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Maximal Oxygen Uptake
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INTRODUCTION

Maximal oxygen uptake (Max VO2) is considered by exercise physiologists to be the best measure of cardiovascular fitness.  There are various protocols for administering the maximal oxygen uptake test, although all attempt to do the same thing:  Record oxygen uptake during the highest level of exercise possible for the subject.  Treadmills and bicycle ergometers are most frequently used to measure maximal oxygen uptake, although tethered swimming, stationary rowing, stepping exercises, and other forms of exercise have occasionally been employed.  The type of exercise used plays a role in the magnitude of the maximal oxygen uptake recorded‑‑treadmills generally elicit uptakes about 5 to 10 percent greater than those produced using bicycle ergometers, especially in subjects without bicycle training.  
METHODS

The following procedures will be used to determine maximal oxygen uptake in this experiment.


1.
SUBJECT SELECTION.  A subject who is in good health, free from injury and minor illnesses such as colds, hay fever, etc., and who is accustomed to strenuous exercise will be selected for the experiment. A subject with a great desire to know their personal fitness level is also desirable, as motivation to reach maximal exercise is essential for accurate results.

2.
SUBJECT PREPARATION.  The heart rate monitoring device will be attached to the subject and adjusted/calibrated to yield an acceptable signal.  The basic objective of the test will be explained to the subject:  To progressively increase the work load until the subject can no longer continue exercise. It will be stressed that the subject must continue to complete exhaustion; otherwise maximal oxygen uptake may not be obtained.  Once the heart rate monitor is in place the subject will be fitted with the breathing valve and nose clip.  At this point the subject will stand on the treadmill (feet straddling the belt) and be connected via hoses to the gas meter and mixing chamber.


3.
EQUIPMENT PREPARATION.  The oxygen and carbon dioxide analyzers will be properly calibrated using test gases of known concentration:  6.37% carbon dioxide and 20.94% oxygen (room air).  The computer will be given values for room temperature, barometric pressure, and relative humidity.  Basic informa​tion about the subject will also be entered, including weight in kilograms.


4.
THE TEST.  The test may be administered in this laboratory using either a treadmill or a bicycle ergometer protocol.



TREADMILL PROTOCOL.  The treadmill is programmed to provide eight increasingly difficult exercise intensities so that almost anyone, no matter what their level of fitness, may be exhausted in a reasonably short period of time.  Table 1 shows the eight possible work loads and the oxygen uptake required for each.  



The treadmill belt will be started (make sure subject is not standing on it!) and the "start test" button pressed.  At the same time the computerized collection of data will be started by pressing the space bar of the computer keyboard.  This way the printout of data will correspond with the work loads on the treadmill.  If the biotelemetry recording device for heart rate is used, it too should be started at the same time as the computer.

TABLE 1.  Treadmill speed, grade, and estimated oxygen uptake for eight work loads.

	PRIVATE 
WORK LOAD 
	SPEED (mph)
	GRADE (%) 
	O2 UPTAKE (ml/kg/min)

	1
	3.6
	4.0
	20

	2
	4.6
	4.0
	30

	3
	5.8
	4.0
	40

	4
	7.0
	5.5
	50

	5
	7.5
	9.5
	60

	6
	7.5
	12.0
	65

	7
	7.5
	15.0
	70

	8
	7.5
	18.0
	75



The treadmill will immediately increase the work load such as to require approximately 20 ml/kg/min of oxygen uptake.  The subject will be left at this initial load for exactly two minutes, whereupon the work load will be increased to a level requiring about 30 ml/kg/min.  The change in work load will be accomplished semi‑automatically by pressing the "advance stage" button of the treadmill programmer.  While the treadmill could easily be programmed to advance the stage automatically every two minutes, there are times when it is not desirable to increase the work load, thus the reason for handling this function semi‑automatically.


The work load will continue to be increased every two minutes, thus taking the subject to exhaustion within 8‑12 minutes in most cases (see Table 1).  The early work loads serve as warm‑up.


BICYCLE ERGOMETER PROTOCOL.  If a bicycle ergometer is used for determining maximal oxygen uptake, the work load will begin at 150 kpm/min and be progressively increased by 150 kpm/min each minute until exhaustion (see Table 2).

TABLE 2.  Bicycle ergometer work loads for maximal oxygen uptake test.

	PRIVATE 
MINUTE 
	WORK LOAD (kpm/min)
	MINUTE
	WORK LOAD (kpm/min)

	0‑1
	150
	  6‑7
	1050

	1‑2
	300
	  7‑8
	1200

	2‑3
	450
	  8‑9
	1350

	3‑4
	600
	  9‑10
	1500

	4‑5
	750
	10‑11
	1650

	5‑6
	900
	11‑12
	1800



5.
DATA RECORDINGS.  The computerized data collection equipment will be set to record oxygen uptake, carbon dioxide production, respiratory exchange ratio, and other metabolic parameters every 30 seconds during the test.  Heart rate will likewise be recorded every 30 seconds.


6.
CALCULATIONS.  Once the test is completed the data will be examined to determine the best indication of the subject's maximal oxygen uptake and maximal heart rate.  Generally the highest recorded value for each will be accepted as maximal, although the pattern of oxygen uptake using 30‑second measurement intervals is sometimes erratic, thus it may be necessary to average oxygen uptake values to produce a final "score."

ANALYSIS OF DATA

Since the computer does the majority of the work, including calculation of all variables, in this experiment, the analysis of data will consist primarily of looking at the patterns for the important variables and comparing them with expected (reasonable) values to ascertain if data are "believable" and if maximal exercise was actually reached.  Using the following to direct you in writing your report.  
Guide to Writing Laboratory Report (using form405.doc formatting):

1. Write the purpose of the experiment, using the recommended format.

2. Refer the reader to the appendix for a copy of the raw data for the experiment.

3. Discuss the maximal oxygen uptake (and fitness) of the subject and relate it to other known fitness scores for the subject (include the graph of oxygen uptake within the text of your discussion).

4. Discuss the likelihood that the subject actually reached maximal exercise as indicated by the variables of oxygen uptake, ventilation, RER, and heart rate.  Include graphs of ventilation (l/min), RER, and HR within the text of your discussion). NOTE: Use Excel to produce reasonably good plots of the four key variables in the experiment.  All graphs should have similar appearance and be placed within the text as you discuss them. Sample graphs have been included on the Excel data sheet to guide you in creating your graphs.  
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