


PHE 405—PHYSIOLOGY OF EXERCISE & FITNESS

PRIVATE 


PREDICTED MAXIMAL OXYGEN UPTAKE

MATERIALS AND EQUIPMENT

HR monitors



bicycle ergometer 


treadmill



Astrand-Rhyming tables


scale

INTRODUCTION AND THEORY


MAXIMAL OXYGEN UPTAKE.  Maximal oxygen uptake (direct method) is considered to be the best measure of cardiovascular (C‑V) fitness, since it is an indication of the body's ability to deliver essential oxygen to the working cells via the circulation.  Because of its high validity, maximal oxygen uptake is often used as a validity criterion for other tests of C‑V efficiency, such as step tests (Harvard, Ohio State University, etc.) and fixed‑distance running tests for time (1.5 mile run, 600‑yard run/walk) or fixed‑time runs (Cooper's 12‑minute run).


Despite its high reliability and validity, maximal oxygen uptake is often unacceptable as a practical test of fitness due to its complexity of measurement and its strenuousness.  This has led to the development of the "predicted" maximal oxygen uptake test, a considerably less valid measure, but one that is more practical and safer to use.


PREDICTED MAX V02 THEORY.  The prediction of maximal oxygen uptake is possible due to the following relationships and facts:


1.  Heart rate increases linearly with work load.


2.  Work load and oxygen uptake (not maximal) are directly related.


3.  Maximal oxygen uptake occurs at maximal heart rate.


4.  Maximal heart rate is predictable based on age.


5.  Resting heart rate is reasonably similar in most persons (or measurable, if you wish).


EXAMPLE: If it is known that a person working at 600 kgm/min on a bicycle ergometer has a steady state heart rate of 135 bpm, it is possible to predict his/her maximal oxygen uptake because:


1.
A work load of 600 kgm/min requires an oxygen uptake of approximately 1.5 L/min (see Table 1).


2.
A heart rate of 135 bpm represents a predictable percentage of the person's maximal heart rate range, provided we know, predict, or assume resting heart rate and maximal heart rate.

 
If 135 bpm is equal to 50% of the maximum heart rate range (assuming the resting HR is 70 and the max HR is 200), then 1.5 L/min (the oxygen uptake at the work load of 600 kgm/min) would equal 50% of the maximal oxygen uptake.  Therefore 100% would represent 3.0 L/min, the person's predicted maximal oxygen uptake.  This L/min value could then be divided by body weight in kilograms to yield a maximal oxygen uptake in mL/kg/min.

TABLE 1.  Values for oxygen uptake for common steady state work loads on a bicycle ergometer.

WORK LOAD (KGM/MIN)
OXYGEN UPTAKE (L/MIN)




300
0.9




600
1.5




900
2.1




1200
2.8




1500
3.5




1800
4.2
METHODS

The following methods will be used in this experiment.

1.
HEART RATE MONITOR.  Each subject will wear a heart rate monitor during the test in order to accurately determine heart rate.  

2.
FIRST WORK LOAD

a.
Place the chest strap for the heart rate monitor on the subject and make certain that a signal is being received by the recording unit (wrist watch).


b.
Adjust the bicycle seat to the correct height for subject.  Seat should be as high as possible without causing the subject to have to lean or stretch to comfortably reach the pedals.  Make a note of the pin position for the properly adjusted seat so that this position can be quickly reset for the second work load.


c.
Set the work load mechanism to produce a heart rate of approximately 130‑140 bpm.  For most males 600 or 900 kgm/min is usually adequate, while 300, 450, or 600 is usually appropriate for women.  Fitness and body size are the key factors in determining the correct work load.


d.
Record the subject’s name, weight in pounds, work load, and (eventually) the steady state heart rate.


e.
Have the subject pedal the ergometer at 50 rpm until a stable “steady state” heart rate is obtained, usual about 5 minutes or so. 

CALCULATIONS, RECORDINGS, ETC. 

1.
Using hand calculations, determine the predicted maximal oxygen uptake and related values at each work load for a few subjects using the "theoretical" calculation method described above and covered in class.  The majority of the values can be determined using EXCEL, but you need to be sure you know how to do the calculations yourself.

2.
Determine the predicted maximal oxygen uptake and related values for each subject at each work load using the Astrand‑Rhyming table provided:

a.
Locate the predicted maximal oxygen uptake in L/min by lining up the steady state heart rate with the work load, being sure to use the appropriate side of the table according to the subject's gender.

b.
Multiply the L/min value obtained above by 1000 to convert it to mL and then divide this value by the subject's weight in kilograms (lbs. / 2.2) to get maximal oxygen uptake in mL/kg/min.  The second page of the Astrand‑Rhyming tables can also be used for this purpose, thus eliminating the need for a calculator when determining individual fitness values.  Excel will perform these calculations for group data.
FITNESS NORMS


Fitness norms for maximal oxygen uptake in mL/kg/min for adults in their 20's are presented in Table 2.  
 TABLE 2.  Fitness norms for maximal oxygen uptake in mL/kg/min for adults under 30 years of age.

FITNESS CATEGORY
MALES
FEMALES


Excellent
 52+
 48+


Good
43‑51
38‑47


Fair
34‑42
30‑37


Poor
25‑33
24‑29


Very Poor
<25
<24
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