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ABSTRACT 

Twenty-seven untrained college-age males volunteered 

for this longitudinal study, which investigated potential in 

teractions between training specificity and treadmill proto

col specificity. The study was designed to analyze the inter 

action between a subject's maximal oxygen uptake CVOg max) 

on an inclined protocol (IP) versus a horizontal protocol 

(HP) before and after training exclusively on flat terrain. 

Experimental subjects (E, N=17) trained by running for 12 

weeks, 4 days/week, 37 min/day at an intensity equal to 6 5-

85% of their VO2 max, while control subjects (C, N=10) re

mained sedentary. Alterations in E consequent to training in 

eluded significant (pc.OOl) increases in VC>2 max [XIP = 53.6 

to 58.4 (+8.9%) and XHP= 51.7 to 56.2 ml-kg""1.min"1 (+8.7%)] 

C showed no significant (p<.05) increases. There was no sig

nificant pre- to post-training interaction between protocols 

for VOg max. It was concluded that the post-training results 
* 

do not confirm the use of a HP as a test for evaluating VOj 

max in college-age males trained exclusively on flat terrain 

ix 



CHAPTER 1 

INTRODUCTION 

Currently, the most commonly used clinical method 

of evaluating an individual's functional capacity is by 

treadmill exercise testing (1,2,17,51,94). Maximal oxygen 

uptake (V02 max), is typically measured in conjunction with 

the work test by gas measurement techniques and is 

considered the best index of work capacity and maximal 

cardiovascular function (4,7,29,66). 

Maximal oxygen uptake is dependent on a variety of 

factors including mode of testing, test protocol, the 

particular form of work employed during training, conditions 

for heat exchange, as well as the subject's physical 

condition (10). When assessing an athlete's functional 

capacity, research has demonstrated that the work mode 

should simulate as closely as possible the conditions 

of the athlete's specific sport to obtain the highest VOj 

max values (26,41,57,90). As an example, an athlete 

whose specific sport is running should be tested on the 

treadmill (64,74,79,90). 

Training methods vary widely among runners as does 

the terrain over which they run. Some runners rarely run 

1 
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on hilly terrain, preferring instead to train almost 

exclusively on the flat, while others frequently incorporate 

hill running into their training programs. Treadmill 

protocols also vary, but the vast majority utilize 

incremental grade and speed increases until exhaustion in 
* 

order to elicit the highest VOg max values (1,2,32,94). The 

literature regarding the ability of an inclined protocol (IP) 

to elicit VOj max values in excess of those elicited with a 

horizontal protocol (HP) is in conflict. Initial studies 

demonstrated that higher V02 max values could be obtained 

with IPs rather than HPs (6,42,60,93). However, an athlete 

trained solely on flat terrain may be limited by localized 

muscle fatigue when tested on an IP (19,34) and may, in 
« 

fact, produce a higher VC^ max value on a HP due to specific 

neuromuscular adaptations developed through training. 

Although some of the studies comparing IPs to HPs involved 

trained subjects, all were cross-sectional in nature and, 

therefore, failed to study the interaction between the 

training terrain (i.e., hilly vs flat) and the specific 

protocol used in the study. 

This study compared maximal oxygen uptake values in 

a group of untrained subjects on an IP vs. a HP. Then, 

two-thirds of these subjects were randomly selected to 

participate in a 12 week running program, which was 

conducted solely on a flat terrain. Subjects not chosen 
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for the twelve week running program served as controls. 

After the training program, all subjects were retested on 

both the IP and the HP, The VO^ max values obtained prior to 

training were compared to those obtained after training to 

assess the extent of interaction between training specifi

city and protocol specificity. 

Research Hypotheses 

This study was designed to test the validity of the 

following research hypotheses: 

1) Before training, subjects from both the 

exercise and control groups would attain 
* 

significantly (p<0.05) higher VC>2 max values 

on the IP than on the HP. 

2) After training, subjects trained exclusively 
• 

on horizontal terrain would show increased VOg 

max values with both horizontal and inclined 

protocols, but the increase shown with the 

HP would be significantly (p<0.05) greater 

than the increase shown with the IP. 

3) After trainingsubjects trained exclusively 

on horizontal terrain would attain their 
« 

highest V02 max values with the HP, while 

the untrained control subjects would continue 

to show their highest VOg max values with the IP. 



CHAPTER 2 

REVIEW OF LITERATURE 

The Design of a Training Program 

Cardiorespiratory endurance training programs result 

in significant increases in V02 max (15,35,72,74,75,77). 

However, to achieve a significant training effect, attention 

must be given to four components when designing a training 

program: intensity, duration, frequency and mode of train

ing (7 5). Intensity of training has been shown to be 

directly related to improvement in VOj max, i.e., the greater 

the intensity, the greater the improvement (24,53,86,88). 

A target heart rate range (THRR) is often used to establish 

an intensity that will provide a training stimulus for the 

development of cardiorespiratory fitness. When prescribing 

a THRR for training, it is important to assess the individ

ual's initial level of fitness and actual maximal heart rate 

(HR max). Gledhill and Eynon (37) and Shephard (88) reported 

that the threshold of intensity had a wide range of varia

bility for different groups dependent on initial level of 

fitness and age. Young, moderately active subjects have 

been shown to need an intensity of at least 60 - 65% of 

4 
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* 

VO2 max in order to achieve a significant training effect 

(5,44,53). 

The magnitude of physiological responses to training 

is also directly related to the duration of the training bout 

(96,101). Pollock et^ al (78) and Sharkey (85) suggested that 

intensity and duration can be inversely manipulated as long 

as the total amount of work accomplished is sufficient to 

yield cardiorespiratory improvement. If the training 

intensity is between 65 and 85% of VO2 max, a duration of 30 

min per day should be sufficient to show cardiorespiratory 

improvement as long as subjects train a minimum of three 

days per week (65). 

A greater cardiorespiratory improvement is induced 

when the frequency of training is increased, provided the 

total number of weeks trained is held constant (20,33,49). 

In two studies which held duration and intensity constant, 

Crews and Roberts (20) and Jackson e^t al (49), reported 

that 3 and 5 day/week training programs yield significantly 

greater cardiorespiratory improvement than 1 and 2 day/week 

programs, respectively. Neither study found a significant 

difference between the results obtained with the 3 and 5 

day/week programs. Gettman e^t al (33) conducted a similar 

study and found that both 3 and 5 day/week training programs 

yield significantly greater cardiorespiratory improvements 

than a 1 day/week program, but in contrast to the two 

aforementioned studies they found the 5 day/week training 
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program to yield significantly greater improvements than 

the 3 day/week program in the areas of maximal treadmill 
• • 

time, maximal ventilation (VE max), and VOj max. 

The testing mode should simulate as closely as 

possible the subject's training mode when assessing func

tional capacity (26,41,57,90), particularly when assessing 

changes in functional capacity consequent to training (64, 

74). The testing modes in this study were maximal treadmill 

tests and, therefore, subjects trained by running (64,79,90). 

Inclined Versus Horizonal Treadmill Protocols 

A national survey of 1,40 0 exercise testing facilities 

showed that the treadmill is the most widely used (71%) mode 

of testing (51). The American College of Sports Medicine 

(ACSM) (1) and the American Heart Association (2) recommended 

that treadmill tests be conducted using graded protocols to 

obtain maximal cardiorespiratory function. At present, it 

is generally accepted that grade-incremented treadmill 

running (IP) invokes a greater VOg max than speed-incremented 

horizontal running (HP) in normal subjects. This difference 

in oxygen uptake appears to be due to the subject's 

inability to maintain the increasing pace during HP, i.e., 

he/she is limited by leg speed and never attains a true V02 

max, and to the larger muscle mass involved during an IP 

due to the recruitment of ancillary muscle groups (9,19,80, 

93). 
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Although the majority of the exercise testing 

facilities in America use inclined protocols when treadmill 

testing (51), horizontal protocols are still widely used 

when determining VOg max. HPs appear most popular among 

Japanese researchers (59,67,68,69), although HPs have 

been used elsewhere (54,104). Mathews and Fox (58) recom

mended that speed rather than grade be increased during 

maximal exercise tests of individuals with high aerobic 

capacities. 

The literature is in conflict as to whether an IP 

or a HP will produce higher VO2 max values. Four studies 

have shown higher VOg max values for an IP than for a HP 

(6,42,60,93). Taylor et a^L (93) have reported that the 

most satisfactory method of increasing the treadmill work 

load to attain VC^ max is to raise the grade with the speed 

held constant. Hermansen and Saltin (42) found that the IP 

gave a 4% higher VOg max value than the HP in six male 
o 

subjects. Astrand and Saltin (6) tested three men on both 

an IP (7.9% grade) and a HP and found significantly higher 
• 
VOg max values on the IP. All three of these studies 

involved small numbers of untrained subjects (N < 6). 

Mayhew and Gross (60) were the first to compare the two 

protocols using well-trained subjects. Their 12 subjects 

were predominantly distance runners and the results showed 

slightly higher values (3.2%) for an IP as compared to a HP. 
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However, more recent cross-sectional studies have 

reported findings which demonstrate that for well-trained 

individuals mean VOg max values from HP equal (55,91) or 

exceed (3,102) mean VOg max values for IP. Kasch et al 

(55) studied 12 well-trained males and found VO2 max values 

of 4.27 l-rnin"^ and 4,19 l*min"""^ for a HP and an IP 

respectively, values which were not significantly different. 

Sucec (91) supported Kasch's findings when he demonstrated 

similar results using 24 well-trained male and female distance 
O • 

runners. Astrand (3) reported greater VOg max values on a HP 

than on an IP, but these findings are in direct contrast to 

those he reported in a later study (6). In a more recent 

publication (5) he stated that he could not give an adequate 

explanation for these contradictory findings. Wilson et al^ 

(102) found that 10 male competitive milers (with a mean 

best time of 4:07) produced significantly higher VOj max 

values for a HP compared to an IP. 

Specificity of Training 

Specificity of circulatory and muscular adaptations 

to training are important factors to consider when assess

ing VOg max in trained individuals. It has been reported 

that training by means of arm or leg exercise (16) or one-

and two-legged exercise (25) produced a training effect pre

dominantly in the trained limb which was dependent on the 

particular muscles utilized in the specific form of work. 



9 

Roberts and Alspaugh (79) and Pechar et al (74) studying the 

cardiorespiratory adaptations to cycle ergometer and tread

mill training, and the results of five studies investigating 

the specificity of swim training on V02 max (6,46,47,57,61), 

strongly supported the concept of training specificity. All 

nine of these studies suggested that the state of training 

and prior experience with a particular form of muscular ac-

tivity may account for variations in VC^ max when measure

ments are performed during different types of work. 

Training of specific muscle groups may increase the 

VO2 max by facilitating oxygen transport and by causing ad

aptive changes in the metabolic characteristics of the 

trained muscle fibers, eg., enzyme activities (18,45,83,95). 

In order to accurately evaluate the maximum cardiovascular 

capability of a trained athlete, it becomes imperative that 

the muscular involvement during the testing mode be similar 

to that of the training mode (26,41,57,90). 

Therefore, exercise specificity may be an answer to 

the disparity seen in the studies comparing HP to IP. The 

differences in the max values reported for the subjects 

of Taylor et_ al (93), Hermansen and Saltin (42) and Astrand 

and Saltin (6) on the one had, and the subjects of Sucec 

(91), Astrand (3), Kasch et al (55), and Wilson et aj (102) 

on the other hand, might simply be a result of training 

specificity, or lack of it. The three former studies used 
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relatively untrained subjects while the latter four used 

trained runners. The inability to recruit an adequate number 

of muscle fibers, or the inability to achieve speeds which 

require maximal muscular effort, may be the primary limiting 

factor responsible for lower VOj max values during a HP in 

untrained subjects. 

Since there has been no longitudinal studies conduct

ed to analyze potential interactions between training spec

ificity and treadmill protocol specificity, this longitudin

al study was designed to analyze the interaction between a 

subject's V02 max on an IP vs a HP before and after the sub

ject was trained exclusively on flat terrain. 



CHAPTER 3 

EXPERIMENTAL DESIGN 

Subjects 

Informed consent (Appendix B) was obtained from 

thirty college-age males who volunteered to participate in 

this study. Ten subjects were randomly assigned to the 

control group and twenty to the training group. A pre-

exercise health history form (Appendix C) and an activity 

questionnaire (Appendix D) were completed by each partici

pant to screen out those subjects contraindicated for 

participation due to health problems or those who were 

already involved in a daily fitness program. Participation 

in normal recreational pursuits, physical education activity 

classes (aerobic conditioning classes excluded), or intra-

murals did not preclude participation in this study. 

All thirty subjects completed the initial testing, 

but three subjects assigned to the training group were 

removed from the study. Two of the three had class 

conflicts which would have prevented them from attending 

a majority of the training sessions. The third subject 

was found to have excessively high VC^ max values (average 

-1 -1 pre-test value for 4 treadmill tests was 6 7.8 ml*kg *min 

11 
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and upon further questioning it was determined that he had 

just recently stopped a fairly vigorous training program 

that involved running in excess of forty miles per week. 

Therefore, 17 subjects began the training portion of the 

study while 10 others served as controls. 

Methodology 

Maximal oxygen uptake and HR max were assessed 

during a continuous walk - run test to exhaustion on a 

Quinton motorized treadmill (model # 24-72). Subjects 

were familiarized with the equipment and testing procedures 

prior to data collection. Subjects were told to run to the 

point of exhaustion (sign-symptom limited, volitional 

fatigue), and were verbally encouraged throughout the test 

to continue working as long as possible. ECG and heart rate 

were monitored throughout the test on a Hewlett-Packard ECG/ 

Phono System (model #151470 from a single lead (CM5) 

electrocardiogram, a strip being obtained for 10 sec near 

the end of each minute. Metabolic and respiratory function 

were monitored continuously at 6 0 sec intervals throughout 

the testing period using a Beckman Metabolic Measurement 

Cart (MMC)(100). A rating of Perceived Exertion (RPE) was 

monitored using the Borg Scale (12) near the end of each 

stage in the protocol. Equipment calibration was conducted 

before and after each test. The 0M-11 oxygen analyzer and 



the LB-2 carbon dioxide analyzer housed in the MMC were 

calibrated with gases of known concentration. Calibration 

gas concentration was verified by the Scholander micro

technique. Gas volumes were measured with a biased flow 

turbine which was calibrated before testing each day using 

a Tissot gasometer at flow rates estimated for that day's 

testing. Metabolic and respiratory measurements obtained 
• * 

included ventilation (VE), oxygen consumption (VOg), carbon 

dioxide production (VCOg), and the respiratory exchange 

ratio (RER). 

All participants underwent four maximal treadmill 

tests (two with a HP and two with an IP) prior to training 

and two maximal treadmill tests Cone HP and one IP) after 

training. The HP and IP were each performed twice prior to 

training to establish reliability. The criterion was 

established that the two determinations of V02 max 

(ml-kg~^'min~^) for each prototcol must differ by less 

than 2 ml*kg~1-min~1 as outlined by Taylor et_al_ (93). If 

the criterion was not met, a third treadmill test was given 

for that specific protocol. Determination of protocol 

testing sequence and subject order was randomized during 

both pre- and post-training testing. The IP (Table 1), 

controlled by a Quinton Programmer (model # 644), was a 

modified Bruce protocol (13,41) where 2 min stages were 

used in place of the standard 3 min stages. The HP (Table 

1) was controlled manually. 



Table 1. Inclined and Horizontal Treadmill Protocols. 

Inclined Protocol (Modified Bruce--2 min. stages) 

Time Speed Grade 

0 - 2 min. 1.7 mph 10% 

2 - 4 mo»n * 2.5 mph 12% 

4 - 6 min. 3.4 mph 14% 

6 - 8 min. 4.2 mph 16% 

8 - 10 min. 5.0 mph 18% 

10 - 12 min. 5.5 mph 20% 

12 - 14 min. 6.0 mph 22% 

14 - 16 min. 6.5 mph 24% 

Horizontal Protocol 

Time Speed Grade 

0 - 2 min. 4 mph 0% 

2 - 4 mm. 6 1/2 mph 0% 

4 - 6 mm. 7 1/2 mph 0% 

6 - 8 min. 8 1/2 mph 0% 

8 - 10 min. 9 1/2 mph 0% 

10 - 12 min. 10 1/2 mph 0% 

12 - 14 m in. 11 1/2 mph 0% 

14 - 16 min. 12 1/2 mph 0% 
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The protocols were designed to allow maximal cardio

respiratory values to be attained between 8 and 12 minutes. 

During recovery from the treadmill test, each subject used 

the palpation technique (76) to determine his heart rate 

and was cross-checked on the electrocardiogram to determine 

the validity of his ability to take heart rates. A minimum 

of 48 hours was allowed for recovery between maximal tread

mill tests in both pre- and post-training testing sessions. 

All post-training tests were concluded within five days 

of the final training sessions. Subjects reported for all 

testing in the postabsorptive state after having fasted for 

a minimum of five hours. 

Training Program 

Following completion of the pre-training measure

ments, the group of 17 males randomly selected to participate 

in the training program began a 12-week program of training 

over flat terrain (no portion of the run was over terrain 

with an incline greater than 3 degrees), 35 min/day, H days/ 

week at the same time each day. Subjects maintained 

individual training heart rates within a range [HR lower 

limit=HR rest + .65 (HR max-HR rest) and HR upper limit= 

HR rest + .85 (HR max-HR rest)], as suggested by Karvonen 

et al (53). Resting HR was monitored prior to each treadmill 

test by having each subject rest comfortably in a supine 
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position for 10 min. All resting HRs recorded during the 

pre-training test period were averaged to obtain the HR rest 

used in the THRR formula. The highest heart rate recorded 

in the four maximal treadmill tests conducted prior to 

training was assumed to be the maximal value. Exercise 

heart rates were monitored by the subject at approximately 

the 11th, 23rd and 3 5th minutes of exercise at either the 

carotid or the radial artery for a 10-sec count. Subjects 

were periodically checked by the supervisor to ensure 

accuracy in heart rate determination. Running speed was 

adjusted to maintain the HR within the THRR. All training 

sessions were supervised by the principal investigator. 

Training was conducted on grassy and paved terrain 

as well as on the University of Arizona's track (a 400 

meter synthetic surface. Forty percent of the training 

sessions incorporated some form of speed-play or interval 

training. Subjects completed an average of approximately 

4.5 miles each session. The principal investigator record

ed the length of each exercise session to the nearest min

ute, the approximate distance covered each session, and the 

heart rate attained at each of the three designated check 

times. 

Statistical Analysis 

All data was analyzed using multivariate analysis 

of variance (MANOVA) (43,103). A repeated measures design 



17 

was utilized with inclined vs horizontal protoco'ls and pre-

training (pre) vs post-training (post) as the repeated 

measures factors (4-3,71). Post-hoc t-tests were performed 

to determine significance of differences between means for 

all within-group and between-group values. A pooled 

variance-covariance matrix, derived from the results of 

the MANOVA, was used in all post-hoc t-tests (11). In all 

cases, the level of significance was set at the 0.05 level. 



CHAPTER 4 

RESULTS 

The results are divided into four sections: adher

ence, initial testing, post-training testing, and additional 

results. The level of significance in all cases is 0.05. 

Adherence 

All subjects randomly assigned to C (N=10) and E 

(N=17) completed all phases of testing. Training session 

attendance was 97.4%, and with make-up sessions included was 

— -1 100%. Mean (X) training time was 37,4 min*session and X 

training HR was 174.5 beats •min"''' • session""1". 

Initial Testing 

The following subject characteristics (Table 2) showed 

no statistical between-group differences for E and C: age, 

height, body weight (Figure 1), and resting HR (Figure 2). 

The following parameters showed no statistical between-group 
« 

differences for E and C on either the IP or the HP: VOj max 

(ml»kg-1"min"1) (Table 3, Figure 3), VOr, max (l'min-1) (Table 

4, Figure 4), VE max (Table 5, Figure 5), maximal treadmill 

time (MTT) (Table 6, Figure 6), and RER max (Table 7, Figure 

7). HR max (Table 8, Figure 8) showed no statistical 

between-group difference for E and C on the IP, but did show 

18 



Table 2. Subject Characteristics Consequent to an Intensive 12-Week Aerobic Training 
Program in College-Age Males. 

CHARACTERISTIC TREATMENT PRE-TRAINING POST-TRAINING CHANGE (PRE-POST) 
GROUP X + SEM X + SEM ABSOLUTE % 

AGE Cyrs) 

HEIGHT (cm) 

WEIGHT (kg) 

RESTING 
HEART RATE_1 
(beats 'inin ) 

EXERCISE 
(N=17) 

CONTROL 
(N=10 

EXERCISE 
(N=17) 

CONTROL 
(N=10 

EXERCISE 
(N=17) 

CONTROL 
(N=10) 

EXERCISE 
(N=17) 

CONTROL 
(N=10) 

23.7+0.79 

22.2+0.81 

181.1+1.25 

181.7+1.36 

73.9+2.49 

73 .5 + 3.24 

70.0+2.50 

69.5+3.25 

NA 

NA 

NA 

NA 

72.7+2.47 

73.2+3.22 

66.5+2.30 

71.8+2.99 

NA 

NA 

NA 

NA 

-1.2* 

-0.3 

-3.5 

+ 2.3 

NA 

NA 

NA 

NA 

-1.6% 

-0.4% 

-5.0% 

+ 3.3% 

*=Significant within group difference at p<0.05 

NA=Not Applicable 
H 
CD 



kilograms 

77.0 —» 

76.4 _ 

75.8-

75.2-

74.6-

74.0-

73.4-

72.8 -

72.2 

& 

PRE POST 

*=Significant within group difference at p<.05 

Figure 1. Body Weight (kg) Consequent to an Intensive 
12-Week Aerobic Training Program in College-
Age Males. 

Control ~r 
Group 

Exercise 
Groujf 

= +SEM 
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beats 

76.0 

74.5-

73.0-

71.5-

70.0, 

68.5 -

67.0 — 

65.5 -

64.0 -

PRE POST 

Figure 2. Resting Heart Rate (beats^min ) Consequent 
to an Intensive 12-Week Aerobic Training 
Program in College-Age Hales. 
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Exercise 
Group,— 
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Table 3. Maximal Oxygen Uptake Cml'kg"1-min"1) Consequent to an Intensive 12-Week 
Aerobic Training Program in College-Age Males 

MAXIMAL OXYGEN UPTAKE (ml*kg' "1-min"1) 

CHARACTERISTIC TREATMENT 
GROUP 

PRE-TRAINING 
X + SEM 

POST-TRAINING 
X + SEM 

CHANGE (PRE 
ABSOLUTE 

-POST) 
% 

INCLINE 

EXERCISE 
(N=17) 

53.6+1.26 58.4+1.38 

AA 
•C «a 

+ 4. 8* +8.9% 

CONTROL 
(N=10) 

52.7+1.64 51.6+1.79 -1.1 -2.1% 

HORIZONTAL 

EXERCISE 
(N=17) 

51.7+1.17 56.2+1.13 

J* J* «> 3i 

+4.5* +8.7% 

CONTROL 
(N=10) 

52.4+1.52 50.7+1.47 -1.7* -3.2% 

*=Significant within group difference at p<0.05 

"ft=Significant between group difference at p<0.05 

ro 
ro 



60.00-1 

58.75-

57.50-

56.25-

55.00-

INCLINE PROTOCOL 

ml -kg"1 -mxn"" 

53.75-

52.50-

51.25-

50.00-

PRE 

60.00 

58.75 

57.50 

56.25 

55.00 
ml*kg~1.min~1 

53.75 

52.50 

51.25 

50.00 

POST-

*=Significant within group difference at p<.05 
**=Significant between group difference at p<.05 

Figure 3. Maximal Oxygen Uptake (ml*kg~1*min~1) 
Consequent to an Intensive 12-Week Aerobic 
Training Program in College-Age Males. 



Table H-. Maximal Oxygen Uptake (liters•min""1') Consequent to an Intensive 12-Week 
Aerobic Training Program in College-Age Males 

PROTOCOL TREATMENT 
GROUP 

MAXIMAL OXYGEN UPTAKE (liters-min"1) 

PRE-TRAINING 
X + SEM 

POST-TRAINING 
X + SEM 

CHANGE (PRE-POST) 
ABSOLUTE % 

INCLINE 

EXERCISE 3.95+0.12 
(N=17) 

4-. 22+0.12 +0.27- +6.8% 

CONTROL 
(N=10) 

3.84+0.16 3.75+0.16 -0.09 -2.3% 

HORIZONTAL 

EXERCISE 3.80+0.12 
(N=17) 

CONTROL 
(N=10) 

3.83+0.15 

4.07 + 0.12 

3.68+0.16 

+0.27* +7.1% 

-0.15* -3.9% 

*=Significant within group difference at p<0.05 

»«=Significant between group difference at p<0.05 



4.35 —| INCLINE PROTOCOL 

4.25. 

4.15-

4.05-

3.95-

liter s • min"***— 

3.85-

3.75-

3.65. 

3.55_ 

H 
PRE 

4.35-1 HORIZONTAL PROTOCOL 

4.25-

4.15-

4.05-

3.95-
-1 liters *min _ 

3.85-

3.75-

3.65-

3.55-

K_ 
POST-' 

ft=Significant within group difference at p<.05 
**=Significant between group difference at p<.05 

Figure 4. Maximal Oxygen Uptake (liters •min"'*') 
Consequent to an Intensive 12-Week Aerobic 
Training Program in College-Age Males. 

PRE 

= Control-r 
Group 

= Exercise 
Group, 

P0STAft 
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Table 5. Maximal Ventilation (liters-min"1) Consequent to an Intensive 12 Week 
Aerobic Training Program in College-Age Males 

MAXIMAL VENTILATION (liters-min"1) 

PROTOCOL TREATMENT 
GROUP 

PRE-TRAINING 
X + SEM 

POST-TRAINING 
X + SEM 

CHANGE (PRE-POST) 
ABSOLUTE % 

INCLINE 

EXERCISE 160.2+4.03 
(N=17) 

CONTROL 152.5+5.25 
(N=10) 

170 . 3+4-. 10 

148.8+5.35 

+10.1* 

-3.7 

+ 6.3% 

-2.4% 

HORIZONTAL 

EXERCISE 150.9+3.79 
(N=17) 

CONTROL 143.1+4.94 
(N=10) 

159.5+4.07 

*> * 
* 

138.6+5.31 

+ 8 . 6 -

-4.6 

+ 5.7% 

-3.2% 

*=Significant within group difference at p<0.05 

"*=Significant between group difference at p<0.05 

ro 
CD 



175-1 INCLINE PROTOCOL 

170-

165-

160-

155— 

liters•min -
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145-

140-

135-

PEE 

liters •min""'" _ 

175 _ HORIZONTAL PROTOCOL 

170 -

165 -

160 -

155 -
n " 1 .  

150 -

14S -

140 

135 -

POST"' 

"=Significant within group difference at p<.05 
"-=Significant between group difference at p<.05 

Figure 5. Maximal Ventilation (liters*min~ ) 
Consequent to an Intensive 12-Week Aerobic 
Training Program in College-Age Males. 
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Table 6. Maximal Treadmill Time (sec) Consequent to an Intensive 12-Week 
Aerobic Training Program in College-Age Males 

MAXIMAL TREADMILL TIME (sec) 

PROTOCOL TREATMENT 
GROUP 

PRE-TRAINING 
X + SEM 

POST-TRAINING 
X + SEM 

CHANGE (PRE-POST) 
ABSOLUTE % 

EXERCISE 
(N=17) 

602.9+11.29 665.7+12.65 +62.8" +10.4% 

INCLINE 
4* «• 

CONTROL 
(N=10) 

594.6+14.73 581.6+16.50 -13.0 -2.2% 

HORIZONTAL 

EXERCISE 
(N=17) 

646.0+23.81 763.6+22.35 

A *f* • 6 ** 

+117.6* +18.2% 

CONTROL 
(N=10) 

639.3+31.04 630.3+29.14 -9.0 -1.4% 

"=Significant within group difference at p<0.05 

ft"=Significant between group difference at p<0.05 

to 
00 
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"=Significant within group difference at p<.05 
**=Significant between group difference at p<.05 

Figure 6. Maximal Treadmill Time (sec) Consequent 
to an Intensive 12-Week Aerobic Training 
Program in College-Age Males. 



Table 7. Respiratory Exchange Ratio Consequent to an Intensive 12-Week Aerobic 
Training Program in College-Age Males 

PROTOCOL 

RESPIRATORY EXCHANGE RATIO 

TREATMENT PRE-TRAINING POST-TRAINING CHANGE (PRE-POST) 
X + SEM X + SEM ABSOLUTE % 

INCLINE 

EXERCISE 1.23+0.02 
(N=17) 

1.20+0.02 -0.03* -2.4% 

CONTROL 
<N=10) 

1.25+0.03 1.21+0.03 -0.04 -3.2% 

HORIZONTAL 

EXERCISE 1.12+0.01 
(N=17) 

CONTROL 
(N=10) 

1.12+0.02 

1.11+0.01 

1.13+0.01 

-0.01 -0.9% 

+0.01 +0.9% 

"=Significant within group difference at p<0.05 



1.29-r INCLINE PROTOCOL 

1.26-

1.23-

1.20-

1.17-

1.14-

1.11-

1 .08-

1.05-

C m 

1.29 

1 . 2 6  

1.23 

1 .20  

1.17 

1.14 

1.11 

1.08 

1.05 

PRE POST 

-=Significant within group difference at p<.05 

Figure 7. Respiratory Exchange Ratio Consequent to 
an Intensive 12-Week Aerobic Training 
Program in College-Age Hales. 



Table 8. Maximal Heart Rate Cheats*min_1) Consequent to an Intensive 12-Week 
Aerobic Training Program in College-Age Males 

PROTOCOL 

MAXIMAL HEART RATE (beats-min"1) 

TREATMENT PRE-TRAINING 
X + SEM 

POST-TRAINING 
X + SEM 

CHANGE (PRE-POST) 
ABSOLUTE % 

INCLINE 

EXERCISE 194-. 1+1. 30 
(N=17) 

CONTROL 190.5+1.69 
(N=10) 

189.5+1.73 

190 .0+2.25 

-4.5* 

-0.5 

-2.3% 

-0.3% 

HORIZONTAL 

EXERCISE 199.1+1.59 
(N=17) 

CONTROL 192.7+2.07 
(N=10) 

193.9+1.51 

191.7+1.97 

-5.2* 

-1.0 

- 2 . 6 %  

-0.5% 

*=Significant within group difference at p<0.05 

"*=Significant between group difference at p<0.05 

CO 
ro 



201.0-1 INCLINE PROTOCOL 

199.5-

198.0-

196.5-

195.0-

beats'min"1 — 

193.5-

192.0-
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PRE 
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198.0-

196.5 
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beats-min"1 

193.5-

192.0' 

190.5-

189.0 

POST 

"=Significant within group difference at p<.05 
** =Significant between group difference at p<.05 

Figure 8. Maximal Heart Rate (beats*min ) 
Consequent to an Intensive 12-Week Aerobic 
Training Program in College-Age Males. 
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a significant difference on the HP (XE = 199.1 vs XC= 192.7), 

Prior to training, the IP for E yielded significantly 
« 

higher values than the HP for VOg max (X = 5 3.6 vs X = 51.7 

ml-kg^-min""1), VOj max (X = 3.95 vs X = 3.80 l*min-1), VE 

max (X = 160.2 vs X = 150.9 l'min-1), and for RER max (X = 

1.23 vs X = 1.12). E had significantly lower HR max values on 

the IP than on the HP (X = 194.1 vs X = 199.1 beats-min "*") . 

The IP for C yielded significantly higher values than the HP 

for VE max (X = 152.5 vs 143.1 1-min"1) and RER max (X = 1.25 
« 

vs X=1.12), but there was no significant difference in V02max. 

Prior to training, all subjects underwent a minimum of 

two treadmill tests on each protocol. The test-retest relia-

bility for V02 max was high (r = .93 for IP and r = .96 for 

HP). Neither protocol demonstrated a significant difference 

in VC>2 max between the two tests. 

Post-Training Testing 

Alterations in E consequent to training included sig-

-1 -1 nificant increases in the following: V02 max (ml*kg *min ) 

[XIP = 53.6 to 58.4 (+8.9%) and XHP = 51.7 to 56.2 (+8.7%)], 

V02 max (1-min"1) [5(IP = 3.95 to 4.22 ( + 6.8%) and XHP = 3.80 

to 4.07 (+7.1%)], VE max (1-min"1) [XIP = 160.2 to 170.3 

(+6.3%) and XHP = 150.9 to 159.5 (+ 5.7%)], and MTT (sec) 

[XIP = 602.9 to 665.7 (+10.4%) and XHP = 646.0 to 763.6 

(+18.2%)]. E demonstrated significant pre- to post-training 

decreases in body weight (kg) (X = 73.9 to 72.7), HR max 
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(beats-min"1) [XIP = 194.1 to 189.5 C-2.3%) and XHP = 199.1 

to 19 3.9 (-2.6%)], and in RER max on the IP [X = 1.2 3 to 1.2 0 

(-2.4%)], No significant change was noted pre- to post-train-

ing in resting HR for E. 

C showed no significant pre- to post-training differ-

ence on either protocol for VE max, MTT, HR max, or RER max. A 

significant pre- to post-training decrease was seen on the HP 

for V02 max (ml-kg"1-min"1) [5T = 52.4 to 50.7 (-3.2%)] and 

VO2 max (l'min""*") [X = 3.83 to 3.68 (-3.9%)], but no change 

was demonstrated for either parameter on the IP. Body weight 

and resting HR showed no significant change over the course 

of the study for C. 

Additional Results 

Consequent to training, a significant post-training 

between-group difference was shown on both IP and HP for VO2 

—1 —1 * —1 * max (ml-kg 'min ), VC>2 max (l*min ), VE max, and MTT. A 

significant within-protocol, pre-to post-training interaction 

occurred in the four aforementioned parameters. No signifi

cant post-training between-group difference was shown on 

either protocol for HR max or RER max, but a significant 

within-protocol, pre- to post-training interaction was noted 

for HR max on the HP. 

E showed significantly greater post-training values on 

the IP than on the HP for VOj max (ml •kg-"'" *min~^) (5TIP = 58.4 

vs XHP = 56.2) and VC>2 max (1-min"1) (5C1P = 4.22 vs XHP = 
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4.07), while C showed no significant between-protocol differ

ence post-training. Both E and C demonstrated greater post-

—1 training values on the IP than on the HP for VE max (I'min ) 

(XEIP = 17 0.3 vs XEHP = 15 9.5 and XCIP = 14 8.8 vs XCHP = 

13 8.6) and RER max (XEIP = 1.20 vs XEHP =1.11 and XCIP = 

1.21 vs XCHP = 1.13). A significantly lower post-training 

HR max was noted for E on the IP (X = 189.5) than on the HP 

(5T = 193.9), while C showed no significant difference between 

protocols. 

There was no significant interaction between-protocols 
• _ i _ i • _i • 

for VOj max (ml*kg «min ), VO2 max (1-min ), VE max 

-1 -1 (l«min ), HR max (beats*min ), or RER max. 



CHAPTER 5 

DISCUSSION 

This longitudinal study was designed to determine 

if significant differences existed between IP and HP in 

eliciting maximal oxygen uptake from subjects who underwent 

aerobic training exclusively on horizontal terrain. 

The discussion of the results consequent to the 

intensive 12-week aerobic training program is divided 

into three sections: training adaptations, inclined versus 

horizontal treadmill protocols, and between-protocol inter

actions . 

Training Adaptations 

io2 

Maximal oxygen uptake has received wide acceptance 

as the primary determinant of cardiorespiratory endurance 

capacity (4,7,29,66). The results from this study are in 

agreement with previous studies (15,35,72,74,77) which 

have demonstrated significant increases in VC^ max 

consequent to cardiorespiratory endurance training. 

Significant pre-post increases in VC^ max were shown in 

E for both protocols (+8.9% for IP and +8.7% for HP) . 

37 
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These improvements in VOg max were comparable to improve

ments found in other studies that have used subjects of 

similar initial fitness levels (75). 

The significant pre-post decrease in VC>2 max seen 

in C for the HP was unexpected and may in part be due to 

the time of the school year when maximal treadmill testing 

took place. All subjects were full-time college students 

and since initial testing was conducted at the beginning of 

the semester, students were potentially more active due to 

a relatively low school workload. Post-training tests were 

conducted the week prior to finals when students were more 

likely to be spending a great deal of time on school work 

which may have led to increased stress, decreased sleep and 

poor dietary habits. Also, the weather during the weeks 

prior to initial testing was cool (^6 5°F) and conducive to 

outdoor aerobic activities, while the weather during the 

weeks prior to post-testing was quite warm (a>9 5°F) and not 

conducive to outdoor aerobic activities. This temperature 

change may have resulted in a decrease in the subject's 

recreational activities, which in turn may have contributed 

to the V09 max decreases reported for C. .A •significant within-

protocol interaction was noted for both IP and HP and was 

due to the significant V02 max increase in E consequent to 

training coupled with the non-significant change in C for IP 

(-2.1%) and the significant decrease in C for HP (-3.2%). 
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VE max 

Some studies have shown no significant change in VE 

max with training, even with substantial increases in VOj 

max (73,101), while others have shown VE max significantly 

increased by 10 to 2 0 percent as a result of at least 6 

weeks of endurance training (29,74,77,82). This study 
• 

showed significant increases of 6.3% and 5.7% in VE max 

on the IP and HP, respectively. Although these improvements 

are similar to the improvements in VC^ max, they are most 

likely associated, not resultant changes. Cunningham (21), 

Jones, (50), and Wasserman et al (98) have concluded that 

increases in VOj max are more closely related to changes 
• • 

in VCO2 than to VC^ changes. 

The significant within protocol interaction seen for 

both IP and HP was due to the aforementioned increases in E 

coupled with no significant change in C (IT = -2.4% and 

HT = -3.2%). 

HR max 

A reduction in HR max with endurance training has 

been evident in studies where the intial levels were above 

180 beats.min"1 (29,73,74,77,82). The results from this 

study are in agreement with these previous findings as a 

significant pre-post decrease in HR max was shown for E 

on both protocols. Initial testing revealed a significant 
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pre-training between-group difference in HR max for the HP. 

Confounding this finding is the fact that a similar sig

nificant pre-training between-group difference was not 

demonstrated on the IP. Although none of the other para

meters tested exhibited a significant pre-training between-

group difference, a reasonable explanation for this signi

ficant difference is the small number of subjects in each 

treatment group (N=10 for C and N=17 for E). This signi

ficant between-group difference coupled with the significant 

-1 pre-post decrease of 5.2 beats*min for E was responsible 

for the significant interaction within the HP. 

Body Weight 

A review by Wilmore (99) of body composition changes 

consequent to exercise training suggests that aerobic endur

ance training results in moderate losses in total body weight. 

The magnitude of the alteration varies directly with the 

frequency, intensity, and duration of the activity and the 

duration of the study. Body weight exhibited a significant 

pre-post X drop of 1.17 kg for E and no significant change 

in C, which is in agreement with Wilmorefs (99) summary. 

MTT 

The significant increase in MTT noted for E on 

both protocols (10.4% for IP and 18.2% for HP) is the only 

variable that directly measures change in performance, which 
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was the desired end result of this cardiorespiratory 

endurance training program. Although the maximal time 

improvement on the HP was substantially greater than on the 

IT, these improvements cannot be compared because the oxygen 

cost is not equivalent for equal improvement in time to 

exhaustion. 

RER max 

During heavy exercise of short duration, RER usually 

exceeds 1.0 in normal subjects (5). Issekutz et al^ (48) 

have shown that RER under such standardized conditions as 

a maximal treadmill test may be used as a measure of 

physical work capacity. They demonstrated that the RER 

(work RER minus 0.75) increases logarithmically with the 

work load, and VOg max is reached at a RER value of 0.40. 

Since resting RER is approximately 0.70 in normal subjects 

(5), RER values above 1.10 are often used as an indicator 

that maximal work capacity has been attained. In the present 

study mean RER max values above 1.10 were demonstrated on 

both protocols for E and C pre- and post-training. Training 

should not significantly alter RER max values unless the sub

ject's initial physical condition is below normal. Subjects 

with a low initial fitness level may experience localized 

leg fatigue, instead of cardiorespiratory fatigue, during 

maximal treadmill testing. Since a well-designed training 
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program should eliminate the excessive neuromuscular 

fatigue, training programs involving initially low-fit 

subjects may demonstrate an increase in RER max. A 

possible explanation for the significant pre-post within-

group decrease (-2.4%) seen in RER max for E on the IP was 

the small number of subjects in the exercise group (N=17) 

(11,103). 

In summarizing the adaptations to training shown in 

this study it should be mentioned that the activity 

questionnaires (Appendix D) filled out by each subject pre-

and post-training revealed no appreciable lifestyle changes 

over the course of the study other than the 12-week training 

program on horizontal terrain for E. Therefore, the signifi

cant within-protocol interactions found in both protocols 
• t  

for VO2 max, VE max, and MTT, along with the significant 

decreases in HR max and body weight noted for E in this 

study, can be attributed solely to the training program. 

These physiological alterations demonstrate a significant 

cardiorespiratory improvement for E and a significant 
o 

cardiorespiratory deterioration for C as defined by Astrand 

and Rodahl (5), Grimby and Saltin (38), and Pollock (75). 

Inclined versus Horizontal Protocols 

The primary purpose of this investigation was to 

assess changes in maximal oxygen uptake on both IP and HP 

consequent to training on exclusively horizontal terrain. 
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The concept of training specificity suggests that in order 

to accurately evaluate the maximal cardiovascular capabi

lity of a trained individual, it becomes imperative that 

the muscular involvement of the testing mode simulate the 

training mode (26,41,57,90). Although the subjects in E 

were not as fit cardiovascularly as a well-trained endurance 

athlete (5,58,102) prior to training, by the study's end they 

could be considered trained individuals (1,5,28,40,81). This 

study's primary hypotheses was that consequent to training 

specificity the post-training results would yield' a XVOg max 

on the HP that would equal or exceed that yielded by the 

IP and that the relative improvement in VC>2 max would be 

greater on the HP. 

The results for E suggest that an IP imposes a 

significantly (p<0.05) greater aerobic demand on both 

untrained subjects and on subjects trained for 12-weeks 

on horizontal terrain. The results of the initial testing 

on E agree with the observations of Taylor et_ al (93), 

Hermansen and Saltin (42), and Astrand and Saltin (6) who 

reported that untrained subjects achieve a greater V02 max 

on an IP than on a HP. Although the post-training results 

for E showed a significant improvement in VOj max (Figures 

3 and 4) on both protocols, there was no between-protocol 

interaction for the trained subjects. This result supports 

the finding by Mayhew and Gross (50) that trained subjects 
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achieve a significantly greater VC^ max on an IP than on a HP. 

During the IP, ancillary muscle groups such as the 

erector spinae and shoulder girdle muscles involved in arm 

movement may have been recruited and, therefore, may have 

contributed to an overall larger oxygen requirement than 

during the HP (38,84). Similarly, Costill et al (19) showed 

that ancillary muscles, such as the vastus lateralis, which 

elevates the body during uphill running, are engaged during 

an IP but not during a HP. The IP yields lower stride fre

quency and greater foot contact time than the HP and, there

fore, an increased duration and strength of contraction (42). 

These longer and stronger contractions, coupled with an in

creased muscular involvement, may result in an increase in 

lactic acid accumulation. An increase in lactic acid in the 

blood stimulates ventilatory drive, which in turn should 

yield a higher RER max and a higher VE max (48,98). The 

results from this study support this physiological mechanism 

as E demonstrated significantly higher VE max (Figure 5) and 

RER max (Figure 7) values for the IP than for the HP both 

pre- and post-training. 

Additionally, it is possible that the increased con

traction time during the IP (42) might have impeded venous 

return (92) by creating high intramuscular pressures 

which could have restricted blood flow to the working tis

sues (8,39). Finally, local muscle circulation may have 
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been compromised due to the reduced relaxation period during 

the IP (31). 

Training exclusively on horizontal terrain for 12-weeks 

did not result in a significantly greater improvement on the 

HP than on the IP as evidenced by the lack of a significant 

between-protocol interaction. These results do not confirm 

the use of a HP in place of an IP for evaluating maximal oxy

gen uptake in either untrained or trained subjects, even if 

the trained subjects exercised solely on horizontal terrain. 

On the other hand, the between-protocol results for C 

pre- and post-training are in opposition to those found for E. 

The results for C suggest that an IP imposes no greater 

aerobic demand on untrained subjects than does a HP. These 

results agree with Kasch el: al_ (55) and Sucec (91) who tested 

well-trained runners and found no significant difference be-
9 

tween VOj max on either protocol. Both of these aforemention

ed studies used male subjects (N=12) with XVC^ max values in 

— 1 —1 excess of 60 ml*kg -min , while the subjects in this study 

—* -1 -1 (N=27) had XV02 max values of approximately 52.5 ml*kg -min 

This is the first study to report a non-significant between-

protocol difference for VO2 max using untrained subjects. 

V02 max values for C (XIPpre = 52.7, XHPpre = 52.4, 

XIPpost = 51.6, and XHPpost = 50,7 ml• kg""'" •min""'") are slight

ly above the values suggested for untrained college-age males • 

(X = 46 - 48 ml'kg™"^ *min~^) (5,58), but yet well below 60 -75 
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ml-kg^-min""1", which is the range in which most well-trained 

endurance athletes fall. The subjects in this study are, there 

fore, unlike the subjects in previous studies comparing an IP 

to a HP, where they were either sedentary (6,42,93) with a 

XVOg max 50 ml-kg-1-min"1 or well-trained (3,55,60,91,101) 

—* -1 -1 with a XVO2 max 60 ml-kg *min 

Other pre- and post-training parameters measured on C 
• 

such as VE max, MTT, and RER max show statistically signifi

cant between-protocol differences that are similar to E mak-

ing it difficult to explain why the two groups differ on VOg 

max. Although subjects were randomly assigned to groups E and 

C and were chosen from the same subject pool, the fact that E 

demonstrated a significant pre- and post-training between-
t 

protocol difference for V02 max while C did not may have been 

due to the small number of subjects in C (11,103). 

Between-Protocol Interactions 

Although significant pre- to post-training increases 

in VOj max were shown in E for both protocols (IP = +8.9% and 

HP = +8,7%), there was no significant between-protocol inter

action, i.e., neither protocol demonstrated a significantly 
• t 

greater V02 max improvement than the other. VE max, HR max, 

and RER max also showed no significant between-protocol inter

actions. 

This study was 12-weeks in length which is relatively 

short in duration compared to the years a competitive dis
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tance runner spends training his cardiovascular, neuromuscu

lar, and enzymatic systems. This may, in part, account for 

the differences between this study and the two cross-section

al studies that have shown well-trained distance runners to 
« 

produce significantly greater VOg max values on a HP than on 

an IP (3,102). It would be interesting to analyze the 

between-protocol interactions in a study similar to this one 

which would train subjects for a greater number of weeks in 

order that the frequency, intensity, and duration would sim

ulate that of a well-trained distance runner. 



SUMMARY 

There have been no longitudinal studies conducted to 

analyze potential interactions between training specificity 

and treadmill protocol specificity. Therefore, this longitud

inal study was designed to analyze the interaction between a 

subject's VC>2 max on an IP versus a HP before and after the 

subject was trained exclusively on flat terrain. 

Twenty-seven untrained men, 18 to 30 years of age, 

volunteered for the study. Ten were randomly assigned to C and 

17 to E. The control subjects did not alter their lifestyle 

while E trained for 12 weeks by running on flat terrain. Sub

jects trained 4 days per week for 35 min a day at an intensity 

equal to 65 to 85% of their VOj max. 

All subjects underwent a minimum of four maximal tread

mill tests (two with an IP and two with a HP) prior to train

ing and two maximal treadmill tests Cone IP and one HP) after 

training. Data collected immediately prior to, and during, the 
• • 

tests included VC>2 max, VE max, HR max, RER max, body weight, 

and resting HR. Multivariate analysis of variance and post-hoc 

t-tests were used to analyze the data. 

Prior to training, HR max was the only measured parame

ter to show a statistical between-group difference as E was 

greater than C. The IP for E yielded significantly higher 
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• • 

values than the HP for V02 max, VE max, and RER max and sig

nificantly lower values than the HP for HR max. The IP for C 

yielded significantly higher values than the HP for VE max 

and RER max, but there was no significant difference in VC>2 

max. 

Alterations in E consequent to training included sig-
• • 

nificant increases on both protocols in V02 max and VE max, 

while significant pre- to post-training decreases were seen 

in body weight, HR max for both protocols, and RER max on 

the IP. The only pre- to post-training change seen in C was 

a significant decrease in V02 max on the HP. There was no 

significant pre- to post-training interaction between proto-
• « 

cols for VOg max, VE max, HR max, or RER max. 

The pre-training testing suggests that the use of a 

HP as a test for evaluating V02 max in untrained subjects 

may depend on the subject's level of fitness, test duration, 

number of subjects, and/or other factors. The post-training 

results do not confirm the use of a HP as a test for eval

uating V02 max in college-age males trained exclusively on 

horizontal terrain, but they do provide further support for 

the use of an IP as an effective tool for identifying V02 

max. 



APPENDIX A 

LIST OF ABBREVIATIONS 

ANOVA analysis of variance 

C control group 

CM5 ECG lead using the chest manubrium and the 

5th intercostal space 

E exercise group 

ECG electrocardiogram 

HP horizontal treadmill protocol 

HR heart rate 

IP inclined treadmill protocol 

kg kilogram 

1 liter 

MANOVA multivariate analysis of variance 

max maximal 

min minute 

ml milliliter 

mph miles per hour 

MMC metabolic measurement cart 

MTT maximal treadmill time 

N number 

p 'probability 
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post after training 

pre before training 

RER respiratory exchange ratio 

SEM standard error of the mean 

THR target heart rate 

THRR target heart rate range 

vco2 volume of carbon dioxide produced«minute 

VE expiratory gas volume-minute-"*" 

vo2 volume of oxygen consumed*minute~^ 

mean 



APPENDIX B 

CONSENT FORMS 

52 



S3 

'v*S-- T H E  U N I V E R S I T Y  O F  A R I Z O N A  
T U C S O N ,  A R I Z O N A  8  5 7  2 4  

H U M A N  S U B J E C T S  C O M M I T T E E  
ARIZONA HEALTH SCIENCES CENTER 2J05 

TELEPHONE: CU-C711 OR Oi-lSlS 

6 January 1982 

Mr. R. Douglas Allen 
Department of Physical Education 
McKale Center, Room 228 
MAIN CAMPUS 

Dear Mr. Allen: 

We are in receipt of your project, "A Comparison of Maximal Oxygen 
Uptake on Horizontal vs. Inclined Treadmill Protocol with Subjects Trained 
on Flat Terrain", which waB submitted to the Human Subjects Committee for 
review. The procedures to be followed pose no more than minimal risk to 
the subjects Involved. Regulations issued by the U.S. Department of Health 
and Human Services (45 CFR Part 46, 1/26/81) authorize approval of this 
type project through the expedited review procedures, so that full Com
mittee review is not required. A brief summary is submitted to the full 
Committee for their information and comment, if any, after administrative 
approval has been granted. This project is approved effective 6 January 
1982. 

Approval is granted with the understanding that no changes will be 
made in either the procedures followed or in the consent form to be used 
(copies of which we have on file) without the knowledge and approval of 
the Human Subjects Conmlttee and the Departmental Review Cosmittee. Any 
physical or psychological harm to any subject must also be reported to 
each committee. 

A university policy requires that all Bigned subject consent forms 
be kept In a permanent file In 8n area designated for that purpose by the 
Department Head or comparable authority. This will assure their accessi
bility in the event that university officials require the information and 
the principal investigator is unavailable for some reason. 

Sincerely yours, 

Milan Novak, M.D., Ph.D. 
Chairman 

HN/jm 

cc: Patricia Fairchild, Ph.D. 



CONSENT FOR PARTICIPATION 

A Comparison of Maximal Oxygen Uptake 

on Horizontal vs Inclined Treadmill Protocol 

with Subjects Trained in Flat Terrain 

UNIVERSITY OF ARIZONA - TUCSON 

I have received an oral explanation of the training 
study. I understand the following: 

Purpose: The purpose of the study is twofold. First, the 
study is designed to analyze the relationship between the 
subject's maximal oxygen consumption on a horizontal 
treadmill test when the subject trains specificially on 
flat terrain. Secondly the study is designed to assess 
any changes in the subject's beta-endorphin level in the 
bloodstream with training. 

Exercise: Subjects will r^ticipate in a twelve week 
training program that involves running over flat terrain 
(no portion of the run will be over terrain with an incline 
greater than 3 degrees). Subjects will train four days per 
week for 3 5 minutes a day at approximately the same time each 
day. Subjects will also participate in a stretching/ 
flexibility program for a minimum of 10 minutes prior to 
each training session. During each training session subjects 
will run at an intensity such that their heart rates will 
remain within a range obtained by adding 6 5% of the difference 
between heart rate (HR) max and HR rest to HR rest for the 
lower limit of the range and by adding 90% of the difference 
between HR max and HR rest to HR rest for the upper limit 
of the range. Exercise heart rates will be monitored by 
the subject at approximately the 10th, 2 0th and 3 5th minute 
of each training session. Subjects involved in the training 
program are to record th length of each training session 
(to the nearest minute) approximate distance covered each 
session, the date and time when each session took place, and 
the heart rate attained at each of the three designated times 
during the session. Training sessions will take place from 
January - April, 1982. 

Control subjects will not participate in the exercise 
portion of this study and will not engate in any training 
programs during the course of the study. 

54 
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Respiratory Calorimetry (Maximal Treadmill Tests): Each 
subject will complete a minimum of 6 and a maximum of 8 
treadmill tests to exhaustion. A treadmill test involves 
running, with the speed and/or grade of the treadmill in
creasing gradually until the subject is too fatigued to 
continue. Each test will last between 8 and 14 minutes. 

Prior to the twelve week training program each subject 
will undergo a minimum of 4 and a maximum of 6 maximal 
treadmill tests'. Two treadmill tests will be conducted where 
the treadmill speed is incrementally increased, but where 
there is no increase in the grade (this is called a horizontal 
test). Two more treadmill tests will be conducted where the 
treadmill speed and grade are incrementally increased (this 
is called an inclined test). An additional maximal treadmill 
test will be conducted in either of the two modes if the 
maximal oxygen consumption values obtained for that particu
lar mode are not within five percent of each other. 

After the twelve week training program, each subject will 
undergo 2 maximal treadmill tests, one of which will be a 
horizontal test and the other an inclined test. Both of 
these post training tests will be performed within one week 
of the last day of training. 

The maximal treadmill tests require all subjects to 
wear 3 electrodes in order to record heart rate and to be 
connected to a Beckman Metabolic Cart via a tube connected 
to a mouthpiece and supported by a head brace. The nose 
will be closed to breathing by means of a nose clip while the 
mouthpiece is in place to force breathing to take place 
through the mouth. 

There will be a minimum of 40 hours rest between 
maximal treadmill tests. 

Blood Sampling: Subjects will be tested for blood levels of 
beta-endorphin during one of their maximal inclined treadmill 
tests prior to training and during the maximal inclined 
treadmill test after training. 5cc (less than 1/2 tablespoon) 
will be withdrawn immediately prior to and immediately after 
the two maximal inclined treadmill tests. Therefore, a total 
of four veni punctures in an anticubidal vein (a vein just 
below the elbow on the forearm) will be performed for a total 
withdrawal of 20cc of blood (less than 2 tablespoons). 

Miscellaneous: 

1. Subjects may not take any prescribed or over-the-counter 
drugs or any other drugs on days when they are to perform 
maximal treadmill tests. No drugs may be taken on days 
preceeding the maximal treadmill tests if such drugs have 
effects that last long enough to affect performance 
during testing sessions. 

2. It is estimated that subjects will spend a total of 42 
hours on activities related to the study. 
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3. No medical coverage will be provided by the investigator 
except for first aid for minor injuries. 

4. Subjects are to provide their own clothing and shoes for 
all training and testing sessions. 

5. The investigator will at any time answer any inquiries 
concerning procedures to be used. 

6. Any subject is free to withdraw from the study at any 
time and for any reason without prejudice. 

7. The subjects will be anonymous in any publicationCs) of 
the results of this study. 

8. Subjects are not to ingest any solid food for five hours 
prior to maximal treadmill tests. 

Physical Examinations: Physical exams will not be given to 
the subjects. If atany time a participant or the investi
gator believe that the health of a subject may be impaired, 
the subject may drop or be asked to drop from the study. 

Risks: Potential risks are considered to be minimal. Subjects 
may experience minor inconvenience and discomfort due to 
wearing the headgear during testing in the lab. Muscle sore
ness may occur in some subjects as a result of training and/or 
testing. While soreness may be uncomfortable to some subjects, 
it is not expected to present undue difficulty. Warm-up 
exercises will be performed prior to training sessions in 
order to loosen-up muscles to be exercised; this should reduce 
the possibility of both muscle soreness and injury. Venous 
blood samples are mildly uncomfortable and may leave the 
subject with a small hematoma (a local swelling filled with 
effused blood). 

Benefits: Subjects will gain special understanding of the 
scientific methods as applied to Exercise Physiology research. 
Subjects involved in the training program will receive 
instruction in the areas of flexibility drills, effective 
training methods as applied to running, proper running form, 
and how to use target heart rates for training. Subjects 
involved in the training program will also benefit from an 
increased level of fitness. All subjects will receive 
valuable fitness testing and interpretation of the results. 

Compensation for Injuries: I understand that in the event 
of physical injury resulting from the research procedures, 
financial compensation for wages or time lost is not avail
able, and the costs of medical care and hospitalization is 
not available and must be borne by the subject. I understand 
that Robert Douglas Allen (626-3290) or 326-1009) will provide 
more information upon my request. 
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I have read the above, and the nature, demands, risks, 
and benefits of the study have been explained to me. I 
understand that I may ask questions and that I am free to 
withdraw from the study at any time without causing any ill 
will or without affecting my University standing. I also 
understand that this consent form will be filed in an area 
designated by the Human Subjects Committee with access 
restricted to the principle investigator or authorized 
representatives of the particular department. A copy of this 
consent form is available to me upon request. I also 
understant that my data will be kept in strict confidence with 
only the principle investigators having access to my file. 

Subject's Signature Date 

Witness1 Signature Date 

I have carefully explained to the subject the nature of the 
above project. I hereby certify that, to the best of my 
knowledge, the subject signing this consent form understands 
clearly in the nature, demands, benefits, and risks 
involved in participating in this study. A medical problem 
or language or educational barrier has not precluded a clear 
understanding of his involvement in this project. 

Investigator's Signature Date 
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PHOTOGRAPHIC RELEASE 

Project Title: "A Comparison of Maximal Oxygen Uptake on 
Horizontal vs Inclined Treadmill Protocol 
with Subjects Trained on Flat Terrain" 

I hereby grant to R. Douglas Allen full and absolute 
permission and all rights to copyright, publish, display, 
and use for any legal purpose, any or all photographs 
(together with descriptive text or statements) in which 
I or my property appear. 

Dated: 
Signature 

Street 

Print Name 

State Zip 
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PRE-EXERCISE PERSONAL INVENTORY 

NAME DATE IDA 

Please answer the following question! by responding 

HAVE YOU EVER HAD 
Rheumatic Fever 
Heart Murmur 
High Blood Pressure 
Any Heart Trouble 
Disease of the Arteries 
Varicose Veins 
Lung Disease 
Epilepsy 
Arthritis 
Rheumatism 
Klgraine Headaches 
Operations (Bone, Joint, Other, if yes 
describe: 

( ) Injuries (Fracture, Torn Cartilage, Etc. 
describe): 

HAVE YOU RECENTLY HAD 
( ) Chest Pain 
( ) Shortness of Breath 
( ) Heart Palpitations 
( ) Cough on Exertion 
( ) Coughing of Blood 
( ) Back Pain 
( ) Swollen, Stiff, or Painful Joints 

(explain): 

as follows: 
( YES 
( ) NO 
( ?) UNKNOWN 

Fill in the numerical value 
where appropriate 

DO YOU NOV 
( ) Drink Coffee 
O cups/day 

( ) Drink Tea o cups/day 

( ) Drink Cola, Tabs, Etc. 
O cans/day 

( ) Drink Beer 
O cans/week (12 oz.) 

( ) Drink Wine 
O oz/ueek 

( j Drink Alcohol 
Q oz/week (1 shot • 1 oz.) 

( ) Smoke Cigarettes 
O cigarettes/day 

( ) Smoke a Pipe 
O Bowls Tobacco/day 

( ) Smoke Cigars 
O cigars/day 

( ) Take prescription medication, if 
yes, list drug and dosage: 

( ) Foot Problems 
( ) Muscle Cramps 

HAVE ANY OF YOUR RELATIVES HAD 
( ) Heart Attacks (Under age 55) 
( )' High Blood Pressure 
( ) Cholesterol (260 or higher) 
( ) Diabetes 
( ) Congenital Heart Disease 
( ) Heart Operations 

HAVE YOU EVER... 
( ) Smoked Cigarettes 
( ) Smoked a Pipe 
( ) Smoked Cigars 

If yes, how long ago did vou quit? 

O Months 

f) Years 
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DIRECTIONS: Please answer the following questions as accurately as possible. Place 
a circle around the appropriate letter or number for each question. 

1. Which of these exerclaes are you doing on a regular basis? 
a .  None f. Jogging 
b. Walk for exercise g. Lift weights 
c. Ride a blcyle h. Taekwondo, karate, or Judo 
d. Swim i. Competitive aports (List ) 
e. Do Calisthenics J. Other (List ) 

2. How many days per week do you exercise? 
a .  None e. Four 
b. One f. Five 
c. Two g. Six 
d. Three h. Seven 

3. How ouch tine do you spend on exercise each day? 
a. None e. 45 to 60 minutes 
b. Less than 15 minutes f, 60 to 75 minutes 
c. 15 to 30 minutes g. 75 to 90 minutes 
d. 30 to 45 minutes h. 90 minutes or more 

6. If you exercise select the odd or even number which best describes the Intensity 
(how hard) of your work outs. 
6 14 
7 Very, very light 15 Hard 
8 16 
9 Very light 17 Very hard 

10 18 
11 Fairly light 19 Very, very hard 
12 20 
13 Somewhat hard 

5. Indicate the MAJOR or MAIN' reason why you exercise (Select one answer). 
a. I do not exercise 
b. It makes me feel good 
c. I am trying to lose weight 
d. It is good for your health 
e. I am required to exercise 
f. My doctor told me to exercise 
g. Other (Explain 

6. Have you ever had a physical injury as a result of participating in spcrt? or an 
exercise program? 
a. Yes (Explain _ 
b. No 

7. Have you ever had any back, hip, knee, ankle, or foot problems while participating 
in an exercise program? 
a .  Yes (Explain 
b. No 

8. Have you ever been advised by a  physician not to exercise because of a  medical 
problem? 
a. Yes (Explain | 
b. No 

I1AMI 
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