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O’Hara, R.B., M. Khan,  R.L, Pohlman, J.F. Schlub, L.L Laubach, E. Eveland . Effects Of Increased Leg Resistance Training And Reduced Aerobic Training On Selected Physiological Parameters In United States Air Force Men And Women. JEPonline  2007:10(5): 16-34.The aim of this 10-week training study was to determine the effects of high volume leg resistance training compared to high volume aerobic training on predicted and maximal aerobic capacity administered on the treadmill and cycle ergometer. 12 trained (M = 6) and (F = 6) Air Force subjects (26 to 36 yrs) volunteered and were assigned to one of two groups: non-traditional (NT, n = 6) or traditional (T, n = 6). No significant changes occurred in the NT or T group’s predicted VO2 max (ml/kg/min) when measured on the cycle ergometer. Predicted aerobic capacity on the treadmill increased 17% for the NT group, but T group’s VO2 max remained unchanged.  VO2 max when measured on the treadmill improved 14 and 16% for the T and NT groups, respectively.  An increased volume of heavy leg-resistance training induced mean percent increases in the NT groups maximal VO2 when measured on the treadmill and cycle ergometer.
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INTRODUCTION
The American College of Sports Medicine (ACSM) guidelines for improving cardiovascular fitness are based on scientific data. The scientific data, compiled by researchers associated with the ACSM, is published in the sixth edition of the ACSM’s Guidelines for Exercise Testing and Prescription (1). 

The U.S. Air Force (USAF) employs two primary modes of exercise to evaluate active duty men’s and women’s oxidative capacity; a 1.5 mile run test and / or the submaximal cycle ergometry test. The submaximal cycle ergometry test lasts between eight to 14 min. Cardiovascular fitness using the cycle ergometer is calculated in part on the subject’s submaximal exercise heart rate response to a known workload. 

To assess aerobic fitness on the cycle ergometer, a trained USAF active duty technician administers a single stage predictive cycle ergometer test on the Monark 818 E cycle (Monark, Varberg, Sweden). This aerobic test requires raising the client’s submaximal exercise heart rate no higher than 85% of his predicted maximal heart rate (220-age). During the first two min of exercise testing, the test technician sets the first workload on the cycle ergometer to 1.0 kilopond (kp) and the client maintains a constant pedal rate of 50 revolutions per minute (rpm). The computer software then prompts the technician to increase the workload, based on the participant’s submaximal exercise heart rate response after the first two minute workloads at 1.0 kp, if exercise heart rate is below 125 beats per min (bpm), or maintain the workload at 1 kp. The adjustment of workload requires the client to pedal against the set workload for an additional eight to 14 min. The participant’s heart rates during the final 3 min of the test are required to be within 5 bpm of each other. The final two exercise heart rates are averaged at the conclusion of the exercise stage. The heart rates were then put into a predetermined regression equation, from which maximal oxidative capacity is predicted.

The criteria for passing the USAF fitness test follow Cooper’s Clinic aerobic classifications for maximal VO2 and require moderate fitness levels to pass. On average 85% of active duty men and women at Wright Patterson Air Force Base (WPAFB) pass their annual fitness test. However, the remaining 15% are problematic and struggle to pass the required annual fitness test, even though many follow aerobic training guidelines suggested by a trained Exercise Physiologist who follows exercise guidelines recommended by the American College of Sports Medicine (ACSM). The ACSM guidelines suggest participating in the following physical activity:
1. A minimum of three to five times weekly.

2. At an exercise intensity that represents between 55 and 85%t of the subject’s maximum heart rate response.

3. Twenty to 60 min of continuous or intermittent aerobic activity (1).

Historically, if an active duty Air Force member is not able to pass the fitness test after following ACSM guidelines for a period of three to six months, the Air Force Exercise Physiologist may suggest that the member either increase aerobic exercise intensity and/or duration and frequency (e.g., 70 to 90% of 220-age or 30 to 45 min). If the member is still unable to pass the test then he/she seeks further guidance and advice from the physiologist, who relies on ACSM guidelines to ensure members meet the USAF fitness standards. However, what happens if an Air Force member still cannot pass the cycle ergometer or one and a half-mile run test even after training for three to six months at very strenuous (70 to 90% of 220-age) exercise heart rates (2,3). 
Based on pilot study data, these investigators attempted to answer the following question:  How might an Air Force member who trains for three to six months, yet still cannot meet established aerobic fitness standards, increase his predictive and / or maximal oxidative capacity? O’Hara and colleagues (2) attempted to answer this question and hypothesized that a group of trained Air Force men could increase their predicted VO2 max (ml/kg/min), measured on a cycle ergometer, after engaging in a non-traditional (NT) training program. The NT training program emphasized an increased volume and variety of leg resistance exercises accompanied with heavy workloads (e.g., 3 sets of six leg exercises and 1 set of 4 upper body exercises) and a reduced volume of aerobic training. The traditional physical training program emphasized a reduced volume and variety of resistance exercises accompanied with heavy workloads (e.g., 1 set of lower body exercises and 1 set of 4 upper body exercises) and an increased volume of aerobic training. These same investigators (2) define ‘non-responders’ as participants who are able to engage in a chronic physical training regime, but are unable to achieve minimal USAF fitness scores (e.g., 48 yr-old man scores 28 ml/kg/min and needs a score of 29 ranking in the 10th percentile, which is considered very poor fitness) (higher score is a better score) (1).

The degree of change in USAF men’s maximal predicted aerobic capacity after participating in a program that includes concurrent high intensity leg resistance exercises and reduced aerobic training volume (non-traditional training) are unknown. Limited research shows a necessity to compare and to distinguish definite physical training protocols that may elicit the greatest change in relative and absolute rate of oxygen uptake (maximal VO2) in U.S. Air Force men and women (26 to 36 years), assigned to either a non-traditional (NT), or traditional (T) training protocol.

Currently,  there are  no NT training protocols available for those USAF airmen who perform poorly  (‘non-responders’) on the 1.5 mile run or cycle ergometer aerobic assessment, even after participating in a standard prescribed aerobic training  program. Therefore, a need exists to determine whether the results of the current USAF submaximal (VO2) cycle ergometry fitness test and 1.5 mile run test could be altered by the type of physical training protocol in which a subject engages in, especially in a well defined population subset (15 to 30%) of the active duty men and women at Wright – Patterson Air Force Base, Ohio. 

Further study to determine if the cycle ergometry test seems applicable for those Air Force active duty members who frequently fail their annual aerobic fitness test is warranted. These researchers also wanted to determine if any changes in subject’s aerobic fitness status were consistent across different predictive and maximal test protocols administered on a treadmill and cycle ergometer.

Numerous researchers have examined whether intensive leg resistance training may improve participant’s aerobic endurance performance, improve cycling time to (4-14). The effects of increased leg resistance training volume combined with reduced volume aerobic training on predictive and maximal aerobic fitness, measured on cycle and treadmill, needs to be examined also. A higher volume (set x reps x workload) of leg resistance training can augment leg strength, which results in small statistically significant increases (8-10%) in VO2 max (6,7,13,14). However, none of the researchers investigated the influence of heavy loaded leg resistance training combined with reduced volume aerobic training on both predictive and maximal fitness tests, especially in a select group of U.S. Air Force men and women. More importantly, none of the researchers have investigated the physiological or anthropometric differences in gender response to heavy loaded leg resistance training. The research herein will also attempt to elucidate on gender specific responses to NT and T training protocols.  
A study (7) was conducted that required subjects to participate in a heavy leg resistance training program three times weekly for 10 weeks, to  determine whether intensive leg resistance training could influence one’s ability to increase aerobic capacity when measured on cycle ergometer or treadmill run test. They examined the influence of increased leg strength on cycling time to fatigue, increased endurance cycling performance, reduction in maximal pedal force required during each pedal thrust, and whether or not specific skeletal muscle fiber recruitment patterns were altered during cycling. This group of researchers hypothesized that alterations in skeletal muscle fiber recruitment patterns during cycling could theoretically delay recruitment of type two skeletal muscle fibers because of enhanced reliance on type one highly oxidative fibers. However, maximal aerobic capacity was unchanged by heavy leg resistance training during both cycling and treadmill running.

The alterations in skeletal muscle fiber recruitment patterns during cycling could theoretically delay recruitment of type two skeletal muscle fibers because of enhanced reliance on type one highly oxidative fibers. The delayed recruitment of type two skeletal muscle fibers may increase lactate disappearance and diminish glycogenolysis. Skeletal muscle myosin heavy chain composition was altered after a group of 17 healthy males engaged in 19-weeks of heavy leg resistance training (21). After 19 weeks there was an significant reduction in the percentage of type IIb and an increase in the percentage of type IIa  skeletal muscle fibers in the quadriceps, which was determined by histochemical methods. The change in genetic expression of resistance trained skeletal muscle tissue indicates that the type IIb myosin heavy chain is a default gene capable of providing an available supply of muscle fibers that are transformed into type IIa oxidative fibers. The transformation of type IIb muscle fibers into type IIa muscle fibers may theoretically be associated with changes in a participant’s aerobic endurance and power output when measured on either a cycle ergometer and/or treadmill.     

Hence, the type of heavy leg resistance training and transformations in skeletal muscle fiber typing, may contribute to increases in short term aerobic endurance (4-6 min), long- (60-90 min) term endurance, maximal aerobic power output and oxidative enzyme activity. For example, when a presumable strong stimulus (heavy resistance exercises) is added to weaker stimulus (aerobic conditioning) then additive effects of training may result; such as increases in aerobic power, strength, and citrate synthase activity (10).  A reduction of fast twitch fiber recruitment, when cycling, may enhance a subject’s cycling and running times to exhaustion. In contrast, increased leg strength may not contribute to small improvements in maximal aerobic capacity measured on a cycle ergometer when expressed in absolute units (l/min) but not when expressed in relative units (ml/kg/min) (7). Additionally, there were no significant differences between treadmill or cycle maximal aerobic capacity when expressed in absolute units (l/min). 

Hickson (6,7) did not include any aerobic training in his physical training study and all resistance exercises were performed with maximal weight, a large number of sets and very few repetitions. Research implies (6,7) that additional training studies are needed to determine  whether heavy loaded  leg strength exercises and reduced aerobic loading may influence VO2 max or predicted VO2 max, when measured on a cycle ergometer or treadmill. Furthermore, the purpose of administering two types of maximal and predictive tests (e.g., treadmill and cycle) is to identify whether the results of different tests are influenced by physical training methodology. For example, does a more NT training approach result in marked improvements in maximal or predictive oxidative capacity in a group of Air Force subjects who are currently trained but are unable to meet Air Force fitness standards.
Independent researchers concluded that increases in VO2 max on a cycle ergometer may be due to enlarged skeletal muscle mass and oxidative capacity in the resistance-trained leg musculature (6,7,16). One group of researchers (17) determined the effects of three distinctive resistance-training programs on cardiovascular endurance and discovered that high repetitions (2 sets of 22 to 26 repetitions) and low resistance (60% of 1-RM) considerably increased time to exhaustion and maximal aerobic power output. The physiological adaptations in the high repetitions group included increased lactate tolerance, improvements in the non-oxidative and oxidative energy systems, or simply an increased tolerance of very high intensity work (17). However, the precise contributory mechanisms responsible for change in aerobic capacity, maximal time to exhaustion, maximal aerobic power output, and increased lactate tolerance are unknown.

A study (8) was done to determine whether high intensity resistance training could augment VO2 peak and capillary supply to skeletal muscles. His research subjects consisted of elderly men ages 65 to 74 years of age. The training regimen consisted of a group of ten subjects performing three sets of four exercises for each leg separately at an intensity that would elicit volitional fatigue within 6 to 12 repetitions. Each of the four exercises was completed on a universal strength training machine. Hepple discovered that the group of trainees increased their peak VO2 and number of capillaries per muscle perimeter length also increased, which subsequently paralleled changes in their VO2 peak. Interestingly, the elderly men in this study did partake in low intensity periodic physical activity (e.g., tennis, golf, and walking), but still managed to increase several cardiovascular (CV) fitness parameters through intensive leg resistance training (8). This research has relevance to the research study proposed herein, because the groups of USAF active duty men and women that will be recruited are currently active and similar to the group of elderly men that Hepple and co-workers recruited for their study, with the exception of age range. Although practical, their research failed to examine if this group of elderly men’s peak VO2 was different if tested on a cycle ergometer or treadmill and if predicted VO2 peak may be increased to a greater degree than maximal VO2 peak, or vice versa. 
The examination the effect of six months of high and low intensity leg resistance exercises on aerobic capacity amongst a group of older men and women (60 to 80 yr olds) (18). They observed that subjects who increased leg strength were able to exercise at a higher relative intensity and for a sustained duration. However, the probability of younger subjects increasing aerobic capacity by enhancing leg strength is unlikely because younger subjects may already possess normal leg strength. In contrast to Vincent’s study results regarding leg strength and age, Hickson, Rosenkroetter, and Brown (6), did show that a group of younger subjects (18-27 yr) increased leg strength by 40% after 10 weeks of near maximal leg resistance training and subsequently, were able to maintain a higher relative exercise intensity for a sustained duration on a cycle ergometer. However, Vincent (18) and Hickson (6) only compared the differences between maximal aerobic fitness when administered on a treadmill and cycle ergometer. They did not examine differences between maximal or predictive tests administered on the treadmill and cycle ergometer.  

Several other researchers found that aerobic training when coupled with high volume multi-joint resistance training exercises in the legs and upper body musculature increased aerobic endurance and predictive VO2 max (7,12,19). The implications of these researchers seem to suggest that at least in some exercise training protocols the leg strengthening emphasis has improved aerobic capacity. The proposed peripheral mechanisms behind such results could be improvement in muscular recruitment patterns and strength, which may influence lactate clearance rates, or threshold. Additionally, increased cycling comfort (resulting from increased leg strength) could influence heart rate directly during the test improving heart rate response and estimated oxygen cost.

High volume resistance training (20), consisting primarily of multi-joint exercise movements of the leg musculature can increase aerobic metabolism between 8-10%. The exact physiological mechanisms responsible for this change could be attributed to permutations of skeletal muscle’s improvement in oxygen delivery and utilization. The precise physiological mechanisms linked to improvements in aerobic metabolism, due to a heavy loaded resistance-training regimen, are unknown.  Will an increased volume (sets x repetitions x weight) of heavy loaded leg strengthening and a reduced volume of aerobic exercise exert equivalent effects on a subject’s maximal or predicted aerobic capacity when measured on a cycle ergometer and/or treadmill? This question remains unanswered in the scientific literature, to date. Most researchers have only examined if and how heavy loaded and high volume leg strength training changes maximal aerobic fitness, time to exhaustion, and aerobic endurance/power but have not examined if these changes are consistent across different predictive and maximal testing methodologies (e.g., treadmill and cycle ergometer).

The USAF Fitness Program Office proposed and implemented new aerobic fitness standards from the Aerobics Center Longitudinal Study for age and gender specific cut point values in 2003. The Air Force (AF) established a new health based fitness program that was non-punitive in its approach to stimulating AF members to establish and maintain a healthy lifestyle. The new system provides AF members with a user friendly total score composed of body composition, muscular fitness, and aerobic component scores. The Green-Amber-Red (GAR) scoring system places members into one of three health risk zones, green (low risk), amber (moderate risk) or red (high risk). The central focus for changes in the AF fitness program are geared towards member’s health, physical activity and fitness as a lifestyle rather than only administering the fitness test once each year. The AF fitness standards, are taken from American College of Sports Medicine (ACSM) rose from the 10th to the 30th percentile aerobic fitness norms in 2004. The 10th percentile was considered poor fitness according to ACSM standards; and the 30th percentile indicated moderate fitness. This is important to our proposed research because we are attempting to discern the influence of traditional (heavy leg resistance loading and reduced aerobic loading) and non-traditional (heavy leg resistance loading and reduced aerobic loading) physical training on two different tests (cycle ergometer and treadmill walk/run) that the USAF currently uses to predict aerobic capacity. The change in fitness standards could play a role in increasing fitness test failure rates, creating an even greater need for alternative training programs for those members who consistently fail their annual aerobic fitness test (e.g., cycle ergometer and 1.5 mile run test).

METHODS


Subjects 
Prior to data collection all participants read and completed an informed consent form outlining the purpose of the study, data collection techniques, and experimental procedures. Ethical approval for the study was granted by Wright Patterson Air Force Base Medical Center’s ethics committee. Twelve active duty Air Force volunteers (6 men and 6 women) responded to advertisements requesting participants for an exercise study. The participants were alternately assigned to either a non-traditional (NT) Traditional training group to maintain a balanced design. Additionally, this group of Air Force men and women were trained, 26 to 36 years of age, not currently taking any medications that would influence heart rate while exercising and free of cardiovascular disease.
The criteria for subject participation in this study were:
1. Subjects must be in the 25th percentile for aerobic fitness, according to Air Force standards (standards taken from Cooper Clinic).
2. Subject must be free of cardiovascular disease and taking no prescribed blood pressure medications or other herbal dietary supplements that could affect heart rate response with exercise.
3. Subject had to be participating in some form of aerobic exercise at least 2 to 3 times weekly for 20 to 60 min.
4. Subject had to be free of any musculoskeletal injuries that would hamper his ability to engage in heavy resistance training or aerobic training (i.e., walking, jogging, running).
5. Subject could not be pregnant.

6. Female subjects had to provide menstrual cycle history.

7. Subjects not meeting the above inclusion criteria were excluded from this study.


PROCEDURES
All participants, regardless of group assignment, were tested before (wk1) and after training (wk 10) for each of the following dependent variables: body weight, rate pressure product, body fat percentage, and peak oxygen consumption (predictive and maximal). All post-testing procedures were completed within 1-week periods of each participant’s final training session.

Two treatment conditions: traditional (T) and non-traditional (NT) were employed in this training study. Before participating in this 10-week training study, all participants agreed not to change their daily activity patterns, outside of their participation in this study. None of the participants who engaged in this training study was on a restricted calorie diet. Subjects assigned to both training groups (NT and T) underwent three days of habituation and exercise orientation and, thereafter, each subject performed the prescribed exercises in the research exercise laboratory. 
TRAINING PROTOCOLS

The traditional (T) training protocol in this investigation was defined by the American College of  Sports Medicine (ACSM) guidelines for improving cardiovascular and muscular fitness. According to ACSM’s Guidelines for Exercise Testing and Prescription (1), in order to gain fitness, a subject should train a minimum of three to five times weekly, at an intensity of exercise that represents between 60 and 90% of maximum heart rate for 30 to 60% of continuous or intermittent aerobic activity (e.g., 1-30 min bout or 3–10 minute bouts). For this study, subjects assigned to the T training group participated in the aerobic portion of this training program three times weekly (MWF), for 40 min at an intensity that represented 70 and 90% of their predicted maximum heart rate (220-age). Each subject’s prescribed training heart rate zones were pre-programmed into their computerized Polar Pace Heart Rate (HR) Monitor (POLAR ELECTRO, INC., New York, NY). These pre-programmable HR monitors allowed the tracking of total training time and percent of time that the subject spent exercising in his or her prescribed target-training zone. The subject was instructed on how to use the monitors. After each workout the exercise physiologist downloaded each subjects daily mean exercise heart rates and was responsible for recording them in each subject’s daily aerobic exercise training log.  Subjects assigned to the T group trained according to the following program:

· Warmed-up for 10 min by walking at a slow pace. 

· Walked, jogged, or ran on a treadmill or outdoors at lowest incline/grade possible for 40 min only.

· Depending on physiological adaptations to this exercise program, each subject’s exercise intensity was increased bi-weekly to ensure that a continuous training adaptation occurred.

· Ten min of an active cool-down to help prevent blood from pooling in the lower extremities.

· Performed one set of 8 to 12 repetitions of each exercise (chest press, latissimus pull-down, leg press, abdominal crunch, and low back extensions) to volitional fatigue.

· Static stretched major muscle groups of lower extremities.

ACSM (1) recommends that apparently healthy adults perform a minimum of 8 to 10 resistance exercises that train all major muscle groups (legs, hips, back, abdomen, chest, shoulders, and arms). According to ACSM the subject should also perform one set of 8 to 12 repetitions and choose a workload that elicits failure of lifting form. Failure of lifting form means the subject can complete the final repetition without using bodyweight momentum.
The non-traditional (NT) training protocol employed in this study was similar to ACSM guidelines, but emphasized a reduced volume of aerobic training. The subjects assigned to the NT training group participated in aerobic training three times weekly for 20 min in a target heart rate training zone that represented 70 to 90% of age adjusted predicted maximum heart rate. The NT subjects’ aerobic training program was conducted in the same order as the T group, except the NT subjects participated in only 20 min of aerobic activity. NT subjects followed the same procedures on the pre-programmed heart rate monitors as the T group.

The NT subjects trained according to the following program:
· Warmed-up for 10-minutes by walking at a slow pace. 

· Walked, jogged, or ran on a treadmill or outdoors at lowest incline/grade possible for 20 minutes only.

· Depending on physiological adaptations to this exercise program, each subject’s exercise intensity was increased bi-weekly to ensure that a continuous training adaptation occurred.

· Ten minutes of an active cool-down to help prevent blood from pooling in the lower extremities.

· Immediately after completing the aerobic routine, the NT subjects performed one set of 12 to 16 repetitions of four resistance exercises (latissimus pull-down, low back extension, chest press, and abdominal crunches) to volitional fatigue.

· Immediately after completing one set of the four upper body exercises, the NT subjects completed three sets of 12 to 16 repetitions of six leg strengthening exercises (leg press, weighted lunges, leg extensions, leg curls, squats, and calf raises) to failure of lifting form.

· Static stretched major muscle groups of lower extremities.    
PRE AND POST TESTING PROCEDURES
Anthropometric Parameters

Subject’s stature was measured using a wall stadiometer pre and post training (10 wks) and recorded to the nearest 0.1centimeter (cm) (15) and subject’s bodyweight was measured on an electronic scale to the nearest 0.5 kg.   All subject’s pre and post body fat percentage was estimated by employing a technique known as air-displacement plethysmography using the BOD POD (Life Measurement, Inc). Each participant was instructed to avoid diuretics, such as caffeine and supplements, not to drink or exercise three hours prior to testing and each subject was asked to void his/her bladder prior one hour prior to their test. The subject was asked to sit quietly and breathe normally for 20 seconds, while the technician measured raw body volume at least two times. If the value of 150 ml was obtained during two consecutive measurements then the technician proceeded in calculating the subject’s thoracic lung volume. The technician then connected the subject to a breathing circuit, connected inside the BOD POD. The participant was then instructed to breathe normally and to take between two to three full breathes. While the subject was breathing into the breathing circuit, a real-time breathing record was displayed on the computer monitor. In order to calculate percent body fat the BOD POD employs Boyle’s Law, which is simply the relationship between volume and pressure. Boyle’s Law does assume that temperature remains constant and is written as follows:
V¹P¹ = V²P²

V¹ = original volume

V² = new volume

P¹ = original pressure

P² = new pressure

Based on the formula V¹P¹ = V²P², body volume (Vb) can be measured directly. To calculate 
Vb the BOD POD uses the following formula (McCrory et al., 1998):
Db= M (body mass) / (Vbraw + 0.40 Vtg – SAA)

Finally, a subject’s percent body fat is derived from Db by utilizing the Siri equation, which is 
written as follows:

% Body Fat = 495 / Db – 450

PRE AND POST TESTING PROCEDURES
Physiological Parameters
The Ebbeling protocol (22) was administered during both pre (wk 1), and post training (wk 10) to predict each subject’s maximum aerobic capacity. The correlation between observed and estimated maximal oxygen uptake (VO2 max), through use of the Ebbeling protocol is 0.96 and residual scores (observed VO2 max and estimated VO2 max) are within the range of ± 5 ml/kg/min. 

In accordance with standards of the American College of Sports Medicine Guidelines for Exercise Testing and Prescription (1), each subject was informed not to ingest any food, alcohol, or caffeine or to use tobacco products within three hours of the test. The subject was also informed to be rested (e.g., 6 to 8 hrs of sleep), avoid significant exercise several days before the tests and that clothing should permit freedom of movement and include walking or running shoes. An explanation of proper treadmill walking techniques was provided to each subject. Each subject practiced walking at 0% grade just prior to starting the test. The subject was then asked to walk for four minutes at a 5% grade at his or her established walking speed (22). The subject’s exercising heart rate was continuously monitored throughout the test and the heart rate at the end of minute four was recorded for use in the following regression equation: 
ml/kg/min = 15.1 + 21.8 x speed (mph) – 0.327 x HR (bpm) – 0.263 x speed x age (yr.) + 0.00504 x HR x age x gender (0=F; 1=M)
The subjects submaximal aerobic capacity was also predicted administering the cycle ergometer pre (wk 1) and post (wk 10). The ergometer was calibrated prior to each test. During the first two minutes of the test the workload was set at 1.0 kilogram (kg) for men and 0.5 kg for females. The subject’s maintained a constant pedal rate of 50 rep and were reminded during the test not to exceed or fall below this cadence. After the two minute warm-up, the computer prompted the technician to increase work rate based on the subject’s age, heart rate response, gender, and body weight following the cycle ergometer workload algorithm by the United States Air Force Fitness Program Office. Once the workload was adjusted the subject continued to pedal at the established work rate for an additional 6 to 8 min until the computer program obtained exercise heart rates between 125 and 85 percent predicted maximal heart rate (220-age). The entire test lasted 8 to 14 min. Two of the subject’s exercise heart rates within 5 bpm (steady-state) were entered into a regression equation that is programmed into the computer software to predict the subject’s aerobic capacity (ml/kg/min). 

Subject’s maximal aerobic capacity was determined on an electronic cycle and treadmill during pre- and post-testing sessions. Subjects were connected to the metabolic cart with nostrils occluded by an external nose-clip and a one-way respiratory breathing valve was connected to the headgear. The modified Bruce protocol was administered to determine maximal VO2 on the treadmill. The subject started at a low work rate permitting time for an adequate warm-up. There were seven stages and each stage lasted 3 min. For the maximal cycle test work rate was increased by 25 WATTS every 2 min while the subject maintained a constant pedal rate of 50 RPM.
STATISTICAL ANALYSIS
The type of physical training protocols (NT and T) were the independent variables. The dependent variables were maximal and predicted aerobic capacity, percent body fat (percent BF), bodyweight (BW) and rate pressure product (RPP). For each pair of pre and post data, a two tailed independent t-test and a two way ANOVA was employed to assess changes between NT and T training groups and the alpha established a priori at the 0.05 level. The statistical package for Social Sciences (SPSS) (version 12.0) was used to analyze the raw data. The terms needed to calculate sample size per treatment group were determined from prior pilot study data and by using the techniques of Edward Vincent (18). The Tukey-Kramer multiple tests of comparison was applied to determine where the significant difference occurred.
Table 1.Subject characteristics by group before and after training 

Mean ± SD; T, traditional training, NT, Non-traditional training.

	Group
	N
	Age (yr)
	Height (cm)
	Weight (kg)

	T


	6
	29.8 ± 7.0
	172.4 ± 3.9
	pre     99.3 ± 56.4 

post  101.3 ± 59.0 

	NT


	6
	30.3 ± 5.1
	175.0 ± 4.9
	pre     86.9 ± 55.2

post    87.1 ± 49.5




RESULTS
Physical characteristics of the groups are displayed in Table 1.  Physiological data for relative and absolute  predictive VO2 capacity measured on a cycle ergometer are displayed in Table 2. 
There were no significant differences detected when predicting relative aerobic fitness of the NT group (p = 0.7) or T group (p = 0.4) when measured on the cycle ergometer. However, there was a mathematical difference detected for both groups (NT = -4.4%) and (T = -8.7%). The estimated absolute aerobic capacity was not statistically different for either group (NT; p = 0.7; T; p = 0.5). There were mathematical differences detected for both groups (NT = -6.6%; T = -4.3%).  
Table 2.  Mean, standard deviation, percent change, t-value, min-max score, and percent change of relative (ml/kg/min) and absolute (ml/min) predictive aerobic capacity on a cycle ergometer. T (N=6); NT (N=6).
	Group
	Mean
	S.D.
	Min.
	Max.
	Percent change
	T-value
	Probability Level
	Probability

Value

	NT (pre) Relative
	35.4
	3.58
	30
	39.9
	
	-2.5
	0.05
	

	(post)
	41.4
	4.5
	34.6
	46.4
	16.8
	-2.5
	0.05
	* 0.02

	NT (pre)     Absolute
	3475.0
	886.1
	2067.4
	4021.3
	
	-0.8
	0.05
	

	(post)
	3956.9
	1051.1
	2380.1
	5052.8
	13.8
	-0.8
	0.05
	0.41

	T  (pre) Relative
	38.95
	4.8
	33.4
	45.6
	
	0.17
	0.05
	

	(post)
	38.5
	4.5
	34.0
	44.8
	-1.2
	0.17
	0.05
	0.86

	(pre) 

Absolute
	3901.9
	1261.5
	2105.1
	5824.5
	
	0.07
	0.05
	

	(post)
	3854.5
	913.4
	2393.8
	4882.9
	-1.2
	0.07
	0.05
	0.94


 Physiological data for relative and absolute predictive aerobic fitness are recorded in Table 3. These results indicate that the NT group significantly increased relative predictive aerobic capacity by 16.8% (p = 0.02) on the treadmill (p<0.05). The NT group’s absolute predictive aerobic capacity did not change on the treadmill. There was a 13.8% increase in the group’s absolute VO2.
Table 3.  Mean, standard deviation, percent change, t-value, min-max score, and percent change of relative (ml/kg/min) and absolute (ml/min) predictive aerobic capacity on a treadmill. T (N=6); NT (N=6).

	Group
	Mean
	S.D.
	Min.
	Max.
	Percent change
	T-value
	Probability Level
	Probability

Value

	NT  (pre) Relative
	32.8
	8.5
	26
	49
	
	0.29
	
	

	           (post)
	31.3
	8.5
	24
	48
	-4.4
	0.29
	0.05


	0.77



	NT (pre)     Absolute
	2759.8
	677.4
	1571.7
	3389.1
	
	0.33
	
	

	      (post)
	2638.6
	570.9
	1652.9
	3370.1
	-4.3
	0.33
	0.05


	0.74



	T  (pre)
Relative
	35.6
	7.2
	29
	49
	
	0.70
	
	

	        (post)
	32.5
	8.3
	25
	48
	-8.7
	0.70
	0.05


	0.49

	T1 (pre)

Absolute
	3403.63
	471.65
	2728.81
	3947.48
	
	0.64
	
	

	       (post)
	3175.88
	725.25
	2473.5
	4503.04
	-6.69
	0.64
	0.05
	0.53


*Statistical significance
For the NT groups submaximal treadmill (ml/kg/min) there was a significant interaction between gender and group (p = 0.01). The mean changes for each of the group/gender combinations in submaximal treadmill (VO2 ml/kg/min) are shown in Figure 1. No other paired comparisons yielded significant results.
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Physiological data for maximal aerobic capacity measured on the treadmill for both groups is exhibited in Table 4. This table shows that there were no statistically significant differences in relative or absolute aerobic capacity measured on the treadmill for either training group. However, there were mathematical differences noted (NT relative: +15.4%, p = 0.5; absolute +14.2%, p = 0.3) (T relative: +5.5%, p = 0.6; absolute: +2.9%, p = 0.8).  
Physiological data for relative and absolute changes in maximal aerobic capacity on the cycle ergometer for both exercise groups is shown in Table 5. The NT group did not make statistically significant changes (p = 0.4) but there was +16.3% increase in their maximal aerobic capacity (ml/kg/min) and the NT group also increased maximal aerobic capacity (l/min) by 13.6% when measured on the cycle ergometer, but there were no statistical differences noted (p = 0.5). 
Table 4. Mean, standard deviation, percent change, t-value, min-max score, and percent change of relative and absolute maximal aerobic capacity on a treadmill. T (N=6); NT (N=6).
	Group
	Mean
	S.D.
	Min.
	Max.
	Percent change
	T-value
	Probability Level
	Probability

Value

	NT  (pre) Relative
	29.2
	8.9
	19.5
	44.6
	
	-0.90
	0.05


	

	(pre)
	33.4
	6.8
	21.4
	41.0
	14.2
	-0.90
	0.05


	0.38

	NT (pre)     Absolute
	2.5
	1.0
	1.51
	4.2
	
	-0.66
	0.05


	

	(post)
	2.9
	0.9
	1.8
	4.1
	15.4
	-0.66
	0.05


	0.52

	T    (pre) Relative
	27.2
	4.0
	21.2
	31.8
	
	-0.49
	0.05


	

	         (post)
	28.7
	6.1
	23.2
	38.7
	5.5
	-0.49
	0.05


	0.62

	T1 (pre) 

Absolute
	2.7
	0.6
	2.16
	3.8
	
	-0.22
	0.05
	

	   (post)
	2.8
	0.6
	2.3
	3.7
	2.9
	-0.22
	
	0.82


 *Statistical significance

The T group did not make any significant changes in relative (p = 0.6) or absolute (p = 0.7) maximal aerobic capacity measured on the cycle. However, the T group increased their relative (+6.4%;  p = 0.6) and absolute aerobic capacity (+4%; p = 0.7).
Rate Pressure Product (RPP= resting hr [bpm] x systolic blood pressure [mmHg]) for the NT and T groups after 10 weeks of training did not reach statistical significance (p = 0.2), as depicted in Figure 2. Nonetheless, the NT group reduced their RPP -7.7% after 10 weeks of heavy leg strengthening and the T group’s RPP increased (+1.8%; p = 0.6). Mean %BF from pre to post training for both groups were not significantly different. There was a small percent reduction in %BF for the NT group (-1.1%; p = 0.8) and for the T group (-0.2%; p = 0.9).

DISCUSSION

Effects of Non-Traditional (NT) Training on Physiological Parameters

The effects of NT and T training on maximal and predictive aerobic tests administered on the cycle ergometer and treadmill in trained Air Force men and women were investigated in this study. No statistically significant changes (p<0.05) in predictive (absolute or relative) aerobic capacity scores measured on the cycle ergometer were found at the conclusion of this 10 week training study, nor were there any percent increases noted. This finding was in disagreement with the results of O’Hara (2) who reported significant increases (pre: 27 ml/kg/min; post 34 ml/kg/min) in predictive aerobic capacity measured on the cycle ergometer after 10-weeks of heavy leg resistance training in a similar group of trained Air Force men and women (n = 14). The lack of improvement from both a statistical and mathematical perspective is somewhat surprising considering the high volume and heavy leg resistance training that the NT group members endured for 10 weeks.

Table 5.  Mean, standard deviation, percent change, t-value, min-max score, and percent change of relative and absolute maximal aerobic capacity on cycle ergometer. T (N=6); NT (N=5).

	Group
	Mean
	S.D.
	Min.
	Max.
	Percent change
	T-value
	Probability Level
	Probability

Value

	NT (pre)     Relative
	25.1
	6.2
	17.2
	35.6
	
	-0.88
	0.05


	

	(post)     
	29.2
	5.2
	12.3
	35.2
	16.3
	-0.88
	0.05


	0.40

	NT (pre)     Absolute
	2.2
	0.7
	1.3
	3.3
	
	-0.62
	0.05


	

	     (post)     
	2.5
	0.7
	1.6
	3.3
	13.6
	-0.62
	0.05
	0.54

	T   (pre)     Relative
	23.4
	3.5
	17.1
	26.7
	
	-0.54
	0.05
	

	     (post)  
	24.9
	5.8
	19
	33.7
	6.4
	-0.54
	0.05
	0.60

	T (pre)     Absolute
	2.4
	0.4
	1.7
	3.1
	
	-0.29
	0.05
	

	  (post)     
	2.5
	0.4
	1.9
	3.1
	4.0
	-0.29
	0.05
	0.77


  * Statistical significance

Although in the present study there were no statistically significant changes in predictive (ml/kg/min) and absolute maximal aerobic capacity for subjects measured on the cycle ergometer, there were mathematical differences in predictive (14.2%) and absolute (15.4%) maximal aerobic capacity measured on the treadmill. Additionally, there was a 16.3% improvement in the NT group’s maximal relative (ml/kg/min) aerobic capacity and a 13.6% improvement in the NT group’s maximal absolute (l/min) aerobic capacity when measured on the cycle ergometer. In a similar study Bishop (23) found that high volume and heavy loaded leg resistance exercise training considerably increased 1-repetition maximum (1-RM) and squat strength by 35.9% but there were no significant changes in VO2 (ml/kg/min or l/min), lactate thresholds, or skeletal muscle fiber types (e.g., changes in type 1 or type II fiber diameter) in this group of 14 resistance trained male cyclists. In the present study changes in maximal leg strength was not assessed post training to determine if an association existed between leg strength and changes in maximal VO2 measured on a cycle and/or treadmill. The non-significant changes in VO2 peak in the Bishop study may have also been due to lack of movement specificity because the subjects were restricted to performing only one type of leg strengthening exercise (e.g., squats). In contrast, the participants in the present study were required to complete multiple leg exercises to failure of lifting form (e.g., squats, seated lower leg extensions, seated hamstring curls and calf raises). Therefore, the present training regimen could have theoretically contributed to the NT group’s percent improvements in both relative and absolute maximal aerobic capacity measured on the treadmill and cycle ergometer. Nonetheless, only one statistically significant (p = <0.05) measure resulted in the NT group’s predictive aerobic capacity when measured on the treadmill.
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              Figure 2. Rate Pressure Product (RPP), T (N=6) and NT (N=6).  

One theory regarding NT subjects noted percent increases in aerobic capacity could stem from enhanced neuromuscular adaptations that may be less likely to occur with traditional training regimens (e.g., more oxidative vs. non-oxidative training). By following a maximal resistance training regimen a group of seven untrained male subject’s significantly improved cycling economy and leg strength after 8 weeks of training (24). Increased velocity movements using maximal resistance resulted in neuromuscular adaptations, which contributed to improved running and cycling economy. Interestingly, in the present study the NT group’s relative and absolute predictive aerobic capacity measured on the cycle ergometer did not reach statistical significance (p>0.05) and there were no percent increases noted in predictive aerobic capacity measured on the cycle ergometer. The lack of improvement in the NT group’s predictive aerobic fitness may be attributed to the mixed sample and the group’s lack of training intensity, since each training session was not supervised. Additionally, the high initial starting bodyweights of women and the fact that several women missed numerous exercise sessions due to menstruation cycles, could have theoretically contributed to the non-statistical changes in the NT group’s aerobic fitness.
The results of the present study contrast those of Schlub (12) who found that fourteen trained male subjects (age = 33 yr. ± 1.46; weight = 91.4 (kg) ± 12.46) who completed 12 weeks of NT training significantly improved predictive aerobic capacity (ml/kg/min) measured on the cycle ergometer (pre = 28 ml/kg/min ± 4.3; post 36 ml/kg/min ± 4.6; p = 0.015). Schlub and colleagues proposed that certain peripheral mechanisms may have occurred in the subject’s and perhaps the muscular recruitment patterns and increased strength may have influenced lactate removal or threshold rates. Increased leg strength in the group may have also been a contributory factor and may have influenced exercise heart rate directly during the cycle ergometer test, thereby improving heart rate response and estimated oxygen uptake levels. It should be stressed that subjects in the Schlub study were not supervised, but similar to subjects in the present study, they were required to wear heart rate monitors that provided objective feedback and tracked their workouts on exercise logs.
Although the present study did not assess changes in cellular activity, perhaps the percent increases in predictive and maximal aerobic capacity noted in the NT group could be attributed to certain physiological transformations within the group’s heavily trained leg musculature (e.g., quadriceps, hamstrings, and calfs). This theory may further be substantiated by the work of Staron and colleagues (13). The central focus of their research was to determine if conversion of type IIb to type IIa could be due to the cumulative effects of heavy resistance training, thereby resulting in greater recruitment of type IIa vs. type IIb skeletal muscle fibers. In fact, they discovered that after obtaining skeletal muscle biopsies from subject’s trained vastus lateralis muscle, a greater percentage (32% vs. controls) of fast oxidative glycolytic (FOG) type IIa occupied that trained musculature. This group of researchers also suggested that the collective effects of resistance training may elicit a greater recruitment of type IIa skeletal muscle fibers and that the oxidative properties of those muscles are increased without producing any significant changes in maximal aerobic capacity.
Interestingly, the NT group’s rate pressure product (RPP) was reduced 7.75% while the T group’s RPP was only reduced by 1.8%. RPP is the amount of oxygen the myocardium requires to perform a given activity. A 16-week high intensity resistance training routine was conducted on elderly men and their were no reported no ill effects, such as concentric left ventricular hypertrophy (LVH) which may have resulted due to pressure loads induced by resistance training (25). 

In the present study the NT group’s RPP may have changed because of the sustained heart rates elicited during heavy resistance training, which may be associated with reduced recovery time (1-minute) between sets. Therefore, the present study, which involved heavy leg resistance training combined with a reduced volume of aerobic training, 3 times weekly, for 60 minutes, could have theoretically affected the NT groups RPP. The following implications were made involving high intensity strength and aerobic endurance training, “when a presumable stronger stimulus for an adaptation is added to a weaker stimulus, some additive effects occur” (10). Perhaps high volume leg resistance training added to a reduced volume of aerobic loading, could theoretically serve as the stronger stimulus contributing to certain physiological adaptations, such as reductions in the myocardium’s oxygen requirements.
Effects of Non-Traditional (NT) Training on Anthropometric Parameters
Percent body fat (%BF) and bodyweight (BW) were not reduced in either group. This result was not surprising considering the fact that none of the trained participants altered their daily caloric intake during the study. The %BF results reported in the present study were similar to those reported by Marcinik (26) who showed that 18 untrained males did not reduce %BF (pre: 17.5% ± 9.6; post: 16.8% ± 8.6) after 12 weeks of heavy resistance training. Furthermore, BW’s and fat-free weights remained unchanged. As mentioned previously, the participant’s in the present study did not change their caloric intake while training and only trained three days weekly for 60 minutes. The fact that dietary patterns were unchanged during the study and training frequency was minimal, may have theoretically contributed to %BF and BW’s remaining unchanged.
CONCLUSIONS
The present study is the first to document percent increases in several measured physiological parameters on a treadmill and cycle ergometer in United States Air Force men and women. The percent increases in predicted maximal aerobic capacity in the present study could theoretically be associated with increased leg strength in this group of men and women, even though maximal isokinetic leg testing was not conducted to determine changes in leg strength. Several studies suggest that even when leg circumferential measures are not increased after heavy resistance training, improvements in aerobic endurance, exercise economy, and power output may still occur (2,6,12,24,27).
The present study is also the first to document the physiological effects of an exercise program on Air Force men and women after reducing their percentage of aerobic training and increasing their percentage of heavy leg resistance training, which showed that relative maximal aerobic capacity measured on the cycle increased 16% and absolute aerobic capacity increased 13%. Additionally, the NT group’s relative (14%) and absolute (15%) aerobic capacity measured on the treadmill also increased. Traditional forms of physical training have been recommended since the onset of the US Air Force fitness program. The fact that several physiological parameters increased after this 10 week training study suggests that in certain segments of the Air Force population heavy aerobic loading should not be prescribed. In a practical sense, a high percentage of aerobic training should improve aerobic fitness but based on previous pilot data, some groups respond better to a reduced volume of aerobic training with a concomitant increase of heavy leg resistance training. In the NT group there were mathematical differences noted in several physiological parameters, in the absence of any statistically significant differences.
The fact that mathematical differences resulted is also relevant to troops in the war fighting fields because increased aerobic capacity may reduce fatality rates and/or mishaps. However, fatality rates and/or mishaps in the war fighting fields were not investigated in this study. The peripheral mechanisms behind such mathematical differences in these physiological parameters may be casually linked to improvements in muscular recruitment patterns and perhaps muscular strength levels (2,3). Although thigh and lower leg strength levels were not measured nor quantified in the present study, the percent increases noted in the NT group’s maximal aerobic scores on the cycle ergometer and treadmill when compared to those of T group, suggests that adding heavy leg resistance exercises to an existing aerobic routine may have contributed to the percent increases in the NT groups aerobic capacity. In contrast, the T group did not make mathematical or statistically significant changes in aerobic fitness after partaking in 10 weeks of high volume aerobic training.
A percent reduction in the NT groups RPP was also noted after 10 weeks of heavy resistance training and the opposite effect occurred in the T group’s RPP (+1.8%). RPP is a function of systolic blood pressure x heart rate. From these results it seems likely that the reductions in recovery times between resistance exercises and the fact that each leg exercise was performed to failure of lifting form, could have increased the oxidative properties of the resistance trained musculature, which may have also contributed to the percent reductions in RPP of the NT group. The shortened rest periods between sets of each heavy resistance exercise combined with maximal lifting efforts could have induced greater vasodilation within the periphery and also improved the contractile properties within the myocardium of the NT subjects.
Although the sample size was small (n = 12) the percent increases noted in the aerobic fitness levels of the NT subject’s indicates that a high percentage of heavy leg strengthening exercises (e.g., 40 min vs. 20 min) combined with a low percentage of aerobic training (e.g., 20 min vs. 40 min) may serve as a useful training alternative for those United States Air Force Commanders who must assist those troop members who fail to meet fitness standards.
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Fig. 1 The mean changes for each of the group/gender combinations in submaximal treadmill.
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