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VO
2
 max is measure of maximum amount of oxygen that an individual can use. It is measured in milliliters per kg 

body weight per minute (ml/kg/min). As we increase our effort when we exercise, the amount of oxygen we consume 
to produce energy (and hence rate at which release carbon dioxide) increases. However, there is maximum level of 

oxygen consumption beyond which increase in exercise intensity does not lead to further increase in oxygen consumption. This level of oxygen 
consumption is called the VO

2
 max. The purpose of present study was to compare VO

2 
max between trained and untrained young individuals 

which was measured with the help of bicycle Ergo meter. VO
2
 max in trained is significantly higher than in untrained individuals.
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Introduction
Human body functions as a multitasking machine; it performs sim-
ple work as lifting a weight to as complex and awe-inspiring as the 
accelerating spin of the ice skater who creates beauty out of conser-
vation of angular momentum. A muscle can be assumed basically 
as an engine obtaining its energy primarily from the burning of fuel. 
But it varies from other man made machine, as rightly stated by Eu-
gene(1978) “ by the essential beauty of life, and its central mystery, in 
its ability to create order out of chaos- structure out of noise- surely 
the greatest of all bootstrapping operation” 

When a person starts an activity then there is an increase, in his pulse 
rate, in the stroke volume of heart and hence in the cardiac output 
and blood pressure with time. Increase in the rate of respiration, with 
time and in the ventilation per kg body weight had good correlation 
with the absolute work intensity, whereas by the exercise on bicycle 
Ergo meter, the absolute oxygen consumption for an individual can 
be measured. 

A physically fit person can perform a given grade of light, moderate 
and exhausting work more efficiently and less displacement of his 
physiological equilibrium further for a long period of time as com-
pared to an unfit person. Fit person has better recuperative powers in 
the sense that he can return to his normal steady state after an ex-
hausting exercise more rapidly. Thus physical fitness can be defined as 
a quantitative expression of the physical condition of an individual. It 
could also be defined as the fitness to perform a specific task requir-
ing muscular effort in which speed and endurance are the main cri-
teria.

Exercise training brings about adaptive increase in performance ca-
pacity. The nature of the adaptive responses varies with the type of 
exercise stimulus, each with its own specific pattern of responses.

One type of exercise involves the learning movement pattern and re-
sult in development of skill, with increase in coordination activity. This 
type exercise is exemplified by activities such as fencing, the various 
ball games, driving car and playing musical instrument. The primary 
adaptive changes takes place in the central nervous system and must 
involve a programming processes initiated by repeated performance 
of a movement pattern until it becomes a conditioned reflex.

A second type is strength exercise, which involves relatively few very 
forceful muscle contractions and is exemplified by weight lifting. It re-
sults in hypertrophy of muscle cell with increase in the strength. This 
hypertrophy appears to due to an increase in protein synthesis and 
decrease in the rate of protein degradation.

The third type is endurance exercise, which is exemplified by activa-

tion such as long distance running, swimming or bicycling. It results 
in increase in endurance capacity and in the maximum capacity to 
utilize oxygen made possible by adaptation in the skeletal muscle, in 
the cardiovascular system, respiratory system and autonomic nervous 
system. In contrast to strength exercise, endurance exercise does not 
result in muscle hypertrophy or increase in strength.

VO
2
 max is measure of maximum amount of oxygen that an individu-

al can use. It is measured in milliliters per kg body weight per minute 
(ml/kg/min). As we increase our effort when we exercise, the amount 
of oxygen we consume to produce energy (and hence rate at which 
release carbon dioxide) increases. However, there is maximum level 
of oxygen consumption beyond which increase in exercise intensity 
does not lead to further increase in oxygen consumption. This level of 
oxygen consumption is called the VO

2
 max.

Objective
To compare VO

2 
max between trained and untrained young individu-

als.

Material and Method 
The present work was undertaken in department of physiology, 
N.S.C.B. Medical College, Jabalpur, M.P.  The subjects comprised of 48 
male young medical students of age group 18 to 25 years. They have 
been classified into two groups trained 24 and untrained 24, accord-
ing to the actual events in which they were proficient.

Trained – Those students participated in endurance exercise like run-
ning, swimming and bicycling since minimum three months.

Untrained – They are healthy subjects randomly selected students.

Preparation of the subjects
All the procedures were performed in the morning. The subjects were 
told to come after a light breakfast. After coming to the laboratory, 
their heights and weights were recorded with the subject wearing 
minimum clothing. Each of the subjects was examined clinically for 
any sign of cardiovascular disease and only those found normal were 
allowed to undergo test. The subject was explained in detail about 
the investigations and apparent risk associated with it.

Measurement of VO
2
 max was done by using Bicycle Ergo meter. After 

calibration of equipment the test was performed. Subjects were asked 
to sit on bicycle after proper wearing of mask and chest belt. Seat and 
bar height of the Bicycle Ergo meter were adjusted according to the 
subject’s specifications, and resting gas exchange data were record-
ed. After that the exercise was started, with subjects completing the 
predetermined VO

2
max

 
protocol of between 8 and 12 minutes dura-

tion.  Subjects were instructed to maintain a pedal cadence between 
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80 and 100 rpm during exercise and to exercise to volitional fatigue. 
The test uses progressive 1-minute increments in the power output 
and the measure of performance is the highest power output you are 
able to complete. The initial power output is 50 watts and the power 
output is increased by 15 watts each minute throughout most of the 
test but at smaller increments if the test continues for a longer period. 
The final score is the watt level attained while completing the full 1 
minute increment. Termination of the test occurred when the subject 
was unable to maintain a pedaling cadence of 40 rpm.  

Observations –
Table-1: Physical characteristic of the subjects.

Subjects No Age 
(yrs)

Height 
(cm)

Weight 
(kg)

Resting pulse rate 
per min

Untrained 24 20.3±1.6 162.5±2.2 52.4±1.5 85±6
Trained 24 25.5±2.6 170.8±3.5 57.6±3.8 69±8

    

Table-2: VO2 max in different groups of subjects

Subjects Max pulse 
rate per min

VO
2
 max lit 

per min VO
2
 max ml per kg per min

Untrained 205±12 1.98±.10 37.20±1.90
Trained 195±20 3.14±.22 50.50±2.50

Results –
1. VO

2
 max is significantly different between the trained and un-

trained groups (p value < .01) i.e. VO
2
 max in trained is signifi-

cantly higher than in untrained individuals.
2. Maximum pulse rate is not significantly different between trained 

and untrained groups ( p value >.01)

Discussion -
• VO

2
 max determination is too cumbersome for both the subject 

and the investigator since the person has to work up his maxi-
mum and it takes a lot of enthusiasm on the part of the subject 
to work to his maximum ability.

• The selection of the subjects was done in such a way that they 
were having extreme level of training status so that the feasi-
bility of using an index at sub maximal load can be best deter-
mined. Though all the subject of the trained group participated 
in endurance exercise like running, swimming and bicycling. The 
untrained group included person of sedentary habits and habitu-
ated to normal physical activity. 

• Maximum pulse rate is not significantly different between trained 
and untrained groups. Heart rate at a particular sub maximal 
load can be used as approximate index for the fitness but not 
ideal index for the fitness.  

• VO
2
 max, or the maximum rate at which an individual’s body can 

consume oxygen during exercise, is the most popular measure-
ment of aerobic capacity. Although endurance ability is mostly 
a matter of genetics, maximal oxygen uptake can be improved 
with targeted training.   High intensity interval training workouts 
have been shown to do the trick, increasing athlete’s VO

2
 max. 

Another piece of the endurance puzzle is the athlete’s  lactate 
threshold, or the level of exertion at which  lactate accumulates 
in the muscles. Luckily, it’s possible for virtually any athlete to 
improve both of these measures. Endurance athletes often have 
a higher proportion of  slow-twitch muscle fibers, which power 
steady-state activities like running by using oxygen efficiently to 
generate more energy. Running long can train slow-twitch mus-
cles to fuel such workouts more efficiently and to fight fatigue 
more effectively. A continuous practice of long-distance running 
can also help convert fast-twitch muscles to slow-twitch muscles, 
which will enhance endurance.

Conclusion-    
VO

2
 max is significantly higher in trained individual than the un-

trained (p<.01).    Endurance exercise training results in an increase in 
VO

2
 max. The magnitude of their increase depends on the individual’s 

initial level of training and on the intensity, frequency and duration of 
exercise. Generally, the increase in VO

2
 max results from an increase in 

arteriole-venous O
2
 difference. This increase in arteriole-venous O

2
 dif-

ference results from an increase rate of extraction O
2
 by the working 

muscles which can be explained only by the higher level of oxidative 
enzymes in muscles of the trained individuals.
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