
PHE 405--PHYSIOLOGY OF EXERCISE & FITNESSPRIVATE 


BIOTELEMETRY

MATERIALS AND EQUIPMENT

Biotelemetry transmitter/receiver or heart rate monitor that records HR for later playback



Stopwatch


Equipment required for activity utilized


INTRODUCTION

The word "biotelemetry" comes from "bio" meaning living, "tele" meaning from afar, and "meter" meaning to measure, thus biotelemetry is the measurement of biological responses from a distance.  The most commonly measured parameter in telemetry is heart rate, since several other variables can be inferred if heart rate is known.


Heart rate responds to increasing work loads in a linear (straight line) fashion, thus heart rate is an indirect indicator of the work load.  Heart rate is also intricately associated with oxygen uptake, which is in turn closely related to caloric expenditure.  By knowing the average or “steady state” heart rate during an activity, it is possible, with certain basic knowledge about the subject, to indirectly calculate the oxygen uptake and caloric cost.

METHODS

The following methods will be used in this experiment.


1.
SUBJECT SELECTION.  A subject will be selected that is in good physical condition and free from minor illness and injury.  The subject should be selected prior to the day of the experiment so that he/she may report to the laboratory in clothing suitable for the selected activity.   


2.
PREPARATION OF SUBJECT.  While it is possible to use a biotelemetry apparatus that can transmit data hundreds of yards, it often is not important to know the heart rate instantaneously during the actual activity. As a result, less expensive heart rate monitors that record heart rate internally for later retrieval can serve the function of biotelemetry devices. In order to facilitate the recording of data for this experiment a special type of heart rate monitor manufactured by the Polar Company will be used.  The subject will wear a small transmitter which attaches using a chest strap or with EKG electrodes adhered to the chest.  This device transmits an EKG‑like signal that is received by a wrist watch worn by the subject which quantifies the signal as heart rate and records this information according to a predetermined schedule (we will use a one minute timing interval, i.e., one heart rate recording per minute).  While it may be interesting to know the heart rate at every moment during an exercise period, this information is more difficult to obtain, thus we will settle for having an accurate minute by minute record available following the exercise, as well as occasional indications of actual heart rate during the activity by asking the subject to report the visual heart rate indicated on the face of the wrist watch device.  




If EKG electrodes are used in place of the chest strap the electrodes for the transmitter unit will be affixed to the subject in a horizontal position at the level of the xiphoid process of the sternum.  The proper spacing between the electrodes will be established by applying the electrodes while they are attached to the transmitter.




The receiver unit (wrist watch) may be programmed to record heart rate once per minute or four times per minute, along with the time, either in hours, minutes, and seconds or in elapsed time since the beginning of the experiment.  Heart rates will be reported once per minute on the data sheet to make plotting the data on a Microsoft Office graph easy. The recording of heart rate will commence just prior to the exercise session.  

 
3.
EXERCISE MEASUREMENTS.  The subject will participate in the chosen activity (such as racquetball), while recordings are automatically recorded by the receiver unit.  A written record will be made as the activity progresses to track the time, activity (e.g., rest, exercise, recovery), and other pertinent information (such as the score of the game, especially long or hard points, etc.).  The heart rates will be filled in following the data collection interval by consulting the internal stored record of the receiver unit.  By using a computer interface which ties the receiver unit to an IBM computer and printer, a table of heart rates and a graph of time versus heart rate may be obtained or the heart rate data can be manually transferred to paper by reading the values directly from the watch.

CALCULATIONS



The following basic information about the subject will be measured or inferred from available knowledge:





Weight (in kilograms)





Maximal oxygen uptake (in ml/kg/min, perhaps estimated from previous fitness tests, if available)





Resting heart rate (basal, not necessarily what is recorded prior to activity)





Maximal heart rate (predicted or measured, not necessarily the highest value obtained during activity)

1.

Calculate the maximal oxygen uptake in liters per minute:





Wt.  (kg)  X  Max VO2  (ml/kg/min)  /  1000  =  Max VO2  (l/min)





EXAMPLE:  70 kg  X  50 ml/kg/min  /  1000  =  3.5 l/min

2.

Calculate the maximal heart rate range:  





HRmax  ‑  HRrest  =  Max HR Range        EXAMPLE:  200  ‑  70   =   130 bpm

3.

Calculate the average heart rate during the period of activity using the exercise record.  This may be accomplished in several ways, but one easy way is to take all the heart rate counts during an interval and average them.  If the measurement interval includes an "adaptation" period while the heart rate is on the rise, then average only those heart rates obtained once the heart rate reached the plateau or "steady state."  However, you should count the time during adaptation as part of the total.





EXAMPLE:  During a 10‑minute‑long game of racquetball the following heart rates are obtained (one for each minute):  112  133  141  148  147  150  145  155  152  150.  Since the first three heart rates are "on the rise," they should be omitted from the calculation of "average heart rate."  The remaining seven heart rates (148 on) should be averaged (1047 / 7 = 150, rounded to the whole beat) and this average used to represent the "work load" during the entire 10 minutes.  With real data the trend of heart rate may not be as obvious as in this example, thus some judgment on the part of the person doing the calculations is warranted. Not everyone will decide exactly the same way, but whatever is done should be defensible.

4.

Calculate the percentage of Maximal HR Range represented by the average heart rate:




HRAVE   ‑   HRREST   =   Average HR Elevation      EXAMPLE:  150   ‑   70   =  80 bpm




   Average HR Elevation    X   100   =   % of Maximal HR Range   EX:  80 / 130  X  100  =  62%




MAX HR Range
5.

Calculate the average oxygen uptake during the activity period:





% of Maximal HR Range   X   Max Vo2  (l/min)   =   Average Vo2  (l/min)





EXAMPLE:     62%    X    3.5 l/min    =    2.2 l/min 

6.
Calculate the energy expenditure per minute:





Average Vo2  (l/min)   X   5 Calories/Liter of O2   =   Calories/Min





EXAMPLE:    2.2 l/min    X    5 Calories/Liter   =   11  Calories /Min

7.
Calculate the total calories expended during the exercise:





Calories/Min   X   Minutes of Exercise   =   Total Calories Expended





EXAMPLE:    11 Calories/Min    X    12 Min    =    132 Calories Total



NOTE:  If the total minutes of data collection is divided into two or more periods of activity (games) with an intervening recovery period, then you will have to calculate the caloric expenditure for each activity period separately using the above method for each period.  The total energy expenditure during the laboratory activity will then be the total for all sub‑periods (e.g., the total for three separate games).

ANALYSIS OF DATA  



See the paper entitled “Biotelemetry Report Form” for directions on writing up the laboratory report.
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