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≤│ ⱥ♩─ ⌐⅔™≡ ─ ≢ ⅜ ↕╣╢↓≤⌂ↄ

≢⅝╢ 1 ≤ ↕╣╢⁹ 25 ⌐ ↕╣√ₐ ⌐⅔↑╢

≠ↄ╡ 21 2 ₑ2 ⌐⅔™≡╙ ─ ⅜ ⌂

≤⇔≡ ≠↑╠╣ ⌂ ╖⅜ ╘╠╣≡™╢⁹∕─⌂⅛≢ ╛

⌐ ℮ ₁⌂ ─ ╩ ╛⅛⌐⇔≡ ╩ ∆╢ ⅜ ═╠

╣≡⅔╡ ⌐№╠╝╢ ─ ≤⌂╢ ╛ ─ ╩ ∆╢↓≤⅜

∞≤ ⅎ╠╣≡™╢⁹ 

↕╠⌐ ─ │ ≤╙⌐ ╩ ∆╢╕≢⌐⌂∫≡™╢⅜

─ ⌐ ™ ⌐ ∆╢ ╙ ⇔≡™╢⁹ 18

─ ─ 3 ≢│ ⌐⅔↑╢ │ 348 3,000 ≢

╛ ⌐ ∆╢ │107 ⌐ ⇔ ≡─ ─30.7 ╩

╘≡™╢ 1 ⁹ 13 ⅛╠ 18 ─ 5 ≢ │ 23 8,000

⇔ ∕─ ≢ ⅜ 22 1,000 ╩ ╘≡⅔╡ ─ 93 ≤ ⌐

™ ≤⌂∫≡™╢⁹ │ ╛ ─ ⅜ ↕╣╢↓

≤│ ™⅜ ╛ ─ ⌐╟╡ ⅜ ™╠╣ ╛ ─ ⌐

╡╛∆™ 4⁹ 

∕─√╘ ╛ ⌐ ∆╢●▬♪ꜝ▬fi 5,6 ⌐⅔™≡╙ ╛

─ ╩ ∆╢√╘⌐ ╩◓fi♬כ꜠♩ 2 ⅛╠3 ℮↓≤╩ ⇔≡™╢⁹

⌂ │≢◓fi♬כ꜠♩ ─ 60 ─ ≢ ╦⌂↑╣┌ ⌂

╛ │ ╘⌂™ 5-9⁹⇔⅛⇔ ╛ ⌐ ⇔≡ ⌂

╩ ℮≤ ╛ ┼─ ⅜ ™√╘ 5-9 ╩ ⇔ ╩ →≡

╦╣╢↓≤⅜ ™ 7⁹⇔⅛⇔ ↓─╟℮⌂ ╛ ↑─ ≢│

╛ ╩ ╢↓≤│ ⇔™√╘ ≢╙ ╛ ⅜ ╣╢

─ ⅜ ≢№╢⁹ 

╕√ ⌐ ╦╠∏ ╩ ℮√╘⌐│ ≤∆╢ ╩ ↕∑ ≤∆

╢ ╩ ╦⌂↑╣┌⌂╠⌂™⁹ │ ⌐⅔™≡ ≤ ─ ⌐╟

╡ ⅔╟┘ ⌐ 10 ↕╣╢⁹ │

≤ ⅜ ∂≢№╢√╘ │ ⇔⌂™⁹ │ ⅜ ╟╡ ⅝™ 



1   

2 

 

 

1  

3  

 

√╘⌐ ⅜ ∆╢⁹ │ ⅜ ╟╡ ↕™√╘⌐ ⅜ ∆╢⁹

↓─╟℮⌂ ─ ─ ™│ ─◓fi♬כ꜠♩ ⌐╙ ∆╢⁹

│ ⌐ ™ ⅜ ∆╢ ≢№╢√╘ ⌐ ⅎ╢ ⅜

─ ╟╡╙ ⅝ↄ ⱱꜟ⸗fi╛ ⱱꜟ⸗fi⌂≥─ ╩ ∆ ─

⅜ ⇔╛∆™ 11,12⁹ 

∕─√╘ │ ⌐ ═ ╛ ⅜ ↄ 13 ↕╠⌐

─ ╛ │ ↄ ≡╢ 14 ≤─ ⅜№╢⁹≈╕╡ ╩ ™√

⌂╠┌ ╟╡╙ ╩ ↄ ≢⅝ ⌐ ─ ╛ ╩

╣╢ ⅜№╢⁹⇔⅛⇔ 13,14 ⌐⅔™≡│ ≢─ ╩ ∫≡⅔

╡ ╩ ∫√ ⌐≥─ ╩ →≡╙ ╛ ⅜

╘╠╣╢⅛⌐≈™≡│ ≢№╢⁹ 

⌐⅔™≡ ╩ ℮↓≤⅜ ⇔™ ╛ ⌐ ⇔≡ ─

⌐ ╩ ╗▬fi♃כⱣꜟ ─ ╩ ℮↓≤⅜№╢ 15-18⁹▬fi♃כⱣꜟ ≤│

╛ ─ ╩ ╪≢ ─ ⅛╠ ─ ╩ ∆╢ 18 ≢ ⌐☻

ⱳכ♠ ≢ ⇔√ ≢№╢⁹▬fi♃כⱣꜟ │ ╩ ╖⌂⅜╠ ℮√╘
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⌂ ⅜ ⇔™ ╛ ⌐╙ ™╛∆™ ≢№╢⁹⇔⅛⇔

15-18 ≢│ ≤│™ⅎ ─ ╩ ⇔≡⅔╡ ┼─ ⅜№╢⁹ 
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2  ꜝ♇♩⌐⅔↑╢ ─   

 

2 1 ─ ─ ─ 1  

2 1 1  

 Armstrong╠ 19 ⌐╟╢≤ ♩꜠♇♪Ⱶꜟ╩ ™√ ╡ │ⱥꜝⱷ ⌐ ⇔≡

╩ ∆╢↓≤⅜≢⅝╢≤ ↕╣≡™╢⁹∕─√╘ ╡ │ⱥꜝⱷ ─

╩ ⅝ ↓∆ 19-22)≤⇔≡ ↄ ™╠╣≡™╢⁹ 

⌐⅔™≡╙ ⌐ ⇔≡ ╩ ℮ ≤⇔≡ Armstrong╠ 19

─ ╩ ⌐ ╡ ╩ ™√ ╩ ℮↓≤≤⇔√⁹⇔⅛⇔Armstrong╠ 19

⅜ ™√ ╛ ⌐⅔↑╢ⱥꜝⱷ ─ ⌐≈™≡│ ─

╟╡╙ ≢№╢⅛│ ↕╣≡™⌂™⁹∕↓≢ ╡ ╩ ™√ⱥꜝⱷ ─

─ ╩ ⇔ ╡ ⅜ ─ ⅛╠ ⌂ ≢№╢↓≤

╩ ∆╢√╘⌐ ╩ ∫√⁹ 

 

2 1 2  

│Wistar ꜝ♇♩ 6 כⱣꜞ☼ꜟכꜗ♅ , 339.1 

±19.1g ╩ ™√⁹ │ ≢ ⇔

√⁹ ≡─ꜝ♇♩│ ☺כ◔ ╩ ⌐ ≢⅝ ⅔╟┘ MF

○ꜞ◄fi♃ꜟ │ ⌐ ≢⅝╢╟℮⌐⇔√⁹ │ 12

⌐ ⌐╟╡ ◖fi♩꜡כꜟ╩ ™ │ 23 ⌐ ⇔√⁹ 

⌂⅔ │ ─ ╩ ↑≡ ∫√

12-MA009 ⁹ 

 ꜝ♇♩│ ⌐≡ ╩ ⇔ⱥꜝⱷ ╩ ↕∑√⁹ⱥꜝⱷ ⌐ ∆

╢ │☻♥fi꜠☻☻♅כꜟ ─꞉▬ꜘ 100ɛm◄ⱶ♥▫ ╩ ™√⁹

♥ⱨ꜡fi◖כ♥▫fi◓╩ ╡ ™√ ─ ╩ⱥꜝⱷ ⌐ 2 ⇔ ⅜

⇔⌂™╟℮⌐ ⇔√⁹ │ 5mm≤⇔ ─ │ ╩ ⇔≡

⌐ ↕∑√⁹⌂⅔ ⌐ ⇔ ─ ╩

∫√⁹ 

 ─ │ 2 ⌐ ∫√⁹ │ ≢№╢

Level ≤ⱥꜝⱷ ⌐ ╩ ≢⅝╢ ╡ DH ≤⇔√⁹
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2 ⌐⅔↑╢ ≤ │ Armstrong╠ 19 ─ ≤ ⌐ 16m/min≤⇔

Level │ 0 DH │ ─ 16 ≤⇔√⁹2 │ꜝfi♄ⱶ≢

™ ─ⱥꜝⱷ ─ ╩ 30 ⇔√⁹ 

⌐│ⱴ▬○◦☻♥ⱶ TELEMYO 2400T Noraxon ╩ ⇔ ◘fiⱪ

ꜞfi◓ │ 1500Hz≤⇔√⁹╕√ ─ │ ⇔√♦☺♃ꜟⱦ♦○◌ⱷꜝ⌐

≡ ⇔√⁹ ─ │ ♁ⱨ♩ MyoResearch, Noraxon ╩ ™≡

╩ ⇔ 1 №√╡─ ╩ ╘√⁹5 ─ ╩ ⇔ Level

≤ DH ╩ ⇔√⁹ │ ─№╢ t- ╩ ™ │ 5%

≤⇔√⁹ 

 

2 1 3  

 Level ─ⱥꜝⱷ ─ │ 76.9±29.7ɛVDH │ 67.6Ñ30.9ɛV∞∫√⁹Level

⌐ ═ DH │ ⌐ ⅜ ⅛∫√ P =0.046⁹ 

 

2 1 4  

 Armstrong╠ 19)│ ╡ │ ╩ ⌐ ┼ ↕∑╢ Ɽ♃כfi≢№╢√

╘ ⱥꜝⱷ ⌐⅔™≡│ ─ ⌐ ∫≡ ⅜ ∆╢ ─ ⌐

⌂╢≤ ═≡™╢⁹ ≢№╢ⱥꜝⱷ ⌐ ⇔≡ ╩ ↓∆√╘⌐│

⅛╠ ┼─ ⌐ⱥꜝⱷ ⅜ ∆╢ ⅜№╢⁹ 

Gregor╠ 23)│ Ⱡ◖╩ ™≡ ─ ─ ⌐╟╢ ─ ⌐

≈™≡ ╩ ∫≡™╢⁹ ─ ─Ɽ♃כfi│ ≤

╡ ≢ ⅝ↄ ╦╠⌂™≤ ═≡™╢⁹⇔⅛⇔ ⌐⅔™≡ ≢│

⅛╠ ┼ ∆╢─⌐ ⇔ ╡ ≢│ ⅛╠ ┼ ∆╢Ɽ♃כ

fi⌐⌂╢≤ ⇔≡™╢⁹ⱥꜝⱷ │ ⌐ ⌐ ∆╢√╘ 23,24 ╡ ≢│

⌐ⱥꜝⱷ ⅜ ↕╣⌂⅜╠ ∆╢ ─ ≤⌂╢⁹

│ ⌐ ═ ≢⅝╢ ⅜ ⅝™√╘ 13,14,25 ─ ╩ ∆╢

⌐│ ╟╡╙ ⌂™ ─ ≢ ╗↓≤⌐⌂╢⁹ⱥ♩─ ⌐⅔™

≡╙ ─ │ ╟╡╙ ∆╢√╘ 25 ─ DH ⌐⅔

™≡ ⅜ ⇔√╙─≤ ⅎ╠╣╢⁹╟∫≡ ≢ ™╢ ╡ │

⌐ ═ ─ ⅛╠ ⌂ ≢№╢↓≤⅜ ≢⅝√⁹ 
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2 2 ─ ─ 2  

2 2 1  

≢ ⇔√╟℮⌐ ╡ ⅜ ─ ⅛╠ ≤™∫≡╙

∆╢≤⌂╢≤ ─ ⅛╠╙ ≤™℮↓≤╩ ╠⅛⌐∆╢ ⅜№╢⁹☻

ⱳכ♠ ╛ꜞⱢⱦꜞ♥כ◦ꜛfi─ ⌐⅔™≡ⱥ♩─ ─ │

26 ╛ 27
Lactate threshold; LT⌂≥─ ⌐╟∫≡ ╦╣≡™

╢⁹LT ─ │ ─ ╙ ↄ ◌♥◖ꜝⱵfi╙ ⇔⌂™─≢

─ ⌂ ╩ ↑╢↓≤⅜≢⅝ ⌐ ⅜ ⅎ╢ ≤↕╣≡™╢ 27⁹ 

≤⇔≡ ↕╣╢ꜝ♇♩⌐⅔™≡╙ 28,29 ╛ LT
 30-33 ─

⌐╟╢ ─ ⅜ ↕╣≡™╢⁹ꜝ ♇♩─ ●☻ ⌐╟╢

─ ⌐│ ꜝ♇♩ ─ ⅜ ≢№╢⁹↕╠⌐ꜝ♇♩─ ●☻

⌐⅔↑╢ 28,29 ≢│ mixing chamber ⌐╟╢●☻ ─√╘ ╛

─ │ ≢№∫√⁹ 

╕√ꜝ♇♩─ ─ ⌐╟╢ LT ─ ≢│ ♥☻♩ ⌐⅔

↑╢ ⇔√ ⅜ ≢№╢⁹↓╣╕≢ ↕╣≡™╢ ⅛╠ ∆╢ 30,31

≢│ ╩ ⇔≡ ∆╢√╘ ∆╢ ⌐ ⅜ ↕╣╢ ⅜№╡

⇔√ ⅜≢⅝∏⌐ LT⅜ ⌐ ≢⅝≡™╢≤│ ™ ⅛∫√⁹ 

∕↓≢ꜝ♇♩─ ╩ ℮ ≤⇔≡ ╩ꜟ♥כ♥◌⌐ ⇔≡ ∆

╢ ⅜№╢⁹ ⌐↓─ ╩ ™≡ ╩ ∫≡™╢ 32,33 ≢│

⅜ ⌂ ╛ LT ⅜ ↕╣≡™⌂™√╘ ⌂ LT │ ╠╣

≡™╢≤│ ™ ™⁹∕↓≢ ≢│ꜝ♇♩─ ╩ꜟ♥כ♥◌⌐ ∆╢

╩ ™ ╩ ⌂ↄ ⌐ ⇔≡ ⌂ ─ ≤⇔≡

LT ╩ ╘╢ ╩ ∆╢↓≤╩ ≤⇔≡ ╩ ∫√⁹ 

 

2 2 2  

│ 12 ─Wistar ꜝ♇♩ 6 כⱣꜞ☼ꜟכꜗ♅ , 

276.7±18.6g╩ ™√⁹ │ ≢

⇔√⁹ ≡─ꜝ♇♩│ ☺כ◔ ╩ ⌐ ≢⅝ ⅔╟┘

MF ○ꜞ◄fi♃ꜟ │ ⌐ ≢⅝╢╟℮⌐⇔√⁹ │ 12

⌐ ⌐╟╡ ◖fi♩꜡כꜟ╩ ™ │ 23 ⌐ ⇔√⁹ 
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⌂⅔ │ ─ ╩ ↑≡ ∫√

M11-0023⁹ 

ꜝ♇♩│ ꜟ♥כ♥◌ ⌐ ≤⇔≡♩꜠♇♪Ⱶꜟ─ 5

15m/min≢ 10 ─♩꜠♇♪Ⱶꜟ ╩ 1 1 6 ∫√⁹♩꜠♇♪Ⱶꜟ│ꜝ♇

♩ⱴ►☻ ♩꜠♇♪Ⱶꜟ Exer-3/6, Columbus ╩ ™√⁹ 

─ꜟ♥כ♥◌ ⌐≈™≡│ ╠ 34 ─ ╩ ꜟ♥כ♥◌≡⇔⌐

R-JVC, Neuroscience ╩ ⌐ ♩כⱳ─ꜟ♥כ♥◌⁹√⇔ │ ╩

⇔≡ ┼ ↕∑√ 2 ꜟ♥כ♥◌⁹ ꜟ♥כ♥◌│ ⌐ⱫⱤꜞfi

100IU/ml ╩ ⇔ ⱳכ♩ ─ⱪꜝ◓≢ ╘√⁹ 

 

 

2  

 

ꜟ♥כ♥◌ 2 ─ ╩ ∫≡ ╩ ∫√⁹ │♩

꜠♇♪Ⱶꜟ ╩ 5 ⌐ ⇔ ꜝ♇♩⅜ ⌐⌂╢╕≢ ∆╢

╩ ∫√⁹♩꜠♇♪Ⱶꜟ │ 10m/min⅛╠ ⇔ 2 ⌐ 2m/min∏

≈ ╩ ↕∑√⁹ 

│ ⌐ꜟ♥כ♥◌ ╩Ⱪכꜙ♅ ⇔ 5ɛL ∏≈ ⇔√⁹

│ ⅔╟┘ 2 ─ ─ ≤ ⌐ ∫√⁹ │

꜡ⱪ♩כ♥◒ꜝ ▬꜠◒כ▪ ╩ ™√⁹LT ─ │

♁ⱨ♩►▼▪ MEQNETTM LT Manager for Windows▪כ◒꜠▬ ╩

⇔√⁹LT │ ⅜ ⅛╠ ⇔ ╘╢ 35 ≤⇔√⁹ 
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2 2 3  

─ ♩꜠♇♪Ⱶꜟ ─ ╩ 1⌐ ∆⁹ ─

│ 2.6±0.6mmol/L∞∫√⁹6 ∆═≡⌐⅔™≡ ─

⅜ ⌂ↄ ∆╢↓≤⅜ ≢ ─ │ 13.1±4.4mmol/L

⌐ ⇔√⁹ ♁ⱨ♩►▼▪⌐╟╢ LT ─ │ 6 1 ≢ ⅜ ↑∏

LT ─ │ ≢№∫√⅜ 5 ≢ ≢№╡ LT ─ │

3.5±3.0mmol/L≢№∫√⁹LT ⌐⅔↑╢♩꜠♇♪Ⱶꜟ │ 18.0±2.8m/min 16.1

22.8m/min ≢№∫√⁹ 

 

1  

No1 No2 No3 No4 No5 No6

0 0 2.3 2.4 2.6 3.9 2.4 2.1

2 10 2.6 2.7 5.1 6.8 2.7 2.2

4 12 1.9 2.9 4.9 6.9 2.9 1.7

6 14 1.8 2.1 3.8 6.6 2.3 1.4

8 16 1.3 2.7 4.3 6.3 2.4 1.0

10 18 1.4 4.7 5.0 6.7 2.6 1.7

12 20 1.3 4.1 5.1 6.6 2.8 1.6

14 22 1.7 3.8 5.1 10.8 5.1 3.2

16 24 1.6 3.4 5.3 12.4 7.7 6.2

18 26 2.7 4.1 6.6 14.4 10.1 6.8

20 28 2.7 4.6 7.9 18.6 13.4 7.4

22 30 2.9 4.8 6.6 19.4 15.6 8.9

24 32 8.7 8.8 8.3 11.1

26 34 15.1

1.2 3.0 8.7 3.0 1.8

22.8 16.1 18.3 16.4 16.4
Running speed at LT

m/min

Time

min

Treadmill Speed

m/min

Blood Lactate mmol/L

Lactate at LT

mmol/L

No1 No2 No3 No4 No5 No6

0 0 2.3 2.4 2.6 3.9 2.4 2.1

2 10 2.6 2.7 5.1 6.8 2.7 2.2

4 12 1.9 2.9 4.9 6.9 2.9 1.7

6 14 1.8 2.1 3.8 6.6 2.3 1.4

8 16 1.3 2.7 4.3 6.3 2.4 1.0

10 18 1.4 4.7 5.0 6.7 2.6 1.7

12 20 1.3 4.1 5.1 6.6 2.8 1.6

14 22 1.7 3.8 5.1 10.8 5.1 3.2

16 24 1.6 3.4 5.3 12.4 7.7 6.2

18 26 2.7 4.1 6.6 14.4 10.1 6.8

20 28 2.7 4.6 7.9 18.6 13.4 7.4

22 30 2.9 4.8 6.6 19.4 15.6 8.9

24 32 8.7 8.8 8.3 11.1

26 34 15.1

1.2 3.0 8.7 3.0 1.8

22.8 16.1 18.3 16.4 16.4
Running speed at LT

m/min

Time

min

Treadmill Speed

m/min

Blood Lactate mmol/L

Lactate at LT

mmol/L

 

 

2 2 4  

ⱥ♩⌐⅔↑╢ LT ─ │ 1 3 ─ ⌐ ℮ ⇔√ ⌐╟╢ ≢

╦╣≡™╢ 36,37⁹ ⌐⅔™≡╙ ⱥ♩─ ⌐ ∂√ ⌐⅔↑╢

╩ ∆╢↓≤≢ ꜝ♇♩⌐⅔↑╢ LT ╩ ╠⅛⌐∆╢↓≤⅜≢⅝√⁹ 

 ⌐ ↕╣√ꜝ♇♩─ LT ⌐⅔↑╢♩꜠♇♪Ⱶꜟ │ 20m/min
31 ≢№

╡ ╠╣√ ╟╡╙ ™ ≤⌂∫≡™╢⁹↓╣│ ╩ ⇔≡ ╩ ℮√╘
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⌐ ╩ ↕∑≡™╢√╘ ─ LT ╩ ⌐ ≢⅝⌂⅛∫√√╘≤ ⅎ╠

╣╢⁹╕√ ─╠⅛ꜟ♥כ♥◌ ╩ ™√ 32 ⌐⅔™≡│ LT

⌐⅔↑╢♩꜠♇♪Ⱶꜟ │ 10 20m/min≤ ⅜№∫√⁹∕─ ≤⇔≡│

≢│ 4 ⌐ 5m/min─ ╩ ∫≡™√√╘⌐ ─ ⅜ ⅞≡ LT ╩

╢╒≥─ ⅜ ≢⅝⌂⅛∫√√╘≤ ⅎ╠╣╢⁹ ─╟

℮⌐ⱥ♩─ ⌐ ∂√ ╩ ℮↓≤⌐╟╡ ꜝ♇♩─ LT ╩ ∆╢

↓≤⅜≢⅝√⁹ 
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2 3 ─ ─ ─ 3  

2 3 1  

 ╡ │ ⌐⅔™≡ⱥꜝⱷ ─ ╩ ⅝ ↓∆ 19-22 ≤⇔≡

╦╣≡™╢⁹ 1⌐⅔™≡ ╡ │ ─ ⅛╠ ⌂ ≢№╢↓≤⅜

≢⅝√⁹ 

∕↓≢ ≢│ 2≢ ⇔√ ╩ꜟ♥כ♥◌⌐ ∆╢ 39 ╩

™≡ ╡ ─ ╩ ⇔ ╟╡╙ ≢№╢↓≤╩ ∆╢

√╘⌐ ╩ ∫√⁹ 

 

2 3 2  

 │ 10 ⅛╠ 12 ─Wistar ꜝ♇♩ 24 כⱣꜞ☼ꜟכꜗ♅

, 241.8±14.5g ╩ ™√⁹↓╣╩ ⌐ 12 ∏≈ Level ≤ DH ─ 2 ⌐

╡ ↑√⁹ │ ≢ ⇔√⁹

≡─ꜝ♇♩│ ☺כ◔ ╩ ⌐ ≢⅝ ⅔╟┘ MF ○ꜞ

◄fi♃ꜟ │ ⌐ ≢⅝╢╟℮⌐⇔√⁹ │ 12 ⌐

⌐╟╡ ◖fi♩꜡כꜟ╩ ™ │ 23 ⌐ ⇔√⁹ 

⌂⅔ │ ─ ╩ ↑≡ ∫√ : 

12-MA009 ⁹ 

─ꜟ♥כ♥◌  ⌐≈™≡│ ≤ ꜟ♥כ♥◌⌐ R-JVC, 

Neuroscience ╩ ⌐ ♩כⱳ─ꜟ♥כ♥◌⁹√⇔ │ ╩ ⇔≡

┼ ꜟ♥כ♥◌⁹√∑↕ ꜟ♥כ♥◌│ ⌐ⱫⱤꜞfi 100IU/ml

╩ ⇔ ⱳכ♩ ─ⱪꜝ◓╩ ╘√⁹ 

ꜟ♥כ♥◌ 2 ─ ╩ ∫≡  Level │♩꜠♇♪Ⱶꜟ 0  DH

│ 1─ ╡ ≤ ⌐ 16 ⌐≡ ╩ ∫√⁹

│ 2≤ ⌐ ╩ ∫√⁹♩꜠♇♪Ⱶꜟ│ꜝ♇♩ⱴ►☻

♩꜠♇♪Ⱶꜟ Exer-3/6, Columbus ╩ ™√⁹♩꜠♇♪Ⱶꜟ │ 10m/min⅛╠

⇔ 2 ⌐ 2m/min∏≈ ╩ ↕∑√⁹ │ ⌐ꜟ♥כ♥◌

╩Ⱪכꜙ♅ ⇔ 5ɛL∏≈ ⇔√⁹ │ ⅔╟┘ 2 ─

─ ≤ ⌐ ∫√⁹ │ ⱪ♩כ♥◒ꜝ

꜡ ▬꜠◒כ▪ ╩ ™√⁹LT ─ │ ♁ⱨ♩►▼▪ Lactate-E
40 ╩
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⇔√⁹LT │ ⅜ ⅛╠ ⇔ ╘╢ 35 ≤⇔√⁹ 

2 ─ ⌐≈™≡│ LT ≢

─ │ ─⌂™ t- ╩ ™ │Mann-Whitney U ╩ ∫√⁹

│ 5%≤⇔√⁹ 

 

2 3 3  

 Level ─ │ 242.0±15.8g DH ─ │ 241.5±13.8g≢№╡ ⌐ │

⅛∫√⁹ 

│,Level 2.28±0.86mmol/L DH 2.13±0.55 mmol/L≢№╡

⌐ │ ╘⌂⅛∫√⁹ │ Level 13.6±3.43mmol/L DH

14.4±2.50 mmol/L≢№╡ ⌐ │ ╘⌂⅛∫√⁹ 

LT ≢─ │ Level 27.9±4.68m/min DH 31.6±5.14 m/min≢№╡

2 Level ⌐ ═ DH ⅜ ⌐ ⅛∫√ P 0.039⁹ ─

- │ Level 38.0 30.0-42.0 m/min DH 42.0 38.0-50.0 m/min≢№╡

3  Level ⌐ ═ DH ⅜ ⌐ ⅛∫√ P 0.016⁹ 

 

 

2 LT  

 

 

0

10

20

30

40

Level  DH  

(m/min) P < 0.05 
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3  

 

2 3 4  

≢│ꜝ♇♩⌐ ⇔≡ ≤ ╡ ─♩꜠♇♪Ⱶꜟ ╩ ⇔ LT

─ ╩ ∫√⁹ 2─ ╩ ™╢↓≤⌐╟∫≡ ⌐ ⅎ≡ ╡

⌐⅔↑╢ LT ≢─ ╩ ╠⅛⌐∆╢↓≤⅜≢⅝√⁹ 

LT ≢─ ≤ ⌐⅔™≡ DH │ Level ⌐ ═≡ ⌐ ™

╩ ⇔≡™√⁹≈╕╡⁸ ∂♩꜠♇♪Ⱶꜟ ⌂╠┌ ╡ │ ⌐ ═

≡ ∞≤™℮↓≤╩ ⇔≡™╢⁹ ╡ │ ╛ ╡ ⌐ ═

╛ ⅜ ⌐ ∆╢≤─ 41,42 ⅜№╡ ↓─↓≤╩ ↑╢ ≤⌂∫

√⁹ ⌐╟╢≤ │ ⌐ ═ ╛ ⅜ ™ 13

≤ ↕╣≡™╢⁹ ∂ ⌂╠┌ ╡ │ ╟╡╙ ⌐ ╛

⅜ ╠╣╢ ⅜№╢⁹ 

 

 

 

 

 

0

10

20

30

40

50

60

Level  DH  

m/min  

P < 0.05 
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2 4 ─ ⅜ ⌐ ⅎ╢ 4  

2 4 1  

 ≤ ╩ ╢√╘⌐│ ─ ⅜ ≤↕╣≡™╢⅜ 5-9

─ ≢│ ⌂ ╩ ↕∑╢ ⅜№╡ ─ ⅜ ≤⌂╢

⅜№╢ 11)⁹⇔⅛⇔ ─ ≢│ ╛ ⅜ ─ ⌐

╢∞↑≢⌂ↄ ─ ⌐╙ ≢⅝╢╟℮⌐ ∆╢√╘ 12,43) ⌂ ╩

↕∑≡ ╛ ╩ ⌐ ∆ ╩ ∆ ⅜№╢⁹ 

1≤ 3─ ⅛╠ ╡ ╩ ™√ │ ╛

─ ⅛╠╙ ≢№╢≤│ ≢⅝√⁹ 

∕↓≢ ≢│ LT ─ 50⅛╠ 60%─ ⌐ ∆╢

⅜ ⌐ ⅎ╢ ⌐≈™≡ ╩ ∫√⁹ 

 

2 4 2  

 │ 10 ─Wistar ꜝ♇♩ 30 כⱣꜞ☼ꜟכꜗ♅ , 

246.3±17.6g ╩ ™√⁹↓╣╩ ⌐ 6 ∏≈ 5 ⌐ ╡ ↑√⁹ ⌐≈™≡│

╩ ╦⌂™ Control ╩ 1 ℮ Level 1 Level 1

╩ 3 ℮ Level 3 Level 3 ╡ ╩ 1 ℮ Downhill

1 DH 1 ╡ ╩ 3 ℮ Downhill 3 DH 3 ≤⇔√⁹ 

│ ≢ ⇔√⁹ ≡─ꜝ♇♩

│ ☺כ◔ ╩ ⌐ ≢⅝ ⅔╟┘ MF ○ꜞ◄fi♃ꜟ

│ ⌐ ≢⅝╢╟℮⌐⇔√⁹ │ 12 ⌐ ⌐╟

╡ ◖fi♩꜡כꜟ╩ ™ │ 23 ⌐ ⇔√⁹ 

⌂⅔ │ ─ ╩ ↑≡ ∫√ : 

12-MA009 ⁹ 

─♩꜠♇♪Ⱶꜟ │ Armstrong╠ 19 ─ ≤ ⌐ │ 16m/min

│ 90 ≢ ⇔ ♩꜠♇♪Ⱶꜟ│ꜝ♇♩ⱴ►☻ ♩꜠♇♪Ⱶꜟ Exer-3/6, 

Columbus ╩ ™√⁹ ─ ⌐≈™≡│ │ 0 ╡

│ 16 ≤⇔√⁹3 │ 3 ⌐ 1 ─ ≢ 3 ╩ ∫√⁹ 

⌐ ⅎ╢ ╩ ∆╢ ≤⇔≡│ ◒꜠▪♅fi◐♫כ♀ Creatine 

kinase; CK ╩ ™√⁹CK ─ │ 1 2 ⌐ ⌐≡ꜝ
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♇♩─ ╩ ⇔≡ ⅛╠ ⇔ ⌐≡

CK ╩ ⇔√⁹Control ⌐⅔™≡╙ ≤ ─ ≢ ╩ ∫√⁹CK

│ ─ ╩ 100%≤⇔≡ 1 2 ─ ╩ ╘√⁹ 

│ ─ ⌐≈™≡│ ╩ ™ CK ⌐≈™≡│ ╡

⇔─№╢ 1 ╩ ™ ╩ ╘√ │ Tukey ╩ ™√⁹

│ 5%≤⇔√⁹ 

 

2 4 3  

 Control ─ │ 244.5±3.8g Level 1 │ 249.8±3.7g Level 3 │ 265.2 ±17.0g

DH 1 │ 255.8±15.0g DH 3 │ 258.0±22.2g≢№╡ ⌐ │ ⅛∫√⁹ 

CK ─ ╩ ⌐≡ 4⌐ ∆⁹ ╩ 100%≤⇔√

Control 1 │120.2±75.9%2 │102.4±71.5%Level 1 ─1 │79.8±28.8%

2 │ 95.1±37.7% Level 3 ─ 1 │ 128.3±37.1%⁹2 │ 123.2±28.6% DH 1

1 │ 108.2±46.9%2 │ 142.7±60.1%≤⌂╡ ⌐⅔™≡ ⅔╟┘ 1

2 ≢ │ ╘⌂∫√⁹∕╣⌐ ⇔ DH 3 1 │ 103.7±57.7% 2 │ 191.5 

±86.8%≤⌂╡ ≤ 1 ⌐ ═ 2 ⅜ ⌐ ⇔≡™√ vs.  P 0.021

vs 1  P 0.026⁹ 

 

2 4 4  

≤⇔√ CK│ ⌂ ╛ ≢ ⅜ ⇔√ ⌐ ∆╢

44 ≢№╡ ╛ⱥ♩⌐⅔↑╢ ─ 18,20,44-46 ≤⇔≡ ™╠╣

≡™╢⁹ ╡ ╩ 3 ∫√ DH 3 ⌐⅔™≡ 2 ─ CK ⅜ ⌐

⇔√⁹ⱥꜝⱷ ─ ╡ ─ ╩ ⇔√ 19,22 ⌐⅔™≡╙ ╡ 2

⌐ CK ⅜ ⇔√≤ ⇔≡™╢⁹∕⇔≡∕─ ⌐ ♃fiⱤ◒ ─ ╩ ∆ⱱ

ꜟ⸗fi ─ ⅜ ⇔ 11,12 ♃fiⱤ◒ ─ ⅜ ↕╣ │ ⇔≡™ↄ≤

↕╣≡™╢⁹ 

⅛╠ 90 ≤™℮ ─ ⌂ ⌐╟∫≡ ╛

⌐ ⅜╢ ⌐⅔↑╢ ─ ⅜ ⅝ ∑╢↓≤⅜ ≢⅝√⁹ 



2  ꜝ♇♩⌐⅔↑╢ ─  

15 
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* : P < 0.05, * *: P < 0.05, 1  
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2 5  

 ≢│ ≢╙ ╩ ∆╢↓≤⅜≢⅝╣┌ ╛

⅜ ⅛⌐≈™≡ꜝ♇♩⌐╟╢ ╩ ℮√╘⌐ ≢ ™╢

⅜ ⅔╟┘ ─ ⅛╠ ≢№╢⅛╩ ⇔√⁹╕∏

─ │ 19 ╩ ⌐ ╡ ╩ ™ ⌐≡ⱥꜝⱷ

─ ─ ╩ ⇔√⁹∕─ ≢ ™╢ ╡ │

⌐ ═ ─ ⅛╠ ⌂ ≢№╢↓≤⅜ ≢⅝√⁹ 

 ⌐ 2≢│ ╡ ╩ ™√ ⅜ ─ ⅛╠╙

≢№╢↓≤╩ ∆╢√╘⌐ ─ ≤⇔≡ ⌂ LT ╩ ╘╢ ╩

∆╢↓≤╩ ≤⇔≡ ╩ ∫√⁹ꜝ ♇♩─ ╩ꜟ♥כ♥◌⌐ ∆╢ ╩

™╢↓≤⌐╟╡ ≢╙ ⌂ↄ ─ ⅜ ≤⌂∫√⁹

∕─ ꜝ♇♩⌐⅔↑╢ LT ─ ╩ ∆╢↓≤⅜≢⅝√⁹ 

 3≢│ 2─ ╩ ™≡ ─ ─ ╩ ∫√⁹

∕─ ╡ ╩ ™√ │ ⌐ ═ ─ ⅛╠

╙ ⌂ ≢№╢↓≤⅜ ≢⅝√⁹ 

 4≢│ 3≢ ⇔√ LT ─ 50⅛╠ 60%─ ⌐ ∆╢

⅜ ⌐ ⅎ╢ ⌐≈™≡ CK ╩ ™≡ ╩ ∫√⁹∕─

╡ ╩ 3 ∫√ ⌐⅔™≡ 2 ─ CK ⅜ ⌐ ⇔√⁹ ─

⌂ ⌐╟∫≡ ╛ ⌐ ⅜╢ ⌐⅔↑╢ ─

⅜ ⅝ ∑╢↓≤⅜ ≢⅝√⁹ 
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3  ꜝ♇♩⌐⅔↑╢ ▬fi♃כⱣꜟ ⌐╟╢ ─

≤  

 

3 1 ⌐╟╢ 5  

3 1 1  

2 ⌐≡ ╡ ╩ ™√ ⅜ ⅔╟┘ ⌐⅔™≡

⌂ ≢№╢↓≤╩ ⇔√⁹↕╠⌐ ─ ⌂ ⌐╟∫≡

╛ ⌐ ⅜╢ ⌐⅔↑╢ ─ ⅜ ⅝ ∑╢↓≤╙

≢⅝√⁹ 

 ∕↓≢ ≢│ ≢│ ⅜ ↓╠⌂™≤↕╣╢ ≢╙ ╡

╩ ™√ ╩ ℮↓≤⌐╟∫≡ ⅜ ╘╠╣╢─≢│⌂™

⅛≤ ⅎꜝ♇♩╩ ™√ ╩ ∫√⁹⌂⅔ │ 0 ≤ 16 ─♩꜠

♇♪Ⱶꜟ ⌐⅔↑╢ꜝ♇♩─ LT
47 ╩ ⌐ 50 60%LT⌐ ∆╢ 16m/min─

♩꜠♇♪Ⱶꜟ ╩ ™╢↓≤⌐⇔√⁹ 

 

3 1 2  

│ 10 ─Wistar ꜝ♇♩ 18 כⱣꜞ☼ꜟכꜗ♅ , 

223.9±5.4g ╩ ™√⁹↓╣╩ ⌐ 6 ∏≈ 3 ⌐ ╡ ↑√⁹ ⌐≈™≡│

╩ ╦⌂™ Control ╩ ℮ Level Level ╡

╩ ℮ Downhill DH ≤⇔√⁹ 

│ ≢ ⇔√⁹ ≡─ꜝ♇♩

│ ☺כ◔ ╩ ⌐ ≢⅝ ⅔╟┘ MF ○ꜞ◄fi♃ꜟ

│ ⌐ ≢⅝╢╟℮⌐⇔√⁹ │ 12 ⌐ ⌐╟

╡ ◖fi♩꜡כꜟ╩ ™ │ 23 ⌐ ⇔√⁹ 

⌂⅔ │ ─ ╩ ↑≡ ∫√ : 

12-MA009 ⁹ 

Level ≤ DH ─♩꜠♇♪Ⱶꜟ │ 4≤ ⌐ │ 16m/min

│ 90 ≢ ⇔ ♩꜠♇♪Ⱶꜟ│ꜝ♇♩ⱴ►☻ ♩꜠♇♪Ⱶꜟ Exer-3/6, Columbus

╩ ™√⁹ ─ │ Level │ 0 DH │ 16 ≤⇔√⁹

Level ≤ DH ≤╙⌐ 3 ⌐ 1 ─ ≢ 20 ─ ╩ ™ Control │ 60
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☺כ◔ ≢ ≤⇔√⁹ 

3 ≤╙⌐ ⅛╠ 60 ⌐ ─ ⌐≡ ⇔ ─ⱥꜝⱷ

╩ ⇔√⁹ ─ │ ⌐ ⌐≡ ™ ⱥꜝⱷ ─ ╩

─ ≢ ⇔≡ ╩ ╘√⁹ ╩ ⱥꜝⱷ │♪ꜝ▬▪▬☻▪

☿♩fi╩ ™≡ ⇔√⁹◒ꜞ○☻♃♇♩╩ ™≡10ɛm⌐ ⇔ ╩

⇔ Ⱬⱴ♩◐◦ꜞfiה◄○☺fi ╩ ∫√⁹ ≤⇔≡ ─ ─

⌐≈™≡ ╩ ™≡ ⇔ ♦☺♃ꜟ◌ⱷꜝ⌐≡ ⇔√⁹

⌐Ɽ♁◖fi╩♃כ♦ ╡ ╪∞ ♁ⱨ♩ NIH Image J ╩ ™≡ ⌐

300 ─ ╩ ⇔√⁹⌂⅔ │ Brooke─ 48 ⌐ ≠™≡ ⇔

√⁹ 

─ ⅔╟┘ ─

⌐│ ╩ ∫√⁹↕╠⌐ ⌐≡ ╩ ╘√

⌐│ ≤⇔≡ Tukey ╩ ∫√⁹ │ 5%≤⇔√⁹ 

 

3 1 3  

─ │ Control 223.8±4.6g Level 223.8±7.1g DH 224.2±5.2g

≢№∫√⁹ ─ │ Control 321.5±19.5g Level 333.8±22.1g DH

327.3±8.1g≢№∫√⁹ ≤ ⌐⅔™≡ 3 ─ ⌐ │ ╘⌂⅛

∫√⁹ 

⌐⅔↑╢ⱥꜝⱷ ─ ⌂ ╩ 5⌐ ∆⁹Control ╛ Level ─

≤ ⇔≡ DH ─ │ ⌐ ⅝ↄ ⇔√ ⅜ ↕╣√⁹ ─

╛ ─ ─ ⌐≈™≡╙ Level DH ≤╙⌐ ╘⌂⅛∫√⁹ 

ⱥꜝⱷ ─ │ Control 146.3±14.8mg Level 157.9±11.2mg DH

178.4±10.7mg≢№∫√ 6 ⁹ ⌐⅔™≡ DH │ Control ╛ Level ⌐

═ ⌐ ⇔≡™√ vs. Control : P = 0.001 vs. Level : P = 0.030⁹Control ≤

Level ─ ⌐│ │ ╘⌂⅛∫√⁹ 

│ Control 0.46±0.05mg/g Level 0.47±0.03 mg/g DH 0.55±0.01 mg/g

≢№∫√ 7 ⁹ ⌐⅔™≡ DH │ Control ╛ Level ⌐ ═ ⌐

⇔≡™√ Control : P = 0.003 vs. Level : P = 0.014⁹Control ≤ Level ─

⌐│ │ ╘⌂⅛∫√⁹ 
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│ Control 50.0±10.5µm Level 49.6±10.3µm DH 55.9 ±10.3µm≢№

∫√ 8 ⁹ ⌐⅔™≡╙ DH │ Control ╛ Level ⌐ ═ ⌐ ⇔

≡™√ vs. Control : P < 0.0001 vs. Level : P < 0.0001⁹Control ≤ Level ─

⌐│ │ ╘⌂⅛∫√⁹ 

 

 

5  
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3 1 4  

Level ⌐⅔™≡ ⅔╟┘ ≤╙⌐ Control ≤ │

╘⌂⅛∫√⁹ ─ │ 50 60%LT⌐ ⇔ 47 ─ ≢№╢≤™

ⅎ╢⁹↓─╟℮⌂ ─ │ ─ ⌐│ ≢№∫√≤⇔≡╙ ─

╩ ↓∆ ≤⇔≡│ ⇔≡™╢ 9⁹∕─√╘ ─ ≢№╢ Level

≢│ ╩ ↓↕⌂⅛∫√≤ ⅎ╠╣╢⁹ 

∕╣⌐ ⇔≡ DH ≢│ ⅔╟┘ ≤╙⌐ Control ≤

Level ⌐ ═≡ ⌐ ⇔≡™√⁹↓╣╠─ ⅛╠ ╡ ⌐╟╢

╩ ™√ │ ╩ ∂↕∑╢ ⌂ ≤⌂╢ ⅜ ↕

╣√⁹ 9-12,17 ⌐╟╢≤ ≤ │ ⌐ ⅎ╢

╛ ⅜ ⌂╢≤ ⇔≡™╢⁹ │ ⌐ ™ ⅜ ∆╢

─√╘ ⌐ ═ ⅜ ⅝™ 9-11,17⁹ ─ ⌐╟╡

⅜ ∆╢≤ ⱱꜟ⸗fi╛ ⱱꜟ⸗fi⌂≥─ ⅜ 11,12)⇔ ─

⅜ ↕╣╢⁹Brockett╠ 49 ⌐╟╢≤ ╩◓fi♬כ꜠♩ ╡ ∆≤

─ ⌐╟∫≡ ₁⌐ ⅜ ⇔√ ≢╙ ╩ ≢⅝╢╟℮⌐⌂╢≤ ⇔

≡™╢⁹ ≢│ ╩ ╡ ∆↓≤⌐╟∫≡ ⅜ ∂ ⅜ ╣

√ ⅜№╢⁹⇔⅛⇔ ⅜ ↄ⌂╢≤ ─ ⅜ ⇔

╛ ─ ─ ╩ ↓∆ 50 ⅜№╢⁹ ≢│ Level DH

≤╙⌐ ╛ ─ ⌂≥─ ⌐╟╢ │ √╠⌂⅛∫√⁹

│♩꜠♇♪Ⱶꜟ ⅜ 16m/min≤ ≢№∫√√╘ ╩ ↓∆

─ ⌂ ⌐│ ╠⌂™ ≢ ─ ╩ ∆↓≤⅜≢⅝ ╩

↓∆↓≤⅜ ∞∫√≤ ⅎ╠╣╢⁹ 

╕√ ⌂ ─◓fi♬כ꜠♩ ≤⇔≡│ 2~3 ℮╟℮ 6,9 ↕╣≡

™╢⁹∕↓≢ ⌐⅔™≡╙ ─ ⌐ ∂√ ≢ ╩ ∫√⁹ ─ ⅛

╠ ╩ ™√ │ ─ ╙╡╟◓fi♬כ꜠♩ │ ↄ

≢⅝ ↕╠⌐ ╩ ╛↕⌂ↄ≡╙ ⌂ ⅜ ╠╣╢↓≤⅜ ⅛∫

√⁹≈╕╡ ╩ ™√ │ ╛ ┼─ ╙ ⌂™√╘

⌐ ⇔≡ ⌂ ≤⌂╢ ⅜ ↕╣√⁹ 
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3 2 ▬fi♃כⱣꜟ ⌐╟╢ ≤ 6  

3 2 1  

5⌐⅔™≡ ╡ ╩ ™√ ─ ╩ ℮↓≤⌐╟

∫≡ⱥꜝⱷ ⌐ ⇔≡ ╩ ⅝ ↓∑╢↓≤╩ ⇔√ 51)⁹√∞⇔ 5─

≢│ ≤│™ⅎ ─ ╩ ℮ ⅜№╢≤™℮ ╩ ⇔≡™╢⁹

⌐ ╛ ⌐ ⇔≡ ─ ╩ ℮↓≤│ ⇔™√╘ ⌐

↑≡─ ⅜ ∫√⁹ 

⌐⅔™≡ ╩ ℮↓≤⅜ ⇔™ ╛ ⌐ ⇔≡ ─

⌐ ╩ ╗▬fi♃כⱣꜟ ╩ ℮↓≤⅜№╢ 15-18⁹▬fi♃כⱣꜟ ≤│ ╛

─ ╩ ╪≢ ─ ─ ╩ ∆╢ 18)≢№╢⁹▬fi♃כⱣ

ꜟ │ ╩ ╖⌂⅜╠ ℮√╘ ⌂ ⅜ ⇔™ ╛ ⌐╙

™╛∆™ ≢№╢⁹ 

∕↓≢ ≢│ ╡ ⌐╟╢ ╩ ™√ ⌐⅔™≡

─ ⌐ ╩ ╗▬fi♃כⱣꜟ ─ ≢№∫≡╙ ≤ ─

╩ ╘╢─⅛⁸↕╠⌐ ╙№╢─⅛╩ ⅛╘╢√╘⌐ꜝ♇♩╩ ™≡

╩ ∫√⁹ 

 

3 2 2  

│ 10 ─Wistar ꜝ♇♩ 21 כⱣꜞ☼ꜟכꜗ♅ , 

223.5±5.7g ╩ ™√⁹↓╣╩ ⌐ 7 ∏≈ 3 ⌐ ╡ ↑√⁹ ⌐≈™≡│

╩ ╦⌂™ Control 90 ─ ╡ ╩ ≢ ℮ Downhill

DH 90 ─ ╡ ╩▬fi♃כⱣꜟ ≢ ℮ Downhill▬fi♃כⱣꜟ

DH▬fi♃כⱣꜟ ≤⇔√⁹ 

│ ≢ ⇔√⁹ ≡─ꜝ♇♩

│ ☺כ◔ ╩ ⌐ ≢⅝ ⅔╟┘ MF ○ꜞ◄fi♃ꜟ

│ ⌐ ≢⅝╢╟℮⌐⇔√⁹ │ 12 ⌐ ⌐╟

╡ ◖fi♩꜡כꜟ╩ ™ │ 23 ⌐ ⇔√⁹ 

⌂⅔ │ ─ ╩ ↑≡ ∫√ : 

12-MA009 ⁹ 

Control │ 60 ☺כ◔ ≢ ≤⇔ DH ≤ DH▬fi♃כⱣꜟ ─
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│ 5≤ ⌐♩꜠♇♪Ⱶꜟ ╩ 3 ⌐ 1 ─ ≢ 20 ∫√⁹♩꜠

♇♪Ⱶꜟ│ꜝ♇♩ⱴ►☻ ♩꜠♇♪Ⱶꜟ Exer-3/6, Columbus ╩ ™ ─

│ DH DH▬fi♃כⱣꜟ ≤╙⌐ 16 ─ ╡ ≤⇔√⁹DH

─♩꜠♇♪Ⱶꜟ │ 5⌐≡ ╩ ⇔√ DH ≤ ⌐ │

16m/min │ 90 ─ ╩ ∫√⁹DH▬fi♃כⱣꜟ ─♩꜠♇♪Ⱶꜟ

⌐≈™≡│ │ DH ≤ ⌐ 16m/min≤⇔ 5 2 ╩ 1☿

♇♩≤⇔≡ 18 ╡ ∆▬fi♃כⱣꜟ 19 ╩ ™ │ 90 ≤⇔√⁹ 

3 ≤╙⌐ ⅛╠ 60 ⌐ ─ ⌐≡ ⇔ ─ⱥꜝⱷ

╩ ⇔√⁹ ─ │ ⌐ ⌐≡ ™ ⱥꜝⱷ ─ ╩

─ ≢ ⇔≡ ╩ ╘√⁹ ╩ ⱥꜝⱷ │♪ꜝ▬▪▬☻▪

☿♩fi╩ ™≡ ⇔√⁹◒ꜞ○☻♃♇♩╩ ™≡10ɛm⌐ ⇔ ╩

⇔ Ⱬⱴ♩◐◦ꜞfiה◄○☺fi ╩ ∫√⁹ ≤⇔≡ ─ ─

⌐≈™≡ ╩ ™≡ ⇔ ♦☺♃ꜟ◌ⱷꜝ⌐≡ ⇔√⁹

⌐Ɽ♁◖fi╩♃כ♦ ╡ ╪∞ ♁ⱨ♩ NIH ImageJ ╩ ™≡ ⌐

300 ─ ╩ ⇔√⁹⌂⅔ │ Brooke─ 48 ⌐ ≠™≡ ⇔

√⁹ 

─ⱥꜝⱷ │ ≤ ⌐ ⇔ ∟⌐ 30ϴ─ꜞfi◕ꜟ ╩ √⇔√ⱴ

◓♯☻ ≢ ה MlTF΅500/ST AD Instruments ⌐ ⇔√⁹ꜞfi

◕ꜟ │ 95% ⅔╟┘ 5% ─ ●☻╩ ⇔√ ⌐ ∫√⁹

│ ╠─ 52)╩ ⌐ ∫√⁹╕∏ ⱴ♬Ⱨꜙ꜠כ♃כ≢ ╩ ╕≢

┼ ⇔ ╩ ⇔√⁹∕─ SEN-3401

╩ ™≡ 1msec─ ≢ ⇔ ╩ ⇔√⁹ │

─ ─ ─ 130%≢ 100Hz─ ╩ 1 ∫≡ ⇔√⁹

⅔╟┘ ─ ⅔╟┘ │ ה ♁ⱨ♩ LabChart ver7.00 AD Instruments

╩ ™≡ ⇔√⁹ 

─ ⅔╟┘ ─

⌐│ ╩ ∫√⁹↕╠⌐ ⌐≡ ╩ ╘√

⌐│ ≤⇔≡ Tukey ╩ ∫√⁹ │ Kruskal-Wallis ╩ ™

╩ ╘√ ⌐│ ≤⇔≡ Scheffe ╩ ™√⁹ │ 5%≤⇔√⁹ 
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3 2 3  

 ─ │ Control 224.1±4.3 g DH 222.9±5.8 g DH▬fi♃כⱣꜟ

223.4±7.5 g │ Control 322.9±18.2 g DH 326.4±7.8 g DH

▬fi♃כⱣꜟ 331.9±11.3 g∞∫√⁹ ⅔╟┘ ⌐⅔™≡

⌐ │ ╘⌂⅛∫√⁹ 

 ⌐⅔↑╢ⱥꜝⱷ ─ ⌂ ╩ 9⌐ ∆⁹Control ─ ≤ ⇔

≡ DH ≤ DH▬fi♃כⱣꜟ ─ │ ⌐ ⅝ↄ ⇔√ ⅜ ↕

╣√⁹ ─ ╛ ─ ─ ⌐≈™≡╙ DH DH▬fi♃

ꜟⱣכ ≤╙⌐ ╘⌂⅛∫√⁹ 

ⱥꜝⱷ ─ │ Control 146.7±13.6mg DH 177.4±10.0mg DH▬fi

ꜟⱣכ♃ 168.1±10.6mg≢№∫√ 10 ⁹ ⌐⅔™≡ DH ≤ DH▬fi

ꜟⱣכ♃ │ Control ⌐ ═ ⌐ ⇔≡™√ DH , P < 0.001 DH▬fi♃

ꜟⱣכ , P = 0.007⁹DH ≤ DH▬fi♃כⱣꜟ ─ ⌐│ │ ╘

⌂⅛∫√⁹ 

│ Control 0.46±0.05 mg/g DH 0.54±0.02 mg/g DH▬fi♃כⱣ

ꜟ 0.51±0.04 mg/g≢№∫√ 11 ⁹ ⌐⅔™≡╙ DH ≤ DH▬fi

ꜟⱣכ♃ │ Control ⌐ ═ ⌐ ⇔≡™√ DH , P = 0.001 DH▬fi♃

ꜟⱣכ , P = 0.048⁹DH ≤ DH▬fi♃כⱣꜟ ─ ⌐│ │ ╘

⌂⅛∫√⁹ 

│ Control 50.0±10.6µm DH 55.5±10.3µm DH▬fi♃כⱣꜟ

54.9± 10.4µm≢№∫√ 12 ⁹ ⌐⅔™≡ DH ≤ DH▬fi♃כⱣꜟ

│ Control ⌐ ═ ⌐ ⇔≡™√ DH , P < 0.001 DH▬fi♃כⱣꜟ , P < 

0.001⁹DH ≤ DH▬fi♃כⱣꜟ ─ ⌐│ │ ╘⌂⅛∫√⁹ 

⌐ ─ - │ Control 75.0 62.9-81.5 g DH

82.8 70.8-85.3 g DH▬fi♃כⱣꜟ 81.4 78.4-89.7 g≢№∫√ 13 ⁹

⌐⅔™≡ DH ≤ DH▬fi♃כⱣꜟ │ Control ⌐ ═ ⌐ ⇔≡™

√ DH , P =0.036 DH▬fi♃כⱣꜟ , P =0.016⁹DH ≤ DH▬fi♃כⱣ

ꜟ ─ ⌐│ │ ╘⌂⅛∫√⁹ 
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9  
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13  

 

3 2 4  

≢│ ╡ ⌐╟╢ ╩ ™√ ⌐⅔™≡ ─ ⌐

╩ ╗▬fi♃כⱣꜟ ─ ≢№∫≡╙ ⱥꜝⱷ ⌐ ⇔≡ ≤ ─

╩ ╘╢─⅛⁸↕╠⌐ ╙№╢─⅛ ╩ ∫√⁹ 

╕∏ DH ─ ⅔╟┘ │ Control ⌐ ═ ⌐

⇔≡™√⁹↓╣│ 5─ 52 ≤ ≢№╡ ╡ ⌐╟╢ ╩

™√ ─ ⌐╟∫≡ⱥꜝⱷ ─ ⅜ ╣╢↓≤╩ ≢⅝√⁹↕

╠⌐ ⌐⅔™≡╙ Control ⌐ ═ DH ≢│ ⌐ ⇔≡™√⁹↓╣

╠─ ⅛╠ ╡ ⌐╟╢ ╩ ™√ ─ │ ⱥꜝⱷ

─ ⌐ ⅎ≡ ╙№╢↓≤⅜ ≢⅝√⁹ 

⌐ DH▬fi♃כⱣꜟ ⌐⅔™≡╙ ⅔╟┘

│ Control ⌐ ═ ⌐ ⇔≡™√⁹↕╠⌐ DH▬fi♃כⱣꜟ ≤ DH

─ ⅔╟┘ ≢│ ╩ ╘⌂⅛∫√⁹↓

╣╠─ ⅛╠ ╡ ⌐╟╢ ╩ ™√ ⌐⅔™≡ ─

⌐ ╩ ╗▬fi♃כⱣꜟ ─ ≢№∫≡╙ ≤ ─ ⅔╟┘

⅜ ╣╢↓≤⅜ ⅛∫√⁹ 

─▬fi♃כⱣꜟ │ ╛ ╩ ↕∑ Ɽⱨ

╩☻ⱴfiכ◊ ↕∑╢ 15-18)⅜№╢⁹ ⌂▬fi♃כⱣꜟ ─ │

0

20

40

60

80

100

Control  DH  DH  

(g) 

P < 0.05 

P < 0.05 
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─ 70 100% ─ ╩ ™ ─ ╕√│ ╩ ╡

⇔ ℮ ≢№╢⁹ ─ ╩ ╡ ∆√╘ ╛ ⌐

⇔≡ ℮⌐│ꜞ☻◒⅜ ™⁹ │ LT ─ 50%─ ≢№╡ ↕╠⌐ ─

⌐ ╩ ╪≢╙ ≤ ─ ⅔╟┘ ⅜ ╘╢↓≤⅜

⅛∫√⁹≈╕╡ ╩ ™√ ▬fi♃כⱣꜟ │ ╛

┼─ ╙ ⌂™√╘ ╛ ⌐ ⇔≡ ⌂ ≤⌂╢ ⅜

↕╣√⁹ 
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3 3  

 ≢│ ≢╙ ╩ ∆╢↓≤⌐╟∫≡ ╛

⅜ ⅛⌐≈™≡ꜝ♇♩⌐╟╢ ╩ ∫√⁹ 

 ╕∏ 5≢│ 2 ≢ ⇔√ ╩ ™≡  3 ⌐ 1 ─ ≢ 20

─ ╡ ╩ ™√ ╩ ℮↓≤⌐╟╡ ╩

╘╢─⅛⌐≈™≡ ╩ ∫√⁹∕─ ─ ≢№╢ Level ≢│

╩ ↓↕⌂⅛∫√⅜ ╡ ╩ ⇔√ DH ≢│ ╩ ╘√⁹ 

⌐ 6≢│ ╡ ╩ ™√ ⌐⅔™≡ ─ ⌐

╩ ╗▬fi♃כⱣꜟ ─ ≢№∫≡╙ ≤ ─ ╩ ╘╢

─⅛⁸↕╠⌐ ╙№╢─⅛⌐≈™≡ ╩ ∫√⁹▬fi♃כⱣꜟ │ 5

2 ╩ 18 ╡ ∆ ⌐≡ ∫√⁹∕─ DH▬fi♃כⱣꜟ ⌐⅔™

≡╙ ⅔╟┘ │ Control ⌐ ═ ⌐ ⇔

≡™√⁹↕╠⌐ DH▬fi♃כⱣꜟ ≤ DH ─ ⅔╟┘

≢│ ╩ ╘⌂⅛∫√⁹↓╣╠─ ⅛╠ ╡ ⌐╟╢ ╩ ™

√ ⌐⅔™≡ ─ ⌐ ╩ ╗▬fi♃כⱣꜟ ─ ≢№∫≡╙

≤ ─ ⅔╟┘ ⅜ ╣╢↓≤╩ ≢⅝√⁹ 
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4  ⱥ♩⌐⅔↑╢ ▬fi♃כⱣꜟ ⌐╟╢ ─

≤  

 

4 1 ─ 7  

4 1 1  

3 ⌐⅔™≡ ╩ ™√ │ ─ ⌐ ╩ ╗▬fi♃כ

Ᵽꜟ ─ ≢№∫≡╙ ≤ ─ ⅔╟┘ ⅜№╢↓≤

╩ ⇔√ 53⁹ 

2 ⅔╟┘ 3 ─ꜝ♇♩╩ ™√ ≢│ ≤⇔≡♩꜠♇♪Ⱶꜟ

╡ ╩ ∫√⁹⇔⅛⇔ ⱥ♩┼ ∆╢ ♩꜠♇♪Ⱶꜟ ╡ │ ─

⅜ ⅎ╠╣╢⁹∕─√╘ ⱥ♩╩ ≤⇔√ ⌐⅔™≡ ⌐ ⅜

≢⅝╢ ╩ ∆╢ ⅜№╢⁹ 

∕↓≢ ≢│ ▪◦☻♩ ⌐╟╡ ⌐ ⅜ ⅎ╢

╩ ™ ─ ⅛╠ ⅜ ≢№╢─⅛ ╕√ ⌂ ≢№╢─

⅛⌐≈™≡ ╩ ⌐ ╩ ∫√⁹ 

 

4 1 2  

 │ 5 ( 2 3 20.0±0.0 160.3±4.9kg

55.8±4.6kg)≤⇔√⁹ ≡─ ⌐ ⇔≡ ⌐≡ ─ ╩ ⌐ ⇔

╩ √ ≢ ╩ ∫√⁹ 

 │ ▪◦☻♩ ⅝☻♥♇ⱪⱴ◦fi ☻♥♇ⱪⱴ◦fi ☻♥

♇ⱪⱲכ▬ ☻ꜝ▬fl ╩ ™√ 14 ⁹↓─☻♥♇ⱪⱴ◦fi│ ≢ ⱨ

♇♩ⱪ꜠כ♩ ⌐ ╩ ∑╢↓≤⌐╟∫≡ ⌐ ─ ≤

⅜ ⅎ╢ ─ ≢№╢⁹ 

⌂ ─╖⅜ ⅎ╢╟℮ ─ ╩ ™ ⌐≡

15 10 ≢─ ⅜ ≢№╢↓≤╩ ⇔√⁹ 

≢│ ≤ ─ 2 ⌐≡☻♥♇ⱪⱴ◦fi╩ ⇔√⁹ ⌐

⅔↑╢☻♥♇ⱪⱴ◦fi─ │ ╩ 1◘▬◒ꜟ≤⇔ 42 / ─ ≢

∫√⁹⌂⅔ ─ │ꜝfi♄ⱶ⌐ ⇔√⁹ 
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≢│ ↕ ⌂ ╩ ⇔ ☻♥♇ⱪⱴ◦fi╩ 0 ⌐⇔√

≢ 90 ⌐⌂╢╟℮ ─ ↕╩ ⇔√ 15 ⁹ ⌐ ⇔≡

─ │ ─ ╩ ™≡ ⌂ ╩≤╠∑ ⌐ ≢ │∑∏⌐☻♥♇ⱪ

ⱴ◦fi⌐ ╩ ∑≡⅔ↄ╟℮ ⇔√⁹ 
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≢│ ╩ ≢ ╗ ╩ ╠∑√⁹ ⌐ ⇔≡ ─

│ ╩ ⌐ ≈↓≤ ⌂ ╩ ╦⌂™↓≤╩ ⇔√ 16 ⁹ 
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─ │ ─ ⱥꜝⱷ ≤⇔√⁹

│ 20 ⌐≡ ─ ⌐ ≤ ⌐⌂╢╟℮⌐

⇔√⁹ ⌐ ╩ ╠∆√╘⌐ ╩ ⇔ ╩ ∫

√⁹ 

⌐│ TELEMYO 2400T V2 Noraxon ╩ ⇔√⁹

⌐≡ ☻♥♇ⱪⱴ◦fi╩ 5 ⇔ ⅛╠ 1 ↔≤⌐ 10 ∏≈ 5

─ ╩ ⌐≡ ⇔√⁹◘fiⱪꜞfi◓ │ 1500Hz≤⇔

≢─ ─ │ ⇔√♦☺♃ꜟⱦ♦○◌ⱷꜝ⌐≡ ⇔√⁹ 

⇔√ │ ♁ⱨ♩ MyoResearch Noraxon ╩ ™≡ ╩ ∫√⁹

╕∏ ─ │ ⇔ root mean square⌐╟╡ 50msec ⌐ ⇔√

☻♥♇ⱪⱴ◦fi ⌐ ⇔√ ─ ╩ 100%≤⇔≡ ⇔√⁹

⌐ ⇔√ ⅛╠ 5 ╩ ⇔ ─ ⌐⅔↑╢

╩% Maximum voluntary contraction (%MVC)≤⇔≡ ╘√⁹ ⌐⅔™≡ 1 ⌐

⇔√ 5 ─ ⅛╠ ─%MVC╩ ╘ ─ ╩ ∫√⁹ 

 ─ ⌐≈™≡│ ─№╢ t- ╩ ™ │ 5%≤⇔√⁹ 
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4 1 3  

─%MVC│ 0.85±0.32% 2.08± 0.88%≢№∫√ 17 ⁹

─%MVC⌐⅔™≡ ≤ ≢│ │ ╘⌂⅛∫√⁹ 

ⱥꜝⱷ ─%MVC│ 2.44±0.77% 13.23± 5.95%≢№∫√ 18 ⁹

ⱥꜝⱷ ─%MVC⌐⅔™≡ ⌐ ═ ⌐⅔™≡ ⌐ ⇔≡™√ 

P 0.013⁹ 

 

17 MVC  

 

 

 

18 %MVC  
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4 1 4  

≢│ ☻♥♇ⱪⱴ◦fi╩ ™√ ⌂ ⌐⅔↑╢ ╩

⇔ ⅜ ≢№╢─⅛ ╕√ ⌂ ≢№╢─⅛⌐≈™≡ ╩

∫√⁹⌂⅔ ⌐ ⇔ ≢№╢ ─ │

⅛╠ ┼─ ≤⌂╢⁹∕╣⌐ ⇔ ⌐ ⇔ ≢

№╢ⱥꜝⱷ ─ │ ⅛╠ ┼─ ≤⌂╢⁹ 

⅔╟┘ⱥꜝⱷ ⌐⅔™≡ ≢─%MVC│ %≢№╡ ⌂

╩ ╘⌂⅛∫√⁹ ╠ 54 │ ≢─ ⌂ ≢│ ╩ ∆↓≤⅜

⇔™≤ ⇔≡⅔╡ ─╟℮⌂ ≢─ ⌂ ≢│

╩ ⇔⌐ↄ™↓≤⅜ ⅛∫√⁹ 

│ ⌐⅔™≡╙ ⌐⅔↑╢%MVC│ 2% ≢№╡ ⌂

╩ ∑≡│™⌂⅛∫√⁹ ─╟℮⌂ ⌐⅔↑╢ ─ ⌂

│ ⌐╟╢ ╩ ⇔≡™╢≤ ⅎ╠╣╢⁹ ≢ ™√☻♥

♇ⱪⱴ◦fi─ │ 15 │ 10 ╕≢ ⅜ ≢№╡

─ ⅜ ↕⅛∫√⁹∕─√╘ ┼─ ╙ ↕ↄ⌂╢√╘ ─

╩ ∑⌂⅛∫√≤ ⅎ╠╣╢⁹↕╠⌐ │ ─ ─ ≤

⅜ ∏⇔╙ ⇔⌂™≤─ 55,56)╙№╢√╘ ─ ∞↑≢⌂ↄ

⌐⅔™≡╙ ⌂ ⅜ ∑⌂⅛∫√ ╙ ⅎ╠╣╢⁹ 

∕╣⌐ ⇔ ⌐⅔↑╢ⱥꜝⱷ ─ ≢─ │ ⌐ ═

⌐ ⇔≡™√⁹ⱥꜝⱷ ─ ≢№╢ ┼☻♥♇ⱪⱴ◦fi⅜ ⇔√

┼─ ⌐ ⇔≡ │ ┼ ↓℮≤ ∆╢⁹ ╠ 55)⌐╟╢

≤ ┼─ ⌐ ∆╢ ≢│ ⌐ⱥꜝⱷ ─ ⌐

⇔≡™╢≤ ⇔≡™╢⁹∕─√╘ ⌐⅔↑╢ ≢─ⱥꜝⱷ ─ ⅜

∑≡™╢─≢│⌂™⅛≤ ⅎ╠╣╢⁹ 

─ ☻♥♇ⱪⱴ◦fi╩ ™√ ⌂ │ ─ⱥꜝⱷ

⌐⅔™≡ ╩ ∑≡™╢↓≤⅜ ⅛∫√⁹↕╠⌐ ⌐⅔↑╢ⱥꜝⱷ

─%MVC│ 13%≢№╡ ⌐⅔™≡ ⌂ ≢№╢↓≤⅜

≢⅝√⁹ 
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4 2 ─ 8  

4 2 1  

 7≢ ⇔√╟℮⌐☻♥♇ⱪⱴ◦fi╩ ™√ ⌂ ⌐╟╡ⱥꜝⱷ

─ ⅜ ↕╣ ↕╠⌐ ⌂ ≢№╢↓≤⅜ ≢⅝√⁹⇔⅛⇔

─ ⅛╠ ≢№∫≡╙ ─ ⅛╠╙ ≢№╢⅛│ ≢

№╢⁹ 

 ∕↓≢ ≢│ ☻♥♇ⱪⱴ◦fi╩ ™√ ⌂ ─ ╩

⇔ ─ ⅛╠╙ ⌂ ≢№╢─⅛ ╩ ⌐ ╩ ∫√⁹ 

 

4 2 2  

 │ 5 ( 2 3 20.0±0.0 160.3±4.9kg

55.8±4.6kg)≤⇔√⁹ ≡─ ⌐ ⇔≡ ⌐≡ ─ ╩ ⌐ ⇔

╩ √ ≢ ╩ ∫√⁹ 

 ≢│ ☻♥♇ⱪⱴ◦fi S

⅔╟┘♩꜠♇♪Ⱶꜟ ─ 3 ⌐≈™≡ ●☻ AE-280S

Ⱶ♫♩ ╩ ™≡ ─ ╩ ∫√⁹⌂⅔ ─ │

S ─ ⌐ ∫√⁹ 

 ≢│ ╙√╣─№╢ ≤⇔ ☻♥♇ⱪⱴ◦fi─ ⌐ ╩ ∑√ ≢

☻♥♇ⱪⱴ◦fi╩ ∑∏ ╩ ≈╟℮ ⇔√ 19 ⁹ 

 

 

19  
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S ─ │☻♥♇ⱪⱴ◦fi╩ ™ │ 7≤ ⌐

╩ 1◘▬◒ꜟ≤⇔ 42 / ─ ≢ ∫√⁹ ⌐ ⇔≡ ●☻

│ ╩ ⌐ ≈↓≤ ⌂ ╩ ╦⌂™↓≤╩ ⇔√ 20 ⁹ 

─ │ ♩꜠♇♪Ⱶꜟ כ♫fiꜝ♩כ○ Ⱶ♫♩ ╩

™√⁹♩꜠♇♪Ⱶꜟ─ │ ─ ≢№╢ 4km/h
57 ≢ ™

│ 0 ≤⇔√ 21 ⁹ 

│ 7 ⇔ ─♃כ♦☻● │ ⅜ ⇔√ 2 ⅛╠ 7

╕≢─ 5 ╩ breath by breath ⌐≡ ⇔√⁹ ─♃כ♦☻● │ ♁ⱨ

♩ AT for Windows, Ⱶ♫♩ ╩ ™≡ ⌐⅔↑╢ 1 ─ №√╡

─ VO2/W ╩ ╘ ↕╠⌐∕╣╩ ∆╢↓≤≢ 5 ─ VO2/W╩

⇔√⁹ 

─ ⌐≈™≡│ ─ ╩ ™ ╩ ╘√

⌐ Tukey ╩ ™√⁹ │ 5%≤⇔√⁹ 

 

 

20 S  
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21  

 

4 2 3  

⌐⅔↑╢ VO2/W│ 3.04±0.60ml/kg/min S 3.79± 1.12 

ml/kg/min 9.02± 1.27 ml/kg/min≢№∫√ 22 ⁹ ≤ S ⌐

⅔™≡ │ ╘⌂⅛∫√⅜ │ ⅔╟┘ S ╟╡ ⌐

⅜ ⇔≡™√ P<0.001⁹ 
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4 2 4  

 ≢│ ☻♥♇ⱪⱴ◦fi╩ ™√ ⌂ ⅜ ─ ⅛╠╙

⌂ ≢№╢─⅛⌐≈™≡ ╩ ⇔ ╩ ∫√⁹ 

 ∕─ S ─ │ ≤ ╩ ╘∏ ╟╡╙

⌐ ⅜ ⅛∫√⁹ 

ⱥ♩⅜ ╩ ℮ ╩ ⌐ ↕∑≡ ≤∆╢ ╩ ╦⌂↑

╣┌⌂╠⌂™⁹ ─ ╩ ╡ ∆↓≤⌐╟╡ ATP ╙ ⅎ╢√╘

⌐⅔↑╢ ╙ ∆╢⁹∕─√╘ ≢№╢ ⌐⅔™≡

╟╡╙ ⌐ ⅜ ⇔√─≢№╤℮⁹⇔⅛⇔ S ─  

│ ╟╡╦∏⅛⌐ ⇔√─╖≢№∫√⁹ ╠ 58 │ ▪◦☻♩ ⅝

─ ╩ ⇔ ─ ≤ ⇔≡™╢⁹∕─

─ ╟╡╙ ▪◦☻♩ ≢│ ⅜ 30% ⇔√≤

⇔≡™╢⁹ ⌐⅔™≡╙ ▪◦☻♩ ╩ ™╢↓≤⌐╟╡ ⌂ ⌐

═ ╩ ↕∑╢↓≤⅜≢⅝ ─ ⌐⅔™≡╙ ⌂ ≢№

╢↓≤⅜ ≢⅝√⁹ 
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4 3 ▬fi♃כⱣꜟ ⌐╟╢ ≤ 9  

4 3 1  

 7⅔╟┘ 8⌐≡☻♥♇ⱪⱴ◦fi╩ ™√ ⌂ ⌐╟╡ⱥꜝⱷ

─ ⅜ ↕╣ ↕╠⌐ ⅔╟┘ ─ ⅛╠╙ ⌂ ≢

№╢↓≤⅜ ≢⅝√⁹ 

 ∕↓≢ ≢│ ⌐ ⇔☻♥♇ⱪⱴ◦fi╩ ™√ ⌂ ╩▬

fi♃כⱣꜟ ≢ ™ ⱥꜝⱷ ─ ≤ ⅜ ⅛ ╩ ∫√⁹ 

 

4 3 2  

 │ 5 ( 2 3 20.0±0.0 160.3±4.9kg

55.8±4.6kg)≤⇔√⁹ ≡─ ⌐ ⇔≡ ⌐≡ ─ ╩ ⌐ ⇔

╩ √ ≢ ╩ ∫√⁹ 

 ⌐⅔↑╢ │☻♥♇ⱪⱴ◦fi╩ ™ │ 7≤ ⌐

╩ 1◘▬◒ꜟ≤⇔ 42 / ─ ≢ ∫√⁹ ⌐│ 8─

≤ ⌐ ≢─☻♥♇ⱪⱴ◦fi ╩ ╦∑ │ ╩ ⌐ ≈↓≤

⌂ ╩⇔⌂™↓≤╩ ⇔√⁹1 ⌐ ℮☻♥♇ⱪⱴ◦fi ⌐≈™≡│

5 1 ╩ 1☿♇♩≤⇔ 15☿♇♩ ╡ ∆▬fi♃כⱣꜟ ≢ ∫√⁹

≤⇔≡│ 3 20 7 ╩◓fi♬כ꜠♩─ ⇔√⁹ 

 ─ ≤⇔≡│ ◓fi♬כ꜠♩ ≤ 20 ◓fi♬כ꜠♩─ ⌐

≤ ─ ╩ ∫√⁹ 

│ ⱦ☺ⱨ□♇♩ EU-2002B ◄ꜟ◒◄☻♩ ╩

™≡ ⇔√⁹ ⌐≈™≡│ Reeves╠ 59 ╛ ╠ 60 ─ ⌐ ∂≡ ™

─ ⌐ⱪ꜡כⱩ╩ ≡ ≤ ≤─ 2 ╩ ⇔√⁹

─ ⌐≈™≡│ │ ⱥꜝⱷ │ ≤⇔ ≤╙⌐

0 ≤⇔√⁹ ⌐ ⇔≡ 3 ⇔√ ⅛╠

╩ ╘√⁹ 

│ Biodex system3, Biodex Medical System

╩ ™≡ ≤ⱥꜝⱷ ─ ╩ ⇔√⁹ ─ │

╠ 61 ─ ╩ ⌐ ∫√⁹ │ ⅜ ⇔⌂™╟℮ 90

│ ─ ╩ ∆╢√╘⌐ 90 ≤⇔ │ 0 ⌐ ⇔ ∕╣
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∙╣ ─ⱬꜟ♩≢ ⇔√⁹ ─ │ ≤ ╩ 1☿♇♩

≤⇔≡ 5 ∏≈─ ╩ ╦∑√⁹ ─ ╩ ⇔ 1 ∆╢

⌐ ╩ ↑ ↓╣╩ 3☿♇♩ ─♃כ♦⁹√∫ │ ♁ⱨ♩ System3, Biodex 

Medical System ╩ ™≡ 3 ⇔√ ⅛╠ ♩ꜟ◒ ╩ ⇔

% ╩ ╘√⁹ 

≤ ◓fi♬כ꜠♩╢↑⅔⌐ ─ │ ─№╢ t- ╩

∫√⁹ 

 

4 3 3  

─ │ ◓fi♬כ꜠♩ 26.4±1.52mm♩꜠כ♬fi◓ 26.1±1.72mm

≢№∫√ 23 ⁹ ─ ⌐⅔™≡ ◓fi♬כ꜠♩ ≢ │ ╘⌂⅛∫

√⁹ⱥꜝⱷ ─ │ ◓fi♬כ꜠♩ 14.5±2.02mm ◓fi♬כ꜠♩

15.3±2.26mm≢№∫√ 24 ⁹ⱥꜝⱷ ─ ⌐⅔™≡ ◓fi♬כ꜠♩ ─ ╩

◓fi♬כ꜠♩≥╢∆≥ ≢│ 5.5% ⇔ ⌐ ™ ╩ ⇔√ P 0.022⁹ 

⌐ ─ │ ◓fi♬כ꜠♩ 46.2±5.95% ◓fi♬כ꜠♩

48.9±6.50%≢№∫√ 25 ⁹ ─ ⌐⅔™≡ ≤

◓fi♬כ꜠♩⌐ ≢ │ ╘⌂⅛∫√⁹ⱥꜝⱷ ─ │ ♬כ꜠♩

fi◓ 114.5±23.1% ◓fi♬כ꜠♩ 144.1±17.7%≢№∫√ 26 ⁹ⱥꜝⱷ ─

⌐⅔™≡ ◓fi♬כ꜠♩ ─ ╩ ◓fi♬כ꜠♩≥╢∆≥ ≢│ 25.8%

⇔ ⌐ ™ ╩ ⇔√ P 0.027⁹ 
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4 3 4  

≢│ ☻♥♇ⱪⱴ◦fi╩ ™√ ⌂ ╩▬fi♃כⱣꜟ ≢ ℮

↓≤⌐╟∫≡ ⱥꜝⱷ ─ ≤ ⅜ ⅛⌐≈™≡ ╩ ⌐ ╩

∫√⁹ ⌐⅔↑╢ ◓fi♬כ꜠♩╛ ⌐≈™≡│ 3 ─ ─

⌐ ∂≡ ╩ ⇔√⁹ 

∕─ ⱥꜝⱷ ─ ≢│ 5.5 ≢│ 25.8 ─

⌂ ⅜ ╘╠╣√⁹ ╠ 62 │ ⱥ♩─ ╢↑⅔⌐◓fi♬כ꜠♩ ╛

╩ ⇔√ ─꜠ⱦꜙכ╩ ™ ≤ ─ ╩ ⇔≡™╢⁹

─ │ 3 10 ≢№╢─⌐ ⇔ ─ │ 10 134 ≢№╡

─ ╟╡╙ ─ ─ ⅜ ⅝ↄ⌂╢≤ ⇔≡™╢⁹ ≤

⌐ ≤ ─ ⌐╟╢ ≤ ╩ ⇔√ 63 ⌐⅔™

≡╙ ─ │ 4 10 │ 18 30 ≢№∫√≤ ⇔≡⅔╡

≤ ─ ≢№∫√⁹ 

≢ ™√☻♥♇ⱪⱴ◦fi│ ┼─ ⅜ ⅝⅛∫√⁹ ─

─ │ 20
64≤↕╣≡™╢↓≤⅛╠ ⌐ⱥꜝⱷ ⅜ ↕╣

√ ≢ ⅜ ∑√≤ ⅎ╠╣╢⁹ ╩ ⌐ ∆╢≤ ⌐╟╡ ♃

fiⱤ◒ ⅜ ∆╢≤─ 65 ╙№╢√╘ ⌐⅔™≡ ⌐ ™

≢ ╩ ∑√↓≤╙ ∞∫√ ⅜№╢⁹ 

↕╠⌐ 3 ─ ≢│ LT ─ 50%─ ≤│™ⅎ ♩꜠♇♪Ⱶꜟ╩ ™

√ ⌂ ⌐≡ ╩ ∫√⁹ ≢│ ▪◦☻♩ ⌐╟╢ ⌂

⌐≡ ╩ ∫√√╘ ╛ ⌂≥─ ⌐ ╡╛∆™ ╛

╩ ™√ↄ⌂™ ⌐⅔™≡╙ ⌂ ⌐⌂╢ ⅜ ↕╣√⁹ 
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4 3  

≢│ 3 ─ ≢ ⇔√ ╩ ™√ ▬fi♃כⱣꜟ

⌐╟╢ ⅔╟┘ ⌐≈™≡ ⱥ♩╩ ≤⇔√ ⌐ ─ ⅜№╢

─⅛⌐≈™≡ ╩ ∫√⁹ 

7≢│ ⱥ♩┼ ∆╢ ⌐ ╩ ∑╢ ╩ ⇔

─ ⅛╠ ⌂ ≢№╢─⅛⌐≈™≡ ╩ ∫√⁹ ≤⇔≡│ ▪

◦☻♩ ⌐╟╡ ⌐ ⅜ ⅎ╢☻♥♇ⱪⱴ◦fi╩ ™≡ ╩

∫√⁹ⱥꜝⱷ ─ ╩ ⇔√ ⌐⅔™≡ ─

⅜ ≢№╢↓≤⅜ ≢⅝ ╕√ ≢№╢↓≤⅜ ≢⅝√⁹ 

8≢│ ☻♥♇ⱪⱴ◦fi⌐╟╢ ⌂ ⅜ ─ ⅛╠╙

≢№╢↓≤╩ ∆╢√╘⌐ ●☻ ╩ ™ ╩ ⇔√⁹∕─

☻♥♇ⱪⱴ◦fi ─ │ ≤ ╩ ╘⌂⅛∫√⁹

↕╠⌐ ╟╡╙ ⌐ ⅜ ↄ ─ ⅛╠╙ ≢№╢↓≤⅜

≢⅝√⁹ 

9≢│ ☻♥♇ⱪⱴ◦fi╩ ™√ ⌂ ╩▬fi♃כⱣꜟ ≢ ℮

↓≤⌐╟∫≡ ⱥꜝⱷ ─ ≤ ⅜ ⅛⌐≈™≡ ╩ ⌐ ╩

∫√⁹ ◓fi♬כ꜠♩╛ ⌐≈™≡│ 3 ─ ─ ⌐ ∂≡

╩ ⇔√⁹∕─ ⱥꜝⱷ ─ ⅔╟┘ ◓fi♬כ꜠♩⅜

⌐ ═ ⌐ ⇔√⁹ 

⌐⅔↑╢ ⅛╠ ⱥ♩⌐⅔↑╢ ╩ ™√ ▬fi♃כⱣꜟ ⌐

╟∫≡ ─ ⅔╟┘ ⅜ ╣╢↓≤⅜ ≢⅝√⁹ 
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5   

 

│↓╣╕≢ ─ ╛ ⅜ ⅝⌂™≤↕╣≡⅝√ ⌐

⅔™≡ ─ ╩ ℮↓≤⌐╟╡ ─ ╛ ⅜ ≢

№╢↓≤ ↕╠⌐│ ─ ⌐ ╩ ╡ ╣√▬fi♃כⱣꜟ ≢ ╩ ∫≡╙

─ ⅜№╢↓≤╩ ╠⅛⌐⇔√⁹ 

 2 ≢│ ≢╙ ╩ ∆╢↓≤⅜≢⅝╣┌ ╛

⅜ ⅛⌐≈™≡ꜝ♇♩⌐╟╢ ╩ ℮√╘⌐ ≢ ™╢

⅜ ⅔╟┘ ─ ⅛╠ ≢№╢⅛╩ ⇔√⁹ 1≢│

19 ╩ ⌐ ─ ≤⇔≡ ╡ ╩ ™ ⱥꜝⱷ ─

─ ╩ ⇔√⁹∕─ ≢ ™╢ ╡ │

⌐ ═ ─ ⅛╠ ⌂ ≢№╢↓≤╩ ⇔√⁹ 2≢│ ╡ ╩

™√ ⅜ ─ ⅛╠╙ ≢№╢↓≤╩ ∆╢√╘⌐

─ ≤⇔≡ ⌂ LT ╩ ╘╢ ╩ ∆╢↓≤╩ ≤⇔≡ ╩ ∫

√⁹ꜝ ♇♩─ ╩ꜟ♥כ♥◌⌐ ∆╢ ╩ ™╢↓≤⌐╟╡

≢╙ ⌂ↄ ─ ⅜ ≤⌂∫√⁹∕─ ꜝ♇♩⌐⅔↑╢ LT

─ ╩ ∆╢↓≤⅜≢⅝√⁹ 3≢│ 2─ ╩ ™≡

─ ─ ╩ ∫√⁹∕─ ╡ ╩ ™√ │

⌐ ═ ─ ⅛╠╙ ⌂ ≢№╢↓≤⅜ ≢⅝√⁹ 4≢
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™√ ╩ ℮↓≤⌐╟╡ ╩ ╘╢─⅛⌐≈™

≡ ╩ ∫√⁹∕─ ─ ≢№╢ Level ≢│ ╩ ↓↕⌂⅛∫

√⅜ ╡ ╩ ⇔√ DH ≢│ ╩ ╘√⁹ 6≢│ ╡



5   

46 

 

╩ ™√ ⌐⅔™≡ ─ ⌐ ╩ ╗▬fi♃כⱣꜟ ─

≢№∫≡╙ ≤ ─ ╩ ╘╢─⅛⁸↕╠⌐ ╙

№╢─⅛⌐≈™≡ ╩ ∫√⁹∕─ ▬fi♃כⱣꜟ ╩ ∫√ ⌐⅔™≡

≤ ─ ⅔╟┘ ╩ ╘√⁹ 

⌐ 4 ≢│ 3 ─ ≢ ⇔√ ╩ ™√ ▬fi♃כ

Ᵽꜟ ⌐╟╢ ⅔╟┘ ⌐≈™≡ ⱥ♩╩ ≤⇔√ ⌐ ─

⅜№╢─⅛⌐≈™≡ ╩ ∫√⁹ 7≢│ ⱥ♩┼ ∆╢ ⌐

╩ ∑╢ ╩ ⇔ ─ ⅛╠ ⌂ ≢№╢─⅛⌐≈™≡ ╩

∫√⁹ ≤⇔≡│ ▪◦☻♩ ⌐╟╡ ⌐ ⅜ ⅎ

╢☻♥♇ⱪⱴ◦fi╩ ™≡ ╩ ∫√⁹ⱥꜝⱷ ─ ╩ ⇔√

⌐⅔™≡ ─ ⅜ ≢⅝ ╕√ 13%MVC ─ ⌂
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