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ABSTRACT 

The general problem of this study was to determine if the use 
of hypothermia can conserve and better utilize muscular energy. This 

was determined by collecting data on heart, respiration, and recovery 

rates after two methods of warmup. It was hypothesized that no signi¬ 

ficant difference in human performance would result in comparing the 

effects of the formal warmup with the effects of the cold bath warmup 

on human performance. 

Ten subjects were used, with each participating in each warmup 

procedure only once. Recordings were made on an E&M Physiograph with 

the use of surface electrodes and a telemetry transmitter and receiver. 

The data was processed by a computer and the findings were as 

follows: 

1. Heart rates of the cold bath group "prior" to exercise 

were significantly lower than the formal group. 

2. Heart rates of the cold bath group one minute after exer¬ 

cise were significantly lower than the formal group. 

3. The recovery time of the cold bath group was significantly 

lower than the formal group. 

The conclusions drawn from the study were to reject the null 

hypothesis as a result of the significant differences in heart rates 

and recovery time. It appears that the body can conserve and better 

utilize muscular energy as a result of the cold bath. 



Chapter 1 

INTRODUCTION 

Exercise physiology is a relatively new area in the field of 

physical education. Its scientific procedures and laboratory methods 

will give insight to many perplexing problems in physical education. 

The increased quality of athletic records makes it necessary for more 

intensive training and more sophisticated training methods. With wider 

participation and interest in athletics by all persons, exercise phy¬ 

siology can bring about new knowledge aimed at protecting the partici¬ 

pant and enhancing his enjoyment. 

Problem 

The general problem of this study was to determine if the use 

of hypothermia can conserve and better utilize muscular energy. 

I 

Definitions 

1. Hypothermia - subnormal body temperature 

2. Metabolism - the sum of multiple and complex biochemical 

reactions. The term as used in this study refers to muscle metabolism. 

3. Warmup - a process of physiologically preparing a muscle 

for activity. 

Formal - a warmup that is similar to a specific activity. 

Running will be the warmup for the control group. 
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Shivering - a bodily reaction to cold that causes the 

muscles to produce heat. 

4. Cold bath - immersion in 15.50C to 18.0°C water. 

Delimitations 

This study was delimited to male subjects participating in 

physical education service classes and varsity athletes enrolled at 

Montana State University. 

A cold bath was the mode of application to accomplish the 

desired subnormal temperature of the body. 

The study was further delimited to the physiological aspects 

of muscular exercise. 

Justification of the Study 

Physiology, as related to human performance and athletics, has 

been studied by many competent researchers. Considerable knowledge has 

been obtained in this area, but there has been limited application to¬ 

wards human performance. 

Considerable study has been conducted in the areas of biomechan 

ics and energy expenditure in an effort to improve work performances. 

This has been pointed out by Doherty.^ 

■^J. Kenneth Doherty, Modern Track and Field (Englewood Cliffs: 
Prentice-Hall, Inc., 1963), pp. 47-119. , 
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As the mechanical limits of man are reached, other avenues of 

research must be utilized to enhance performance. It is this writer's 

belief that the employment of applied physiology can be one of these 

other avenues. 

Hypothesis 

It was hypothesized that no significant difference in human per¬ 

formance would result in comparing the effects of the formal type warm¬ 

up with the effects of the cold bath, shivering type warmup on human 

performance. 

i 
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REVIEW OF RELATED LITERATURE 

2 
Falls concluded that lower heart rates before and during exer¬ 

cise following a cold shower are a result of vasoconstriction of peri¬ 

pheral blood vessels causing a redistribution of blood. His study also 

discovered a reduction in recovery time after exercise. 

3 
In Falls textbook of exercise physiology, Adams and lampietro 

have described the human response to cold as being: (1) peripheral 

cutaneous vasoconstriction (which results in an increase in tissue 

insulation), expansion of the shell, and withdrawal of the core; 

(2) increased heat production by shivering; and (3) shunting of venous 

blood in extremeties to deep vessels for countercurrent heat exchange. 

4 
Studies by Lusk have indicated that cold baths caused an in¬ 

crease in heat production by as much as 181 percent of the normal. 

Horvath, Spurr, Hutt, and Hamilton^ discovered that shivering 

is only eleven percent efficient in protecting the body against heat. 

2 
Harold B. Falls, "Circulatory Response to Cold Showers: Effect 

of Varied Time Lapses Before Exercise," Research Quarterly, 40:45-49, 

1969. 

3 
Harold B. Falls, Exercise Physiology (New York and London: 

Academic Press, 1968), pp. 173-193. 

4 
Graham Lusk,"The Influence of Cold Baths on the Glycogen Con¬ 

tent of Man," American Journal of Physiology, XXVI, 1910, pp. 427-437. 

^Steven M. Horvath and others, "Metabolic Cost of Shivering," 
Journal of Applied Physiology (1953), 5:595-620. 
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An increase in oxygen consumption was credited to an increase in carbo¬ 

hydrate metabolism which resulted in an increase in heat production. 

Steinhaus and Wendhut attributed the following changes to the 

cold bath: 

(a) A slowing of the resting rate in reclining and in standing 

position, (b) a reduction of the increase in pulse rate which nor¬ 

mally occurs when a reclining person assumes the standing position, 

also more cases in which the pressure rises on standing. All of 

these changes were observed forty-five minutes after the bath. All 

the observed circulatory changes somewhat shift the burden of main¬ 
taining blood pressure from the heart to other mechanisms. 

A. H. Steinhaus and G. Wendhut, "Pulse Rate, Blood Pressure, 
and Vision After Cold Hip Bath," Journal of Applied Physiology (May, 

1953), pp. 677-682. 
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METHOD AND PROCEDURE 

Subjects 

Six male students from the 1970 physical education service 

classes and four distance runners from the 1970 Varsity track team at 

Montana State University were used as subjects for this study. The 

subjects were randomly selected from the service classes and the track 

team. 

Design 

The study was designed with two groups, the control group and 

the study group. 

The non-variables of both groups were the ten-minute exercise 

period and five-minute recovery period. 

The variable of the study was the warmup procedure for the 

exercise. The control group used a formal warmup (jogging for approxi¬ 

mately one-half mile) with resting for ten minutes before exercising. 

The study group was immersed to the neck in a cold bath for ten minutes 

and then shivered for thirteen minutes before exercising. 

Each subject participated but once in the control and study 

group. The subjects participated in only one group per study session. 

Data Collection 

E&M Physiograph recording instruments were used to measure 

heart and respiration rate. The recording speed was .25 cm/sec for 
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resting heart rates and heart rates prior to exercise. A recording 

speed of 1 cm/sec was used to record heart rates and respiration rates 

during the exercise and recovery period. These recording speeds were 

used to facilitate calculations and accuracy of the rates. The record¬ 

ings were made on physiograph "six" recticurvelinear paper. E&M silver 

disc self-adhering surface electrodes were used. These electrodes are 

enclosed in a soft plastic cover with an attached three-foot lead of 

strong lightweight wire terminating in a standard phone tip plug. The 

electrodes were connected to a "high gain" preamplifier. Ihe pream¬ 

plifier was connected to the physiograph to produce the recordings. 

A telemetry transmitter and receiver were used to record heart 

rates during the jogging and cold bath periods. 

The ten-minute exercise was performed on a Wuinton Model 14-44-A 

treadmill. The exercise rate was four miles per hour with a twenty 

degree grade of elevation. 

A formula for work was used to indicate the energy output of 

the subjects and for comparison with the study results. The formula is: 

W. 
kgm ^kgm <Sm> 

Wkgn, = (Weight °f SubJeCt)kgm 
(Total revelations of belt X 

belt length in meters X tan- 
gient of grade in degree) 

This formula does not give the total work output but gives the work 

output and above what the subject would do on a level surface. 
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The cold bath was taken in a 61 cm x 61 cm x 183 cm tank. The 

water temperature was maintained at 15.5°C to 18.0°C, as indicated by 

a wet bulb thermometer. 

Subjects exercise apparel consisted of cotton trunks, cotton 

socks, and gym shoes. 

A pilot study was conducted to determine the length of the cold 

bath, the length of the shivering time, and the electrode placement for 

recording. The pilot study was also used to determine recording speeds 

and to facilitate the investigator in data collecting techniques. 

Two practice sessions of walking on the treadmill were given 

each subject. This investigator considered that a degree of skill in 

walking on the treadmill was needed to insure proper data. 
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ANALYSIS OF DATA 

The heart rate, respiration rate, and recovery rate were 

tabulated. This data was then processed by a Sigma VII Computer at 

the Montana State University Computing Center to find the mean and 

standard deviation of each group. T-tests were run to determine if 

any significant relationships existed. Relationships were accepted 

or rejected at the .05 level of confidence. 

The measurements taken from each recording are presented in 

the following tables. The heart rate is the number of beats per 

minute. The heart rate was recorded at the resting level, just prior 

to exercise at one, four, six, eight, nine, and ten minutes of exer¬ 

cise and during five minutes of recovery. The respiration rate is 

the number of breaths per minutes. The respiration rate was recorded 

at one, four, six, eight, nine, and ten minutes of exercise. 

Table 1 (page 10) represents the heart rates at different 

periods. Table 2 (page 11) represents the respiration rate at dif¬ 

ferent time periods of exercise. Table 3 (page 12) represents the 

lowest heart rate and the time it occurred during recovery. 
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Table 1 

Heart Rates at Different Periods 

Control Group 

Subject Resting Before 1 4 6 8 9 10 

1 78 120 150 156 150 162 174 156 

2 78 108 144 162 162 168 168 180 

3 96' 120 180 180 192 192 186 192 

4 78 90 156 162 162 180 174 180 

5 90 90 168 174 168 174 174 180 

6 84 108 168 168 174 180 174 192 

7 66 84 126 120 126 132 126 126 

8 60 120 126 120 120 114 114 114 

9 66 78 150 138 138 138 .. 150 144 

10 78 78 150 132 138 144 144 144 

Study Group 

Subject Resting Before 1 4 6 8 9 10 

1 78 60 132 114 114 126 126 138 

2 78 72 114 138 144 150 150 156 

3 90 78 168 186 210 186 198 192 

4 78 90 138 150 150 150 156 150 

5 90 84 144 156 156 162 162 168 

6 84 72 138 144 . 156 168 . 156 162 

7 60 54 108 102 102 108 108 114 

8 66 54 114 108 108 102 114 108 

9 60 54 120 120 120 126 120 126 

10 54 48 126 114 120 132 138 138 
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Table 2 

Respiration Rate at Different Time Periods of Exercise 

Control Group 

Subject 1 4 6 8 9 10 

1 30 36 30 36 36 36 

2 24 42 48 42 48 48 

3 30 42 42 54 48 48 

4 36 30 42 36 42 42 

5 36 36 42 42 42 42 

6 34 30 36 30 30 36 

7 24 24 24 24 24 24 

8 30 30 30 30 36 30 

9 36 36 36 36 36 36 

10 30 30 36 36 36 36 

Study Group 

Subject 1 4 6 8 9 10 

1 24 30 24 30 30 36 

2 24 54 42 42 60 48 

3 30 42 48 48 48 60 

4 30 30 42 36 36 36 

5 36 30 30 30 30 36 

6 24 30 24 30 38 30 

7 24 18 18 18 18 24 

8 24 24 24 30 30 24 

9 24 24 30 36 36 36 

10 30 30 36 36 36 36 
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Table 3 

Lowest Heart Rate and Time It Occurred During Recovery 

Subject 

Control group Study group 

H.R. Time/Min H.R. Time/Min 

1 96 5:00 60 1:00 

2 90 5:00 72 1:40 

3 114 5:00 102 5:00 

4 96 5:00 84 3:50 

5 108 5:00 90 3:50 

6 108 5:00 90 5:00 

7 66 2:40 60 1:30 

8 60 3:20 66 0:40 

9 66 . 2:30 54 0:50 

10 78 1:50 54 1:10 

H.R. + Heart Rate/minute 
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Figures 1 and 2 are examples of the recordings. 

rr n t in i i n i t r t i n i i 

Figure 1 

Heart Rate 

n TTITI J t I n rTTTTTTTl 

Figure 2 

Respiration Rate 
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Illustration 1 is 
a front view showing 
the six lead for 
heart rate 

Illustration 2 is 
a front view showing 
the lead 11 for 
recording heart 
and respiration 
rate. 
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Illustration 3 is a 
lateral view of a 
subject during his 
exercise on the 
treadmill 

Table 4 presents the means and standard deviations of the heart 

rate at different time periods in the study. The table T was 2.101, 

any computed T which is greater than this represents a significant dif¬ 

ference between the designated variables at the .05 level of confidence. 

Table 5 presents the means and standard deviations of the res¬ 

piration rate at different time intervals during the exercise period. 

The table T was 2.101, any computed T which is greater than this repre¬ 

sents a significant difference between the designated variables at 

the .05 level of confidence. 

Table 4 presents a comparison of the heart rates at different 

time intervals in the study. Note that the heart rate of the study 
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group just prior to exercise is significantly lower than that of the 

control group. Note also that the heart rate of the study group after 

one minute of exercise is significantly lower than that of the control 

group. And finally, the recovery time of the study group is signifi¬ 

cantly less than that of the control group. 

Table 4 

Means and Standard Deviations for Heart Rate 

Heart rate 

Control group Study group 

T-tests N Mean S.D. N Mean S.D. 

Prior to Exer 10 99.6 16.58 10 66.6 13.80 4.837 * 

One minute 10 151.8 16.55 10 130.2 16.98 2.880 * 

Four minutes 10 151.2 20.92 10 133.2 24.99 1.746 

Six minutes 10 153.0 21.50 10 138.0 30.71 1.265 

Eight minutes 10 158.4 23.88 10 141.0 25.49 1.575 

Nine minutes 10 158.4 22.64 10 142.8 25.85 1.435 

Ten minutes 10 160.8 26.54 10 145.2 24.42 1.368 

Recovery 10 88.2 18.60 10 73.2 16.28 1.919 

Recovery time 10 3.94 1.35.3 10 2.27 1.710 2.422* 

* Notes significance beyond the .05 level of significance - table T 2.101 

Table 5 presents a comparison of the respiration rates at 

different time intervals during the exercise period. 
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Table 5 

Means and Standard Deviations for Respiration 
Rate during Exercise 

Respiration 
rate 

N Mean S.D. N Mean S.D. T-tests 

One minute 10 30.0 4.947 10 27.0 4.025 1.543 

Four minutes 10 33.6 5.499 10 31.2 9.600 0.686 

Six minutes 10 36.6 6.814 10 31.8 9.314 1.330 

Eight minutes 10 36.6 7.800 10 33.6 7.684 0.866 

Nine minutes 10 37.8 7.125 10 36.2 10.749 0.392 

Ten minutes 10 37.8 7.125 10 36.6 10.200 0.305 

* Notes significance beyond the .05 level of significance - table T 2.101 
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SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

Summary 

This study was.conducted to compare the effects of two differ¬ 

ent warmup procedures on human performance. Heart rate, respiration 

rate, and recovery time were compared to indicate any significant dif¬ 

ferences between the two groups. Data was collected from heart rates 

just prior to exercise from heart and respiration rates during one, 

four, six, eight, nine, and ten minutes of exercise, and from five 

minutes of recovery. The findings were as follows: 

1. Heart rates of the study group were significantly lower 

than those of the control group. 

2. Heart rates of the study group were significantly lower 

after one minute of exercise than those of the control group. 

3. Recovery time of the study group was significantly less 

than that of the control group. 

4. There were no significant differences at the four, six, 

eight, nine, and ten minute exercise periods. 

5. There was no significant difference between the respiration 

rates. 

Conclusions 

1. Since the computed T value between the "prior to exercise" 

heart rates was 4.837 and the table T is 2.101, the null hypothesis 
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that there was no significant difference between the two groups is 

rejected. 

2. Since the computed T value between the "one minute after 

exercise" heart rates was 2.880 and the table T is 2.101, the null 

hypothesis that there is no significant difference between the two 

groups is rejected. 

3. Since the computed T value between the recovery time after 

exercise is 2.422 and the table T is 2.101, the null hypothesis that 

there was no significant difference between the two groups is rejected. 

4. It appears that the body can conserve and better utilize 

muscular energy as a result of the cold bath. The indicated lower 

heart rates and faster recovery time would appear to make the above 

statement true. 

Recommendations 

It is recommended that a gas analysis and 0^ consumption study 

be conducted in conjunction with future studies to verify the better 

utilization of energy. 

Due to the 4.2 miles per hour limitation of the treadmill used, 

it is recommended that the study be conducted on a treadmill with a 

higher rate of speed. 

Rectal temperatures should be taken to give a truer indication 

of core temperature. 
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