Maximal Accumulated Oxygen Deficit

* Considered by many to be the gold standard of
anaerobic capacity determination

First we must understand oxygen deficit!
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Nhat is oxygen deficit?

Deficit (O,) met by the phosphagen and glycolytic energy systems to
meet the O, demand (workload) of the exercise.
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Concept of MAOD

During moderate intensity exercise, a linear relationship exists betwe
exercise intensity and oxygen demand.

Rate of anaerobic contribution is taken as the max O, demand minus
max O, uptake.
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Assumptions of MAOD

Mechanical efficiency is identical in supra- and submaximal exercise

The rate of total energy release increases linearly with the exercise
Intensity

02 demand is constant during this type of supramaximal exercise
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MAOD Testing Procedures

VO2 — power output relationship
* Originally 10 stages at 10 min per stage
* Modified to fewer stages at 40-70% VO2max with 4 min per stage

Duration of the test:
* Long enough to allow max anaerobic energy release
e Short enough to minimize aerobic energy production




Quiz!

nat is oxygen deficit?
nat is maximal accumulated oxygen deficit?

nat assumptions are made using MAOD?




Critical Power Concept

The highest work rate that can be sustained while maintaining a
physiological steady state

Occurs close to maximal lactate steady state
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Critical Power Protocol

Anaerobic Capacity

4 or more all-out 3 min cycle tests at \
900

Critica

70-105% max power output

o_60

750
CP defined as max power output to be 3
sustained during last 30 seconds of the test H 600
= 450
* Performed at constant 60 or 100 rpm -
e
150
Accumulated work above CP = anaerobic ) Tim

capacity 0 30 60 90 120 1



Gross Efficiency Concept

Calculates anaerobic power by subtracting calculated aerobic power
output from total power output produced.
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Gross Efficiency Protocol

0 submaximal exercise bouts at intensities between 30 and 90%
/O, max for 4 minutes each

\naerobic capacity is calculated by subtracting anaerobic energy from

otal power output Power output

Anaerobic En




 What is critical power?

* How is anaerobic capacity determined using the CP method?

 How is anaerobic capacity determined using the gross efficienc
method?



Anaerobic Capacity Determination Summary

ate
igher = more glycolytic contribution
ILSS = anaerobic capacity

D

naerobic capacity = max O, demand — max O, consumed

naerObiC CapaCity - energy generated abOVe CP gdso ‘ |

s efficiency
naerobic capacity = peak power output — aerobic energy



Is there a difference between each method?

~

U . e MAOD = 02 equivalent
n ItS e CP + GE = mechanical units (joules/watts)
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Is there a difference between each method?
a

vatts)

BE CONSISTENT!!

e No direct measurement

e All result in similar anaerobic capacity
estimates
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Anaerobic Power Measurements

Anaerobic power measurements focus on strength,
speed, and maximal mechanical power

* Wingate anaerobic test
 Vertical Jump
* Margaria Kalamen



Wingate Anaerobic Test

Most popular anaerobic power test
Developed at the Wingate Institute, Israel in 1974
Named after Orde Wingate




Wingate Anaerobic Test Protocol

Consists of pedaling with maximal (all-out) effort for 30
seconds

Typically 7.5-9% body weight is used as resistance

Traditional (flying start) — no weight on the flywheel fill test
start

Stationary start — weight on flywheel at start

Never stand!



Interpreting Wingate Test Results

Peak power = highest power (watts) in any 5 sec
Mean power = average power over entire 30 sec.

Fatigue index = rate of power decrease from point of peak power to
end of test (%)

Test Data
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Limitations of Wingate Anaerobic Power
Interpretations

) Limited to cycling exercise

) Is 30 seconds enough to determine anaerobic capacity?

) Some energy is contributed from mitochondrial respiratior
) Flying vs stationary start data cannot be directly compared

) Motivational factors (i.e. music, verbal encouragement
etc.)



Quiz!

/hat is the focus of anaerobic power measurements?

/hat is the difference between traditional (flying) and stationary
art Wingate tests?

st at least 3 limitations to determining anaerobic power with the
/ingate test.

an you ever stand during a Wingate test?




Vertical Jump Test

Jumping ability related to phosphagen ATP production —

“Sort of” correlated with fast-twitch muscle fibers in =
vastus lateralis \
* r=0.48

N |«




s vertical jump useless?

30 second vertical jump test: cheap alternative to V=
Wingate =

* Peak jump
* Mean jump
e Fatigue index

Highly correlated with Wingate




Margaria Kalamen Stair Test

Running up stairs (two at a time)
Test typically lasts 2-10 seconds

Absolute, relative, and anaerobic power
calculated from:

* Subject weight

* Height of the stairs

Switch mat  — T

* Time between stairs xd

|
‘

Highly correlated with Wingate peak power | Clock 0.01




Which anaerobic power test to choose?

Things to consider:
1. Goal of the test

2. Average power vs instantaneous power
(Glycolytic vs phosphagen system)

3. Muscles being used

4. Practicality of the measurement



Quiz!

* What are some things you should consider when deciding on an
anaerobic power test?

* If you did not have access to a Wingate system, what type of
anaerobic power test would you choose to best determine glycoly!
energy?
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What is the primary difference in how anaerobic capacity is reported
between lactate, MAOD, CP, and GE?

Which method is considered by many as the gold standard of
anaerobic capacity determination?

What is the primary focus of anaerobic power measurements?

What is the difference between a traditional (flying) and stationary
start for a Wingate test?



Can you train your anaerobic energy
systems?




Phosphagen System Training Adaptations

Strength training can increase ATP and
PCr storage capacity by up to 20%

Research is nc
well defined

T Increase ATPas

and creatine
kinase enzyme



Glycolytic System Training Adaptations

Glycolytic flux 4 ATP production rat:

l 4 Glycolytic enzymes
(PFK, LDH)
h intensity interval and sprint training

ec max effort with alternating 2-3 min rest



Glycolytic System Training Adaptations

4 Blood and muscle buffering capacity

» Results from increased lactate production
» Lactate buffers H+ ions

Improvements shown via sprint training and HIIT



Glycolytic System Training Adaptations

f Faster lactate removal

\creased number and efficiency of monocarboxylate
ansporters (lactate transporters)
Converted to pyruvate in inactive muscles to be used in TCA
cycle
Fuel for gluconeogenesis in liver and kidneys



 What phosphagenic adaptations have been shown to occur with
strength training?

 What enzymes related to the phosphagen system are increased with
both strength and sprint training?

 What are the 3 main training adaptations observed in the glycolytic
system?






Glycolytic System Training Adaptations

ligher rate of ATP A

yroduction
ncreased glycolytic
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FK, LDH

Increased
glycolytic flux




Glycolytic System Training Adaptations
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Glycolytic System Training Adaptations
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yroduction

ncreased glycolytic
nzymes
FK, LDH

Increased
glycolytic flux

Increased

¢ Increased lactate

e Lactate buffers H+

-

buffering capacity

production

ions

/
¢ |Increased number

and efficiency of
lactate transporters

e More conversion of
lactate to pyruvate

Greater lactate

removal




Figere 1. Ghucose uliS2at0n in he work ng muicie 6 intreased through increased delivery ang uptabe
of plasma giucose and increased

Tareport of QAucote 50065 e ook 30d Toubuler memteanes 5 etermined Dy tre amount of CONLacTon:
e i emponsies Ghacon taraporsiy 4 (GLUTA) proteva in the outer mermbrane. This magnitude of ghucons
TIHPONT NESPONSS with COMIACION COMetates Wwith work. Intensty With ewdence sugoesing the mvolvement of
Arases Boa AMPY. 538 MAPK and SNARK wheseas Ca' * acthaned protens ane probably reguised But Moy to be
MOt 30 STmulyte ghose traragont. AROStenc and Covalent neguAanon Soreasss hoth Ghoooen mobdzaton
by ghycogen phosphoryline (GF) and sepsthess by ghycogen synthue (G5) srrutareouly duing ewercse by
wring engyme activity andior locanon. GP may a0 De reguiated by e aavlabiivty of 23 substrates Ghcogen
v noegan phosphate (1) Degending on Tie work ntersty and Arascn, ghuose-6-phosphate IG-67), n
rportant Aot nhibior of GF and stirvadater of G5, may inCrease.



