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Figure 1. 
Photograph of 
Archibald V. Hill.  
Courtesy of the 

Noble Foundation. 

Do you own a car?  If so, what car is it, 
and more importantly for this section and 
series of Topics, what size engine does it 
have?  Is it a 4, 6, or 8 cylinder?  What is 
the capacity of the carburetor?  Why do 
these questions relate to the topic of 
VO2max?  Well, your car engine and 
carburetor capacities reveal the capacity 
of your car to consume petrol, and this is 
typically measured in miles/gallon (if in 
the U.S.A), or in Australia as the litres of petrol consumed per 100 km (L/100 km).  The 
maximal rate of fuel consumption for a car is not really measured or of interest, as in 
today’s society we are more focused on lowering rates of fuel use.  For example, some 
of the more efficient internal combustion engine cars on the road can function with fuel 
consumption as impressive as 5 L/100 km (~47 miles/gallon).  Conversely, it has been 
estimated that V8 supercars racing at speeds in excess of 200 km/hr consume petrol at 
a rate of 47 L/100 km (~5 miles/gallon).  The measure of the maximal rate of oxygen 
consumption is the body equivalent to the peak estimated of fuel consumption in a V8 
supercar!  For the body, we are interested in the heart as the fuel 
pump, the muscles as the internal combustion engine, and the 
musculoskeletal system as the drive train.  Unlike the car, the human 
body can adapt to training stress to improve its engine and fuel pump 
capacity, and therefore the maximal and submaximal fuel 
consumption.  However, that said, there are genetic constraints to 
how much the body can adapt to specific exercise training stressors, 
as some of us are genetically programmed to be more suited to 
short, powerful, high fuel consumption races vs. more long term, low 
fuel consuming races.  As you will read, studying the concept of 
VO2max in exercise physiology is a great means to better understand 
the role of specific aspects of muscle metabolism and systems 
physiology to muscle and whole body VO2. 

 
I have already mentioned the measure of the maximal rate of 
oxygen consumption, which is termed VO2max.  Another name 
used for this measure is maximal aerobic power.  To 
understand this measure, you not only have to apply knowledge 
of muscle metabolism, and support systems physiology, but be 
aware of the historical origin of this term.  This latter issue is 
where we will start. 
 
Historical Origin of VO2max 
The British physiologist Archibald V. Hill (Figure 1) was perhaps 
the first scientist to provide research quality measurements of 
VO2 during exercise using multiple subjects.  The time of this 
research was pre-1925, and you have to appreciate the difficulty 
in performing this research at that time.  This was prior to 
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electronic gas analyzers, electronic air flow devices and computers.  To assay for gas 
content, researchers had to perform chemical analyses linked to either of oxygen or 
carbon dioxide.  Expired air was captured into large meteorological balloons, and the 
time resolution of measurements was no smaller than 30 s.  Research of VO2 at this 
time also required hours of work on a specific expired air collection to perform the 
chemical analyses and quantify air volume.  This meant that multiple stage, or exercise 
intensity research often necessitated subjects performing multiple bouts over several 
days to acquire data of exercise from low to high intensities.  Thus, the exercise 
protocols were intermittent or discontinuous, and characterized by only a few data 
points. 
 
Based on this research climate, Hill acquired VO2 on himself and fellow researchers.  
Note that these exercise bouts were mostly single stage protocols.  As such, due to the 
rapid onset of fatigue, Hill only sampled one or two expired air collections as close as 
possible to volitional exertion.  Hill’s data revealed that the VO2 increased to close to 4 
L/min at near maximal exercise, and despite efforts to exercise at higher exercise 
intensities, the VO2 did not increase above 4 L/min.  This observation led to a classic 
interpretation, but only from 2 to 4 data points, that has shaped the field of exercise 
physiology, even to this day; that there was a plateau in VO2 as a subject approached 
their maximal rate of oxygen consumption (VO2max).  Yes, it was Hill who developed 
the term maximal rate of oxygen consumption.  Of course, the same research 
performed today would not get published due to insufficient data points and 
inappropriate statistics to assess a plateau response.  Nevertheless, for the time, Hill’s 
work was revolutionary. 
 
Thus, the measure of VO2max had an early history, and one that was also conceptually 
tied to the concept of a VO2 plateau at VO2max.  Subsequent research through to the 
1950’s confirmed many of Hill’s findings, and further established the use of 
discontinuous exercise testing and the concept of a VO2 plateau.  Recommendations 
were also made for operationally defining a VO2 plateau, as Hill’s original observations 
were more theoretical than empirical.  Evidence was presented for a VO2 plateau to be 
defined as a VO2 change over the last minute of a test < 150 mL/kg/min or < 2.1 
mL/kg/min.  Nevertheless, the issues of exercise mode specificity, protocol specificity, 
or subject characteristics (trained vs. untrained vs. diseased) were not addressed in this 
recommendation, and have yet to be so in the ensuing 50 years of research and 
commentary!  Ironically, many exercise physiologists still use this criterion today, 
despite all of its inadequacies (more on that later in this Topic and within other Topics of 
this Section). 
 
With the advent and improvement of electronic gas analyzers and computers since 
the 1970’s, application of indirect calorimetry was made more automated, allowing 
computations near instantaneously, the adoption of the continuous incremental exercise 
protocol, and consequently, collection of an increased number of data points to assess 
VO2max. 
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Figure 2. Breath-by-breath VO2 data from incremental 
ramp cycle ergometry to volitional exertion for two 
subjects where one (subject 3) demonstrated a clear 
leveling in the VO2 response near the end of the test 
and the other (subject 2) had a consistent linear 
increase in VO2 to volitional fatigue. 

Contemporary Research of VO2max 
During the last 30 years of research on VO2max, many exercise physiologists have 
come to question some of Hill’s original interpretations.  Such challenges have arisen 
due to the improved equipment that now exists to measure whole body VO2 responses 
to exercise.  As such, these challenges to Hill and subsequent thinking are not directed 
at Hill, but rather on the added knowledge we now have thanks to improved 
instrumentation.  For example, today we now perform indirect calorimetry using breath-
by-breath technology and computations, providing VO2 data every breath, equating to 
several hundred data points per test.  Compare this to the 4 or 5 data points acquired 
over several days in the original work of Hill!  Additional software and data processing 
procedures allow the removal of considerable variability between data points, modeling 
of data trends using sophisticated curve fitting, and the capability to better define and 
statistically detect the presence of a VO2 plateau.  I will show you how to do some of 
this processing in subsequent Topics within this Section. 
 
Figure 2 presents data from two 
subjects from incremental ramp 
cycle ergometer exercise to 
VO2max.  Notice that subject 3 
had a clear leveling in the VO2 
response despite continued 
increases in intensity.  What 
could be a good criterion for 
detecting the presence of a VO2 
plateau?  Subject 2 exhibited a 
sustained linear increase in VO2 
until volitional exertion.  Is there a 
VO2max in subject B?  What type 
of VO2 response qualifies for 
using the term VO2max?  Should 
the term VO2peak be used if 
there is no evidence of a VO2 
plateau?  What physiological 
explanations are there for a 
VO2max and/or a VO2 plateau at 
VO2max, or alternatively, that these responses are more fiction than reality? 
 
Interesting questions aren’t they? 
 
 

Glossary Words 
 
VO2max is the abbreviation for the maximal rate of oxygen consumption. 
 
maximal aerobic power is another term that has been used to label VO2max. 
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Archibald V. Hill is the name of the British physiologist who first measured VO2max 
during exercise in humans, developed the term and measure of VO2max, and 
established the presence and use of the term VO2 plateau for discontinuous incremental 
exercise. 
 
VO2 plateau refers to the leveling of VO2 near VO2max despite increasing exercise 
intensity and related VO2 demand. 
 
electronic gas analyzers are the instruments now used to quantify expired gas 
fractions, as measured during expired gas analysis indirect calorimetry. 
 
curve fitting is the process of mathematically modeling a data set and overlaying the 
line of best fit from the mathematical modeling. 
 
criterion refers to a method of variable measurement that is used as the “gold 
standard” method.  This criterion is then often used to test the accuracy (validity) of 
other methods of measurement. 
 
VO2 peak is the highest VO2 data point from a VO2 data series obtained during 
incremental exercise.  Some researchers believe that this is a better label than VO2max.  

 
 
 
 


