
Laboratory Methods used in Exercise Physiology 

 

1 

 

 
 

Figure 1. A research subject performing a 20 km time trials within an altitude chamber.  The subject 
has an indwelling venous catheter in his right elbow, a sensor on a finger to measure oxy-
hemoglobin saturation, chest electrodes for heart rate, and a mouthpiece for continual expired air 
sampling.  Continuous cycle power output is measured and computer recorded from the real wheel 
roller friction generator system. 

There is a wide variety of methods used in exercise 
physiology, and the main reason for this is because the 
discipline is not independent to any one profession or 
application.  For example, exercise physiology receives 
research input from the exercise sciences, basic and applied 
physiology, comparative physiology, chemistry, biochemistry, 
environmental physiology, internal medicine, cardiology, 
pulmonology, endocrinology, neurology, osteology, 
bioenergetics, ergometry, occupational health, epidemiology, 
physiotherapy, nutrition, psychology, etc.  All these 

disciplines and professions have unique attributes to their particular interests for understanding 
physiological responses to exercise.  This diverse scientific inquiry has enriched the discipline 
of exercise physiology, and so much so that what was once a small text book for university 
students in the 1980’s has now ballooned and materialized into dozens of sub-specialty topics 
and textbooks in order to do justice to the enormous volume of knowledge that now exists. 
 
This electronic textbook provides a broad splattering of topic presentation, but while reading 
this please realize that any living organism that moves warrants study of exercise physiology.  
As such, the breadth of application of much of this content only remains constrained by your 
imagination and creativity. 
 
As previously stated, there is a large laboratory 
skills component to exercise physiology (Figure 
1).  I will be detailing the explanation and 
demonstration of these skills throughout this 
book, but I also wanted to give an overview in 
this introductory section to wet your appetite for 
what an exercise physiologist does, and in doing 
so, reveal the broad talents required by a well 
trained exercise physiologist. 
 
Exercise testing is clearly the nucleus of all 
laboratory procedures in exercise physiology.  
There are additional procedures that do not 
involve exercise, such as body composition 
testing and pulmonary function testing.  
However, it just makes sense that when studying 
exercise physiology, the core laboratory content 
reflects how to use exercise to measure specific 
physiological variables. 
 



Laboratory Methods used in Exercise Physiology 

 

2 

 

 
Figure 3. A photo of a research quality high 
performance treadmill.  Courtesy of the 
Department of Sport, Health and Exercise 

Science, University of Hull, Hull, England. 

 
Figure 2. A photo of an electromagnetic 
externally braked stationary cycle ergometer. 
Courtesy of the Department of Sport, Health 
and Exercise Science, University of Hull, Hull, 
England. 

 
Figure 5. An astronaut performing exercise 
on a specially design apparatus within the 

International Space Station. 

 
Figure 4. Physiological responses can also be 
measured in subjects submerged in water, such as 
during swimming.  It is easier to monitor and 
measure physiological variables in a swimming 

flume. 

As you should be aware, the stationary cycle ergometer (Figure 2) and treadmill (Figure 3) 
are important pieces of equipment in any laboratory.  Exercise physiologists use both to control 
the exercise condition, or intensity, there-by controlling the level of physiological stress 
experienced by the subject.  The change in intensity (speed and grade for the treadmill and 
Watts for cycling) over time is referred to as an exercise protocol, and you will learn to 

develop your own protocols for the treadmill and 
cycle ergometer as you progress through your 
studies. 
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Figure 6. The use of a heart rate 
monitors to measure heart rate 
responses during exercise has 
become common place in 
research and personal training.  
Photo courtesy of Dr. Brent 
Ruby, University of Montana. 

 
Figure 7. A subject equipped for 
electrocardiographic recordings of 

electrical rhythm and heart rate. 

 
Figure 8. A gas flow turbine instrument used to 
quantify air flow and ventilation during 
exercise testing. 

 
Exercise can also be done as a type, or exercise mode, 
other than walking, running, or cycling.  Exercise 
physiologists can also measure physiological responses 
during swimming (Figure 4), or even SCUBA diving.  A good 
example of “weird” exercise modes is the need for NASA to 
develop compact exercise machines for the astronauts to 
use in the Space Shuttle or the International Space Station 
while in the microgravity of the earth’s orbit (Figure 5). 
 
When a person is exercising, exercise physiologists try to 
measure the response of select physiological variables.  This 
is where the exercise protocol is of importance.  Do you want 
to measure the physiological response to a constant low 
intensity, referred to as steady state exercise?  Do you 
want to measure the responses to gradually increasing 
intensity (incremental or graded exercise)?  Do you want to 
measure the responses to high intensity exercise to see how 
long it takes to reach exhaustion and how certain variables 
respond to such intense exercise and fatigue? 
 
Variables that can be measured are often limited by a 
combination of available equipment and your imagination.  

Routine measurements include heart rate, which 
can be measured via telemetry using heart rate 
monitors (Figure 6), or electrocardiography (Figure 
7).  At Charles Sturt University (CSU), we 
measure ventilation during exercise using a 
turbine; a device that uses a similar component to 
a plane propeller (but much, much smaller with 
negligible resistance to rotation) to quantify air flow 
(Figure 8).  Ventilation can also be measured 
using air flow meters (Figure 9).  Before the age of 
electronics, exercise physiologists measured 

ventilation using large cylinders partially 
submerged in water, called Tissot tanks 
(Figure 10). 
 
I would argue that the measurement that 
defines the field of exercise physiology is that 
of oxygen consumption (VO2).  To quantify 
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Figure 9. A gas flow 
meter used to quantify 
inspired or expired 
ventilation during 

exercise testing. 

 
Figure 10. A Tissot 
tank used to collect 
expired air, with gas 
volume measurement 
based on the vertical 
movement of the air 
in the tank. 

 

 
Figure 11. A custom developed system for VO2 measurement 
consisting of an expired air turbine, and electronic gas analyzers for 
expired CO2 and O2. 

VO2, three measurements need to be made; 1) ventilation, 2) expired gas carbon dioxide 
fraction (FECO2), and 3) expired gas oxygen fraction (FEO2).  The 
data collection method using these 3 measurements is called 
expired gas analysis indirect calorimetry (Figure 11).  Expired gas 
analysis indirect calorimetry also can measure carbon dioxide (CO2) 
production, as well as compute many other variables from the three 
basic measurements. 
 
Another important and common measurement topic in exercise 
physiology is muscular strength.  Strength is best increased by 
resistance training, which makes resistance exercise one more 
means to assess exercise physiology.  Muscular strength is best 
measured using the one repetition maximum test, which is action 
specific.  Another good measure of functional strength is peak power 
or torque during intense muscle contractions.  This is done using a 
special type of muscle contraction on a computerized device, where 
the velocity of contraction is kept constant – an isokinetic 
contraction. 

As exercise training can alter the 
composition of fat, muscle and water in the 
body, another common method in exercise 
physiology involves the estimation of body composition.  We have 
multiple methods to do this in the laboratory at CSU, with the four more 
valid methods being skin-folds, underwater weighing (Figure 12), 
whole body plethysmography (BodPod, Figure 13) and dual x-ray 
absorptiometry (DEXA, Figure 14).  DEXA is also useful for quantifying 
the bone mineral density of select bones in the body, or the entire axial 
skeleton (Figure 15). 
 
 
Of 

course, there are many 
more laboratory methods 



Laboratory Methods used in Exercise Physiology 

 

5 

 

 
Figure 12. A subject being assessed for 
body composition using underwater 

weighing. 

 
Figure 13. A subject being assessed for body 
composition using whole body plethysmography 

(BodPod). 

 
Figure 15. A subject being scanned on a 
DEXA instrument, which can quantify body 
fat, lean mass, and bone mineral density. 

 

 
Figure 14. An image of the DEXA scan for 
quantifying the bone mineral density of the 

axial skeleton. 

of data collection to assess human physiology within exercise physiology.  You will be exposed 
to some of these methods as I detail the physiological systems and their responses to specific 
exercise stresses. 
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Glossary Words 
 
laboratory is a room where experimentation and/or testing is completed for the purposes of 
acquiring data and/or knowledge. 
 
exercise testing is the performing of measurements and the acquisition of data on an 
individual who is exercising. 
 
exercise refers to the movement of the body, caused by muscle contractions, that in turn 
stimulates a myriad of physiological responses that support the increase in energy demand. 
 
cycle ergometer is a modified version of a stationary bicycle that is designed and equipped 
to allow known increments in wheel resistance (calibrated to a physical force applied 
against gravity) and measurement of cycling cadence. 
 
treadmill is a motorized running platform, where a belt rotates around two (front and rear) 
drums, one of which is powered by the motor. 
 
physiological stress conditions that impose changes in any one or more of a multitude of 
physiological measures within the body with the intent to allow the body to tolerate the 
conditions. 
 
exercise protocol a series of changes in exercise intensity over time. 
 
exercise mode the type of exercise being performed, such as cycling, running, walking, 
etc. 
 
steady state exercise occurs when almost all of the energy requirements of the muscle 
contraction are met by the muscles consumption of oxygen and related energy systems.  
 
exhaustion when applied to exercise physiology, exhaustion is an extreme state of fatigue 
characterized by the inability to continue the exercise condition. 
 
fatigue when applied to exercise, fatigue mostly refers to the decline in muscle contractile 
force over time, despite sustained effort to maintain or increase contractile force. Fatigue 
can also be defined more vaguely based on increased perceptions of effort. 
 
telemetry the measurement of certain variables using equipment that does not required 
connecting wires between the subject and the measurement device.  Typically, telemetry is 
accomplished through the use of high (radio) frequency sound waves, or infrared signaling. 
 
Tissot tank an early instrument used to either collect expired air, or control inspired air, 
from and to a subject, respectively. 
 
oxygen consumption (VO2) the rate at which the body, or a specific region of the body 
consumes oxygen. 
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expired gas analysis indirect calorimetry the branch of science that uses ventilation and 
expired gas analysis to compute the body’s overall metabolism based on the consumption 
of oxygen and production of carbon dioxide. 
 
muscular strength the maximal force generated by muscle contraction, which is typically 
measured as the load that can be lifted for 1 contraction; also known as the one repetition 
maximum (1 RM). 
 
isokinetic contraction a muscular contraction that occurs at a constant velocity throughout 
the range of motion. 
 
body composition the different components that make up the mass of the body. 
 
 


