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A1 

A2 

ATP (Adenosine triphosphate) 

AOD (Accumulated oxygen deficit) 

 

FS (Freely choosen stroke rate) 

HR (Heart rate) 

IAAx, IAAy, IAAz 

(Integrals of value of accelerometer output on x, y or z axis) 

IAAtotal 
(Total integrals of value of accelerometer output) 

LT (Lactate threshold) 

MAOD (Maximal accumulated oxygen deficit) 
 

OD (Oxygen demand) 

ODext (Oxygen demand for external work) 

ODint (Oxygen demand for internal work) 

PLT (Power output at LT) 

P2000 (Power output at 2000 m test) 

QLaA (Quantity of lactate accumulated) 

QLaA at [La]b peak 
 

QLaR 

 

VO2 (Oxygen uptake) 

VO2 EX (Oxygen uptake spent for EXERCISE) 

VO2 ext (Oxygen uptake spent for external work) 

:  

:  

: 3  

:  

   

:  

:  

:  (x, y, z)  
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: 2000 m  
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:   
  (mmol) 

:  
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:  

:  
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VO2 int (Oxygen uptake spent for internal work) 

VO2 rest (Oxygen uptake at resting state) 

VO2max (Maximal oxygen uptake) 

 

VO2peak (Peak value of oxygen uptake) 

 

VTLS (Volume of total lactate distribution space) 
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[La]b 

[La]b pre 

[La]b (0) 

[La]b peak 

VO2/ IAAtotal 

%Anaerobic 

%VO2max 
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2 – 1.  

2 – 2. 

VO2max 

5 – 1. 90 % LT IAAtotal VO2  

7 – 1. SR IAAtotal VO2 

9 – 1. SR IAAtotal VO2 

10 – 1.  

10 – 2. SR IAAtotal VO2 

10 – 3.  (SR) VO2 obtained

OD  (Accumulated oxygen uptake: AO) AOD %Anaerobic MAOD

 (%MAOD)  

10 – 4. 2000 m VO2max VO2peak

AOD p  

 
 

 

 



 

 

2 – 1.  

2 – 2. 2000 m  

2 – 3. 6 7

VO2  

2 – 4. VO2  

2 – 5.  

2 – 6. Medbø et al. (1988)  

2 – 7. Medbø & Tabata (1993)  ( ) AOD  ( ) 

 

4.  ( )  

( ) 

 5 – 1. 90 % LT VO2  

 5 – 2. 90 % LT  (ΔStroke rate) VO2  

(ΔVO2)  

 5 – 3. 14 strokes/min (A) 34 strokes/min (B)  

 5 – 4.  90 % LT IAAtotal  

 5 – 5.  90 % LT ΔIAAtotal ΔVO2  

 6 – 1.  (A) 90 % LT  (B) 100 % LT  (C) 

IAA  

 6 – 2. IAAtotal  

 6 – 3. VO2  ( ) 

 6 – 4. 90 % LT 100 % LT ΔVO2 / ΔIAAtotal 

 7 – 1. AOD  ( ) IAAtotal AOD  ( ) 

 

 7 – 2.  VO2  

 7 – 3. IAAtotal AOD OD  

 7 – 4. SR VO2  

 7 – 5. SR IAAtotal VO2  

 7 – 6. ODN ODIAA AODN AODIAA  

 8 – 1.  

 8 – 2. QLaA AODN AODIAA  

9 – 1. OD  



 9 – 2.  (A) IAAtotal  (B) 

9 – 3.  ( ) SR  ( ) OD  

 9 – 4. OD 

9 – 5. ODSR ODIAA  

 9 – 6 . ODSR ODIAA  

10 – 1.  ( )  ( )  

10 – 2. VO2max���MOAD�5 !��"'��������%MAOD8? (n = 14) 

11 – 1. %��'� !��"'� (a=]9 &��P2k) � VO2max (EL) ���MAOD  
(-L) 8? 

11 – 2. 2 km���V]9 &� (A)���%��$�� (B)�IAAtotal (C) ��� 1��
%���	� IAAtotal (D) M) (n = 13) 

11 – 3. 2 km���V VO2.X (n = 13) 
11 – 4. 2 km���V5 250 m >7���� AOD (A) ��� %Anaerobic (B) M) (n = 
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2000 m 

5.5 7.5  (VO2) 2  (VO2max) 90 % 

 (Pripstein et al., 1999) 2

 ( ) 2  ( , 2006; 

Steinacker, 1993) 2

2

 

2

VO2max 2

 (Bourdin et al., 2004; Cosgrove et al., 1999; Kramer et al., 1994; Lacour et al., 2007; Pripstein et 

al., 1999; Russell et al., 1998; Secher, 1983; Secher, 1993; Steinacker, 1993; Yoshiga and Higuchi, 2003)

2  (Noordhof et al., 

2013) Medbø et al. (1988) 2  (Accumulated oxygen deficit: AOD)  (AOD

) 2 AOD  (Oxygen demand: OD) 

VO2

AOD  (Medbo et al., 1988; Noordhof et 

al., 2010)  

AOD 2000 m 

 (%Anaerobic, Clark, 2016; Pripstein et al., 1999; Russel l et al., 1998) 

2  (Maximal 

accumulated oxygen deficit: MAOD) 2



 
 

1  

 2 

 (Clark, 2016; Pripstein et al., 1999; Russel l et al., 1998) 2000 m 

2  (6.7 6.8 ) 

 %Anaerobic 2  (16 % v.s. 20 %, Russell et , 1998 Clark, 

2016 ) MAOD

2  (Clark, 2016; Pripstein et al., 1999) 2

 (Russell et al., 1998) 2 2

AOD OD

2 2 2

2000 m 2

AOD2 2 (Clark, 2016; Pripstein et al., 1999; Russell et al., 1998)

MAOD2 2  

±

±

2 (Di Prampero et al., 1971; Fukunaga et al., 

1986; Hofmijster et al., 2009) 1

2

 (Hofmijster et al., 2009)

2

AOD

VO2

OD2 2

OD 2



 
 

1  

 3 

OD 2

OD

2  

“ ”

2

 ( ) 2

 ( ) 2

3

1  (Total integrals of value of accelerometer output: IAAtotal) 

2  (Bouten et al., 1994; Eston et al., 1998; Iwashita et al., 2003; 

Nichols et al., 1999) IAAtotal VO2

2  (Bouten et al., 1994; Eston et al., 1998; Iwashita et al., 

2003; Nichols et al., 1999) 2

IAAtotal VO2 2

IAAtotal VO2 (VO2 spent for internal work: VO2int) 2

 

 Medbø et al. (1988) 2

AOD 2  (MAOD) AOD 2

MAOD 2~4

 (60~90 ) MAOD  (Withers et al., 1991; Withers et 

al., 1993) 2  (~5 ) 

MAOD2  (Craig et al., 1995) 2 MAOD

2 2  (Craig et al., 1995; Noordhof et al., 



 
 

1  
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2010) MAOD

 

2 VO2 IAAtotal

OD AOD

MAOD

AOD 2000 m 

 %Anaerobic

MAOD



 
 

2  

 5 

2   

 

1.   ( )  

1. 1.  

1 2 2 1 2 1

1996 2  (Open weight category) 

2 72.5 kg 59 kg 2

70 kg 57 kg  (Light weight category) 2

2000 m 

2

5 18 680 2

7 24 460  ( 2 – 1) 2000 m 

2

2

2 2

Concept II 2

2000 m 

5 36 6 5 56

7 6 25 0 6 54 7

 



 
 

2  
 

 6 

 

2

 ( 2 - 1, (a) (d)) 2

±  (

2 - 1, (e) (h)) 1

34 - 42  ( )  (Steinacker, 1993)

210 - 230  ( ) 

2 – 1.    

Boat type Sex Category O.L. Time Nation Race

Eight (8+) M Heavy * 5:18.680 Germany 2017 World Rowing Cup II (Poznan, POL)

M Light 5:30.240 Germany 1992 World Rowing Championships (Monreal, CAN)

F Heavy * 5:54.160 U.S.A. 2013 World Cup III (Lucerne, SUI)

Quadruple sculls (4X) M Heavy * 5:32.260 Ukraine 2014 World Rowing Championships (Amsterdam, NED)

M Light 5:42.750 Greece 2014 World Rowing Championships (Amsterdam, NED)

F Heavy * 6:06.840 Germany 2014 World Rowing Championships (Amsterdam, NED)

F Light 6:15.950 Netherlands 2014 World Rowing Championships (Amsterdam, NED)

Coxed four (4+) M Heavy 6:43.860 Roumania 1991 World Rowing Championships (Vienna, AUT)

F Light 5:58.960 Germany 1986 World Rowing Championships (Nottingham, GBR)

Coxless Four (4-) M Heavy * 5:38.000 GBR 2012 World Rowing Championships (Lucerne, SUI)

M Light 5:43.160 Denmark 2014 World Rowing Championships (Amsterdam, NED)

F Heavy * 6:14.360 New Zealand 2014 World Rowing Championships (Amsterdam, NED)

F Light 6:36.400 U.S.A. 1994 World Rowing Championships (Indianapolis, USA)

Double sculls (2X) M Heavy * 5:59.720 Croatia 2014 World Rowing Championships (Amsterdam, NED)

M Light * 6:05.360 RSA 2014 World Rowing Championships (Amsterdam, NED)

F Heavy * 6:37.310 Australia 2014 World Rowing Championships (Amsterdam, NED)

F Light * 6:47.690 Netherlands 2016 World Rowing Cup III (Poznan, POL)

Coxed pair (2+) M Heavy 6:33.260 New Zealand 2014 World Rowing Championships (Amsterdam, NED)

Coxless pair (2-) M Heavy * 6:08.500 New Zealand 2012 Olympic Games (London, GBR)

M Light 6:22.910 Switzerland 2014 World Rowing Championships (Amsterdam, NED)

F Heavy * 6:49.080 New Zealand 2017 World Rowing Cup II (Poznan, POL)

F Light 7:18.320 Australia 1997 World Rowing Championships (Aiguebelette, FRA)

Single scull (1X) M Heavy * 6:30.740 New Zealand 2017 World Rowing Cup II (Poznan, POL)

M Light 6:43.370 Italia 2014 World Rowing Championships (Amsterdam, NED)

F Heavy * 7:07.710 Bulgaria 2002 World Rowing Championships (Seville, ESP)

F Light 7:24.460 New Zealand 2015 World Rowing Cup II (Varese, ITA) 

 (Boat type)  (Sex)  (Category)  (Olympic: 
O.L.)  (Time)  (Nation)  (Race)  



 
 

2  
 

 7 

 (Steinacker, 1993)

 ( ) 10

 ( 600 700 watt 36 42 strokes/min)

 ( 450 600 watt 34 38 strokes/min)

2

 (350 450 watt 30 36 

strokes/min)  (6

2 – 1.  
 ( , a)   (b c) 

 (d)  (
)   (e)  (f) 

 

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)
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4~4.5 ) 2  

2  (400 500 

watt 34 38 strokes/min)

 (Garland, 2005)  ( , 2006) 

 (2006) 

2 2

Garland (2005) 

2000 m 

2  ( 2 – 2) 

 (Hughson et al., 

1996)  (Whipp and Ward, 1990) VO2 (Ozyener et al., 2001)  ( ) 

 

the crew overestimating their ability and setting off at a pace
that was too fast for their ability, or a deliberate tactical
decision to slow down to conserve energy for further rounds
of the competition. It was impossible to distinguish which of
these two possibilities was the reason for the late slowing of
pace. In either case, the result was for the first 500 m to
appear to be extremely fast in comparison with other sectors,
and in comparison with the athletes who were not excluded.
The same observation was made by Wilberg and Pratt9 for
their losing competitors. Exclusion of races in which the
cyclist deliberately slowed toward the end of a race may have
resulted in Wilberg and Pratt9 interpreting their data
differently, and proposing a different conclusion. Their
comparison may perhaps be better expressed as a comparison
between athletes who showed evidence that they completed
the race in their shortest possible time compared with
athletes who did not show such evidence. Such a comparison
is not as valuable as the other comparisons made in the
present study.
In addition to showing no difference between winners and

losers, this study also shows no difference in pacing strategy
between men and women despite possible differences in the
physiological characteristics of these athletes that may affect
the distribution of energy expenditure during a race.
However, a difference in pacing strategy was observed

between on-water and ergometer rowing, although both
showed a fast start strategy. The first 500 m of the race was
rowed on average 5.1 seconds and 1.7 seconds faster than the
second 500 m, for on-water and ergometer rowing respec-
tively. This pattern for ergometry time trials is perhaps
surprising, as there is no tactical or psychological advantage
in setting off fast on an indoor rowing ergometer in the same
way that there is for on-water rowing. It is possible that these
athletes become accustomed to setting off fast on the water,
and this strategy transfers to ergometer time trials. However,
another possibility is that setting off fast is the physiologi-
cally optimal strategy to adopt, and this strategy is naturally
adopted by elite competitors.

Evidence from sprint running, sprint cycling, and speed
skating,5 two minute kayaking,3 1500 m speed skating,1 and
1000 m, 2000 m, and 4000 m cycling1 4 7 suggests that, for
the shortest duration races (less than 120 seconds), the best
strategy is all out at the start, with a decline in power output
(and therefore pace) towards the end of the race.3 5 As the
race gets longer (between 120 seconds and 290 seconds), the
strategy should tend to a short powerful (but submaximal)
start, followed by more even pacing.1 4 7 This transition in
profile continues so that for races of long duration, a slow
start with an increase in pace towards the end of the race—
that is, ‘‘negative splitting’’—should be adopted, as shown by
Mattern et al6 for 20 km cycling (lasting about 33 minutes).
Elite competitive 2000 m rowing races take 330–460 sec-

onds to complete. This duration falls between the two
extremes of the range of pacing strategy studies previously
published (and presented above). We observed that a fast
start was the strategy adopted by elite rowers (figs 1–3,
table 3), similar to that observed previously for races lasting
120–290 seconds.1 4 The problem with a powerful start in
longer duration time trials such as these is that the higher the
initial power output, the higher the initial metabolic
acidosis.10 This may inhibit anaerobic glycolysis and muscle
contraction, resulting in a decrease in maximal power output
late in the race and the deterioration of the ability to produce
an effective technique.1 11 12

The data presented in this paper do not fully express the
magnitude of the increased effort and increased physiological
load at the start of the race, because only times and speeds
are recorded, rather than power output—a superior index of
physiological load. The first 500 m section was the fastest
despite the inclusion of the initial acceleration from a
stationary start. It requires a much higher average power
output to complete the first 500 m in 100 seconds, for
example, than it does to complete the second 500 m in
100 seconds. However, these hypothetical data would appear
to show an even paced profile if presented as in figs 1–3.
Steinacker13 has provided data, which have been plotted in
fig 4, indicating that power outputs to accelerate the boat
from standing to race pace are as high as 700 W compared
with 350–500 W later on in the race. These additional
considerations make the adoption of a fast start strategy
even more remarkable.
These results also have a practical application, providing

guidelines for competitors to follow. For example, an athlete
may have a target of 400 seconds for a 2000 m ergometry
time trial, which is an average velocity of 5 m/s. To achieve
this, the athlete should row the first 500 m at 101.5% of the
average velocity (the average pace shown for the elite athletes
in this study; table 3)—that is, at 5.08 m/s, to complete the
first 500 m in 1 minute 38.5 seconds. Subsequent sectors
should be rowed at 99.8%, 99.0%, and 99.7% of average
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Figure 3 Race pace profiles comparing on-water (n = 948) and
ergometry (n = 170) trials. *Significant differences between the two
groups (p,0.05).
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Figure 4 Work rate profile (rather than race velocity profile as
presented in figs 1–3) for 2000 m on-water rowing, which emphasises
the powerful first phase of the race. Data have been reconstructed from
Steinacker.13

Table 3 Average race profiles for the two modes of
rowing

Pace (%)

On-water Ergometry

0–500 m 103.3 (1.8) 101.5 (1.5)
500–1000 m 99.0 (1.2) 99.8 (0.8)
1000–1500 m 98.3 (1.2) 99.0 (1.0)
1500–2000 m 99.7 (1.9) 99.7 (1.6)

Pace is expressed as mean (SD) percentage velocity for the race as a
whole.
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2 – 2.  ( )  ( ) 2000 m  
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1. 2.  

VO2 2 5

1 VO2max 2  

( 2 – 3, Hagerman, 2000; Pripstein et al., 1999) Hagerman (2000) 6

2 VO2max VO2peak

1 1 4 VO2

VO2peak VO2max2

 (%VO2max) 2  

 

 

 

 

 

 

 

 

 

 

 

 

ATP-PCr

2 ATP-PCr 2

2 – 3. 6  ( ) 7  ( ) 
VO2  (Hagerman, 2000. )  3

 4  VO2 VO2peak  
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2 2

 (van Hall et al., 2009) Åstrand and Rodahl (1987) 

16.6 ± 

2.4 mmol/L (12.0 17.2 mmol/L) Hagerman et al. 

(1978) 33 6

2 1 2 1

2 3 4 5

2

 (16 18 mmol/L) 

 

 

1. 3.  

2000 m 6 VO2peak

VO2max 2

Hagerman (2000) VO2peak

7.0 5.5 L/min 

500 1000 mL/min 

VO2peak

5.7 3.8 L/min 5.1

3.5 L/min 2 VO2peak

VO2max  (Secher, 1993)

2
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2

 (Running ecconomy) 

VO2peak VO2max

VO2peak VO2max  ( 2 – 1) Yoshiga and Higuchi 

(2003) 120  ( : 1.64~1.93 m

: 58~95 kg : 18~24 : 378~484 : VO2peak: 3.4~5.6 L/min) 

71   ( : 1.53~1.73 m : 43~69 kg : 18~24

: 437~556 : VO2peak: 2.1~3.9 L/min) 2000 m 

VO2max 2  (r = -0.81)  (r = -

0.85)  (r = -0.91) VO2max (r = -0.90) 

 ( 10 % 9 %) 2

 (4 %) 

VO2peak VO2max2 2 2

 

VO2max 2 2

2  (Lactate 

threshold: LT)  (Onset accumulation of blood lactate: OBLA) 2

LT OBLA VO2

2  (Cosgrove et al., 1999; Bourdin et 

al., 2004; Ingham et al., 2002; Lacour et al., 2009)

 (Anaerobic threshold: AT) 2 2  (83 % VO2max) 2

 (Mickelson and Hagerman, 1982)

 (Type ) 2   (Hagerman and  
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Staron, 1983; Mickelson and Hagerman, 1982) 2

 (Hagerman and Staron, 1983)  

VO2

1 VO2max  ( 2 – 3, Hagerman, 2000; Pripstein et al., 

1999) 2

2 2 2

2 (Poole and Jones, 2012)  ( ) 2

 (Garland, 2005; , 2006)

2  (VO2max) 

 ( ) 2  (Garland, 2005; , 2006)

2 2

 (12.0 17.2 mmol/L, Åstrand and Rodahl, 1987) 

2  (Hagerman et al., 1978) 

2

2

2

 (Hagerman et al., 1978; Hagerman and Lee, 1971; Pripstein et al., 1999; Russell et al., 1998; 

Clark, 2016) 2 VO2

2

2

 (± ) 2  
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2.   

2

CoA

TCA  – cis-  – 

 – 2-  – CoA –  –  –  – 

 – 2 2

3  (Adenosine tri-phosphate: ATP) 2

ATP 2

   

VO2 VO2 2

 (Bangsbo et al., 1990a) VO2

2  (Hagerman, 

1984)

 (Deka et al., 2017; Zagatto et al., 2016) VO2

VO2

2 VO2

VO2 VO22

VO2 2

2 2 2

VO2 2  
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3.   

3. 1.   

2

 

(Huxley, 1957)  (Sarcoplasmic reticulum: 

SR)  (Ca2+) 2

 ( ) 2 2

2  (

) 2 2

ATP 2

ATP ATP

2 ATP 3

ATP-PCr ATP 2

ATP-PCr ATP 2

ATP 2

 

 

3. 2.  ATP  

3. 2. 1.  ATP  

ATP2  (ATP )

ATP Kemp et al. (2007) 31P

 (Nuclear magnetic resonance spectrophy: NMR) 

ATP 2 8 mmol/L muscle cell water (mw)

1 ATP 2 24 

mmol/Lmw/min  (Cannon et al., 2014) ATP
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2 20 6

ATP 400 mmol/Lmw/min  (Gray et al., 2006; Kemp et al., 

2007) ATP 1

ATP ATP2  ( ) ATP

2  (Allen et al., 1997)  

 

3. 2. 2.  ATP-PCr  

ATP ATP 2

 (Creatine kinase: CK) PCr ATP  (Barclay, 

2017) CK PCr ADP

ATP PCr  (~33 mmol/Lmw) ATP  

(~8 mmol/Lmw) 4  (Kemp et al., 2007)  (ATP

2 24 mmol/Lmw/min) 80  (

400 mmol/Ldw/min) 4 ATP ATP-PCr

ATP

 (Anaerobic alactic metabolism)  (di Prampero and Ferretti, 1999) ATP

H+2 pH (Intracellular pH: pHi) 

 (Jones et al., 2009) ATP-PCr ATP PCr

ATP Cr PCr PCr

 

 

3. 2. 3.   

ATP 2  (Thomas et al., 2012)
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 (Lactate 

dehydrogenase: LDH) 4 

(Monocarboxylate transporter 4: MTC4)  (Dimmer et al., 2000; van 

Hall, 2010; van Hall et al., 2009)

MCT1 LDH

ATP

2

 (Lactate threshold: LT)  

 

3. 3.   

3. 3. 1.   ( ± )  

 (ATP-PCr ) ATP

2 2

1 

kg ATP  (mmol ATP /kg dm mmol ATP/kg wm) Medbø 

and Tabata (1993) PCr 30 1 2~3

ATP 2

156 224 232 mmol ATP/kg wm 

2

Spriet 

et al. (1987) 1.7

ATP 2 294.5 mmol ATP/kg dm 
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Bangsbo et al. (1990a) 

3

ATP 2 370 mmol ATP/kg dm 

2 2

ATP 2

ATP 1 kg 

ATP

2 Bangsbo (1998) 

2

2 2

2 2

2  

 

3. 3. 2.   

VO2 VO2

VO2 VO2

Hill (1928) VO2 VO2

Margaria 

(1933) VO2

2  (Alactic anaerobic 

metabolism) PCr

 (Lactic anaerobic metabolism)
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 (Hagerman et al., 1978)  

PCr

VO2 1) 

2) 3) 4) 

 (Chad and Wenger, 1988; Gaesser and Brooks, 1984) 2

2  (Bangsbo et al., 1990a)  

 

3. 3. 3.   

ATP  

(Lactate dehydrogenase: LDH) MCT4

 ( , 2009)

 (Peak blood lactate concentration: Lapeak) 

 (Lacour et al., 1990; , 1999; 

Schnabel and Kindermann, 1983; Mero, 1988; Ohkuwa et al., 1984; Paterson et al., 1986)

±

 

Margaria et al. (1963) 1) 

2) 80 % 60 % 

 (g/kg

mmol/kg) 

1) 1 1 kg

 (VO2 cal/kg/min) 2



 
 

2  
 

 20 

1 1 kg 2 2) 

2 2 3) 

2 1 mmol 

84 kJ VO2max

2

2

 ( 2 – 4, de Campos Mello et al., 2009; di Prampero and Ferretti, 1999; 

Maciejewski et al., 2013)  

2 - 4. VO2  
(Margaria et al. (1963) )  

1  (cal/kg•min)  
2  1 VO2  1 1 kg

 (netVO2/kg/min net calO2/kg/min) 1
1 kg  (gL.A./kg/min)  220 cal/kg/min

VO2  
Margaria et al. (1963)  

 
 

  
 
  (gL.A.) 

 (222 cal/gL.A.)  
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    Margaria et al. (1963) 

2 2

 (van Hall, 2010; van Hall et al., 

2009) Freund and Gendry (1978) 

t  (La(t)) 

 (La(0))

 ( 2 ) 

 ( 3 )  ( 2 – 1)  

!"	(%) = !"	(() +	*+(+ − -./+%) + *0(+ − -./0%) (  2-1) 

La(t) t La(0) 

A1 A2 γ1 γ2

Freund Zouloumian

2 1) 2

 (γ2) 2  (Freund and Zouloumian, 1981a) 2) 

 (A1, A2, γ2 γ1) 2

 (Two compartment model) 

2

2 2  (Zouloumian and Freund, 1981a, b; Freund and 

Zouloumian, 1981b) 2  

(Volume of muscles involved in exercise: VM in L)  (Volume of remaining lactate 

space: VS, in L)  (Volume of total lactate 

distribution space: VTLS, in L)  
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(Zouloumian and Freund, 1981b)

γ1 γ2

2  (Messonnier et al., 2002)

γ1 γ2 2

Freund and Gendry (1978) 

 

	
	

(A)

(B)

La t( ) = La 0( )+ A1 1− e−γ1t( )+ A2 1− e−γ2t( )

La t( ) = La 0( )+ A1 1− e−γ1t( )

La t( ) = A2 1− e−γ2t( )

� 2 – 5.  
 ( ) 

 (A) 1 2
  (B)  
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2  (Freund and Zouloumian, 1981b) 

 (Total lactate distribution space: VTLS) 2

 (Quantity of lactate accumulated at La peak: QLaA at Lapeak) 

2  (Bret et al., 2003; Maciejewski et al., 2013) 

γ2

 (Quantity of lactate removed: QLaR) 2

QLaA at Lapeak  

(Quantity of lactate accumulated: QLaA) 

QLaA  ( *0.6 = VTLS (L) Freund and 

Zouloumian, 1981b; Zouloumian and Freund, 1981a)  (A1, A2, γ2 γ1) 2

2

 (Maciejewski et al., 2013) VTLS2

2

2 QLaA

ATP ATP-PCr ATP

2 2  

 

3. 3. 4.   (AOD)  

Krogh and Lindhard (1920) VO2 2

VO2  (Oxygen deficit) Hermansen (1969) 

OD

2 AOD

25 % OD
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Medbø et al. (1988) VO2

OD  

( 2 – 6) VO2

15 300 

1) AOD 2 120 MAOD

2) MAOD AOD

2) AOD 2

AOD 2

 

 

AOD 2 Medbø and Tabata 

(1993) AOD

2 - 6. Medbø et al. (1988)  
(A)  ( )  (B) 
 (A)  

(Medbø et al., 1988)  
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ATP  (ATPan) 

AOD AOD ATPan 2

 (r = 0.94) Medbø and Tabata (1993) AOD 2 ATPan

Green et al. (1996) 

AOD ATPan

2 AOD

2 2

ATPan 2 2 2

2 ATPan

2 ATPan

1)  ( ) 2

2 2) 

2  (Noordhof et al., 2010) Medbø and Tabata (1993) 

Green et al. (1996) ATPan

2 2 Medbø and Tabata (1993) 

~30 1 2-3 AOD ATPan

2

Green et al. (1996) 2 2.9 ± 0.4 Medbø 

and Tabata (1993) 2 2 2

Bangsbo (1996) Medbø and Tabata (1993) 2 AOD ATPan

 (~30 1 2-3 ) 

2  ( 2 – 7)  
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Bangsbo et al. (1990a) ATPan

2

AOD

AOD

2

2 AOD ATPan

2  (

) AOD

2 - 7. Medbø & Tabata (1993)  ( ) AOD  ( ) 
 (Bangsbo et al. (1996) )  

  
~30  1 2-3

 
 AOD 2

 (Bangsbo et al., 1996)  
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2 2 2

AOD 2  

OD 2  Medbø 

et al. (1988) 10 35-100 % 1̇O2max 20

VO2

LT  (Ventilatory threshold: VT) VO2

 (Jones et al., 2011) VO2  (Slow component) 

ATP 2 2

pH 2 2

35-100 % VO2max 2 1̇O2 

slow compenent 2 VO2

2 2  (Bangsbo, 1996) Green and Dawson 

(1995) LT VO2 LT

2  (6-14 % ) VO2

2 Medbø et al. (1988) 

VO2 2

ATP 2 2 2

 (Bangsbo, 1996)

VO2 2

2 VO2 OD

2 AOD AOD

2 ATPan

 (Bangsbo et al., 1990a) AOD

2
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3. 4.  AOD  

2 2

AOD

2 2

2

2 AOD

2

2 AOD

1̇O2

2 AOD

 (Duffield et al., 

2004, 2005a, b; Sloniger et al., 1997; Spencer and Gastin, 2001)  (Spencer et al., 2006; 

Withers et al., 1991; Withers et al., 1993)  (Pripstein et al., 1999; Russel et al., 

1998; Clark, 2016; Droghetti et al., 1991) 

 

 AOD

 (0.2~11.6 ) 

2

1) 2 MAOD
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 (Medbø et al., 1988) 2) 2

 (60 90 ) MAOD  (Withers et al., 1993; 

Withers et al., 1991) 3) 

MAOD 2  (70  vs 300 , Craig et al., 1993) 

2 MAOD

2 2  (Craig et al., 1995; Noordhof et al., 2010)  

 

4.  AOD  

4. 1.   

AOD 6

2 km 2 Pripstein et al. (1999) 

AOD 2000 m 

2 12 % 

AOD2 2 MAOD

Pripstein et al. (1999)  (7.5 min) AOD

2  (r = -0.77) Clark (2016) 2000 m 

2  (6.8 min) 

2 20 % AOD

2  (ρ = -0.71) Russell et al. (1998) 

 ( 2 6.7 min) 2000 m 

2 16 % AOD

2  (r = 0.10) 2000 m 

2
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16 % (Russell et al., 1998) 20 % (Clark, 2016) 2

2 2000 m 

AOD2MAOD 2 MAOD

  

 

4. 2.    

2

2 2 2

VO2 2 VO22 2

Secher et al. (1977) 

2

 Volianitis et al. (2004) 

VO2

2 2

2

VO2 2

2 2  

 ( ) 2 2 1000 m  (3~3.5 min) 

2 1500 m  (3.5~ min) 4000 

m  (4~ min) 2 35~40 strokes/min 170~230 steps/min (

, 1997) 130-140 revolutions/min (Craig and Norton, 2001) 

2 2

2 MAOD
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2  MAOD

AOD

OD

2  

 

4. 3.  AOD  

2

2

1 2

2

2

2

AOD

 

2 2

 ( ) 

OD

2  
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5. 2  

OD

2 2

2

 (Hofmijster et al., 2009)

2 2  

 

5. 1. VO2  

2 VO2 2  

( , 1987; , 1985) 2

 ( ) 2 2

VO2 2 2

. (1987) VO2

2

2

VO2

VO2 2

Cavagna and Kaneko (1977)  (

)  ( ) 

2

VO2

 ( ) 2

 

AOD
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OD VO2 2

 ( , 2010) 

VO2 OD2

 

  

5. 2. VO2  

2 VO2 2

VO2 2

 ( ) 2 2  (Coast and Welch, 1985; Foss and 

Hallen, 2004; Gaesser and Brooks, 1975; Marsh and Martin, 1993; Seabury et al., 1977) 

VO2 VO2

U 2 2

VO2  

( )  (Foss and Hallen, 2004, 2005) 

 (Ca2+) ATP  ( , 

2005)  (Gaesser and Brooks, 1975) 2

VO2 , 1

Type 2  (Ahlquist et al., 

1992) 2 VO2 2 2

2  ( ) 2

Marsh and Martin (1993) 200 W 56 rpm 

85 rpm 2

2 90 110 rpm 
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 (Hagberg et al., 1981; Marsh and Martin, 1993; Patterson and Moreno, 1990) 

Redfield and Hull (1986) 

1 105 rpm 

Bieuzen et al. (2007) 1

iEMG 2  – 

2 1

 

AOD

2

2 OD2

  

 

5. 3. VO2  

VO2 Hofmijster et al. (2009) 2000 m 

70%  (70%P2000) 

 (28 34 40 strokes/min)  

VO2 2

 ( ) 

2 Di Prampero 

et al. (1971) 1

3 1

2
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2 Fukunaga et al. (1986) 

2  ( )  (Gross efficiency) 

 (Work efficiency) 

2

2

2 VO2 2 2

2  

 

6.  

6. 1. ±  

2

 (

) ± 2

2  (Cavagna and Kaneko, 1977; Minetti et al., 2001; Widrick et al., 1992; 

Winter, 1979; Willems et al., 1995) Sjogaard et al. (2002) 

± 2 2 2

VO2

 

3-4% +356% = 78̇90-4 − 8̇90:-;%< ∙ 9> ∙ ?@-A%"				(  2-2) 
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Wext Wint VO2ex VO2,

VO2rest VO2 OE  (Oxygen equivalent: 20 kJ/lO2Eq) Sjogaard 

et al. (2002) ±

 (VO2)   

± 2

2

2 Sjogaard et al. (2002) Minetti et al. (2001) 

2  

 

6. 2.  

2

 ( ) 2

 ( ) 2 Bouten et al. 

(1994) 3  

( ) 1

 (Sum of the integrals of absolute accelerometer output: IAAtotal) 

 

BCCD = ∫ |GD|
H

IJ(
KI (  2-3) 

BCCL = ∫ MGLM
H

IJ(
KI  (  2-4) 
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BCCN = ∫ |GN|
H

IJ(
KI  (  2-5) 

BCCIOIGP = BCCD + BCCL + BCCN  (  2-6) 

IAAtotal

2

VO2 ( ) 2  (Bouten 

et al., 1994; Eston et al., 1998; Iwashita et al., 2003; Nichols et al., 1999)

IAAtotal IAA (IAAx IAAy IAAz) 

 (Eston et al., 1998; Iwashita 

et al., 2003; , 2007; , 2010; , 2013) Eston et al. (1998) 

IAAtotal IAA2 2

2

Iwashita et al. (2003) 

. 

2 IAAtoatl IAA 2

2

1

2

1 2

2

2 IAAtotal

 ( ) 2  
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3   

 

2

 

1) 2

AOD 2

OD2 2  

2) 2000 m 

2 AOD2

2 2 MAOD

MAOD 2  

3) 2 2

%Anaerobic

MAOD  

OD AOD 2

IAAtotal2 2  

IAAtotal OD

AOD AOD

1) MAOD 2) 

%Anaerobic

MAOD

5   
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1.  

IAAtotal

I – 1

 ( ) 

 ( ) 2 IAAtotal VO2

I – 2  (

) IAAtotal VO2 2

 

 

2. II 

II  IAAtotal AOD  

OD AOD  AOD

 

 

3. III 

III IAAtotal AOD OD AOD

III – 1

QLaA AOD IAAtotal AOD

AOD   

AOD OD 2

2

2

2

VO2
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 ( ) OD 2 III – 2

2

VO2 OD IAAtotal AOD

OD IAAtotal AOD

2  

 

4. IV 

IV MAOD

2 4  (2 min 1 km 1.5 km 

2 km ) IAAtotal AOD AOD

MAOD  

 

5. V ( ) 

V IV 2 km 

%Anaerobic MAOD
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4   

 

 (

Concept )  (  4)

2

2 2

2 1

 ( ) 2 1

2 2  (

) 2

 

  

 

 

 

 

 

 4.  ( ) 
 ( ). 
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5  - 1 

2 VO2  

 

1.  

VO2  (

) 

VO22 2  (Coast and Welch, 1985; Foss and Hallen, 

2004; Seabury et al., 1977) VO2

 ( ) II

ATP 2

 

2 VO2

VO2

VO2 U

VO2

VO2 IAAtotal

 

  

2.  

2. 1.  

8  ( 171.1 ± 1.8 cm 68.7 ± 1.9 kg
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21.6 ± 1.4 ) 

2

  

 

2. 2.  

2. 2. 1.  

4 2

2000 m 

 ( P2000 ) 40 % 1 10 % P2000 

5  (40 50 60 70 80 % P2000) 

10

85 % P2000 1 5 % P2000 2

 

 (  AE310-s ) 

EXP  (VE VO2 VCO2) 

EXP ±

1  ( 15

) ±

 (heat rate: HR) 

 (S610i Polar ) 

HR 1

 (2001) 2
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1) VO2 2 2) HR 2  (220 – ) 

 (HRmax)  (±10 / ) 3) RER2 1.10 

4) 2 10 mmol/l 4 2

VO2max  

 (YSI1500SPORT YSI )  

(Lactate threshold: LT) Beaver et al. (1985) Blood Lactate Endurance Marker 

Software (Lactate-E, Newell et al., 2007) PLT

 

 

2. 2. 2. 80 % 90 % LT  

PLT 90 % 

90 % LT

90 % LT VO2

2 90 % PLT  

(Freely chosen stroke rate; FS)  4 strokes/min

6 FS

1 2

90 % LT

4 6 HR2

1  

 (Coast and Welch, 1985; Marsh and Martin, 1993) 
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VO2 VO2 2

 

 

2. 2. 3. IAAtotal (Total integrals of absolute accelerometer output) 

 ± 16 G (G ) 57 

mV/G 16 bit AD

100 Hz

 0.3 – 25 Hz ±

2

1 IAAx IAAy

IAAz  (  5-1 3)   

BCCD = ∫ |GD|
H

IJ(
KI (  5-1) 

BCCL = ∫ MGLM
H

IJ(
KI  (  5-2) 

BCCN = ∫ |GN|
H

IJ(
KI  (  5-3) 

IAAx IAAy IAAz  (IAAtotal) 

 (  5-4)  

BCCIOIGP = BCCD + BCCL + BCCN  (  5-4) 

 

2. 3.  

 ± VO2 2

VO2

IAAtotal
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IAAtotal

 (R2 ) IAAtotal VO2

 (r) t

5 %  

 

3.  

3. 1.  

VO2max HRmax 4437.6 ± 389.8 

ml/min 188.1 ± 7.0 beats/min LT

 (PLT) 90 % PLT 80 % PLT 183.2 ± 14.1 164.9 ± 12.7

146.5 ± 11.3 watt 80 % PLT

1.00 mmol/l  (172.2 ± 26.7 watt)  

80 % 90 % PLT  (FS) 19.1 ± 1.9 

19.9 ± 1.9 strokes/min 80 % PLT 90 % PLT  

(p < 0.05)  

 

3. 2. 90 % LT  

3. 2. 1. VO2 

 5 – 1 90 % LT VO2 2

 ( C B) C  VO2

R2 2 1.00 2  ( 5 – 1 (A)) B

R2 0.68 ( 5-1 (B)) R2 2 0.9

8 5

 ( 21.5 ± 1.9 20.5 ± 3.7 strokes/min)



 
 

5 I - 1 
 

 47 

VO22  (19.4 ± 1.9 strokes/min) 

 

 

 

5 – 2  ( Stroke 

rate) VO2  ( VO2) 

VO2 2 2

 

 

 5 – 1. 90 % LT VO2  
VO2  

 VO2  

2500

2750

3000

3250

10 15 20 25 30 35
2500

2750

3000

3250

10 15 20 25 30 35

Stroke rate (strokes/min)Stroke rate (strokes/min)

V
O

2
(m

l/m
in

)
�

(B)(A) y = 2.0 x2 - 73.9 x + 3353.5
(R2 = 0.91, p = 0.007)

y = 4.8 x2 - 210.9 x + 5048.0
(R2 = 0.68, p = 0.635, n.s.)
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3. 2. 2. IAAtotal  

5 – 3 

 (x)  (y)  (z)  

(IAAtotal)  (A) 2 14 strokes/min (B) 2 34 strokes/min 

2

2  

 

 

 

 

 5 – 2. 90 % LT
 ( Stroke rate) VO2  ( VO2)  

0

250

500

750

1000

-8 -4 0 4 8 12 16

Subject A

Subject B

Subject C

Subject D

Subject E

Subject F

Subject G

Subject H

ΔStroke rate (strokes/min)

ΔVO2 (ml/min)�
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 5 – 3. 14 strokes/min (A) 34 strokes/min (B) 
 (x)   (y)  (y) 

  
(IAAtotal)  
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5 – 4 90 % LT IAAtotal

IAAtotal 2

IAAtotal

R2  (0.86  R2  0.99)  (0.95  R2  1.00) 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. 2. 3. IAAtotal VO2  

5 - 5 90 % LT

IAAtotal  ( IAAtotal) VO2  ( VO2) 

IAAtotal  VO2 2  (r = 0.67, 

p 0.001) 5 – 1 IAAtotal VO2

8 7 IAAtotal VO2

 (r) 2 0.9 2   

 

 5 – 4. 90 % LT
IAAtotal  

Stroke rate (strokes/min)

IA
A

to
ta

l
(c

ou
nt

/m
in

)

10

15

20

25

30

35

40

45

10 15 20 25 30 35

IA
A

 (c
ou

nt
/m

in
)

Stroke rate (strokes/min)
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Subject Number of
data points r value

A 5 0.95 
B 4 0.99 
C 5 0.98 
D 4 0.80 
E 4 0.96 
F 4 0.94 
G 4 0.99 
H 4 1.00 

5 – 1. 90 % LT IAAtotal

VO2  

 5 – 5.  90 % LT IAAtotal VO2

 

y = 22.51 x + 0.06
r = 0.67, p < 0.001

0

100

200

300

400

500

600

700

0 5 10 15 20 25
ΔIAAtotal (count/min)

ΔV
O

2
(m

l/m
in

)
�
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4.  

2 VO2

 ( PLT 90 % ) 

VO2 VO2 2

 ( ) 2

VO2 2 2

VO2

IAAtotal VO2 2

 

 

4. 1. VO2  

VO2 2

2

2

VO2 2  ( ) 2

VO2 2 2

 (Coast and Welch, 1985; Foss and Hallen, 2005; Gaesser and Brooks, 1975; Marsh 

and Martin, 1993; Seabury et al., 1977) VO2

VO2 2

R2 2 2

R2 2 2

2

1 2

2
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IAAtotal

 ( 5 – 4) 1

2 2

1 2

R2 2 2 2

R2 2 0.9

VO2

 ( 5 – 1) VO22

 

 

4. 2. VO2  

VO2

 ( )  (Coast and Welch, 1985; Foss and 

Hallén., 2004; Gaesser and Brooks, 1975; Marsh and Martin, 1997; Seabury et al., 1977)

 (Sargeant, 1994; Pringle et al., 2003)

Ca2+ ATP

 ( , 2005)  (Gaesser and Brooks, 1975) 2

2

2

 (Fukunaga et al., 1986) 

VO2 2

 

IAAtotal

2  (Bouten et al., 1994; Eston et al., 1998; Iwashita et al., 2003; 
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Nichols et al., 1999) IAAtotal VO2int

2 90 % LT

IAAtotal VO2

2 IAAtotal VO2

r 1 0.9 

VO2 2

IAAtotal VO2

VO2 int2    

 

4. 3. VO2  

VO2

1 2

 (Ahlquist et al., 1992)

ATP 2  (Kushmerick et al., 1992) 

1

2 2

VO22   

 

4. 4.  

VO2

2

2

2  

(Coast and Welch, 1985; Foss and Hallén., 2004; Gaesser and Brooks, 1975; Marsh and Martin, 
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1997; Seabury et al., 1977)   

 

5.  

2 VO2

VO2

IAAtotal VO2

VO2 2

 ( ) 2

VO2 2

2 IAAtotal

VO2

2

IAAtotal VO2 int2
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6  - 2  

2 IAAtotal VO2  

 

1.  

I – 1 IAAtotal VO2 int

2 IAAtotal

VO2 2

2 VO2 int

2  ( ) 2

2

IAAtotal VO2 2  

IAAtotal VO2

2 90 % PLT 100 % 

PLT  ( ) 3

IAAtotal VO2  

 

2.  

2. 1.  

10  ( : 171.8 ± 2.8 cm 69.7 ± 5.1 

kg 21.3 ± 2.4 ) 

2
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2. 2.  

2. 2. 1.  

 ( ) 

10

5

1 4 2

P2000 40 % 1

5 % P2000 7  (40, 45, 50, 55, 60, 65

70 %P2000) Beaver et al. (1985) 

Blood Lactate Endurance Marker Software (Lactate-E) PLT

10

70 % P2000 1 5 % P2000 2

2 2 2

 

 

2. 2. 2.  (SR ) 

SR

VO2 IAAtotal

 ( ) PLT 90 % 

(90 % LT )  100 % (100 % LT ) 3

20 22 24 26 28 30 32 

strokes/min 7  90 % 100 % LT

2  (FS) 

FS 2 strokes/min 
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6

1 4 HR 2  (

 + 10 beats/min )  ( 2 5 )  

 

2. 2. 3.  

VE VO2 VCO2 RER ±

 ( AE310-s

)  (O2 5 % CO2 15 %) 

 (DC

)  

I – 1  

(YSI1500SPORT YSI ) Beaver et al. (1985) PLT   

  

 

2. 2. 4. IAAtotal 

 – 1

 – 1 2 2

50 Hz  – 1 ±

 (0.3 - 25 Hz) 1  

(IAAx IAAy IAAz) IAAtotal  

 

2. 3.  

 ± IAAtotal VO2
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2 Bonferroni

5 %  

 

3.  

3. 1. SR  

90 % 100 % LT 162.2 ± 24.3 180.2 ± 

27.0 watt FS 20.6 ± 1.7 21.6 ± 1.3 strokes/min

 

 

3. 2. IAAtotal  

 6 – 1  (A) 90 % LT  (B) 100 % LT  (C) 

IAAx IAAy IAAz IAAz ( ) 

2 IAAy ( ) IAAx ( ) 

IAAx 2 IAAy

IAAz  6 – 2 

IAAtotal

IAAtotal2 2  

 

3. 3. VO2  

 6 – 3 VO2

VO22  

VO2 2

VO2 2

90 % 100 % LT 20.4 ± 0.8, 23.1 ± 4.2 23.7 ± 2.4 
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strokes/min  (90 % LT 100 % LT

) VO2

2   

 

3. 4. IAAtotal VO2  

IAAtotal VO2

90 % 100 % LT

8 7 r2 0.9 2

 (ΔVO2/ΔIAAtotal)  (28.4 ± 4.6 ml/count) 

 90 % 100 % LT ΔVO2/ΔIAAtotal ( 19.5 ± 6.4  

18.5 ± 3.6 ml/count) 

 (  6 – 4)  
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 6 – 1.  (A)  90 % LT  (B) 
100 % LT  (C) 

IAA  

 6 – 2. 
IAAtotal

 90 % LT  
100 % LT  



 
 

6 I - 2 
 

 62 

 

 

 

 

 

 

 

 

 

4.  

2 IAAtotal VO2

3

 (90 % LT 100 % LT ) 

IAAtotal VO2

VO2 2

IAAtotal VO22 IAAtotal

VO2 2 2 IAAtotal VO2

 (ΔVO2 / ΔIAAtotal) 90 % 100 % LT

2 90 % LT 100 % LT

 

 6 – 3. VO2  
( )  90 % LT

 100 % LT  

 6 – 4.  90 % LT 100 % 
LT VO2 / IAAtotal  
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4. 1. VO2  

2  (20 

strokes/min) VO22 90 % LT 100 % LT

2 VO22  (

23.1 ± 4.2 23.7 ± 2.4 strokes/min) 90 % 100 % LT

2 2

VO2 2

I – 1 II

2 2

IAAtotal VO2

VO2 2

IAAtotal

VO2   

 

4. 2. IAAtotal  

 (Bouten et al., 1994; Eston et al., 1998; 

Iwashita et al., 2003; Nichols et al., 1999; , 2013)

2

2

IAAtotal IAA

x

IAAx

y z
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IAAy IAAz IAAx

 ( , 2007; , 2010)  

IAAtotal IAAy IAAz

2 2

 

 

4. 3. IAAtotal VO2  

IAAtotal VO2 2

IAAtotal  ( ) VO2

2 IAAtotal VO2  (Δ VO2 / ΔIAAtotal) 

90 % LT 100 % LT

2

Gaesser and Brooks (1975) 

VO2

VO2 y 2 VO2

Kautz and Neptune (2002) 

2

2

2 2

2 2

VO2

VO2
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2

 ( ) 2

2 2 2

 ΔVO2 / ΔIAAtotal2 90 % 100 % LT

ΔVO2 / ΔIAAtotal

2

2 2  

VO2

2 IAAtotal VO2

10 % 

 (Kleshnev, 2002) 

2  ( , 2007) 2

2 ΔVO2 / ΔIAAtotal  

VO2 int 2  (90 % LT

100 % LT ) ΔVO2 / ΔIAAtotal 2  

 

5.  

IAAtotal VO2

2 2 IAAtotal VO2

 (Δ VO2 / ΔIAAtotal) 90 % 100 % LT



 
 

6 I - 2 
 

 66 

90 % LT 100 % LT ΔVO2 / ΔIAAtotal

IAAtotal VO2 int

IAAtotal VO2

2 2  
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7  II 

IAAtotal  AOD  

 

1.  

I – 1 I – 2

IAAtotal VO2 VO2 int2

2 IAAtotal

OD AOD OD AOD

AOD  

 

2.  

2. 1.  

 2  OD  AOD  IAAtotal

AOD AOD  

VO2 OD

 ( 7 – 1) IAAtotal AOD IAAtotal

OD (Oxygen demand for internal work: 

ODint Oxygen demand for external work: ODext) 

OD  ( 7 – 1 2. 3. 2. )  
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2. 2.  

8  ( : 1.75 ± 0.05 m 70.5 ± 10.1 kg

19.8 ± 0.9 ) 

2

 

 

2. 3.  

2. 2. 1.  

VO2

VO2max 10

5

1 4 2

P2000 40 % 

%��	�


!���� &#($'

������

���	�


������

���	�


SR	�


!����

%��	�


�"������&#($'

IAAtotal �"������&#($'

���AOD�

IAAtotal� ��AOD�

 7 – 1. AOD  ( ) IAAtotal AOD  (
)  
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1 5 % P2000 7  (40, 45, 50, 55, 

60, 65 70 %P2000) Beaver et al. (1985) 

Blood Lactate Endurance Marker Software (Lactate-E) PLT 

1 HR I – 2 

 

10

70 % P2000 1 5 % P2000

2 2 2

2 I – 2

1 HR  

 (2001) 2 VO2max

1) VO2 2 2) HR 2  (220 – ) 

 (HRmax)  (±10 / ) 3) RER2 1.10 

4) 2 10 mmol/L 4 2

VO2max  

 

2. 2. 2.  (SR ) 

SR SR

IAAtotal VO2

PLT 

24 strokes/min 1 4 strokes/min

 (24, 28, 32 36 strokes/min) 1

HR
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2. 2. 3.  

SR

10 5

2

1 HR

 

 

2. 4. OD  

2. 4. 1. AOD OD  

AOD VO2

OD (OD in normal method: ODN)

ODN VO2 AOD (AOD in normal method: 

AODN)  

 

2. 4. 2. IAA OD  

IAA IAAtotal OD

 (Oxygen demand in IAA method: ODIAA) Winter (1979) 2

1) VO2 VO2 (VO2 rest) 

VO2 (VO2 spent for exercise: VO2 EX) 2) VO2 EX

VO2 (VO2 spent for external work: VO2 ext) VO2 (VO2 spent 

for internal work: VO2 int)  ( 7 – 1 7 – 2)  

Q̇R0 = Q̇R0STUI + Q̇R0VW 

	= Q̇R0STUI + Q̇R0XYI + Q̇R0TDI (  7 – 1) 
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 (IAAtotal = 0 a.u., VO2 = 

VO2 rest) VO2 int2  ( 7 – 2 (B))

IAAtotal VO2

2  ( I – 1 I – 2) SR

IAAtotal VO2  ( VO2 / IAAtotal) VO2 rest

IAAtotal VO2 rest VO2 int (VO2 rest+int)  (  7 – 2)  

Q̇R0	STUIZXYI	(P/\XY) = ]Q̇R0 ]BCCIOIGP⁄ ∙ BCCIOIGP + Q̇R0	STUI ( 7 – 2) 

 7 – 2.  VO2  
  

  
 

 ( )  VO2 (A) 
VO2  (B)  

VO2  VO2 (A), VO2

 

4
0
)
�
5

"8*�VO2
(VO2 for resting level: VO2 rest)

�
� �

(A)

4
0
)
�
5

"8*�VO2
(VO2 for resting level: VO2 rest)

�/���$��VO2
(VO2 for intenrnal work: VO2 int)

�
� �

 /���$��VO2
(VO2 for external work: VO2 ext)

�
� �

�
� �

(C)

4
0
)
�
5

"8*�VO2
(VO2 for resting level: VO2 rest)

�/���$��VO2
(VO2 for intenrnal work: VO2 int)

�
� �

�
� �

(B)
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Δ VO2/ΔIAAtotal SR IAAtotal VO2

VO2 rest VO2 IAAtotal

VO2 rest+int VO2

VO2 ext VO2 ext

VO2 ext  ( 7 – 3)  

Q̇R0	TDI	(_/\XY) = G ∙ `R+ a (  7 – 3) 

a b VO2 ext

PO OD

IAAtotal 7 – 2 7 – 3 ODint ODext

OD  (ODIAA) AOD AOD

ODIAA VO2  (AOD estimeted 

by IAA method: AODIAA)  

 

2. 5.  

 ± AOD IAAtotal

AOD OD (ODN ODIAA) AOD (AODN AODIAA) 

t

 (r) p < 0.05  
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3.  

3. 1. SR  

VO2rest VO2max 301.3 ± 45.0 mL/min 4072.6 ± 465.8 mL/min

VO2 r2 0.96~1.00

2

15.4 ± 2.5 mL/min/W 110.4 ± 495.9 mL/min  

 7 – 3. IAAtotal AOD OD  
 ( ) IAAtotal VO2

SR  IAAtotal VO2  ( VO2/ IAAtotal) 
VO2/ IAAtotal VO2 rest  IAAtotal VO2 rest VO2 int 

(VO2 rest+int)  
 VO2 rest+int  VO2 VO2 ext  

VO2 ext VO2 ext OD  VO2 

rest+int VO2 ext  IAAtotal

 ODint ODext  OD  

+ !̇O2rest4
0
)
�
5

���	�� IAAtotal
(3�-�5)

4
0
)
�
5

VO2int

VO2ext

.(���

4
0
)
�
5

ΔVO2 / ΔIAAtotal

VO2 rest+int = ΔVO2 / ΔIAAtotal × IAAtotal + VO2rest (%7 – 2)

+!���
 /���$��40715�'#%��&

����
�
IAAtotal����
VO2 rest+int�'#

.(���

VO2rest+int

VO2ext

V
O

2e
xt

!̇O2ext =  $	× PO + &	(%7 – 3)

2+!�� (2�6)

 /��5�$��
40715 (ODext)

VO2rest�����/�

�5�$��4071
5 (ODint)

VO2 int

VO2 ext

SR ↑
PO →

SR ↑
PO ↑

SR��
ΔVO2 / ΔIAAtotal�,#
�

�

VO2rest

�

�
�

�
�

�

�
�VO2 rest�

�

�
�

� � �
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7 – 1 SR

IAAtotal VO2 PLT 188.5 ± 25.1 

W SR 7 – 4

VO2 2 VO2 SR24

SR28

VO2 2 IAAtotal SR24

IAAtotal 2 7 – 

5 VO22  (SR24 SR28 )

IAAtotal VO2 IAAtotal VO2

r2 0.91 1.00 2  (ΔVO2 / ΔIAAtotal) 

20.1 ± 7.3 mL/min/a.u.  (VO2 = 20.1 ± 7.3 × IAAtotal + 1789.0 ± 376.4)  

 

 

 

 

 

 

7 – 1. SR   IAAtotal VO2  

24 strokes/min 28 strokes/min 32 strokes/min 36 strokes/min

Power (watt) 183.6 � 25.2 183.2 � 26.2 183.7 � 25.3 184.1 � 26.9

Stroke rate (strokes/min) 23.9 � 0.3 27.7 � 0.2 32.1 � 1.1 34.8 � 1.4

IAAtotal (a.u./min) 40.1 � 2.7 46.3 � 3.7 54.7 � 3.8 60.9 � 2.6

VO2 (ml/min) 2697.9 � 357.7 2727.5 � 325.9 2856.2 � 349.9 3047.0 � 362.6

* * * *

a, b

* * * *

�

* a b  SR24
SR28  ( p < 0.05)  
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IAAtotal (a.u./min)

V
O

2(
m

L/
m

in
)

�

2500

3000

3500

4000

20 40 60 80

Subject B:
VO2 = 26.05×IAAtotal + 1894
(r = 0.997)

�

Subject A:
VO2 = 29.25×IAAtotal + 1462.3
(r = 0.98)

�

 7 – 5. SR IAAtotal VO2  
SR  VO2

IAAtotal VO2

 

 7 – 4. SR VO2  
SR VO2  SR24  ( B) SR28  ( A) 

 
VO2 VO2

 

2500

3000

3500

4000

20 24 28 32 36

Subject A
Subject B

Stroke rate (strokes/min)

V
O

2(
m

L/
m

in
)

�
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VO2 rest Δ VO2 / ΔIAAtotal VO2 rest+int  ( 7 – 2) 

7 – 2 IAAtotal

VO2 rest+int VO2

VO2 ext VO2 ext

r 2 0.95~1.00 2

13.2 ± 3.1 mL/min/W 717.1 ± 515.1 mL/min

 (VO2rest+int = 13.2 ± 3.1 × PO + 717.1 ± 515.1, PO: Power output)  

 

3. 2.  

IAAtotal 405.4 ± 

38.5 W 40.4 ± 0.9 strokes/min 69.4 ± 26.5 a.u./min 7 – 6 AOD

IAAtotal AOD OD ( ODN ODIAA) AOD 

( AODN AODIAA)  ( 7 – 6 (A)  (B)) IAAtotal

AOD ODIAA AODIAA (13.2 ± 1.9 LO2Eq 6.8 ± 1.5 LO2Eq) 

AOD  (12.4 ± 2.0 LO2Eq 6.1 ± 1.5 LO2Eq) 

 (6.4 ± 3.0 % 14.0 ± 7.7 %) ODN ODIAA

AODN AODIAA  ( ICC (1,1) = 0.91

0.85) 2  ( 7 – 6 (C)  (D)) 7 – 6 (E)  (F) ODN ODIAA

AODN AODIAA

OD AOD
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 7 – 6. ODN ODIAA AODN AODIAA  
IAAtotal AOD OD AOD (ODIAA AODIAA)  

AOD  (ODCON ODCON)  
 ((A)  (B))  ODN ODIAA AODN

AODIAA   (Intraclass correlation coefficient: ICC)  
0.91 0.85  ((C)  (D)) ODN ODIAA AODN

AODIAA

 ((E)  (F))  2SD
OD AOD  

8

10

12

14

16

18

8 10 12 14 16 18
2

4

6

8

10

2 4 6 8 10

0.0

5.0

10.0

15.0

0.0

5.0

10.0

15.0

-0.4

0

0.4

0.8

1.2

1.6

2 4 6 8 10

-0.4

0

0.4

0.8

1.2

1.6

5 10 15 20

A
O

D
 (L

O
2E

q)

O
D

 (L
O

2E
q)
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AOD in IAA 
method (AODIAA)

A
O

D
IA

A
(L

O
2E

q)
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O
D

IA
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an
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O
D

N
(L

O
2E

q)

(A) (B)

(C) (D)

(E) (F)

Mean of ODIAA and ODN
(LO2Eq)

Mean of AODIAA and AODN
(LO2Eq)

ICC(1,1) = 0.91 (p < 0.01) ICC(1,1) = 0.85 (p < 0.01)

*

*

r = -0.13
p = 0.75

r = -0.11
p = 0.84
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4.  

IAAtotal OD

AOD OD AOD AOD

IAAtotal AOD

OD AOD AOD

 ( 0.91 0.85) 14.0 ± 7.7 % 6.4 ± 

3.0 % 2  

 

4. 1. IAAtotal VO2  

VO2 int

SR IAAtotal VO2

IAAtotal VO2 VO22

8 4 2 SR24

SR28 VO22 2

I – 1 I – 2 SR24 SR28 1

II 2

2 VO2 2 2

SR24 SR28 VO2 41.0 (5.7 71.8) mL/min 

SR28 VO2 1.5 % (0.2 2.9 %) ±

2 Taylor et al. (1955) ±

VO2max 2.4 % 2

SR24 SR28 VO2 ±

VO2 2
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IAAtotal VO2 VO2 int

 

I – 2 IAAtotal VO2 6 7

90 % 100 % LT 8 7

2 0.9 2

I – 2  (22 33 strokes/min) 

 (3 4 ) IAAtotal VO2

 IAAtotal VO2 I – 2

 ( 2 0.9 ) 2 SR

I – 2 IAAtotal VO2 2  

 

4. 2. OD AOD  

IAAtotal AOD ODIAA AODIAA

AOD 14.0 ± 7.7 % 6.4 ± 3.0 % 

2 IAAtotal AOD

III

IAAtotal AOD

III – 1 QLaA AOD

III – 2
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8  III – 1 

IAAtotal AOD AOD QLaA  

 

1.  

II IAAtotal AOD AOD

AOD 14.0 % 2 III – 1

AOD AOD

QLaA

IAAtotal AOD AOD

 IAAtotal AOD OD

2

AOD (AODIAA) AOD AOD (AODN) QLaA

 

 

2.  

III – 1  II  

 

 

 

2. 1.  

II  
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2. 2.  

SR

90

1 HR

 (blood lactate concentration at pre-exericse: [La]b pre)

 (blood lactate concentration at termination of the exercise: [La]b (0)) 0.5

1 1.5 2 2.5 3 3.5 4 4.5 5 6 8 10 12  15 20 25 30 40 50 60 70

80  90 

Htperemic cold cream (HP

)  (Krleza et al., 2015)

 (peak blood lactate concentration: 

[La]b peak)  

 

2. 3. QLaA  

 

[!"](%) = [!"](() +	C+(+ − T.d+I) + C0(+ − T.d0I) (  8 – 1) 

[La](t) t  (mmol/l) 2

3

A1 A2  (mmol/l) γ1 γ2

 (1/min)  

2[La]b peak

 (Freund and Zouloumian, 1981b; Freund et al., 1986) 

 (Quantity of lactate accumulated at [La]b peak 
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obtained: QLaA at [La]b peak)  

e_G	GI	[_G]a	fTGg = [_G]a	fTGg ∙ QH_h (  8 – 2) 

VTLS 2  ( )  (Total lactate 

distribution space: TLS, ml) 1kg 600 mL

 (Quantity of lactate removed: QLaR)  (Bret et al., 2013; 

Chatel et al., 2016; Maciejewski et al., 2013)  

e_Gi = j([_G]a	fTGg − [_G]a	(())/0k ∙ d0 ∙ I[_G]a	fTGg ∙ QH_h  (  8 – 3) 

t[La]b peak 2[La]b peak  (min) 

t[La]b peak

 (QLaA)  

l!"* = e_G	GI	[_G]a	fTGg + e_Gi (  8 – 5) 

2. 4.  

 ± Magnitude-based-inference 

Pearson

(Uncertaintly) 90 % 

2-0.1 0.1  Trivial -0.1 Negative 0.1

Positive 90 % 2 Negative Positive

2 2 5 % 

Unclear

2 0.1 Trivial

0.1 0.3 Small 0.3 0.5 Moderate 0.5 0.7

Large 0.7 0.9 Very Large 0.9 Nearly perfect
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 (Hopkins, 2009)  

3.  

3. 1.  

 8 - 1

 (8.29 ± 1.37 mmol/L) 3.1 ± 1.5 

 (9.75 ± 1.8 mmol/L) 80  (1.54 

± 0.61 mmol/L) 90  (1.32 ± 0.44 mmol/L)  (1.28 ± 0.27 

mmol/L) 

 (R2) 0.969~0.996

VTLS 42.3 ± 6.1 L [La]b peak

QLa at [La]b peak 409.7 ± 28.0 mmol [La]b 

peak QLaR 28.9 ± 11.0 mmol QLa at 

[La]b peak QLaR QLaA 435.5 ± 35.4 mmol  

 

 

 

 

 

 

 

 

 

 

 

 
 8-1.  

 

 
FIGURE 3-Means (± standard deviation) of blood lactate 
concentration ([La]b) obtained during recovery period after 2-min 
all-out exercise. The curve described was obtained by fitting the 
equation 7. to the mean values. 

0

2

4

6

8

10

12

0 10 20 30 40 50 60 70 80 90 100

Time (min)

[L
a]

b
(m

m
ol
·L

-1
)



 
 

8 III – 1 

 84 

3. 2.  

8 - 2  AODN AODIAA [La]b (0) [La]b peak QLaA AODN

AODIAA [La]b (0) Unclear  ( r = 0.12, p = 

0.77, 90 % : ± 0.62  r = -0.03, p = 0.995, 90 % : ± 0.63)

AODN AODIAA [La]b peak Unclear  ( r = 

0.13, p = 0.768, 90 % : ± 0.62  r = 0.10, p = 0.81, 90 % : ± 0.62)

AODN AODIAA QLaA Moderate 2

 ( r = 0.65, p = 0.08, 90 % : ± 0.43  r = 0.59, p = 0.12, 90 % 

: ± 0.47)  
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 8-2. QLaA AODN AODIAA  

  (r) p   
(Confidence limit: CL) Magnitude-based-inference

 

 
FIGURE 4-The relationships between blood lactate 
related parameters and AOD in the conventional (left) 
and new (right) estimation methods. Correlation 
coefficients, p values, confidence limits (CL), and 
interpretations according to the distribution of CL are 
described (also see method section for details).  
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Q
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)

Accumulated oxygen deficit
in conventional method 

(LO2Eq)

Accumulated oxygen deficit
in new method 

(LO2Eq)

r = 0.12, p = 0.77
(CL: ±0.62, unclear)

r =- 0.03, p = 0.995
(CL: ±0.63, unclear)

r = 0.13, p =0.77
(CL: ±0.62, unclear)

r = 0.10, p = 0.81
(CL: ±0.62, unclear)

Y = 14.7 X + 339.6
r = 0.65, p = 0.08
(CL: ±0.43, likely)

Y = 14.5 X + 329.3
r = 0.59, p = 0.12
(CL: ±0.47, likely)
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4.  

IAAtotal AOD AOD QLaA

AOD IAAtotal

AOD AOD (AODIAA) 14.0 %  ( II)

AOD  [La]b (0) [La]b peak Unclear

2 AOD QLaA 2 AOD

IAAtotal AOD AOD QLaA

 

 

4. 1. AOD   

[La]b (0) [La]b peak

 (Craig et al., 1995; , 1995; 1998)

 (1999) [La]b peak2

Craig et al. (1995) 

[La]b peak MAOD 2

AOD 2  

[La]b (0)  [La]b peak 2  (Bishop et al., 

2002; Gastin et al., 1995; Medbø et al., 1988; Pripstein et al., 1999; Scott et al., 1991) 

AOD IAAtotal AOD AOD (AODN

AODIAA) [La]b (0) [La]b peak Unclear

2 2

 (van Hall et al., 2009)

2
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QLaA

 (Aguiar et al., 2015a; Aguiar et al., 2015b; Bret et al., 2003; Bret et al., 2013; 

Chatel et al., 2016)  (Beneke et al., 2007; Beneke et al., 2010; Messonnier et al., 2001; 

Messonnier et al., 2006)  (Maciejewski et al., 

2013; Messonnier et al., 1997) 

2 R2

0.969~0.996 AOD

IAAtotal AOD AOD QLaA

2 AOD QLaA

AOD AOD

Maciejewski et al. (2013) 3

AOD AOD QLaA 2

 (r = 0.85; 90 % : ± 0.22, Most likely) AOD QLaA

2 Maciejewski et al. (2013) 

2 2

 

2 Maciejewski et al. (2013) 

3 ATP-PCr ATP

10

2 ATP 3

2 2

2 AOD ATP-PCr
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QLaA

2 2AOD QLaA

2  

2  

72.1 ± 3.0 kg 70.5 ± 

10.5 kg 4.2 % 14.8 % 

 (

2 1.6 % 2.9 %)

2

2

 (VTLS) 

2 2 VTLS 2

QLaA AOD 2  

 

4. 2. AOD IAAtotal AOD   

AOD QLaA IAAtotal AOD

IAAtotal AOD AOD

AOD 14.0 % AOD

 (4.2~26.5 %)

AOD 2 AOD

OD 2 2

2 2

AOD OD2 IAAtotal
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OD

2  

 

4. 3.  

QLaA

2

2

2 2 VTLS

2  AOD QLaA

2 2

IAAtotal AOD QLaA

AOD 2

2 2  

AOD  (4.2~26.5 %) 

2 AOD OD 2

2

2 2

OD2 2  

 

5.  

IAAtotal AOD AOD QLaA

2 AOD AOD

QLaA 2 IAAtotal

AOD III – 2
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IAAtotal AOD

2
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9  III – 2 

 

 

1.   

Cavagna and Kaneko 

(1977)  ( ) 2

 (2010) 2

VO2

OD 2

2

VO2 OD

2  

2

 (SR ) OD 

(Oxygen demand in increased stroke rate condition: ODSR)  IAAtotal AOD

OD (Oxygen demand in IAA method: ODIAA) IAAtotal

AOD OD 2
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2.   

2. 3.  

10  ( : 174.7 ± 4.9 cm : 71.1 ± 8.9 kg, : 

20.6 ± 2.8 ) 

2

  

 

2. 4.  

2000 m  (P2000) 90  

(P2000 ) OD 3 P2000 OD

1) VO2  (

9 – 1  (A), Oxygen demand: OD) 2) 

VO2  (SR 9 – 1 (B)

Oxygen demand in stroke rate adjusted condition: ODSR) 3) IAAtotal

 (IAA Oxygen demand in IAA method: ODIAA) 

 

 

2. 2. 1.  

10

5

5 1

15

5 1 VO2

4 4
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 2000 m  (P2000) 55 % 

60 % 65 % 70 % P2000 1 VO2  (Heart rate: 

HR) HR  

 ( +10 ) VO2

HR III – 1  

 

2. 2. 2. P2000  

SR 15 P2000 90

 (

P2000) 

VO2 HR

  

 

2. 2. 3.  (SR ) 

SR SR

1 2 2 4 1

P2000 2

1

VO2 HR

HR2  
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2. 2. 4.  (SR ) 

15 SR SR

IAAtotal VO2

SR 55 % P2000 24 28

32 36 strokes/min 4

1 VO2 HR

HR2

 

(

)

(

(

)

(

(A) AOD

(B) ) AOD

VO2int
�

VO2ext
�

9 – 1.  
 OD  

  
(A, AOD  )   

 
OD  (B SR )  
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2. 5. OD  

2. 4. 3. SR OD  

SR SR

OD 1 VO2 SR

VO2  ( VO2 ) 

 

Rm	(_R0Vn/\XY) = ]Q̇R0 ]`R⁄ ∙ `R+ 7Q̇R0+UI − 	]Q̇R0 ]`R⁄ ⋅ `R+UI< ( 9 – 1) 

OD Δ VO2/ΔPO SR

VO2 PO PO1st VO2_1st

1 VO2  

 

2. 4. 4. IAA OD  

IAA OD II

SR ODint ODext

P2000 IAAtotal OD

 (ODIAA)  

 

2. 6.  

 ± SR

IAAtotal VO2 VO2

 (Δ VO2/ΔPO) t

 (r) 

2

Bonfferroni
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 (Interclass correlation coefficient: ICC) 

5 %  

 

3.   

3. 1. IAAtotal 

9 – 2 P2000  (A) 

IAAtotal (B) 

 ( 9 – 2 (A), 1 4

22.6 ± 1.6, 22.7 ± 1.6, 23.0 ± 1.9 23.5 ± 1.9 strokes/min) SR

2  ( 2 4

24.0 ± 1.8 25.5 ± 1.8 26.8 ± 1.7 strokes/min) P2000

 (34.8 ± 3.2 strokes/min) 

 (r = 1.00)

r 2 0.99 1.00 2  

IAAtotal

 ( 9 – 2 (B), 1 4 38.4 ± 

2.8 39.4 ± 3.0 40.9 ± 3.7 42.3 ± 3.6 count/min) SR IAAtotal

1 2 2 (38.4 ± 3.2 a.u./min) 2

 ( 41.9 ± 3.4 45.3 ± 3.4

48.2 ± 4.1 a.u./min) P2000 IAAtotal (66.3 ± 9.3 a.u./min) 

2  (r = 1.00)

r 2 0.94 1.00 2  

VO2

2  (r = 0.96 1.00) SR

VO2 2  (r = 0.96 1.00) 9 – 3
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SR SR

Δ VO2 / ΔPO ( )  12.1 ± 1.5 13.8 ± 1.8 ml/min/watt

2  (p < 0.05)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 9 – 2.  (A) IAAtotal  (B)  
 SR  P2000

* SR
 (p < 0.05)  

20
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Power output (watt)
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9 – 3.  ( ) SR  (
) OD  

 

1

y = 12.1x + 641.8

y = 13.8x + 344.5
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3. 2. SR  

9 – 1 SR IAAtotal

VO2

IAAtotal SR24

IAAtotal VO2 SR24 SR28

VO2 VO2 2

IAAtotal VO2

r2 0.89 1.00 2

 (Δ VO2/ΔIAAtotal) 18.7 ± 13.6 ml/a.u.  

7 – 2 IAAtotal VO2rest+int

VO2 VO2 ext

VO2 ext r2

0.87 1.00 2 VO2 ext

10.81 ± 2.50 mL/min/watt  

 

 

 

Power output
(watt) 182.4 ± 22.4 182.7 ± 21.7 182.5 ± 22.8 183.5 ± 20.9

Stroke ratr
 (strokes/min) 24.0 ± 0.1 27.9 ± 0.2 31.7 ± 0.4 35.7 ± 0.6

IAAtotal

(count/min) 42.3 ± 3.5 49.0 ± 4.0 55.3 ± 4.9 60.8 ± 5.0

VO2

(ml/min) 2873.2 ± 295.2 2869.4 ± 281.7 2959.4 ± 297.0 3110.9 ± 249.0

24 strokes/min 28 strokes/min 32 strokes/min 36 strokes/min

*� *� *� *�

c,d� c,d� a,b,d� a,b,c�

*� *� *� *�

9 – 1. SR   IAAtotal VO2  

 

:  a: SR24  b: SR28
 c: SR32  d: SR36

p < 0.05. 
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3. 3. OD 

 9 – 4 SR IAA  ( OD

ODSR ODIAA) ODSR ODIAA 7.0 ± 0.8  7.0 ± 0.7 

lO2Eq ODSR (6.6 ± 0.8 lO2Eq)  (p < 

0.05) ODSR ODIAA  9 – 5 ODSR

ODIAA Y = X ODSR ODIAA

 (ICC (1, 1) = 0.93, p < 0.05) 2

ODSR ODIAA

-0.03 ± 0.41 lO2Eq OD

 ( 9 – 6 , r = -0.12, p = 0.76)  

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 9 – 4. OD  

 SR IAA  
OD ODSR ODIAA *

 (p < 0.05)  

 

6.0 

6.2 

6.4 

6.6 

6.8 

7.0 

7.2 

7.4 

7.6 

7.8 

8.0 

OD ODSR ODIAA

*
*

O
D

 (L
O

2E
q)



 
 

9 III – 2 

 100 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

9 – 5. ODSR ODIAA  
Y = X  

 

4.0

6.0

8.0

10.0

12.0

4.0 6.0 8.0 10.0 12.0

ODSR (LO2Eq)

O
D

IA
A

(L
O

2E
q)

ICC (1, 1) = 0.93 (p < 0.05)

 9 – 6. ODSR ODIAA

 
ODSR ODIAA

7.0 ± 0.8 lO2Eq  ODSR ODIAA 0.03 
± 0.41 lO2Eq  

-2.00 

-1.50 

-1.00 

-0.50 

0.00 

0.50 

1.00 

1.50 

2.00 

5.0 6.0 7.0 8.0 9.0

���

��� – 2SD

��� + 2SD

���

r = -0.31, p = 0.39 (n.s.)O
D

SR
�

O
D

IA
A
�
�

(L
O

2E
q)

ODSR�ODIAA���� (LO2Eq)
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4.   

 IAAtotal AOD  OD

 AOD  ( )  

 (SR ) IAAtotal AOD OD

SR ODSR

IAAtotal AOD ODIAA OD

 ODSR ODIAA  

 (ICC (1, 1) = 0.93, p < 0.05)   

 

4. 1.  SR OD (ODSR) 

 SR  2

IAAtotal  SR 2

 

 SR VO2  (Δ VO2 / 

ΔPO)   ( 9 – 3) VO2  

 ( )  ( ) 

 (Hofmijster et al., 2009)    ( ) 

 Δ VO2 / ΔPO 2

 

IAAtotal  

 P2000 IAAtotal

  SR  

P2000 IAAtotal
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 ( 9 – 2)  SR  

P2000  

 SR OD  

 ODSR OD  

 

 

4. 2.  IAA OD (ODIAA) 

ODIAA OD  ODSR

 ODIAA ODSR  (ICC (1, 1) = 0.93, p < 

0.05)  IAAtotal AOD  (IAA ) 

OD  SR  P2000

 

 IAAtotal AOD OD  

 (SR ) OD  

 SR  

 IAAtotal AOD  OD

  

 (P2000 )  

 

 

2000 m    

 (Steinacker, 1993)  SR
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   1

 

 

 IAAtotal AOD  2000 m 

1

OD  

 

5.   

  (SR ) 

 P2000 IAAtotal

  ODSR AOD OD

 IAA ODIAA

 OD  ODSR  

IAAtotal AOD  

OD  
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10  IV 

MAOD  

 

1.  

IAAtotal AOD

OD 2 2 MAOD

2 2

 (Craig et al., 1995)  

IAAtotal AOD

AOD MAOD

MAOD  

 

2.  

2. 1.  

14  ( : 1.73 ± 0.05 m 69.3 ± 7.4 kg

20.1 ± 1.2 )  

2
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2. 2.  

2. 2. 1.  

4 2

2000 m  (P2000) 55 % 

1 5 % P2000 6  (55

60 65 70 75 80 % P2000) 10

75 % P2000 1 5 % P2000

2

 

1 1

± VE VO2 VCO2 RER III

 

1 3 5

III

Blood Lactate 

Endurance Marker Software (Lactate-E, Newell et al., 2007) log-log  (Beaver et al., 

1985) LT PLT  

 

2. 2. 2. SR  

SR SR

10 

5 2 5 PLT
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15

10 PLT

24 28 32 36 strokes/min  (SR24 SR28

SR32 SR36 ) 4 1

VO2

HR2  

  

2. 2. 3.  (2 min 1 km 1.5 km 2 km ) 

SR 2

 (2 min 1 km 1.5 km 2 km ) 

2 min  (

) 2

1

2 min 1 1 km 1.5 km 250 m 

HR IAAtotal

2 min 1 1 km 1.5 km 2 km 250 

m  

 

2. 3.  

IAAtotal AOD OD
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VO2 AOD

%Anaerobic OD AOD

AOD MAOD AOD

95 % 2 80 %  128 % 

2  (Doherty et al., 2000) MAOD

95 % MAOD

VO2  (VO2peak) 

VO2max VO2 obtained 

1

IAAtotal 1

 (IAAtotal / SR)  

 

2. 4.  

 ± 

 (r) SR

2 Bonfferroni   

5 %  

 

3.  

3. 1. SR  

 10 – 1 VO2max HRmax 3939.0 

± 539.6 ml/min 192.6 ± 7.6 beats/min PLT POBLA Lamax
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200.4 ± 14.2 watt 246.2 ± 25.6 watt 9.26 ± 1.76 mmol/l 

VO2 r 2 0.95 1.00 2  

 10 – 2 SR IAAtotal

VO2 IAAtotal

VO2 SR24 SR28

2 VO2 2

IAAtotal VO2 r 2 0.92 1.00 

2 22.4 ± 9.6 ml/a.u. 

IAAtotal VO2rest+int

VO2 VO2ext  (r 2 0.93 1.00)   

 

 

 

 

 

 

 

 

 

 

10 – 1.  

Subject VO2max

(ml/min)
HRmax

(beats/min)
PLT

(watt)
POBLA

(watt)
[La]b max

(mmol/l)
A 4007.6 204.0 202.9 258.0 10.22
B 4461.3 191.8 210.0 281.8 6.87
C 3092.2 191.0 183.6 233.9 10.25
D 3949.6 181.0 190.0 231.6 10.09
E 4693.5 183.2 210.0 293.1 6.10
F 3566.4 206.0 174.6 209.9 9.63
G 4944.1 197.3 220.0 265.0 12.83
H 3774.3 195.3 190.0 227.6 8.87
I 3817.5 186.8 188.6 232.3 8.33
J 3140.8 186.8 213.0 212.0 9.67
K 3810.2 193.1 217.0 260.4 8.75
L 4177.9 188.0 210.0 260.1 7.89
M 3771.8 199..03 196.0 235.4 10.85

3939.0 � 539.8 192.6 � 7.6 200.4 � 14.2 246.2 � 25.6 9.26 � 1.76

�
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3. 2.  

10 – 1 

2 min  (0~1 ) 

1 km 1.5 km 2 km

 (0~250 m) 

2

2 2 min

1 km 1.5 km

 (250~500 m 500~750 m )  (1250~1500 

m 1500~1750 m ) 2 km

 (1750~2000 m )  (1500~1750 m ) 

 

10 – 3

2 min 1 km 1.5 km

2 km IAAtotal 2 min

2 2 1.5 km 2 km

10 – 2. SR   IAAtotal VO2  

* a SR36  b SR32
p < 0.05  
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2 1 IAAtotal (IAAtotal / SR) 2 min

2 1 km

1.5 km IAAtotal / SR 2 2 km

IAAtotal / SR 1.5 km 2 min 1 km 

VO2 obtained 2

AOD 2 1 km 1.5 km 2 km

2 2 min 1 km

%Anaerobic 2 min
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* †

*

* † * †

*

* *

*

a

* † * †*

* † ‡ * † ‡

* * †
§

10 – 1.  ( ) 
 ( ) . 
2 min  1 km  1.5 km  2 km

* 1  †
2 ‡ 3 2

§ 2  



 
 

10 IV 
 

 111 

 

 

 

 

 

 

 

 

 

 

 

’ 

 

 

 

 

 

 

 

 

MAOD AOD 6.4 ± 2.1 LO2Eq 2 min 1 km

1.5 km 2 km MAOD2 1  (7 %) 3

 (21 %) 4  (29 %) 6  (43 %) MAOD

AOD %MAOD 2 min 83.7 ± 8.7 % 1 km 

 (91.6 ± 6.8 %) 2 1 km (91.6 ± 6.8 %) 1.5 km (91.6 ± 

n = 14 
†:  (p < 0.05) 
a: 2  v.s. 1 km  (p < 0.05) 
b: 2  v.s. 1.5 km  (p < 0.05) 
c: 2  v.s. 2 km  (p < 0.05) 
d: 1 km  v.s. 1.5 km  (p < 0.05) 
e: 1 km  v.s. 2 km  (p < 0.05) 
f: 1.5 km  v.s. 2 km  (p < 0.05) 

 

10 – 3.   (SR) VO2 

obtained OD  (Accumulated oxygen uptake: AO) AOD %Anaerobic
MAOD  (%MAOD)  

2 min test 1 km test 1.5 km test 2 km test

Duration (min) 2.0 3.3 ± 0.1 5.2 ± 0.2 7.1 ± 0.2

Power output (W) 401.2± 32.1 349.0± 37.4 312.2± 28.2 296.2± 23.0

SR (strokes/min) 39.4 ± 1.7 36.2 ± 1.4 34.5 ± 1.4 32.8 ± 1.1

IAAtotal (a.u./min) 77.5 ± 1.3 59.8 ± 1.1 57.7 ± 1.2 56.8 ± 1.1

IAAtotal/SR (a.u./stroke) 1.96 ± 0.13 1.64 ± 0.13 1.66 ± 0.12 1.71 ± 0.14

VO2 obtained (%) 97.8 ± 5.1 100.1 ± 5.1 102.1 ± 5.8 102.5 ± 5.8

OD (L·min-1) 11.7 ± 1.3 17.3 ± 1.8 24.5 ± 2.3 31.8 ± 2.8

AO (LO2eq) 6.5 ± 0.6 11.6 ± 0.9 18.7 ± 1.5 25.9 ± 1.7

AOD (LO2eq) 5.2 ± 1.1 5.8 ± 1.6 5.8 ± 1.8 5.9 ± 2.4

%Anaerobic (%) 44.1 ± 5.4 32.9 ± 6.1 23.4 ± 5.5 18.3 ± 6.0

%MAOD 83.7 ± 8.7 91.6 ± 6.8 91.6 ± 8.8 90.9 ± 10.3

† † † †

† † † †

a, b, c f

a, b, c d, e

† † † †

† † † †

a

† † † †

a

.

a, b, c e
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8.8 %) 2 km  (90.9 ± 10.3 %) %MAOD 2

 ( 10 – 3)  

MAOD MAOD

MAOD AOD 2

MAOD 2 min 1 km 1.5 km 2 km

MAOD 10  (71.4 %) 13  (92.9 %)

12  (85.7 %) 11  (78.6 %)  

%MAOD

VO2max MAOD %MAOD  ( 10 – 2)

1 km %MAOD VO2max 2

%MAOD MAOD 2 min 2 2 km

2  
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10 – 2. VO2max MOAD
%MAOD  (n = 14)  

AOD  
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VO2max (L/min)� MAOD (LO2Eq)

(r = 0.07, p = 0.81, n.s.)

y = 6.67 x + 65.36
(r = 0.53, p = 0.049)

(r = -0.02, p = 0.94, n.s.)

(r = -0.07, p = 0.82,  n.s.)

y = -3.74 x + 107.57
(r = -0.87, p < 0.01)

(r = -0.52, p = 0.06, n.s.)

(r = -0.23, p = 0.43, n.s.)

y = 3.07 x + 71.32
(r = 0.61, p = 0.02)
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4.  

IAAtotal AOD

AOD MAOD

MAOD

2 min 1 km  ( : 3.3 ± 0.1 ) 1.5 km  

( : 5.2 ± 0.2 ) 2 km  ( : 7.1 ± 0.2 ) 

AOD 2 min AOD 1 

km 2 1 km 1.5 km 2 km

2 min 1 km 1.5 km

2 km MAOD2 1  (7 %) 3  (21 %) 4

 (29 %) 6  (43 %) MAOD

MAOD 10  (71 %) 13  (93 %) 12 

 (86 %) 11  (77 %) %MAOD VO2max

MAOD %MAOD2

2 2

2 MAOD 2

  

 

4. 1. MAOD   

AOD 2

MAOD AOD

2  (Medbø et al., 1988) 2

 (

)  (60~90 ) MAOD 2

 (Withers et al., 1991; Withers et al., 1993) 2 min
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2

2 min MAOD 2

1  (7 %) MAOD

10  (71.4 %) Craig et 

al. (1995) 

 (70 ) 

AOD 2

1) VO2

2 2 2) 

ATP 2 3) pH  (Buffering capacity) 

2 MAOD 2

2 2

2 min %MAOD VO2max MAOD

2 min MAOD 2

2 2

 

 

4. 2.  

2 2

1 km  ( 2 3.3 min) 2

36.2 strokes/min 2 1500 m  (

2 3.5 min) 4000 m  ( 2

4.0 min) 170~230 steps/min ( , 1997) 130-140 

revolutions/min (Craig and Norton, 2001) 2
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 ( ± ) 

2

2  2 min MAOD 2

2 2 min %MAOD MAOD

2 MAOD 2 2 min

MAOD 2

 

 

4. 3.   

MAOD2 2 2 km

 (6 ) 2 MAOD MAOD

1 km  (13 93 %)

2 1.5 km 2 km  ( 12 

86 % 11 77 %)  

MAOD Open-loop

 (Medbø et al., 1988) 

Closed-loop  (Craig et al., 1995; Withers et al., 1991; 

Withers et al., 1993) 2 Open-loop

 ( ) Closed-loop

 ( ) 2 2

 (Currell and Jeukendrup, 2008) Closed-loop

2 min 2

 (1 km 1.5 km 2 km ) 

2 min 2

2 2 2 1 



 
 

10 IV 
 

 117 

km 1.5 km 2 km

2 2

2 2 1.5 km 2 km

 (Garland, 2003; 2006)  (

) 2

2  (Fabiato and 

Fabiato, 1978; Foster et al., 1994; Medbø and Tabata, 1993; Hermansen, 1981)

1.5 km 2 km

2

2 MAOD 2 2

2 2

2 1.5 km 2 km

MAOD 2

2 2  

 

4. 4. IAAtotal AOD  

1 IAAtotal  2 min

 1

 2 min

  

III – 2  

 

 (SR ) 
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 1  

 IAAtotal AOD  

OD  

 

4. 1.  

  MAOD

 2  

  

  2 min MAOD

 1.5 km 2 km  

 MAOD

  

 1.5 km 2 km

 

 

 

5.  

  MAOD

 3.3 1 km

 2  

 14 4 MAOD

 1 km 1.5 km 2 km

  14 2

3 MAOD  AOD
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11  V ( ) 

  

 

1.  

2 2 km AOD MAOD

 (Clark, 2016; Pripstein et al., 1999; Russell et al., 

1998) IV 2 2 km MAOD

2 2  

IV MAOD

IAAtotal AOD AOD 2 

km

2   

 

2.  

IV

MAOD 2 km 2 km

250 m AOD IAAtotal AOD AOD

IV

 

 

2. 1.   

 IV 2 km
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± 2 1

13  ( : 174.0 ± 5.1 cm : 69.6 ± 7.6 kg : 20.2 ± 1.1 ) 

 

 

2. 2.   

SR  (2 min 1 km

1.5 km 2 km ) IV  

 

2. 3.   

IAAtotal AOD AOD

MAOD 2 km 250 m OD IAAtotal

AOD AOD IAAtotal AOD

OD IV AOD

VO2

OD  

 

2. 4.   

 ± 

 (r) 2 km

2 Bonfferroni  (

AOD IAAtotal AOD ) VO2max 2 km

VO2 t 5 % 
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3.  

2 km IAAtotal

7.0 ± 0.3 300.8 ± 24.7 watt 32.9 ± 1.0 strokes/min 64.1 ± 4.6 a.u./min 

VO2peak 4010.7 ± 369.8 ml/min VO2max 2 

km HRpeak 187.0 ± 8.8 beats/min

HRmax (192.6 ± 7.6 beats/min) 2 km 

[La]b peak 10.74 ± 0.90 mmol/l [La]b max (9.26 ± 

1.67 mmol/l)  

IAAtotal AOD 2 km AOD 6.2 ± 2.4 LO2Eq

AOD  (4.3 ± 1.2 LO2Eq) 

IAAtotal AOD 2 km %Anaerobic 19.0 ± 6.0 % 

AOD  (12.7 ± 3.7 %)  

11 – 1 2 km  VO2max MAOD ( IV 6.4 ± 

2.1 LO2Eq)  VO2max

 MAOD  

 

 

 

 

 

 

 

 

 

 
11 – 1. 2 km  ( , P2k) VO2max ( ) 
MAOD  ( )  

250

275

300

325

350

3.0 3.5 4.0 4.5 5.0
250

275

300

325

350

0.0 5.0 10.0 15.0

P 2
k

(W
)

(r = -0.06, p = 0.832, n.s.)

VO2max (L/min)
.

MAOD (LO2Eq)

y = 43.43 x + 125.92
(r = 0.82, p < 0.01)
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11 – 2 2 km IAAtotal 1

IAAtotal (IAAtotal / SR) 0 250 m 

0 250 m 

 (p < 0.05) 1250 1750 m 

2 1750 2000 m  (p < 

0.05) 0 250 m 2 0 750 m

750 1750 m 0

250 m 2  (p < 0.05) 1750 2000 

m 

IAAtotal IAAtotal / SR

0~250 m 

1500~1750 m 1750~2000 m IAAtotal / SR
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11 – 2. 2 km  (A)  (B) IAAtotal (C) 
1 IAAtotal (D)  (n = 13)   
* 0-250 m  (p < 0.05)  

†  (p < 0.05)   
⟷  	
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11 – 3 2 km VO2 VO2 0~250 m 

750~1000 m 

VO2max 2  (1000 m 

3.3 ± 0.1 )  

 

 

 

 

 

 

 

 

 

  

 

 

 

 

11 – 4 IAAtotal AOD AOD 2 km

AOD %Anaerobic AOD AOD

IAAtotal AOD AOD

0 250 m 

1250 m AOD

1250 2000 m AOD 2

IAAtotal AOD 1750 2000 m AOD2

2000

2500
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3500
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4500
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�

VO2max
(3939.0 ± 539.6mL/min)

�

*

*
*

11 – 3. 2 km VO2  (n = 13)   
* VO2max

 VO2max 	
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 (p < 0.05)  
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⟷  	
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4.  

MAOD

2 km

AOD IAAtotal AOD 2 km

2

IAAtotal AOD 2 km

AOD 6.2 ± 2.4 LO2Eq %Anaerobic 19.0 ± 6.0 % 

AOD  (4.3 ± 1.2 LO2Eq 12.7 ± 3.7 %) 

2 2 km

MAOD (6.4 ± 2.1 LO2Eq)  

 

4. 1. 2 km  

Hagerman (2010) 2000 m 6 

1 2 3 4 5

2 16 18 mmol/L   

(14 16 mmol/L) 2

2

 (van Hall et al., 2009) 

2

IAAtotal AOD AOD

AOD  (0-250 m ) 500 

m AOD AOD 53.2 % 

66.4 % 
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AOD 1250 m AOD2

AOD 90 % 2

2 IAAtotal AOD 1250 m 

AOD AOD  80 % 

2 IAAtotal

AOD

2  (Hagerman, 2010) 2 

km 2

IAAtotal AOD 2 km 

 

1750 2000 m 

2 2  

(1000 m )  (VO2)  

IAAtotal AOD AOD AOD

 

 

4. 2.  

VO2max

VO2peak 2  (Bourdin et al., 2004; Cosgrove 

et al., 1999; Kramer et al., 1994; Lacour et al., 2007, 2009; Messonnier et al., 1997)

2 2 km

VO2max 2  

2  (Clark., 

2016; Pripstein et al., 1999)  (Russell et al., 1998) 2
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2 2 km MAOD

2   

2  (Bourdin et al., 2004; Cosgrove et al., 1999; Kramer et al., 

1994; Lacour et al., 2007, 2009; Messonnier et al., 1997) 

2

2

2

2 VO2max 3092.2 

ml/min 4944.1 ml/min 2 km 

6.5 7.2

2 2  (Duffield et al., 2004, 2005a, b) 

VO2max 2

2

 

 

5.  

 IAAtotal AOD 2 km AOD

%Anaerobic  6.2 ± 2.4 LO2Eq 19.0 ± 6.0 % AOD

2  (4.3 ± 1.2 LO2Eq 12.7 

± 3.7 %) MAOD
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VO2max 2

2 2 km

VO2 2 VO2max 2

 ( 10 %)

2 AOD

2
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12   

 

1. 2 IAAtotal VO2  

 

VO2  VO2

 ( )  

VO2  (Coast and Welch, 1985; Foss and Hallen, 2004; 

Gaesser and Brooks, 1975; Marsh and Martin, 1993; Seabury et al., 1977) I – 1

  

VO2  VO2

 ( )  

VO2

 VO2

 1)  ( )  (Foss and Hallen, 

2004, 2005) 2) Ca2+

ATP  ( , 2005)  (Gaesser and Brooks, 

1975)   

 

  

 (Di Prampero et al., 1971, 

Fukunaga et al., 1986)  

VO2  

I – 1  

 IAAtotal VO2  (

IAAtotal VO2)  

IAAtotal
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(Bouten et al., 1994; Eston et al., 1998; Iwashita et al., 2003; Nichols et al., 1999)  

IAAtotal VO2 2

VO2 2

 

I – 2 I – 1  (90 % PLT) 

100 % PLT  (

) 

VO22 IAAtotal

VO22 2 IAAtotal VO2

2 2

IAAtotal VO2

2 IAAtotal VO2

2 IAAtotal VO2

 ( VO 2 / IAAtotal) 90 % 100 % LT

90 % 100 % LT

2

2

VO 2 2 2 90 % LT 100 % 

LT VO 2 / IAAtotal

2

IAAtotal VO2

2 2

 (PLT) IAAtotal VO2

AOD  
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2. IAAtotal AOD  

 (Cavagna and Kaneko, 1977; Minetti et al., 2001; Widrick 

et al., 1992; Winter, 1979; Willems et al., 1995) 

 ( ) 

2

OD IAAtotal

OD (ODext) OD (ODint) 

OD II IAAtotal AOD

OD AOD AOD 6.4 ± 3.0 % 

14.0 	 7.7 % 2 AOD

OD 2

III IAAtotal AOD OD

AOD III – 1

IAAtotal AOD AOD

 (QLaA) 

AOD AOD QLaA

2 2

IAAtotal AOD AOD AOD

 (QLaA) 

IAAtotal AOD AOD AOD 14.0 % 

 AOD 2  

(4.2 26.5 %) AOD OD 2

2

2 III – 2

 (SR ) OD IAAtotal
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AOD SR

IAAtotal 2

ODSR AOD OD

2 IAAtotal AOD ODIAA

ODIAA ODSR  (ICC (1,1) = 0.93, p < 0.05) 2

IAAtotal AOD

OD2  

 

3. MAOD  

2 MAOD 2

2  (Medbø et al., 1988; Karlsson and Saltin, 1970) Whethers 

et al. (1991, 1993) 

2

 (45 60 ) MAOD 2

IV 2 2 AOD

MAOD 83.7 ± 8.7 %  (14 13 ) MAOD2

2 Muniz et al. (2017)  (VO2max: 4.53 ± 0.54 

L/min) 2 123 ± 31 MAOD 2

28 % 2 173 ± 48 48 % 

2

2 MAOD2 Craig et al. (1995) 

IV 2 min  %MAOD

VO2max

2 MAOD

2 min %MAOD2
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2 2 min %MAOD 2

2

 2 min %MAOD 2

MAOD 2 2 2

2 MAOD 2

2 2  

MAOD 7 % 2 95 % 

2 80 %  128 % 2  (Doherty et al., 2000; Weber 

and Schneider, 2001) MAOD 95 % 

AOD 2 MAOD 2 min 1 km 1.5 

km 2 km MAOD

71.4 % 92.9 % 85.7 % 78.6 % 1.5 km 2 km

2  ( 5.2 ± 0.2 7.1 ± 0.2 min) 

MAOD 2 2 2 2

2 1.5 km 2 km

 ( ) 2

2  (Fabiato and Fabiato, 1978; Foster et al., 1994; Medbø 

and Tabata, 1993; Hermansen, 1981) 2

MAOD 2 2

2 2 IV

1 km  ( 2 3.3 ± 01. 

) MAOD 2 2

 

 

4. IAAtotal AOD  

III – 2  (SR

) 
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2 km 

2

2 km

2 2 km 1 IAAtotal 

(IAAtotal/SR) 

2 2 km 1

1

2

1

2 2 km

IAAtotal AOD 2  

 

5.  

V IAAtotal AOD 2 km 

19. 0 %  AOD  (12.7 %) 

2 VO2max

2 MAOD 2 Clark (2016) 

 ( ) 

AOD 2  (ρ = -0.71, p < 0.001)

%Anaerobic 2 2  (Gastin, 

2001; Li et al., 2015; Duffield et al., 2004, 2005a, b; Spencer eta l., 1996)  Clark (2016) 

2 2 km 2  (6

45  v.s. 7 00 ) VO2max 2  (4.64 ± 0.54 L/min v.s. 4.0 ± 

0.37 L/min) VO2max 2



 
 

12  
 

 137 

%Anaerobic 2

MAOD 2

2 V 2 km

1) VO22 VO2max 2) 2

 ( 10 %) 3) 

2 AOD

2  

 

6.   

IAAtotal AOD  

SR  

 SR  

 

 ( )  (Di Prampero et al., 1971)  

 

 IAAtotal VO2

  IAAtotal AOD  
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7.   

 

 

 OD

AOD  MAOD

  

 

1)  VO2

 ( )  

VO2 IAAtotal 

( )  (

I – 1 I – 2)  

 

2) IAAtotal VO2  LT

90 % 100 %  (90 % LT

100 % LT )    (

VO2 / IAAtotal)  LT

 ( I – 2)  

 

3) IAAtotal AOD AOD  QLaA  (

III – 1) OD

OD  IAAtotal AOD

OD
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4)  2

 MAOD  1 km  ( 3.3 ± 01. min) 

MAOD  ( IV)   

 

 IAAtotal AOD  

OD AOD  

2 km AOD  %Anaerobic AOD

 MAOD

 3.3  

1 km   

 VO2max  

MAOD  
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13    
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