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• How we think about and talk about energy 
metabolism is wrong

- Too often we think of team-sport athletes 
as “anaerobic” athletes

- Could not be further from the truth!

‣ The On/Off Chart

‣ System runs out of...

‣ Lactic/Alactic or Aerobic/
Anaerobic

• Team-sport requires a blend of metabolic 
training to maximize performance

• Team-sport metabolism = Repeated Sprint 
Ability (RSA)

- System is built around aerobic capacity

A CALL FOR CHANGE

1032 Spencer et al.

and 22%, respectively. Therefore, during sprint ex- reported to be as high as 10–15 mmol/kg dm/
sec,[30-32] then the estimated total ATP energy re-ercise of 10–30 seconds duration, anaerobic glycol-
lease during a 3-second sprint would be approxi-ysis provided at least twice as much ATP as PCr
mately 30–45 mmol/kg dm.degradation.

Although the aforementioned findings are very
2.2 Adenosine Triphosphate (ATP) Depletioninteresting, the sprint durations of field-based team

sports are considerably less than 10 seconds. Anaer- Intramuscular ATP stores, in a rested state, are
obic glycolysis has been shown to be substantial usually reported to be 20–25 mmol/kg dm.[29,31,33,35]

during a 6-second cycle sprint, contributing almost Muscle ATP depletion appears to be limited to a
as much energy as PCr degradation (44% and 50%, maximum of approximately 45% of pre-exercise
respectively) to the total anaerobic ATP produc- values during sprint exercise of 30 seconds in dura-
tion.[29] Furthermore, anaerobic glycolysis has been tion.[31,36,37] The ATP depletion during maximal ex-
reported to be considerable during 2.5 seconds of ercise of 10–12.5 seconds is reported to be modest,
electrical stimulation at 50Hz, which results in near being 14–32% of pre-exercise values.[24,32,38] Fur-

thermore, the ATP depletion during a 6-second cy-maximum contraction force.[30] During the first of
cle sprint is minimal, being 8–16%.[29,31,35] There-two periods of electrical stimulation (i.e. 0–1.28
fore, it is evident that the decrease in the relativeseconds), the total ATP turnover was 11 mmol/kg
concentration of ATP (mmol/kg dm/sec) duringdry muscle (dm)/sec of which approximately 80%
short-duration maximal exercise is small (figure 3a).was PCr degradation and anaerobic glycolysis con-
The maximal ATP turnover rate is approximately 15tribution approximately 20%. The second period
mmol/kg dm/sec.[29,33] The fact that many studies(i.e. 1.28–2.56 seconds) resulted in a relative contri-
have shown that muscle concentration of ATP isbution of approximately 50% from anaerobic gly-
largely preserved during maximal exercise, that re-colysis. Therefore, these data suggest the PCr degra-
sults in significant depletion of PCr stores,[24,32,38]dation and anaerobic glycolysis are activated simul-
suggests that PCr is a powerful energy buffer.taneously during the commencement of maximal or

near maximal exercise. Figure 2 represents the esti-
2.3 Phosphocreatine (PCr) Degradationmated energy system contribution during a 3-second

sprint, which is the approximate duration of a sprint Intramuscular PCr stores, in a resting state, are
in field-based team sports (see section 1). As the usually reported to be 75–85 mmol/kg dm[29,31,33,35]

ATP production rate during maximal exercise is with a maximal PCr turnover rate of approximately
7–9 mmol/kg dm/sec.[29,30,33] It has been suggested
that the amount of PCr in human muscle provides
enough energy for about 5 seconds of maximal
sprinting (i.e. maximal run of 50–60m).[40] Howev-
er, due to the considerable contribution of anaerobic
glycolysis and aerobic metabolism to the total ATP
supply during short-duration maximal-sprint exer-
cise,[24] PCr stores are usually not completely de-
pleted in this time (figure 3b). It must be noted that a
small amount of PCr resynthesis is likely before the
muscle biopsies have been taken (i.e. usually <10
seconds). After 30 seconds of maximal exercise, the
depletion of PCr stores has been reported to be
60–80% from resting values.[24,31,36,41] Maximal
sprint exercise of 10–12.5 seconds results in approx-
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Fig. 2. Estimated energy system contribution of a 3-second
sprint.[24,29,30,33,34] ATP = adenosine triphosphate; PCr = phospho-
creatine.
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REPEATED SPRINT ABILITY
Aerobic Metabolism Effect on RSA:
• Increase aerobic energy contribution during maximal 

sprint bouts 

- Total blood flow to muscle

‣ Heart

‣ Lungs

- Oxygen uptake (VO₂) kinetics 

‣ O₂ extraction from arterial blood

• Increase fast phase of PCr resynthesis

• Enhance the clearance rate of metabolite (H⁺; Pᵢ); 
Speed recovery between work bouts

- Slow Phase PCr

- Glycogenolysis

McMahon & Jenkins, 2002; Spencer & Katz, 1991; Dupont et al., 2005; Gastin, 2010; Bishop & Edge, 2006; Tomlin & Wenger, 2006; Westerblad et al., 2006 



REPEATED SPRINT ABILITY

some of the key questions in the field of study (see later), they
each have their own intrinsic strengths and limitations such
that, although the different approaches have generally led to the
same conclusions, there are some inconsistencies, and much
still to be resolved. The purpose of the symposium was there-
fore to provide an overview of the present state of knowledge
of “V̇O2 kinetics” by drawing together, for the first time,
research findings from the new (and older) techniques that are
currently being utilized in this field. We took an integrated
approach (Fig. 1), starting at the level of the single myocyte
(see paper by Walsh et al.), then moving “upstream” to the
muscle microcirculation (see paper by Poole et al.), and the
whole muscle (see paper by Grassi), and finishing at the level
of the whole organism (see paper by Whipp et al.). The sym-
posium was dedicated to the memory of Casey A. Kindig, who
was scheduled to contribute to the symposium but who died
tragically in a road traffic accident in April 2004. In a short
period of time, Casey made an enormous contribution to
knowledge in this field from a wide variety of perspectives; he
will be greatly missed.

The purpose of this introductory paper is to “set the
scene” for the papers that follow, by providing a brief
introduction to the field of V̇O2 kinetics. This will involve
a description of the muscle (and pulmonary) V̇O2 response
to the imposition of a “step” increase in work rate, and a
brief commentary on the factors that are currently believed
to control, limit, or otherwise influence the kinetic profile of
the V̇O2 response to exercise.

MUSCLE AND PULMONARY V̇O2 KINETICS

At the onset of exercise, an immediate increase in aden-
osine triphosphate (ATP) production in the active muscle

cells is required to meet the increased metabolic demand.
Measurements of muscle V̇O2, however, reveal that the ATP
supplied by oxidative phosphorylation as a proportion of the
total ATP requirement rises comparatively slowly, such that
a steady-state matching between ATP utilization and ATP
supply through oxidative metabolism might not be achieved
until at least 2 min following the onset of exercise (Fig. 2).
The initial rise in muscle V̇O2 can be well described by an
exponential function, consistent with a system under first-
order control ((41); see below), and can thus be described
with an equation of the form:

V̇O2!t" ! V̇O2 baseline " amplitude!1 # e#!t#TD"/$" [1]

where V̇O2 (t) is the V̇O2 at any time t, V̇O2 baseline is the
V̇O2 before the onset of exercise, amplitude is the “steady
state” to which V̇O2 projects, TD is the time delay preceding
the increase in muscle V̇O2, and $ is the time constant
describing the rate at which V̇O2 rises towards the steady
state.

The time constant, $, is a measure of the time required for
V̇O2 to reach 63% of its final amplitude: when two time
constants have elapsed, V̇O2 will therefore have attained
approximately 86% of its final amplitude (i.e., 0.63 # 0.63
$ (1.0 – 0.63) % 0.86); when three time constants have
elapsed, V̇O2 will have attained approximately 95% of its
final amplitude; and when four time constants have elapsed,
V̇O2 will have attained more than 98% of its final amplitude
and the response will be essentially complete. Low values of
$ therefore represent “fast” V̇O2 response kinetics (e.g., a $
of 20 s means that a steady-state V̇O2 is attained in approx-
imately 80 s following the onset of muscle contractions; i.e.,
4 $ 20 s), whereas high values of $ represent “slow” V̇O2

kinetics (a $ of 50 s means that a steady-state V̇O2 is attained
in approximately 200 s; 4 $ 50 s).

FIGURE 1—Schematic to illustrate the relationship between muscle
O2 consumption and pulmonary O2 uptake. O2 is inspired from the
atmosphere and delivered by the cardiovascular system to the working
muscles, where it is consumed in the mitochondria to produce ATP.
The deoxygenated blood is then transported back to the pulmonary
circulation enabling muscle V̇O2 to be estimated from pulmonary O2
exchange, although there will be a temporal misalignment owing to the
venous volume and O2 stores between the muscle and lung. VT, tidal
volume; f, breathing frequency; SV, stroke volume; HR, heart rate;
Q̇CO2, muscle CO2 production; Q̇O2, muscle O2 utilizaion; Creat-PO4,
creatine phosphate; Pyr-Lac, pyruvate-lactate. Adapted from Wasser-
man et al. (60).

FIGURE 2—Schematic to demonstrate the typical response of muscle
O2 consumption following a “step” transition to constant–work rate
exercise of moderate intensity. ATP turnover at the cross bridges
increases instantaneously, but muscle V̇O2 increases relatively slowly,
not attaining a steady state until approximately 2 min in this example.
For clarity and in accordance with recent findings, for example in dog
muscle (17), the response is assumed to occur without an appreciable
time delay.

V̇O2 DYNAMICS: FROM MUSCLE TO MOUTH Medicine & Science in Sports & Exercise! 1543

Jones et al. (2005)



CONTROVERSY AROUND 
VO₂PEAK / RSA RELATIONSHIP

• Despite all this evidence - all these connections 
inferring a tightly regulate, dynamic, integrated system - 
controversy remained

• VO₂peak has been shown to correlate with RSA, 
ranging from r = -0.50 to -0.83 

• McMahon & Jenkins, 2002; Spencer & Katz, 1991; 
Dupont et al., 2005; Gastin, 2010; Bishop & Edge, 
2006; Tomlin & Wenger, 2006; Westerblad et al., 
2006 

• Researchers have found non-significant correlations 
(-0.35 < r < -0.46)

• Aziz, Chia & Teh, 2000; Bishop & Spencer, 2004; 
Wadley & LeRossignol, 1998; Carey et al., 2007 Is there, or isn’t there?



CONTROVERSY AROUND 
VO₂PEAK / RSA RELATIONSHIP

Girard, Mendez-Villanueva, & Bishop, 2011; Glaister, 2008

Deficiencies of Current Research:

• Repeated Sprint Ability: Short duration sprints (<10 
seconds), interspersed with short (<60 seconds) 
passive or active recovery periods

• Wide range of testing parameters, all claiming to 
evaluate RSA performance

- 2x30sec bike sprint with 4min recovery
- 6x4sec sprint with 2min recovery (football)
- 5x5sec sprint with 30sec recovery (rugby)
- 12x20m sprint with 20sec recovery (soccer)

• Studies try to write one prescription; lack defining 
sport-specific work-to-rest ratio



Deficiencies of Current Research (con’t):

• Testing-modalities are significantly different:

- Example: Hockey Players
‣ Bike: 43.6 ± 0.7 mL/kg vs On-Ice: 46.9 ± 1.0 mL/kg*

‣ Treadmill Run: 66.9 ± 4.9 mL/kg
Continuous Skating Treadmill: 62.86 ± 7.8 mL/kg 
Discontinuous Skating Treadmill: 60.8 ± 6.3 mL/kg*

• Current testing protocols only employ straight ahead 
running

• Small Sample Size (n < 15)

Durocher et al., 2010; Koepp & Janot, 2008: Reilly, 1997

CONTROVERSY AROUND 
RELATIONSHIP



Study eliminated shortfalls of the current research in three ways:

1) Recruited a more complete sample of the population

2) Account for task-specificity by obtaining players’  VO₂peak on a skating treadmill using a 
graded exercise test

3) Evaluate RSA using an on-ice test, developed to mimic the motor patterns typically 
performed by hockey players during competition using ecologically significant 
parameters

U OF M STUDY

Hypothesis:
Players with a higher aerobic capacity (VO₂peak) will 
exhibit less fatigue during an on-ice repeated shift test 
than those with lower levels.



Methods:
• 46 male college aged (18-24 years) hockey 

players

• Each participant completed:

- Hydrostatic Weighing 

- Graded exercise test on a skate 
treadmill (VO₂peak)

- The Peterson on-ice repeated shift test

U OF M STUDY

Measures:
• Body Composition

• Aerobic Capacity (VO₂peak) 

• Fatigue (% decrement score)

% dec = (100 x (Total sprint time ÷ Ideal Sprint Time)) - 100
*Total Sprint Time = Sum of sprint times from all trials
**Ideal Sprint Time = Fastest sprint time multiplied by number of trials.



PETERSON ON-ICE REPEATED 
SHIFT TEST

Start

Finish

Laser #1

Laser #2

Laser #3

Cone Placement Laser Timer Placement Skating Path

8 maximal sprints (approx. 23 seconds); 90 seconds rest between bouts



U OF M STUDY RESULTS

First Gate 
Decrement (%)

Second Gate 
Decrement (%)

Total Course 
Decrement (%)

Relative VO₂peak 
(ml/kg/min)

-.114
p = 0.458

-.311
p = 0.038

-.170
p = 0.263

Absolute VO₂peak 
(ml/min)

-.080
p = 0.600

-.354
p = 0.017

-.193
p = 0.204

Final Stage 
Completed

-.344
p = 0.021

-.461
p = 0.001

-.408
p = 0.005
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Rehtive t02peak (ml lkg /min)

R₂ Linear = 0.097

• VO₂peak significantly correlated to Second 
Gate Decrement (%)

- Aerobic contribution during shift

• VO₂peak not significantly correlated to First 
Gate or Total Course Decrement (%)

- PCr pathway robust against fatigue
‣ Recovery > 21 seconds
‣ First Gate approx. 10 -11 seconds 

maximal output



Is that it?

Of course not!

↑VO₂peak = ↓Fatigue = ↑Performance
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Gas Exchange Threshold (GET) Method:
• Allows for a better “dynamic” understanding

• Uses intersection point to estimate 
ventilatory threshold

Positives:
• Gives a real time view of energy system 

integration

• Allows for interpretation efficiency at 
differing work loads 

• Enables a coach to identify weak links in 
energy system chain

Wasserman, Stringer, Casaburi, Koike, & Cooper, 1994

UNDERSTANDING METABOLIC 
RESPONSE TO EXERCISE



METABOLIC RESPONSE TO EXERCISE
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This athlete has a...
•  Low sub ventilatory work capacity

•  Average contractile efficiency

•  Average stroke volume

This athlete will...
•  Perform well at high intensity, short 

duration activity (non-repetitive)

•  Slow to fatigue at outputs above 
ventilatory threshold

•  Have high anaerobic power output

•  Take long periods of time (>5min) to 
recover from maximal exertion bouts

METABOLIC RESPONSE TO EXERCISE
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‘Aerobic’ Athlete
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This athlete has...
• High sub ventilatory work capacity

• Good contractile efficiency of the 
heart

• Large stroke volume

• Poor resistance to fatigue

This athlete will...
• Perform well at long distance, low 

intensity activity

• Fatigue quickly at outputs above 
ventilatory threshold

• Have low anaerobic power output

• Recover quickly after maximal 

exertion (O₂ off-kinetics)

METABOLIC RESPONSE TO EXERCISE



METABOLIC RESPONSE TO EXERCISE
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• No one I am aware of has ever looked at a “typical” GET 
profile for team-sport athletes

• How do the metabolic pathways of these athletes work to 
meet energy demand?

?



• Players with different VO₂peak’s had same 
fatigue score

- Outliers?
- Skating Efficiency?

• 5 guys with same fatigue index
- Fatigue: 6%
- VO₂peak range: 46.8 to 64.4

• Had the idea to look at GET graph’s
- Would not see this on V-Slope graph

• Found discrepancies in metabolic output at 
different intensity levels

- Sub VT Work Capacity
- Maximal Work Capacity

METABOLIC RESPONSE TO REPEATED 
MAXIMAL BOUTS

DO HOCKEY PLAYERS NEED AEROBIC FITNESS? 965

FIGURE 2. Boxplot of starting heart rates.

FIGURE 3. Boxplot of end exercise heart rates.

FIGURE 4. Scatterplot of VO2max vs. fatigue total.

heart rates for each skate. Figure 2 is a boxplot for be-
ginning heart rates for the 5 skates. Analysis of variance
using the general linear model found that beginning
heart rates for skate 1 were significantly lower (p ! 0.05)
than all other skates. This was an expected outcome, be-
cause this skate was preceded by a warm-up rather than
a maximal effort. However, follow-up Tukey pairwise
comparisons indicated no difference in subsequent start-
ing heart rates for skates 2 through 5 (p " 0.05). Figure
3 presents boxplots of the data. There is a general trend
for ending heart rates to increase from skate 1 to
skate 5.

Heart rates after skate 1 were significantly lower (p
! 0.05) than heart rates after the other 4 skates. How-
ever, no Tukey pairwise comparisons from skate 2
through skate 5 were significant (p " 0.05). However,
heart rates at the end of each skate were all significantly
lower (p ! 0.05) than maximal heart rate attained during
the VO2max test (195.9). The skate duration (18.5 to 20.4
seconds) was probably too brief to elevate the heart rate
to maximal levels.

Figure 4 demonstrates the relationship of total fatigue
(difference between skate 1 and skate 5 time) to VO2max.
The correlation coefficient (#0.422) was not significant (p
" 0.05) and indicates that only 17.8% of the variance in
VO2max for these subjects may be explained by our fa-
tigue index.

DISCUSSION

The major finding of this study was that aerobic capacity,
as measured by VO2max, was not significantly related (r
$ #0.422) to ability to recover from high-intensity exer-
cise as measured in this group of female collegiate hockey
players. Our results are in opposition to the results of
others (6, 14–17), who have found significant negative
correlation coefficients between various measures of aer-
obic capacity and fatigue. In contrast, our results support
the work of others (2, 5, 7, 9, 11, 20).

Several explanations may be offered to explain these
discrepant results. First, as Hoffman (9) has identified,
there may be a minimal level of aerobic fitness that is
required, above which there is no benefit to recovery. The
mean VO2max of these subjects (50.3 ml·kg#1·min#1) in-
dicated these subjects were above the 90th percentile of
their age and sex. Indeed, even the subject with the low-
est VO2max (44.5 ml·kg#1·min#1) would be above the 80th
percentile for aerobic fitness.

Second, the relative homogeneity of subjects for both
VO2max (50.3 % 3.4 ml·kg#1·min#1) and skate times (18.46
% 0.39 to 20.42 % 0.30 seconds) reduces the probability
of obtaining a significant relationship. This homogeneity
of subjects could not be anticipated prior to the beginning
of the study.

Third, the accuracy of measurement procedures may
be questioned. Small changes in either skate times or
VO2max values may affect the relative position of the in-
dividual data points and thus the correlation coefficient.
Because all subjects followed the identical protocol during
the VO2max testing, total time during the VO2max test
was correlated with fatigue. This was of no value in im-
proving the correlation coefficient above that obtained
with VO2max values.

Timing procedures included the verbal command ‘‘go’’
with a simultaneous start of the stopwatch. End time for
each skate was determined visually as subjects crossed
the red line. Visual assessment rather than use of an elec-
tronic system to assess start and end times for each skate
may have introduced some error.

Finally, VO2max testing was done on a treadmill,
whereas skate tests were performed on ice. Specificity of
testing would suggest that testing procedures should use
the same muscle groups used in the repeat sprints. Al-
though skating treadmills have been produced, this au-
thor is unaware of any studies assessing VO2max on a
skate treadmill.

One final point relating a comparison of our testing

“Scientific research consists of seeing what 
everyone else has seen, but thinking what no 

one else has thought.”

- Albert Szent-Gyorgyi



METABOLIC RESPONSE (GET)
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• Aerobic Base = 1:57
• Ventilatory Threshold = 8:36
• VO₂peak (min) = 8:50
• Total Time (Efficiency) = 10:03
• VO₂peak = 54.9 ml/kg/min
• Fatigue Index = 6%

• Aerobic Base = 2:53
• Ventilatory Threshold = 11:05
• VO₂peak (min) = 11:23
• Total Time (Efficiency) = 11:36
• VO₂peak = 46.7 ml/kg/min
• Fatigue Index = 6%



• No standard GET for team-sport athletes

• Implies that every aspect of metabolic profile 
contributes to RSA

• Athlete’s metabolic system can adapt in multiple 
ways to meet energy demand

• Identifying weak link in athletes metabolic chain 
could lead to improved performance (RSA)

WHAT DOES THIS MEAN?

• Different stimulus required to target each 
component (pathway) of metabolism

- Not targeting specific pathway!

- Training efficiency at different levels of 
work output - integration



What would happen if an athlete had it all? A good base, a 
high VT, and a large maximal work capacity?
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How would you train to achieve that?



CURRENT GENERAL PREPARATION 
PHASE (GPP) MODEL

What Coaches Agreed On:

• Goal:
- Develop Oxidative Capacity

• High Volume

What Coaches Disagreed On:

• Block duration
- 2 to 6 weeks

• Intensity:
- Heart rate at work and rest

• Duration:
- 30 to 90 minutes

• Loading:
- 30-60% 1-RM

• Method of application:
- Cardio
- Complexes
- Circuits
- Bodybuilding 



What if there was a better way? 
• Pair the application of volume with a scientific 

method that maximizes adaptation in a short 
amount of time 

“Insanity: doing the same thing over and over 
again and expecting different results.”



GPP RE-INVENTED
• What we know, what I have found, advocates for a multi-stage GPP approach

• Introducing the P.C.S.P. Method

- Stands for Push - Climb - Stretch - Pull

- Develops entire metabolic system, enabling maximal work output and enhanced 
recovery during repeated sprint bouts

- Optimizes energy pathway integration in team-sport athletes



Block II
Goal: 
• VO₂ Kinetics

- Increase rate of O₂ response from 
rest to maximal effort

- Improve coordination/integration of 
metabolic response

Physiological Focus:

• Peripheral and localized muscular structures

- Increase mitochondrial density

- Rate of O₂ extraction

- Increase levels of rate limiting enzymes

‣ Ex. Creatine Kinase

Duration:

• 2 to 3 weeks

Block I
Goal: 
• General Work Capacity

- Improve sub VT work capacity

- Increase Ventilatory Threshold

- Raise CO₂Limit and improves 
anaerobic work capacity

- Increase VO₂peak

Physiological Focus:
• Central and peripheral cardiovascular 

structure

- Heart

- Lungs

- Capillaries

Duration:
• 1 to 3 Weeks

GPP RE-INVENTED



P.C.S.P. METHOD:

BLOCK I



METABOLIC PUSH
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Training Parameters
•  Intensity:

- Aerobic base pace 
- 65 to 70% heart rate max 

(covers 85% of athletes)

• Duration:
- Continuous

‣ 20 to 45 minutes

• Mode (Weight Training):
- Circuit Training

‣ Unilateral movements
‣ Pace dictated by HR
‣ Alternate compound/

isolation

• Mode (Conditioning):* 
- Rowing
- Running
- Biking 

* For some larger athletes this may be walking on a treadmill 
(i.e. Football Lineman)

• Less CO₂ (ml/min) exhaled than at previous 
equivalent rates of O₂ consumption

• More efficient utilizing O₂ for energy production

• Places less stress on glycolytic pathway during high 
intensity, repeated exercise

Push Line 
Out



METABOLIC CLIMB
Training Parameters
•  Intensity:

- Ventilatory Threshold
- 80 to 85% heart rate max

• Duration:
- Long Intervals

‣ 6 to 8 minutes @ VT/2-3 
minutes at AB (65% HR)

‣ Repeat 2-4 times

• Mode (Weight Training):
- Isometric Circuit Training

‣ 65-70% 1-RM
‣ 30-second sets

• Mode (Conditioning): 
- Rowing
- Running
- Biking 
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X

Climb Up the 
O₂ Line

• Able to perform work at higher intensities without 
fatigue (assuming glycogen stores sufficient)

• Reduces negative effect of active recovery

• Onset of fatigue during high intensity, repeated 
exercise is delayed; faster recovery between bouts



METABOLIC STRETCH
Training Parameters
•  Intensity:

- VO₂peak
- 95 to 100% heart rate max

• Duration:
- Short Intervals

‣ 2 to 4 minutes @ VO₂peak/

1-3 minutes at AB (65% HR)
‣ Repeat 3-4 times

• Mode (Weight Training):
- Escalating Density Training (EDT)

‣ Compound Movements
‣ Active metabolic recovery

• Mode (Conditioning): 
- Game Speed conditioning*
- Plate Circuits*
- Running

* Available, free, on XLathlete.com

• Improving the aerobic capacity (VO₂peak)

• Less metabolite accumulated during high-intensity 
exercise

• Improves efficiency of system, clearing metabolite 
during maximal exercise; reduced fatigue
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METABOLIC PULL
Training Parameters
•  Intensity:

- Maximal Effort (Sprint)

• Duration:
- 10 to 60 seconds

‣ 100 to 400m sprints
‣ Work : Rest Ratio = 1: 4
‣ 4 to 10 reps

• Mode (Weight Training):
- Isometric Circuits
‣ Maximal Effort
‣ 10-second sets

- Oscillatory Lifting Circuits
‣ 65-70% 1-RM
‣ 10 to 30-second sets

• Mode (Conditioning): 
- Sprinting

• Improves overall work capacity; significantly greater 

improvement at high work intensities (≥ VO₂peak)

• Delays onset of metabolite accumulation; 
Ventilatory Threshold

• Improved intensity tolerance
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PCSP Block I

Day 1 Day 2 Day 3

3-Day Model Climb Stretch Push

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6

6-Day model Climb Climb Stretch Stretch Push Push

Day 1 Day 2 Day 3 Day 4 Day 5

5-Day Model Climb Climb Stretch Stretch Push

Day 1 Day 2 Day 3 Day 4

4-Day Model Climb Stretch Stretch Push

• Goal: Improve general work capacity 

• Model: Modified Undulated
• Duration: 1 to 3 weeks



Is that it?
↑VO₂peak +↑ VT + ↑CO₂Limit = ↑Work Capacity + ↓Fatigue = ↑Performance

Nope, but getting close!



Bishop and Spencer (2004)

• Compared two groups (team-sport athletes versus 
endurance-trained athletes) who were homogenous with 
respect to VO₂peak

• Found that total work and power decrement in RSA test were 
higher for team-sport athletes

Glaister et al. (2007)

• Found 6 weeks of endurance training (70% of VO₂peak) 
resulted in a 5.3% increase in VO₂peak

• No significant effect on measures of fatigue during an RSA test 
(20 x 5 second sprints with 10 seconds passive recovery)

• Suggests that factors in addition to VO₂peak are important 
to RSA performance

METABOLIC RESPONSE TO EXERCISE

VO₂peak

Fatigue



VO₂ KINETICS (EFFICIENCY)
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Bearden et al. (2005)



the subjects had to keep their pulmonary V̇O2 constant
during cycling exercise carried out for 40 min at È55%,
È65%, and È75% of the previously determined V̇O2max. To
do so, the subjects had to decrease their mechanical power
output. The decrease was linearly related to exercise inten-
sity, ranging from È5% at a V̇O2 corresponding to È55% of
V̇O2max, to È15% at a V̇O2 corresponding to È75% of
V̇O2max. In another study by Stoudemire et al. (119), the
subjects had to maintain, during 30 min of running on a
treadmill, pulmonary V̇O2 at a constant level correspond-
ing to that associated (during an incremental test) with a
blood lactate concentration of È4 mM. To do so, the sub-
jects had to progressively reduce (by È15% at the end of the
30-min period) their running speed. Most recently and per-
haps most convincingly, Vanhatalo et al. (124) reported that
the V̇O2 slow component was greater in a 3-min all-out
cycle test, in which peak power is attained within the first
10 s before progressively falling with time to attain the CP,
compared with a 3-min maximal CWR test (124) (Fig. 4).
The iEMG declined by 26% during the all-out test and in-
creased by 60% during the CWR test from the first 30 s to the
last 30 s of exercise (Fig. 4). The considerable reduction in
muscle efficiency in the all-out test in the face of a progres-
sively falling iEMG indicates that increased muscle activation
including progressive fiber recruitment is not requisite for
the V̇O2 slow component to develop during voluntary exer-
cise in humans. These effects are essentially identical to the
‘‘mirror image’’ of the V̇O2 slow component, which was ob-
served in the canine skeletal muscle preparation in situ (138).

The strategy of maintaining the highest work rate asso-
ciated with steady-state levels of relevant variables, such
as pulmonary V̇O2, HR, muscle and blood pH, and blood
lactate concentration, is based on the ‘‘maximal lactate
steady-state’’ (16) or ‘‘critical power’’ (68) concepts. In this

scenario, the strategy of maintaining the highest work rate
associated with reasonably good metabolic stability and ef-
ficiency of muscle contractions seems to represent a key
factor for successful endurance performance. High-class
marathon runners, for example, perform their marathon race
at the highest possible running velocity at which they can
maintain, throughout the race, unchanged blood pH (140)
and presumably the lowest energy cost of running. It seems
to represent ‘‘common sense,’’ in biological terms, that a
system tries to maintain, as far as is possible, conditions of
metabolic steady states to prevent (or minimize) the occur-
rence of fatigue. In this respect, the slow component of V̇O2

kinetics (but also of other variables) represents a deviation
from a steady state. The more pronounced this deviation,
the more marked the consequences on fatigue and exercise
(in)tolerance would likely be (23). As an example, Salvadego
et al. (113) recently observed that, in obese adolescents ex-
ercising at 80% V̇O2max, the amplitude of the V̇O2 slow
component was linearly and inversely related to the time to
exhaustion during the test.

FIGURE 5—Muscle oxygen uptake at selected time points during
30 min of knee extensor exercise at 30 W with an untrained (filled bars)
and a trained leg (open bars). Note that a pronounced slow component
of muscle V̇O2 is apparent for the untrained leg (12% from 2 to 3 min
and a further 11% increase from 3 to 30 min) but is absent in the
trained leg. Values are means T SEM (n = 6). Data from Krustrup (80).

FIGURE 6—Schematic representation of the most likely determi-
nants of muscular efficiency during dynamic exercise. The results ob-
tained in knee extensor exercise and cycle studies (39,82,84–86) suggest
that muscle fiber recruitment influences the O2 cost as well as ATP
turnover during dynamic exercise, whereas muscle temperature, lac-
tate, and pH in the investigated range have little or no effect. Further
studies are required to elucidate the precise effects of dynamic exercise
on the P/O ratio.

http://www.acsm-msse.org2052 Official Journal of the American College of Sports Medicine

BA
SI
C
SC

IE
N
C
ES

Copyright © 2011 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.

VO₂ KINETICS
Training Goals:

• Increase slope of the line for 
fast component

• Decrease amplitude of slow 
component; improve efficiency 
at high work rates



pH has been shown to reduce muscle contractibility
(Metzger and Moss 1990) and to inhibit glycolytic activity
(Hollidge-Horvat et al. 1999; Spriet 1991). These factors
could provide some explanation for the reduced ability to
cope with the HIT and the reduced RSA performance in the
lower-standard players, and this, in turn, might be due to the
lower training dose completed by this group or to the lower
physical aptitude.

The lower RPE reported by the professional soccer play-
ers during HIT confirms the physiological data that demon-
strated a lower internal stress. In contrast, however, there
was no difference in the % HRmax recorded during HIT be-
tween the different-standard soccer players. The lower [La–]
and lower RPE, but similar HR response, to the HIT in the
professional-standard players suggest that these players have
a lower anaerobic contribution to high-intensity, intermittent
exercise. However, caution should be taken when interpret-
ing these data because the physiological measurements were
performed in the blood and not in the muscle. Future inva-
sive studies are needed to confirm these preliminary obser-
vations. These results also highlight that HR can be a poor
marker of exercise intensity during very high-intensity, in-
termittent exercise that has a considerable anaerobic contri-
bution.

A new finding from this study is that the professional-
standard players demonstrated a shorter t than the amateur-
standard players, despite similar _VO2 max. The comparable
_VO2 max between the 2 playing standards in this study is in
contrast to previous research that has shown increased
_VO2 max with higher playing standard (Stølen et al. 2005).
However, others have suggested that, in agreement with the
present findings, _VO2 max might not be the most suitable in-
dicator of aerobic fitness for soccer players because they
train for intermittent, rather than continuous, exercise
(Bangsbo et al. 2006, 2008; Drust et al. 2000; Krustrup et
al. 2003). The present findings also show that the RSA has
a stronger association with _VO2 kinetics and the ability to
tolerate metabolic acidosis than does _VO2 max. These results
suggest that coaches should ensure that training programs
concentrate on developing _VO2 kinetics and [H+] buffering
when aiming to improve RSA in aerobically fit soccer play-
ers. As a consequence, high-intensity interval training would
be recommended (Bailey et al. 2009; McKay et al. 2009) for
soccer training to improve player performance. However,
caution should be used in choosing the exercise intensity of

training to avoid adverse effects on physiological adaptation
(Bishop et al. 2008).

The present study showed that higher-standard soccer
players benefit from faster _VO2 kinetics. This new finding
is supported by previous research that has shown that shorter
t is important for improved RSA (Dupont et al. 2005). In-
deed, the improved t in the professional-standard players
could be advantageous for the metabolic adjustment of oxi-
dative processes required when transitioning from rest to
work that is common in soccer. It is possible that the im-
proved _VO2 kinetics in the professional-standard players in
this study are related to their greater training requirements.
Several studies have shown that training status influences
_VO2 kinetics in endurance athletes (Ingham et al. 2007;
Koppo et al. 2004); however, few data are available on
team sport athletes who complete high-intensity, intermittent
exercise (Dupont et al. 2005). Therefore, it is recommended
that soccer players train to improve _VO2 kinetics. Previous
studies have reported that repeated short-duration, high-
intensity interval training with brief recovery periods be-
tween efforts may be effective methods for improving
_VO2 kinetics (Bailey et al. 2009; McKay et al. 2009).

The physiological measures taken in this study did not
correlate with the best single 40-m sprint effort during the
RSA test. These results suggest that single sprint perform-
ance in soccer players is influenced by physiological factors
other than aerobic fitness and (or) buffering capacity. How-
ever, in agreement with our initial hypothesis, we observed
moderate to large relationships between both RSAmean and
RSAdec with the cardiorespiratory measurements and physio-
logical responses during HIT. The correlation between
_VO2 max and RSAmean was moderate, and was large between
_VO2 max and RSAdec. These findings agree with those of
other studies that have shown low, nonsignificant to moder-
ate-strength correlations between _VO2 max and RSAmean
performance (Aziz et al. 2000; Bishop and Edge 2006;
Bishop et al. 2003; Bishop and Spencer 2004; McMahon
and Wenger 1998) and suggest that physiological factors
other than _VO2 max are more important for improved RSA
in trained soccer players.

Dupont et al. (2005) previously reported moderate rela-
tionships between t with RSAmean and RSAdec from a ge-
neric RSA test consisting of fifteen 40 m sprints alternated
with 25 s of active recovery. We have extended these find-

Table 2. Correlation coefficients between repeated-sprint ability test scores (RSAbest, RSAmean, and RSAdec) and physiological responses to
high-intensity, intermittent test and cardiorespiratory measurements (N = 23).

HIT[H
+

] (mmol!L–1) HIT½HC0
#
3 $ (mmol!L–1) HIT[La

–
] (mmol!L–1) V̇O2 max (mL!kg–1!min–1) t1 (s)

Correlation coefficients
RSAbest (s) 0.01 (–0.34 to 0.36) 0..12 (–0.24 to 0.45) 0.03 (–0.33 to 0.38) 0..09 (–0.27 to 0.43) 0.14 (–0.22 to 0.47)
RSAmean (s) 0.61* (0.33 to 0.79) –0..71* (0.48 to 0.85) 0.66* (0.40 to 0.82) –0..45* (–0.12 to –0.69) 0.62* (0.34 to 0.80)
RSAdec (%) 0.73* (0.51 to 0.86) –0..75* (–0.54 to –0.87) 0.77* (0.57 to 0.88) –0..65* (–0.39 to –0.82) 0.62* (0.34 to 0.80)

Semipartial correlations
RSAdec (%) 0.77* (0.57 to 0.88) –0..83* (–0.68 to –0.91) 0.81* (0.64 to 0.90) –0..66* (–0.40 to –0.82) 0.70* (0.46 to 0.84)

Note: Semipartial correlations using best sprint time in the repeated-sprint ability test as a controlled variable between repeated-sprint ability percent de-
crement and physiological responses during the high-intensity, intermittent test and cardiorespiratory measurements (N = 23). HIT, high-intensity, intermit-
tent test; [H+], blood hydrogen ion concentration; HCO3

–, blood bicarbonate concentration; [La–], blood lactate concentration; V̇O2 max, maximal oxygen
uptake; t1, time constant; RSA, repeated-sprint ability; dec, decrement.

*p < 0.05.
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Results suggest that faster VO₂ kinetics and the ability to buffer H⁺ during high-intensity 
intermittent activity are important characteristics for team-sport athletes.

Rampinini et al. (2009)

Rampinini et al. (2009)

DO VO₂ KINETICS MATTER?



sional and amateur soccer players (all p < 0.008; all effect
sizes were large). For professional players, [H+] and [La–]
were 10.9% and 30.5% lower, whereas [HCO3

–] was 13.6%
higher and RPE was 31.3% lower. The _V_O2 max and the am-
plitude calculated in the 2 submaximal tests at 60% of the
peak speed were not significantly different between the 2
groups of athletes (all p > 0.226), whereas effect size was
moderate for _VO2 max and trivial for amplitude. The differ-
ence in the time constant between professional and amateur
players was very close to significance (p = 0.019) and the
effect size was large.

Correlations between RSA test performance and physio-
logical responses during HIT, _VO2 max, and t are presented
in Table 2. None of the variables measured were signifi-
cantly related to RSAbest time and the correlations ranged
from trivial to small (r between 0.01 and 0.14). The RSAmean
was significantly related to physiological responses during
HIT (r = 0.61 with [H+], r = –0.71 with [HCO3

–], and r =
0.66 with [La–], all p < 0.05). RSAmean was also significantly
related to _VO2 max and to t (r = –0.45 and r = 0.62, respec-
tively). Table 2 shows that the correlations with the RSAmean
were very large for [HCO3

–] (large to very large), large for
[La–], [H+], and t (moderate to very large), and moderate
for _VO2 max (small to very large). The RSAdec was related to
physiological responses during HIT (r = 0.73 with [H+],
r = –0.75 with [HCO3

–], and r = 0.77 with [La–], all p <
0.05), to _VO2 max (r = –0.65, p < 0.05), and to t (r = 0.62,
p < 0.05) (Table 2). The correlations with RSAdec were
very large for physiological responses ([H+], [HCO3

–], and
[La–]) during HIT (large to nearly perfect) and large for
_VO2 max and t (moderate to very large).

The semipartial correlations (controlling for the effect of
the RSAbest on RSAdec), between the RSAdec and physiolog-
ical responses during HIT, _VO2 max, and t are shown in Ta-
ble 1. The correlation was very large for [H+] (r = 0.77, p <

0.05), [HCO3
–] (r = –0.83, p < 0.05), and [La–] (r = 0.81,

p < 0.05) measured after the HIT (large to nearly perfect),
was very large (r = 0.70, p < 0.05) for t (large to very
large), and was large (r = –0.66, p < 0.05) for _VO2 max
(moderate to very large). No relationship was found between
the % HRmax during the HIT, the amplitude of _VO2 above
baseline values, and performance indices in the RSA test
(r < 0.36, p > 0.05).

Discussion
In agreement with our initial hypotheses, the findings of

this study show that RSAmean and physiological responses to
standardized, high-intensity, intermittent exercise distinguish
between the professional- and amateur-standard soccer play-
ers with similar _VO2 max. The professional-standard soccer
players also tended to have shorter RSAbest and lower
RSAdec than the amateur players (p = 0.075 and p = 0.064
for RSAbest and RSAdec, respectively). Our results also
show that RSA performance (RSAmean and RSAdec) is re-
lated to _VO2 max, t, and selected physiological responses to
a standardized, high-intensity, intermittent exercise. Collec-
tively, these results suggest that good RSA, faster _VO2 ki-
netics, and the ability to buffer [H+] during high-intensity,
intermittent activity are important characteristics for soccer
players.

The present results show that despite having similar
_VO2 max, the professional-standard soccer players have a
lower physiological and perceptual response to the standar-
dized HIT than their amateur counterparts. Indeed, the pro-
fessional-standard players had lower [La–], lower [H+], and
higher [HCO3

–] responses to the HIT, suggesting a lower
anaerobic contribution and (or) a better buffering capacity.
Although it is well known that muscle pH is not the only
cause of fatigue during brief, high-intensity exercise
(Bangsbo et al. 2007; Westerblad et al. 2002), a low muscle

Table 1. Differences between professional and amateur soccer players in performance
measures from the repeated-sprint ability test, physiological responses during high-
intensity, intermittent test, and cardiorespiratory measurements.

Professional
(N = 12)

Amateur
(N = 11) p value d value

RSA
RSAbest (s) 6.86±0.13 6.97±0.15 0.075 0.74 (moderate)
RSAmean (s) 7.17±0.09 7.41±0.19 0.001 1.30 (large)
RSAdec (%) 4.5±1.9 6.0±1.9 0.064 0.77 (moderate)

HIT
HIT[H

+
] (mmol!L–1) 46.5±5.3 52.2±3.4 0.007 1.06 (large)

HIT[HCO3–] (mmol!L–1) 20.1±2.1 17.7±1.7 0.006 1.09 (large)
HIT[La-] (mmol!L–1) 5.7±1.5 8.2±2.2 0.004 1.13 (large)
HITHRmean (% of max) 87.4±3.8 87.6±4.5 0.887 0.06 (trivial)
HITRPE (CR10) 4.4±0.7 6.4±1.0 <0.001 1.48 (large)

Cardiorespiratory measurements
V̇O2 max (mL!kg–1!min–1) 58.5 ±4.0 56.3 ±4.5 0.227 0.51 (moderate)
Amplitude (mL!min–1) 2519 ±211 2511 ±329 0.949 0.03 (trivial)
t (s) 27.2 ±3.5 32.3 ±6.0 0.019 0.95 (large)

Note: d, effect size; RSA, repeated-sprint ability; dec, decrement; HIT, high-intensity, intermit-
tent test; [H+], blood hydrogen ion concentration; [HCO3

–], blood bicarbonate concentration; [La–],
blood lactate concentration; HRmean, mean heart rate; RPE, rating of perceived exertion; _VO2 max,
maximal oxygen uptake; t, time constant.

Rampinini et al. 1051
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DO VO₂ KINETICS MATTER?

Professional and amateur players 
have same VO₂peak (p = 0.227)

Professional players had:

1) Significantly faster O₂ Kinetics (!₁) 
(p = 0.019)

2) Significantly faster average sprint 
times (RSAmean) (p = 0.001)

3) Reduced level of fatigue (RSAdec)

“Professional players had a lower La⁻, lower H⁺, and higher HCO₃⁻ response to HITT, suggesting a 
lower anaerobic contribution (higher aerobic contribution) and (or) a better buffering capacity 

compared to amateur players.”

Rampinini et al. (2009)



ARE  VO₂ KINETICS  TRAINABLE?

Bailey et al. (2009)

• Purpose: Examine the effects of different 
training modalities on VO₂ kinetics and 
muscle deoxygenation

- Measured as deoxyhemoglobin 
concentration (HHb) via NIRS

• Goal: Find the “optimal” training strategy 
to elicit improvements in VO2 kinetics

• Population: 24 subjects broken into three groups:

-  Repeated Sprint Training (RST) - six sessions of 4 to 7 30-second bike sprints (Wingate)

-  Endurance Training (ET)- work matched cycling at 70% VO₂peak

-  Control (C)



Results for RST Group:

• VO₂ kinetics were accelerated for both moderate 
(Pre: 28 ± 8, Post: 21 ± 8 s; p < 0.05) and severe 
exercise (Pre: 29 ± 5, Post: 23 ± 5 s; p < 0.05)

• Exercise tolerance was improved by 53% (Pre: 700 ± 
234, Post: 1,074 ± 431 s; p < 0.05) during step exercise 
test

![HHb]/!V̇O2 were also significantly increased in RST, but
not in ET or CON (Table 4). The changes in V̇O2 "p with RST
were significantly correlated with changes in the [HHb] TD #
" (r $ 0.71; P % 0.05) and the [HHb] amplitude (r $ &0.81;
P % 0.05; Fig. 5); correlations with the [HHb] TD and the
[HHb] " also approached statistical significance (both r $ 0.66;
P $ 0.07).

Severe-intensity exercise. The TD of the [HHb] response
was not different before or after the intervention period in any
group. However, a significant interaction effect was observed
for the " of the [HHb] response (P % 0.05). Follow-up analyses
revealed that the [HHb] " was significantly reduced in RST
(Pre: 12 ' 3, Post: 9 ' 3 s; P % 0.05), but not in ET or CON
(Table 4). The [HHb] TD # " also tended to be faster
following RST (Pre: 18 ' 6, Post: 15 ' 3 s; P $ 0.12). The
amplitude of the [HHb] response and the !HHb/!V̇O2 for the
fundamental phase were significantly increased only in the RST
group (Table 4). The [HHb] A(s and the ![HHb]/!V̇O2 in the slow

phase of the response were not altered in any condition (Table 4).
The changes in the V̇O2 "p following RST were significantly
correlated with changes in the [HHb] " (r $ 0.78; P % 0.05),
the [HHb] TD # " (r $ 0.78; P % 0.05), and the [HHb]
amplitude (r $ &0.81; P % 0.05; Fig. 5). The reduction in the
V̇O2 slow component with RST was not correlated with
changes in [HHb] kinetics.

HR Kinetics

HR kinetics were not altered in the RST, ET, or CON groups
for either moderate- or severe-intensity exercise (Table 5). The
only significant difference observed was in the end-exercise
HR, which was reduced in the RST condition (Table 5). When
the fitting window for severe exercise was not constrained (see
METHODS), the " values were slightly shorter ()25 s), and the
amplitude of the slow component was slightly larger ()25
beats/min), but again there was no difference between groups
before or after the intervention period.

Fig. 2. Pulmonary V̇O2 response to a step increment from an unloaded baseline
to a severe-intensity work rate in a representative subject from the RST group
(top) and the ET group (bottom). These data are expressed as a percentage of
the overall response. The Pre responses are shown as open circles, and the Post
responses are shown as solid squares. The vertical line represents the abrupt
transition to the higher work rate. The solid lines represent the monoexponen-
tial model fits to the data. Note that RST resulted in a speeding of the phase II
V̇O2 kinetics and a reduction of the V̇O2 slow component.

Fig. 1. Pulmonary oxygen uptake (V̇O2) response to a step increment from an
unloaded baseline to a moderate-intensity work rate in a representative subject
from the repeated sprint training (RST) group (top) and the endurance training
(ET) group (bottom). These data are expressed as a percentage of the overall
response. The preintervention (Pre) responses are shown as open circles, and
the postintervention (Post) responses are shown as solid squares. The vertical
line represents the abrupt transition to the higher work rate. The solid lines
represent the monoexponential model fits to the data. Note the significantly
faster phase II V̇O2 kinetics following RST. "p, phase II time constant.
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ARE  VO₂ KINETICS TRAINABLE?

VO₂ response to a step increment from an unloaded baseline to sever-intensity 
work rate; RSA (top) and ET (bottom). Pre responses are shown as open 
circles, and the Post responses are shown as solid squares.

Bailey et al. (2009)



ARE  VO₂ KINETICS TRAINABLE?

Results for RST Group (con’t): 

• HHb kinetics were speeded, and the amplitude 
of the HHb response was increased during both 
moderate and sever exercise (p < 0.05)

- Suggest improvement in muscle fractional 
O₂ extraction

• O₂ deficit was significantly reduced at moderate 
intensities (Pre: 0.45 ± 0.10, Post: 0.36 ± 0.10 
liter ; p < 0.05)

• Non of these parameters were significantly 
altered in ET or C groups

sents a potent and time-effective strategy for enhancing V̇O2

kinetics, at least in the recreationally active young subjects
who participated in the present study.

In contrast to RST, six sessions of ET had no significant
effect on the kinetics of V̇O2, HR, or [HHb], or exercise
tolerance. Whether or not ET impacts upon V̇O2 kinetics might
be dependent on the precise nature of the training program
performed (intensity, volume, frequency), as well as its dura-
tion (35). Several earlier studies demonstrated that ET, which
typically involves three to four sessions per week of continuous
exercise at !60–80% V̇O2peak for 4–8 wk, resulted in signif-
icant reductions in the "p and/or the V̇O2 slow component (4,
10, 11, 18, 31, 52, 54, 59, 71). One explanation for the lack of
effect might be that our subjects were recreationally active in
various sports upon their recruitment to the present study. It
has been suggested that, once a given level of aerobic fitness
has been attained, high-intensity intermittent training, rather
than continued ET, is required to elicit further performance
gains (47). Moreover, since the RST and ET were work
matched in the present study, the combination of a limited
number of training sessions (n # 6), short session duration
(10 –30 min), and low training intensity (90% GET, equiv-

alent to 40 – 45% V̇O2peak) may have represented an insuffi-
cient stimulus to elicit improvements in the parameters of
aerobic fitness and exercise tolerance. The lack of effect of
ET on parameters of aerobic fitness and exercise perfor-
mance in the present study was striking, and it is clear that
the program of training completed did not exceed the
minimum “threshold” stimulus (i.e., intensity and/or volume
and/or frequency and/or duration) necessary to enable V̇O2

kinetics to be altered (4).

Muscle Oxygenation and Estimated O2 Extraction

We used NIRS to assess the effects of RST and ET on
muscle oxygenation during exercise. The [HbO2] and [Hbtot]
values were not different in the three groups before or during
moderate or severe intensity, and they were not altered by the
intervention period. The observed training adaptations might,
therefore, be considered to be independent of changes in blood
volume and O2 content in the area of interrogation. HR kinetics
were also not altered by RST or ET in the present study. If HR
kinetics broadly reflect leg blood flow kinetics during cycling
exercise, as has been suggested for knee-extension exercise
(50), these data suggest that bulk O2 delivery to muscle was not
appreciably altered by the training interventions. Longer dura-

Fig. 3. Muscle deoxyhemoglobin/myoglobin (HHb) response to a step incre-
ment from an unloaded baseline to a moderate-intensity work rate in a
representative subject from the RST group (top) and the ET group (bottom).
The Pre responses are shown as open circles, and the Post responses are shown
as solid squares. The vertical line represents the abrupt transition to the higher
work rate. The solid lines represent the monoexponential model fits. [HHb],
HHb concentration; AU, arbitrary units.

Fig. 4. Muscle HHb response to a step increment from an unloaded baseline
to a severe-intensity work rate in a representative subject from the RST group
(top) and the ET group (bottom). The Pre responses are shown as open circles,
and the Post responses are shown as solid squares. The vertical line represents
the abrupt transition to the higher work rate. The solid lines represent the
monoexponential model fits.
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LET’S REVIEW
• Other factors, in addition to VO₂peak, play 

significant role is repeated sprint ability

• VO₂ kinetics - the ability of the aerobic pathway to 
respond to large changes in workload

• Athletes with faster O₂ kinetics outperform their 
peers with similar VO₂peak’s in RSA tests

- Show less fatigue (% Dec)

- Increased metabolic Power:  ↑W /  T

• Faster O₂ kinetics likely mitigate fatigue via:

- Increased energy contribution from aerobic 
pathway during exercise

‣ Attenuate depletion of PCr and 
glycogen stores

- Reduced rate of substrate accumulation
‣ H⁺ and Pᵢ

Time (Intensity)

VO
₂



• VO₂ kinetics are believed to be improved by an increase in muscle fractional O₂ extraction

- Not directly linked to Sub VT Capacity, VT, or VO₂peak

- Specific training required to target and improve VO₂ kinetics

• Both of these, VO₂ and HHb kinetics, appear to be improved with specified high intensity, 
repeated interval training

LET’S REVIEW



P.C.S.P. METHOD:

BLOCK II



PCSP Block II

Day 1 Day 2 Day 3

3-Day Model Stretch Pull Climb

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6

6-Day model Stretch Stretch Pull Pull Climb Climb

Day 1 Day 2 Day 3 Day 4 Day 5

5-Day Model Stretch Stretch Pull Pull Climb

Day 1 Day 2 Day 3 Day 4

4-Day Model Stretch Pull Pull Climb

• Goal: Improve response time of system (O₂ Kinetics)

• Model: Modified Undulated

• Duration: 2 to 3 weeks

• Reduce sprint duration by 50%

- Block I, Stretch: 4min on/3min off

- Block II, Stretch: 2min on/1.5min off



Block Push ClimbClimb StretchStretch PullPull

Intensity
M.L.P.* Aerobic Base (AB) Ventilatory Threshold (VT)Ventilatory Threshold (VT) VO₂max (Vmax)VO₂max (Vmax) 80-100% Maximal 

Effort
80-100% Maximal 
EffortIntensity

C.F.T.** 65-70% Heart Rate Max 80-85% Heart Rate Max80-85% Heart Rate Max 95-100% Heart Rate max95-100% Heart Rate max
80-100% Maximal 
Effort
80-100% Maximal 
Effort

Duration
1 20-40 minutes 6-8 min @ VT / 2-3 min @ AB6-8 min @ VT / 2-3 min @ AB 2-4 min @ Vmax / 1-3 min @ AB2-4 min @ Vmax / 1-3 min @ AB Not ApplicableNot Applicable

Duration
2 Not Applicable 3-4 min @ VT / 1-1:30 min @ AB3-4 min @ VT / 1-1:30 min @ AB 1-2 min @ Vmax / :30-1 min @ AB1-2 min @ Vmax / :30-1 min @ AB 10-60 seconds10-60 seconds

Reps
1

Not Applicable
2 to 32 to 3 3 to 43 to 4 Not ApplicableNot Applicable

Reps
2

Not Applicable
3 to 53 to 5 6 to 106 to 10 8 to 128 to 12

Work:Rest 
Ratio 1 & 2 Continuous

Tier 1 2 : 1 Tier 1 1 : 1.5 Tier 1 1 : 4

Work:Rest 
Ratio 1 & 2 Continuous Tier 2 3 : 1 Tier 2 1 : 1 Tier 2 1 : 3Work:Rest 
Ratio 1 & 2 Continuous

Tier 3 4 : 1 Tier 3 1 : .75 Tier 3 1 : 2

Volume 1 & 2 Very High HighHigh ModerateModerate LowLow

Mode 1 & 2

Rowing RowingRowing RowingRowing Sprint 100m Sprint 100m 

Mode 1 & 2

Biking RunningRunning RunningRunning Sprint 200mSprint 200m

Mode 1 & 2
Jogging BikingBiking BikingBiking Sprint 400mSprint 400m

Mode 1 & 2 Trashball 1% Inc Treadmill Run1% Inc Treadmill Run 1% Inc Treadmill Run1% Inc Treadmill Run Bike SprintBike SprintMode 1 & 2
Basketball Metabolic Run Lvl 1-5Metabolic Run Lvl 1-5

Mode 1 & 2

Ultimate Frisbee

Mode 1 & 2

Soccer
Mode of 
Recovery 1 & 2 Not Applicable ActiveActive ActiveActive PassivePassive

*Metabolic Lab Profile  **Cooper Field Test

P.C.S.P. Parameters 



RESULTS FROM P.C.S.P. METHOD

Profile
Body Fat %
Vo₂peak (ml/kg/min)
HRmax

HRab

HRvt

Pre-Test Post-Test Change % Difference
16.19 13.2* -3.0 18.5
47.1 50.6* +3.5 7.4
200 197 -3.0 9.9
156 136* -20.0 12.8
140 158* +18.0 12.9

Elite Level High School Hockey
• Sample Size: 11

• Pre-test: Start of off-season workouts

• Avg. Pre-test Sprint Reps: 5

• Post-test: 6 weeks

• Avg. Post-test Sprint Reps: 12 (↑140%)

Profile
Body Fat %
VO₂peak (ml/kg/min)
VO₂vt (ml/kg/min)
HRmax

HRvt

Wingate (W) - 
Peak Power
Wingate (W) - 
Average Power
Wingate  Fatigue 
Index (%)

Pre-Test Post-Test Change % Difference
12.0 9.3* 2.7 14.2
52.5 54.9* +2.4 4.6
30.7 34.2* +3.5 11.4
198 198 0.0 0.0
138 157* +19.0 13.8

1097 1137 +40.0 3.6

698 794* +96.0 13.8

56.2 51.5* -4.7 8.4

Professional Hockey Players
• Sample Size: 6

• Pre-test: Start of off-season workouts

• Avg. Pre-test Sprint Reps: 7

• Post-test: 5 weeks

• Avg. Post-test Sprint Reps: 13 (↑85%)

*Significantly different change from pre-test

*Significantly different change from pre-test
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And finally, Thank You for your time and attention

Do you have any questions? 

Email:
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Cooper, 1968

What you need:

• 400 meter track

• Stopwatch

• HR monitor

• Whistle

Goal:
• Run as far as possible in 12-minutes

Test Procedures:

• 10 minute warm-up

• On “GO” command, start the stopwatch and the athlete commences the test

• Keeps the athlete informed of the remaining time at the end of each lap (400m)

• The assistant blows the whistle when the 12 minutes has elapsed

• Record the distance the athlete covered to the nearest 10 meters

COOPER FIELD TEST



Calculating VO₂peak:

• (Distance covered in meters - 504.9) ÷ 44.73

• Cooper reported a correlation of 0.90 between 
direct VO₂max and field test

Calculating Heart Rate:

• Highest heart rate achieved during test is athletes 
HRmax

- HRmax x .65 = AB

- HRmax x .80 = VT

- HRmax x .95 = VO2peak

COOPER FIELD TEST



Normative Data for Male AthletesNormative Data for Male AthletesNormative Data for Male AthletesNormative Data for Male AthletesNormative Data for Male AthletesNormative Data for Male Athletes
Age Excellent Above Average Average Below Average Poor

13-14 >2700m 2400-2700m 2200-2399m 2100-2199m <2100m
15-16 >2800m 2500-2800m 2300-2499m 2200-2299m <2200m
17-19 >3000m 2700-3000m 2500-2699m 2300-2499m <2300m
20-29 >2800m 2400-2800m 2200-2399m 1600-2199m <1600m
30-39 >2700m 2300-2700m 1900-2299m 1500-1999m <1500m
40-49 >2500m 2100-2500m 1700-2099m 1400-1699m <1400m
>50 >2400m 2000-2400m 1600-1999m 1300-1599m <1300m

COOPER FIELD TEST

Normative Data for Female AthletesNormative Data for Female AthletesNormative Data for Female AthletesNormative Data for Female AthletesNormative Data for Female AthletesNormative Data for Female Athletes
Age Excellent Above Average Average Below Average Poor

13-14 >2000m 1900-2000m 1600-1899m 1500-1599m <1500m
15-16 >2100m 2000-2100m 1700-1999m 1600-1699m <1600m
17-19 >2300m 2100-2300m 1800-2099m 1500-1799m <1700m
20-29 >2700m 2200-2700m 1800-2199m 1700-1799m <1500m
30-39 >2500m 2000-2500m 1700-1999m 1400-1699m <1400m
40-49 >2300m 1900-2300m 1500-1899m 1200-1499m <1200m
>50 >2200m 1700-2200m 1400-1699m 1100-1399m <1100m


