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Laboratory Session 1: Steady State and Non-Steady State
Background

Although there has been a wealth of research on the lactate (LT) or ventilation threshold (VT), with evidence for how the intensity at these thresholds corresponds to maximal steady state, or a race pace, such interpretations are not correct.  Research done on trained endurance athletes clearly shows that the exercise intensities at the LT or VT grossly under estimate the true maximal steady intensity.  For example, work in our lab shows that for cyclists, the true maximal steady state can be as much as 60 Watts higher than the LT or VT.  The same discrepancy in data also applies to runners, with the difference being in the unit treadmill speed.

If you visited any U.S. Olympic Training Center, or any Australian Sports Institute, you would observe testing to measure the maximal steady state.  This intensity is then used to formulate athlete specific training intensities.  Ironically, maximal steady state testing procedures were first developed by German scientists as early as the 1980’s.  However, maximal steady state testing has only really been adopted in the U.S. since the mid 1990’s.  Why most exercise physiology textbooks still refer to the LT and VT as representing maximal steady is a mystery to me!

Most athlete testing facilities measure the maximal steady state form blood lactate testing.  However, similar, or as I believe, improved accuracy of the measurement, can be made from non-invasive measures such a heart rate and ventilation.

For this lab experience, you will use heart rate responses to exercise conditions (treadmill running) of steady and non-steady state to identify the oxygen deficit, as well as use data processing techniques to objectively determine if steady state was or was not attained.
Procedures

1. Place the heart rate strap on your subject’s chest and make sure you can receive good heart rate signal.

2. Have the subject warm up at a moderate walking pace.

3. You will have to use the protocol development program to see what an estimated steady state VO2 is for a specific treadmill speed (mi/hr).  You will then have to guess what will or will not be a steady state intensity for your subject.  You could have your subject exercise for about 3 min at your selected jogging/running paces and get their RPE.  For RPEs < 15, they are likely to be at steady state, and vice-versa.
4. Once you have established what the two jogging/running paces are, then calibrate the VO2 system and allow your subject to recover from the warm up.

5. Check the data signals with your subject on the treadmill, but standing at rest.

6. If all your data signals look good, have the subject straddle the belt and click “Start” to collect data.  If resting data look good, then after about 1 or 2 min, start the treadill and set the speed to the desired lowest intensity (steady state) value.

7. Use the program clock to time your hand recording of HR every 15 s.
8. Continue with data collection for 5 min.

9. After the 5 min, stop the test and then wait 5 min to start the next intensity.  You do not have to re-calibrate, but remove the mouthpiece to provide some comfort for the subject.  Re-attach the mouthpiece to the subject when ready for the next (non-steady state) intensity.

10. IMPORTANT: Re-enter data values for the subject demographics.  This will re-set the time which is used for the data file name, and therefore your name file name will be different and not over-write your first test data.  You could also give the subject a different name for each trial so you know what data file is what.  For example, FredSS for the steady state trial, and Fred NSS.

11. Repeat steps 5 through 9.

12. You will need to motivate the subject to continue to exercise at non-steady state for 5 min.  If they reach volitional exhaustion before 5 min, that is OK, but call them a “wimp”!

13. Process all data as a 7 breath average in the processing sub-program, and save these processed data files as I have shown you.

14. The example data graph below shows HR obtained from electrocardigraphy integrated to the VO2 system during cycling – this is why there are so many data points.  However, you can see that HR continued to increase during the 240 Watts stage.
15. Note that your data will be different as you will have two different data curves – one each for the two bouts of exercise, and therefore more like the graphs I showed you in lecture.

16. Present VO2, VCO2, VE, and heart rate data graphed against time.

17. Label the oxygen deficit, and also show the data segment used to establish steady vs. non-steady state.

18. For the Discussion, explain what is happening to motor unit recruitment during the non-steady state bout, as well as the contributions from each energy system.  Use past research to show how and comment on how steady state data is used to assess muscle endurance capacity, or perhaps even the extent of detraining in sedentary/diseased individuals.

Example Data
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Figure 1: Sample data where the subject started at a too high intensity, and then cycled at a lower Watts in the second bout.  However, note that heart rate still increased at 240 Watts.
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