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 ‘Modified Astrand-Rhyming Submaximal Cycle Ergometer Test’

Pre-lab Preparation
Probably the most scientifically accepted indicator of cardiovascular fitness is the ability to take in and utilize oxygen. Of particular interest is the maximal level of oxygen that can be used. Maximal oxygen consumption can be defined as the maximal rate at which the the body can take up, distribute and use oxygen to perform work. This could be measured directly with the appropriate equipment by having a subject work progressively harder until a plateau is reached in aerobic capacity. At this maximal effort no further increase in workload will result in VO2 uptake. However, for a number of reasons, this type of testing is not always practical or available. With this in mind, submaximal tests have been developed to estimate maximal oxygen consumption without the need to exercise to maximum levels. These tests use heart rate responses to a series of submaximal loads. They then extrapolate to the participants age-predicted maximum heart rate for a prediction of VO2max. These tests provide an indirect method of estimating VO2max instead of direct measurement.
Equipment
Stopwatch, heart rate monitor, Wattbike
Procedures
Select a member(s) of your group to perform the test.
Each member must fill out a PAR-Q and sign a consent form
For each subject record the following information:

	Subject No.
	Test
	Name
	Gender (M/F)
	Age (yrs)
	Weight (kg)
	Height (cm)

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	




Select a starting workload for testing from the following table:

      Subject                    Gender                         Workload
                                         Male                              	100W
 			Female              	50W
                               
 Have the participant begin pedalling and set the starting workload to begin the testing phase (be sure to start the stopwatch).
· Testing stages are performed at a starting cadence of 55 rpm, Level 1 for females and 75 rpm, Level 1 for males. Record the heart rate and workload at the end of each minute. 
· At the end of 2 minutes if the heart rate is between 130 bpm and 170 bpm no further increases in workload will be necessary so continue to six minutes. If the heart rate has not reached 125 bpm go to Level 4 and reassess at 4 minutes.
· At the end of 4 minutes if the heart rate is between 130 bpm and 170 bpm no further increases in workload will be necessary so continue to the end of the test (6 minutes). If, at the end of the 4 minutes, the heart rate is below 125 bpm you will need to increase the workload.
· For males increase the load from L1 (100W) to L4 (150W) to L7 (200W) to L10 (250W) every 2 mins. L10 will only be used if heart rate has not reached 125 bpm by 4 min.  Should you obtain a plateaued heart that is over 130 bpm do not increase the workload.
· For females increase the load from L1 at 55rpm (50W) to L4 at 75rpm (150W) to L7 at 75rpm (200W).  Should you obtain a plateaued heart that is over 130 bpm do not increase the workload.
· At the end of the 4th minute evaluate the heart rate again (is it over 130 bpm?).
· If not you will make a further increase to the next level. 
· If, in the final 30 seconds of the stage the heart rate does not increase more than 5 beats, it can be regarded as a plateau.
· If the heart rate has not reached 130bpm by 6 minutes, increase the level and continue to 8 minutes.
· Ideally the test is designed to take 6 minutes and the final heart rate plateau (steady state) will occur between minute 4 and 6..
· At the end of the test allow the participant to cool down for a couple of minutes against low resistance. 


Results
Record heart rate at the end of each minute interval (note: that you may not need all the time intervals as the test does not necessarily need to go 10 minutes):

Time                         Workload (kp)                     Heart Rate (bpm)
1
2
3
4
5
6
7
8
9
10
At this point you have all the data for the Modified Astrand-Rhyming protocol 

Calculations
· Calculate the average heart rate over the final 30 seconds of the test (remember this final heart rate set should be no more than 5 bpm difference):


Final averaged heart rate =                      	bpm
· Final Workload = 		                         kpm-min-1
































Prediction of Maximal Oxygen Uptake in Men:
	HR     50W              100W          150W             200W                250W

	

	120     2.2                   3.5                 4.8

	121     2.2                   3.4                 4.7

	122     2.2                   3.4                 4.6

	123     2.1                   3.4                 4.6

	124     2.1                   3.3                 4.5                  6.0

	125     2.0                   3.2                 4.4                  5.9

	126     2.0                   3.2                 4.4                  5.8

	127     2.0                   3.1                 4.3                  5.7

	128     2.0                   3.1                 4.2                  5.6

	129     1.9                   3.0                 4.2                  5.6

	130     1.9                   3.0                 4.1                  5.5

	131     1.9                   2.9                 4.0                  5.4

	132     1.8                   2.9                 4.0                  5.3

	133     1.8                   2.8                 3.9                  5.3

	134     1.8                   2.8                 3.9                  5.2

	135     1.7                   2.8                 3.8                  5.1

	136     1.7                   2.7                 3.8                  5.0

	137     1.7                   2.7                 3.7                  5.0

	138     1.6                   2.7                 3.7                  4.9

	139     1.6                   2.6                 3.6                  4.8

	140     1.6                   2.6                 3.6                  4.8                   6.0

	141                             2.6                 3.5                  4.7                    5.9

	142                             2.5                 3.5                  4.6                    5.8

	143                             2.5                 3.4                  4.6                    5.7

	144                             2.5                 3.4                  4.5                    5.7

	145                             2.4                 3.4                  4.5                    5.6

	146                             2.4                 3.3                  4.4                    5.6

	147                             2.4                 3.3                  4.4                    5.5

	148                             2.4                 3.2                  4.3                    5.4

	149                             2.3                 3.2                  4.3                    5.4

	150                             2.3                 3.2                  4.2                    5.3

	151                             2.3                 3.1                  4.2                    5.2

	152                             2.3                 3.1                  4.1                    5.2

	153                             2.2                 3.0                  4.1                    5.1

	154                             2.2                 3.0                  4.0                    5.1

	155                             2.2                 3.0                  4.0                    5.0

	156                             2.2                 2.9                  4.0                    5.0

	157                             2.1                 2.9                  3.9                    4.9

	158                             2.1                 2.9                  3.9                    4.9

	

	

	

	

	

	

 HR                           100W          150W             200W                250W

	

	160                            2.1                 2.8                    3.8                    4.8

	161                            2.0                 2.8                    3.7                    4.7

	162                            2.0                 2.8                    3.7                    4.6

	163                            2.0                 2.8                    3.7                    4.6

	164                            2.0                 2.7                    3.6                    4.5

	165                            2.0                 2.7                    3.6                    4.5

	166                            1.9                 2.7                    3.6                    4.5

	167                            1.9                 2.6                    3.5                    4.4

	168                            1.9                 2.6                    3.5                    4.4

	169                            1.9                 2.6                    3.5                    4.3

	170                            1.8                 2.6                    3.4                    4.3

	













	Prediction of Maximal Oxygen Uptake in Women:

	HR    50W              100W          150W             200W                250W

	

	120     2.6                  3.4                 4.1                      4.8

	121     2.5                  3.3                 4.0                      4.8

	122     2.5                  3.2                 3.9                      4.7

	123     2.4                  3.1                 3.9                      4.6

	124     2.4                  3.1                 3.8                      4.5

	125     2.3                  3.0                 3.7                      4.4

	126     2.3                  3.0                 3.6                      4.3

	127     2.2                  2.9                 3.5                      4.2

	128     2.2                  2.8                 3.5                      4.2                      4.8

	129     2.2                  2.8                 3.4                      4.1                      4.8

	130     2.1                  2.7                 3.4                      4.0                      4.7

	131     2.1                  2.7                 3.4                      4.0                      4.6

	132     2.0                  2.7                 3.3                      3.9                      4.5

	133     2.0                  2.6                 3.2                      3.8                      4.4

	134     2.0                  2.6                 3.2                      3.8                      4.4

	135     2.0                  2.6                 3.1                      3.7                      4.3

	

	




	HR   50W              100W          150W             200W                250W

	  

	137     1.9                  2.5                 3.0                      3.6                      4.2

	138     1.8                  2.4                 3.0                      3.5                      4.1

	139     1.8                  2.4                 2.9                      3.5                      4.0

	140     1.8                  2.4                 2.8                      3.4                      4.0

	141     1.8                  2.3                 2.8                      3.4                      3.9

	142     1.7                  2.3                 2.8                      3.3                      3.9

	143     1.7                  2.2                 2.7                      3.3                      3.8

	144     1.7                  2.2                 2.7                      3.2                      3.8

	145     1.6                  2.2                 2.7                      3.2                      3.7

	146     1.6                  2.2                 2.6                      3.2                      3.7

	147     1.6                  2.1                 2.6                      3.1                      3.6

	148     1.6                  2.1                 2.6                      3.1                      3.6

	149                            2.1                 2.6                      3.0                      3.5

	150                            2.0                 2.5                      3.0                      3.5

	151                            2.0                 2.5                      3.0                      3.4

	152                            2.0                 2.5                      2.9                      3.4

	153                            2.0                 2.4                      2.9                      3.3

	154                            2.0                 2.4                      2.8                      3.3

	155                            1.9                 2.4                      2.8                      3.2

	156                            1.9                 2.3                      2.8                      3.2

	157                            1.9                 2.3                      2.7                      3.2

	158                            1.8                 2.3                      2.7                      3.1

	159                            1.8                 2.2                      2.7                      3.1

	160                            1.8                 2.2                      2.6                      3.0

	161                            1.8                 2.2                      2.6                       3.0

	162                            1.8                2.2                         2.6                    3.0

	163                            1.7                2.2                         2.6                    2.9

	164                            1.7                2.1                         2.5                    2.9

	165                            1.7                2.1                         2.5                    2.9

	166                            1.7                2.1                         2.5                    2.8

	167                            1.6                2.1                         2.4                    2.8

	168                            1.6                2.0                         2.4                    2.8

	169                            1.6                2.0                         2.4                    2.8

	170                            1.6                2.0                         2.4                    2.7



The above tables are adapted from:
Astrand, P.O. (1960). Aerobic work capacity in men and women with special references to age. Acta. Physiol. Scand. 49(suppl. 169): 45-60.

· Record the determined VO2MAX score from the above tables:

VO2MAX =              L·min-1





· An age correction must be applied to the value you get from the above tables using the following:

                              Age      Factor
                               15       1.10
                               25       1.00
                               35       0.87
                               40       0.83
                               45       0.78
                               50       0.75
                               55       0.71
                               60       0.68
                               65       0.65

· Age Correction Factor =

· Multiply the VO2MAX result by the age correction factor to obtain the true predicted VO2MAX:


· Age corrected VO2MAX =                L·min-
· Divide the VO2max score by bodyweight to find relative VO2max

VO2max =              ml/O2/kg/min





