el 'lJ 'el 'I ~ 'W L ~ 'el1-n'1 'W 

~Hl1'Wni HW~l'1 1 'lJ'el'l nI ~LL"ll'l-n'W;'1'el199 :;LL~ n ~1'1 ri'W11.lU1'I ml-J'llilV) nif1 Bompa (1993) 
" , " 

1~Ml.l~1.l LLUU'lJ'el'l'Vi~'1 n ~1l-J L i1'elVl1-n1 'W~ (l1'Wni ~ru'lJ'el'l nI nL "ll'l-n'Wnif1 H ~'1ii 
• 'lJ 

SJ I "I .... " '"' ""1 !;"I ,J '"' • I"" .,. 1 1. 'Vi~'1n~ll-JL'W'elVi 'll L'WnI~~'1'\1'Vi'WLL~:;LumJ'WVlPlVl1'1 (landing/reactive power) 'W 
'" \I I I 

n1 ~LL"ll '1-n'W nif 1 VI ~ 1 t1'll ilV)11 'W YI n~:;1 'Wn 1 ~~'1 ~~ 'W LU 'W YI n ~:;Vl ~ 1 ~ '1J 'el r)1'1 Vlil'l LL~:;21 n 9:; 

" " ~'el Li1'el'l riUYI n~:;'lJ'el'lni nl.l~t1'WVi PlVl 1'1 Vl1'el nlm~:;Lv) V) 11n nif191 LU'W~'el'l1-n''Vi~'1 n~ll-J Li1'el1 'W 

" I I '" 

n 1 ~~'JU rJl-J 11'1 n 1t11 'W'lJ rw:;~'1 ~~'W LL~ :;~1l-J1H1Vl9 :;l.llju~YI n~:;Vl ~1l-J l-J111'W 1~'elr)1'1 ~'J V) L~'J hJ 

~19:;LU'Wni nl.l~t1'WVi PlVl1'1V11'elnlm~:; LV) V) Ii ~1l-J 
" , " 

'Vi~'1 n ~1l-J L i1'el Vl1-n'1 'Wn 1 ~~'JU ~l-J11'1 n1t1 LL~:;~ V) LL~'1 n~:; LL VI n 1 'W'lJ rw:;~'1 ~~'W 9:;;:1 
• 'lJ 

II II 11 '" 

~'J1l-J~l-Ji'Wfiriu~'J1l-J~'1'lJ'el'lnl~~n~'1~~'W11'W nI~~'1~~'W91n~'J1l-J~'1 80 - 1 00 L'1l'W~Ll-J~~11'W 
\J \J \J '\J 

'" II I '" '" '" 

oif'elLYl19:;~'el'lfuiJ1V111nl.l~:;l-J1rw 6 - 8 Lvl1'lJ'el'liJ1V111nl'l'J ~'11'W'lJrw:;~'1~~'W11'W n~1l-JLi1'el9:; 
'lJ 

", " 
mu ~l-J 11'1 n1 tI LL~:;~ V) LLN m:;LL VI n 1 'W'lJ rw:;~'1 ~~ 'W1~ ~'1 n ~ 1l-J L i1'el9:;Vi 1'11'WLLUU ~'J ll-JtI1 'J 

• 'lJ 

~J' .., ~J..t J' cvCll4..:::.1 ".J .. 1; J'!::. 
L'Vi l-J'lJ 'W VI ~'191 n 'W 'W m n~:; LV) v)'lJ 'W 1 'W VI 'W VI VI ~'ell-J n1 n 1.l ~ tI 'W VI PlVl1'1 n ~ 1l-J L 'W'el 'W'W9:;VI v)'11'WLLUU 

m1l-JtI1'J~ v)~'1 ~ (ll'WnI~ruL mh~9:;Ln V);'W1 'WnlnL "ll'l-n'Wnif11.l~:;UlVlVll-J ~1'11 
" , 

2. 'Vi~'1n~1l-JLi1'elVl1-n1'WnI~~l-J - ~'1 - 'lJ~1'1 (throwing power) 1'WnlnL"ll'l-n'Wnif1V1~1t1 

'1lilv)~~'el'l;:1n1~vll-J - vi'l - 'lJ~1'1 'ell.lmrunif1LL~~:;'1lilV) ~'el'lnl~'Vi~'1n~1l-JL~'elL~'el~9:;~¥1'1 ., , 

~'J1l-J L~'J 1 ~riU'ell.lmnrnif1 L mh,!'W91 m V) ~l-J ~'W1 ~ L~'J~~ V) Lvl1~9:;Vi11~ LL~:;;:1~ ~n Li'l L~l-J;'W . , . 
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(;]~'el ~~:;tJ :;Vl1--l"lJ'el--l n1 n~~'elkl~ L~tJ L'ilYl1 :;'elth--l~--lL klnYf1'llU~~1il :;~'el--ltJ~'eltJ'eltJn mr'el'el n ltJ , 

I"" I 
VI~1tJ'llU~Yli1n1m~:;L~~'I1kl ~'el--ln1~YI~--ln~1~Lil'ellw~m~'r:w:;LLN~:;LiJ ~ (explosive) L Yl'elL ~ Ln ~ 

I I I I 

i.h:;~VlfiJl1Y1"lJ'el--l n1~m:;L~~~Yl~ ~ tD--l Lth.m1m~:;L~ ~ L kl"lJ r:w:;Yl';)--l~1 ~'JtJ m1~ L~'J~--lVl1-'eli1n1~ , ~ 

IIVI..J J'~~SI~'" «SI~ .... lI.J" -=icJ 
tJ'el(;]'J n'elklVlIil:;m:;L~ ~"lJkl ~tJ 'll--l Cl1tJ--ltJ'el (;]'J~--l~1nnlil:;(;]'el--l~YI~--l n~1~ L kl'el~1n L YI'elVlIil:;'el'elnLLN 

tJ n [;]'J ~ 'eltJ~ kllil1 n-« kll~ 'el ti 1--l ~'J ~ L~'J LL[;] Cf I'll n nYf 1 i1Y1 ~--l n ~ 1 ~ L ~'ell~ ~1 nYl'el nlil :;vl1L ~ n1 ~ 
n~:; L~ ~,rkl"if1~--l LL~:;i1 ~~ L ~tJ~:;~VlfiJl1Y1"lJ'el--l n1~m:; L~ ~~ ~~--l ~'JtJ 

1.1 I I I I 

4. YI~--ln~1~Lil'elYlH1kln1n1'~~klL~~'elklYl (starting power) Lkln1nL-n--l-nklnYf1V1~1tJ 
I I I I I" " 

'llU~Yl ~'J1~ L~'J ~kl"lJ'el--l n1 n~~'elklYli1 ~~ [;]'eltJ~:;~Vl fiJl1Y1"lJ'el--l n1 n~~'elklYl'l1kl1 ~ Cl1kln1 nWL VI~ 1U 

Iil:;Ln ~~klL kln1~LL-n--l-nklnYf1~i1 ~[;]'el~ n1~'el'eln'el11fil~ L~'J n~1ti'el~1~ LmmJ ~ [;]'el~~'J~i--l n1~ 
I I I" I " ... I I 

L1'~ ~kl'el'el nlil1 nYlfiklL Vf1"lJ'el--l'l1n';)--l~:;tJ:;~kl ~Yli1Y1~--l n~1~ L il'el~1 n n~1'11klnlil:;Li~ ~kl';)--ll~ L~'J n~1 
" " , 

5. YI~--ln~1~Lil'elYlH1kln1~'ll:;~'el~'J1~L~'J (deceleration power) LtJn1nL-n--l-nklnYf1 

tJ~:;LJlVlYl~'llU~ [;]1--l 1 LL~:;nYf1~L.jfLL~~ Ln (;] ~i1n1~VI~'el n~'el ri[;]'el~Vl1-'eli1 n1~'ll:;~'el ~'J1~ L~'J~~lJ 
'IJ 'IJ 

, " 
nlJ n1n1--l ~'J1~ L~'JVl1-'eli1n1~'ll:;~'el ~'J1~ L~'J LL~'J LtJ~tJklYi MVl1--l ~'el--l n1 ~YI~--l n~1~ L il'el LiJkl'elti1--l 

~1n ~--ln~1~ L~'elIil:;vl1--l1klLLlJlJ~'J1~m'J L~~~klL~'elflJ LL~--lm:;LLVlnIil1 n n1~~--l ~1 Ltlkl~'el--li1Y1~--l 
" I I" tJ 

n~1~ L il'el~1 nYl'el tD--l n1~L~~'elkll VI'J L kl~ m~r:w:;ulil:;.yi1L ~ Ln ~ n1~lJ1 ~ L~lJn~1~ L il'ell~~1tJ 
" , 

6. YI~--ln~1wil'elYlL.jfLkln1~L1--l~'J1~L~'J (acceleration power) Lkln1~LL-n--l-nklnYf1 
" , " 

tJ~:; LJlVl Yl~ LL~ :;nYf 1tJ~:; LJlVli.J ~ ~~'llU~ [;]1--l1"'--lYl LL -n--l-nklnkllJkllJ n LL~:; L kl tl1 [;]1--l n i1 ~ Cl1kln1 nw 

L kln1n1--l ~'J1~ L~'J ~'JtJ nkli--likl YI~--l n~1~ L~'el Ltlkl'el--ll'ltJ~:;n'ellJ~ ~1 ~ C1JL kln1 ~-nlJ L~~'elkl11--l n1tJ 

" ltJ-if1--lVl,J1'elti1--l~'J ~ L~'JVl1-'el~1~1nl L'el1'llkl:;LLN ~1klVl1kl"lJ'el--l,J11~ 
II "" " I 

~tJ LLlJlJ"lJ'el--lYl ~--l n ~ 1 ~ L il'el"'--lVl n~ m~r:w:;u Ltlkl~'J1~ ~1~1 ~Cl"lJ'el--l n ~ 1 ~ L il'elYlIil :;'el'el n LL~--l 
'\J 

, " " 
l~'elti 1--l ~'J ~ L~'J tD--l i1Ylkl ~1kl~1 nlil1 n ~'J1 ~ LL~--l LL~--l"lJ'el--l n ~1~ L il'el L~ tJ n1 ~vl1--l1kl"lJ'el--l L~klLtJ ... 

" I " " 

n~1~Lil'el'llU~YlVl~[;]'Jl~L~'J (Fast twitch fiber) ~'JtJnkl"'--l~kl 
" " 

Wilk; et al. (1993) 1~n~1'J~1 YI~--l"lJ'el--ln~1~Lil'el ~'elPlntJJl1Y1"lJ'el--l'l1nnYf1 L~tJi1Ylklj1kl 
I " I " I 

'eltiYl ~'J1~~1~1~Cl"lJ'el--l n~1~ L il'elYlIil:;vl1 n1~VI ~ [;]'J L ~ Ln ~ LLN ~--l~ ~Jl1tJL kl~:;tJ :;L'J~1~kl~klYl~ ~ 
\J \J III iii 

" , " 
kl'el nlil1 nu iflilr.rtJ~1 ~ C1J ~'el ~'J1~ LL~--l LLN LL~:;~'J1~ LhYlIil :;~--l ~~ L ~ Ln ~YI~--l"lJ'el--l n ~1~ L il'el 

" kl'elnIil1nufi--li1iflilr.rm~1'~~n 3 tJ~:;n1~~'el 

1. n1~'ellJ-elkl11--ln1tJri'elkln1~'tln.jf'el~ , 

" 
3. tJ~:;~VlfiJl1Y1 n1~vl1--l1kl"lJ'el--ln~1~ Lil'el 
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" " , 
O'shea (2000) l~mh,)~1 'Vi~-.ln~I).JLi1'el VI).JltJn-.l f1,)I).J~I).JI~rl"lJ'el-.ln~I).JLi1'elYl'el'eln 

" , , 
n~l).J L i1'el~-.llOl ::~I).JI~rl~-.ll~ L~,) n~1 ~YliJ f1,)I).J LL~-.l LLN L~tJ-.l'elrJl-.l L~tJ') f1,)I).J~I).JI~rlLl..mln~-.l 

~ ~ 

, " , 
f1,)I).J L~,) Lth.Jf1,)I).J~I).JI~rllwn1ntJ~m.Jf1,)I).J L~,) l~'elrJl-.l~,) ~ L~,) ~-.ll!'tJL'tJnlnL "li-.l-n'tJnYlI Lil'el 

l!n nYlliJ'el-.l r1tJ~::n'eltJ'Vll-.l ~l'tJf1,)I).J~I).JI~rl~'tJL'Vhn'tJVI).J ~ 'Vi~-.l n~l).J L~'ellOl::dJ'tJ~') ~~~'tJ~ILm 
" " , 

IOl::dJ'tJ~'ll'tJ:: 'Vi ~-.l n~l).J L i1'el dJ'tJf1,) 1).J ~1).J1 ~rl"lJ'el-.l n~ 1).J L i1'el YlvllL ~'Ln ~-.lI'tJL'tJ~::~tJ~-.l ~ ~ 1~ 
~ ~ . 

, " 
'elrJl-.l ~') ~ L~,) ~-.l dJw.J~).J 1 nlOll n f1,)I).J LL ~-.l LLN"lJ'el-.l n ~1).J L i1'el LL~ ::f1,)I).J L~,) L'tJn1 ~'el'el n LLN"lJ'el-.l 

" , 
I I .... Q 1I.Q1 .dl Q 

Newton LL~:: Kraemer (1994) n~I,),)1 'Vi~-.l~::LtJ~"lJ'el-.ln~I).JL'tJ'el VI).JltJrl-.l n1~'Vl 

'" I I '" I I 

n~l).J Li1'el'el'eln LLN L~).JYl'elrJl-.l~,)~L~,)Vlil-.l f1f-.l L'tJVlil-.lVltJ,)tJ L,)~1 ~-.l dJ'tJi11Ol~tJ~1 ~ 'l!"lJ'el-.l n1nL~~-.l 

f1,)I).J~I).J 1 ~rlL'tJnlOl n ~~).J~ ~'el-.l n1 ~n1 nf1~'el'tJ 1 VI') ~') tJ f1') 1).J L~,) ~-.l ~ ~ L'tJ"lJ ru::~'Vimm).J'el'el n LLN 
~ , 

I "tJ I 

L~'ellOl::L ~'Ln ~'Vi~-.l~::Lij~"lJ'el-.ln~l).J Li1'ell!'tJ).J1 nYl~ ~ IOl::~'el-.l'Vimm).JH L,)~IL'tJn1~'el'el mL~-.l LL~::L~-.l • 
" 

f1') 1).J L~,) L'tJ ~::tJ:: L ') ~ 1'el'tJ i'tJ 
" " 

'll'l'tJ'Vl fitJ ~'tJ Vi ~11l ~ru (2544) 1~ L~'tJ'el LL 'tJ::n1 ~~ [;J.J'tJ 1 'Vi ~-.l~:: Lij ~ "lJ'el-.l n ~ 1).J L i1'ell! 'tJ 

, , 
1. f1,)I).JLL~-.lLLNYlf1,)I).JL~,)~1 (slow velocity strength) 

2. f1,)I).JLL~-.lLLN~f1,)I).JL~,)~-.l (high velocity strength) 

3. 'elj;]n~[;J.J'tJ1LLN (rate of force development) 

" 
4. ,)-.llOlnVl~t1~~,)'el'eln - VI~~')i'tJ~-.l (stretch - shortening cycle) 

" , 
5 . nl~vll-.lI'tJtJ~::~I'tJn'tJ~::VI~I-.ln~I).JLi1'elYl~')).Jnl~vll-.lI'tJ LL~::;1n~::"lJ'el-.lnl~ 

Lf1~'el'tJ1V1,) (intermuscular coordination) 

" " 
'el-.l r1tJ~::n'eltJ;1-.liXltJ~::n1~~IOl ::~'el-.l1~ftJn1~~ [;J.J'tJ1 f1,)tJ ri n'tJ 1tJ 9-.llOl ::dl ~'Vi~-.l ~::dj ~"lJ'el-.l 

~ 

"" , 
n~l).J L i1'el~-.l~ ~ ~-.ll!'tJ ~'Vlfi~fi"lJ'el-.l n1~'tJ nYl L VI).JI::~).J ri~'el L-if n1 ~e.J~WJ~I'tJ~fi'tJ nLLtJtJ [;]1-.l1 L-ifl 

" , 
~')tJ n'tJ hJ1-rl n1 ~'tJ n ~')t1\jIV1l!n Vl1'el n1~'tJ n'Vi ~t1 L'el L).J j;]1n'elrJl-.lL~'elrJl-.lVlil-.l LL[;] L ~t1-.l'elrJl-.l L~t1,) 

" Wilmore LL~:: Costill (1999) 1~iJn1~91LL'tJnL~'tJLtJn~I).JLi1'el L~t1~IOlI~rul1Ol1n~n~ru:: 

-.l1'tJ~vlIL'tJLL~"lJ'el-.l~1~~'Vlm ~-.l LL[;] L~).J~IOlI~rul1Ol1 n~"lJ'el-.l L~'tJLtI n~ 1).J L ~'el Lf1N~I-.l Vl1'el L~'tJLtJ 
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" 

1. L~lJLUn~1l . .JL tl'el~1mLUU~c;)(;]')-if1 LL~:;~'el-lL-if'el'el n=i LiOllJlWn1~~C;) (;]') (slow oxidative 

fiber) L1untJ'el~1 L~lJLUn~1~L~'el~1mLUUL'el~L'el (so fiber) ~1'el L'el~Yl (st fiber) 

.l'~ " .J~ , ... .l'~ " .J "''''''~" ... 2. L~lJ ~un~1~ LlJ'el ~rolNn-l~~'el L~lJ ~un ~1~ LlJ'el~1mLUU~C;) [;l') L~,) LL~:;[;l'el-l ~"lf'el'eln"lf LiOllJ 

" " ~,)~;1-lQ~Lrol~LlJn1~~C;)(;],) (fast oxidative glycolytic fiber) C~untJ'el~1 L~lJLUn~1~Ltl'el~1mLUU 

L'el~L'el~ (fog fiber) ~1'el L'el~YlL'el (fta fiber) 

" " 
3. L~lJLU n~1~ Ltl'el LrolNi1-l ~1'flL~lJLUn~1~ Ltl'fl~1mLUU~ c;)(;]') L~,) LL~:;~'el-lL-ifn~ Lrol~ 

" 
" " 'lhULlJn1~~C;)(;],) (fast glycolytic fiber) L1untJ'el~1 L~lJLUn~1~Ltl'elLrol~-li1-l~1'elL~lJLUn~1l-JLtl'el 

•• IQ ... ..IQQ 
~1mLUUL'el-niOl (fg fiber) ~~'el L'el-ni'lU (ftb fiber) 

" Lamb (1984) 1~mh,)~1 L~lJLUn~1l-JLtl'elLrolNi1-lLLUUL'el~Yl rol,)1l-J~1l-J1H1LlJn1n.J~[;l 

" , " 
mfu'ellJlC;)'el'eln 1 '1l ~LL~:;,J1 ~-l n1nL[;ln~~1ul 'lJ 2!lJLL~:; rol1 flu 1 e:! LC;) ~[;lil~1 LUlJ~'el-lL-if'el'el n=i L iOllJL -if 1 

, " " 
l-J1"ll,)U Ltl'el-liOl1 nu1L,) ruL~lJLU n~1~ Ltl'el LrolNi1-l~1'elL~lJLUn~1l-J Ltl'el~1U LLUUL'el~Yl n L~lJLU 

!I I '" '" 

~-lt!lJYlU1L,) ruL~lJLU n~1l-J L tl'el Lrol N i1-l ~1 u~1'el L~lJLU n ~1~ Ltl'el~ 1 U LLUU L'fl~Yl~-ln'el'el n=i LiOllJ 

~ 1lJ,)lJL Yl U~Yi'el~ 1~ fu n1 ~LL[;l n ~ ~ 1 U 1 'lJ2!lJLL~:; rol1 flu le:! LC;) ~[;l 
" " L~lJLUn~1l-J Ltl'el LrolNi1~~1'el L~lJLUn~1l-J Ltl'el~1U LLUU L'el~Yl hJn rol,)1~~1l-J1~n LlJn1~ 

, " 
~~ [;lYi ~~~1lJLLU1JLL'ellJLL'fl hij n ~ 1'elYi ~~~ 1lJYl"ll ')u L '" n~ 1l-J L tl'el Lrol N i1~ ~1'el ~ 1U ~ c;) (;],)'eltJ 1~ 

" " " ~,)C;)L~,) ;1~ilLYi~1:;~1 L~lJLUn~1l-J Ltl'el'lJ'el~ LrolNi1~~1'el~1U LLUU L'el~Yl nln~ Lrol~ LiOllJ~:;~l-J'eltJii'elu 
" 

l-J1 n [;l~'el c;)iOllJn rol,)1~~1l-J1~nii'elULlJn1~~iOl:;~¥1~Yi~~~1lJ LC;)Un1 nL[;ln~~1U rol1 flule:!Lc;)~[;l LUlJ 

mC;)LL~rol~n 

" 
MU"lfUC;)'lJ'el-l L~lJ LU n ~1~ L tl'el , 

" "" 
1. L~lJLU n~1l-J Ltl'el LrolNi1~~1'elL~lJLU n~1l-J Ltl'el~1U~,)lJL ~ t1Jn;1~ L~lJLU L'el~Yl LL~:;L'el~Yl 

2. "lfUC;)'lJ'el~L~lJLU"h~nlJiOl:;nL'elYlYl L'el~ (;]1-lnlJ~')m'elYlYl L'el~ LlJL~lJLm'el~YlnUDmU1 

L~')n~1L "'Yi~~~1lJL~')n~1~1tJ'elU L'elYlYl L'el~LlJL~lJLm'el~Yl 
3. L~lJLm'el~Yl nn1~~(;J..JlJ1.jlJ~~'lJ'fl-l'1l1flrolYi~1~ijnL~rol ~rol~l-J L~'el L~l-JYilJn1~'lJlJ~~ 

" "" 
q.Jl.I ., 0 '" J' 

LLrol~ L"l!Ul-Ji'l [;l'el-ln1~ ~lJn1~i'l1~1lJ'lJ'el-ln~1l-J LlJ'el 

4 . L"l! ~ ~U ~:;~ 1 i'l UlJ(;]~ ~t.l') U U lJ(;]L~ lJLU L'el~ YlL ~ t1J n~1 LL~ :;~-l n ~:;LL~ lutJ-l L~lJLul~ 

l-J1 n n~1~t.l,)UUlJ(;]'lJ'el~ L~lJLU L'el~Yl ~~vi1L '" L~lJLU L'el~Yl~ c;) (;]') 1~'eltJ1~~1 n LL~:;L "'LLN~ c;) (;],)'lJ'el~ 
" n~1l-J Ltl'ell-J1n n~1 L~lJLU L'el~Yl 

5. ~ C;)~,)lJ'lJ'el-l L~lJLm'el~Yl LL~:;L'el~YlLlJLL'lJlJLL~:;'lJ1'lJ'el~l-JlJ~6iOl:;rol~1U rol~-lnlJl-J1n • 
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, " , 
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" ' " 
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, '" 

f1\@~1'1.lA."r,~~k'o:::te,~ 811 edAl ~U!!. r,~"L~~@~1r-tLr,lel~~1@~' 1'1.@~r,~~k'o:::te, qll edAl ~U!!.I:'~ 
" , 

L~UULr-tr,~~k'obLU1'1.tr,imLr,lel~ qll edAl ~U!!. ~:::rulT.1'1.t L~UULr-tr,~~k'obLU1'1.t1'1.lA.~@r-tLr,lel~ 
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I"Ii " I t1 " 
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, " " 

U@@l}bLr-tL~I:'~ qll edAl ~U!!.:::~'1 811 edAl ~U!!. 1'1.1J1U@@1:'f"b1' r,i1Jt'\r,~~k'o~U!!.@U'r-tL~u~t1'1.~' 
, " 

@~ I:'Uk'o~~U!!' ~U!!.I:'@~~@@U'r-tL~U~t1'1.~1~~~hr-t~LUI:'Lf1'1.t L~r,L~UJt'\ (966~) nL-l8 
, , " 

~@1'1.LI:'L!,A-l:'gL~ r,k'o \1'1.@~lel1 ~Lt1.k'o~~@U 1 r-tL~U ~:::ru 1T.1'1. t1'1.lJ' L~rt\~ r,k'o \1'1.@~lel'bLU~ ~,~ trt\ I I I" I I I 

LI:'L~@~@~I1~I:'D@ik'or-t~I1r,lel~r,fTo~@umL~U @~ (SlS!5JeUAS) 1'1.LI:'L!,A-r-tr,f~@U1r-tL~U 'V 
I " I " 

1'1.,r-Lf,A. 1 I:'Uk'o~L~f1 
" , 

. " U@:::LMt;1r,k'o' 1'1.@~lel1bLU r-t:::te,U r,~~k'o1'1.1'1.r-t~u@1'1. mL~U@r-t' 1'1.1'1.:::t; lA.I1U ~@k'o' r,k'o' 1'1.@~lel1 lA.L1'1.k'o ~ h IF" ~».... ..... I IP 1'1 JFr .... 11=''' I 1'1" h IF" It=" f'5 
I 1'1" I I"Ii I I I 

~~@umL~UI:'@IT.1'1.Jtl1'1.r,~l:'t~~r,fTo~@U'r-tL~U1'1.IJ' (eiJsnw JOl8X!J) ~1111~@~@U1r-tL~U '8 
I " I " I I I"Ii 

r,~ ~L~lelUb11r-t~U@1'1.1 r-tL~U@r-t1 r,~~k'o@bk'o r,~~k'oUb'1 r-t~u@1'1. 1 r-tL~U@r11 ,.. I f' 1'1 fP'.... 11='..... l.r 1'1 fP 

r,~~L~lel@bk'o1'1.@~k'olA.@1'1.mL~U 1:'l}~Lr-tk'o (lS!U058lU8) r-tLIT.1'1.Ul:'b~1'1.LI:'LlA.lA.@1'1.'r-tL~U 'G 
'" IP" F'.!!" " '" "'" 0F'.!!"" 

" . ~@:::LU1@m r-tL~UlA.~te, 
lIP" I'=' 

" , 
I1U L ~ut1'1.lT.~u':::te,l:'bte,lA.'1 I:'L~@r,k'o' 1'1.@~lel'bLU~U1:::~11r,~~k'obLU1'1. t:::LMt;, lA.L1'1.k'oLlA.lA.@1'1.' r-tL~U ..... 1'1 ,f '00 ~ " I k P ~..... ~ 1'1 0 f",f tI 

U'1~' (SJei\OW eW!Jd JO 8!ls!uo58) r,k'o'1'1.@~lel1bLU~Um' LlA.lA.L1'1.k'or-tlA.@mr-tL~U '~ I 1'5 k k IF" 't;IJ 1'1" 0 I'=' 1'5 fC'fI=' IP " I I I" 

UI:'~Jt'\1'1.LI:'L!,A-bLU 
" 

1:'@IT.:::ru~u gr-t L~ @U' r-tL~ U 1:'@1T.r-t~ U 1:'f"b'1 l}b Lr-tL~Lb1 I:'llel:::~~11 @U 1 r-tL~U 1:'@IT.1'1.LI:'L!,A-bLU1'1.t 
" " " 

~G1:::bl:'gMl1mmLI:'L!,A-bLUI11k'oL~r-t~:::Lr-tk'o1 @1~~@mt1'1.~1 '8 

1'1.te,1 ~U@@Hrt\~Lu,r-k'or-tbbUte,~I111r-t~:::Lr-tk'o' r-tLr,lel~ ~~~@mt1'1.~1 'L 
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L~1~~1'1!LLUuH 

'el'elnenL9tJ 

~~1£.J'yJ'el~Lyj(;1 

L!1l£J'el'elnenL9tJ 

.... i.I • 0 

'VI!1l (;1 'J"ll 1 LL(;1Vl1 

j;j'el Lti'el'l1~ Li~ltJ 

L'J~1tJ1tJ 

n9m~~hh'ltrn 

l.J1 mL~ :;LL~ :;LUtJ 

n9 n~~~~l11 LUtJ 
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'el'elnenL9tJ 

'VI!1l~'J1~'el£h'l~'J !1lL~'J LtJ 

~:;£J:;L'J~1 hltJ1tJ 

27 

VltJVl1tJ 

1Jn~'J£J-W1Wt!mrtJ 9:;~'el'lHYh1JnLtJx,jLLUU'lJ'el'lnvl1 (athletic - type) 1~LLri vi1LYi1L'J'elf~LLtJ'1! 
... 

(power snatch) vi1LYi1L'J'elfl'1~tJ (power clean) vi1~~ (pulls) LL~:;vi1LLUn-W1'V1,rnrJ'el~'J 
" ... 

(squat) ~'l~'JtJLutJvi11J nVlHm~~tJLUtJ~M:; LL~:;Hn~~n~1~ LoW'ell1!1lL Vlt1JL tJm~£J n ~rurh'lJ'el'l 
II I II I 

m ~ L-ifvi1 L 'VI~hi1~'el 1'1'J1~~1~1~tlVl9 :;L~£JtJLLuum~ H n~1~ LoW'ell1!1lL 'VI t1J LL~:;LLN~:; LU!1lVl ~'el'l m ~ 
I I I II I "" I 

Llj'eli1m~ ~~mmtJ ~'l ~1£J-W1 m:;L!1l~ rJ'l vi~ 'lJ~1'l LL~:;~ L~£JVln~1~LoW'el'el'elmLNLtJm~1ruVl • • , , , 
I dt.:::.lll a 4:::1111 q I 

L 'VI~1:;~~ (;1~'el ~"ll'J'l'lJ'el'l mnl'1~'eltJVl ~'J£J 1'1'J1~ L~'J (;11~~:;£J:;Vl1'l LL~:; L'J ~ 1Vl (;1'el'l n 1 ~'lJ'el'l nvl1 LL(;1~:; 

'1!U ~ ~ 'I vi 11J n L tJX,j LL U U'lJ 'el'l n vl 1 ~ tJ9:;~ (N,J tJ 1 ~:;U U,j ~:;~ 1 Vl ~1-~~ Vl £J 1 (neurophysiologic 

system) LL~:;~:;UU,j~:;~1Vl9(;1~Vlm (neuropsychological system) ~'l'VI1hJ1~91nm~1JmYi1:; 

m£J 'VI1'elm~1J n L~£JH LI'11'el'ln'el1Jn~'J£J~1'V1,rni'J11,j 
tJ'eln91n~tJ~'l1~LLU'ln~1~L~'el'el'elmUtJ 3 n~~~'J£JntJ ~'el • ... , 
1. L~tJL£Jn~1~LoW'elVl'VI~~'J1~-if1LLUU'el'elnenL~Vlyj (slow twitch oxidative) 

2 . L~tJL£Jn~1~L~'el~'VI~~'J1~L~'JLLUU'el'elnenL!1lVlyj (fast twitch oxidative) 'VI1'el L~tJL£J 
'" I I I 

n~1~ LoW'elVl'VI~~'J 1~L~'J"llU~Vl'el~VltJj;j'el1'1'J1~ Ln'el£J~1 (fast twitch fatique resistant) 
... , 

3 . L~tJL£Jn~1~LoW'elVl'VI!1l~'J1~L~'JLLuUn~£JLI'1~£J~n (fast twitch glycolytic) 'VI1'el L~tJL£J 
'" I I I 

n~1~LoW'elVl'VI~~'J1~L~'J"llU!1lVlLn'el£J~11~~1£J (fast twitch fatique) 
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o ... d' 

nl'IVlI-:11'\..1'lJ'£I-:ln~I).JL'\..I'£I (types of muscle action) 

Lamb (1984) 1~mh'J~1 n1~.yh-.l1t.l"lJ'el-.l L~t.lLtJn""1~ L~'el Lrl~-.lil,n~1m~t.lLtJn""1~ L~'el 
~1tJ LLtJ-.l'el'elmilt.ll~dJt.l 4 "ll~~ ~'el 

1. n1~Yi1-.l1t.lLLuul'elL"llL~[;l1n (isometric muscle action) 

2. n1~Yi1-.l1t.lLLuul'el L"llLYl~n (isotonic muscle action) 

3. n1~YiI-.lIt.lLLUul'elL'l!~Lt.l~n (isokinetic muscle action) 

4. n1~YiI-.lIt.lLLUUrl'elt.lL.nt.l[;l1n LL~:;L~rlL.nt.l[;l1n (concentric muscle action LL~:; 

eccentric muscle action) 
o ... d' '1 'i' .... 

nl 'IVlI-:11 '\..I'lJ '£1-:1 n ~I).J L '\..1'£1 LL 1.1 1.1 ~ '£I ~ en L).J ~'In 

" " Lamb (1984) 1~mh'J~1 n1~YiI-.l1t.l"lJ'el-.l L~t.lLtJ n""l~ Lil'el~ltJ"ll~~i1Lilt.ln1~YiI-.l1t.l"lJ'el-.l 
1.1 "I I I I 

L~ t.lLtJ n "" 1 ~ L il'el Lrl N il-.l~ 1'el L~ t.lLtJ n ""1 ~ L il'el ~ ItJ"ll~~VlhJ;J n 1 ~LtJ~ tJt.l~ ~"lJ'el-.l-ir'el ~'elVl LntJ'J-ir'el-.l • 

II II I '" 

n""l~ Lil'el LrlNil-.l~1'elL~t.lLtJn""l~ Lil'el~ltJVl~~~'J 'elth-.lhri~ n1~~-.l ~'J"lJ'el-.l L~t.lLtJn""l~ Lil'el~1tJ 
J' 

1Ol:;~ln"lJt.l 

" " " ~ 'J tJ L ~ [;l i1 n 1 ~ ~ ~ ~ 'J "ll 'el-.l L ~ t.lL tJ n "" 1 ~ L il 'el L rl N i 1-.l ~ 1 'el L ~ t.lL tJ n "" 1 ~ L il 'el ~ 1 tJ LL U U • 
l'el L'l! L~[;l1n ~-.lhJ.yh LoXh-.ln1mn ~n1nrl~'elt.ll ~'J ~-.l ~~ri~'el YiILoXhJ;J-.lIt.lLn ~:;;t.lL t.lLL~"lJ'el-.lyj~n; 

, , " 
... ~ ,.... "...." ... ~ ~ " ... 'i' ' ... 

L t.l'el-.l1Ol1 n ~~~ ~:;tJ :;Yl1-.l L"ll1 ~1 LntJ 'J"ll'el-.l n1 ~~ ~ [;l'J "lJ'el-.l L~ t.l ~tJ n ~ 1 m t.l'el ~rl N n-.l~ ~'el ~ 1mLUU 

1'elL'l!L~[;l1mr-.lIOl:;Ln~:;;t.lLt.l-rl'J-.lit.l1 "lJ'el-.ln1nfit.ln~IUI-.ltJ~:;LJlYl L-rlt.lLt.l~:;~~1-.l-rl'J-.l~t.l"ll'el-.ln1~ 
" , 

m:;L~ ~~1 ~1'elL t.l"ll ru:;Vl,rn~~t.lI~ ~n'eltlUt.ln'Jl"1 Lilt.l~t.l 
" " 

o ... d' '1 'i' 'i' .... 
nl 'I VI 1-:11 '\..I'lJ '£1-:1 n ~I).J L '\..1'£1 LL 1.1 1.1 ~ '£I ~ en ~ VI '\..I n 

" " 
Lamb (1984) l~nfil'J~1 n1~YiI-.lIt.l"lJ'el-.l L~t.lLtJ n""l~ LU'el LrlNil-.l~1'el L~t.lLtJ n""1~ Lil'el 

'" '" I I 

~ltJ"ll~~i1 Lilt.ln1 n11-.l 1 t.l"ll 'el-.l L~t.lLtJn""l~ Lil'el LrlNil-.l ~1'el~ltJVl;J n1~LtJ~tJt.lLLtJ~-.l~~L t.l-ir'el~'el • 
I I I II I I '" I '" 

Vl bntJ'J-ir'el-.lL t.l~ n1j'ru:;Vl;JiJl~,rn rl-.lVlH~I~fu Lilt.l~'Jt.ltJ~:;n'elU ~-.liJl~,rn rl-.lVll~ LLn iJl~,rn 
" " 

"ll'el-.lmJn iJ1~,rn"ll'el-.l~~LU~; LL~:;iJl~,rn"lJ'el-.lUlfLU~; bilt.l~t.l 
" , , " 

~1~11'elL'l!LYl~n ~~ltJ~-.l n1~~-.l~'JVlL'Vl1nt.l (equal tension) bL~n1~~-.l~'JVlL'Vl1nt.li1 
" " hJl~~~ltJ rl'JI~~-.ln1~~-.l ~'J"ll'el-.l L~t.lLtJn""l~ Lil'el LrlNi1-.l~1'el L~t.lLtJ n""1~ Lil'el~1tJ L'Y'In:;b~t.lLtJ 

1.1 '" I I 

n~l~ L U'el LrlN il-.l~1'el L~t.l1tJ n~l~ L U'el~ltJlOl:;;J n1~~-.l ~'J ~1-.l nt.lVl~~ ~1-.l 1 "lJ'el-.l-ir'el ~'el~-.l;J 
I '" I I II I 

n1nrl~'elt.l1 ~'J [;l1~iJl~,rnlOllnJlltJt.l'elnVl;J 1"11 rl-.lVl L'Y'In:;'Tl:;,rt.ln1~~-.l ~'JVl L'Vl1 nt.l ~~ltJ ~-.l n1 ~ 

~-.l ~'J~ L'Vl1 nt.l"ll'el-.l~I~,rnJlltJt.l'eln~;J 1"11 rl-.l~ [;l~'el~~~-ir'el ~'el~ L~m-ir'el-.lL t.ln1nrl~'elt.ll ~'J n1~~~ • 
~'J LLUul'el L'l!L Yl~nlOl:;.yh LoX;J-.lIt.lLn ~:;;t.lL t.lLb~"lJ'el-.lyj~ n; ~-.l~Lti'el-.l1Ol1 n;J~:;tJ:;Yl1-.l b -ir1~1 L~tJ'J-ir'el-.l 



" nnLlA' N~C,6' rtLC,l!l t-l)nt!,t-L~UnL~c,6' rtLC,l!l rac,~nLt-LlAt-@~:::t!,t-1ls @!'1.1 rtL~U t-@IT. ':; I .r::a IF' .D" 0" f',f " 

" nLt-L ~6 LUn t c,~, rt L c,l!l n.1I [a@n}::: t!,c,~,~\ c,~ ~ k1.~@~' rtL ~ U ratn», t-@lT.jlnra ra c,r-k1.rt~:::U L un}~ ld' 

c,~, ~c,6t-L[a@nLt-L~6LU@~' c,~, ~ c,6t-L[a@nLt-L~@U' rtL~U~:::ru IT.n t LJf~\ c,~~ k1.~@U' rtL~Uratn»' 
I "I I " 

n@~nLt-L~Lrtrt~:::6U~:::t!,C,~,~\c,~~k1.~@U1rtL~Uratn»' L~n~1rtLc,l!lK-~\ (~OOG) dJ8>l 
, " 

t-~~ ~c,LrartLc,l!l n.m, c,~~k1.@!'1.1 rtL~U @l!l U6~nllsm@l!ln.m'@!'1.1 rtL~Ut-@IT.C,~~k1.6LU .... IP' I1i 1P'~f) IF"" "" 

" " 
:::~1' n~rt~,c,LrartLc,l!ln.m,c,~~k1.@U1rtL~U @~ u-t~n~'l!l~mm,c,~~k1.6LU L~~\~l~t!,L@ 

" , " 
U6~nlls'l!l@mm1c,~~k1.6LU Lwra6' nnlT.c,Lrac,~~ra 111':;7 .D.D .-I It="~:r /0 IP' 

@!'1.1rtL~UlA6LU L!e!t-@ 08~ rtn.~:::6~nl!ln.~ut-lA:::wnt!,nlT.rtM' lra@l!l@~@IT.t-@lT.rtrtk1.tLlA:::t!,nJn.Ils' .f "F' .... PP''''' '7 .r~ 111'1 "O!; 

n.' @!'1.1 rtL~Ut-@IT.U@@c,~~ ra6LU nlT.c,Lrac,~~ ra:::t!,u@!e!@IT.@t-6Lun traC,llslA@!'1.1 rtL~U @1T.t-~6LUULt!,t-~ ~,f tl .... fp,f .... 1P' " 'r=',f" I'Ip 

c,~ ra@~~@~, rtLJIot-6~ t-LlAn t u-t~n~m@l!ln.m' C,~~k1.6LU L~ura£:1Ut-~n~c,~~k1.@U' rtL~U~6LU n~ 
I "" " I 

nlJ'L!e!t-@ g ~ rtrtnlJ'~t-Ln.t-~nt!,~\ L!e!t-@ 08 ~ rtrtULt!,t-~~~:::t!,U@!e!@JIot-@lT.rtrt:::~'1t-~n~c,~~k1.@t-
" 

In.1ls1 n.\@U 1 rtL~U ~"~\t-~ U@!e! @JIo@t-6Lun tJH~raL~@U' rtL~uratn»' @~k1.t-L? t-6l!l1@U 1 rtL~U 
" I I" " 

ratn»m}@JIot-~:::ru IT.n t n~nlJ' @JIot-~6LU ~"~\UUlAlIls1 @~n.m1 c,~ ~ k1.6LU t-L[a@C,~ 

c,k1.' n@~l!l'6 LU t-Lc,k1.:::6nlT.c,Lra@6k1.t-~n~·c,~~ k1.raL~@n 1 rtL~U ra' nf.'-'@6k1.t-L6 t-6l!l1@!'1.1 rtL~U 
k i'" ' f' ... i '" ,f" I." ...' ,f" 

ratn»1 L~n.lI~@n}t-~ ~WU-t~n~1 l!l ~m~k1. u-t~n~m@l!ln.m1 c,~ ~ k1.6Lun1J1 lALJ':::6~t-f111:::t!,t!,L@ 

U~!'1.1~1ls1@~n.m1c,~~k1.6LU:::~" UUlAlIls1@\n.m,c,~~k1.6LU L~C,L~U~\ (1786~) qW8l 

u~wnlL' I!f ~,~~" U~WnlL'n~l!fl1m' ~n HCL~ut-~ll.nLN,LULU 
... "'''' ... '" ,f' '" 0 

@~@IT.t-@lT.lt-L~rtrt~@~~ 
'" , 

~\nLt-t-@IT.U,ttk1.rtLC,l!l ~ ~@~k1.rt ~ 1 n.%~6 LU ra~l c,k1. \n@~l!l'6L U n.1I t-@JIoc,ra~1 ~@~ @JIot-@lT.rtrt~ @~~ 
I I I I 

lAt-l!l~' c,k1.' n@~l!l'6LU t-@1T.C,6' rtLC,l!l t-~ l)6LrtL~t-llsrtL~ U6' :::@@rtt-@6l!l'@6k1. (eU!lj:J8W :J!leU!>lOS!) ~ I'Ik h IP D.... P J) h IF" IP' lIP' 
I I "I I 

n~llsrt1' U~!'1.1~1ls1@\ L~ura~'~@~t-@~l!l' n!f.' ULrtt-M"Ll!lL6~~@~t-@~l!l'JfVLura~~\~Dg~:::t!, I I I I 

~l)6Lrt L~t-~@~ @JIot-@1T. l t-L~ rt rt ~nra ~~1 t-@~::: t!,c,k1. \ n@~l!lg LU t-@lT.nLlA nL~ t-61' @~k1.nLt-t-@IT.U,ttk1. 

rtLC,l!l n,tt~\~t-l!lC,~1rtLC,l!lK-tL~:::t!,~6Luntt-~ n~nlJ' ~Ln~t-Uk1.@~L!e!t-@ 08 ~ ~Ln~t-Dk1.@~L!e!t-@ 
" I I I , I 

09S n!f.' ~t-l!lC,~'rtLc,l!lU~~rac,~nra~~1@~@~t-@lT.rtrt~6LU t-~raLrtk1.t-~ un.mmLt-L~6LU n,tt:::~ 
I I I " " 

(peeds /8nbe) nllL!A,~c,~'rtLc,l!lt-~raLrtk1. U~!'1.1~1ls1@\ L~L~ L~C,L~U~\ (1786~) qW8l 

uwn H!llL'~' I1m'~n HCL~ut-~ll.nLt-LlA.~LU ... ... b I. ,f' '" 0 

6G 
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II I I I 

Weineck (1990) 1Jrhl"ln:;~n~1~ L ~'flV1.yhvl1.J1V1'fl'flnLLN.yh L ~ Ln ~ n'lrLI"l~'fllJl VI'J 

" , 
1J1-L'Jru-if'fl~'fl~1~ 1 "lJ'fl~"lJ1 L~m1-t1'1~1 ~1JiOl1nn~1~ L~'fl,r~V1'fl'flnLLN~1 nhJVl1ii'fltl (;l1~~1 ~1J 

" " ~'1\l n~~n~1~L~'flLVI~t1~~:;LYm 1.Jr:;n'fl1J~'JtI • 

" 
- n~1~L~'flLL~I"l~I"lLYl'fl:; LL~mr~ (adductor magnus) 

" 
- n~1~L~'flL'liijL~~L1JrLlJrB'~ (semimembranosus) 

" 
- n~1~L~'flL'liijLYllJt1LlJrB'~ (semitendinosus) 

" t.J ..:IiI .Q Q Q 

- n'Ci1~LlJ'fln~LYltl~ ~L~t1~ (gluteus medius) 

" 
- n~1~L~'flI"l'J'fl~r1Y(~ ~~'fl1-~ (quadratus femoris) 

" n~~ n~1~ L~'flLVI~t1 ~~'J L"lh 1.Jr:;n'fl1J~'JtI • 
" 

- n~1~L~'flLrl"l(;]~ ~~'fl1-~ (rectus femoris) 

" 
- n~1~L~'fl'J1~(;]~ ih~t1't11~~ (vastus medialis) 

" 
- n~1~L~'fl'J1~(;]~ L'CiLYl'flr1~~ (vastus lateralis) 

- n~1~L~'fl'J1~(;]~ ~lJL[;l'flfnL~t1~ (vastus intermedius) 

" n~~n~1~ L~'flLVI~t1 ~-if'flL.yh 1.J~:;n'fl1J~'JtI • 
" 

- n~1~L~'flLLn~Yl~'flI"l\lLntl~ (gastrocnemius) 

" t.J .QI? q 

- n'Ci1~LlJ'fl b'liL'Citl~ (soleus) 

" 
- n~1~L~'flL~~m'li'fl:; e1'fl'Ci~~~ 'Ci'fl'ln~ (flexor hullucis longus) 

" 
- n~1~L~'flL~~m'li'fl:; t1~Yl'flf~ 'Ci'fl'ln~ (flexor digitorum longus) 

" 
- n~1~L~'flV1LUtl~~ LVi~V1~t1 (tibialis posterior) 

Weineck (1990) 1~~ r1.J !:J'CiiOl1 n n1~-;S Ll"lr1:;~n ~1W~'fl~1 LlJn~~n~1W ~'fl LVI~t1 ~ • • 
'" " I I I I 

~:;L Vi n nn~1~ L~'fln'Ci LV1t1~ LL~ n:n,r~ LiJlJn~1~ L~'fl,r ~VI;j'lV1 LL~'1 LLNV1~ ~ LlJi1'1 mtl nmJ1V1V1~ n 
'IJ • 

~'flm n VI~t1 ~~:;L Vi n 1~ LLn LlJ"lJ ru:;~t1 n (;]'J~lJ~vhulJ1.Jn ~iOl1 nvhrJ'fl (;]'J LlJ"lJ ru:;~'1 LL'Ci:;LlJ"lJ ru:; 
" tJ II I I I 

VI~~ LlJn~~n~1lJL~'flI"l'J'fll~rL'liVi'1l ~lJ'fl1-~ LiJlJn~1lJL~'flV1LVI'lJV1~~ nm.J1V1LVI~t1~L~1 
" " " 1.Jr:;n'fl1Jl1.J~'Jtln~1lJL~'fl Lrl"l(;]~ ~~'fl1-~ n~1lJL~'fl'J1~(;]~ nL~t1~~ n~1lJL~'fl'J1~(;]~ 

" , " 
L'CiLYl'flr1~~ LL'Ci:;n~1~L~m1~Y(~ ~lJL[;l'flfnL~t1~ L~t1V1n~1~L~'flLrI"lY(~ ~~'fl1-~ 1.Jr:;n'fl1Jl1.J~'JtI 

" " " LVI~t1 ~~:;L Vi n~n ~'JtI ~'JlJL VI'lJn~lJ n~1~ L ~'fl LVI~t1 ~-if'fl Lvhl1lJn n~1lJ L~'fl LLn~ [;lr'flI"l\lLntl~ L1JlJ 
'" I l.t I I 

n~1lJ L ~'flV11.J~:;n'fl1J ~'Jm~lJLtI n~1lJ L~'flV1V1 ~ (;]'J 1~ L~'J LiJlJ~'JlJL VI'lJ nVlii1V1V1~ n ~'fl mnVl~t1 ~ 
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91n"if'elM1.J'lJ'el~ Weineck (1990) 9:;LihJL~rJ11'Wm~~~'W1~~~H1J11Y1'lJ'el~n~1~L~'el~ , 
I I '" '" 

H1'Wmm~:;LVlVl mn~~'el'WVi LL~:;'mJVl 9:;~'el~~~'W1n~1~Lil'elL'\.-1thJVl~:;LYln n~1~Lil'elm~tJVl , 

L~1 LL~:;n~1~ L~'el m~tJVloif'el LYI1 ~~ Lu'Wn~1~ L~'el~'\.-1Vl~'JL~L~'J LU'W~'J'W1 '\.-1nJ ~~,r'Wm~!Jn ~'JtJ 
~1wt!n L~'el~ ~'W1 ~'J1~ LL;~LLN LL~:;~~~nlJ11Y1'lJ'el~n~1~ L~'el Lmh~ 9:;~'el~1i ~'J1~mrn 1 'W 

" 
- n~~n~1~Lil'elm~tJVl~:;LYln 40% , 

>-
I '" .::::M ,q lI' "" 

- n~~n~1W'W'elmtJtJVl"lJ'elLYl1 35.8% , 
" I I " 

~~,r'W~~ LU'WLL 'W'JYl1~ 1 'Wn1~L~'el nvl1!J nVi L '\.-1~1 :;~~ rlUvl1!J nVi1i n ~~ n ~1~ L il'el L '\.-1~ tJ Vl , 
" ~:;L YI mL~ :;n~~ n~1~ L il'el L'\.-1~tJ Vl L ~1 , 

Umberger (1998) L~~~U mtJ';jJ11 ~"lJ'el~"lJ1~ LL~ Vl~1 ~L ~'W~~oif'el LVi991~~'el~1.h:;m~ 

~~~ ~'J1~ L~moif'el~ LU'W'elrh~~1 n j;]'el1.J~:;~YlfiJ11Y1'lJ'el~ n1 ~Vi1~1'W LVltJ1iYl~~ n ~1~ L ~'el"lJ1 
'" I I I " I iI .c::IiI cv q '" '" I I 4", 14 q J; 4 qO cv 

1. n~1~ L'W'el'lJ'el~'lJ1'\.-1~1tJ~ VlYlYl'elVl'lJ1~'lJ'el(;l'el~1nm1'\.-1'W~'lJ'el(;l'el '1!~~n~1~ L'W'elYl~1~'1J 

L~LLri L~~~~ ~~'el1~ LLn~(;l~'el~ilL~tJ~ LLe:I~~(;l1~~ ~~1.J~:;n'elU~'JtJ L'1!~L~~LU~L'Wi~ 

L'1!~ LYl'W~L 'Wi~ LL~:;LU L'1!YI~ ~~'el1~ 
" tJ I I 

2 . ,J1'\.-1,rn ~'J'W1 '\.-1 ru"1J'el~ n~1~ L U'el"1J19:;(;l n'elrJ1n~ rlUoif'el j;]'elVi'elrJ1n~ rlU~1 ~'J~~ ri~'el 
~ ~ ~ 

~:;L YI n ~1'\.-1,rn~'J'Wii'eltJ"1J'el~ n~1~ L~'el'lJ19:;(;ln'elrJ1n~ rlUoif'elj;]'el~'elrJLn ~91 n~1 ~'J~~ ri~'el L~1 rlU 
~ ~ 

" " , 
oif'elLVh ~~,r'W 1 'Wm~Vi1~1'W"1J'el~'lJ1 ~~~m~d1tJLmYl~~91nn~1mil'elVi'elrJu1L'Jru~:;LYlnLUU~ 

~ 

(;l1~D~~~'1!1~1~n~1~L~'elu1L'Jruoif'elj;]'el~'elrJLn~91n~1~'J,r'W~~1'\.-1,rnii'eltJ 
~ 

1 'Wn 1 ~n~:; LVl Vl; 'WL1.J1 'WLL 'W'J ~~,r'W n ~ 1 ~ L ~'el'lJ1,r Vl j;]1~ 19:;Vi 1~ 1'Wj;]'el L ~'el~ rl'Wd~91 n 

" " " n~1~ Lil'elL'\.-1~tJVl~:;L YIn n~1~ Lil'el L'\.-1~tJ Vl L~1 LL~:;n~1~ Lil'el L'\.-1~tJ Vloif'el LVl1 (;l1~~1 ~u9'WnrJ1 Lvl 19:; 

" , 
n~1~Lil'elL~~~~ ~~'el1~ Yl'elVloif1~oif'el~:;LYlmL~:;L~1Yl1~~1'W'\.-1ii1 ~'\.-1ii1Vi~'e)~:;LYlmL~:; 

"'" .... , 
L'\.-1tJtJVl'\.-1'J L"1J1 

" , 
n ~1~ L U'el LLe:I~ ~ (;l1~~ Yl'el Vloif1~~:;L YI n LL~ :; L~1 ~ 1'WYl1~ ~1'W'\.-1~~ ~'\.-1ii1Vi L '\.-1~ tJ Vl~:;L YI n 

LL~:;~'elL~1 
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Umberger (1998) 1~mh,)~11 'kl"lJru~~ ~~J1i''kl'el'elmLN L~'el~'"l~m'~L~~~'klhJ1'klLL'kl,)~'1 
~'kl n~I~L~'elL~rl(;]~ Yl~'ell~ '"l~'el'elmLNL~'elL"v1~rJ~L'lh LL[;lLti'el'l'"llmtl'kln~I~L~'el~'Vl'el~']I~MN 
II I d q J .c::aI..... 1.1 J'.c:. J 
"1I'el (;l'el '"l'l ~ n1~'el'el n LLN LY'l'el'l'el~~LYm 1 'klL')'tl1 L~m n'kl ~ ,)'kln'tll~ L 'kl'el LLe:I~~ (;l N-l'"l ~'el'el mLN L Y'l'el 

L "v1~rJ ~~~L Y'l n n'"l~nn1~'el'el n LLN L~'el'l'el L -n11 'klL')'tl1 L~m n'kl n1n11'11'klL-rl'kl~Ltl'klhJ1 'kl~ n~ru~~ 

" " , 
n~l~ L U'el L~rl (;]~ Yl ~'el1~ LL'tl~n ~1~ LU'el LLe:I~~ (;l1'1-l '"l ~YlI'11'kl~,)rJ rl,)l~ L~,) ~1 ~'1 Ln ~ LLN~1 n 

II I '" I 

LL'tl~~I~I~(l c11rJLrJ'I1uu'l L-n11~ ~,)'kln~l~ L U'elLLn~ (;l~'elrlilLnrJ~~'1 Ltl'kln~l~ LU'elYl'Vl'el ~']I~~'el'l 

']'el[;]'el L-rl'klL~mn'kl n'"l ~n n1~c11rJLrJ'I LLN1uu'l']'el LVl1 ~,)rJ '"l1 n n1~1 Lrl~I~~ (;l1~"v1~n~') n'tl P\1~ (;If 

Y'lu~11 'klm~1 ruY'l~'1 n~l~ L~m~''1''v1~ ~~1·n 'kln1~L "v1~rJ ~ L -n1~'kl 1~funl ~c11rJtrJ'I~I'"l1 n.]'el 

" " " ~~tY'ln L~rJ~I'kln~I~LU'elL~rl(;]~ Yl~'ell~ Ltl'klm~lru 21 % LL'tl~lwm~lruY'l~'1n~I~LU'elYrm~~ 
," " 
Yl1-D1 'kln1~L "v1~rJ ~']'el L Yf 1"11'kl 1~fu n 1 ~c11rJtrJ'I~ 1 n'"ll n L -n1 L~rJ ~ li.ln ~ 1~ L U'el LLn~ (;l ~'el rlilLnrJ~ 

Ltli.lm~lru 25% 
SI I" I 

i.l'el n'"ll n"l1i.l Umberger (1998) 1~ L~i.l'el LL i.l~~1 n1 ~Yl'"l ~r) ~Y'l~'1 n~l~ LU'elYl.]'el[;]'el LL[;]'tl~ 
" ' 

-if'el"l1i.l 1"1'l '"l ~ hJ (l n J1i''el'l Cl 11.if n 1 ~r) ~ L~rJ 1 "'-if 'el [;]'el LL[;]'tl ~-if'elYlI'lIi.lLtli.l~ ~ ~~ [;]'el ni.l LL'tl ~ 1 '" LL i.l') ~ ~Y1 
'IJ 

I I" I 

'Ill L~'el n'el~11fin1~1J nY1'"l~-W1~11.if"l1i.l'"l~J1i''el'l L~rJi.lLLUU"v11'el L"v1ij'eli.lnUn'"lm'~~Y1'"l~m'~YlI'"l1'l 1 

;'1 ClI'"l ~~ W-Ji.l1 rl,)I~~I~I~(l1 i.ln1~m'~t~ ~~i.l1u LL i.l') ~'l n'"l ~J1i''el'l1.ifyh 1J n~1.if n~l~ L ~'el"lJI,r ~ 
[;]1'11Yl 1'l1i.l[;]'el L ti'el'l ni.l(;l1~~h ~u 1~ LLn vii L Y'l1 L ,)'elfrl~i.l vii L Y'l1 L,)'el f~ LL i.l'Vl"ll vii LLe:I'I rl 1"1 ~ 'kl "v11'el 

Y'l~rJt'elL~(;l1n 
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" " I " 

1 'W~ 'J'W"lJ 'il'l n1 ~1J n ~'J tJiJ 'nn1m1'W 1~~ e4'Vi mh'J 11'1 ~ 'J 1l-J ~ l-J ~'Wfi~:;~~ 1'1 ~ 1'W'J'W~ f'l ']J'il'l 
OJ 

n1~tJnnlJ~'JIl-J~,rn~~J;lLtI'W % ']J'il'l 1 RM 1~LLri Wathen (1994), Bompa (1998) LL~:; 
>-

Baechle, Earle LL~:; Wathen (2000) 'MtJLtI'Wl'lln'l~'1r;l'ilhJiJ , 

% "lJ'il'l1 RM 

Wathen Bompa Baechle, Earle and 

(1994) (1998) Wathen (2000) 

100 100 100 

2 93.5 95 95 

3 91 - 93 

4 88.5 90 90 

5 86 - 87 

6 83.5 85 85 

7 81 - 83 

8 78.5 80 80 

9 76 - 77 

10 73.5 75 75 

11 - - 70 

12 - - 67 

15 - - 65 

1011nmn'l LL~J;l'l1~L~'W~1 Baechle, Earle LL~:; Wathen 1~'MtJ~'JIl-J~l-J~'Wfi~:;~~I'1 , 
" I I" 

~1'W'J'W~f'l"lJ'il'ln1~tJnnlJ~'JIl-J~,rnVi~J;lLtI'W % ']J'il'l1 RM 1~;1'W~~tJVi~J;l LL~:;'W'iln"'lln,r'W , 
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cv ~I a a .Q 

W~ nn1'i~ n m..J1.J L'elFl L'li'U (;1 'in 
, " 

Chu (1996) nrh'J~ 1 ~~ LL~"l:;Ci'el1~~1,rn ni11,j~:;LIlYlYlH m1~ LL;n~ LLN"lJ'el'ln~1~ L-W'el 

LLrl ~'Y1 ~~ n~1~ L ~'el~lJ"l~~'el~il L~lJLtJ n~1~ L ~'el~~ c;, ~'J 1~ L~'J~1 n n~1 L~lJLtJ~~ c;, ~'J 1~-n1 ri 11l1~ 
LL(;] L~lJLtJ n~1~ L~'elir~ ~'el~~ n~ru~e(;]1~ riil ~'J1~~1 rl C1J (;]'el n1 ~i W-JlJ1,rn ni11LlJIl1'Y1 ~'J~~~~~ c;, 
• " I I 

L~lJ LtJ n~1~ L-W'elYl~ c;, ~'J 1~ L~'J "l~'li'JtJ L ",,rn ni11~1~1 ~Cl L~~'ellJ1 ~'J 1~'elrh~~'J c;, L~'J LlJ~ n~ru~LLN 

~~Lij c;, L~lJLtJ n~1~ L~'el~~ c;,~'J1~-n1"l:;"r11~,J1~fn~1 ~'J1~~lJ~~ LLrl:;vl1Yl1~"lJ'el~,rnni11LlJ 

"lJru~~"r11n1n~~'ellJ1 ~'J"r11L "'dJlJn1n~~'ellJ1 ~'J~~~i.m-w Chu (2004) 1~ "'~1 LL lJ~-W1LlJn1~'tJ n 
" 

" , " 
LtJn~1~ L-W'el"llUc;,Ylil ~'J1~ L~'J LlJn1~~c;, ~'J~1n (type II b) LLrl~tJ~'tJn L '" L~lJLtJn~1~ L -W'el"llUc;,~ c;, ~'J 

L~'J (type Ila) 1~"r11~1lJLLUU L~lJLtJn~1~ L ~'el"llUc;,tr'J ~'J L~'J~1 n (type II b) Lc;,tJ n1~rJ'el ~'Jrl~'elrJ1~ 

-n11 "llJL~1"r11~~~~'el~n1~ LL~'J~h~H,rU"llJ~~ 6 ';)lJ1Yl '"lc;,~r11~HC~tJn~1 '"lc;,Lc;,~L~lJvl 
" " , 

(descent phase) LlJn1~"r11vl1LLun-W1~,rn (squat) "r11n1~'tJn 6 - 8 ~f~LlJ~-W~L'l!11l 'tJn'elrJ1~ 
" '" " I " 

,J'eltJ 1 - 2 ~f~ (;]'eli,jc;,1,x ~'J1~ LL;n~ LLN"lJ'el~ n~1~ L-W'el"l:;Ln c;,~lJLlJ'lh~Yl L~1 r11~-W1~,rn H (hold) 

~'J1~L~'JLlJn1~~c;,~'JL~'J~1n (type lib) ~~~'elc;,~~'el~nu Dudley LLrl~ Fleck (1987) ~~1n1~'tJn 

LLUU L~ ~ L~lJl1l1'nlJ'el n"l1n"l~'1i'JtJ"r11L "'~'J rl"lJ'el~ n~1~ L ~'el L ~~;lJLL~'J tJ~'lhtJ L~~ n1~"r11~1lJ"lJ'el~ 
" n~1~L-W'elLLUU~c;,~'JL~'J (fast - twitch) 

Frank (1989) 1~ n~h'J~1 n1 ~"r11~1lJ"lJ'el~ LLUU L~ ~ L~lJl1l1'ni'J~ nu n1 ~"r11~1lJLLUU 

1'el L'l! L~ l1l1'n ~ 'J tJ ~'J 1 ~~,r n ~~ ~ c;,"l ~-rl 'JtJ ~ 1 ~1 ~Cl i W-JlJ 1 ~'J1 ~ LL;n~ LL~~ LL uu ~'ellJL~lJl1l1'n 1~ " . 
, " 

H~'J1~~,rn"lJ'el~n1~'tJn'elrJYl105 - 175 % "lJ'el~ 1 RM ~'J'elrJ1~L-rllJ ,rnni11~1~1~CltJn-W1~,rn 
" " " , 

~'JtJvl1LLun-W1~,rmL~'JrJ'el~'Jrl~ 90 'el~P\1 (squat) 1~~~~c;, 1 00 mrlnf~ -W1~,rnYlLlJn1~'tJmLUU " , 

L~~L~lJl1l1'n'elrJLlJ-rl'J~ 105 - 175 nLrlnf~ LlJn1~'tJmLUUL~~L~lJl1l1'n~'J~~1i1~~~~'J1~,jrl'elc;,JltJ 
" "I " I II 

LLrl~-W1~,rnYlL-n ~'J ~'elrJLlJ-W1~,rnYl,rn ni11~1~1~Cl fU-W1~,rn 1~"llJ"lUn1 ~Yl c;,rl'el'l 
" 

~'J1~~,rn 

~1lJ'JlJ~f'l~HLlJn1~'tJn 

~1lJ'JlJ"ll c;, n1~'tJ n • 

110- 150 

5 

3 

3 

"lJ'el'l1 RM 
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Bompa (1999) 1~\~kl!lLLkl:;L~mnu~~nn1~1JmLuUL~I"1L~kl[;l1-n~1 ,rnnYhl"1'J~ilm~1Jn 

1"1'J1l-JLL~--lLL~--l!l£hnJ!ltl 3 - 5 U LL'~:;lklm~1Jn,rnnYhhJI"1'J~1Jnl"1klL~m 1"1'J~ilmJn~!lkll"1!ltlVlLL~ 
'lJ 'lJ 

1.1 I I I I 

mh'llnwn VI L~n:;H'th\~,rn 1 kln1~1J nYll-J1 n LYi!ll ,n~1' [;lm.h:;~--l1"11 kln1~1J n LL~:;~'lYl~1I"i'ru~!l . ~ 

s,..::t ~ i.J " '" J'", tJ .... .J.:s ""Q4 
(:.J ~ n~!lkll"1'JnMl-JM1--l1"1'J1l-J LL"lJ--l LLN"lJ!l--l n ~ 1l-J L kl!l Vl1kl[;l N"lJ1l-J nuYl ~ n 'hhLLml-J L!l1"1 L 'l!kl[;l m L~!l 
'lJ 

0-

U!l'lnklm~U1V1L~U"lJ!l--l,rnn"r11 u!ll-JYnl~L~kl!l~ULLuuLunLml-JL~I"1L~kl[;l1-n ~--lil 
. 'lJ 

1"1'J1l-J~,rn 

~lkl'Jkll"1 ¥'l~H1 klm ~1J n 

~lkl'J'lJ"l! VI m ~1J n • 
1"1'J1l-J L~'J~H1 klm~t1n 

~:;t1:;L'J~l~n 

1"1'J1l-J~lklm~1Jn 

110- 160 

1-4 

3-5 
0-

'l!1 

3-6 

1 - 2 

"lJ!l--l 1 RM 

... 
kl1Yl 

'" '" I I I 

lklm~';j9t1l"1f--lil ~9t11~;11n1~Pim~lL!ln~1~ LL~:; --llkl';j9t1YlLntl'J-n!l--l~1--l 1 LYi!lL~!ln 
'" I '" I 

,r Vln ~1l-J L \J!lYlIiil :;;11 n1~Pim~l LVltI ~9t11~ L~!l n n~ll-J L \J!l,r VI ~1--l 1 Yl LiJkl~'J LL Ylkl"lJ!l--l n~l-J 
'" '" '" I 

n~ll-J L\J!l L~~t1 VI L ~1 (quadriceps femoris muscles) Ltlkl~lkl'Jkl;1--l~kl 3 ,r VI ~'l LL~~:;,r VI 

'" I " I 

n~1l-JL\J!lIiil:;il~,J1YlLL[;lnI'i1--lnkl Agur LL~:; Lee (1999) ,rVln~ll-JL\J!lYlLtlkl~'JLLYlkln~l-J 
0-

n~ll-JL\J!lL~~t1V1L~l (quadriceps femoris muscle) u~:;n!lU~'JtI 
0-

1. n~ll-JL\J!lL~I"1~~ ~l-J!l1-~ (rectus femoris) ilIiilVlLn1:;~klU1-L'Jru straight head; • 
..,. .1 "" 

anterior inferior iliac spine; reflected head; ilium above acetabulum l-J'VlLm:;u~lt1Un'Jru 

quadriceps tendon into patella then via ligamentum patellae into tubercle of tibia 

il femoral nerve LtlklL~klU~:;~lYl~ l"1'JU 1"1l-J ;11~,J1~ L~~t1 VI"lJ1~U1-L'J ru-n!l L~l~'Jl-J n'l mN!l-n!l , 

~:;L~n (extension of leg at knee joint; flexes thigh at hip joint) 

..,. • 1 "" 
and shaft of femur; medial deep fascial septum l-JIiilVlLn1:;u~lt1U~L'Jru quadriceps tendon , 

..,. !"I 
into patella then via ligamentum patellae into tubercle of tibia l-J femoral nerve Lukl 

L~klU~:;~lYl~ l"1'JUI"1l-J ;11~,J1~ L ~~t1 VI"lJ1~U1-L'J ru-n!l L~l LL~:;fn~11"1'J1l-JJkll"1--l"lJ!l--lm:;Vln~:;th 
, 'lJ 

(extension of leg at knee joint; stabilizes patella) 

..,. • 1 "" 
shaft of femur; medial deep fascial septum l-JIiilVlLm:;u~lt1Un'Jru quadriceps tendon into • 
patella then via ligamentum patellae into tubercle of tibia il femoral nerve LtlklL~klU~:;~1Yl 
, , , 

YlI"1'JU~l-J ;11Wt~hYl L~~t1V1"lJ1YlU1-L'Jru-n!lL~1 (extension of leg at knee joint) 



36 

, " 
m,mvn r.riJYl,)~ (2542) 1~~n~1 ~~~:;t-I1 fl,)1l-J ~~(;ln (kl'l"lJ'El':U;1~iJhHhn~1l-JLU'el~~"lJiJ 

1w~ ~~~:;t-I~'l~,)iJ1JiJ ~:;W)1'l1l'mJn~1t-11l'n~iJl1n~:;~~(;lnr;]1'lrliJ~~~:;t1n~1t-11l'n~')t1m1l-Jt-I1l'n 
• " I " I 

YI r;]1'l rliJ Lt'ltl mil-J r;l,)'Elr11'l ~ijiJ1l'nti mJ1t-11l'nYliJl1 n~:;~'l~1iJ,)iJ 5 fliJ ~~~ :;1l'ntl nU1t-11l'nYliJl1 n~:; . ~ 

, " " 
(;<hn~1 ~1iJ,)iJ 9 fliJ r.l1n1l'ntlnU1t-11l'nLtI1,)"lfiJYll-J"lf1~1Ylti ~~~:;1l'ntlnU1t-11l'nLtI1,)"lfiJ"lf1t1 

"" " 
LN ~1t1iJnvhr.r'lt-l~ t'liJfl ~pj1D~~l-J~1"lf (;l1l-J~1 ~1J 1 ,x1l'ntl nU1t-11l'nl1'l ~'El'l n~ l-JtI nU1wwn 1 iJYl1 • 

" , " 
~~~iJYl-D ~,)t1fl,)1l-Jt-I1l'n 80 ~~~:; 1 00 ~tJ'elf~~iJ(;l "lJ'el'lU1t-11l'nM~t'lYltln1~~~tI'l 1 flf'l UiJ~nJl1~ " . 

I I " I " 

n1nfl~'eliJ1 t-I') ~~~:;fl~iJ1 vHh n~1l-J ~ U'el H ~~~')';j ~fl~1:;'If fl~iJ1 vHh n ~1l-J ~U'el Lt'ltl ~~U'l'el'eln dJiJ 

" " "I " 
t:J~n1~';jr.rtl~1J~1 ~tJbb1J1Jn1~vi1'l1iJ"lJ'el'ln~1l-J~U'el11'l 4 "ll,)'liJ~'li1 "ll,)'lYl1 1l'ntlnU1t-11l'n 

" " "I"" 
Hn~1l-J ~U'Elt-l~'l~,)iJ1JiJ1 iJn1~t1 n1J1f~1J~~r.l1nYliJti'l ~'lh "ll,)'lYi 2 1l'ntlnU1t-11l'n Hn~1l-J b U'elt-l~'l 

"" , 
~,)iJ1JiJ n~1l-J bU'El1 t-I~ ~~~:;n~1l-J ~U'el~iJbb"lJiJ~1iJt-I"r1 vi1'l1iJtJ~:;~1iJrliJ~Yl'elti n1J1f~1J~~r.11 nL~1 

I " "" 11 

ti'l~'fl') "ll,)'lYi 3 1l'ntlnu1t-11l'nHn~1l-J~u'el1t-1~ n~1l-J~U'Elt-l~'l~,)iJ1JiJ ~~~:;n~1l-J~U'el~iJ~~"lJiJ 

~1iJt-I~'l t1n1J1f~1J~~1,x"lf~iJ~t-IU'El~~~:; "ll,)'l~ 4 1l'ntln~1t-11l'nHn~1l-Jb~'elt-l~'l~,)iJ1JiJ b~~:; 
" 

" I I I I" I 

n~1l-J b U'el1 t-I~ (;l1-'l1J1f~1J~~Y1'Elr1 ~t-IU'el ~~~:;1 ,xl1iJfl'l ~n'el ~~l-Ju1t-11l'nYlHtlnLijiJ 1 00 ~tJ'elf~~iJ(;l 
qJ 

" I "" 

~1J~ 11l'ntl nu 1t-11l'nYliJl1 n~:;~'l iJ n1 ~vi1'l1iJ"lJ'El'l n~ 1l-J ~ U'el1 t-I~ n~ 1l-J ~ U'El ~iJb~ "lJiJ~1iJt-I"r1 
" 

n~1l-J b ~'el ~iJ~~ "lJiJ~1iJt-I~'l b ~l-Jl-J1 n~iJ ~,)iJ1l'nti n~1t-11l'n~iJl1 n~:;~1 n~1iJ n1~~~l-J n1~vi1'l1iJ 
11 " I I" I 11 

"lJ'el'ln~1l-J b U'ElYlnl1 t'l tI nL~iJn~1l-J ~U'elt-l~'l~,)iJ1JiJ 1l'iJfi~'el bn'elU1t-11l'nYlHtI niJl-J1n;iJbb~:;iJ • 
" I " I " 

11 n~:;l-J1 n;iJ ~1J~1 fl~iJhHh n~1l-J ~ U'eliJ n1~~tJ~t1iJ~btJ~'l1tJ Lt'ltl ~~~ t'l'l1,x ~ ~iJ~1 n~1l-J ~ U'el 

vi 1'l1iJl-J 1 n~iJ ~'lt!iJ ~'liJ fl,)1l-J91 bijiJ~'"l:;~'el'l'tJ ntln~1t-11l'n ~')t1~1t-11l'n~~1l-J1nltl n 1~~'l~ t'l " . 
I "I 11 I 

bn'el1l'n nVh iJ fl,)1l-J ~~ ~'l ~~~'l"lJ'el'l n ~1l-J ~U'El ~ ~t1'l~'el ~ Yl'el"ll')t11 ,x~1l-J1 n11-if n ~1l-J b U'el ~~~:;11 n~:;Y1 

rl n ~'el'l1 iJ~~r;]~:;"ll,)'l"lJ'el'l n1 ~t1 n~1t-11l'nYi1~ ~~ iJYl-D 
" , " 

~~ru ~~t-Il-J ~iJ(;l~ (2542) 1~~n~1 ~~~:;t-I1fOi1 fl,)1l-J ~~(;ln r;]1'l"lJ'el'l fl~iJhHh n~1l-J ~U'el~:;L ~n 
" 
"I " I 

~b~:;n~1l-J ~U'El"lJ1 i,)l-J rl1Jn1nfl~'eliJ1 t-I') 2 ij~"lJ'el'l"lJ1 ~:;t-I~1'l1l'ntl nU1t-11l'nYliJl1n~:;~~(;ln r;]1'l rliJ 

" I "I 

bb~:;t1 nU1t-11l'n ~')t1 fl,)1l-Jt-I1l'nYi ~~(;ln r;]1'l rliJ ~l-J1l'ntl nU1t-11l'nYliJl1n~:;~'l ~1iJ,)iJ 5 fliJ b~~:; . " 
" 1 I " 

1l'ntlnU1t-11l'nYliJl1n~:;~1n~1 ~1iJ,)iJ 9 fliJ '"l1n1l'ntlnU1t-11l'nLtl1,)"lfiJYll-J"lf1~1Ylti ~~~:; 
" " " 

1l'ntl nU1t-11l'n ~tI1,)"lfiJ"lf1t1 LN ~t1iJn~1r.r'lt-l~ t'liJfl~pj1D~~l-J~1"lf (;l1l-J ~1 ~1J 1 ,x1l'ntl nU1t-11l'm1'l ~'el'l 
" " , 

n~l-Jtlnu1t-11l'n1iJYl1~bbiJYl-D ~')t1fl,)1l-Jt-I1l'n 80 ~~~:; 1 00 ~tJ'Elf~~iJ(;l "lJ'El'lU1t-11l'n~'l~t'lYltln1~ . " . 
11 I I " II I 

~~t1'l 1 flf'l UiJ~nJl1~n1nfl~'EliJ1t-1,)~b~:;fl~iJhHhn~1l-J~u'ElH t-I~'l'"l1n1l'iJ~'l~~U'lfl~iJhHh 
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n~'UJL~'elLL~~llTrm1J'Lrl~'e)'w1~'d 2 ij~~u'W~n1Jlr.l1nn'lJ'rJnvh~LL'W'Vli 'el'elmu'W 4 "l1'd'l 
, , 

4 Q" I .QQ'" I q.:::.l ..... 
L'V'l'el'dLrln~~rl'd1~LL(;1n(;11'1'Vl1'1~()(;1~'drJrl1 'Vl 'VlJ'~~U .05 

e.J~n'lJ'~9rJ'V'lU~1 L~'elL~~~1~,rn~HrJn rl~'W1yHhLL~~n'lnrl~'el'W1~'d 2 ij~ 1'WLLl'I~~ 
. I "I I I '" I 

"l1'd'lij n'lnU~rJ'WLLU~'1 ~'1ll -n'd'lVl 1 L1-~91 nvh L1-~ ~'Wn'l~'W~ ~n'l J'~'1u1fLU~~1 'W9'1~'d~Vl 1 • 

I I I I I '" 

1'd~rluijn'ln~~n'lJ'm~rJ~~~L'V'lmL~~L~1 e.J~VlHil 'W-n'd'lVl 2 ~'1 L1-~91n~'W~ ~n'lJ'~'1u1fLU~~1 'W • 
I '" I '" 

9'1~'d~~11'1 n'l~'W~ ~n'lJ'~'1u1fLU~~1 'W9'1~'d~~'el'l L ~iJ'el'WrlU1 'W-n'd'lVl 1 'W'eln91nll fi'l'V'lU~1ij , 
.c:tI '" III a_.J X'" ,.J ~ '" .cI ~ 

n'ln~rJrJ ~"lI'el~~L 'V'l mL~~L"lI1 ~'drJ rl'd1~ LJ''d L'jj'l~~'Vl~1 n"lJ'W~'drJ 'jj'd'l'Vl 3 LJ'~91 n~'W~ ~n'lJ'~'1U1J' • • 
I I 1.1 I 

Lu~~1 'W9'1~'d ~Vl~'el'l n'l n'lJ'~'1 Jl'drJ LL"lI'WLL~~,r'l~'1 fUU1fLU~; 'V'lU~1,rnrJ nU1~,rnVlij'Vl m~~~'1 ., 
q .d! ~ '" J' '" '" '" J'::" q I J' (I ~ rl~'W b~Yl1 n~1~ L'W'el (;1 'W"lI 1 ~1'W~'W1~1 n"ll'W J''d~'Vl'l n1N'el~~L 'V'l n~ rl1~1 n"ll'W LL~~~ ~ rl'd1~ LJ''d 

L~'1~~1'Wn'lN'elL~1 -n'd'l~ 4 LU'W'Yh~'W~~ ~~91n~'W~~Y]1,r'lfUU1fLU~;9'WnJ'~i'l~'W~'W'V'lU~1 • •• 

,rnrJn~1~,rn~ij'Vl m:!~~'1ij rl~'W1 ~Yl1 n~1~ L~'el ~'W"lI1 Jl1'W~,J1~1n~'W J''d~~'1 L~~rJ ~~~L 'V'ln LL~~ ., 

L ~1~ 1 n~'W L~'el LmrJU L VlrJU J'~~~1'1,rn rJ n~1~,rn~ij'Vl n1:!~~'1 rlU,r n rJ n~ 1~,rn~ij'Vl n1:!~~1 n~1 ., 

~'1~1~1J'()'elfiu1rJ1Jl~1 L~'el~1~,rn~HrJn~1n~'WLL~~ij'Vln1:!~~~1n 'V'lU~1rl~'W1~Yl1n~1~L~'el 
I I '" I '" 

LL~~n'lnrl~'el'W1~'d 2 ij~"lI'el'l"ll1ijn'lJ'LU~rJ'WLLU~'11U ~'1,r'W9'191 Ltl'WVl9~~'el'ltJ nrJ nU1~,rn~'1~ ~ ., . 
I I I '" II 

Vl~1~1J'()rJ n 1Jl L ~'el L ~~ rl'd1~ LL~'1 LLN"lI'el'l n~1~ L U'el LL~ ~'Vl n1:!~1 'Wn'l J'rJ nU1~,rn 

'jjil'W'Vl f-nrJ ~'W~ J'111HU (2544) 1Jl-v11 n'l J'~9rJ n'l J'LmrJU L VlrJU e.J~"lI'el'l n'l J'tJ n'V'l ~rJL'el 
" " , 

L~ (;11-n rl'd U rl n1 J'tJ n Jl'd rJU1~,r n n 1 J'tJ n'V'l ~rJ L'el L~ (;11-n Jl'd rJ U1~,rn LL~ ~n1 J'tJ n L~'1.n'el'W Vlij ~'el n 1 J' ., 
" ~ I1J.J 'W 1 'V'l ~'1 n ~ 1 ~ L U'el"ll1 n ~ ~ (;]'d'elU 1 'I L tl'W,rn n ~ 1U J'~ Lll 'VlVl ~"lI 'el'l ~'Vl rJ 1 ~ rJ 'V'l ~ ~ n 1:!19'1 ~r) ~ • 

LL tl 'I n ~ ~ (;] 'd 'el U 1 'I 'el 'el n L tl 'W n ~ ~ 1 ~ ~ 1 8 rl 'W ij n ~ ~ rl 'd U rJ ~ 'tJ n (;11 ~ U n ~ n ~ ~ 'Vl ~ ~ 'el '1tJ n 

'V'l~rJ L'el L~ (;11-n rl'dU rl n'l J''tJ n Jl'drJ~1,..,,rn n ~~'Vl ~~'el'l 'tJ n'V'l ~rJ L'el L~ (;11-n Jl'drJ~1 ~,rn LL~ ~n ~ ~'Vl ~~'el'l 
." . 

tJm~'1.n'el'W -v11n'lJ'tJn 2 r)'W ~'el~U~1i Ltl'WL'd~1 12 ~u~1i -v11n'lJ''Vl~~'elU'V'l~'1J'~LU~"lI'el'l 
".J;'.... " .J;' a ~ ~ ~ .,. 

n ~ 1 ~ L 'W 'el"ll1 'V'l ~ 'I rl'd 1 ~ 'el ~ 'Vl 'W "lI 'el 'I n ~ 1 ~ L'W 'el"ll1 LL ~ ~ rl 'd 1 ~ LL"lI 'I LL N ~ 'I ~ ~ LL U U b 'el ~ 'jj ~ 'Vl 'W n "lI 'el 'I ., . 
" " , 

n~1~ L U'el"ll1 ~'elU1~,rn (;]'d n'el'Wn'lJ''Vl ~~'el'l ~~'1 n'l J''Vl ~~'el'l~U ~1iVl 6 LL~~~~'1 n'lJ''Vl ~~'el'l 
, , " 

~U ~1iVl 12 U1 e.J~Vl1Jl~1-v11 n'lJ'~ Lrln ~i W.l1~ LLUJ'UJ''d'WLLUU'Vl1'1 L~rJ'd'jjil~r) ~~1 LL~~-v11 n'l J' 

LmrJULVlrJU rl'd1~LL(;1n ~1'1"l1'el'l rl1 L'U~mU'WnrJ rl L~rJ1-ir3fin'lJ''Vl ~~'elU"lI'el'l (;1n L'el ~~'1n1J''Vl ~~'el'l ., ., 

" " 
1. n'l J''tJ n'V'l ~rJ L 'el L~ (;11-n rl'dU rl n'l J''tJ nU1 ~,rn n'l J''tJ n'V'l ~ rJ L'el L~ (;11-n Jl'd rJ U1~,rn LL~ ~n1 J' ., 

" 
tJ n L~'1.n'el'W ij e.J ~ ~'el n'l J'~ 11J.J'W1'V'l~'1 J'~LU ~"lI'el'l n~1~ LU'el"ll1 hlLL(;1 n ~1'1 rl'W'elU1'1ij,rrJ~1 A tlJ'Vl1'1 

, 
Q.Q.IICII .... 

~()(;1'VlJ'~~u . 05 
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2. n1~'tl nL:n~o]''el'W n ~~ ~'eln1~~~'W1~~~r1".l'UJ'el"'Yl'W'iJ'el~n~'U.JL~'el'iJ1 ~J1nn~1n1~'tln 
~~r/L'elLl-J[;i~n~,)rl~1'\.nrn 'elrh~n'l!rl~1~ryYl1~~n~~~:;~u .05 

" 
3 . n1~'tl nL:n~o]''el'WLL~:;n1~'tln~~rlL'el Ll-J [;l1-n A,)U rln1~'tl n ~,)rltJ1vt'l!n n ~~ ~'eln1~~ ~'W1 

" 
" " A,)1l-JLL~~ LLN~~~ '" LLUUL'el L"1IL YlDn'iJ'el~ n~1l-J L tl'el'lJ1 ~'elinvt'l!n [;]') l-J1 n n~1 n1~'tl n~~rlL'el Ll-J [;l1-n " , 

'" :: .... I Q..... 0.... .IIQQo.J .... 
"',)rl'W1vt'Wn 'elm~l-J'Wrl~1AryYl1~~tl[;lYl~:;"'U .05 

Pln')~ Aru1fi~~l-J (2549) L~.yhn1~~n~1LllirlULYlrlU~~'lJ'el~n1~'tlnL:n~0]''el'W L"'rl10]' , . 
" ~~~'lJ'el~ n~1l-J Ltl'el'iJ1 mil-J [;],)'elrh~ LtI'WD~ [;l"1l1rl'iJ'el~~1'1!nfj"1l1fjYlm Pl1~ [;lfn1~nl11 '"ll11~~nnu . . 

, " 
l-Jvt1fjYlm~rl ~1'W,)'W 36 A'W 'el1m:;vt~1~ 18 - 22 tJ L!-l-J'tl n~ ~'W1 A') 1 l-J LL ~~ LLN'lJ'el~n~1l-J Ltl'el'lJ1 , 

"" " 
2 ~U"'1-J L"'rl n1 ~Vi1 n1~'tJ ntJ1vt'l!n L"'rl1,vl1LLuntJ1vt'l!mJ'el [;]') 1'" L'lh LtI'Wl-Jl-J 135 'el~ Pl1 '"l1n'l!'W , 

" Vi1n1~LLtJ~n~l-J[;],)'elrh~'el'elnLtI'W~1l-Jn~l-J n~l-J~:; 12 A'W L",mLtJ~n1~'tln'el'elnLtI'W 3 n~l-J ~~tj 
'I 'I 'I 'I 

, " 
n~l-JYl "'~'el~Yl 1 'tl n [;l1l-J hhLLml-J n1~'tl n L:n~o]''el'W L"'rl1 0]' L,)~1~ m:;vt~1~ n1 ~'tl n ~,)rltJ1vt'l!n LL~:; , 

n1~'tln~~rlL'elLl-J[;l1-nhJLn'W 30 fj'W1Yl n~l-JYl"'~'el~~ 2 'tln[;l1l-JLU~LLml-Jn1~'tlnL:n~0]''el'WL'''rl1-ifL,)~1 , 
" , 

~m:;vt~1~n1~'tln~,)rltJ1vt'l!nLL~:;n1~'tln~~rlL'elLl-J[;l1-n 1 - 2 'W1Yl n~l-JYl"'~'el~Yl 3 'tln[;l1l-J • 

" " " 
'W1Yl L"'rl1-ifL,)~1n1~'tlnvl~~'W 6 ~U"'1,x LL~:;YlnA'W'"l:;'tln 2 A~~~'el~U"'1,xL"'rl'"l:;Vi1n1~Yl"'~'elU , 

" " " a lI.d1.....IIQ 11 "*.... '" .dI I 

A') 1 l-J LL'iJ~ LLN'iJ'el~n~1l-J L'W'el ~~~~:;LU"''lJ'el~n~1l-J L'W'el'lJ1 ~~~m1l-J'el"'Yl'W'lJ'el~ n~1l-J L'W'el'lJ1 n'El'W 

n1~Yl"'~'el~ LL~:;vt~~n1~Yl "'~'El~ 6 ~U"'1,x tJ1 ~~~L~l-J1Vi1 n1~fj LAn :;,x-if'ell-J~Yl1~~ n~L"'rl n1~vt1 
" 

rl1 L'tl~rl ~,)'WLnrl~ LU'Wl-J1 [;l~f/1'W Yl"'~'ElUrl1 Yl fj LA n:;,xA')1l-J LLU~U~,)'WLLUUYl1~ L~m L"'rlYl "'~'ElU .a 

A,)1l-Jn'l!rl~1~ry~~:;tllu .05 ~~n1~fj9rlvt~~n1~Yl"'~'El~ 6 ~U"'1-J~U~1 
" 1. n1~'tlnL:n~o]''El'W L"'rl10]'L,)~1~n~:;vt~1~n1~'tln~,)rltJ1vt'l!n LL~:; n1~'tln~~rlL'ElLl-J[;l1-n 

" 
hJLn'W 30 fj'W1Yl n1 ~'tl nL:n~o]''el'W L"'rl1 0]' L,) ~1~ m:;vt~ 1~ n1 ~'tl n ~,)rltJ1vt'l! nLL~:;n1 ~'tl n~ ~rl L'El 

Ll-J[;l1'n 1 - 2 'W1Yl LL~:;n1~'tlnL:n~0]''El'WL'''rl1-ifL,)~1~m:;vt~1~n1~'tln~,)rl~1vt'l!nLL~:;n1~'tln 
" ~~rlL'ElLl-J[;l1'n 3 - 4 'W1Yl n~~~'eln1~~~'W1~~~~:;LD"''lJ'el~n~1l-JLtl'el'iJ1 ~~~A,)1l-J'El"'Yl'W'lJ'El~ 

" " " n~1l-J L tl'El'iJ1 LL~ :;A,)1l-J LL ~~ LLN'iJ'El~ n~1l-J L tl'El'lJ1 ~'EltJ1vt'l!n [;]') hl LL[;l n ~1~ n'W'Elrh~ n'l!rl ~1 ~ ryYl1~ 
, 

Q,.ilQQ .... 

~C1[;lYl~:;"'U .05 
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2 . m~'tJ n L1-lsD'el'W Lt'ltJ LsD L 'J ~1~ m:;"d 1-l m ~'tJ n ~'J tl~1V1tJn LL~:;m ~'tJ nYi ~tl L'el LlJ (;11n L~ 
Ln'W 30 ';)'W1Yl m~'tJ m1-lsD'el'WLt'ltlLsD L'J~1~m:;vd1-lm~'tJ n~'Jtl~1V1tJmL~:;m~'tJ nYi~tl L'elLlJ (;11n 

1 - 2 'W1Yl LL~:;m~'tJ m1-lsD'el'WLt'ltlH L'J~1~m:;V1~1-l m~'tJn ~'Jtl~1V1tJmL~:;m~'tJ nYi~tl Ltl LlJ (;11n 

a "' .: I:: ...,..... ~.l I I CIII.., 0..., Q.Q..J 
r1'J 1lJ LL'lJ-l LLN'lJ'el-l n ~ 1lJ L 'W'el'lJ1 (;1'el'W1V1'W n (;l'J L YilJ'lJ'Wn'el'Wm ~Yl t'l ~'el-l 'el tJ1-llJ'Wtl ~ 1 r1 '1JYl1-l ~ (l (;1Yl 

~:;~u .05 

,:j1'\J~~!J~1,:j1..h·:a'VIPl 

Hakkinen (1985) L~~m~nn~ Ln'lJ'el-l m~LJfu~'J'lJ'el-l~:;UuLJ~:;~1Yl~ Lti'el-llJ1'"l1 n m~'tJn 
" Lt'ltlm~(;1~'J'"l~t'l IEMG 'lJ'el-l n~1lJLil'elLV1~tlt'lL~1 fl1tlV1~-l resistance training LU'WL'J~1 

, ," 
24 ~LJt'l1,x Lt'ltlLsDmm~:;Lt'lt'l ~~1m1'W~-lr1'J1lJL'I1'W~1mnYilJ IEMG L'W'lJru:;'el'elmL~-lL~lJYltJ'W 

" 

, ... , 
Coliiander LL~:; Tesch (1990) L~";1 m~Yl t'l~'el-l Lntl'J nu r1'J1lJ LL~-l LL~-l'lJ'el-l n~1lJ Lil'elYl 

... 
~1il-l n-l m~";1-l1'W'lJ'el-l n~1lJ L ilmLUU L~ r1 L~'W(;11n LLUU r1'el'WL~'W(;11n LL~ :;LLUUL'el L'1I LlJ (;11n Lt'ltl 

LL tJ -l n ~ lJ Yl t'l ~ 'el-l 'el 'el n L U 'W ~ 'el-l n ~ lJ n ~ lJ LL ~ n'tJ n LL U U r1 'el 'W L ~ 'W (;11 n LL ~ :; n ~ lJ ~ ~ 'el-l 'tJ n LL U U 
ill .. ill ill 

L~ r1 L~'W(;11n mu~num~'tJ n LLUU r1tl'WL~'W(;11n Lt'ltl~ t'l'"l1 n mm~:;Lt'lt'lL 'WLL 'W'J ~-l LL~:;m~Yl t'l~'elU 
'IJ 

... 
V11 ~1 r1'J 1lJ LL ~-l LLN~-l~ t'l'lJ'el-l n~1lJ L il'el'lJ1 n~lJ ~'J'eltJ1-l LU'WLYi PI'1I1tl ~'lJfl1Yi ~ ~1'W'J'W 22 r1'W 

\J .. ill ill 

... , ... 
ilLJ~:;~um~ru1'Wm~'tJntlmJ1V1tJn LLtJ-lm~'tJmu'W 2 L~'el'WL'lJ ~-l\l 

2 . n~lJ L~ r1 r1'el'W (eccon) ";1 m~'tJ mLUU L~ r1 L~'W(;11n mu ~ nu m~'tJ mLUU r1'el'WL~'W(;11n 
• 'IJ 

L'Wvi1LLun~1V1tJntJ'el~'J L ~ L~1 LU'WlJlJ 90 'el-l Pl1 LL~'J LV1~tl t'l'lJ1'el~'WlJ1'eltJL 'Wvi1~'W(;1N 
, 'IJ 

... 
~ ~LJ n n!J~ 1 n ~ lJ L~ r1 r1'el'W il r1'J 1lJ LL ~-l LLNlJ 1 n n ~ 1 n ~ lJ r1'el'W l1-l n ~ lJ r1'el'W LL~ :;n~ lJ 

.. ... ...: X .l' ~ ... J' "'... .1 ...... ~ , .. 
L'elr1r1'el'W lJmnYilJ'lJ'W'lJ'el-lL~'W ~tln~1lJL'W'elV1t'l(;1'J'1I1 (slow-twitch) 7 Lu'eln'1l'W(;1 LL~:; ~'Wn~lJL'elr1 , 

r1'el'W il m ~L ~lJ~'W'lJ'el-l L~'WLtl n ~1lJ L ~'elV1 t'l ~'J L~'J (fast-twitch) LL~L 'Wn ~lJ r1'el'W L~il m n ~lJ'lJtl-l , 
... 

L~'W Ltl n~1lJ Lil'elV1 t'l ~'J L~'J 

Hortobagyi (1996) L~";1m~Ylt'l~'el-lL~tl'JnUr1'J1lJLL~-lLLN'lJ'el-ln~1lJL~'el ~~1il-ln-lm~ 
... 

";1-l1'W'lJ'el-l n~1lJ L il'el LLUU L~ r1 L sD'W(;11n LLUU r1'el'WL ~'W(;11n LL~ :;LLUUL'el L'1I LlJ (;11n .,; 1 m ~Yl t'l~'elU ~'Jtl 
I I '" I 

Lr11'el-l~t'lr1~'Wh-Hhn~1lJLil'el Lt'ltl";1m~Ylt'l~'el-lL'W~m~-lmtJL'il~tl 21 .5 tJ ~1'W'J'W 42 r1'W Lt'ltl 
, ... 

LLtJ-lm~'tJn'el'elmu'W 3 L~'el'WL'lJ ~-l\l 

1. n~lJr1'el'W (con) il~L.jhi'JlJm~';)~tl~1'W'J'W 14 r1'W ";1m~'tJmLUUr1'el'WLsD'W(;11n , " 
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l'nl-nJnti 

t:J~U~'I nDrJ'I n ~l-J L ~ ~ (ecc) ~'Il-J'I ~(Ii W-J'W'I ~,)'Il-J LL;'l LL~'l1~l-J'I n nrJ'I n ~l-J ~tl'W (can) ~tl 

~'Il-J'I~m~l-J1~ 42 % LL~~ 36 % l'l'll-J~'Iv1U tlt.h'l~'I1tJ~'Irl'1J'Vl'l'l~~ti~~~v1U .05 
, ~ 

Gur (2002) vi 'I n'I ~'Vl ~~tl'l Lnm nu n'I~.yh n'"l~ l'l~U~~~'I~'W 1~ LLn L~'W n'I ~~ n~'W'"l'l n • 
Lf'ht n'ln~'W~'W-~'lu'W1~1'W~~-iftlL'1i'lL~tll-J~'l 2 -if'l'l (osteoarthrosis of both knees) L~tJvi'l 
n'I~tJ n~ ~'I\l'l tl'l n'ln~ ~ l'l,) LLUU L~ ~ L :]'Wl'l1-n "vi ~ l'l,) LLUU ~tl'WL :]'Wl'l1-n LL~:;"vI ~ l'l,) LLUu1tl L'l!~ L 'Wl'l1-n 

vi'ln'l~tJn1'W~~'lmtJ~L'1i'lL~tll-J mtJu~:;l-J'Iru 41 - 75 tJ ~'I'W,)'W 23 ~'W L~mLtJ'ln'l~tJmtl'W~'Il-J 
'-I \J" " , ., 

L1tl'W1~ v1'l~ 

1. n'Cil-J~tl'W (can) ~~L-if'l1,)l-Jn'I~';j4'tJ~'I'W,)'W 9 ~'W vi'ln'l~tJmLUU~tl'WL:]'Wl'l1-n , " 

2 . n'Cil-J~tl'W-L~~ (can - ecc) ~~L-if'l1,)l-Jn'I~';j4'tJ~'I'W,)'W 8 ~'W vi'ln'l~tJmLUU~tl'WL:]'W . " 
l'l1-n ~')U roi nUn'I~tJ n LLUU L ~ ~ L:]'Wl'l1-n 

" 
3 . n'Cil-J'Wtl'W (non) ~~L-if'l1,)l-Jn'I~';j4'tJ~'I'W,)'W 6 ~'W 1,.]~tl'lvi'ln'l~tJn 1ml'll'l'll-Junti . " ., , 
t:J ~U 1'1 nDrJ'I vI'l n ~ l-J ~tl'W LL~:;n ~ l-J ~tl'W-L~ ~ ~ L -if '11') l-J n'I ~'Vl ~ ~ tl'l~tl'l n'I ~u') ~viL '1i'l 

'" 0 4 cv .. I 0 cv A. .J' 1I ~ A.t cv 1 1 """J' 
'WtltJ~'l LL~:;~'Il-J'I~(I'Vl'ln'"l,)l'l~u~:;'"l'l,)'W (L~'W n'I~~n~'W'"l'lmn'ltl n'ln~'W~'W-~'lU'W~) ~~~'W • 

., , 
..... CJCJ_ CJ.Q 111 411 '" 1I4C:i1 cv cv 

"vi ~ l'l,) LLUU Ltl ~ L 'l!'Wl'lm LL~ :;~tl'WL 'l!'Wl'lm~tl'l n~l-J n~'Il-J L 'Wtll'l'W~'I ~'I'W"vI'W'I 'Vl ~~~U ~') 'Il-J"vI'Wn~tl'l , 
I "" " 

n'I~"vI ~ l'l,)~'W'I ~l'I'I'l 1 vi 'I n'I~~ ~ roi'l ~~'W1 vJyhn~'Il-J Li1tl~tl'l n~'Il-J Li1tl L~~l'l~ ~l-Jtl1-~ n~'Il-J Lt1tl 

., " , 
n~'Il-JLt1tlvl'l~tl'lLLUU '"l'ln~,)'Il-J"vI'I1n~tl'ln'l~"vI~l'l,)V1 25, 50, 75 LL~~ 100 LUtlfL:]'Wl'l~tl'lroi'ln'l~ 

"vi ~ l'l,)~tl'l n ~'Il-J L ~tl~'l~ ~ 'Wtl n'"l'l ne tJ'lvi'l n'I~M n~'I n'I~"vI ~ l'l,) LLUu1tl L'l! Ll-J l'l1-n'"l'l n n'lNtl " . 
I I I I " 

-iftlL'1i'l 70 tl'l Pl'lV1~:;v1U ~,)'Il-J"vI'I1n l'I'I'l 1 ~')tJ roi'l L'U~tJ ~,)'Il-J~ LL~:; RMS ~tl'l ~~'W1 vJfh n~'Il-J L t1tl 

, , 

t:J~ n'I ~M n~TYiUrJ'I roi'l L'U ~ tJ ~') 'Il-J ~~tl'l n'I ~"vI ~ l'l,) LL UU L ~ ~ L:] 'Wl'l1-n'"l ~~'l n rJ 'I n'I ~"vI ~ l'l,) 
" 

LLUU~tl'WL:]'Wl'l1-n ~~,)'Il-J"vI'I1n 25 LL~:; 50 LUtlfL:]'Wl'l tlrJ'I'l~'I1tJ~'Irl'1J'Vl'l'l~~ti~~:;v1U .01 LL~~ 

75 LUtlfL :]'Wl'l tlrJ'I'l~'I1tJ ~'I rl '1J'Vl'l'l ~ ~ti~ ~:;v1U . 05 LLl'I1,.]~u ~') 'Il-J LLl'l n l'I'I'l~ ~:;v1U ~,)'Il-J"vI'I1 n 



41 
, 

nl n~ (;1 ~':l ~~tJtJ fOl'tl'W~ e]'W(;l1n'tlrll'l nt!tJ ~ 1 ~ C1JVll'l ~ ~~~ ~:;~tJ .01 ~~i?lhJ'YitJ1 'Wnl~~ (;1 ~':l ~~tJtJ L ~ fOl 

Le]'W(;l1n (P = 0.27) r11LL'tl~'Yi~9(;1 "ll'tl'lfOl~'WhHhn~l~L~'tlL~~;'W(;ll~n1n~~;'W"ll'tl'lfOl':ll~~Un 
'lJ 

"ll'tl'l n1 ~~ (;1 ~':l~'l fOl~ltJ fOl~'l n'W1 'WLLi?l~ :;LLtJtJ"ll'tl'l n1 ~~ (;1 ~':l'tlrll'l nUtJ~l ~ C1JVll'l ~ ~ ~~~:;~tJ .0001 

MUL~~l n1~L ~~;'W"ll'tl'l r1l L~~tJ fOl':ll~ ~"ll'tl'l n1 ~~ (;1 ~':l LLtJtJ L ~ fOl L e]'W(;l1n~ ~'l n~ 1 LLtJtJ fOl'tl'WL oD'W(;l1n 
• 'lJ 

, ~ 

o q IV Q' iI ell 

Hilliard L~~:; Robertson (2003) Vlln1~Vl (;1~'tl'l LntJ':lntJfOl':ll~ LL"ll'l LLN"ll'tl'ln~l~ L'W'tl~L~:;(;1 
'lJ 

!,.I .: o.4.d 0 11 J' 0' 0' 4 " .:::::a. 

~':l~"ll'tl'l n~l~ ~'W'tl fOll'W'ln'ln1~Vll'll'W"ll'tl'ln~l~ L'W'tl LLtJtJ ~'tl fOl ~'lf'W(;lm ~~tJtJ fOl'tl'W~'lf'W(;lm LL~:;~LtJtJ 

L'tlt'lf~~(;l1n t(;1mLU'ln1~1Jn'tl'tlmll'W 2 ~'tl'WL"ll ~'ll1 
~ 

1. "t'l1 n1 ~1J mL tJtJ fOl'tl'W~oD'W(;l1n 1'W Yl 1 LLtJ mJ 1~ t!nrl'tl ~':l1 ~\"ll1 Lll'W~ ~ 90 'tl'l Pll L~~ ':l • 
"" J' '1' .... ~~tJtJ(;1"lll"ll'W~l'tltJ 'WVlltJ'W(;lN 

'lJ 

" 
2. "t'llnl~1Jn ~~tJtJ L~fOl LoD'W(;l1n fOl':ltJ r1ntJnl~1J n LLtJtJ fOl'tl'WLoD'W(;l1n 1 'WYll ~~tJntJl~t!nrl'tl ~':l 

'lJ 

1 ~ , :'1 """ J' '1' .... ~~"lll~u'W~~ 90 'tl'lPll ~~~':l~~tJtJ(;1"lll"ll'W~l'tltJ 'WVlltJ'W(;lN 
• 'lJ 

~~U~l n!J~l n~~~"t'll n1 ~1J mLtJtJ ~~ fOl LoD'W(;l1n fOl':ltJ ~ntJn1~1J m~tJtJ fOl'tl'W~oD'W(;l1n 1 'WYll 

LLtJn~1~t!nrl'tl~':l1~L"lllLll'W~~ 90 'tl'lPll ~~~':lL~~tJ(;1"ll1;'W~1'tlrl1'WYllU'W(;lN nfOl':ll~~~~'l~~N"ll'tl'l 
• 'lJ 

II '" I II 

n~l~ LC'tl ~L~:;~':l~"ll'tl'l n~l~ ~C'tl ~lnn~ln~~~"t'l1n1~1Jm~tJtJfOl'tl'W~oD'W(;l1n 1 'WYll ~LtJnih~unrl'tl • 
~ 

~':l1~L"ll1~1l'W~~ 90 'tl'lPll ~L~':lU(;1~':l~'W~1'tlrl1'WYllU'W(;lN 
• 'lJ 

I I '" '" I 

~utJ'lLtJ'Wnl~'l~'tl'l (RMS) "ll'tl'lfOl~'WhHhn~l~~C'tl"ll'tl'ln~l~~C'tl~m'lr1~':l'W~l'l "ll'tl'l11'ln1tJ~ 
" '" I I I 

nnri1~'W(;11 'Wn1~~n~l fOlf'lij ~9 (;1 L1~m:;VltJ~L~:;~9 (;1~'l~ (;1"ll'tl'l n1~~~'WL']l ~1'W1 'W"ll'tl'l']'tl ~"ll11 'W 
III ~ ~ III q q 

~ 

~'l~':l :;"ll'tl'l n1 ~~'l ~Yi'W ~:;~~1'l n ~~ ~':l'tlrll'l L 'Yi Pl'lflmL~:;L 'Yi Pl~ ni'l n~~ ~':l'tlrll'l Lll'Wun n"/11 
III q .~ q 

~L~:;mD'l 8 fOl'W "t'l1n1~Vl(;1~'tl'lt(;1tJn1m~:;t(;1(;1~'l~~'W91nn~'tl'l~nfOl':l1~~'l 60 ~'lf'W~~~(;l~ fOl'W~:; 
~ 'lJ 'lJ 

I '" " I II 

5 ~'tltJ .]'tl~~fOl~'W1vHhn~1~~C'tl9:;U'WYlntJ1~':lrun~1~~C'tl~~~(;lni?l1'ln'W 4 ,r(;1 ~'tl n~l~~C'tl 
'lJ 

Q Q.c::.j ",.J' Q "" J'..... .Q '" X 
n~L(;ltJ~ ~~(;1tJ~ n~l~~'W'tlL~LVl'tl~'tl~ ~~e1~(;lN~ n~l~L'Wml~(;l~ ~mVl'tln~~ ~~~:;n~l~~'W'tl 

'lJ 

~~fOl~~ ~~'tl1~ n~ Lnn1~"t'l11 ~~n (;1n1nfOl~'tl'WL~':l"ll'tl'l']'tl L"ll19:;~n~1'W':lru91n ~~~'W1' (;1 LLNuljrnm 

91 n~'W ~~~:; .]'tl~~Vll'l ~11'W~ ~ 'WL~ ~ fOl~ 9:;nn ~1'W':lru91 n ~:;tJtJn1~";j ~fOln:;,xn1nfOl~'tl'Wl ~':l"ll'tl'l 
'lJ 'lJ 

tJ11i"VlL':lfOl'tl'W (Vicon) n1nmtJtJL~tJtJ~:;~~l'lL'YiPlH~~~ MANOVA 

~ ~ n1~~ n~l'YitJ~l ~~'tl ~ n~l n n~~'tl'l"ll'tl'l r1l ~~~tJ"ll'tl'l r1l LtltJ'l LtJ'Wnl~'l ~'tl'l "ll'tl'l 
I " II I 

fOl~'W1vHhn~l~ ~C'tl"ll'tl'ln~l~ LC'tl~~91~rul1'WL':l~1'Yi¥'tl~ 1 now hJ'YitJfOl':ll~L~(;lni?ll'l~:;~~l'l 

n~~ ~':l'tlrll'l ~ 'Yi Pl"llltJ L~~:;~ 'Yi Pl~ ru'l~9 (;1 d~ m:;VltJ LL~:;~9 (;1~'l~ (;1"ll'tl'l n1~~~'W~']1 ~11'W1 'W"ll'tl'l']'tl 
q ... q q '\l 'ill q 
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L~llw{'lV1,):;"lJ'el'l n1~~'l~~'W 'elth'ln,rtJ~ll"1'1J'Vll'l~ n~~~:;r;1U .05 ~'l~!tJ~l,rn nlil~ (;lU'el~ 1 'W 

~:;r;1u';j'Vlm~mr'l L~ f'l"llltJ LL~:;V1 qJ'ln~ m~ru:;n1~Yil'll'W"lJ'el'l n~ll-J L ~'el"lJ ru:;~'l~~'W~ ~~ltJ ~~'l n'W 

, " 
Gissis; et al . (2004) LcJlYiln1~~m~l~~'WL~.yhn~ll-JL~'el u1L')ru~m'lA~,)'W~1'l"lJ'el'l 

, ~ "" col •• 1 'i' col • I r.J ~ .... ~ • F.! col <J 

n'ln1tJ ~'W'WnnlilY'l(;lU'el~ ~~tJl-J'"l~u~:;~'l~L~'el I4n~lCl'lu~l-Jlru LL~:; Lu~tJUL'VltJU~,)ll-JLL"lJ'lLLN , , 
" , 

"llil~j;]l'l 1 "lJ'el'ln~ll-J L~'elu1L,) ru~m'l A~,)'W~1'l1 'W,rn nlil~ (;lU'el~~:;r;1U~lJ' ~n~'W'"ll nVll-.ll1'el'l n'W 

1 'W~:;r;1U n1 m ~'l-n'W~ LL(;l n j;]1'l n'W L ~'el LiJ'W-n'ell-J ~ ~lV1t'U n1 ~,)1'l LL~'Wn1~'tJ nejf'ell-J~ ~ n ~ l-J (;],)'el£l1'l 
'IJ , 

LiJ'W,rn~(;lU'el~~:;r;1U~lJ'~~L~'W~l'W,)'W 30 ~'W (r11L'il.~tJ'el1tJ 22.5 ± 0.5 tI, ~lV1,rn(;]') 81 .8 ± 4.2 , , 

nt~nt'l-J, ~,)'W~'l 1.80 ± 0.05 Ll-J(;l~) mJ'l'el'elmiJ'W 2 n~l-J n~l-J~ 1 ~1'W,)'W 15 ~'W tJ~:;n'elULtJ 
'IJ , , 

j;]'eln1~V1~ (;],)"lJ'el'ln~ll-J L ~'el-n'el L~l LL~:;-n'el LYll '"llm11'Vll'l n1n~~'el'WL V1,) 1 'W'Y11,r'l t1UtJ'WLYll -n'ell-J~ 
'IJ 

I I '" '" 

LntJ') nULLN'"l:;~ nu'W~ n L~tJ force plate 'lI'el'lu1';'Vl ~~'Vl L~'elf ~~'WL ~yh n~ll-J L~'el'll'el'l n~ll-J L~'el 

L~~(;]~ ~l-J'el1~ n~ll-JL~ml~(;]~ nL~tJ'ell~~ n~ll-JL~ml~(;]~ L~L'Vl'el~l~~) n~ll-JL~'elLUL~~; 
" " " ~l-J'el1~ n~ll-J L~'elLLn~(;l~'el~-nLntJ~ n~ll-J L~'el L"l!L~tJ~ LL~:;n~ll-JL~'elVi LijtJ'el1~~ Clnu'W~n L~tJ 

'IJ 

" " L~1'el'l.r~~~'WL~Yhn~1l-JL~'el 1'W MYOSYSTEM 2000 n1~'Vl~~'elU'"l:;mJ'l'el'elmiJ'W 3 ~:;tJ:; ~'e) , 

, 
q tV Qj.... 0 Q.o' ,Q,.Q, 

'Vl~:;~U~,)ll-Jl-J'WtJ~l~'1J'Vll'l~Cl(;l .05 

~~n1~~n~l~U~l LLN~'l~~1'W-n,)'l'll'el'ln1~V1~(;],)LLUUL'e)L"l!Ll-J(;l1n L'Yilnu 1,956.5 

(± 231 .2) il')(;]'W 1'W-n,)'ln1~V1~(;],)LLUUL~~L~'W(;l1n L'Yilnu 2,254.9 (± 398.8) il')(;]'W LL~:;1'W-n')'l 

n1~V1~(;],)LLUU~'el'WL~'W(;l1n L'Y11nu 1,738.7 (± 284.3) il')(;]'W '"llnn1~';jL~~1:;'If'Vll'l~n~~1'l~\~'W 
~'l ~,)1l-J LL(;l n j;]l'l'el£ll'ln,rtJ~ll"1 n.J'Vll'l ~ n~ ~:;V1~1'l n1 ~V1 ~ (;]') LLUUL'e) L"l! Ll-J (;l1n LL~:;n1 ~V1 ~ (;]') LLUU 

L~~L~'W(;l1n L~tJ~n1~V1~ (;]') LLUU L~ ~ L~'W(;l1n n rh~'l n~l ~:;V1~1'ln1~V1~ (;]') LLUUL'e) L"l! Ll-J (;l1n LL~:; 
'IJ 

I I" '" 

~:;V1~1'l n ~l-JVI 1 LL~:;n ~ l-JVI 2 ~1 "'\~'W~'l ~,)1l-J LL(;l n j;]1'l n'W;1'l n1~V1 ~ (;]') LLUUL'e) L"l! Ll-J (;l1n , , 
I II '" II 

L~~L:]'W(;l1n LL~:;~'el'WL:]'W(;l1n ~lV1t'Urh ~~'WL~Yhn~ll-J L~'el1 'WLLj;]~:;lJ' ~n~ll-J L~'e),r'WhJ~u~,)ll-J 

LL(;ln j;]1'l ~~ n1~~n~l LL~ ~'l1 "" L ~'W~1 ,rn~ (;lU'e)~'"llm:;r;1UYl'el'l ~'W~~'l n~ln ~,)1l-J LL~'l LL~'l'll'e)'l 
, 'IJ 

tJ I I I 

n~ll-J L ~'e)~'l n~l,rn~ (;lU'e)~'"ll n ~:;r;1UYl'e)'l n'WVI ~1 n~l ~ll-Jl~ClMtJLcJl~l LiJ'W~~'"ll n n1~V1 ~ (;]') 
'IJ , , 

LLUU L~ ~ L:]'W(;l1n ~'l~ ~ n1 ~L ~ l-J~'W'lI'el'l~:;r;1U LL~'l ~l'WhJLcJln ~ ~Yil1 "" r11 ~ ~'WL ~Yh n ~ 1l-J L ~'e) 
'IJ , 

~J' ..... " .... 4 I 4 .... '" J' 
L ~l-J"lJ'W l-J'WLiJ'Wn1~~,) l-J~ n~ru:;'lI'el'l n1~tJ ~V1tJ'WLL~:;mll-J (;l'l (;l')"lJ'el'l n~ll-J L 'W'e) , 
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'hJ'iLLn'i~n1'i 
-1 7J- ~ _ .. 7J- ~ '!Uln1'i n'VI 1 -. Vin 30 'l'U1'V1 -. '!Uln1'i n'VI 2 

1J "CIl n f'l'el'UL'lf'U UI'in f'l~'UlYH41 
,~ -1 7J - ~.. 7J - ~ 

., .r 
f'l 'l1.jf'l n tJ n 1 'i 'if UI n1'i n'VI 1 -. Vin 2 'U1'V1 -. 'ifUln1'i n'VI 2 mn ~ L'U 'el .. • • 

7J a a -nL'el f'l L'lf'UUI'in - % MVC 

ij 3 'i1.J LL tJ tJ -1 7J - ~... 7J - ~ .. 'if UI n1'i n'VI 1 -. Yin 4 'U1'V1 -. 'ifUln1'i n'VI 2 • • 

-1 7J - ~ _.. 7J - ~ '!Uln1'i n'VI 1 -. Vin 30 'l'U1'V1 -. '!Uln1'i n'VI 2 

'hJ'iLLn'i~n1'i f'l~'UlrJvh 
7J a a - -1 7J - ~.. 7J - ~ 

., .r 
nL'el f'l L'lf'UUI'in 'ifUln1'i n'VI 1 -. Yin 2 'U1'V1 -. 'ifUln1'i n'VI 2 n'a1~L'U'el 

• • 
ij 3 'i1.hL tJ tJ - % MVC .. 

-1 7J - ~.. 7J - ~ 'if UI n1'i n'VI 1 -. Yin 4 'U1'V1 -. 'ifUln1'i n'VI 2 • • 



cI 
UVI'VI 3 

"lJ ru:::'tJ n PI'el'WL an'W1Jl1n PI'J1J ~ rl1Jn1 J''tJ mii r1L'D'W1Jl1n LL'('l::: "lJ ru:::'tJ m ii PI L an'W1Jl1n L~tJ L'D'J':::tJ:::L 'J ~I~ n~ 
" 

,~ ~ 

LLlJln~h--lrl'W ;--lW)~tJl~L~'W'eli'WlJl'el'WL'Wn1J'~~tJ ~--l~'elhHl 
" 

, ~ ~ 

~ L -if I i'J l-J n I J'~~ tJ ViL-D'L 'W n I J'~ ~ tJ PI~--lil L1J'Wil ~ 1Jl"l! I tJ "lJ'el--l PI ru:::~Y1 tJ I Pli ~ 1Jl fm J'rh~ I 
" 

lh:::~~"lJflIYH~'eln1J''el'elnril~--lmtJ (physical activity readiness questionnaire, par - q) • 

, ~ 

3 . ~ L -ifl i'Jl-J n1J'~~tJ ~'el--l hJ;:Jlh:::~ dJ'W LJ'PI'V11-'elYitJ1fi~fl'YiVi;:J ~~ ~'el n~,l-J LU'el"lJI 
" 
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LFl~'!l.:Jij'!lm'iS' 'Un1~~~!1 

1. Lri~'el'liJ'el~1-Dl \.ln1J'~ I'l L~'eln ~\-n'li')).m'lJ'~r.rtJ 
" 

1.1 LLtJtJ~'eltJCl'l)J1.h:;1m~'lJfl'l'YiL~'eln1J''el'elnri'l~'1n1tJ ~\-n'li'))Jn1J'~r.rtJ~'el'lH . " 
L')',n 1 \.ln1J'Vi'l LLtJtJ~'eltJ Cl'l)J L).J Ln\.l 5 \.l'lVl 

1 . 2 "n1-:J~'el LL~ I'l'l rl,)'l)JU\.ltJ'el)J'lJ'el'l ~ L -n'li'))J n1J'~r.rtJ 
" 

" 
2.1 1.lUmru1JntJm1'l"n1n1\.lYhL~rl L'YiJ'~ (leg press machine) !:J~(;ltl'ltJtJ1-';Yl 

)J'lJ"lfi'el\.l (UJ':;LYlPILYltJ) ~'lnl'l, UJ':;LYlPILYltJ 

2.2 Lrli'el'lm:;~\.l1vHh ELVY® !:J~(;ltl'ltJ Diter Elektroniikka Oy, Kaarina, 

Finland 

..l ... ..l ~.':1 '" J' , 
2.3 LrlJ''el'l,)l'lrl~\.l~Yh'i'ln~'l)JL\.l'el ~\.l Delsys EMGworks 3.6 [Sampling Rate 

64 kS/Sec (aggregate), Bandwidth 20±5 Hz to 450±50 Hz, 20 dB/oct. CMRR > 80 dB] 

!:J~(;ltl'ltJ Delsys Incorporated, United States of America 

2.4 tUJ'LLm)Jn'lJ'~LrlJ''l:;~rl~\.lh.j~'ln~'l)JL~'el (signal acquisition and 

analysis software) !:J~(;ltl'ltJ Delsys Incorporated, United States of America 

3. tUJ'LLm)Jn1J'1Jn 6 LLtJtJ 

~L-n'li'))Jn'lJ'~r.rtJYlnrl\.l~'el'lVi'ln'lJ'YlI'l~'eltJ1\.lYhL~rl L'YiJ'~ r;l'ln)J)J~L~'l 90 'el'lPl'l Vi'l ". . 
" " " 'lfl'l~:; 4 rlf'l Vi'l~'1~)J1'l 2 'lf1'ln1J'1Jn ~')tJtUJ'LLm)Jn1J'1Jn 6 LLtJtJ ~'1i1 , , 

3.4 tUJ'LLnJ')Jn1J'1Jm~rlL~\.l(;l1-n 110 % 'lJ'el'l 1 RM tl'ltJ1.jfJ':;tJ:;L,)~'l~m:;~~'l'l 

'lf1'ln1J'1Jn 30 ~\.l'lVl • 
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1ill1'1 ~~ n ~t1hJ~1';jYl tJ1 ~ tJ ~~ ~ rulJ ~ I"H1J::;';j Yl tJ 1 M1~ [;lfn 1 ~n l1'1 1ill1'1 ~~ n ~rul-J~1';jYltJ1 ~ tJ , , 

L~'eln1~t.l~~\.lL'J~1 h.m1~LrilJ~'JlJ~'Jl-J-if'el~~ 'lJ'el'el't'1J1[;lLon~mt.l~ LL~::; ~tJn~ru 'lJ'el~ ~t.l6Yl ~~'ellJ 
';j4'tJ .r~~LL~::;~tJn~ruYl1~m~nl1'1 ~ru::;';jYltJ1M1~[;lfm~nl1'1 ~::;~~1~.rt.l~ 16 ~~M~n1tJt.l 

, 
.:I ..... q ..... 

~.M . 2552 rJ~ 'Jt.lYl 21 fit.l'J1~l-J ~ . M . 2552 L'J~1 8.00 - 9.00 t.l . 

2 . ~m~n~1tJ~::;L~tJ~L~tJ'JnlJ';jfim~ L~1'el~~'el ~tJmru LL~::;~mt.l~ ~HLt.ln1~';j4'tJ 

3. 4'~L[;l1tJl-J~mt.l~ 'eltJn~ru mn~m~1Jn LlJ,rt.l~n~~ L~'elL-D1t.ln1nrilJ~'JlJ~'Jl-J-if'ell-J~ . " 
" " 

4 . ~ LLIil~-nt.l[;l'elt.l LL~::;';jfim~Yl ~~'ellJ L~tJ~ ::;L~tJ ~ LLri ~\ -if1i'Jl-J n1~';j4'tJ 
" 

" 
5 . iJ1~L-if1i'Jl-Jm~';j4'm1~~l-J~ 14 ~t.l ":hm~Yl~~'ellJri'elt.ln1~Yl~~'el~ L~tJYl~~'ellJ~'J1l-J 

" " " , 
LL~~LLN'lJ'el~n~1l-JLtl'el'lJ1j;j'eliJ1~,rnr;l'J (1 RM test) Lt.lyhL~~ L~~~ 1il1nl-Jl-JVlL~1 90 'el~M1 ~'JtJ'lJ1 • 

I I I II 

7. ~1 ,",1~1 nVl~'el~'lJ'el~ '"'1 L'tl~tJ n1~~~'el~1il1 n n1~.r ~ ~~t.lL vHh n ~1l-J Ltl'el L~tJL 'IX 
'" I I " I 

n~1l-J Ltl'el~1~1t.lL t.l~ mj'ru::;L'el L'li Ll-J [;l1n ~'el Ln~~ ~h~H 5 ';jt.l1Vl L~'elL~~~t.lhHhn~1l-J L tl'elVl LUt.l 
, ," 

~~t.l~lJ LL~'JIil::;L-DLtJmml-J';jL~n::;~~~t.l1vHhn~1l-JLtl'el (signal acquisition and analysis 

software) ~1t.l'J ru~1 '"'1 n n~~'el~'lJ'el~ '"'1 L'tl~tJ n1~~~'el~ ,",1~~ ~ ~~Hllil::;LmtJ1JLVltJlJL 'IX LUt.l " . 
, " 

,",1¥'eltJ~::;~t1~¥'eltJ'lJ'el~m~~~r;l'J'lJ'el~n~1l-JLtl'el~~~~ (100% MVC) ri'elt.l~1n1~1JnLt.li'Jn hJnLml-J 

'" " II " 

8 . ~ LLIil~-nt.l[;l'elt.lm~1Jn LL~::;';jfin1~1J n L~tJ~::;L~tJ ~LLri ~ L -if1i'Jl-Jm~';j4'tJ 1 t.lm~';j4'tJ ~f~\l 
" , " , 

HyhL~~ L~~~ 1il1nl-Jl-JVlL~1 90 'el~M1 L~tJm~1Jnlil::;L~t.l~::;tJ::;Lt.lm~1JmLj;j~f~ 1 ~tJ~1~LYl'el , 

n1~1J mLlJlJL~ ~ L-if1i'Jl-J n1~';j4'tJlil::;!1f'el~4'lJ'tl~1n LtJnLn~l-Jn1~1Jn~ L~~'el'lJ'el~ [;It.l 1 t.lYl n~tJ~1~~~1 " , 
, " 

n1~1Jn LYl'elLUt.ln1~~~'el~~'lJ'el~m~';j4'tJIil1n~~'lJ'el~LtJnLml-Jn1~1Jm1~ 6 LLlJlJ 

" " 
9 . ~ L-if1i'Jl-Jn1~';j4'tJlil::;!1f'el~~1 [;l1l-JhhLLml-J n1~~ ~ m~tJ ~n~1l-J L tl'el't1~ ri'elt.lLL~::;~~~ n1~ 

" 

," , 
1 O . .r ~ ~ ~ t.lL ~~ 1 n ~ 1l-J L tl'el'lJ ru::;~ 1 n1 ~1J n 1 t.lYl n LtJ ~LLn ~l-J 1 t.ln 1 ~';j L~ ~1::;~ ~~t.lL ~~ 1 • 

n~1l-J L ~'el Lon ,",1n n~~'el~'lJ'el~ '"'1 L'tl~tJn1~~ ~'el~ L~tJ ,",1~L~~~~ ~1il::;LL~ ~~ ~~ m ~~1~1t.l'lJ'el~ " . 
" I I I I " II " 

n~1l-J L tl'elVl~ ~ r;l'J L~l-J1 nVl~ ~~1-'el n1 ~~::;~l-J~tl'JtJtJt.l(;]Vll-J1 nVl~ ~ 1 t.lm ~'el'el n LLN ~f~,rt.l 1il1 n,rt.l~1 , . 
" " 

m ~LL1J~~ '"'1 ~1 nVl ~'el~'lJ'el~ '"'1 L'tl~tJ n1~~ ~'el~ L Ut.l,",1 ¥'eltJ ~ ::;'lJ'el~ m ~~ ~ r;l'J'lJ'el~ n ~ 1l-J L tl'el ~~ ~ ~ 

L~mmtJlJLVltJlJIil1n,",1 100% MVC L~'elL-D1t.ln1~';jL~n::;~~~[;l1l-J~::;djtJlJYl1~~ti~ 
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I " " 

11 . ~~U~~n1~~r.rmL~:::L~'W'elLL'W:::1"l,)1~~~Lih.lVl1~r.nn n1~~n~1~r.rtJl"l~<:)iJ 
.Q. .. '" .Q.oQ. 

n1~tUfl~1::;'VI'.lI '£I ~~ 'YI1~~ Cl j;l .. 
I I" 

\n-ir'el'J~Vl1~~1~ Ll"ln :::~1~tJ 1-n~:::1J1J I"l'el~~,) L[;]'elfLY1'el~1 ri1~ Ci~ ~'1iJ 
I 

~ ... I ..::::.I 

1. ,)LI"l~1:::~I"l1L'U~tJ (mean) 

2. ~ LI"l~1:::,.r~,)'WL~tJ'I L1J'W~1[;]~~1'W (standard deviation) ... 
3. LmtJ1JLVltJ1J~~"lJ'el'ln1~Yl~~'el1JYJm1tJn1Ul1tJ1'Wn~~ L~tJn1~Yl~~'el1Jri1 "VI" (pair 

t-test) 

I" I 

'elU1'1LYltJ'IYi'el LU'WJ11~1V1L-ir11"'l41tJ Ltl'el~1n~:::i1J ~~m~tJ'IJl1~1~"ll1n1~ 

2. ~oJ'I~'elLL~~'11"l,)1~U'WtJ'el~"lJ'el'l~L-ir11,)~n1~~r.rtJ (informed consent Form) ~'el'l~ 
" 

~r.rtJ"'l:::~'el'lUlj1J"i ~:::tJ:::L,)~1 L -ir11'J~LI"lN n1~ 1"l'J1~~~ 1"l~1"'l L-ir11'J~LI"lN n1~~r.rtJ LL~:::n1 ~fn~1 

m1~~1J"lJ'el'l ~~~'J'W1'J~ 1 'Wn1~~r.rtJ 
" 
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I '" ""' "''' I ~.., 0 

I rl~L~ilmJL'lJ1~'l3.Jn'l~'l9t191'l.!'l'l.! 14 rl'l.! 
" 

+ , 
ilflU1t1 Lnm nU9 ~~~~3.J1t1':lfin'l~Unu--m LL~:;n'l~Lflu-ifil3.J~ · . " 

L i(lJ L -if1~'l3.Jn'l~':l{tl"r1 n rl'l.!'Vl~1U " , 

~ 
lJL-if1~'l3.Jn'l~':l{t1'Vlnrl'l.!vhn'l~r)~,"h 1 RM L'l.!vl1L~rl LYl~~ '" . , .... , 

90 il~ P\1 riil'l.!n'l~'Vl ~~'eN 91n3.J3.J'VlL'lJ1 • 

~ I 1 ~U~1l-f I 
lJ L -if1~'l3.J n'l~':l{t1'Vln rl'l.! {U'il~1n LL~:;vh 1n13.Jtu~LLn~3.J n'l~eJ n~1~ 
" • , 

L'l.!~U~1,rVl1 t~t1~1100 % MVC riil'l.!n'l~'Vl~~il~ LL~:; r)~ EMG L'l.!'lJru:;eJn 

~ I 1 ~U~1l-f I , 
lJ L -if1~'l3.J n'l~':l{t1'Vl n rl'l.! {U'il~1n LL~:;vh 1n13.J tU~LLm3.J n'l~eJnVl1~ 
'IJ • 

L'l.!~U~1,r~ 2 t~t1~1100 % MVC riil'l.!n'l~'Vl~~il~ LL~:; r)~ EMG L'l.!'lJru:;eJn 

~. I 1 ~U~1l-f I 
lJL-ih~'l3.Jn'l~':l{t1'Vlnrl'l.! {U'il~1mL~:;vhIn13.JtunLn~3.Jn'l~eJn~1~ " . 

L'l.!~U~1,r~ 3 t~t1~1100 % MVC riil'l.!n'l~'Vl~~il~ LL~:; r)~ EMG L'l.!'lJru:;eJn 

~ I 1 ~U~1l-f I 
lJL-if1~'l3.Jn'l~':l{t1'Vlnrl'l.! {U'il~1nLL~:;vhIn13.Jtumm3.Jn'l~eJn~1~ 
'IJ • 

L'l.!~U~1,r~ 4 t~t1~1 100 % MVC riil'l.!n'l~'Vl~~il~ LL~:; r)~ EMG L'l.!'lJru:;eJn 

~ I 1 ~U~1l-f I 
lJL-if1~'l3.Jn'l~':l{t1'Vlnrl'l.! {U'il~1nLL~:;vhm3.Jtumm3.Jn'l~eJn~1~ 
'IJ • 

L'l.!~U~1,r~ 5 t~t1~1 100 % MVC riil'l.!n'l~'Vl~~'fl~ LL~:; r)~ EMG L'l.!'lJru:;eJn 

~ I 1 ~uml-f I 
lJL-if1~'l3.Jn'l~':l{t1'Vlnrl'l.! vhm3.Jtumm3.Jn'l~eJn~~Vf1t1'lJ'fl~In'l.!L'fl~ 
'IJ • • 

L'l.!~U~1,r~ 6 t~t1~1100 % MVC ri'fl'l.!n'l~'Vl~~'fl~ LL~:; r)~ EMG L'l.!'lJru:;eJn 

~ 
0 ~ '-1.1 oCIrioCtt. 

'Vl1n'l~'lLrl~1:;~'lJil3.J~'Vl1~~nln LL~:;'flJiuntl~~n'l~'Vl~~'fl~ 
" 



..a 
t1'V1'V1 4 

1\Jvi1L~rl L~~~ '"l1m.Jl-J~L·lh 90 'el-.lPl1 ri'el\Jn1~Vl~~'el-.l LL~:::~~rJ1~'LfhJ~'Ju~'Jl-J-iim.J~ 
, "" , ~ ~ 

rl~\J1vHhn~1l-JLC'el~'el-.ln~1l-JLC'elL~~rJ~L~1~ru:::1Jn 6 hhLLml-J ~'el 'L1J~LLml-Jn1~1Jn 

rl'el\JL.n\J[;]1n rl'JU ~ nun 1 ~1J n L~ rl L.n\J[;]1n LL~ :::tiJ ~LLn ~l-J n 1 ~1J n L~ rl L.n\J [;]1 n ~ ~ ~:::rJ::: L'J ~ 1~ n 
~ 

~:::~~1-.l"1f~n1~1Jn 30 ~\J1Vl 2 \J1Vl LL~::: 4 \J1Vl '"l1nn1~Vl~~'el-.l 11-.l 6 iiJ~1'1f1\Jn1~~Lrl~1:::'If • 
I '" I I 

rl~\J1~yhn~1l-JLC'el '"l:::H'~1~1nVl~'el-.l"lJ'el-.l~1L~~rJrh~-.l~'el-.l1\Jn1~~1\J'Jru~1~1~'elrJ~:::"lJ'el-.ln1~ 
~ , 

~ ~ j;]'J"lJ'el-.l n~1l-J LC'el~-.l~ ~ LYi'el1-n1 \Jn1~~ Lrl~1:::'lfc.J~ [;]1l-J~:::LijrJUVl1-.l~~~ LL~'J9-.l,J1 c.J~~ Lrln:::'If " . 

~'el'lJvl1 ~1L'U~rJ ~'J\JLnrJ-.lLU\Jl-J1[;]~fi1\J "lJ'el-.l'el1rJ rl'J1l-JrJ1'J"lJ1 LL~:::~1L'U~rJrl'J1l-J ... . 
'" " I I 

LL ~-.l LLN"lJ 'el-.l n ~ 1l-J L C'el"lJ 11'l'el,J 1~,r n j;]'J"lJ'el-.l "lJ1"lJ 'J1-n 1-.l L~ rJ 'J 1 \J vi 1,r-.l Cl U ~ \JL Y11 '"l1 n l-J l-JVl L ~ 1 • 

~ , 
rl'J1l-J LL[;]n 1'l1-.l~'el-.l ~1~'elrJ~:::"lJ'el-.l n1~~~j;]'J~'el-.l n~1l-J LC'el~-.l~ ~ ~:::~~1-.l"1f ~ n1~1J nVl1 LL~:::"1f ~n1~ 

'-I "I "I "I 

, ~ 

1JnVl 21\JtiJmml-Jn1~1Jnl1-.l 6 LLUU 

~1~'elrJ~:::"lJ'el-.ln1~~~j;]'J~'el-.ln~1l-JL~'el~-.l~~"lJ'el-.ln~1l-JL~'elL~~rJ~L~1~-.l 3 ~~ ~:::~~1-.l"1f~n1~1Jn~ " . . , ~ 

1 LL~::: "1f~n1~1JnVl21\JtiJmml-Jn1~1Jnl1-.l 6 LLUU , 
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IW!l'l.lvl1 rllL'tl~t1 ~'J'l.ILnti'lLU'l.Il-Jl[;l~~I'l.1 "ll'el'l'ellt1 l"l'Jll-JtI1'J"ll1 LL~:;rllL'tl~t1I"l'Jll-JLL~'1LLH'lI'el'l ... , 
'" II I I 

n~ll-J L ll'el"ll1 ~'el"IJ1'\.nrn ~'J"ll'el'l"llI"ll'Jl-ifl'1 L~tI'J 1 'l.Iyl'l,j'l tlU~\lLYrI91 nl-Jl-JVl L 'll! 90 'el'l Pll "ll'el'l 

'el1t1 (18 - 20 U) • 

l"l'Jll-JtI1'J"ll1 (85 - 86.8 L'l!\l~Ll-J[;l~) 

• 

X (n = 14 ) 

19.07 

85.71 

0.95 

S.D. 

0.73 

0.57 

0.08 

l-Jl[;l~~I\l LYl'lnU 0 .73 l"l'Jll-JtI1'J"llILYl'lnU 85.71 L'l!\l~Ll-J[;l~ ~'J\lLnti'lLU\ll-Jl[;l~~I\lLYl'lnU ... ... 
0.57 LL~ :;1"l'Jll-J LL ~'1 LLN"ll'el":ln~ll-J L~'el"ll1 ~'el~IV1,jn ~'J LYl'lnU 0.95 ~'J\lLntJ..:l LU\ll-J1 [;l~31'W 
Lyhnu 0.08 
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'W!lu;l 2 n1nmtlULVltlU~1L'il~t1 ~'JtJL~t1~LUtJ~1(;]~fi1tJ LL~:::~1V1'"l1n~~n1~';jLm1:::\f ... 
1"1'J1~ LL(;]mh~'lJ'fl~ ~1~'fltl~:::'lJ'fl~ n1~~ c;, (;]'J'lJ'fl~ n~1~ L ~'fl~~~ c;, ~:::~~1~'l! c;,n1~!J n~ 1 LL~::: " . . 

(;l1~1.:J;I 4 ~~'lJ'fl~n1~LmtlULVltlU~1L'il~t1 ~'JtJL~mLUtJ~1(;]~fi1tJ LL~:::~1V1'lJ'fl~~1~'fltl~::: ... 
cv '" J' 11 .: .... ~ ~ I .c:I ...::J 

'lJ'fl~n1~~c;,(;]'J'lJ'fl-.ln~1~LtJ'fl~~~c;,'lJ'fl-.l n~1~LtJ'flL~I"1(;]~ YJ~'fl~~ ~:::~'J1-.l'l!c;,n1~~n'Vl 1 LL~::: '" . . 

x S.D. p 

81 .878 7.097 

-.992 .339 
83.639 5.745 

p > .05 

I ~ ~ 

'"l1n (;]1n-.lVl 4 ~1~'fltl~:::'lJ'fl~n1~~c;, (;]'J'lJ'fl-.l n~1~ L-W'fl~-.l~ c;,'lJ'fl~ n~1~ L -W'fl L~I"1(;]~ Yl~'fl1-~ " . 
1tJ'l!c;,n1~!Jn~ 1 wl1tiu ~'fltl~::: 81.878 ~'JtJL~mLUtJ~1(;]~fi1tJ LVl1tiu 7.097 LL~:::'l!c;,n1~!Jn~ 2 . .... 
LVl1tiu ~'fltl~::: 83.639 ~'JtJL~t1-.lLUtJ~1(;]~fi1tJ LVl1tiu 5.745 ... 

, ~ ~ 

Lij'fl LmtiU LVitiU ~1~'fltl~:::'lJ'fl-.ln1~~c;,(;]'J'lJ'fl~ n~1~ L-W'fl~-.l~ c;,'lJ'fl-.l n~1~ L-W'fl L~1"1 (;]~ Yl~'fl1-~ " . 

~ ~ 

n~1~L-W'fl~-.l~c;,'lJ'fl-.ln~1~L-W'flL~I"1(;]~ Yl~'fl1-~ hlLL(;]n~1~titJ '" . 
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Ul1~1-!1vl 5 ~~"lJ!l~ n1~LtJhJlJ L VlrJlJ ~1 L'Yl~rJ ~'J'WLnrJ~ LlJ'Wl-J1 [;] ~~1'W LL~ :::~'lVl"lJ!l~ ~'l ~!lrJ ~::: .... 
"" , 

"lJ!l~n1~VI (;1 j;]'J"lJ!l~ n~'ll-J L ;j!l~~~ (;1"lJ!l~ n~'ll-J L;j!l'J'l~ j;]~ ih~rJm~ ~ ~:::VI~'l~"1! (;1n1~1J nVl1 LL~::: 
'IJ , , 

"1! (;1 n'l~1J n~ 2 L 'W hhLLn ~l-J n'l~1J n ~!l'WL~'W[;]1n ~'JlJ ~nlJn1~1J n L~ ~ L~'W[;]1n L(;1rJL'h:::rJ :::L'J~'l~ n 
, 'IJ 

x S.D. p 

86.577 8.650 

-.217 .831 
86.970 7.788 

p > .05 

"1!(;1n'l~1Jn~ 2 Lvi'lnlJ ~!lrJ~::: 86.970 ~'J'WLnrJ~LlJ'Wl-J'l[;]~~'l'W Lvi'lnlJ 7.788 , .... 
, "" 

Ln!l LmrJlJ L Vl rJlJ ~'l ~!lrJ~ :::"lJ!l~ n1 ~VI (;1 j;]'J"lJ!l~ n ~ 'll-J L;j!l ~~ ~ (;1"lJ!l~ n ~ 'll-J L ;j!l'J 'l~ j;]~ 
'IJ , 

" " n~'ll-J L;j!l~~~ (;1"lJ!l~n~'ll-J L;jm'l~ j;]~ n L~rJm~~ hhL[;]n"i'l~ n'W 
'IJ , 
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j;J1~1.:Jvl 6 c.J~"1I'f)"ln1~LtJh.lULVltJU,"l1L'u~tJ ~'J'WL~tJ"lLU'Wl-J1[;]~~1'W LL~::;1"11Vl"1l'f)"l1"11~'f)tJ~::; .... 
~ ~ , 

"1I'f)"ln1~~~(;]'J"1I'f)"ln~1l-JLil'f)~"l~~"1I'f)"ln~1l-JLilm1~(;]~ L~LVI'f)n~~ ~::;~~1"l"1!~n1~1JnVl1 LL~::; " , , 

x S.D. p 

89.340 5 .249 

-.394 .700 

90.011 5.363 

p > .05 

L~LVI'f)n~~ 1'W"1!(;ln1~1Jn~ 1 LVl1nU ~'f)tJ~::; 89.340 ~'J'WL~mLU'Wl-J1[;]~~1'W LVl1nU 5 .249 LL~::; , .... 

"1!~n1~1Jn~ 2 LVl1nU ~'f)tJ~::; 90.011 ~'J'WL~tJ"lLU'Wl-J1m~1'W LVl1nU 5.363 , .... 
, ~ ~ 

L~'f) LmtJU L Vl tJU 1"11 ~'f)tJ~ ::;"1I'f)"l n1 ~~ (;l (;]'J"1I'f)~ n ~ 1l-J L il'f)~~ ~ ~"1I'f)~ n ~ 1l-J L il'f)'J 1~ (;]~ " , 



54 

I , , 
.. _~ q I Qj,J. q I q I 11 

j;J1 '11~'V1 7 ~~"11 'El'l n1 ~ L u nJ 'IJ L'Vl tI 'IJ m L'U'iHJ 'C'l ')\J L'IJ t1'1 L 'IJ\Jl-J 1 (M~1 \J LL~::: fil1 'Vl "1I'El'l fil1 ~'El tI ~::: .... 
"" , 

"1I'El'ln1~V1(1)r;l,)"1I'El'ln""1l-JLil'El~'1~(1)"1I'El'ln""1l-JLil'ElL~filr;l~ ~l-J'El1-~ ~:::V1~1'1"l!(1)n1~'tJnYi 1 LL~::: '" , , 
"l! (1) n1~'tJ n~ 2 1 \JL1Jmml-J n1 ~'tJn fil'El\JL:]\J~1-n fil,)'IJ ,",n'IJn1~'tJ n L~fil L:]\J~1-n L(1)t11.jf~:::t1:::L,)~1~n , '" 

, 'tJ '" ~:::V1,)1'1"l!(1)n1~ n 2 \J1'Vl , 

"l!(1)n1~'tJn X S.D. , p 

, 
'tJ '" "l!(1)n1~ n'Vl 1 81.981 7.888 , 

'tJ ..l 
2.305 

"l!(1)n1~ n'Vl 2 76.440 10.044 
.038* 

, 

* p < .05 

, "" 
91 n m~1'1Yi 7 ,",1~'Eltl~:::"1I'El'l n1~V1(1)r;l,)"1I'El'l n""1l-J Lil'El~'1~ (1) "11 'El'l n""1l-J Lil'El L~filr;l~ ~l-J'El1-~ '" , 

l\J"l!(1)n1~'tJn~ 1 LVl1n'IJ ~'Eltl~::: 81 .981 ~,)\JLrltI'IL'IJ\Jl-J1~~f/1\J LVl1n'IJ 7.888 LL~:::"l!(1)n1~'tJn~ 2 
, .... ' 

LVl1n'IJ ~'Eltl~::: 76.440 ~,)\JLrltI'I L'IJ\Jl-J1~~~1\J LVl1n'IJ 10.044 .... 
, "" 

Lij'El Lmtl'IJ LYitl'IJ ,",1 ~'Eltl~:::"1I'El'l n1~V1 (1) r;l') "11 'El'l n ""1l-J L il'El~'1 ~ (1)"1I'El'l n ""1l-J L il'El L~fil r;l~ ~ l-J'El1-~ '" , 

, 
'" <V 
'Vl~:::(1)'IJ .05 

LL~ (1)'1~1~:::t1 :::L,)~1~ m:::V1~1'1"l! (1)n1~'tJ n 2 \J1Yi ~ ~ ~"r111,x ,",1 ~'Eltl~:::"1I'El'ln1~V1 (1) r;l,)"1I'El'l , 
"" , 

n""1l-JLil'El~'1~ (1)"1I'El'ln""1l-J Lil'ElL~filr;l~ ~l-J'El1-~ ~ (1)~'1'Elth'l~,rtl~1~n 1'Vl1'1~11~Yi~:::~'IJ .05 '" , • tI 
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u\1'j1~vi 8 ~~"lI'el'l n1 nl1h.lu L YltlU rh L'tl~tl ~'J'WLntl'l LU\UJ 11?l ~~1'W LL~ :;rhYl"ll'el'l rh¥'eltl~:; 
J.8 

"" , 
"lI'el'ln1~VI(;) ~'J"lI'el'l n~1)J L ij'el~'l~ (;)"lI'el'l n~1)J Lij'el'J1~ ~~ n L~tlm~~ ~:;VI~1'l'l! (;)n1~'tJ nYl1 LL~:; " . , 
'l! (;) n1~'tJ n~ 2 1 'W hhLLn~)J n1~'tJ n rl'el'WL;'WI?l1-n rl'JU I"1nun1~'tJ n L~rl L;'WI?l1-n L(;)tl1-n~:;tl:;L'J~1~ n . " 

x S.D. p 

87 .287 9.697 

4 .965 .000* 
78.031 9.608 

* p < .05 

, "" 
L~'el LmtlU L Yl tlU 1"11¥'eltl~ :;"lI'el'l n1 ~VI (;) ~'J"lI'el'l n ~1)J L ij'el ~'l ~ (;)"lI'el'l n ~ 1)J L ij'el'J 1~ ~ ~ " . 

, 
~Q.Q .... 

'V11'l~(1I?l'V1~:;(;)U .05 

LL~ (;)'l~1~:;tl :;L'J~1~ m:;VI~1'l'l! (;)n1~'tJ n 2 'W1Yl n ~~"r111 ~ 1"11 ¥'eltl~ :;"lI'el'l n1~VI (;) ~'J"lI'el'l , 
iI J' 11 J' .......::::.1 q..c:tt. I ..::::.I.... 0 ..... QQ.=:J .... 

n~1)J L'W'el~'l~ (;)"lI'el'ln~1)J L'Wm1~ I?l~ )J L(;)tlm~~ ~(;)~'l'elm'l)J'Wtl~1 rl'kJ'V11'l~(1I?l'V1~:;(;)U .05 
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x S.D. p 

89.932 7.338 

3.524 .004* 
82.111 9.935 

* p < .05 

'l!(;ln1~'tJn~ 2 Lvhn1J 1'iltl~::: 82.111 ~,)\JLntl~L1J\Jl-J'Wl~'ij1\J Lvhn1J 9.935 . "" 
L~'il Lmtl1J L Vl tl1J ~11'iltl~ :::'lI'il~ n1 ~~ (;l r;i''J'lI'il~ n ~1l-J L ~'il ~~ ~ (;l'll'il~ n ~ 1l-J L ~'il,) 1 ~ r;i' ~ ... 

, 
'Vl1~~t1~Vl~:::~1J .05 

LL~ (;l~~1 ~:::tI :::L,)~1~ m:::~~1~'l! (;ln1~'tJn 2 \J1Vl iJ t:.J~.yi11,x ~11'iltl~ :::'lI'il~ n1~~ (;l r;i',)'lI'il~ • 
~ ~ , 

'" ..eM II..eM.... ~ I .o=:iiI.... 0 cv oIICIt.~q cv 

n~1l-JL\J'il~~~(;l'll'il~n~1l-JL\J'il,)1~(;l~ L~L'Vl'iln~~ ~(;l~~'ilm~l-J\JtI~1~'1J'Vl1~~()(;l'Vl~:::(;l1J .05 
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Ul1"11.:Jvl 1 0 ~~"lJ'fl~ n1 ~Lmt.llJ L Ylt.llJ 1"1"1L'il~t.I ~'J'WL~U~ LlJ'Wl.J1 UI~~TW LL~ :;1"11Yl"lJ'fl~ 1"11¥'flt.l~:; ... 
cv '" J' ".J CV Q ~ I .cI .J 

"lJ'fl~n1~~I'lUl'J"lJ'fl~n~1l.JL'W'fl~~~I'l"lJ'fl~n~1l.JL'W'flL~rlUl~ yjl.J'fl~~ ~:;~'J1~'1!I'ln1~~n'Vl 1 LL~:; 
OJ • , 

, 1J q 
~:;~'J1~'1!1'ln1~ n 4 'W1'Vl , 

'1!1'ln1~1Jn X S.D. • p 

i 

'1!1'ln1~1JnYl1 86.150 5.673 , 

, 3.965 .002* 
1J q "111'ln1~ n'Vl 2 76.011 13.002 , 

* p < .05 

, .,,, 
'"l1nUl1n~Yl1 0 1"11¥'flt.l~:;"lJ'fl~n1~~I'lr;l'J"lJ'fl~n~1l.J Lll'fl~~~ 1'l"lJ'fl~ n~1l.J Lll'fl L~rl r;l~ ~l.J'fl1~ 

OJ • 

1'W"11I'ln1~1Jn~ 1 L'Vl1nlJ ¥'flt.l~:; 86.150 ~'J'WL~t.I~LlJ'Wl.J1U1~~1'W L'Vl1nlJ 5.673 LL~:;'1!I'ln1~1Jn~ 2 , ..... 

, .,,, 
Lij'flLmt.llJ LYlt.llJI"11¥'flt.l~:;"lJ'fl~n1~~c;)r;l'J"lJ'fl~ n~1l.J Lll'fl~~~ 1'l"lJ'fl~ n~1l.J Lll'fl L~rlr;l~ ~l.J'fl1~ 

OJ • 

~:;~~1~"111'ln1~1J n~ 1 LL~:;'1! I'l n1~1Jn~ 2 1 'WhhLLml.Jn1~1J n rl'fl'WL;'WUl1n rl'JlJl"1nlJn1~1J n 
., OJ 

, 
q .... 

'Vl~:;l'llJ .05 

LL~ 1'l~~1 ~:;t.I :;L'J~1i n ~:;~~1~'1! C;)n1~1J n 4 'W1Yl n ~ ~"'11-X 1"11 ¥'flt.l~:;"lJ'fl~ n1~~ I'l r;l'J"lJ'fl~ • .,., , 
n~1l.JLll'fl~~~I'l"lJ'fl~n~1l.JLll'flL~rlr;l~ ~l.J'fl1~ ~C;)~~'flth~n'!!t.I~1"'ry'Vl1~~1i~Yl~:;~lJ .05 
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(;]1'11.:1;1 11 t:J~"lJ'fl'InI~LWtJtJLVltJlJr11L'U~tJ ~,)'WLtltJ'ILlJ'W~I(;l~til'W LL~::r11Vl"lJ'fl'lr1'l¥'fltJ~:: ... 
..... '" J' 11 J' .... Qq A I .cI .J 

"lJ'fl'ln1~~t'l (;l')"lJ'fl'l n~'l~ L'W'fl~'1 ~ t'l"lJ'fl'l n~'l~ L'W'fl,)'l~ (;l~ ~ Lt'ltJ'fl'l~ ~ ~::~,)'l'l"ll t'ln1~~ n'Vl 1 LL~:: " . . 
"ll t'l n1~tJ n~ 2 1 'W'i:"Jmm~ n1 ~tJn 1"l'fl'WL:]'W(;l1n l"l,)lJ r1nlJn1~tJ n L~ I"l L:]'W(;l1n Lt'ltJ1-n~::tJ::L,)~'l~ n · " 
~::~~'l'l"llt'ln1~tJn 4 'W'lVl • 

"llt'ln1~tJn X S.D. • p 

I 

tJ .oj "llt'ln1~ n'Vl 1 88.635 7.163 • 

"llt'ln1~tJn~ 2 
3.943 

80.165 10.905 
.002* 

• 

* p < .05 

"llt'ln1~tJn~ 2 LVl'lnlJ ¥'fltJ~:: 80.165 ~,)'WLtltJ'ILlJ'W~'l(;l~f$'l'W LVl'lnlJ 10.905 · ... 
I "" 

L~'fl LWtJlJ L VltJlJ r1'l ¥'fltJ ~ ::"lJ'fl'l n1 ~~ t'l vl,)"lJ'fl'l n ~'l~ L U'fl ~'1 ~ t'l"lJ'fl'l n~ 'l ~ L U'fl,)'l ~ vl~ 
'IJ • 

I 
.QQ4 ..... 

'Vl'l'l~Cl(;l'Vl~::t'llJ .05 

LL~ t'l'l~'l ~::tJ:: L,) ~'l~ n~::~~I'1"ll t'l n1~tJ n 4 'W'lVl ~ t:J~vi'l1 ~ r11 ¥'fltJ~ ::"lJ'fl'l n1~~t'l vl,)"lJ'fl'l • 
'" J' 11 J' ..... q q oQ I Q..... 0..... AA.J .... 

n~'l~ L'W'fl~'1~t'l"lJ'fl'ln~l~ L'W'fl')'l~(;l~ ~Lt'ltJ'fl1~~ ~ t'l~'1'fltJ1'1~'WtJ~'l1"l t1J'Vl'l'l~ Cl (;l'Vl~::t'llJ .05 
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(;11'i1-:1v! 12 ~ ~ "1I!l'l n1 ~LmmJ L YltiU 1"1'lL'u~ tI ~ 'J'IJLt1t1'1 LU'Wl-J1 (;1~f/1'W LL~ :::1"11Yl"1l!l'l1"11¥!ltl~::: 
.a 

~ ~ , 
"1I!l'l n1~~~ ~'J"1I!l'l n~1l-J L lj!l~'1~ ~"1I!l'l n~1l-J L lj!l'J1~ ~~ L~ L'VI!l~1~~ ~:::~~1'1"l! ~n1 ~'tJ nYl1 LL~::: 

'lJ • • 

x S.D. p 

88.535 5.868 

2.808 .015* 

82 .785 9 .144 

* p < .05 

, ~ ~ 
Q I 1/ ..... J,I..::IiI 11 odI IV 

IOn n (;11 n'l'VI 12 ,",1~!l t1~:::"1I!l'l n1 ~~ ~ (;1'J"1I!l'l n~ 1l-J L 'W!l~'1 ~ ~"1I!l'l n ~1l-J L 'W!l'J1 ~ (;1 ~ 

ih~t1m~~ 1'W"l!~n1~'tJn~ 1 LYl1nU ¥!ltl~::: 88.535 ~'J'WLt1t1'1LU'Wl-J1(;1~f/1'W LYl1nU 5.868 LL~::: , .a 

"l!~n1~'tJn~ 2 LYl1nU ¥!ltl~::: 82 .785 ~'J'WLt1t1'1LU'Wl-J1(;1~f/1'W LYl1nU 9 .144 • .a 
, ~ ~ 

L~!l LmtiU L YltiU 1"11 ¥!ltl ~ :::"11 !l 'I n1 ~~ ~ ~'J"1I!l'l n ~1l-J L lj!l ~'1 ~ ~"1I!l'l n~ 1l-J L lj!l'J1 ~ ~~ 
'lJ , 

, 
QQ.Q .... 

'VI1'1~C1(;1'V1~:::~U .05 

LL~ ~'1~1~:::t1:::L'J~1~m:::~~1'1"l! ~n1~'tJn 4 'W1Yl il~~Yi11 ,x1"11¥!ltl~:::"1I!l'ln1~~~~'J"1I!l\l , 
~ ~ , 

1-' .::::M '" dI cv Q I q.... 0 .... Q,AQ .... 

n~1l-J L'W!l~\l~ ~"1I!l'ln~1l-J L'W!l')1~ (;1~ L~ L'VI!ln~~ ~~~'1!ltl1'1l-J'WtI~1'"''1J'VI1\l~C1(;1'V1~:::~U .05 
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j;J1'iI.:JYl 13 ~~"lI'fl'l n'1~LmtJlJ LYlmJ ~'1L'u~tJ ~'JiJLntJ'I LlJiJ~1 [;1 ~~liJ LL~ :;~IYl"ll'fl'l ~1¥'fltJ~:; ... 
..... 1.1 J' 1.1 J' ..., Q ~ I ..::i .oJ 

"lI'fl'ln'1~~I?I[;1'J"lI'fl'ln~I~LiJ'fl~'1~I?I"lI'fl'ln~I~LiJ'flL~rl[;1~ ~~'fl~~ ~:;~'JI'1']jI?ln'1~~nYl 1 LL~:; 
'IJ • • 

']j1?ln'1~'tJn X • S.D. p 

'tJ ..J ']j1?ln1~ nYl 1 72.640 8.697 • 

d ..J .402 
']j1?ln1~~nYl 2 71 .597 12.573 

.694 

• 

p> .05 

, ~ ~ 

r.nn[;11n'lYl13 ~1¥'fltJ~:;"lI'fl'ln1~~I?Ir;l'J"lI'fl'ln~I~Lll'fl~'1~I?I"lI'fl'ln~I~Lll'flL~rlr;l~ ~~'fl1~ 
'IJ • 

1iJ']jI?ln1~'tJn~ 1 LVl1nlJ ¥'fltJ~:; 72.640 ~'JiJLntJ'ILlJiJ~I[;1~~liJ LVl1nlJ 8 .697 LL~:;']jI?ln1~'tJn~ 2 . .... 

LL~ 1?I'I~I~:;tJ:;L'J~li m:;~~I'1'I?In1~'tJn 30 ';)iJ1Yl n ~~"r111 ~ ~1¥'fltJ~:;"lI'fl'ln1~~I?Ir;l'J"lI'fl'l 
n~I~L~'fl~'1~I?I"lI'fl'ln~I~L~'flL~rlr;l~ ~~'fl1~ hILL[;1n~I'1niJ 

'IJ • 
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Ul1'i1..:1;J 14 !:J~'ll~':ln1~LtJhJiJ LVltlU ~'WU~t1 ~'J\JL~t1 'HU\J~1 [;l~S1\J LL~~~1Vl'll~~~1~~t1~~ 
.... '" J' '" J' .... qQj ~ I .dl .oJ 

'll~~n1~~c;)[;l'J'll~~n~1~L\J~~~~C;)'ll~~n~1~L\Jm1~[;l~ ~Lc;)t1m~~ ~~~'J1~"l!C;)n1~~n'Vl 1 LL~~ " , , 

"l!C;)n1~'tln X S.D. , p 

I 

'tl ... "l!C;)n1~ n'Vl 1 72 .362 11 .028 , 

I .805 .411 
'tl ... "l!C;)n1~ n'Vl 2 70.775 13.335 , 

p > .05 

"l!C;)n1~'tln~ 2 LVl1nU ~~t1~~ 70.775 ~'J\JL~mLU\J~1[;l~ti1\J LVl1nU 13.335 . ~ 

I "" 

L~~ LmtiU L VltlU ~1 ~~t1 ~ ~'ll~~ n1 ~~ c;) r1i')'ll~~ n ~1 ~ Lij~ ~~ ~ C;)'ll~~ n~ 1~ L ~~') 1 ~ r1i ~ 
'U • 

ih~t1m~~ ~~~~1~"l!C;)n1~'tln~ 1 LL~~"l!C;)n1~'tln~ 2 1\JhhLLm~n1~'tlnL~r1L-n\J[;l1n Lc;)t11-if • • 
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Ul1'i1.:Jv115 CH'l"ll'fl'l n1 J'LuhJlJ L YitllJ '"11 L'U~ tI ~ 'J'WLnm LlJ'Wl-J1 (;l J'tiTW LL~ :;,",1Yi"ll'fl'l '"'1 ¥rem ~:; .... 
~ ~ , 

"lI'fl'l n1 J'''vH'l r;l'J"lI'fl'l n~1l-J L U'fl~'l~ ~"lI'fl'ln~1l-J LU'fl'J1~ r;l~ L~ LVl'fln ~~ J':;~~1'l"jj ~n1J'!J nYi 1 LL~:; 
'lJ • • 

"jj~n1J'!Jn~ 21 'W'l1JJ'LLml-Jn1J'!Jm~"'1Lan'W(;l1n t~t1H'J':;t1:;L'J~1~nJ':;~~1'l"jj ~n1J'!Jn 30 ';j'W1Yi • • 

"jj~n1J'!Jn X S.D. • p 

"jj~n1J'!Jn~ 1 72.535 10.030 • 

1~n1J'!Jn~ 2 
1.096 

70.680 13.762 
.293 

p> .05 

"jj~n1J'!Jn~ 2 L'Yl1rllJ ~'fltl~:; 70.680 ~'J'WLntl'lLlJ'Wl-J1(;lJ'fi'1'W L'Yl1rllJ 13.762 · .... , ~ ~ 

Ln'fl LmtllJ L YitllJ '"'1 ~'fltl~ :;"lI'fl'l n1 J'~ ~ r;l'J"lI 'fl'l n ~1l-J L U'fl ~'l~ ~"lI'fl'l n~ 1l-J L U'fl'J1 ~ r;l~ 
'lJ • 

~ ~ 

n~1l-J LU'fl~'l~ ~"lI'fl'ln~1l-J LU'fl'J1~r;l~ L~ LVl'fln~~ 1.lJ LL(;ln[1\1'lrl'W 
'lJ • 
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j;l1'11-3vi 16 e.J ~"1J!l'l n1 ~LmmH YltiU 1"11 L'U~t1 ~,)'WL~t1'l LU'Wl-J 1 mti1'W LL~ :::1"1'lYl"1J!l'lI"1'l ~!ltl~::: 
.a 

"" , 
"1J!l'l n1 ~~ c;) ~,)"1J!l'l m\' 'll-J L il!l ~N Ml"1J!l'l n~ 'll-J L il!l LUi' ~~ Yll-J !l1-~ ~:::~~ 'l'l"ll c;) n1 ~'tl nYl 1 LL~::: 

'IJ • • 

"llC;)n'l~'tln~ 21 'WhJnLml-Jn'l~'tlm~f'lL.n'W~1-n Lc;)t1H'~:::t1:::L,)~'l~m:::~~'l'l"ll C;)n'l~'tln 2 'W'lYl • • 

1 C;)n'l~'tln X S.D. p 

, 
'tl ~ "llc;)n'l~ n'Vl 1 72.145 9.678 • 

"llC;)n'l~'tln~ 2 65.140 10.741 
3.598 .003* 

• 

* p < .05 

LVl'lnU ~!ltl~::: 65.140 ~,)'WL~mLU'Wl-J'l~~ti'l'W LVl'lnU 10.741 .a 
, "" 

L~!l LmtiU L YltiU 1"1'l ~!ltl~:::"1J!l'l n'l~~ c;) ~,)"1J!l'l n ~'ll-J L il!l~'l ~ C;)"1J!l'l n ~1l-J L il!l L~f'l ~~ Yll-J!l1-~ 
'IJ • 

~:::~~'l'l1C;)n'l~'tln 2 'W'lYl ~U~'l ~C;)~'l!lf.h'l~~t1~'l~'1J'Vl'l'l~ti~~~:::~U .05 

LL~ C;)'l~'l~:::t1::: L,) ~'l~ m:::~~'l'l"ll c;) n1~'tl n 2 'W'lYl ~ e.J ~Yi11-X 1"1'l ~!ltl~ :::"1J!l'l n1~~C;) ~,)"1J!l'l • 
"" , 

n~'ll-J L il!l~'l ~ C;)"1J!l'l n ~'ll-J Lil!l L~f'l ~~ Yll-J!l1-~ ~ C;)~'l!lf.h'l~~t1~'l ~ '1J'Vl'l'l~ ti~Yl~:::~U .05 
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U11'i1-!1v1 17 ~H:'l"1l'El~ n1 nmrJu L V1rJU ~1L'u~rJ ~'J'WL;jrJ~ LUlUJ1 [;]5'fi1'W LL~ ::~1V1"11'El~ ~1~'ElrJ~:: ... 
" " , 

"1I'El~n15'VI(?l (;]'J"1I'El~ n~1~ L~'El~~ ~ (?l"1l'El~ n~1~ L~'El'J1 ~ (;]~ iJ L~rJ'El1~ ~ 5'::VI~1~"ll (?ln15'tJ nVi 1 LL~:: 
'lJ , , 

"ll(?ln15'tJn~ 21'Wtumm~n15'tJm~~L:n'W[;]1'nt(?lrJ1'b::rJ::L'J~1~m::VI~1~"ll(?ln1~tJn 2 'W1V1 , , 

"ll(?ln1~tJn X S.D. , p 

, 
tJ <OJ "ll(?ln1~ nYl 1 72 .544 11 .663 , 

, 1.136 .276 
tJ <OJ "ll(?ln1~ nYl 2 70.113 14.926 , 

p > .05 

"ll(?ln15'tJn~ 2 L'Vl1nu ~'ElrJ~:: 70.113 ~'J'WL;jrJ~LU'W~1[;]5'fi1'W wl1nu 14.926 , ... 
, ,," 

Lij'El LmtJU L V1rJU ~1 ~'ElrJ~ ::"1I'El~ n15'VI (?l (;]'J"1I'El~ n ~1~ L ~'El ~~ ~ (?l"1l'El~ n~ 1 ~ L ~'El'J1 ~ (;] ~ 
'lJ , 

" " n~1~L~'El~~~(?l"1l'El~n~1~L~'El'J1~(;]~ iJL~rJ'El1~~ 1~LL[;]ml1~n'W 
'lJ , 
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r;)1'i1..:1.vi 18 i:-J ~ 'lJ'el-.l n1 J' L mtJ U L Yl tJ U rl1 L 'tl ~ tJ ~ 'J'W L~tJ -.l L U'Wl-J 1 [;l J'ti 1'W LL~::: rl 1 Yl 'lJ 'el-.l rl 1 ~'eltJ ~::: .... 
cv t,I J' "".J..., .Q I .c:I .J 

'lJ'el-.l n1J''Vt ~ [;l'J'lJ'el-.l n~1l-J L 'W'el~-.l'Ml'lJ'el ,m~1l-J L 'W'el')1~ [;l~ LmYl'elJ'1~~ J':::'Vt'J1-.l"l! ~n1J'~ nYl 1 LL~::: " . . , 
"l! ~n1J''tJnYl 21 'WttJJ'LLml-Jn1J''tJnL~,",L~'W[;l1'n t~tJH'J':::tJ:::L'J~1~ nJ':::'Vt~1-.l"l!~n1J''tJn 2 'W1Yl • • 

"l!~n1J''tJn X S.D. • p 

"l!~n1J''tJn~ 1 72.143 12.470 • 
, 2 .796 .015* 

'tJ .,. 
"l!~n1J' nYl 2 65.565 12.388 • 

* p < .05 

"l!~n1J''tJn~ 2 L'Vl1nu ~'eltJ~::: 65.565 ~'J'WL~tJ-.lLU'Wl-J1[;lJ'~1'W L'Vl1nu 12.388 · .... 
, "" 

Lij'el LmtJU L YltJU rl1 ~'eltJ~ :::'lJ'el-.l n1 J''Vt ~ 11l'J'lJ'el-.l n ~1l-J L ij'el ~-.l ~ ~'lJ'el-.l n~ 1l-J L ij'el'J '1 ~ 11l~ ... 

J':::tJ:::L'J~1~m:::'Vt~1-.l1~n1J''tJn 2 'W1Yl YiU~1 ~~~-.l'eltJ1-.lihrm~1~'1!Yl1-.l~()~~J':::~U .05 

LL~ ~-.l~1J':::tJ::: L'J ~1~ m:::'Vt~1-.l"l! ~ n1J''tJ n 2 'W1Yl n i:-J ~vi11-X rl1 ~'eltJ~ :::'lJ'el-.l n1J''Vt ~ 11l'J'lJ'el-.l • 
"" , 11 dI 1I dI..... .Q I Q CV 0 CV .Q.Qq..., 

n~1l-J L'W'el~-.l~ ~'lJ'el-.ln~1l-J L'W'el'J1~[;l~ L~ LYl'elJ'1~~ ~~~-.l'eltJ1-.ll-J'WtJ~1 '"''1!Yl1-.l~Cl [;lYlJ':::~U .05 



66 

[;11'i1-:1v! 19 e.J ~ "lJ'tl'l n1~LmtltJL YltltJ ~'lL'il~t1 ~'J'WLtltI'I LtJ'Wl-J1 [;1~f/1'W LL~ :;~1Yl "1J!1'l ~1 ~'tltl ~:; .... 
"" , 

"lJ'tl'ln1~VI(;l~'J"lJ'tl'ln~1l-JL~'tl~'1'Ml"lJ'tl'ln~1l-JL~'tlL~~~~ Yll-J'tl1-~ ~:;VI~1'1"Jl(;ln1~'tJnYl1 LL~:; " . , 
"Jl(;ln1~'tJn~ 21 'WLtJ~LLml-Jn1~'tJn L'fl~ LeD'W[;11-n L(;ltlH~:;t1:;L'J~1~n~:;VI~1'1"Jl (;ln1~'tJn 4 'W1Yl , , 

"Jl(;ln1~'tJn X S.D. , p 

, 
'tJ ~ "Jl(;ln1~ nVi 1 72.962 11.502 , 

, 3 .146 .008* 
'tJ ~ "Jl(;ln1~ nVi 2 65.613 13.827 , 

* p < .05 

, "" 
IOn n[;11 n'lYl19 ~1~'tltl~:;"lJ'tl'ln1~VI(;l~'J"lJ'tl'ln~1l-J L~'tl~'1~(;l"lJ'tl'ln~1l-JL~'tlL~~~~ Yll-J'tl1-~ " , 

, "" 
Lij'tl LmtltJ LYltltJ ~1~'tltl~:;"lJ'tl'l n1~VI (;l ~'J"lJ'tl'l n ~1l-J L ~'tl~'1~ (;l"lJ'tl'l n ~1l-J L ~'tl L~~ ~~ Yll-J'tl1-~ " , 

~:;VI~1'11(;ln1~'tJn 4 'W1Yl 'Y'ItJ~1 ~(;l~'1'tl~1'1~,rtl~1~tl.JVl1'1~ti~~~:;~tJ .05 

LL~ (;l'l~1 ~:;t1 :;L'J ~1~ m:;VI~1'1"Jl (;l n1~'tJ n 4 'W1Yl ~ e.J~.yi11 ~ ~1 ~'tltl ~:;"lJ'tl'l n1~VI (;l ~'J"lJ'tl'l , 
"" , 

n~1l-JL~'tl~'1~(;l"lJ'tl'ln~1l-JL~'tlL~~~~ Yll-J'tl1-~ ~(;l~'1'tl~1'1~,rtl~1~ruVl1'1~ti~Yl~:;~tJ .05 " , ~ 
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Ul1'11.:JvI 20 e.J~ "lJ'e)~ n1 ~Ltfh.llJ L VltllJ 1"1"1L'U~ tI ~'J'WL~t1~ LlJ'Wl-J1 (;l~~I'W LL~ ~1"11Vl"lJ'e)~ 1"11~'e)t1~ ~ ... 
"" , 

"lJ'e)~n1~'VI(;1j;J'J"lJ'e)':Jn~Il-JLll'e)~~~(;1"lJ'e)~n~Il-JLllml~j;J~ iJL~t1m~~ ~~'VI~I~"ll(;1n1~'tJnVl1 LL~~ " , . 
"ll(;1n1~'tJn~ 21'WhJnLml-Jn1~'tJm~r1L-n'W(;l1nL(;1t1H'~~t1~L'J~1~m~'VI~I~"ll(;1n1~'tJn 4 'WIVl , . 

"ll(;1n1~'tJn X S.D. , p 

, 
'tJ .,. 

"ll(;1n1~ nVl 1 71 .390 16.889 , 

"ll(;1n1~'tJn~ 2 

2.418 

64 .105 17.074 

.031* 

, 

* p < .05 

"ll(;1n1~'tJn~ 2 LvilnlJ ~'e)t1~~ 64.1 05 ~'J'WL~t1~LlJ'Wl-JI(;l~~I'W LvilnlJ 17.074 . ... 
, "" 

LiJ'e) LmtllJ L VltllJ 1"11 ~'e)t1 ~ ~"lJ'e)~ n1 ~'V1 (;1 j;J'J"lJ'e)~ n ~ 1 l-J L ll'e) ~~ ~ (;1"lJ'e)~ n ~ 1l-J L ll'e)'J1 ~ j;J ~ " , 

~~t1~L'J~I~m~'VI~I~'(;1n1~'tJn 4 'WIVl YilJ~1 ~(;1~~'e)th~iJ,rtl~I~'1JVlI~~(i~~~~~lJ .05 

LL~ (;1~~1 ~~t1 ~ L'J ~1~ n~~'VI~I~"ll (;1 n1~'tJ n 4 'WIVl iJ e.J ~vi11 ~ 1"11~'e)t1~~"lJ'e)~ n1 ~'V1 (;1 j;J'J"lJ'e)~ • 
"" , '" 4:11 1.1 4 .... Q,tQj.q I .o::::aI..... 0..... QQQ .... 

n~ll-J L'W'e)~~~(;1"lJ'e)~n~1l-J L'W'e)'JI~(;l~ l-J L(;1t1m~~ ~ (;1~~'e)tI1~l-J'WtI~1 r1'1JVlI~~~ (;lVl~~(;1lJ .05 
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Ul1'11-3;i 21 e.J ~'lJtl'l n1 J'LmtJiJ L YltJiJ fih L'U~ tJ ~'J'WL~tJ'l LiJ'WiJ1 (;l J'fil'W LL~ ~fihYl 'lJtl'lfih ¥tltJ~ ~ ... 
..... "J' '" J'..... Q, I .ct .cJ 

'lJtl'l n1 J'~ ~ (;l'J'lJtl'l n~1iJ L 'Wtl~'lMl'lJtl'l n~1iJ L'Wm1~ (;l~ L~ L'V1tlJ'1~~ J':::WJ1'l"l! ~n1 J'~ n'V1 1 LL~::: '" , , 

"l!~n1i~ln X , S.D. p 

, 
'tl '" "l!~n1J' n'V1 1 72.905 13.279 , 

"l!~n1J''tln~ 2 
2.556 

67.380 13.181 
.024* 

• 

* p < .05 

"1!~n1J''tln~ 2 LVl1niJ ¥tltJ~::: 67 .380 ~'J'WL~tJ'lLiJ'WiJ1(;lJ'fi1'W LVl1niJ 13.181 , ... 
, "" 

Li1tl LmtJiJ L YltJiJ ~1 ¥tltJ~ :::'lJtl'l n1 J'~ ~ [;]'J'lJtl'l n ~1iJ L \ltl ~'l ~ ~'lJtl'l n ~ 1iJ L \ltl'J 1 ~ [;] ~ '" , 

J':::tJ~L'J~1~m:::~~1'l'~n1J''tln 4 'W1Yl 'ViiJ~1 ~~~'ltltJ1'ln~tJ~1~'1J'V11'l~Ci~~J':::~iJ .05 

LL~ ~'l~1J':::tJ :::L'J ~1~ nJ':::~~1'l"1! ~n1J''tl n 4 'W1Yl n e.J~vh 1 ~ ~1 ¥tltJ ~:::'lJtl'l n1 J''\.I ~ [;]'J'lJtl'l , 
"" , I.t .odiI "'.dI..... Q, I <=II..... 0..... Q,oQ q ..... 

n~1iJ L'Wtl~'l~ ~"lJtl'ln~1iJ L'Wtl'J1~ (;l~ L~ L'V1tlJ'1~~ ~ ~~'ltlm'liJ'WtJ~1fi1'1J'V11'l~rl (;l'V1J':::~iJ .05 
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.. 4 I.J " '" J' I:: ..,.., I '" 
(;1'£1'U VI 3 LLeJ'Wfll-J LLM1'1 rl1 L'U~ tJ rl'J 1l-J LL"1I'I LL~'1"11 'el'l n ~ 1l-J L 'W'el"1l1 111'el'W 1 VI'I.m 111'J LL~ :::rl1 ~'eltJ ~ :::"1I'el'l 

'" 
cv '" J' '" J' .qI I ~ CV I .cS .J 

n1~VI(11(;l'J"1I'el'ln~1l-JL'W'el~'1~(11"11'el'ln~1l-JL'W'elLVltJtJ(11L"1I1Yl'l 3 l-J(11 ~:::VI'J1'1"jj(11n1~e:JnYl 1 LL~::: '" , , 
, ~ 

"jj(11n1~1JnYl21'WhJnLml-Jn1~1Jn;1'1 6 LL1J1J , 

~ 

n~l-J~'J'elrJ1'1r1'1 14 rl'W , 

.... " IV -k • r 4V .... 

Fl1Lt;l~!1 FI~1~ U'1l.:lU'i.:l'1l'£l.:Jn~1~ L 'U'£I'1I1(;1'£1'U1~'U n (;1~ 

. r 4V 
('1I1'11~1,j1.:JL;j!l~ ) 

L Vl1'11 '£I.:I'U1'VI'U n 
1.2 

r-- - r--

0.8 r- r-- - - r-- - r-- - - r-- r-- r-- - ~ r-

0.6 r- r-- r-- - r-- - r-- - - r-- r-- - - - r-

0.4 r-- r-- - r-- - r-- - - r-- r-- - - - !-

0.2 r-- - - r-- - r-- r-- - r-- r-- - r-- - ,-

o L..-- _ _ L..-- _ L..-- - '-- - '-

2 3 4 5 6 7 8 9 10 11 12 13 14 
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... .coI 
~~ eJ 'IJ IUJ 'VI 2 

OJ 
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o 
.., .... -

11-"1;)," JJLUI!I'rl1'a-.. 

IV " .r 
JJUln'a1JJ~ 'IJ'iJ 
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_.I I.J I 1.1 IV 11 J' 11 J' 
LL eJ 'U 11 )J 'VI 3 ~~ 'Cl1?I 'lrl '1 L 'tl ~ tI 'lJ 'el 'lrl '1 ~ 'el tI ~ :; 'lJ 'el 'l n '1 ~ ~ I?I (;] ') 'lJ 'tl 'l n ~ '1 ~ L'W 'el 'Cl 'l 'Cl1?I 'lJ 'tl 'l n ~ '1 ~ L'W 'el .. " . " , , 
~~~t1I?1~·lh..r'l 3 l11?1 ~:;~~'l'l"1!I?In'l~'tJnVi 1 L~~:;"1!I?In'l~'tJnVi 2 1'WLtJ~~~m~n'l~'tJnrl'el'WL~'W~i~n . , 

%MVC 

100 

90 
87.29* 

89.93* 

81.98* 

80 

70 

60 

50 

40 

30 

20 

10 

o 
..., .... 4. 

';l1~ j;I~ )J LUI!I'el1'i1~ 

"" " .r )J UI n'il1)J L 'U'el 
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-- I.:J I 11 IV '" J' 1; J' LL ~ 'U 11 ~ 'VI 4 LL ~ i?) 'I rl1 L 'il ~ tJ "lJ !l 'I rl1 ~!l tJ ~ :;"lJ !l'l n 1 ~ ~ i?) (;1 '.l "lJ !l 'I n ~ 1l-J L l.l !l ~ 'I ~ i?) "lJ !l 'I n ~ 1l-J L l.l !l 
~ ~ . 

L~~tJi?)L~1~'l 3 ,ri?) ~:;~~1'l'l!i?)n1~!Jn~ 1 LL~:;'l!i?)n1~!Jn~ 2 1l.lhhLLml-Jn1~!Jnrl!ll.lL~w'11-n • • 

%MVC 

100 

88.64* 88.54* 
90 

80 

70 

60 

50 

40 

30 

20 

10 

o 
.., .... ... 

'l1"'j;J'" ~Lj;J!I'el1~'" 
~ " ~ 
~j;Jn~1~L'U'el 
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--~~ eJ 'IUUJ'VI 5 .. 
" , , 

L~tJtlI'lL~1~~ 3 l11'l 1:;~~1~"1f1'ln11'tJnYl1 LL~:; "1f1'ln11'tJnYl 2 lwhhLLnnJn11'tJnL~rlL.n\.u;i~n , , 

%MVC 

100 

90 

80 
71.6 70.78 70.68 
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40 

30 

20 

10 

o 
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... .aI 
LL eJ 'U In.! 'VI 6 .. 

" , , 
L~~tI~L'lh;1'l 3 ,r~ J':;~~'N'l!~n1J'1Jn~ 1 LL~:; 'l!~n1J'1Jn~ 2 1'UtUJ'LLnnJn1J'1Jm~I"lL.n'Wj;l1n , , 

%MVC 

100 

90 

80 72.15* 70.11 
70 

60 
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40 
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20 

10 

0 

L'1fl~-" ~~'!l1-" 
..., .... .-

11-.. j;J-" ~ Lj;J!J'!l1'i-.. 
" ., ~ 
~j;Jn'i1~L'U'£l 
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__ I.J I II .... tJ J' '" J' 
LLeJ'lUUI'VI 7 LL~ 1M m L'U~tJ'1I'el'l r1,)~'eltJ ~ :;'11 'el 'I mn~ '" IWJ'1I'el'l n ~')).J L lJ'el~'l ~ "''1I'el'l n ~')).J L lJ'el .. " , 

" , , 
L'\..I~tJ"'L~')'Vr'l 3 l1", ~:;'\..I~,)'l"1l"'m~1JnVi 1 LL~:; "1l"'m~1JnVi 2 1lJhhLLm).Jm~1JnL~r1L:]lJI1l1n • • 

%MVC 

100 

90 

80 
71.39* 

70 

60 

50 

40 

30 

20 

10 

o 
..., .... .-

11"'~'" JJL~!J'el1~'" 

" " d' JJ~n~1JJL 'U'el 



(lS8H J!ed) "~,, L~n.@~~1A. 

~ ~ 

f1.L~S~ LI'tf1.n.H,ra~mr,~ ra~t!,1 L~ U1. J@~1 r,~I't@~ n.n.:::sJ!o~ra~1.k1.:::LS~1 ~LI't!t'\~~I't@JI-Ltt 
, , , 

. '" ~ ~t'~@f1. 1 I'tL~U t'@IT.r,~ ~ k1.SLU t'@IT.::: ~ra@SL~::: ~11 
IP'"..... " I 

" 
r,~ U!,-k1.Ltt@~ LIT.@t: 1 I'tL~ U t'@IT.t-S11 t'~ 1mLr,~ rar,!t' n.@U:::Sr1l'tr,Sn.r,Sn.~BLU L~~ L t'L~ ~i1@JI-ra~l 

" " I 

~ ~t'~@t: 1 I'tL~U t'@IT.r,~ ~ k1.SLU t-@IT.:::~ra@~L~ Lk1.ru r,f1.L~SLU Lk1.ru r,f1.L~SLUf1. ~ t'@~t'~L~ ra~t!,1 L~ 
" ' 

t'@U@~IA.U LS L~ I[.~::: !!J@f1.1 I't L ~ U Ltf~' f1.~~ k1.::: LS ~1 r,SLUf1. ~ I'tW11S f11 U Vof1. ~ U ~S L U L lA.:::ru IT.LIT. 1 
f' I " .r '" k F' ... 'Co' ~ 0 I 

~rarak1.1@mI'tL~Ut'@IT.@f1.mL~ULtf~'f1.~~~r,:::~11t'@~~IA.SLUf1.@U LItlt-@ 06 LIT.11A.1'tr-cUL!!J ~SM1 ~~1 I'=" ,f" .r" k!"" ~ I I ~ 

LfA.f1. ~ r,~ U!,-k1.Ltt@~ LIT.@t: 1 I'tL~U t'@IT.t'S11 t'~ 11 I'tLr,~ n.@~~ IA.ra~1I'tsu11Sf11 ~ :::~j\L~f1~ j\L~ f1~ 9 
" " 

L~r,1:::ra:::Sf1.r.p I'tSU11Sf11:::~~1m~u[tsLu~~ G ~1'tk1.t'~U[tsLuL~ra~l ~Lf1. 17 :::~11 ~Lf1. G ~Lf1.~ as 
" 

U [ts L U ~ ~t'L ~k1.:::s U ~ L ~ r,1::: ra:::s ~ ~ Ul~f1.V:1 ~ ~1 U [tS L U I'tS U11S f11::: ~11 Ul~f1.V: 1 ~ ~1 U [tS L U n.1l 

~n.r,~ul~f1.v:m@~l'tsu11Sf11 @~n.m1 9 u[tSLUI'tSU11sf11f1.~u[tsLuL~ f1.~ 17~ ~1'tk1.t'~t'Lra@r,~I't~U 
" 

Lttf1.!,-UL!!J (6u!ldwes 81\!sodJnd) t'!!J:::L!!Jmmm~~SLUI'tr,fLJI-1~U@~BLUra~1 f1.~ 17~ f1.r,f1.L~ 
" • • ~ OG -8~t'L~k1.:::sraL@ G99G L~U~SLU~f1.~ ra~LralA.~Lk1.I't,!USUt-~L1A-!!J L1A-~SLUJ~~LItlLralA.~ 

:::ru~ t'@IT.raLI[.~ ~Uf1.1J1 ~t'~~ ra~~SLUf1. U ~~ra~~SLUI'tr,f LJI-1~ f1.1l t'L~ U ~11 ~U ~u~r,1:::ra:::sJ!o ~ra~l 

'" Ul~f1.V: 1 ~ ~1 U [t:::ru IT.::: ~11 Ul ~f1.V: 1 ~ ~1 U [tSLUn.ll ~ n.r,~ Ul~f1.V: m@~ U [t:::ru IT.L~ 1 ~ ra~k1. 1@t: 1 I'tL~U t'@IT. 
" • @t: 1 I'tL~U Ltf~ \f1.~~ L~U ~ @~ 11l t'~:::Sf1Ll ~ l'~ra~l t'@~~ 1A.t'~ 1 ra~~SLUf1.1J1Ut'~~ ra~~s LU 

1'1 I I " " 

b 

~n." ~n.tt'~!'-~tt" ttt2IiL'rt~~ 1i~~'LUttt2 rt'tt 

9 IA.IM1. p 

1i~~!.LU~l';1rtltt 
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... tV • 

~'in1~'l"'!l~'U'l1 

1. hJnLm~n'l~1Jn~tl'WL.n'W(;l1n~"Ju~rlUn'l~1Jm~~L.n'W[;i;'n 
" 

.... .., ... Ji ... Ji "':'!I"" 
1.1 ~1 ~tltJ~ :;"lltl-l n'l ~~ 111 m"lltl-l mn~ L 'Wtl~-l~ l1I"lltl':ln'~1~ L 'Wtl L~~ (W~ l"i~tl~~ " , 

" " . 
n~1~Li1tl"J1~r;i~ rh~tJtl1~~ LL~:;n~1~Li1tl"J1~r;i~ L~L'Vltl~1~~ ~:;~~1-l']jI1ln'l~1JnYi 1 LL~:; , 

']j11ln'l~1Jn~ 2 ~H~:;tJ:;L"J~1~m:;~~1-l']jI1ln'l~1Jn 30 ~'W1Yi iJ~1L'U~tJ1~LL(;lnr;i1-lrl'W . , 
" " 1.2 ~1 ~tltJ ~ :;"lltl-l n'l ~~ 111 r;i"J"lltl-l n ~1~ L i1tl~-l ~ l1I"lltl-l n~ 1~ Li1tl L~~ r;i~ Yl~tl1~ " , 

" " . 
n~1~Li1tl"J1~r;i~ iJL~tJtl1~~ LL~:;n~1~Li1tl"J1~r;i~ L~L'Vltln~~ ~:;~~1-l1111n1~1JnYi 1 LL~:; 

. . , 
']j11ln'l~1JnYi 2 Yi1-n~:;tJ:;L"J~1~m:;~~1-l']jI1ln1~1Jn 2 'W1Yi ']j11ln1~1JnYi 1 . " 

I II IV II J' '" J' ....::'1.:. 
1.3 ~1 ~tltJ~ :;"lltl-l n'l~~ 111 m"lltl-l n~1~ L 'Wtl~-l ~ l1I"lltl-l n~1~ L 'Wtl L~~ (;l~ l"i~tl~~ " , 

" " , 
n~1~Li1tl"J1~r;i~ iJL~tJtl1~~ LL~:;n~1~Li1tl"J1~r;i~ L~L'Vltl~1~~ ~:;~~1-l']jI1ln'l~1JnYi 1 LL~:; , 

" " 
2.2 ~1 ~tltJ ~:;"lltl-l n 1 ~~ 111 r;i"J"lltl-l n ~1 ~ L i1tl~-l ~ l1I"lltl-l n ~1~ L i1tl"J1 ~ r;i~ " , 

" " 
2.3 ~1 ~tltJ ~:;"lltl-l n1 ~~ 111 r;i"J"lltl-l n ~1~ L i1tl~-l~ l1I"lltl-l n ~1~ L i1tl L~~ r;i~ Yl~tl1~ " . 

" " 2.4 ~1 ~tltJ~ :;"lltl-l n'l ~~ 111 r;i"J"lltl-l n~1~ L i1tl ~-l ~ l1I"lltl-l n~1 ~ L i1tl L~~ r;i~ Yl~tl1~ " , 
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91 n ~ ~l-J ~ ~1'W']J~'J n 1 ~';j{tJ~~l n 1 ~1.if ~:;tJ :;L'J ~li n~ LL[;] n [;]1'1 n'W 9 :;~'J ~ ~Yi 11 ~ 
I !I , " .... 

1"1~'W1 ~Yll n~l~ L il~VlU~ n n'J nl ~Yil'Jl'W']J~'J n~l~ L il~ r1'Jn 1~'tl n 1"1~'WLi]'W[;]1n l"1'JU r1 nu nl ~'tl n 
" 

1('1n1~'tln 2 'W1Vl LL~:; 4 'W1Vl ~('I~'J~ih'JiJ,rtJ~1~CkJY11'J~ii~~~:;~u .05 LL~:;n1~'tlm~I"1Li]'W[;]1n 

L(;1tJ1.if~:;tJ:;L'J~lim:;~~1'J'l!('In1~'tln 30 ';j'W1Vl ~u~11~LL[;]n[;]1'Jn'W ~'J'W~:;tJ:;L'J~lim:;~~l'J , 

1('1n1~'tln 2 'W1Vl LL~:; 4 'W1Vl ~('I~'J~ih'JiJ,rtJ~1~CkJY11'J~ii~~~:;~u .05 L-rl'WL~mn'W ~'JLtl'WhJ 

[;]1~~~~~~1'W ... 
, ~ 

91 n n1nmtJu L VltJU l"1'Jl~ LL[;] n [;]1'J']J~'J r11 L'U~tJ']J~'J r11 ~~tJ~:;']J~'J n1~~ ('I ~'J']J~'J n ~1~ L il~ 

~'J~('I']J~'Jn~l~L~~L~~tJ(;1L~l~:;~~l'J'l!('In1~'tln~ 1 LL~:;'l!('In1~'tln~ 21'WLtJnLm~n1~'tln CIJ ., .,., 

1~ LL[;] n [;]1'1 n'W LL~ ('I'J~ 1 1 'W LthLLm~ n1~'tl n 1"1~'WLi]'W[;]1n l"1'JU r1 nu n1 ~'tl n v31"1 Li]'W[;]1n L('ItJ1.if 
" 

~ , 
~:;tJ:;L'J~li m:;~~l'J'l! ('In1~'tln 30 ';j'W1Vl n1~Yil'Jl'W']J~'Jn~l~ Lil~ 1 'W'l! ('In1~'tl nVl 2 il r111n~ L~tJ'J , , 

'" I' " 
nUn1~Yil'Jl'W']J~'J n~l~ Lil~ 1 'W'l! ('In1~'tlnVl1 (r11 L'U~tJ']J~'J r11~~tJ~:;']J~'J n1~~ ('I ~'J']J~'J n~l~ Lil~ , 

~ , , 
~'J~('I']J~'Jn~l~Lil~L~I"1~~ ~~~1-~ 'l!('In1~'tlnVl1 = 81 .88 ± 7.1 0 LL~:; 'l!('In1~'tlnVl 2 = 83.64 ± 
IlJ q III 'I 

, ~ ~ 

5. 75 r11 L'U~tJ']J~'J r11~~tJ~:;']J~'Jn1~~(;1 ~'J']J~'Jn~l~ Lil~~'J~ ('I']J~'J n~l~ Lil~'Jl~ ~~ il L~tJm~~ " , , , , 
":'1<=-1 ~14AII 1.r:J III 

'l!('In1~~nY1 1 = 86.58 ± 8.65 LL~:; 'l!('In1~~nY1 2 = 86.97 ± 7.79 LL~:;I"11L'U~tJ']J~'J1"11~~tJ~:; , , 
~ ~ , 

']J~'Jn1~~('I~'J']J~'Jn~l~Lil~~'J~('I']J~'Jn~l~Lil~'Jl~~~ L~LY1~n~~ 'l!('In1~'tlnVl1 = 89.34 ± " , , 

5. 25 LL~:; 'l!('In1~'tln~ 2 = 90.01 ± 5.36) LL~:;1'WLthLLm~n1~'tlm~I"1Li]'W[;]1n L('ItJH~:;tJ:;L'J~l , 
, ~ 

im:;~~l'J'l! ('In1~'tln 30 ';j'W1Vl r11 L'U~tJ']J~'J r11~~tJ~:;']J~'Jn1~~(;1~'J']J~'J n~l~ Lil~~'J~ ('I']J~'J , " , 
'" I I I 

n~l~Lil~L~~tJ('IL~l~:;~~l'J'l!('In1~'tlnVl 1 LL~:;'l!('In1~'tlnVl 21~LL[;]n[;]1'JL-rl'WL~mn'W (r11L'U~tJ , , 
~ ~ , 

']J~'Jr11~~tJ~:;']J~'Jn1~~('I~'J']J~'Jn~1~Lil~~'J~('I']J~'Jn~1~Lil~L~I"1~~ ~~~1-~ 'l!('In1~'tlnVl1 = " , , 

72.64 ± 8.70 LL~:; 'l!('In1~'tln~ 2 = 71.60 ± 12.57 r11L'U~tJ']J~'Jr11~~tJ~:;']J~'Jn1~~('I~'J']J~'J , 
1.1 .J' 1I.J' &-,.<Q/.Qj.Q ctl .J dI 

n~l~L'W~~'J~('I']J~'Jn~l~L'W~'Jl~[;]~ ~L('ItJm~~ 'l!('In1~~nY1 1 = 72.36 ± 11 .03 LL~:; 'l!('In1~~n 
CtJ II III ., 

I I ... 1I 
q l ,q I I.i ..., ",.diI '" 4 

Y1 2 = 70.78 ± 13 .34 LL~:;I"11L'U~tJ']J~'J1"11~~tJ~:;']J~'Jn1~~('I[;]'J']J~'Jn~1~L'W~~'J~('I']J~'Jn~1~L'W~ " , 
'Jl~~~ L~LY1~~l~~ 'l!('In1~'tln~ 1 = 72.54 ± 10.03 LL~:; 'l!('In1~'tln~ 2 = 70.68 ± 13.76) , , 
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lOll n n1m.~UlJ LYlUlJ r1'JI~ LLJ;J n [;h~"lJ'el-l1"11 L'U~t1"lJ'el-l1"11 ~'eltl~ :;"lJ'el-l n1~~ ~ [;]'J"lJ'el-l n ill~ L ~'el 

~-l~~"lJ'el-lnill~L~'elL~~t1~L~I~:;~~I-l'1l~n1~!Jn~ 1 LL~:;'1l~n1~!Jn~ 21t.l'i:1JnLm~n1~!Jn 
'" ~ 'I 'I 

r1'elt.lL~t.lJ;J1-n r1'JU I"1nUn1~!J m~ r1 L~t.lJ;J1-n t~t11-n~:;t1:;L'J~I~ n ~:;~~I~'1l ~n1~!J n 2 t.lIYl YlU~1 " . 
LLJ;Jn [;]1-lnt.l'eltJl-li1,rtl~lri'1J'VlI-l~ ~~~~:;~U .05 LLM1~~11 t.lLtJmm~ n1~!J n r1'elt.lL~t.lJ;J1-n r1'JU~ 

" nUn1~!J m~ r1 L~t.lJ;J1-n t~t11-n~:;t1:;L'J ~1~ n~:;~~I-l'1l ~n1~!J n 2 t.lIYl n1 ~.yh~It.l"lJ'el~ nill~ L il'el • 

"" " ~ ~ [;]'J"lJ'el-l nill ~ L il'el~-l ~ ~"lJ'el-l nill~ L il'el L ~~t1 ~ L ~1 LL~ ~-l1 ~ L ~t.l~1 n ill~ L il'el";I-lIt.l~ ~~-l1 t.l 
'\J • 

I I 11 '" 

'1l ~ n1~!J nYl 2 (1"11 L'tl~ t1"lJ'el-l1"11 ~'eltl~ :;"lJ'el-l n1 ~~ ~ [;]'J"lJ'el-l n ill~ L il'el ~-l ~~"lJ 'el-l nill ~ L il'el L~r1 [;]~ 
• '\J • 

, , , 
YJ~'el1-~ '1l~n1~!JnYl1 = 81.98 ± 7 .89 LL~:; '1l~n1~!JnYl 2 = 76.44 ± 1 0 .04 1"11L'tl~t1"lJ'el-l1"11 • • 

"" , 
~'eltl ~ :;"lJ'el-l n1 ~~ ~ [;]'J"lJ'el-l n ill~ L il'el~-l ~ ~"lJ'el~ nill~ L il'el'J 1 ~ [;]~ i1 L~t1'el1 ~ ~ '1l ~ n1~!J nYl 1 = '\J • • 

87.29 ± 9.70LL~:; '1l~n1~!Jn~ 2 = 78.03 ± 9.61 LL~:;1"11L'tl~t1"lJ'el-l1"11~'eltl~:;"lJ'el-ln1~~~[;]'J"lJ'el-l • 
"" , 

nill~Lil'el~~~~"lJ'el-lnill~Lilml~[;]~ L~L'Vl'el~I~~ '1l~n1~!JnYl1 = 89.93 ± 7.34 LL~:; '1l~n1~!Jn 
\J 'I 'I 'I 

2 t.lIYl 1"11 L'tl~t1"lJ'el-l1"11 ~'eltl ~ :;"lJ'el~ n1 ~~ ~ [;]'J"lJ'el~ nill~ L ~'el~-l ~ ~"lJ'el-l nill ~ L ~'el L~r1 [;]~ YJ~'el1-~ 
'\J • 

" " LL~:;nill~Lilml~[;]~ L~L'Vl'el~I~~ ~:;~~I-l'1l~n1~!JnYl1 LL~:; '1l~n1~!JnYl 2 LLJ;Jn[;]l-lnt.l'eltli-li1 • • 
" " ,rtl~1 ri n 1'Vl1-l~~~Yl~:;~U .05 ~'Jt.l1"11 L'tl~t1"lJ'el-l1"11~'eltl~:;"lJ'el-l n1~~ ~[;]'J"lJ'el-lnill~ Lil'el~~~ ~"lJ'el-l 

Dlii " • 

65.14 ± 10.74 
, , , 

qQ.Q ~Iq ~Iq l.q 

~L~t1m~~ '1l~n1~~n'Vl 1 = 72.54 ± 11.66 LL~:; '1l~n1~~n'Vl 2 = 70.11 ± 14.93 LL~:;r11L'tl~t1 • • 
"" , 

"lJ'el~1"11~'eltl~:;"lJ'el-l n1~~ ~[;]'J"lJ'el-l nill~ Lil'el~~~ ~"lJ'el-lnill~ Lil'el'JI~ [;]~ L~ L'Vl'eln~~ '1l ~n1~!J nYl1 
'IJ • • 

dI ..J = 72.14 ± 12.47 LL~:; '1l~n1~~n'Vl 2 = 65.57 ± 12.39) • 
, " 

lOll n n1 nmtlu L YltiU r1'JI~ LLJ;J n [;]1-l"lJ'el-l1"11 L'tl~t1"lJ'el~ 1"11~'eltl ~ :;"lJ'el-l n1 ~~ ~ [;]'J"lJ'el-l nill~ L il'el 

~-l~~"lJ'el-lnill~L~'elL~~t1~L~I~:;~~I-l'1l~n1~!Jn~ 1 LL~:;'1l~n1~!Jn~ 21t.lLthLLm~n1~!Jn 
\J III 'I III 

LLJ;Jn [;]1~nt.l'eltJl~i1,rtl~lri'1J'VlI-l~ ~~~~:;~U .05 LL~ ~~~11 t.lLtJmm~ n1~!J n r1'elt.lL~t.lJ;J1-nr1'Ju~ 

nUn1~!J m~ r1 L~t.lJ;J1-n t~t11-n~:;t1:;L'J~I~ m:;~~I-l'1l ~n1~!J n 4 t.lIYl n1 ~";I~It.l"lJ'el-lnill~ L ~'el • 
~:;~~I-l'1l~n1~!Jn~ 1 LL~:;'1l~n1~!Jn~ 2 i1r1'JI~LLJ;Jn[;]l~nt.l IOl1nI"11L'tl~t1"lJ'el-l1"11~'eltl~:;"lJ'el-ln1~ • • 

"" " ~ ~ [;]'J"lJ'el-l n ill~ L il'el~~ ~ ~"lJ'el-l nill~ L il'el L ~~ tI ~ L ~1 LL~ ~~ 1 ~ L ~t.l~1 n ill~ L il'el";I-lIt.l~ ~~-l1 t.l 
'\J • 

.dl.c:J I cJ I 11 .... 11 J; 1I J' .... 
'1l ~ n1 ~~ n 'Vl 2 (r11 L'tl~ t1"lJ'el-l r11 ~'eltl~ :;"lJ'el-l n1 ~~ ~ J;J'J"lJ'el~ n ~ 1~ L t.l'el~~~ ~"lJ'el~ n~ 1~ L t.l'el L~r1 J;J ~ . " . 
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, , 
86.15 ± 5.67 LLf-l:: 'llL'ln1~'tJnVi 2 = 76.01 ± 13.00 ~lL'Tl~tI'lJ!l\l~l • 
"" , 

¥!ltl f-l ::'1J!l\l n1 ~~ L'l ~'J'1J!l'l n ~ 1l-J L tJ!l~ .. H~ L'l'1J!l\l n~ 1 l-J L tJ!l'Jl ~ ~~ )1 L~t1!ll ~ ~ 'll L'l n1 ~'tJ nVi 1 = " , . 
88.64 ± 7.16 LLf-l:: 'llL'ln1~'tJn~ 2 = 80.17 ± 1 0.91 LLf-l::~lL'Tl~t1'1J!l'l~l¥!ltlf-l::'1J!l\ln1~~L'l~'J'lJ!l\l , 
"" , 1I "* 1I.e11 IV A ~I .- ~I 

nf-lll-JL'W!l~\l~L'l'1J!l'lnf-lll-JL'Wml~(;l~ Lf-lLYl!lnf-l~ 1C;]n1~~nYl 1 = 88.54 ± 5.87 LLf-l::1C;]n1~~n 

~ 2 = 82.79 ± 9.14) LLf-l::1'WhhLLml-Jn1~'tJm~FlL~'Wl;i~'n~Lc;]t11-if~::t1::L'Jf-ll~m::~~1\l'llC;]n1~'tJn , 
.q I .J I '" ...." J' '" J' ... I I 

4 'W1Y1 Fll L'Tlf-ltl'1J!l\l Fll~!ltlf-l ::'lJ!l'l n1~~ c;] (;l'J'lJ!l\l n f-lll-J L 'W!l~'l~ C;]'lJ!l\l n f-ll l-J L 'W!l L ~tIti c;] L '1Jl ~::~'J 1\l " , 

13.18) 

" " '"llne.Jf-ln1~~r.rtlFlf'l\l YiiJ~l ~::t1::L'Jf-ll~m::~~l\l'llC;]n1~'tJn 30 ~'W1Vi LiJ'W~::t1::L'Jf-ll~n • 
111 '" I " 

Vi~'WLL!?l n1~l11'l1'W'1J!l\l n~ll-J LtJ!l1 'W'll L'l nl~'tJ nVi 2 )1 ~11n ~ L~t1\l niJ n1~l11\l1'W'1J!l\ln~1l-J LtJ!l1 'W • 
" 

!l1'"l '"l ::LiJ'WhJ1~~ 1 ~::t1:: L'J f-ll~ n ~::~~1'l'll c;] n1 ~'tJ n 30 ~'W1Vi n ~ 1l-J L tJ!l~\l)1 • 
" " Fl'Jll-J~1l-J1H11 'Wn1~~::C;]l-J~i.btltl'W[;]'1J!l'l L~'W1t1 n~ll-J LtJ!ll111 ~n~ll-J LtJ!ll11\l1'W1~l-Jln LYl1 L~l-J 

~1!l1n~L~tI\l~lL~l-J ~\l~!lC;]Fl~!l\lniJ Ebben LLf-l:: Watts (1998) ~1~mh'J~11'Wn1~'tJm~\leD'!l'W 

,r'W~!l\l'tJ n ~'JtI~l~~n n!l'W L~!l L ~l-J n1 m~::~'W~::iJiJ1.h::~1Y11~)1 n1~~::L'll-Jm,l'JtltI'W(;ll~ LiJ'W • 

" ," 
'tJn ~\l mh'J\l1~~n~1'"l1 n e.Jf-l n1~~r.rmh'W1 ~ '1! YiiJ~l '"l::1eD' L'Jf-ll~ n~~\l'"ll nVi~'W~ C;]n1~'tJ n ~'JtI 
" , , 
~l~~n LL~ 'J (;l1 l-J ~'J tI n 1 ~'tJ nYi ~ tI L!l Ll-J (;l1-n 1'W 11'WVirl1t11 'WL'J f-ll 30 ~'W 1 Vi L Yl!lVi'"l::~ 1 ~ 1 ~Cl H 

" , 
l.h:: LtI'lltJ'"ll n n1~~::L'll-J~kl'JtltI'W[;]'1J!l\l L~'W1t1 n~l~ L tJ!lVi~ c;] ~'J 1~ L~'J ~ 1l11\l1'WLiJ'W~'J'W 1 ~ '1! LLf-l:: 

~\l~!lC;]Fl~!l\lniJe.Jf-l\ll'W~r.rtl'1J!l\l Pincivero - Campy LLf-l::Karunakara (2004) ~YiiJ~l n1~H 
, " 

~::t1:: L 'Jf-ll~ m::~~1'l1 L'l n1~'tJ nVi LiJ'W1'J\l L'Jf-ll~'W 1 '"l ::l111 ~ Ln c;] n1 ~(;l!liJ ~'W!l'l'1J!l\l ~::iJiJ1.J~::~ lY1 

1.1 X ",.J' IV.q q A 1 SI.ai 1.4 11 .... 
nf-ll~ L 'W!l'1J!l\l nf-lll-J L'W!l'Jl~ (;l~ ~ Lc;]t1!llf-l ~ c;] C;]l-Jl n ~::~'Jl\l n1 ~~ n 1 'W~::t1 ::~'W ~'J'W~::t1:: L 'Jf-llYi n 

~::~~l\l'llC;]n1~'tJn 2 'W1Vi LL~:: 4 'W1Vi '"llne.J~'1J!l'ln1~~r.rtl1'W~::t1::L'Jf-ll~m::~~1\l'llC;]n1~'tJn , , 
" " 

2 'W1Vi LL~:: 4 'W1Vi ~1¥!ltl~::'lJ!l'ln1~~C;]~'J'lJ!l\ln~1~LtJ!l~'l~C;]'1J!l\ln~1~LtJ!lL~~t1C;]L~1~C;]~'l1'W " , 
, "" 

'llC;]n1~'tJnVi 2 l-Jlnn~l ~::t1::L'J~l~m::~~l\l'llL'ln1~'tJn 30 ~'W1Vi ~\l~'Wn1~l11\l1'W'1J!l\ln~1~Li1!l . , 
, 

~~\l'"lln1-if~::t1::L'J~1~m::~~1\l'llL'ln1~'tJn 2 'W1Vi LLf-l:: 4 'W1Vi !l1'"l'"l::LiJ'W1'WL1!l\l'lJ!l\ln1~H , 
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~ ~ , 
m'h,)~1 LL ~~--l~ ~--l--l1'Wi1~--lL-n 'W~tJ LLUU'll'el--l~~--l n~1lJ L il'elVlL-n 'W~ tl1'Wm~ru'll'el--l mnL ~--li'Wn-A1 

'" ~ , 
~1--l 1L'Wm~L-D~~--l--l1'W~1mL~~--l~~--l--l1'W L'elVlYi - ~Yi~'W ~:;L-n'W~tl1'Wm~ruVl~nn-A1~'el--l 

I I II I 

L~~'el'WVl~')t1m1lJL~,) ~1'el'el'elmLN'el£i1--llJ1nL'WL,)~1,g'W~'W L'elVlYi - ~Yi n~:;~lJ(?l1tJ LL~:;Lij'elij 

Q Q CII Q .cIiI .:lIIl'" .....cIiI Q oIICII .ell 011I:III1 >-
60 ,)'W1Vl~:;~:;~lJL'elVl~ - 'll~ (?l 87 % LL~:;m~~t1(?l~n 3 - 4 'W1Vl~:;~:;~lJL'elVl~ - 'll~ (?l 100 % • 

~ " , 
~1 n ~ ~'ll'el--l n 1~~~ tI ~t'--l i1 LL~ (?l--lL ~ L ~'W~ 1 n1 ~~:;(?llJ ~'!.l') tI t1'W~Vl tJ--l ~ 1lJ1 Hlvl1L ~ 

" , " 
n~1lJ L il'elvl1--l1'Wl~ ~'el L il'el--l~'W m~tJ--l ~--lij m ~~:;(?llJ~'!.l,)t1t1'W~'el£iJl1t1L 'W~:;t1:;L,) ~1 30 ~'W1Vl 

'" 
" " LL~n1~~:;(?llJ~'!.l')t1t1'W~i1m~~:;~lJ(?l1tJJl1t1L'W~:;t1:;L,)~1 2 'W1Vl LL~:; 4 'W1Vl MtJ~~n1~~~t1~f--l • 

" , 
i1n~'el ~:;t1:; L,) ~1~ m:;~~1--l'll (?l m ~tJ n 30 ~'W1Vl LU'W~:;t1:; L,)~ 1~ nVl ~--l ~~ ~'el m ~vl1--l1'W'll'el--l • 

'" .J' I I .J 111Q.J I 0 11 J' .c:I .J Q I '" .CII n~1lJL'W'el'eltl1--l [;)'elL'W'el--l (?l(?lVl~ (?l L~n:;,)1m~Vl1--l1'W'll'el--l n~1lJ L'W'elL 'W'll (?l m~~nVl 2 lJ ~1Ln~ L~t1--l • • 
" ," 

nu m~vl1--l1'W'll'el--l n~1lJ L il'elL 'W'll (?l m~tJ nVl1 ~--l~'WmJ n~'el'W~1'el L~'lln-A1'el1~,.j1~:;t1 :;L,)~ 1~ n . '" 
~ , 

~:;~~1--l1(?ln1~tJn 30 ~'W1Vli11tJL-DL'Wn1~~[ij,J'W1LtJ~LLn~lJn1~tJn~1--l 1 Vl~'el--ln1~m:;~'W 

n~1lJ L~'elL ~vl1--l1'W1~~ ~')m:;t1 :;L,)~ 1~ n~i'Wl~ ~--lm~~ :;~--l ~ ~ ~'el m ~~ [ij,J'W1~ (?l ~') 1lJ ~ 1lJ1 ~[l 

'll'el--l~nn-A11~ 

'el£i1--lhnmlJ Ebben LL~:; Watt (1998) 1~n~1,)~1 LU'WL1'el--ltl1n~~:;'elfiu1t1ti--ln1~ 

LtJ~t1'WLLtJ ~--lVl1--l~1~~Vltl1'll'el--l m ~tJ m:n--l-D'el'W ~--lm~~:;ij~~ 1t111~~t1 ~ LU'W~,)'W~ L~t1')-if'el--l ~--l~ 
" tJ~:;~1Vln~1lJLil'el (neuromuscular) e1'elfilJ'W (hormonal) ~:;UU~~--l--l1'W (metabolic) n1~~~1--l 

SI I II I 

Lil'elL~'eln~1lJLil'el (myogenic) n1~vl1L~Ln(?lm~L~~'el'Wl~,)L(?ltl~~~~L~ (psychomotor) L(?ltltJ--l 

hJ LU'W~i' (?l L~'W~111~~t1L(?l~~:;~--l ~~ ~'el n1~vl1--l1'W'll'el--ln~1lJ L~'el1~~~ ~ (?l ~~'ll'el--l--l1'W~~t1 ~f--l~ • 
I "I I 

~:; L(;)'WL 'W L1'el--l'll'el--l n1 ~~:;(?llJ~'!.l')t1 t1'W[;)1 'W~:;t1:; L,) ~ 1 ~'W 1 ;--l LU'W~')'W~tl--l'll'el--l ~:;uutJ ~:;~ 1Vl 
'" .... I 1.1 

n~1lJLil'el LL~:;~1n~~'ll'el--lm~~~t1~'W vl1L~Vlnu~1 ~:;t1:;L,)~1~nVlLL[;)n~1--ln'W n~1lJLil'elvl1--l1'W 

LL[;)n ~1--ln'W LL~n~ 1n'll'el--ln1~vl1--l1'W'll'el--l n~1lJ L ~'el~~--l~:;t1:;L,)~1~ n~'WtJ--l ~--l ~'el--lijm~~m:t1 n'W 

~'el1tJ L ti'el--l~1 nij~~1t1 ~1 L ~ [;)~ L~tI')-if'el--l~'WtJ--l hJ~1lJ1~[l~~ :;MtJl~ • • 
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... _., ... ... IV l:..r 
'lJ'el L'lf'U'el LL 'U~'V1 Lj;l~1 n n1'i'l~!.I FI'i~'U 

1. nlJ'HJ':;tJ:;L,)~1nlJ'~m':;~~1\1']j"'nlJ'!Jn 30 'h.l1Yl "]Jtl\l'LumnnJn1J'!Jn~tl'WL~'W1'l1n , 
" ~,)iJ ~niJnlJ'!J n L~ ~ L~'W1'l1n LL~:;nlJ'!Jn L~ ~ L~'W1'l1n ~\I ~~ L "'n~1iJ LlltliJ nlJ'J':;"'iJ~tbtJtJ'W~"]Jtl\l 

'IJ 

, ," 
30 ~'W1Yl LYltl ~ m~n (;]tlL 'Wnl J'~1 J':;tJ:;L,)~1~ nYl~\I ~~ L'" n ~1iJ L lltliJnlJ'J':;"'iJ~tbtJtJ'W~"]Jtl\l 

L~'WLtJn~1iJ L~tl L~iJ1 n 
, " 

2. ~')J'iJ n 1 J'~ m~n ~~'WL vHh n~1iJ L lltl"]Jtl\l n1 J'!J n ~tl'WL~'W1'l1n ~,)iJ ~ niJ n'l J'!J n 

L~ ~ L~'W1'l1n~ltl nlJ'!J n L~ ~ L~'W1'l1n L 'Wn~iJ (;],)tlrh\l~ LU'W1!nn"ri1 , 

3. ~,)J'iJnlJ'~m~n ~~'WhiYhn~1iJ L~tl L 'W'LunLm'iJ nlJ''tJ n~L-n,r "'n~1iJ L ~tl~'W 'Wtlnr.n n 

'" '" " I 

n~1iJLlltlLJ'~(;]~ ~iJtl1~ n~1iJLllm1~(;]~ iJL~tJtl'l~~ LL~:;n~1iJLllm1~(;]~ L~LYltln~~ LYltlnlJ' 
, ," 

~ W-J'W1 'LunLm'iJ nl J''tJ nYl L'Tl'Yi1:;L91:;9\1 ~1~fiJn"ri1']jil", (;]1\1 1 YlH,r '" n~1iJ L lltl (;]1\1 n'W 



., 
unrhi1tJnuT\.n!n Lm'l"llt.l. ~Vlmilyjt.lfim'kJ 'kJ1~"nUtl.!-n (;1, ~1'lJ1~"ll1~Vlm ~1~ (;1f 

n11nli1 fl1~~"ll1~Vlm~1~(;1fn11nli1 ~tl.!~~Vlm~1~(;1fn11nli1 

., 
"llilt.lVl fitJ ~t.ll111f1 nu. n11LmtJtJ LVI tJtJ ~~'lJ'tN n11'tJ nyj itJ L 'tl L~ (;11n ~'ltJ f"1 n11'tJ n ~'l tJU1~Un 

" 
n11'tJnyjitJL'tlL~(;11n~'ltJ~1~un LL~~n11'tJnL;'l''tlt.l ~il~~t;i'tln11~~t.l1yji'ln~1~Ln'tl 

'lJ1 . ~Vlmilyjt.lfim'kJ'kJ1~~nUtl.!-n(;1, f11~~"ll1yj~~n~1 ~tl.!~~t~1~(;1f ,li1~'lmru 

~~1~VlmitJ, 2544 . 

.J .... _ _ .. ~..J Q''' ....... 
1~yj~ ~~lh~lol~ LL~~~t.I'tlt.ll ~11'lVlm. yj~yj~NVl 4. nt'lLVlyj~~1t.1~1: LVlnLL'tlt.lt1lLIil'tl1t.1~ 

, 
~tJ~L~it.l , 2545. 

1fiin~ L'l"llLLyj~U. ~L~~LVl1,rtJL'tlm1YlU. nt'lLVlyj~~1t.1~1: f11~~"ll1~'h~Vlm 

~tl.!~LLyjVltJ~1~(;1ffl'h1"llyjmtJ1~ ~~1~VlmitJ~~t1l~, 2528. 

"llfiin~ L'l"llLLyj~U LL~~ nt.lm lh~~~1'fitJ. ~·h~Vlm'lJ'tl'ln11'tl'tlnihi'ln1tJ . ~~"{~f'l~ 4. 
" 

, , 
~ ........ r'" .It'" ... " ",J ... 

yj~f"1n~, n1~. n11yj~t.l11Vlm~1~(;11n1mn1Lyj'tlL(;11tJ~yj1'tl~L'lJ1'&'l~(;1'l11~Vl 21 . 
" 

nNLVlyj~~1t.1~1: n1~yj~~n~1, 2542 . • 
Yh~yj'lflf tJ'kJ~l ~11~Vlmn11'tl'tlnn1i'ln1tJ6Vlm~1~(;1fn11nli1) . nt'lLVlyj~~1t.1~1: 

L'tlL~tJt.I~L(;1f, 2532. 
., , 

n(;11 ~t1lVl1'l'l . U1~~1Vl~11~Vlm. ~~"{~f'lYl 1. nNLVlyj~~1t.1~1: LN~~.,{lilli1~'lmru • • • 

., 
'I. t.lVI1 ~ LLt.lVli'lJ 'tl'l un nli1 tJ mj1~un Lm'l"llt.l. ~Vlmilyjt.lfim'kJ 'kJ1~~1 U tl.!-n (;1, 

~1'lJ1~"ll1~Vlm~1~(;1fn11nli1 f11~~"ll1~Vlm~1~(;1fn11nli1 ~tl.!~~Vlm~1~(;1fn11nli1 
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MI'J ~ ~rulfiJ'J'~ . n1J'~m~n LmtiU L V1t1U e.J'C'l"lJ'El'l n1J''tJ n L=B'IaD'EltJ L~1tJ1 aD L 'J 'C'l1~ m:::tdl'1 n1J''tJ n • • 
~ , 

~'JtI"lJI~,rn LL'C'l :::n1J''tJ n'Yi~t1 L'El L~ [;]1n LL[;] n ~1'1 rltJVliJ ~'El ~'JI~ LL~'1 LLN LL'C'l:::'Yi~'1"lJ'El'ln~ 1~ 
~ 

L~'El~I. ';jYltJ1U'YitJfimryryl~~IUru.yj[;], LL"lJtJ'I';j"ll1~1J'';jYltJ1n1J'nYlI ~1,rn';j"ll1 

';jYltJ1 PlI~ [;]fn1J'nYlI '"lYlI'C'l'lmru~~I';jYltJ1~t1, 2549 . • 
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0 

0 
0 

0 

0 

0 

0 

, 
dI 

'l!11 ...... ... . .. .. .... .... .... ....... . 'W1~~~~ .... .. ..... .... .. .......... ... ... ... .. ... . 

U dI m~ ........................ ... ... .. L~l1'W 

89 

II I II II 

LL'IJ'IJ~11'IJm~ilH~1V1f'IJ'lJrlrl~~iJmtl~:;V1~1'1 15 - 69 U iJ~1'W'J'Wr1'1~'W 7 .jf11 , . 

0 

0 
0 

0 

0 

0 

0 

1. LL ~ Vl!J Lrl tl ':1 ~ n'l 11 'l! V11 ~"lJ 111 ~ ~ L~ tl 'J n'IJ tr'J 1 ~ V1111 Lrl tl l~f'IJ 
, 

~1 LL'W:;,J1~1 n LL~Vltl1 'W~11'l ~'1mh'JV1111 hJ? 

2. rlruLrltl L~'IJV1lJ111n"lJru:;iJn1~1111nn1~'1 n1tlV1111 hJ? , 
, 

3. 1'W 1 L~11'W~cJ1'W~1 rlruLrltJL~'IJV1lJ111n mrbJl~iJn1~1111nn1~'1 , 

n1tlV1111 hJ? 

4. rlruLrltJL~tln1~VlN (;]'J L~ n:;~1 L V1 (;]~1~1 n n1~L~tl'WPl~'Jj':; V1111 • • 

LrltlV1~ ~~ ~V1111 hJ? 

5. ~ruLrltliJ11'l!V11L~'fl'l.jf'flm:;~n (L'll'W th~V1i'l, th~L~1, th~ 

~:;L~n) V1111hJ? n1LrltliJ11'1!V11~'1mh'J ~1LV1L'J~1~1nn1~1111n 

n1i'l n1tlV1111 hJ? 
, , , 

6. LL~Vl!JLrltl1lXtJ1~H~1V1f'IJ~ ~ rl'J1~ ~'W V1111 tJ1~ Lnm.jfl1'l n'IJn1 ~ 

fn'Jj'1mn1~ L~rltr'J 1~V1111 hJ? 

7. ~ruVl~1'IJ LV1L'J ~~~'W1~~:;Yh 1lX ~ruhJ rl'J~1111nn1i'ln1tlV1111 hJ? 

PAR-Q V1111 Physical Activity Readiness Questionnaire ('il1r'IJLLm"lJL~~L~~ 

U rl. P\' 2002) L~tl ~ ml1'W~1-~";)Vl tl1 n1 ~1111 n n1~'1 n1tJLL ~'1th:; L Vl PI LLrl'W1 ~1 

(Canadian Society for Exercise Physiology) LL~:;~iJ~'J'Wi'J~1'Wn1~";)9tl~11'l 

HL'J~1n1~(;]11'IJLL'IJ'IJ~11'IJm~hlLn'W 5 'W1~ 



111fHJ'U'Jn 'lI 

~1t1~~Liitl(;l"l.1.J,r'UVin'll'el.:l~~'J'U1'J~"I.'Un1~1~tlLL~~~~n1~'VI(;l~'el.:l .. 

90 



, 
q I IV I 

L'Cl'llYl mpJ(;l,)'Elm~ ..... .. . ... . ... ... ..... ....... .. ....... .. .. .. . ... .. .. ..... .. .... .. . 
, .... 

"l!'El .. .... ........ .. ..... ... .. .... ... ......... 'W1iJ~~'Cl .... .......................................... .. 

..., 4 ~I ~ 

,)'W/L(;)'El'W/u Ln (;) ......... .. ...... ........ ... .. .... .. . ..... ......... ......... ..... .. ... ............. . 

'El1~ .................. ........................... tJ ... ... .... .............. .................... L~'El'W 

, 
I 'I I ..... Q .., 11 1,1 q .c:::trr.1' IV 

1"11 1 RM ~'WYl1'W~tl1JrJ'WLYl1 ('ll1'll,)1'll1~ L(;)m) ................. .. ..... n ~'Cl m'iJ 

L t1nLnn.J n1'i1J n fI'tIUL~U (;I1n fI'ltJ fl ntJ n1'i1J n L~ fI L~U(;I1n .. 
IV 0 l:- l:-

fI'l1).J'VIUn = 90% 1RM Vl1'i1j;1~:: 4 flH VI-3'V1).Jj;I 2 'ilj;I • • 
>-

1. n~liJLil'ElL~I"1(;]~ YiiJ'El1~ (Rectus femoris) 

Maximum of RMS value of isometric contraction .... . ... .... ... volt = 100% MVC 

91 

Maximum of RMS value Maximum of RMS value 

set 1 set 2 

volt J resting 30 seconds I volt 'I 1 

% MVC % MVC 

Maximum of RMS value of isometric contraction .... ........... volt = 100% MVC 

Maximum of RMS value Maximum of RMS value 

set 1 set 2 

J 1 
volt volt 

1 
resting 2 minutes 

1 

%MVC % MVC 

Maximum of RMS value of isometric contraction ............ ... volt = 100% MVC 

Maximum of RMS value Maximum of RMS value 

set 1 set 2 

I 
resting 4 minutes 

I 
volt volt 

1 1 

% MVC %MVC 
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Maximum of RMS value of isometric contraction ......... ..... . volt = 100% MVC 

Maximum of RMS value Maximum of RMS value 

set 1 set 2 

volt .I resting 30 seconds I volt I I 

%MVC %MVC 

Maximum of RMS value of isometric contraction ...... . .. . ..... volt = 100% MVC 

Maximum of RMS value Maximum of RMS value 

set 1 set 2 

volt 
.I 

resting 2 minutes 
I --'- volt I I 

%MVC %MVC 

Maximum of RMS value of isometric contraction .. . . .. . ... ..... volt = 100% MVC 

Maximum of RMS value Maximum of RMS value 

set 1 set 2 

volt 
I 

resting 4 minutes 
I 

volt I I 
%MVC %MVC 
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" "'.oc:I..... .lICIt. 

3 . mn~b'W'5'l'l~(;l~ L~LVl'5n~~ (Vastus lateralis) 

Maximum of RMS value of isometric contraction .. ....... .... .. volt = 100% MVC 

Maximum of RMS value Maximum of RMS value 

set 1 set 2 

volt .I resting 30 seconds I volt I I 

%MVC %MVC 

Maximum of RMS value of isometric contraction ..... . . ........ volt = 100% MVC 

Maximum of RMS value Maximum of RMS value 

set 1 set 2 

J 
resting 2 minutes 

1 
volt volt 

1 1 

%MVC %MVC 

Maximum of RMS value of isometric contraction ......... ...... volt = 100% MVC 

Maximum of RMS value Maximum of RMS value 

set 1 set 2 

.1 
resting 4 minutes 

1 
volt volt 

1 1 

% MVC % MVC 
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u 0 ~ ~ 
Fl'J1)J'VI'Un = 110% 1 RM 'YI1"li(;'Jil:; 4 Fl'i-3 'YI-3'V1)J(;'J 2 "li(;'J • • ., 

1. n~1l-JLtl!lLJ'rll1i'~ YJl-J!l1~ (Rectus femoris) 

Maximum of RMS value of isometric contraction ... ............ volt = 100% MVC 

Maximum of RMS value Maximum of RMS value 

set 1 set 2 

volt 
.I 

resting 30 seconds 
I 

volt 'I I 

%MVC %MVC 

Maximum of RMS value of isometric contraction ........ ....... volt = 100% MVC 

Maximum of RMS value Maximum of RMS value 

set 1 set 2 

volt 
J 

resting 2 minutes 
1 

volt 
1 1 

%MVC %MVC 

Maximum of RMS value of isometric contraction ...... ... .. .... volt = 100% MVC 

Maximum of RMS value Maximum of RMS value 

set 1 set 2 

volt 
J 

resting 4 minutes 
1 

volt 
1 1 

%MVC %MVC 
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t-
il dI _~.q oIIClt. 

2. mn~L'W!l'J1~[;l~ ~L~t1m~~ (Vastus medialis) 

Maximum of RMS value of isometric contraction ... ...... .... .. volt = 100% MVC 

Maximum of RMS value Maximum of RMS value 

set 1 set 2 

volt 
J 

resting 30 seconds 
1 

volt I I 

%MVC %MVC 

Maximum of RMS value of isometric contraction ....... .... .... volt = 100% MVC 

Maximum of RMS value Maximum of RMS value 

set 1 set 2 

volt 
.I 

resting 2 minutes 
I 

volt '1 I 
%MVC %MVC 

Maximum of RMS value of isometric contraction .. ... .......... volt = 100% MVC 

Maximum of RMS value Maximum of RMS value 

set 1 set 2 

volt 
I 
I resting 4 minutes 

I 
volt I 

%MVC %MVC 
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" '" <0::11 IIV .Q 

3. n~Il-JL'W!l':lI~(;l~ L~Li'l!ln~~ (Vastus lateralis) 

Maximum of RMS value of isometric contraction .. ........ ..... volt = 100% MVC 

Maximum of RMS value Maximum of RMS value 

set 1 set 2 

volt 
1 

resting 30 seconds I volt I I 
%MVC %MVC 

Maximum of RMS value of isometric contraction ............... volt = 100% MVC 

Maximum of RMS value Maximum of RMS value 

set 1 set 2 

volt 
.1 

resting 2 minutes 
1 

volt 
1 1 

%MVC %MVC 

Maximum of RMS value of isometric contraction ..... . ... .. .... volt = 100% MVC 

Maximum of RMS value Maximum of RMS value 

set 1 set 2 

volt 
1 

1 
resting 4 minutes 

1 

1 
volt 

%MVC %MVC 
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0-

'el1.Jm'nmntlmJ"nnrn1t.!'vhL~H;1 L~~~ (leg press machine) ~~(;lL(;1t1 U1-M'Vl ~lnfi'el'W 

(1.J~:;L'Vlp\1'Vltl) ~ln(;1 

, 0-

1l1~Yl1 n1nL~(;1'1'el1.Jm'nmntlm.J1'I,nrn1'W'VhL~'Hi'1 L~~~ (leg press machine) 
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... 
1. {~LI?l1-m,J'rJlln~nmntJml'nnrnl'WYl1L~H·1 LYi~~ 1,xYi¥tl~ntJn1~v'h'l1'W t~tJn1~l~ 

... , , 
,hmrnYl~:;l-n 'Wn1~tJn LLtJtJr1tl'WL en'W1?l1n r;ltl LoWtl'l ntJn1~tJ n L~ r1 Len'W1?l1n 

2. 1,x ~ L·jhi')~ n1~';){tJtltJrel'Wh'l n1tJ LI?l1-tJ~ r1,)1~Yi¥tl~ ntl'Wv'h n1 ~tJ mLtJtJ r1tl'WL en'W1?l1n 
'lJ , 

, ... , 
3. 1,x~ L-ihi,)~n1~';){tJ~1t!'1tJ'W'rJllmru"'tlntJm11~t!n 1 'WYl1 L~ r1 LYi~~ LL~,) iS~ ~'Wn1~tJn 

LLtJtJr1tl'WLen'W1?l1n r;ltl L~tl'lntJn1~tJm~ r1 Len'W1?l1n ~1n~~~ L'lh 90 tl'l Pl1 LL~,) 1,x~ L-ih i,)~n1~';){tJ 
, 'lJ 

11 I 1I 1I I 

tltl n LLNtJ m11~t!n~'Wtl~1 'WYl1Yl L ~1 L ~~tJ ~ LntltJ~ ~ ~1 nt!'Wtltl n LLN ~1'Wu1~t!n~'Wm:;~'1 n~tJ11l 

tltll 'WYl1 ~~ ~'W 
'lJ 

II I II " 

4. v'h l'W~n~ru:;LLtJtJi1r;ltl LoWtl'l~'Wn~1~:;r1~tJ~1'W,)'W 4 r1¥'1 l11~'1~~ ~ 2 "l! ~n1~tJn , 
... , 

5. 1,x~ L·jhi,)~n1~';){tJ ~tl'Wr1~1tJ n~1~ L oWtl ~~'1l11 n1~tJ n r1tl'WLen'W1?l1n r;ltl LoWtl'l ntJ n1~ 

tJm~r1Len'W1?l1n 
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" 1. {~L[;i~'m.J~un~cmJntJmJ1'\!I'I1nL'W'VI1L~r1 LVi~~ L,xVi~m.Jn1Jn'wv'h~1'W t~tJm~L'Zl 
" , 
1l1~'I1nVl"'l:;Hl'Wm~!InL~r1L~'W(;l1n 

2. L,x ~ L-ihi'Jl.J m~';){tJtl1Jtl'Wi1~ mtJ L(;l1-tJl.J r1'J1l.JVi ~tll.J ntl'Wvh m~!1 m~ r1 L~'W(;l1n 
'U , 

, " " 
3. L,x ~ L-ihi'Jl.J m~';){tJl.J1'11~1J'WtlU mcmJ ntJ n1l1~'I1n L 'W'V11 L~ r1 LVi ~~ "'l1 n'l1'WL,x ~-rl'J tJ 
'U, 'U 

';){tJtJ n~1~'I1n;'WLL~:;~'WL1J1:;ti~;'W "'l'W~ L -ih i'Jl.J m ~';){tJtl,iL 'W'VI1~ L ~1 L ~~tJ ~ Lntl1J~ ~ t~tJ~ 
'U \i , 

" ", 
~ L-ihi'Jl.Jm~';){tJhJ ~tl~tltln LLNL 'Wm~tJn1l1~'I1n L~tJ ~~'I1'W 'V11 L1l.J~'W"Iltl~ m~!In L~r1 L~'W(;l1n"'l:; 

I 1.1 1.1 I I 

tl!JL 'W'VI1Vl L~1 m~tJ ~ Lntl1J~ ~ "'l1 n'l1'W L,x ~ L -ih i'Jl.J m ~';){tJtltl n LLN ~1'W1l1~'I1n"'l'Wm:;~~ l.Jl.JVl L~ 1 
qJ q III q 

'" I '" '" 

4. l11L'W~n~ru:;LL1J1Jt1l'ltlLlltl~"'l'Wn~1"'l:;r1~1J~1'W'J'W 4 r1f~ l11~~~l.J~ 2 "l!~m~!In , 
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" , .dI Q 11.::1 ...... .Q .c::aI 

rJi?1mrJrJi?1mnl-JLU'elLLlJlJ'el!!JnlJ'Vl (static stretching) 5 U1'Vl 

'"' .Q q 0 

- Kneeling iliopsoas stretch 'lI1-.l~::: 15 ,)U1'Vl 'Vl1 2 ~'ellJ 

- Side quadriceps stretch 

- Hamstring stretch 
t; .Q 0II:::II0 

'lI1-.l~::: 15 ,)U1'Vl 'Vl1 2 ~'ellJ 

- Seated gluteus stretch 

- Standing gastrocnemius stretch 
'" Q Q 0 

'lI1-.l~::: 15 ,)U1'Vl 'Vl1 2 ~'ellJ 

90% 'lI'el-.l1RM 

4 

2 

3. L,)~1~n 

" 
4 . 'lh~~'elUrI~1rJn~1l-JL~'el ih:::l-J1n.l 10 U1~ 

" , .eM CIt ",..ell ...... .q ,q 

rJi?1LVlrJrJi?1n~1l-JLU'elLLlJlJ'el!!JnlJ'Vl (static stretching) 10 U1'Vl 

- Kneeling iliopsoas stretch 
11 Q.c::.I 0 

'lI1~~::: 30 ,)U1'Vl 'Vl1 2 ~'ellJ 

- Side quadriceps stretch 
11 .Q oIICIIo 

'lI1~~::: 30 ,)U1'Vl 'Vl1 2 ~'ellJ 

- Hamstring stretch 

- Seated gluteus stretch 
'" A Q 0 

'lI1~~::: 30 ,)U1'Vl 'Vl1 2 ~'ellJ 

- Standing gastrocnemius stretch 
tJ Q. qO 

'lI1~~::: 30 ,)U1'Vl 'Vl1 2 ~'ellJ 

" 
5. Y)1n1~'tJn~iJi?11i~::: 1.ru ~'el1U.rU9U'Vlf m9rJ'"l:::1-nL,)~1~~Vll-Ji?11un1~vi1n1~ 

" 
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" , .diI Q ",.diI lev CII .Q 

t1V'1L~t1t1V'1mn:WL'W'elLL1J1J'elTJn1J'Vl (static stretching) 5 'W1Yl 

'" oIICIIt. q 0 

- Kneeling iliopsoas stretch 'lJ1-.lfl~ 15 'J'W1Yl Yl1 2 ~'el1J 

- Side quadriceps stretch 

- Hamstring stretch 

- Seated gluteus stretch 

- Standing gastrocnemius stretch 

110% 'lJ'el-.l1RM 

" ~1'W'JW·lf-.l 4 

~1'W'J'W']jV'l 2 • 

3. L'Jfl1~n 

" 
4. -rl'J-.l~'el'Wrlfl1t1n~1:WL\l'el1.h~:W1ru 10 'W1Yl 

" , ..:IiI Q ",.dI I V .oQj • .Q 

t1V'1L~t1t1V'1nfl1:WL'W'elLL1J1J'elTJn1JYl (static stretching) 10 'W1Yl 

'" Q q 0 

- Kneeling iliopsoas stretch 'lJ1-.lfl~ 30 'J'W1Yl Yl1 2 ~'el1J 

- Side quadriceps stretch 

- Hamstring stretch 

- Seated gluteus stretch 

- Standing gastrocnemius stretch 

" 
5. Yi1m~'tlniuV'l1'1ffl~ 1 .r'W ~'ell'W.r'W"r'WYlf m~t1'"l~HL'Jfl1;1-.l~:WV'll'Wm~Yi1m~ 

" " , 
YlV'lfl'el-.l(;]t) 1 bunLm:w rlf-.lfl~ 1 i'Jb:w-.l ~'el L'Jfl1 8 .00 'W.- 9.00 'W. 
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" 
1. 4'~L"i~m,J'mJm'nmmJntJ'n'l'\rnLt.lvhL~r1 L"r'I~~ 

q 

" 
2, ~ L-ihi'J~ Wl~';j4'tIL"lh.l~ r1'Yl~"r'I ~'enJ 'elu'tlt.li').:) WI tiL '" L~ ~"'l ~t.l LL~:::"r'I ~'el~y'h n1 ~ 

'IJ q 

, " , 
4, L '" ~ L;r ') i'J ~ n1 ~';j4' tI ~,)u':)Ut.l'elUn~nl1J n tI n tJ T\~Un L t.l vi'l L~ r1 L "r'I~~ L1~ rXt.l n1 ~t1 n 

'IJ q 

t.- I t.- I 

tJ')~un "'l ') n ~~vh ~ ') 90 'el':) jiI') LL~ 'J L '" ~ L;r') i'J ~ n1 ~';j4't1'el'el nLLNtI ntJ')~u n"'lt.l'elUL t.lvi'lVlL ~') 
q 'IJ 'IJ 

II tI I I 

L~~t1 ~ L1i'elU~ ~ "'l,) nut.l'el'eln LLN rX')t.ltJ,)~Un"'lt.ln~:::~.:) n~ulu'eluL t.lVh!3-~ rXt.l 
q 'IJ 

" , " 
5. '\.ntJ,)~Unl1~L;r')i'J~n1~';j4't1~')~')~(lvl')l~ 4 r1f.:) (4 RM) LL~'JtJ')~')~,)t.l'Jru~')ri') 

'IJ 

1RM 

, " " 
1l,)"r'Il1 6 - 7 n1~LL~~.:)vhn1~Yl~~'elUr1'J,)~LL~':)LLN"1l'el.:)n~,)~L\l'el"1l')!?l'eltJ,)~Un(;]'J 
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I I I II 

il'l'YfV18 mnL~~'1L,"i~''fl'ltJ~,",~'WhHhn~'l~L\l'fl t'W Oelsys EMGworks 3.6 

e.J~(;lt~tJ Oelsys Incorporated, United States of America 

, , " 
il'lYi~ 9 mnL~~'1'q1.Jm'nrL~'fl~1'l'fl11.JtJ'In~'l~L\l'fl"lJ'fl'l 

" " L,",1-'fl'ltJ~,",~'W1vlYhn~'l~L\l'fl t'W Oelsys EMGworks 3.6 
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I II I I 

11'l"r'i~ 10 n'l~LLM1~i'JflJiCYCY'lrur1~'W1vlYh~t.jfrJ~ (measuring electrode) 

. " . 
11'l"r'i~ 11 n'lnL~~~i'JflJiCYCY'lrur1~'W1vlYh~'l~~~ (reference electrode) 

I I I '" 

11'l"r'i~ 12 n'l~LL~~~n'l~[;]m~IOl~n'l~v'h~'l'W"lJ!l~ Lr11!l~rJ~ r1~'W1 vlYhn~'l~ L~!l 



108 

, ," 
1l1Y'lVl13 mJ'LL~I11,m1J'~ I11rl~"klLyJvhn~1l-J Lil'el"llru:;v'hmJ'tln 

I tI I I,... tI 

1l1Y'lVl14 mJ'LL~I11,m1J'~ I11i')ftJi'1!'1!1rurl~"klLyJvhVln~1l-J Lil'elL~UUl11L~1 ~'1-n 

1. mJ'~I11i')ftJi '1! '1!1rurl~"klL yJYh~n~1l-J LC'el LJ'rl~~ Yll-J'el1~ 
" , " 

2. mJ'~I11i')ftJi'1) '1!1rurl~"klLyJvhn~1l-JLil'el,)1~ ~~ i1 L~U'el1~~ 
" , " 

3. mJ'~ I11i')ftJi'1! '1)1 rurl~"klL yJvh n~1l-J Lil'el,)1~ ~~ L~ L Vl'elJ'1~~ 
", " 

4. mJ'~ I11i')ftJi'1! '1!1 rurl~"klL yJYh~1'1~'1tJ1L,) run~1l-J L il'el L~UU 111 L~1 
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100 Percents of Maximum Voluntary Contraction (100 % MVC) 

of Quadriceps Femoris Muscle 

, ," 

110 

.. "ell" 1.,1.':1 ®...." ell .... , 1. VlliOl(;)6J!lLIWf)~ (motor point) (;)'Jmr1~!l.:Jm::;(;]tJ YfV'll ELVY 'Vlnoc:ll6JLtJ!lLVlmJ(;)L"lJl , , 
... " " ... 

"lJ!l.:J"lJl-ifl.:J"lJ'Jl-r1.:J 3 ,J(;) ~!l n~I6JLil!lL~r1(;]~ ~6J!l1'~ n~I6JLil!l'Jl~(;]~ iJL~tJm~~ LLoc:l::;n~I6JLil!l 
, " 

'Jl~ (;]~ Lm'Vl!ln~~ L(;)tJL-nLr11!l.:Jm::;~tJn~l6J Lil!l ~'JtJ1~YlI , 
" , 

2. ~(;)O]'JfU~'1J'1Jlrur1~tJ1~YlI (measuring electrode) 
" "" I 

n~l6J Lil!l LVI~tJ (;) L~I"lJ!l.:J"lJl-ifl.:J"lJ'Jl-r1.:J 3 ,J (;) L(;)tJ ~ (;)O]'Jfu~ '1J '1Jl rur1~tJ1 ~YlI91tJ'JtJ 1 ~tJ(;]!l 
" " , 

n~I6JLil!l 1 ,J(;)LLoc:l::;~(;)o]'Jfu~'1J'1Jlrur1~tJ1~Yll~I.:J~.:J (reference electrode) 1 ~tJ LtJU1'L'Jru 

3 . L ~ ~\ -ifli'J6J n1~i)r.rmr.:JUtJ!ltJnmrtJ ntJn~lV1trn L tJV11 Loc:l r1 LYi~~ LLoc:l::;L ~!l~L tJV11 C~6J 
'lJ' 'lJ 

I I" I I 

lOll n6J6JVh~1 90 !l.:J fill L(;)tJ r1'JI6JVltrnVlL-ntJ ntrtJiOl::; LlltJr1'JI6JVltrnVl ~ L -if li'J6J n1~i)r.rtJ hJ ~16Jl ~(1Vl 
, 'lJ 

iOl::;tJ n~ lV1trn 1~ lOll n'!tJL ~ ~ L -if li'J6J n1~i)r.r tJ!l!l nLLN Ln~.:J n ~16J L~!l (n ~ 16J L ~!liOl::;VI (;) (;]'J LLUU 
'lJ 

I ,,1/ I 

1!l L'l! L6J (;]1'n) L ~6Jl nVl~ (;) LlltJL'Joc:ll 5 i)tJ1Vl 'Vl (;)~!lU-r1.:JVl6J (;) 2 r1f.:J~.:J mr.rtJiOl::;,rtJ~n ~oc:liOll nn1~ 
, 'lJ 

I I II I 

'Vl (;)~!lUVliJ rh r1~tJ1 ~Yll n~l6J L il!l6Jl nVl~ (;) , 
Ill" " 

4. v'i1n1~,rtJ~n r1~tJ1 ~Yll n~l6J Lil!l "lJ!l.:J n~l6J Lil!l LVI~tJ (;) L~I"lJ!l.:J"lJl-ifl.:J"lJ'Jl-r1.:J 3 ,J (;) 
I I" I 

L(;)tJL-nLr11!l.:Jrr(;)r1~tJ1~Ylln~I6JLil!l itJ Oelsys EMGworks 3.6 "lJru::;Vl~L-ifli'J6Jn1~i)r.rm11n1~ 
" !l!lnLbNLn~.:Jn~I6JLil!lLlltJL'Joc:ll 5 i)tJ1Vl 

I " I I I 

r1~tJ1~yhn~l6J Lil!lVl,rtJ~n 1~iOllnn1~'Vl(;)~!lU 6Jli) Lr1n::;lfVll r11~1 nVl~!l.:J"lJ!l.:J r11 L'U~tJ nl~.:J~!l.:J 
, " 

L(;)tJL-nLtJnLm6Ji)br1~I::;lfr1~tJ1~yhn~I6JLil!l (signal acquisition and analysis software) 
, , " 

rhVl1~~.:J~ (;) LmtJU LVltJU LlltJ r11¥!ltJoc:l::;Vlij.:J¥!ltJ"lJ!l.:J n1~VI (;)(;]'J"lJ!l.:Jn~l6J Lil!l~.:J~ (;) LYin::;~1 n1~ 
IIlJ ~ IIlJ ., 

'" I 11 I 

VI (;) (;]'J"lJ!l.:J n ~16J Lil!l LLUu1!l L 'l! L6J (;]1'n LlItJn1~VI (;)(;]'JVl n~l6J L il!l~I6Jl~(1!l!l n LLN 1~6Jl nVl~ (;) , 
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Percents of Maximum Voluntary Contraction (% MVC) of Quadriceps Femoris Muscle 

" II II I 

n~"n,JLU'elLVI~rJ(;)L~1'lJ'el--l'lJ1.jf1--l'lJ,)1"t1--l 3 ~(;) L(;)rJ~(;)i')fU~'1J'1J1ru~~'WlyHh~1'W,)'W 1 tl'WI11'el 

" " , 
n~1~JLU'el 1 ~(;)LL~:;~(;)i')fU~'1J'1J1ru~~'W1vh~h~1--l:S--l (reference electrode) 1 tl'W l'Wu1-L,)ru 

, " 
3. 1 ~~ L.jf1i')~ n'l~'19m1--lu'W~,jn~nmnrJmJ1V11!n 1 'Wvl1 L~ ~ L 'Vi~~ LL~:;l ~ ~ L.jf1i')~ n'l~ 

I "" I 

'i'j9rJ vl1n'l~'tJn(;l'l~L,jmm~Vl9u'tl~1nl~'WLLI11~:;~,j(;)1oX Yl(;)~'elU"t1--lVl~(;) 2 ~f--l ~--lm9rJ9:; 
'" 

I I "I 

u'WVi n ~ ~91 n n'l~Yl (;)~'elUVlrJ 1"11 ~~'Wl ~yh n~1~ LU'el~1 nVl~ (;) , 
I "" " 

4. vl1 n'l~u'WVin ~~'Wl ~yh n~1~ LU'el 'lJ'el--l n~1~ LU'elLVI~rJ (;) L~1'lJ'el--l'lJ1.jf1--l'lJ,)1"t1--l 3 ~ (;) 
" " L(;)rJH'L~1-'el--l~(;)~~'Wl~yhn~1~Lu'el i'W Delsys EMGworks 3.6 'lJru:;vl1n'l~'tJnl'WYJnL,jnLn~~ 

I I II I 

5. L ij 'el vl 1 n 1 ~ 'tJ n 1 'W LL 111 ~ :; ~,j (;) 10X L ~ ~ 9 LL ~ ') 1 ~ oW 1 ~ ~ 'W 1 ~ Yl 1 n ~ 1 ~ L U 'el Vl u'W Vi n 1 ~ 

91 n n'l~'tJ n ~1'1 L~~1:;oXVl11"l1n n~~'el--l'lJ'el--l1"l1 L'tl~rJ rh~--l~'el--l L(;)rJl-D1,j nLn ~~ '1 L~n:;oX ~~'Wl ~Yl 1 
" , 

n~1~LU'el (signal acquisition and analysis software) 1"l1Vll~~--l~(;)9:;oW1~1LllirJuLVlrJunu 
" " 1"l1~--l~ (;)'lJ'el--l1"l1n nVl~'el--l'lJ'el--l1"l1 L'tl~W11~--l~'el--l'lJ'el--l n'l~VI (;)~,)'lJ'el--l n~1~ L U'el LLuul'el L'll L~ (;l1-nVl1-'el 

'U , 

I "I t.-
.lI 4l! ..... ",.diI .cI III cv 1I.diI 

m~'elrJ~ :;VI'W--l~'elrJ'lJ'el--l n'l~VI (;) (;l,)'lJ'el--l n~1~ L'W'el~--l ~ (;) L'Vi'elVl1 ~1 ~'elrJ~:;'lJ'el--l n'l ~VI (;) (;l,)'lJ'el--l n~1 ~ L 'W'el '" . 

maximum RMS values of training x 100 

% MVC = 

maximum RMS values of isometric contraction (100% MVC) 
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• 

1l1FleJ'U1n 'If 
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, 
m::;Yl~(l.:JnI~vi'El'l ~Ylm~v~::;nyq1 

, 

m::;Yl~(NnI~vi'El'l ~Ylm~~~::;nyq1 

fl1 rilj'1!1 nltlfl1YiU1U J;l ri ru::;nltlfl1YiU1U J;l 

2-J"nIjYltl1~m.J~J;l~ 

fl1 rilj'1!1 nltlfl1YiU1U J;l ri ru::;nltlfl1YiU1U J;l 

2-J\nIjYltl1~t12-J~J;l~ 

fl1rilj'1!1n1t1fl1YiU1U J;l ri ru::;~~ ~,)'1!P11~!1lf 

"'lyq1~'lmru2-J~1IjYltl1~t1 , 



111fHJ'U1n W 

~u~i~~~~11~i1~~~ 
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~'nrn';)'ll1';)Ylm Pl1~ t;lfm~nYh 

'"l"r11~,.:mmhn,~1';)Ylm~t.I • 

~'1~~'1lJ1~'Jt.I " . LIilNi1'1';)YlmilvfWfl'UUUrJ'f1 
... 

I!:!. LLU uth::: Lij'WL ~'f1"'1'lJ'f1'1 hJnLmlJ n1~'tl n 1il'f1'WL eD'Wt;l1-n lil'JU rl flU m ~'tl n 
'" 

L~IilLeD'Wt;l1-n ~HL'J~1L'Wm~~m:::"'~1'1'llC;] <I:' 'W1Vl I!:! 'W1Vl LL~::: c;no ';)'W1Vl • ... , 
c;n. LLU uth::: Lij'WL ~'f1"'1'lJ'f1'1 hhLLmlJ m~'tlm~ Iil LeD'Wt;l1-n VlHL'J~1L'Wm~~ n 

... 
<1:' . LLU uth::: Lij'WL ~'f1"'1'lJ'f1'1 LtJnLn~lJ n1~'f1U'el'Wi1'1 mt.l LL~::: LtJnLmlJ • 

... , 
~'Jt.I 'W1WHUPlf 'WJiYl~~Ylmfi~ il~t;l~:::~U1J,W"Yit;l~n~1 i'WUVlI!:! LL'lJ'W'I';)'ll1 

'" 
~1~';)Ylmm~n"r11 ~1,rn';)'ll1';)YlmPl1~t;lfm~n"r11 '"l"r11~'1mrulJ"'1';)Ylm~t.ll~~u'f1'WlJ~LIilNi1'1 • • , , ... 
';)YlmilYi'WflL~'f1'1 "n1~';) LIil~1:::-J 1il~'Wl vHhn~1lJ L ~'f1'lJ'f1'1 m~'tl n 1il'f1'WLeD'Wt;l1-n lil'JU rl flum~'tl n L~ Iil 

OJ 

LeD'Wt;l1-mL~::: m~'tlm~1il LeD'Wt;l1-n Lc;]t.lL·h:::t.I:::L'J~1~ n~LLt;l n (;l1'1fl'W" ~'1 LtI'W~'J'W",ti'l'lJ'f1'1 m~~ n~1 
mlJ"'~ n~ t;l~';)Ylt.l1 Pl1~ t;l~lJ"'1U rurYi t;l ~1'lJ1';)'ll1';)Ylm Pl1~ t;lfn1~n"r11 fl1t.1hl n1~Iil'JU IillJ'lJ'f1'1 " . 
~'ll'Jt.lPl1~t;ln'"l1~tJ c;]~ . 'llil'WYlfitJ ~'WYi~1fl~ru 'f11'"l1~tJ~mn~1';)YlmilYi'Wfl",~n 
" 

L ~'f1L mYlmilYi'WfliJ 1il'J1lJ{ln~'f1'1 LL~:::1il'J1lJ~lJU~rut;l1lJrJ t;l{ltJ~:::~'1r1~~'1H L 'W 
" "'. 

n1 ~~Iil ru:::m~lJ n1 ~U1-"'1~'" ~ n~ t;l~';)Ylm Pl1~ t;l ~lJ"'1U rurYi t;l Llili'lJ'f1 1i1'J1lJ'f1'WLIil ~1:::-JL1t.1'WL:n ru '" . ~ 

vl1'WLtI'W~YlN ~ ru1 ~~'"l1 ~ru1 Llili'f1'1ij'f1 m~';)4't.I ~'1 n ~1'J 
~'1L1t.1'WlJ1 L~'f1 LtJ~C;]~'"l1~ru1L~ 1il'J1lJ'f1~Lliln:::-JLtI'W~YlN ~ ru1 ~ t;l~'J'"l Llili'f1'1ij'f1 

n1~';)4't.I~'Jt.I 4'mtl'WYi~:::lilru~'1 LL~:::'lJ'f1'lJ'f1UlilrulJ1L'WL'f1m~~ • • 

"" IilruUc;] 

m.i'Jt.I"'~ n~ t;l ~m~L1t.1'Wm~~'f1'W~:::~UU rurYi t;l ~ n~1 cl1t.1';)'ll1 mnL~:::';)4' t.I 
'" 

L Yl~. o-I!:!I!:!" ~-" 0" b 

L Yl~~1~ o-I!:! I!:! " ~-" 0" 
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~1,rn';j'l!1';j'Vlm Pl1~ ~fn1~n~1 

9~1~~n~nr~~1';j'Vl~1~~ , 
r1UUYi~::;~1~ ~ UYl~1'u , 

1.1 I I I I 11 

lD. LLtJtJU~::;LijUL il'eJ~1 L~1-'eJ~i1'eJYl1-n Un1~';j9~ L1-'eJ~ n1~1' (;) ~~ul ~Yhn~1~ Lil'eJ 

~1-~';jYlmn1~n~1 ~1,rn';j'l!1';jYlmPl1~~fn1~n~1 9~1~~mnr~~1';jYlm~~ 1~ftJ'eJu~1iL~Ni1~ . , , , ... 
';jYlmilYiujfL1-'eJ~ "n1~';j L~~1::;tf~~ul ~Yhn~1~ L il'eJ"lJ'eJ~ n1~rJ n ~'eJUL:nU~~n ~'JtJ ~ ntJ n1~rJ n L~ ~ 

'IJ 

L:nU~~mL~::; n1~rJm~~L:nU~~n L(;)~1'h::;~::;L'J~1~n~LL~n~1~nU" ~~LlIU~'JU~~~"lJ'eJ~n1~~mj'1 
m~~~ n~ ~~';jYlm Pl1~ ~~~~111ru-n ~ ~1"lJ1';j'l!1';jYlm Pl1~ ~fn1~n~1 Jl1~1~n1~~'JtJ ~~"lJ'eJ~ " , 
~-rl'J~Pl1~~~191~~ (;)~ . 'l!ilu'Vlf-n~ ~uYinJl~nr 'eJ191~~~mn~1';jYlmilYiufi~~n 
" , , ... 

LYJ'eJ 1mYlmilYiufiiJ~'J1~r1 n~'eJ~ LL~::;~'J1~~~tJ~nrm~1' ~r1u~::;~~rlYlI'l~H 1u 
'IJ " • ... 

n1~i'l ~ ru::;n~~~ n1~tJ~~1~~~ n~ ~~';jYlm Pl1~ ~~~~111 ru-n ~ 1~ i"lJ'eJ ~'J1~'eJUL~ ~1::;tfL1-~UL:n ru " , ~ 

vl1uLlIu~YI~~ ~ ru1 ~Vi91 ~ru1 L~i'eJ~i1'eJ n1~';j9~ ~~ nfl1'J 

~~L1-~U~1L ~'eJ LU~(;)Vi91~ru11 ~ ~'J1~'eJUL~~1::;tfLlIU~YlN ~ ru'J ~ ~~'J9 L~i'eJ~i1'eJ 
'I '\I" " , ... 

n1~';j9~~'J~ 9mllUYi~::;~rutj~ LL~::;"lJ'eJ"lJ'eJtJ~ru~11uL'eJn1~i'l , , 

"" ~rutJ(;) 

m..l'J~~~n~~~n1n1-~un1~~'eJu~::;~tJl1ru-n~~n~1 ~1~';j'l!1n1m~::;';j9~ 
" 

LYI~ . o-l!:Jl!:J~~-~o~b 

LYI~~1~ o-l!:Jl£J~~-~o~ 
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~'El'WL;'W[;11nf)')1J ~n1Jn11'tln L ~~ L;'W[;11n~ rfI'El ,mI1t)1'1 ~ljj ~,)llJ L"'lJ1:::~lJ LYiEJ'I11'1 

+ 1 "'lJIEJn'l jj~,)llJ mlJ1:::~lJ1'W 'LU1LLnTlJn11'tl n ~'El'WL;'W[;11n ~,)1Jrln1Jn11'tl m~~ L;'W[;11n 

1 . Pl,)llJt-II'1'lJ'El'l1:::U:::L,)flln11'tln 1'WLL(;]fl:::'LunLnTlJn11'tln 

1 ~U1'11oJ 

3. Pl,)llJwwn~1-n'Wn11'tln 90% 'lJ'El'l1 RM 

1'W'LunLn1lJn11'tlnPl'El'WL;'W[;11nPl,)1J~n1J 

n11'tlm~PlL;'W[;11n 

, 
-"-- '" "'-Pl,)llJ PlI'1 L "''WL Y'llJ L[;1lJ LLfl :::'lJ'El L~ 'W'El LL 'W:::'lJ'El'l ~ YIN ~ ru1@J 

" 

+ 1 

... 

o - 1 

(Pl,)1LU~EJ'WLLUfl'l LU'W) 

fl'l'll'El .. ... .. ... .. .. . . ..... .... .. .. ..... .. ... .. .. . 

( ........ .......... ... ...... ....... ... ... .. ..... .. ) 

.. ....... .1. ..... .. .... ... /2552 



120 

... 
LHJ'W 

'lJ'e) L ~vl1'W~'V1 1'1 ~ rul ~~~ 1 Iru1 L d'e)~1 LLl'l ~ ~ojf'e)n fl'l1l-J ~'e) (11 fl ~'e)'1 rlULU ILLnll-Jn 1 Itl n 

L~fl L''W1il1n~ (;]'e)'1 ml.r(11 ~1n fl'l1l-J ml-J1~~l-J LiAltl'lL(11 

+ 1 ~l-J1t1ii'l nfl'l1l-Jml-J1~~l-JL'WLUdLLml-Jmltlm~flL''W1il1n 

o ~l-J1t1ii'l hJ LL1.lL~~1nfl'l1l-JL~l-J1~~l-JL'WLUdLLml-Jmltlm~fl L~'W1il1n 

- 1 ~l-J1t1ii'l 1lJnfl'l1l-JL~l-J1~~l-JL'WLUdLLnIl-Jmltlm~flL''W1il1n 

1. fl'l1l-J"'1'1'lJ'e)-:JI~t1~L'l~1mitJnL'WLLl'l~~LUdLLml-Jmltln 1 

lumlf 

90 'e)'1P11 

3. m1l-JWt!n~L;n'Wmltln 110% 'lJ'e)-:J 1 RM 

L'WLUdLLnIl-Jmltln L~ fl L''W1il1n 

... 
LL~~ 4 'W1'V1 

, 
_ ct _ _ '" "'_ 

fl'l1l-J fl (11 L~'WLYm LIill-J LL~~'lJ'e) L~'W'e) LL'W~'lJ'e)'1 ~'V1d'1~rul ~ 

.. 

+ 1 o - 1 

(fl'ldLU~ t1'WLLU ~'1 LU'W) 

~'1'l!'e) ...... ...... .... ....... ........ ..... .... .... .... .. .. . . 

( ...... .... .. .. ...... .. .... ... .. .......... ...... .. ) 

.. .... .. . .1 ...... ....... . .12552 
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... 
LHJ'W 

'lJ'flL,xvi 1'W~V1 N "Jru1 ~~"'l1rru 1 L ~'fll-l1 LLI1l ~ ~if'fl rll"l'J 1~ ~ 'fl11l1"l~'fl'l fllJ hJ r LLn r~ n1 r'fllJ~'W 
i1'1n1EJ~rX'fl'ln1r1'11l ~1rlm1~Ll-I~1~~~LYlEJ'I111l 

+ 1 l-I~1EJn'l rll"l'J1~Ll-I~1~~~L'WhhLLm~n1r'fllJ~'Wi1'1n1EJ 

o l-I~1EJn'l 1lJ LL llL"'l~1rll"l'J1~ Ll-I~1~~~1 'W LUrLLm~n1r'fllJ~'Wi1'1n1EJ 

- 1 l-ImEJn'l 1lJrll"l'J1~Ll-I~1~~~L'WLUnLnr~n1r'fllJ~'Wi1'1n1EJ 

LurLLm~m1'fllJ~'Wi1'lmEJ (Warm-up) 

.0:11 ""II '" J' . ... ...J . . ...... .: 
EJl11Ll-IEJEJl11m:n~L'W'fltlfJnlJV1 (Static stretching) 5 'W1V1 11l'l'W 

1. Kneeling 

iliopsoas stretch 

2. Side 

quadriceps 

stretch 

3. Hamstring 

stretch 

4. Seated gluteus 

stretch 

5. Standing 

gastrocnemius 

stretch 

Rectus Femoris 

,Iliopsoas 

Quadriceps 

Hamstrings 

Gluteus 

maximus 

Gastrocne-

mius, Soleus 

+ 1 

- ... 'J'W1V1 

vh 2 r'fllJ 

.. ... 
'J'W1V1 

vh 2 r'fllJ 

.. ... 
'J'W1V1 

vh 21'fllJ 

.. ... 
'J'W1V1 

vh 2 1'fllJ 

.. ... 
'J'W1V1 

vh 2 1'fllJ 

o - 1 

(mnU~EJ'WLLU~'lLth.J) 
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, 
_t:S __ 1.1 1,1_ 

F1'Jl~F1(?l L'l.-I'WL'Yi~ L[;\~ LL~ :::"1I'tl L~'W'tl LL'W:::"1I'tl-.l ~'Vl N ~n.q~ 

.. 
~-.l"1l'tl ...... .... ....... ...... .... .. ... ...... ... ....... ..... . 

( ..... .. ...... .... ... ... ... ... .... .. ... ... ........ ) 

.. .. ... ... 1 ..... ..... .... .12552 
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... 
LHJ'U 

'lJ'flL ,xvil'U~'Vl N ~ rue ~Yl" 1 rru 1 L~mn LLj;]~ :::4i''flil rl'll~~'fl ~ rl ~'fl'lnlJ LU mn r~n lHJ'fl'Url ~lU 
"" J'..J 1I ...., ... ..... " 

n~l~L'U'fly!(;l'fl'ln1r'l~ 'll~rl'll~L"'~l:::~~LYlU'l ~~ 

+ 1 ",mun'l ilrl'll~L"'~l:::~~L'ULunLm~n1HJ'fl'Url~lUn~l~L~'fl 

o ",mun'l hJLL,jL"~lilrl'll~L"'~l:::~~L'ULunLm~n1HJ'fl'Url~lUn~l~L~tl 
- 1 

J' 
L'Utl",l 

ttJnLnnJmr~tl'Uf)'/'ilUn~l~ L'Utl (Cool-down) 

~~L",uu~n~l~Ld'fltl~nlJ~ (Static stretching) 1 0 'U1Y1 ~'1d 

1. Kneeling 

iliopsoas stretch 

2. Side 

quadriceps 

stretch 

3. Hamstring 

stretch 

4. Seated gluteus 

stretch 

5. Standing 

gastrocnemius 

stretch 

Rectus Femoris 

,Iliopsoas 

Quadriceps 

Hamstrings 

Gluteus 

maximus 

Gastrocne-

mius, Soleus 

- ... 'l'U1Y! 

rh 2 r'fllJ 

- ... 'l'U1Y! 

rh 2 rtllJ 

- ... 'l'U1Y! 

rh 2 r'fllJ 

- ... 'l'U1Y! 

~l 2 r'fllJ 

- ... 'l'U1Y! 

~l 2 r'fllJ 

+ 1 o - 1 

(fl'lrLU~mmtJ~'1LU'U) 



, 
_ c:r _ _ "" ""_ 

f),)1l-Jf)~ b~'WbYil-J bl'll-J bV~:::'ll'el b~'W'el U'W:::'ll'el'l ~'Vl~'l~ru1[ij.J 

, .. 
~'l"1l'el .. ... .... ......... ... . .... .... ... .... .. .... .. .. ...... . 

( ... .... .... ... .... ............ .. ......... ..... ... ) 

...... .... I .. ..... .. ..... .12552 
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<-

n~1~Li1'el ~1ijPl'J1~LVlm:;~~LY1t1'11~ 

+ 1 Vlmtln'l ijPl'J1~LV1m:;~~lumTt)~Pl~u1vHhn~1~Ln'el 
• <-

o Vlmtln'l hJ LLlllr.d1ii Pl'J1~ LVl~1:;~~lumTt)~Pl~u1 YH~1n~1~ Li1'el 

- 1 Vl~1t1n'l 1~ijf01'J1~LVlm:;~~lumTt)~f01~u1yJ.yhn~1~Ln'el 

1. n~1~Ln'el~lflumTt)~f01~u1yJ.yhn~1~Ln'el 

n~1~Ln'elLTf01[;]~ YJ~'el1~ (Rectus femoris) 
<-

n~1~Li1'el'J1~[;]~ ijL~t1m~~ (Vastus medialis) 
<-

n~1~Li1'el'J1~[;]~ L~L'Vl'eln~~ (Vastus lateralis) 

2. f01'J1~tJ1'J'lI1'l1'el'l ~ L;11 i'J~mTi)4't1 LVI1 rlUVlr'el (;]1'1rlu1~ Lnu 

2 L'llU~L~(;1T 

3 . mTH'nn~~'el'l'll'el'lr-11L1l~t1ri1~'1~'el'l 

(Root Mean Square, RMS) lumTi)Lf01n:;l-ff01~u1yJyh 

4 . mTH'r-11~'eltl~:;'lI'el'lmTVl~[;]'J'lI'el'ln~1~Ln'el~'1~~ (Percent 

of Maximal Voluntary Contraction, % MVC) lumT 
• <-

LmtiU L VltlU r-11'l1'el'l f01 ~u1 yJyhn~ 1~ Li1'ell ULL(;]~:; tUT LLm~ 

mT'tln 

. 
.... Cf .... -. 1.1 1.1 .... 

f01'J1~f01~ LVltJ.Lym L(;1~ LL~:;'lI'el L~U'el LLU:;'lI'el'l ~'VlNfJn'l1(;JJ 

+ 1 

. .. 

o - 1 

(f01'J nU~t1ULLU~'1 LUU) 

~'1'.n'el .. ..... ....... .. .. .. ... ..... .... .. .. ... .. .. .. . 

( ...... ... ... ... ...... .................... ...... .. ) 

..... ... . .1. ......... .... .12552 
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" ~~n1nh:::d:1'W1 'Wn1~(;]~'J9~'el'lJrh r1'J1l-J (;]N b:n'l btjm~1'l1'el'l LL'lJ'lJ1.h:::d:1'W Ln ru'Yl1'Wn1~ 

[;]C?I~'W~'el rh~"lllJ (Item Objective Congruence, IOC) 'lI'el'l~'V1N~ru1~'V11'l~1'WLumml-J 

n1~!Jn bL~:::~'V1Nrlru'J~'V11'l~1'Wn1~1'C?lrI~'Wl~Yl1n~1l-JL~'el 
'lJ " 

.r 
L'\.I '£1'1.'11 

1 . r1'J1l-J\h'l'll'el'l~:::t1:::b'J~1 n1~!Jn 1 'Wbb(;j~:::LunLml-Jn1~!J n 

1 iUC?l1'IX 

3. r1'J1l-JwwnVl1-iil'Wn1~!Jn 90% 'lI'el'l1 RM 

1 'W LU~Lbml-Jn1~!Jn F1'el'WL ~'W(;]1n r1'J'lJ rin'lJn1 ~!Jn 
" 

3 1 o 

4 o o 

3 o 

3 o 

3 o 

3 o 

, 
F11 

IOC 

0.75 

1 

0.75 

0.75 

0.5 

0.75 
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..... - a , 
'i~UlUfl~1~flUlL'WU fl1 

...I' a '" l~LL'U'~ l~L~'U IOC L 'U'e),..1 L"''UUI~!.1 

'" UI~!.1 

1. fl'l1lJ~1-:l'lJ'fl-:l~::;tJ::;L'l~1 n1~'tJ n 1 'ULL(;]~::; LU~LLmlJ n1~'tJ n 3 1 0 0.75 

1 iU~1i 

2. 'VhVlH1'Un1~'tJn 1-ifvlTw-:lnuu'ULVl1 r.nnlJlJVlL~1 4 0 0 1 • 
90 'fl-:lpj1 

3. fl'l1lJVI,rnVlH1'Un1~'tJn 110% 'lJ'fl-:l 1 RM 3 1 0 0.75 

1'ULUnLmlJn1~'tJnL~flL~'UI;]~n 

4. ~1'U'l'Ufl¥-:l (;]'fl"l! ~'lJ'fl-:ln1~'tJn tJl'ltJ~1V1,rn . ::. 
'"l1'U'l'U 4 fl~-:l 4 0 0 1 • 

5. ~1'U'l'U"l!~'lJ'fl-:lLUnLmlJn1~'tJn ~1'U'l'U 2 "l!~ 3 0 1 0.5 • • 

6. ~::;tJ::;L'l~1n1~~n1'U~::;VI~1-:l"l!~ 30 ':)'U1Vl 
.... 

2 'U1'Vl 4 0 0 1 • 
.... 

LL~::; 4 'U1'Vl 
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...a .I .... .,f...a ........ ~ .... ""...a "" 
~1!J n1~'VI 3 LL1.J1.J1.J~:: L~1J L 1J'el'VI1 Lfl ~'el.:l~'el'VI L"li ~ 1J n1~1~!JL ~'el.:ln1~1 l'I 

fI~1Jl...Jvhni1~L;f'el 

"" .... '" I 

~::l'I1.J fl11~ fI l'I L'VI1J fl1 
., 

'" v 
l,jLL1J'~ l,.iL~1J .ell L'VI1Jl'I1!J IOC L'W'EI VI 1 

v 
l'I1!J 

1. " ..r coIH1 .....eII l"floW " ..r n~1~L'W'ElV1 "ll 'Wn1~'l~f'l~'W 1n~1~L'W'tl 3 0 0 1 
., 

- n~1~Lll'tlL~f'l~~ ~~'tl1~ (Rectus femoris) 
., 

".ell .... ijL~U'tl'l~~ (Vastus medialis) - n~1~ L'W'EI'l1~1?l~ 
., 

".ell .... 
L~LV1'tl~1~~ (Vastus lateralis) - n~1~ L'W'EI'l1~1?l~ 

2. f'l'l1~U1'l"1J1"1J'EI~ ~ L'ihi'l~ n1~'il9U LVl1n'WVl1'E1 r;l1~ n'WhJ 3 0 0 1 
" 

Ln'W 2 L"ll'W~L~I?l~ 

3. n1~ 1-if~1n~~'tl~"1J'tl~ r-11 L'U~ U fh~~~'tl~ 3 0 0 1 

(Root Mean Square, RMS) 1'Wn1~'ilLf'ln:;'I-f 
I ., 

f'l~'Wl "floW1 n~1~ Lll'tl 

4. 1'" I 1.1 IV ",..di 
n1~ "llf'l1~'tlU~:;"1J'tl~n1~VI~I?l'l"1J'tl~n~1~L'W'EI~~~~ 3 0 0 1 

" • 
(Percent of Maximal Voluntary Contraction, % 

MVC) 1 'Wn1nmutJ L~utJr-11"1J'EI~f'l~'Wl"floW1n~1~ L~'tl1'W 
LLr;l~:;'i:tJnLn~~n1~~n 



.¥ 
L 'U'il'VI1 

'hJ~LLm'l-Jn1~'el'lJ~\Ji1-:Jn1tJ (Warm-up) 
" , " ..c:Y cal i.I dI I CVel CIiI .... cr 

tJ~LVltJtJ~n~1l-JL\J'el'el~n'lJVI (Static stretching) 5 \J1V1 ~-:J\J 

o ... ... , , " ~ .... ~ " ~~ " 
~1~'lJ/"ll'elVl1 Vl1 n~1l-JL\J'elVi ~"ll L'l~1V1 ~"ll 

1. Kneeling 

iliopsoas 

stretch 

2. Side 

quadriceps 

stretch 

3. Hamstring 

stretch 

4. Seated 

gluteus stretch -1 

5. Standing 

gastrocnemius 

stretch 

( 

~ 

Rectus -If1-:J~:; 15 

Co .... 
Femoris 'l\J1V1 

,Iliopsoas vl1 2 ~'el'lJ 

Quadriceps -If1-:J~:; 15 
Co .... 

'l\J1V1 

vl1 2 ~'el'lJ 

Hamstrings 

Co .... 

'l\J1V1 

vl1 2 ~'el'lJ 

Gluteus 

maximus 
Co .... 

'l\J1V1 

vl1 2 ~'el'lJ 

Gastrocne-

mius, Soleus 
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IV .... c:J , 
'i~~'l..J 1"1'l1~ I"1~L'VI'U 1"11 

c:J 
'l~ 'l ' c:J L'VI'U ~ L'VI'U IOC 

.-
LL 'UL"'I 

.-
~'ltl ~'ltl 

4 0 0 1 

4 0 0 1 

4 o o 

4 o o 

4 o o 

4 o o 



d' 
L 'U'£l'VI1 

hJ ' ".: ~LLnnJn1~~'el'UFl~1t1n~'nJL'U'el (Cool-down) 
" , " 

~(;lL~utl(;ln~1lJL\l'el'el~nlJVl (Static stretching) 10 'U1Vl ~~il 
o .... 4 I 

~1(;llJ/"1!'el'Vl1 

1. Kneeling 

iliopsoas 

stretch 

2. Side 

quadriceps 

stretch 

3. Hamstring 

stretch 

4. Seated 

gluteus stretch -1 

5. Standing 

gastrocnemius 

stretch 

vh 

( 

-~ 

Rectus .jf1~~:; 30 

... ... 
Femoris ,)'U1'Vl 

,Iliopsoas Vi1 2 ~'ellJ 

Quadriceps .jf1~~:; 30 

... ... 
,)'U1'Vl 

Vi1 2 ~'ellJ 

Hamstrings 
... ... 
,)'U1'Vl 

Vi1 2 ~'ellJ 

Gluteus 

maximus 
... ... 
,)'U1'Vl 

Vi1 2 ~'ellJ 

Gastrocne-
... ... 

mius, Soleus ,)'U1'Vl 

Vi1 2 ~'ellJ 
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-... .... a , 
'i::UI'U Fl11~ FlUlL'WU Fl1 

a 
\~ \~L~'U L'VI'U IOC 

.., 
LL'U'~ 

.., 
Ul1!.1 Ul1!.1 

4 0 0 1 

4 0 0 1 

4 o o 

4 o o 

4 o o 

4 o o 



1l1f1r.JU'ln iJ 
~u~i~r~~~~~1~fi~~~ 

131 
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rinin1':n:h101ff1!l ~{nll om 
,w,n .m~r';J111il1Ulciu 

1O~~1 111· .. iol J .......... Q}.P.t1. .. .. .... 
~\I~ ..... \t~/~.:.O'.~.11!11 .... .\.t.Q\,. 

i:f1U-nU flw:;m'ilJfll1,y;1I1HU111;tll!1'llJfll11I1tlhJfll.J n~lJt'!"IHl'(l1,j'U 'It~~ 1 1m .0-2218-8147 

Yi II') ,,-~ /52 -JU~ 1b YHlf1iiflltl'U 2552 

.at ...... ""oCt... ~ .. 
mlu flWtJ~n'1\'ln,)'lf1TYltllf11n'~ml1mfl 

~.:I~ci.:lUl~'ltJ I. '1Jfm6~F·lt'1fll':j'yjlll'JWl 
2. ,r6lJt'!rl".d1J\h:;'lflm~')mh~'I1~ 6~ijri')'U~ ,)lJ 1 'U fll'J 1l1tl 

3. 11J~Utl6lJ"6~lh:;'lflm~,)6tll~'I1~ 6~ijri')'U l')lJ''IJ fll1 1l1tl 

4. 1L1J1Jn'61JmlJ 

.d .,........ ... • ...... .. .. d 

~llJYI'IJ 1 tlt;]11J1'f'J 'lJflYI'l ~ Yltlll! 1 'IJ n'~ 1 ::~1JlJ'I111J W'tWl n'1'IJ m'l1nYltlll'fln'lI'J fll1 nWl 

~W1MmWlJ'I111Y1tllntl '~In''lJ61fl'.i~fll11I1tl~ 1 02.1/52 Lt6~ fll'J1Lfl'.il:;l1fl~'IJ'rlvhm\'nmi6"6~fll'J 
""1 oj oj.. , ~ ""1 oj.. -!II oj oj .. l'Y. ~.., ~ 
Hnl6fll'lf'IJ1i'l nfl,)1J~n1Jm1 Hnfl6'IJ1'If'IJmnut'!::m'J Hnlflfll'lf'IJ~'Jn ~w 'lJ1:;tl:;llnl~nYlU~n" Nn'U 

(ELECTROMYOGRAPHIC ANALYSIS OF COMBINED ECCENTRlC WlTH CONCENTRlC 

TRAJNING AND ECCENTRlC TRAINING USING DIFFERENT RESTING INTERVAL) lY7fllM 

m'JlJfll'J~Yl1Jm'IJ'I1nn ,y;1I11Wlll~tll!'J'Jllfll'J1~tlml11n::LVtl~U~~LI"',)U\ 
n1'l if nn lln1'J ~Yl1JYI,)'IJ'I1-nn '~I'~'IJ n'lJfl ')1 1 M Hl'IJ n1'JYi II1'JW 1 \l; tll! 1 111m 'j 1l1tl'~ 

1m6.:j1'IJ.yj 9 ~ql'fiiflltl'IJ 2552 

" ' .,... d.... 1" (Fj'l1')tlf11n'1I'ilIl1'W ~'J.'IJ'lJm 'lftl'l1'IJ::')~l'fl 'J1l'IJ) 

il'l111fllmn::m'IJ1'4 fl1 'J 

flW:: m 'Jlln11,y; Ill'iW 111; tll! 1'J llfll'J1l1tl 1 'lJfl'U 
I "d .. _ ... 

nqlln'l1n'm1J'IJ 'It~YI I ~W'lMmWll'l11TI'ltllM 

~~~l't IIn:::~'r"\Jn1 ., ,,\o 'tJ 
C' '. . .J 1 

~J~ CH·"'Ji. 

~P4ij.., ~,.d ~ \'.1''' 

~,\\", .. 4':l~Jtti\J~ ' ('.c\.J""" 
O . 

0 ,. ~ 

~'~~ I£:iti.::~~::t551 ~"t~I.J· ~ _ 
~ .. ,~ 
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! 
t\W::fl~'nJfl1~,"~1~Wl~1tJti1~lIfl111~tJ''Ut\'U flQlIO""Q'Ql1J'U '''~ 1 ''tfla~fl1Wll't''1'11tJ1afJ 
fllfllH1m,j''U 2 -iu 4 '!fflV1lfllNmtU 62 (l'U'U'IH\,,'Yl 1~~tl'I'J1J1'U nt~IYl'Yi'1 10330 

lmfi'YiYl: 0-2218-8147 lmn'll: 0-2218-8147 E-mail: eccu@chula.ac.lh 

COA No. 122/2552 

~ .. .. ~_.l_~ ~.l "!II d d ~ ,~ "!II 
fll~ 11m l::l1flftU I nnlfl ollJ1U V 'IJ fl,:j flU HmVfll'l1U~~ flfl11Jf,Jfl1Jflll Hfl 

fl flU I~U ~l flUft:: fll~ 1lmgfll ~U ~l fl 1 ~tJ 1 ~~:: tJ:: 11ft l~ fl ~1I~ fl~l ~ t1U 

.. .... Q QQ'" ... Q 

UltJfJl'Ul'1~ Uf1mYfYWl1i~ u .n'm::~'UlJl11'UW'¥1~ 

, 
'I1U"lfJ~lU rill! fl1'1f11Yl tJlffln'~{ fll~ ihn ~ Wl ft ~ m W lJlll1Yl tJl ntJ 

flw::m~lJflllVjlll~WlllltJlll1lJfll11itJ1uflU f1~lJn'l1n'm,ju ~~~ 1 ~Wlft,:jmWlJ1111YltJlntJ 

'~VjllllWll~tJ1i'mrfl 'lJV~ The International Conference on Harmonization - Good Clinical Practice 

(lCH-GCP) v~mi1l1'~1IUUfl11fffl'tn1ilJl!v~~,:jmh1i~ 

~Ov\ oOb,- ~(:. ~ .,r",.,.,j 1I~,.crlW 
Q,:j'Ulll ..... .. . .. .. ................ ...... . ... .. ~ a~'Ul1J ........................................ . ... . .. 

.. .._~ ~ .1 -
(HI~ffln'm1ll1'w UltJUYlYltJuHll YlffUUl::ll\JJ) (~';1tJI'I1n'~llIl116 ft~. UUYl~ i'tJ'lfu:n~l'Il h IlU) 

mllJflllllft::1ft'IJ1~ flll Ul::1ilU 

9 Ylql'liflltJU 2552 

.. v 
10 nlTnYlflw::n~ ~lJm~~U~!l~ 

I) If'lHnl11iv 

2) 

3) 

4) UUUt'!flU \flU IH 
Li,,,ilTA'~IlI''K ....... _ ........................... . 

". .J:.~~ -lL:UlI.~I .. ~ ........... . 
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t"" .... _,'! _ .. -._-_ ............................ . 
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4. l';'onrrl1,r/JlItI rfll1;lJt11:jlJlh :Y1n1 '1;/JFjvri1Ui11J llJn u iio llJiiutJ/JIJ1//J~n/ilJlh :Y1m ,,;v';uri1IJi'llJ lun 11 'iio un::lontr11IYIlJ',j', 

1'llJi.o (!flU) IgrY1::;itl'nllJ"'1f1ru::n"JJmmlni" U(1ti4dll"11lJu,";h';'enanR~na'I1JJ1;i"ru::",1JJ"n 
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• ..J 
Y11Y1 .............................................................. ...... . 

~ ..J ~ 
'l'UYI ... .. ..... ... LCi'I 'tl '14 ..................... Vi. 1'1 . ... .............. . 

.j • 1 ~ 0 ..., ... ..1 0 1 4 ~ 
L'il'llYl lJ1:::'I11n1lil'l'tlU"N~ff1~lJfI'l'U1'nJ 'Um1'l"lU .......... ...... ........ . 

;J1Vi L~1 ;.:j 1~fl.:j'U1lJ."hu~,r.:j~'tle ''tlLLfllIWl'l1lJti'UUtllJ L;11'llJ LFlNm1~4'tJ ~tl LflNn11:)4'tJ 

m~1LfI~::"FI;'U't~.w1ni1lJL;f'i)'II'i)-4m77JnL';flL;'U1JI7nfl'l\JFir1\Jn1~7JnFl'i)'UL;'U(;l7nLLjI:: m~7Jn .. 
L';flL;'UJJl7n t",lli7::!J::L'l1l1oWn;lLLlJlnpi1-4r1'U 

~'tl~4"tJ 'U1UJ;]L1JPlf 'UnYimYltJ11i1 

..J O..J4 O.,..J ... • 1" 
Y1tlfJYlIJlCi'llJltl 1J1'ULfl'llYi 78/6 t1'U'U't'l1:::tl.:jFlCi'l1 1Jl11Jfl 'ULlJtl.:j 

LYl1~ViYlYhj1'U 055-210759 LYI:~'Ynrntlt)tl 086-7808065 E-r.nail : spsc_best@hotmail.com 

" ""I"''''' .. ..I.,.J ..... 1 !'\ ........... 
, 1Vi L "11 LPl7\J'YI71\J 11 tJ fl::: L'tltJ!i'I LnU'l n1JYllJ1 LLfI :::'l1Jl t1lJ 1:::fl.:j Fl ~ '14m 1Y11'l"tJ 11tJ fl::: L'tltJ Ci'I . 

:; 0 ..J.!:' .'4-"1.l'~ _14_ .oJ ~ .1 ~ ... 4J' 
'Il'U;)'tl'U;)1.:j1 Y1.,:::"tl-.11J!)1JIJI~:'tl 1'1:1Jm ru!)1J IJl fI'l1lJ LfltW'tl'Ulil:1U LLfl :::1J:::: ~tJ'II'U'II-.1":::Ln Ci'I'Il'U"I1 n 

n1 :~.rt! ~tNe LCi'I tJ 1~ti1'U11t!fl:::L tit!!i'l1 'UL'tl m>q1 ALL.,-.1 ~ L ;J11'llJ n1:~4't! 'LCi'lU lilfltl Ci'I LLfl::: 'tm\J ~1'il B\J1!1 

"l1n~.rtJ "I'UL,J11."ILU'U'il!i1-4;i LL~'l 
" .,.. .., "I "0 1 ~ 4 ~ J' ..J ll"'1 J'"., 0 • ~ 
'lJ1ViL"I1"1-.1~lJFl7 L"IL'Il1:'llJ 'U~I'lNn1:'l"lU'U 1J11lJYI::::'lJ OJ ~'ULtlnfl11'11LL"-.1~L'Il11'llJn11'l"ltJ 

~~l!~1Vi L ~ 1 ti'UmllJ ;)'ll1JLL1J1Jfltl1Jt11lJ1l1:::~~'lI1l1Vi L~tl m1'tltln rh,i'-.1 mtJ (PAR-Q) LLfl:::L;1 1'llJ n11 

.. , ~. 1 ..J ~ 1 ~ 0 ~.I .. ~ ~.I" ~.. ~ ~ .. :; 
e.Jnr;n)'H1J 1LLn1lJYI"1J~fl1n Ci'I ~'ULL(;1fl:::fl1JCi'l1~ LlJ'U1:::tJ:::L'lt'l1 6 fllJCi'l1~1 t'l::: 1 'l'U Fltl 'l'U"I'UYI1 FlN 

~:::111:::~.J1ru 1 i'lUJ-.1 ~tlL'lfl1 8.00 - 9.00 '14 . 

., " ... ~ -.., - ~ .. 1 ~.l' • 1 .. '\' ~,,,, ... 
'lI1Vi L"I1lJflYlUl'i)'UPI'ltlfln.,1nml'l.,tJLlJtl Ci'ln ~1'11J11lJ I'l'l1 lJ1J::::fl-.1 fI LIi\!l LlJ Pl'il-4LL"I-4L ~~eJ'il 
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;1 Vi L<\' 11M1J fl1 f1J:tl-.1 ~1 fl4'U" :::1l!i1J~(;\tl;1'Yi L<\'1IJ11lJ;tl~ fl~ 1:::'lJ1-rL 'ULtl n fl11~ LL"I~ 

"" 0 _~ ... 1 ..J..J .l' ~" .l'.,.... <I.., ~ ... I' 
~L'Il11'llJn11'l"ltJ LLfI:::'tll;jfl "'1 Y1LntJ'l'lltl.:jn1J'Il1ViL"I1 ~'l.,tJ":::Ln\J~n~1L\J'Ufl11lJ~1J ~Ci'ltJ.,::: 
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'lI1'YiL"I1fl1lJ11t1:tl-.1L1tJ'U 1'1Y1f1tU:::n11lJmm'l11tU1.,1tJfi11lJml'l"lU 'UfI'U n~lJi\~flt111J'U 1Ci'1Y1 1 

"l~1t'l~n:cUlJ~1~Y1tJ1flU .f'U 4 tl1f111flt11U'U 2 'tlU·pi1fl-.1n1cU 62 t1'U'U'YiCY11Y1 L'Il(/\llYJl-J~'U 

/ 
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'1 Vi L~ 11A'fI,:j fI 1 U ijtl~tl H Li:J'IJ~ 1 ~ cy ~tl"nl1ViU1'IJ .,r,:j;1, 1Vi L~ 11~fu~1 L'IJ '1 Lfl nt'l '11~ LL "N 

~L'1i'llJm11{U Llfl::~1L'lJ1'\."r,:j~flLlt'l'MfI'l1lJU'IJUfllJHLLt\''l 

~ 
fI,:j"llfl .... ............ .............. .. ............. .. ...... ....... . fI,:j~fl .......... .... ....... ......... ....... ... ... ............. . 

('lJ1UIJLUl'lf wlYlmYlU1fi1) 

~{U 

( ........ ... .................... ..... ........ .......... . ) 

~i1tb'IJi'llJ1um1~4'u 

fI,:j~fl .......... .... .. ........ ............................ .... . 

( .......... ... ......... ..... ... ......... ............. ... ) 
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