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ABSTRACT 

The purpose of this research was to compare average 

heart rate, net oxygen cost, and total caloric expenditure 

of walking with and without ski poles designed for use while 

walking at speeds of 3 mph and 4 mph. Ten female volunteers 

participated in a total of five testing sessions. The 

purpose of the first session was to familiarize the subjects 

with the testing procedure. In the remaining four sessions 

the subjects were required to walk for 30 minutes on the 

treadmill at the randomly assigned treatment (3 mph no 

poles, 3 mph poles, 4 mph no poles, and 4 mph poles). The 

results of three separate 2 (speed) x 2 (poles) repeated 

measure analyses of variance indicated significant increases 

for speeds (3 mph was lower than 4 mph) and for poles (no 

poles was lower than poles) on three dependent variables, 

average heart rate, net oxygen cost, and total caloric 

expenditure. It was concluded that an increase in 

physiological demands could be attained by increasing the 

speed of walking or by adding an upper body resistance while 

walking,such as walking with the poles. 
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CHAPTER I 

INTRODUCTION 

The American society is obsessed with fitness and 

especially with weight loss. The fitness industry is a "big 

business" industry, and new products are being marketed on 

an almost daily basis. Fitness magazines offer new methods 

of training and new equipment with each published issue. 

One of the most popular fitness programs for beginning 

training is walking. Walking is a good form of low to 

moderate intensity exercise which is good for individuals 

with low aerobic fitness, but as the fitness level increases 

it is increasingly difficult to reach the intensities 

necessary to continue to make improvements to the aerobic 

capacity. 

In an article by Therese Iknoian (1992), it was 

suggested that the addition of ski poles could increase the 

energy requirements of a training program utilizing walking, 

thus increasing the intensity level. The concept of walking 

with ski poles is b~sed on the assumption that walking with 

the ski poles would simulate the action found in cross

country skiing which is considered to be one of the most 

energy demanding forms of exercise. 

Iknoian stated that research performed at the 

University of Wisconsin-Madison (Robaidek, 1989) found the 

caloric expenditure of walking increased by 22% when walking 

at a speed of 4 mile per hour with the poles. Several 
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companies are manufacturing poles especially designed for 

use while walking. In the brochure for Exerstrider (a 

manufacturer of poles designed for walking) (Rutlin, 1991), 

it was claimed that while walking with their poles, 20 to 50 

percent more calories are burned over walking alone. These 

claims seem high when compared to the 16.2% increase found 

by Abadie (1990), while walking at 3 miles per hour with a 3 

pound weight in each hand, and to the 14.3% increase in 

energy cost of walking with 3.8 pound weights, and to the 

exaggerated arm movements found by Graves and associates 

(Graves et al., 1988). 

Little research has been performed on the effects of 

walking with poles, but much work has been performed on 

walking and running with hand-held weights. Most of the 

research which found increases in metabolic costs of walking 

with hand-held weights used testing sessions of four to 

eight minutes in length (Borysyk et al., 1986; Graves et 

al., 1987; Maud, Stokes, & Stokes, 1986). When researchers 

(Makalous, Araujo, & Thomas, 1988) extended the testing 

session to 30 minutes, there was not a significant increase 

found in fat energy expenditure. The research performed by 

Robaidek (1989) utilized testing session lengths of five 

minutes. If the testing session is extended to thirty 

minutes, will the results indicate an increase similar to 

Robaidek's research or to the results of Makalous, Araujo, 

and Thomas (1988)? 
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Purpose 

The purpose of this research was to compare the heart 

rate, net oxygen cost, and caloric cost between walking at 3 

and 4 miles per hour and walking with poles and without 

poles during a 30 minute exercise session. 

Hypotheses 

The following null hypotheses were tested: 

1. The average heart rate will not be significantly 

different between walking at 3 miles per hour and 

walking at 4 miles per hour for an exercise session of 

30 minutes in length. 

2. The average heart rate will not be significantly 

different between walking without poles and walking with 

poles for an exercise session of 30 minutes in length. 

3. The net oxygen cost will not be significantly different 

between walking at 3 miles per hour and walking at 4 

miles per hour for an exercise session of 30 minutes in 

length. 

4. The net oxygen cost will not be significantly different 

between walking without poles and walking with poles for 

an exercise session of 30 minutes in length. 

5. The total caloric expenditure will not be significantly 

different between walking at 3 miles per hour and 

walking at 4 miles per hour for an exercise session of 

30 minutes in length. 
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6. The total caloric expenditure will not be significantly 

different between walking without poles and walking with 

poles for an exercise session of 30 minutes in length. 

Limitations 

The dimensions of the treadmill belt was found to be a 

limitation of this study. The width of the belt did not 

allow most subjects to place the poles in a normal position 

since the poles had to be placed on the belt to simulate 

walking on land. Three of the subjects were unable to apply 

pressure to the grip of the pole throughout the full range 

of motion due to the fact that the length of the belt was 

too short. 
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CHAPTER II 

REVIEW OF LITERATURE 

Robaidek (1989) conducted research on pole walking. In 

his research, the ten male subjects walked with and without 

poles at 80.5, 107.3, and 134.1 meters per minute for a 

period of 5 minutes. There was found to be a 33%, 21%, and 

19% increase in oxygen consumption of pole walking over 

walking without poles at 80.5, 107.3, and 134.1 meters per 

minute, respectively. These values were higher than earlier 

research which showed 16.2% (Abadie, 1990) and 14.3% (Graves 

et al., 1988) increases found while walking with hand held 

weights. The results of the heart rate and oxygen 

consumption data indicated that the pressor reflex was not 

activated as found in some research utilizing hand-held 

weights. It was suggested that walking with poles could 

increase the intensity of a walking program without 

increasing the walking speed. This would make walking with 

poles a sufficient activity for individuals with relatively 

high aerobic capacity. 

The results of research performed by Millerhagen, 

Kelly, and Murphy (1983) would appear to contradict the 

results found by Robaidek. While studying arm and leg 

movements utilized in cross-country skiing, these researcher 

found that maximal oxygen consumption daring leg exercises 

and combined arm and leg exercise were not significantly 
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different. When submaximal work loads were used, the oxygen 

consumption was found to be less in the combined exercise 

than the leg exercise. Energy cost was found to be greater 

with the leg exercise than the combined arm and leg exercise 

suggesting that the combined exercise was more economical. 

Increases in heart rate or oxygen consumption were not 

found while walking for 5 minutes at speeds of 4.8 kmjhr and 

6.4 kmjhr while carrying hand-held weights (O kg, 0.45 kg, 

1.36 kg, and 2.27 kg per hand) (Owens, Al-Ahmed, & Moffatt, 

1989). The conclusion reached by these researchers was that 

increasing speed is more effective in increasing oxygen 

consumption than holding weights while walking. Similar 

conclusions were reached in a study by Bhambhani, Gomes, and 

Wheeler (1990), in which the subjects walked with ankle 

weights. 

Francis and Hoobler (1986) found that while walking at 

4.8 kmjhr and 5.6 kmjhr there was not a significant 

difference in oxygen consumption while carrying o kg, 0.91 

kg, and 1.81 kg per hand. These researchers suggested that 

carrying extra loads while exercising may place additional 

stress on the lower extremities and increase the risk of 

injuries. Rutlin (1991) suggested that the supporting 

nature of the upper body in Exerstriding will decrease the 

risk of injuries. 

on the other hand, Graves, Pollock, and Montain (1986) 

found significant increases in heart rate and oxygen 
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consumption while carrying a 3-pound hand-held weight per 

hand at submaximal workloads. These researchers also found 

a significant increase in blood pressure. The suggestion 

was that walking with hand-held weights is a sufficient form 

of exercise for individuals with limitations on their 

walking speed. It was concluded that due to the significant 

increase in blood pressure response, walking with hand-held 

weights should not be performed by individuals with 

hypertension or left ventricular dysfunction. Significant 

increases in metabolic cost and diastolic blood pressure 

were also found in subsequent research at a submaximal and 

maximal level while carrying 3 pound weights in each hand 

(Graves et al., 1988; Graves et al., 1987). 

Auble, Schwartz, and Robertson (1987) found a 2.1 to 

25.5 mljkgjmin increase in pumping weights while walking 

over normal walking. Pumping required that the arms and 

weights were moved through a larger than normal range of 

motion (150° to 180° arc) than that found in normal walking 

or walking in which the weights are simply held. Pumping 

increased the metabolic requirements by increasing the 

muscle mass involved while walking. This movement would 

more closely resemble the movement of pole walking than 

walking while simply carrying hand-held weights. Pumping 

with no weight was found to increase the energy expenditure 

by 2.1 mljkgjmin. The proportional increase in oxygen 

consumption and heart rate indicated the pressor reflex was 
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not activated. It was concluded that the aerobic stimulus 

provided by pumping hand-held weight through a full range of 

motion is sufficient to increase the aerobic fitness in an 

individual of any fitness level. 

Abadie (1990) compared the effects of walking with no 

weights, wrist weights, and hand-held weights and found a 

significant increase of the energy requirements of the hand

held weights by approximately one MET. Heart rate and blood 

pressure (diastolic and systolic) were significantly higher 

with hand-held weights than wrist weights and no weight. It 

was suggested that the increase in diastolic blood pressure 

may be due to the pressor reflex as a result of the 

isometric contraction necessary to hold the weights. 

Zarandona and associates (Zarandona et al., 1986) found 

oxygen consumption to be significantly higher while walking 

for 4 minutes carrying a 5 pound weight per hand than 

carrying no weight or a 1 pound weight in each hand. These 

researchers found that blood pressure and heart rate 

increased disproportionately to oxygen consumption. There 

was also a greater increase in the perceived exertion 

rating. These increases were considered to be undesirable, 

because there was an increased stress load being placed on 

the circulatory system without a subsequent increase in 

aerobic conditioning. 

Maud, stokes, and Stokes (1986) found that an 

exaggerated arm swing would significantly increase oxygen 
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consumption when carrying no weight and a 3-pound weight per 

hand over a normal arm swing. It was concluded that to 

significantly increase the energy cost of walking a minimum 

of three pounds must be carried and the arms must be swung 

vigorously. The metabolic cost of walking (no weight) at 

2.0, 3.0, and 3.5 miles per hour was only slightly increased 

while carrying 1 and 3 pound weights per hand for 5 minutes 

in research on cardiac patients (Borysyk et al., 1986). The 

exaggerated arm swing could possibly be the source of the 

reported increase in these studies as well as in Robaidek's 

research on walking with poles. 

Claremont and Hall (1986) conducted research on the 

caloric cost of walking for 30 minutes carrying a 2-pound 

weight. A biomechanical analysis revealed that the 

efficiency of walking is probably reduced due to 

biomechanical adaptations to the increase in weight. Only a 

slight metabolic cost increase was found. It was concluded 

that the reports of increased energy expenditures during 

weighted walking or running appeared to be exaggerated. 

The effects of walking for 30 minutes, at 3.4 miles per 

hour, with a one-pound weight in each hand or with no 

additional weight, was the focus of Makalous, Araujo, and 

Thomas (1988) using obese subjects. Heart rate and oxygen 

consumption were significantly higher while walking with 

hand-held weights, but the rate of fat energy expenditure 

was not significantly different. The total kilocalories 
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expended over the entire 30-minute exercise period was only 

12 more for the handweight treatment over normal walking. 

The research on walking with hand-held weights are 

inconsistent in the amount of energy expenditure especially 

when the testing sessions range are increased from 5 to 30 

minutes in length. It would seem logical that some of the 

same discrepancies could appear in future research on the 

use of hand-held poles while walking. The recommended 

length of a training session to increase the aerobic fitness 

is 20 to 60 minutes (ASCM, 1990); therefore, it would be 

more applicable to determine if the significant difference 

in metabolic cost of walking with poles and walking without 

poles might be found if the testing session was extended to 

30 minutes. 
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Subjects 

CHAPTER III 

METHODOLOGY 

Sixteen female volunteers were recruited from 

undergraduate exercise and sport sciences majors enrolled in 

the Fall Semester of 1992 at Texas Tech University. Average 

physical characteristics of the subjects are given in Table 

1 (page 14). The subjects were asked to sign an informed 

consent form (Appendix A) prior to participation in the 

study. The subjects also completed the Physical Activity 

Readiness Questionnaire (Appendix B). If the subject 

answered yes to any of the questions on the questionnaire 

they were excluded from the study. 

Eguipment 

The subject's heart rate was monitored by a Cardia-Tach 

Series 4600 Pulse Rate Monitor (Applied Sciences 

Laboratories, Waltham, MA). The measurement was taken from 

the digital display at the end of each minute and the heart 

rate data was averaged to obtain the average heart rate for 

the thirty minute period. 

The walking was performed on a Model Q55 treadmill 

(Quinton Instruments Co., Seattle, WA). The dimensions of 

the belt were 143.5 em in length and 50.8 em in width. 
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Expired gases were measured and analyzed by a Beckman 

MMC Horizon System Metabolic Measurement Cart (Beckman 

Instruments, Anaheim, CA). Calibration was performed using 

known gases prior to each testing session. A printout was 

generated by the Beckman from which the average expired 

oxygen and average respiratory exchange ratio (RER) data was 

obtained every minute. The headgear utilized in the study 

was a low-resistance, 100 ml dead space Hans Rudolph two-way 

breathing valve. 

Resting oxygen consumption was measured five minutes 

prior to the testing session while each person was in a 

standing position. Total resting oxygen cost for the 

thirty-minute period was found by multiplying the total time 

by the average per minute resting oxygen cost found prior to 

the exercise period. Total oxygen cost was found by summing 

the average liter oxygen cost for each minute recorded on 

the Beckman printout. Net oxygen cost was found by 

subtracting the total resting oxygen cost from the total 

oxygen cost for the thirty minute period. 

Total caloric expenditure was calculated by multiplying 

the appropriate kilocalorie value per liter of oxygen for 

each minute by the corresponding RER value (Appendix C). 

These products were then summed for the 30 minute exercise 

bout. The RER and liters of oxygen values were obtained 

from the Beckman printout. 
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The poles utilized for this research were ski poles 

designed for walking (Exerstrider Products Inc., Madison, 

WI). The weight of each pole was 0.34 kg. 

Testing Procedures 

The subjects were required to attend a total of five 

one-hour testing sessions. The first session was a 

familiarization session. The following measurements were 

taken during this session: weight, height, and percent body 

fat found by the sum of three skinfolds (Appendix D). The 

remainder of the first session was used to accustom the 

subjects with the testing protocol, treadmill, poles, and 

headgear that was to be utilized in the remaining four 

sessions. 

In the remaining four sessions, the subjects performed 

the following tests in a randomly assigned order: walking 

at 3 mph without poles, walking at 4 mph without poles, 

walking at 3 mph with poles, and walking at 4 mph with 

poles. All walking was performed at a zero percent grade. 

In each of these sessions, the electrodes were placed on the 

subjects (one on the sternum and one at the left V5 position 

and one at the right V5 position) for the purpose of 

monitoring the heart rate. The Hans Rudolph two-way 

breathing valve and headgear were positioned, the nose clip 

placed on the subject, and the subject was connected to the 

Beckman. Average resting oxygen cost per minute was 

13 



obtained with the subjects standing on the treadmill for a 

period of 5 minutes. The subject performed a 5 minute warm

up by walking at 2 mph without any poles. After the warm

up, the subject performed the assigned test for 30 minutes. 

At the end of the test, the subjects performed a 5-minute 

cooling down period walking without poles at 2 mph. Each of 

the test sessions was separated by a 24-hour period. 

Pilot study 

A pilot study with one subject was performed prior to 

the actual study. All five testing sessions were performed 

to secure testing protocol and standardize equipment 

placement and procedures. 

Table 1. Physical characteristics of the subjects (N=16). 

Characteristic 

% Body Fat 
Weight (kg) 
Height (em) 
Age (yrs) 

Mean 

25.83 
63.50 

166.33 
23.94 

Standard 
Deviation 

14 

4.28 
12.31 

4.75 
7.14 

Range 

17.62-33.55 
50.01-90.27 

159.39-175.26 
20-51 



CHAPTER IV 

STATISTICS AND RESULTS 

Statistical Analysis 

Three separate 2 (speed) x 2 (poles) repeated measures 

analysis of variance procedures were performed to determine 

any statistically significant values for the dependent 

variables, heart rate, net oxygen cost, and total caloric 

expenditure between the treatments. The significance level 

was preset at p<O.OS. 

Results 

The results of the statistical procedure performed on 

average heart rate indicated that walking at 3 mph was 

significantly lower than walking at 4 mph (F=123.12, 

p=O.OOOl). The average heart rate was significantly lower 

while walking without poles compared to walking with poles 

(F=16.57, p=O.OOl). No significant interaction was found 

between speed and poles for the average heart rate. The 

means are listed in Table 2. 

The net oxygen cost was shown to be significantly lower 

while walking at 3 mph opposed to 4 mph (F=206.82, 

p=O.OOOl). It was also shown to be significantly lower 

while walking without the poles compared to walking with the 

poles (F=67.35, p=O.OOOl). No significant interaction was 
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found for net oxygen cost between speeds and poles. The 

means are listed in Table 3. 

The analysis revealed that the total caloric 

expenditure was significantly lower at 3 mph than at 4 mph 

(F=176.89, p=0.0001). The total caloric expenditure was 

significantly lower for walking without poles than walking 

with poles (F=48.59, p=0.0001). No significance was found 

for the interaction between speeds and poles for the total 

caloric expenditure variable. Table 4 lists these results. 

Table 5 contains the percent of increase of each 

variable from walking without poles to walking with poles. 

The means for each variable by test condition are listed in 

Table 6. 

Table 2. Mean and standard deviations for average heart 
rate (N=16). 

Standard Significance 
Mean Deviation F Ratio Level of F 

3 mph 107.9 14.4 123.12 0.0001 
4 mph 128.8 12.8 

No Poles 115.1 17.4 16.57 0.001 
Poles 121.5 16.3 
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Table 3. Mean and standard deviations for net oxygen cost 
(N=16). 

Standard Significance 
Mean Deviation F Ratio Level of F 

3 mph 14.625 3.102 206.82 0.0001 
4 mph 24.880 5.256 

No Poles 18.004 6.539 67.35 0.0001 
Poles 21.500 6.401 

Table 4. Mean and standard deviations for total caloric 
expenditure (N=16). 

standard Significance 
Mean Deviation F Ratio Level of F 

3 mph 110.339 18.161 176.89 0.0001 
4 mph 161.407 32.043 

No Poles 127.568 35.767 48.59 0.0001 
Poles 144.178 35.261 

Table 5. Percent increase from no poles to poles at each 
speed for each variable. 

Average heart rate 
Net oxygen cost 
Total caloric expenditure 

3 mph 

6.5% 
26.2% 
14.2% 

17 

4 mph 

4.7% 
15.6% 
12.2% 



Table 6. Mean and standard deviations for each variable 
according to the test condition. 

Average Net Total 
Heart Oxygen Caloric 
Rate Cost Expenditure 

3 mph No Poles 
Mean 104.5 12.931 103.022 
Std. Dev. 14.3 2.776 15.470 

3 mph Poles 
Mean 111.3 16.318 117.656 
Std. Dev. 13.6 2.408 17.699 

4 mph No Poles 
Mean 125.8 23.078 152.114 
Std. Dev. 13.0 5.131 33.379 

4 mph Poles 
Mean 131.7 26.682 170.700 
Std. Dev. 11.7 4.737 27.687 
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CHAPTER V 

DISCUSSION AND CONCLUSIONS 

Total Caloric Expenditure 

The results of this study indicated that walking with 

poles or increasing the speed of walking does increase the 

physiological demands. The results of work done by 

Makalous, Araujo, and Thomas (1988) indicated a 12 kcal 

increase in caloric expenditure when walking with hand-held 

weights (1 lb. per hand) at 3.4 mph for a period of 30 

minutes over normal walking. The results of the present 

study are slightly higher (14.6 kcal at 3 mph and 18.6 kcal 

at 4 mph). The difference in the two studies could very 

well be the conditioning level of the subjects. The 

subjects in the present study were all fairly active, 

whereas the subjects in Makalous and colleagues' study were 

sedentary and obese. 

The results of the present study do not support the 20 

to 50 percent increase in caloric expenditure that is 

claimed by the manufacturer of the poles. The increase in 

caloric expenditure by walking with the poles over walking 

alone was found to be 10 to 20 percent. There were 

limitations and conditions that may have led to a lower 

caloric expenditure value. The pole walking experience 

level (beginners) of the subjects may have prevented them 

from achieving the maximum benefits that are obtainable with 
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a higher level of experience. Approximately half of the 

subjects were not accustomed to walking on a treadmill. 

Even though the subjects were allowed to become familiar 

with the poles and the treadmill in the first session, this 

may not have been a sufficient amount of time to acquire the 

desired skill level. 

The equipment also could have limited the achievement 

of maximal performance during the testing. The headgear 

utilized to collect the expired gases creates less than 

optimum conditions to maintain balance and to concentrate on 

the placement of the poles and the pressure applied to the 

handles of the poles. The wires leading from the electrodes 

to the Cardia-Tach became entangled with the poles at times, 

even though precautions were made to limit the interference 

of the wires during every testing session. 

The above factors may have limited the full benefits of 

the poles in terms of caloric expenditure from being 

achieved. However, it is unlikely that the total caloric 

expenditure would increase from the 10 to 20 percent found 

in this study to the 50 percent level claimed by the 

manufacturer of the poles, even if all of the above factors 

were eliminated. 

Net Oxygen Cost 

The results of the current study agree with the results 

found by Robaidek (1989) who found that walking with poles 
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does increase the oxygen consumption of the task. Robaidek 

indicated a 33 percent and 21 percent increase in oxygen 

consumption at 3 mph and 4 mph, respectively. Claremont and 

Hall (1986) extended the testing session to 30 minutes while 

carrying 2 pound weights in each hand. These researchers 

did find a slight increase but stated that the finding of 

other research (using 5-minute steady state) on the amount 

of energy expended appears to exaggerate the amount of 

increase possible. According to the results of the present 

research, the values obtained from the previous study using 

five-minute steady state testing may be too high of an 

estimation. 

The results of the present study contradicted the 

findings by Millerhagen, Kelly, and Murphy (1983). These 

researchers did not find a significant difference between 

the oxygen consumption of a Nordic skiing task working only 

the legs and a similar task working the arms and the legs at 

the same time. The current study showed a significantly 

higher oxygen consumption by adding arm work (poles) to the 

leg work (walking). 

owens, Al-Ahmed, and Moffatt (1989) did not find a 

significant increase in oxygen consumption at speeds of 3 

mph and 4 mph with weights of o kg, .45 kg, 1.36 kg, or 2.27 

kg per hand which contradicts the present study. These 

researchers concluded that the easiest and most effective 

means of increasing energy demands is to increase speed. 
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The data of the current research would support this 

conclusion in part, since there was a significant difference 

in walking at 3 mph and walking at 4 mph. However, the 

present research would contradict owens' findings because 

oxygen consumption was increased by adding the poles to the 

walking activity. 

Average Heart Rate 

Most of the research on walking with hand-held weights 

indicated an increase in heart rate over walking alone 

(Borysyk et al., 1986; Claremont & Hall, 1986; Graves, 

Pollock, & Montain, 1986; Graves et al., 1987; Makalous, 

Araujo, & Thomas, 1988). The research on pole walking by 

Robaidek (1989) showed a significant increase in heart rate 

(10 beats per minute at both 3 mph and 4 mph) with pole 

walking compared to walking only. The average heart rate 

difference in the current research was not as high, 7 beats 

per minute at 3 mph and 6 beats per minute at 4 mph. The 

differences in the heart rate would be expected since a 

lower oxygen cost was found in the current study. 

Possible Explanations for Increases 

Contradictions exist among the research conducted on 

adding arm work to leg work. Some research has found that 

adding arm work to leg work increases oxygen consumption 

(Bergh, Kanstrup, & Ekblom, 1976; Lewis et al., 1983). 
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These researchers attributed the increase in oxygen 

consumption to an increase in active muscle mass. 

Astrand and Saltin (1961) found that an increase in 

active muscle mass in well-conditioned subjects did not 

increase the oxygen uptake. similar results were found by 

Reybrouck, Heigenhauser, and Faulkner (1975). It was 

concluded that the critical factor in oxygen consumption was 

the regulation of the skeletal muscle blood flow and not 

just the increase in the amount of active muscle mass. 

When well-conditioned subjects perform submaximal work 

the muscle cells are able to utilize oxygen more 

efficiently, requiring less regional blood flow. This 

increased efficiency would not create an increase in the 

oxygen consumed just by an addition of active muscle mass. 

When subjects are not well-trained, the blood flow to the 

additional muscle cells when arm work is added must be 

increased to supply the increased oxygen demand of these 

muscles (Mcardle, Katch, & Katch, 1991). 

Since the subjects in this study were for the most part 

not well conditioned, the increase in oxygen consumption of 

walking with poles over walking without poles would seem to 

be explained by the increase in the amount of muscle mass 

that is activated. Gleser, Horstman, and Mello (1974) found 

that adding arm work to maximal leg work increased muscle 

mass participation resulting in a muscular level increase in 

oxygen consumption. The rhythmic working of the additional 
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muscle mass may also increase venous return, which results 

in an increased ventricular filling, therefore increasing 

the heart rate (Nagle, Richie, & Giese, 1984). 

The muscle mass of walking with poles is increased by 

the additional work performed by the following muscles: 

deltoids, subscapularus, pectoralis major, infraspinatus, 

triceps, forearm flexors, external obliques, latissimus 

dorsi, and abdominals. Many of these muscles are used for 

balance while walking, but when walking with poles these 

muscles perform work against a resistance (pressure applied 

to the handles of the poles) (Rutlin, 1991). It is the 

conclusion of the present study that the increase in oxygen 

consumption and heart rate is due to an increase in the 

amount of muscle mass working against a resistance. The 

increase in oxygen consumption corresponds to an increase in 

total caloric expenditure. 

Conclusion 

In this research, it was shown that walking at 4 mph 

significantly increased the heart rate over walking at 3 

mph. The heart rate was shown to be significantly higher 

while walking with poles than walking without poles. The 

findings indicated that net oxygen cost was significantly 

higher when walking at 4 mph over walking at 3 mph. Walking 

with poles was also shown to significantly increase net 

oxygen cost over walking without poles. Total caloric 
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expenditure is directly related to net oxygen cost; 

therefore, the results that walking at 4 mph increased total 

caloric expenditure more than walking at 3 mph were 

expected. Walking with poles required a significantly 

higher increase in total caloric expenditure than walking 

without poles. 

According to the research on hand-held weights, an 

individual may obtain similar results by walking with less 

expensive hand-held weights than the specially designed 

walking poles. No research has been conducted to compare 

the physiological demands of walking with hand-held weights 

to walking with poles. Research is needed to compare these 

two methods of increasing the physiological demands before 

conclusions can be reached with certainty. 

Future research should utilize a treadmill with a 

greater width and length to allow the subjects to fully 

utilize the resistive aspect of walking with the poles. 

Research should be conducted on the amount of pressure 

(resistance) that is being applied to the handles of the 

poles over a 30-minute training period. Research should be 

done on subjects that have utilized pole walking as a means 

of conditioning to eliminate the effects of the pole walking 

experience level. 

The results of this study indicate that the 

physiological demands as measured by heart rate, net oxygen 

cost and total caloric expenditure of walking can be 
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increased by: increasing the speed of walking and the 

addition of a resistance (walking with poles). It is 

concluded that the increased physiological demands of 

walking with poles is due to an increase in active muscle 

mass. The muscle mass of the upper body is no longer used 

only for balance but is now engaged in an application of 

pressure on the handles thus increasing the resistance and 

creating more work for these muscles. The addition of poles 

may be beneficial when an individual is unable to reach the 

desired training level by walking andjor is unable (whether 

due to fitness level or to injury) to increase the speed to 

a faster walk or jogging pace. 
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APPENDIX A 

INFORMED CONSENT FORM 

I h~reby gi~e my consent for my participation in the 
proJect ent1tled: A Comparison of Net oxygen cost, 
H~art Rate and Caloric Expenditure of Walking With and 
W1~hout ~oles: I understand that the person responsible for 
th1s proJect 1s Melanie Hart (793-1939). She has explained 
that these studies are part of a project that has the 
following objectives: to compare the heart rate, net oxygen 
cost, and caloric cost between walking at 3 and 4 miles per 
hour to walking with poles at 3 and 4 miles per hour during 
a 30 minute exercise session. 

Melanie has explained the procedures as follows: 
Participation will involve meeting five different times at a 
scheduled hour in the exercise physiology lab located in the 
Men's Gym, room 117. Subjects will be connected to an EKG 
recorder by three electrodes to monitor heart rate and 
expired air will be collected using the Beckman Metabolic 
Cart. Subjects will be walking on a motor driven treadmill 
at 3 and 4 miles per hour with and without poles. Each test 
session will be one hour in length. 

It has also been explained that as a subject in this project 
I will gain experience in exercise physiology research and 
will be given the results of the study for possible future 
use in my chosen profession. For my participation there 
will be no cost to me and no payment will be made to me as a 
subject. 

The risks have been explained to me as following: possible 
sprains and strains. If the heart rate reaches 90% of the 
age predicted maximum heart rate the test will be 
terminated. Appropriate first aid will be provided if 
needed and emergency procedures followed. 

It has further been explained to me that the total duration 
of my participation will be five hours; that only Melanie 
Hart will have access to the records andjor data collected 
for this study; and that all data associated with this study 
will remain strictly confidential. 

Melanie Hart has agreed to answer any inquiries I may have 
concerning the procedures and has informed me that I may 
contact the Texas Tech University Institutional Review Board 
for the Protection of Human Subjects by writing them in care 
of the Office of Research Services, Texas Tech University, 
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Lubbock, Texas 79409, or by calling (806) 742-3884. The 
faculty members over this project are Dr. Mike Bobo and Dr. 
Jacalyn Robert 742-3371. 

If this research project causes any physical injury to 
participants in this project, treatment is not necessarily 
available at Texas Tech University or the student Health 
Center, nor is there necessarily any insurance carried by 
the University or its personnel applicable to cover any such 
injury. Financial compensation for any such injury must be 
provided through the participant's own insurance program. 
Further information about these matters may be obtained from 
Dr. Robert M. Sweazy, Vice Provost for Research, (806) 742-
2884, Room, 203 Holden Hall, Texas Tech University, Lubbock, 
Texas 79409-1035. 

I understand that I may not derive therapeutic treatment 
from participation in this study. I understand that I may 
discontinue this study at any time I choose without penalty. 

Signature of Subject. __________________________ __ 
Date __________ _ 
Signature of Project Director ________________ _ 
Date __________ _ 
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APPENDIX B 

PHYSICAL ACTIVITY READINESS QUESTIONNAIRE 

1. Has your doctor ever said you have heart trouble? 

2. Do you frequently suffer from pains in your 

chest? 

3. Do you often feel faint or have spells of severe 

dizziness? 

4. Has a doctor ever said your blood pressure was 

too high? 

5. Has a doctor ever told you that you have a bone 

or joint problem such as arthritis that has been 

aggravated by exercise, or might be made worse 

with exercise? 

6. Is there a good physical reason not mentioned 

here why you should not follow an activity 

program even if you wanted to? 

7. Are you over age 65 and not accustomed to 

vigorous exercise? 

Individuals answering yes to any of the above questions will 

be excluded from participation. 

ACCEPTED: REJECTED: __________________ __ 
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APPENDIX C 

CALORIC EQUIVALENTS 

RER kcal I L of Oxygen 
0.707 4.686 
0.71 4.690 
0.72 4.702 
0.73 4.714 
0.74 4.727 
0.75 4.739 
0.76 4.751 
0.77 4.764 
0.78 4.776 
0.79 4.788 
0.80 4.801 
0.81 4.813 
0.82 4.825 
0.83 4.838 
0.84 4.850 
0.85 4.862 
0.86 4.875 
0.87 4.887 
0.88 4.899 
0.89 4.911 
0.90 4.924 
0.91 4.936 
0.92 4.948 
0.93 4.961 
0.94 4.973 
0.95 4.985 
0.96 4.998 
0.97 5.010 
0.98 5.022 
0.99 5.035 
1.00 5.047 

(Fox, Bowers & Foss, 1988) 
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BODY DENSITY: 

APPENDIX D 

PERCENT BODY FAT 

FEMALE = 1.099421 - 0.0009929 (X4) + 0.0000023 (X4) 2 -

0.0001392 (X3) 

X3 = AGE IN YEARS 

X4 = SUM OF TRICEPS, SUPRAILIAC, AND THIGH SKINFOLDS 

(MM) 

PERCENT BODY FAT= [(4.95 / BD) -4.50] * 100 

Skinfold sites: 

Thigh - vertical fold on the anterior aspect of the thigh 

midway between the greater trochanter and 

patella. 

Tricep - vertical fold over belly of the triceps halfway 

between acromion and olecranon processes. 

Suprailiac - diagonal fold just above the iliac crest; 

slightly anterior to the middle of the side. 
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NAME: 

AGE: YEARS 

WEIGHT: 

HEIGHT: 

SKINFOLD: 

THIGH: 

TRICEPS: 

SUPRAILIAC: 

BODY DENSITY: 

APPENDIX E 

SUBJECT DATA SHEET 

DOB: 

MAX 

KG 90%MAX 

CM 

% BODY FAT: 
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AVE = 

AVE = 

AVE = 

SUM = 



APPENDIX F 

DATA COLLECTION SHEET 

OXYGEN CONSUMPTION DATA 
SUBJECT: ________________ __ 
90%MAX: __________ _ 

TREATMENT: __________________ __ 
SUBJECT NO. : ______ __ 

RESTING: 
TIME HR V02 RER KCAL/L KCAL AVE V02 MET 

fL/MIN) /MIN ML/KGIMIN 

0:00 

1:00 

2:00 

3:00 

4:00 

5:00 

TOTAL 

AVE 

EXERCISE: 
TIME HR V02 RER KCAL/L KCAL AVE V02 MET 

fL/MIN) /MIN ML/KGIMIN 

0:00 

1:00 

2:00 

3:00 

4:00 

5:00 

6:00 l 
I 

7:00 J I 
-+-

l 
i 

8:00 ----- --· 
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SUBJECT· TREATMENT• . . TIME HR V02 RER KCAL/L KCAL AVE V02 MET 
(L/MIN) /MIN ML/KG/MIN 

9:00 

10:00 

11:00 

12:00 

13:00 

14:00 

I I 
15:00 l 

16:00 
! 
' 

17:00 

18:00 

19:00 

20:00 

21:00 

22:00 
I 

23:00 

24:00 
I 

25:00 I 
I 
I 

26:00 

27:00 
I 

28:00 i 

I 
I 
I 29:00 ---r 

I I 

i i 30:00 ---- --+-

I ' 

I ' TOTAL ------

1 AVE - -- -
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APPENDIX G 

TEST SESSION PROTOCOL 

SESSION 3 MPH POLES 
1 2 3 4 5 6 7 8 9 10 

BEFORE: 
SET UP HR 
MOUTHPIECE 
NOSE CLIP 
POLES 
TOWELS 
ELECTRODES I 
TAPE l 
SALIVA TRAP -+ DATA SHEET I 

CALIBRATE MMC l l 

DURING· . 
·-· 

ELECTRODES I I I 

WIRES 
MOUTHPIECE l J I 
CONNECT TO MMC j RESTING 5 MIN + i 

I 
START TREADMILL I 
WALK 2 MPH 5 MIN i 
HAND POLES I 

INC TO 3 MPH ! 
I 

---+--

WORKLOAD BUTTON _ ___L I 
WALK 30 MIN I 

I I 

WORKLOAD BUTTON ! i 
DEC 2 MPH 5 MIN I I 

TAKE POLES I 

STOP BUTTON I I 

STOP BELT 
TAKE MOUTHPIECE i 
REMOVE HR WIRES I 

AFTER· . . 
CLEAN MOUTH PC 
REPORTS FROM MMC 
POWER OFF TREAD 
CHARGE HR 
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