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ABSTRACT

Underwater treadmill running can be used as a means of reducing musculoskeletal loading while
maintaining a training intensity equal to that of land running. A variety of cardiovascular benefits
are seen in water running, such as greater increases in stroke volume and cardiac output than on
land. Additionally, increased drag while water running can significantly improve force
production. PURPOSE: To investigate if differences exist between underwater treadmill and
land treadmill running on leg strength and cardiovascular endurance through a case study of two
22 year old sedentary males. METHODS: An 8-week aerobic training program was designed
incorporating water and land running. Participant A was assigned to a water-based program, and
Participant B was assigned to a land-based program. Weeks 1 and 8 consisted of pre- and post-
testing of body fat percentage, low body flexibility, VO, maximum, thigh and calf
circumference, wellness rating, and left leg force output. Weeks 2-7 consisted of aerobic
training. Participant A completed 6 weeks of a water-based program, with two days per week on
the underwater treadmill. Participant B completed 6 weeks of a land-based program, with two
days per week on the land treadmill. RESULTS: Improvements were seen in left leg force
output, estimated VO, maximum, percent body fat, thigh and calf circumference, and wellness
rating in both individuals. CONCLUSION: A water-based exercise program can be safely
recommended to an individual beginning an exercise prescription which will elicit similar or
greater physiological benefits to that of a land-based exercise program. This case study was a
good pilot study, as physiological changes were seen in both participants; therefore, more
research should be completed with a larger sample size and a longer duration in order to achieve

more substantial statistical analysis.



INTRODUCTION

Underwater treadmill running has become very popular in rehabilitation, due to the
decrease in limb loading and musculoskeletal stress on the joints (Rutledge, Silvers, Browder,
Dolny). It is slowly being adapted from an exercise standpoint, as injured athletes or athletes in
off-season are utilizing the technology to maintain training stimulus, while decreasing likelihood
of injury or overtraining (Reilly, Dowzer, Cable, 2003). The goal of this case study was to
determine if a water-based aerobic exercise program is capable of eliciting similar, or greater,
physiological changes in a sedentary individual as a land-based program, utilizing the
underwater treadmill. The focus of the study was on the effect of the underwater treadmill, and a
water-based prescription, on leg strength and cardiovascular endurance, as those are the two
most prominent variables affected by underwater running versus land running. Other variables
were also measured in order to create a greater picture of the physiological changes taking place
between the two individuals. Two sedentary males completed 6 weeks of aerobic exercise, one
program completely water-based, the other completely land-based, and the percent change in
each physiological variable was then measured in each individual. These percent changes were
then compared, and it was determined which individual saw greater improvements in each
variable. This study will act as a pilot study, as the sample size is very small, the duration is
short, and there are many factors affecting the results, but the outcomes will, hopefully, shed
some light on the use of underwater treadmill running for exercise prescription in sedentary
individuals.
LITERATURE REVIEW

Running is a very common means of exercise due to its effects on cardiovascular
endurance and strength. Running, however, can be orthopedically stressful on the joints as it is

often done on hard surfaces, leading to a variety of injuries in the lower limb. Underwater



treadmill running has gained popularity over the years as it offers a way to maintain or improve
fitness in injured and healthy individuals (Rutledge et al.). Limb loading is reduced significantly
by running underwater, which reduces the stress on the joints (Rutledge et al.). This is very
useful for overweight or obese individuals, as well as those with injuries. Until recently, deep-
water and shallow-water running were the most common techniques for underwater running
therapy. These methods, however, have shown to be quite different from land-based running in
regards to the muscular recruitment and kinematics of the lower extremities (Schaal, Collins,
Ashley, 2012). This has led to the increased popularity of underwater treadmills, as they
eliminate the forward movement of the body through water and lead to a more natural gait
pattern (Schaal et al., 2012). They also have the ability to incorporate a reduced impact ground
support phase that can enhance the specificity of underwater training (Schaal et al., 2012).
While underwater treadmill running is used primarily on injured or overweight
individuals, it can have a variety of physiological benefits. Water running can be used as a means
of reducing musculoskeletal loading while maintaining a training stimulus and intensity equal to
that of land-running, as well as decrease the likelihood of overtraining (Reilly et al., 2003).
Water running can also elicit similar peak cardiorespiratory responses to those seen with land
treadmill running during maximal exertion (Silvers, Rutledge, Dolny, 2007). Both stroke volume
and cardiac output increase during water immersion, and stroke volume values during both
maximal and submaximal exercise intensities are seen to be higher in water than on land (Reilly
et al., 2003). These increases in stroke volume may be due to reduced cardiac filling time, the
reduced amount of blood shifting centrally during exercise due to the displacement of peripheral
blood volume at rest, or due to a near maximum left ventricular diastolic volume at rest while
immersed in water (Reilly et al., 2003). The magnitude of these cardiovascular responses is

directly proportional to the level of immersion in water (Reilly et al., 2003).



In addition to the cardiovascular benefits of underwater running, it has the ability to
increase training intensity, compared to land running, due to the increase in drag factor while
working underwater (Barbosa, Marinho, Reis, Silva, Bragada, 2009). Significant improvements
in strength have been seen following 8, 10, 12, and 24 week head-out aquatic exercise programs
(Barbosa et al., 2009). Aquatic running or walking can be a very useful alternative to land
running or walking for all individuals, especially those with injuries, those looking to maintain
training status, and those in the at-risk population (Rebold, Kobak, Otterstetter, 2013). Improving
athletic performance and decreasing the likelihood of injury are important benefits of underwater
treadmill running due to its ability to reduce the musculoskeletal loading that one experiences
during training and competition (Rebold et al., 2013).

The Godin Leisure-Time Exercise Questionnaire was used in this case study to gage each
participants’ level of activity, or wellness rating. This questionnaire is a useful tool for assessing
an individual’s self-reported leisure-time physical activity level (Godin, 2011). Weekly
frequencies of strenuous, moderate, and mild activities self-reported by the individual are
multiplied by nine, five, and three, respectively. These values, nine, three, and five, correspond
to the average MET levels of the activities listed in each category (Godin, 2011). The total
weekly leisure activity score is then computed by summing the products of the three
components. The unit result signifies a correlation with VO, maximum and health benefits
(Godin, 2011). Based on this unit, the individual is then placed into a category: 24 units or more
signifies the individual is active with substantial health benefits, 14 to 23 units signifies the
individual is moderately active with some health benefits, and less than 14 units signifies the
individual is insufficiently active with less substantial or low health benefits (Godin, 2011).

The purpose of this study was to investigate if differences exist between underwater

treadmill and land treadmill running on leg strength and cardiovascular endurance through a case
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study of two 22 year old sedentary males. According to a study conducted by Reilly, Dowzer,
and Cable (2003), sedentary individuals benefit more physiologically from water running than
athletes. Land running and water running show similar results when duration, frequency, and
intensity are maintained between the two methods (Eyestone, Fellingham, George, Fisher, 1993).
It was hypothesized that a 6-week water-based aerobic training program will lead to similar or
greater improvements in cardiovascular endurance and leg strength as a 6-week land-based
aerobic training program. The goal of this case study was to answer the following research

questions:

1. Does underwater treadmill running lead to similar or greater increases in leg strength as
land running?

2. Does underwater treadmill running lead to similar or greater increases in cardiovascular
endurance as land running?

3. Can a water-based exercise program be safely recommended to an individual beginning
an exercise prescription in order to elicit similar physiological benefits to a land-based

program?

METHODS
Experimental Approach to the Problem

The case study was designed to investigate how a 6-week water-based aerobic training
program and a 6-week land-based aerobic training program will influence estimated VO,
maximum, force production of the left leg, lower body flexibility, thigh and calf circumference,
resting blood pressure, resting heart rate, body fat percentage, and overall wellness rating in two
sedentary, college-aged males. The program length was set at 6 weeks due to the physiological

results that are said to take place over this period of time (Lippincott, Williams, Wilkins, 2014).



Participant A completed an entirely water-based aerobic training program, including running on
the HydroWorx 2000® (HydroWorx, Middletown, PA) underwater treadmill. Participant B
completed an entirely land-based aerobic training program, including running on a land
treadmill. Pre- and post-testing was completed for both individuals and statistical analysis was
completed to compare these results. Pre- and post-testing consisted of: body fat percentage
measured through the use of the BodPod® (COSMED, Rome, ltaly), lower body flexibility
measured by completing the YMCA sit-and-reach test, estimated VO, maximum found through
the Rockport Walking Test (Lippincott et al., 2014), thigh and calf circumference measured
according to American College of Sports Medicine (ACSM) circumference measurement
guidelines, wellness ratings were assessed through the completion of the Godin Leisure-Time
Exercise Questionnaire (Godin, Shephard, 1985), and left leg force production was measured
using the BioDex® (BioDex Medical Systems, Shirley, NY), in which participants completed
isokinetic unilateral flexion and extension protocols. The percent increases in the pre- and post-
testing results were found and the changes were compared between the two participants.
Subjects

Two males, both 22 years of age participated in this 8 week case study. Participants were
recruited based on convenience and interest from The University of Akron College of
Engineering. Baseline information was recorded for both participants, as illustrated in Table 1.
Participants were eligible if they had no contraindications to exercise, were injury free, and were
considered sedentary: having participated in less than or equal to 3 days of 30 minute physical

activity for less than 3 months (Lippincott et al., 2014).



Table 1. Baseline information for both participants pre- and post-testing.

Participant A Participant B
Measurement Pre-Testing Post-Testing Pre-Testing Post-Testing
Age 22 years 22 years 21 years 22 years
Resting Heart Rate 90 bpm 98 bpm 88 bpm 96 bpm
Resting Blood Pressure | 118/70 108/70 110/65 110/65
Height 55" 55" 6'5" 6'5"
Weight 119 Ibs 123.5 Ibs 204 lbs 205.6 Ibs
% Body Fat 7.30% 6.30% 15.90% 13.60%
Calf Circumference 29.1cm 33cm 38.5cm 40.5cm
Thigh Circumference 42 cm 45 cm 57.5cm 60 cm
BMI 19.8 20.5 24.2 24.4

Participants were instructed to continue their normal daily activities, in addition to the
training program. It was also advised that each participant maintain his current diet and refrain
from using exercise supplements, such as creatine, caffeine, steroids, ephedrine, etc. Participants
were advised against any anaerobic lower body resistance training that may skew the results of
the study or fatigue the participant for the study. Prior to participation in the study, participants
were notified about all experimental procedures and any potential risks that may be involved, as
well as the benefits associated with the study. Each participant signed an informed consent form
and completed a Physical Activity Readiness questionnaire, which can be found on pages 28 and
34, respectively. This study received approval from the Institutional Review Board of the Office
of Research Services and Sponsored Programs at The University of Akron.

Procedures

Weeks 1 and 8 consisted of pre- and post-testing, respectively, of the following variables:
estimated VO, maximum, force production of the left leg, flexibility, thigh and calf
circumference, resting blood pressure, resting heart rate, body fat percentage, and overall
wellness rating. All procedures were based on those laid out by the ACSM (Lippincott et al.,

2014).




The BodPod® (COSMED, Rome, Italy) was used to measure body fat percentage.
Participants were instructed to refrain from eating or taking part in any physical activity for two
hours prior to entering the BodPod® (COSMED, Rome, Italy), to wear minimal clothing (gym
shorts, spandex, swim cap), and to remove all jewelry and piercings (Lippincott et al., 2014).
Percent body fat in the BodPod® (COSMED, Rome, ltaly) is found using air plethysmography,
or a measure of air displacement, which correlates to the percentage of fat and lean body tissue.
These results can be found in Table 1 and on page 36.

Resting heart rate was taken at each participant’s radial artery on the wrist. Resting blood
pressure was taken based on ACSM protocols, as were thigh and calf circumference (Lippincott
et al., 2014). Thigh circumference was measured just below each participant’s gluteal fold and
calf circumference was measured at the widest point of the calf between the knee and the ankle
(Lippincott et al., 2014). The results of these tests can be found in Table 1.

The Rockport Walking Test was used to estimate each participant’s estimated VO,
maximum. Each participant was instructed to walk one mile as quickly as possible. Time, heart
rate immediately upon completion, age, weight, and gender were then recorded and plugged into
the equation: VO, maximum = 132.853 — (0.0769 x body weight in pounds) — (0.3877 x age in
years) + (6.3150 x gender [female = 0, male = 1]) — (3.2649 x 1-mile walk time in minutes and
hundredths) — (0.1565 x heart rate at end of mile in beats per minute). This test is 68% accurate
with a standard deviation of +/- 5.0 mL/kg/min of the calculated value. These results can be

found in Table 2.
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Table 2. Rockport Walking test results for participant A and B both pre- and post-testing.

Participant A

Participant B

Measurement
Weight
Age

Sex

Time

Post-Test Heart Rate
Estimated VO2

Pre-Testing

119 Ibs

22 years

Male

15:10

136 bpm

50.68 mL/kg/min

Post-testing
123.5 Ibs

22 years

Male

14:17

120 bpm

72.64 mL/kg/min

Pre-Testing

204 Ibs

21 years

Male

13:20

120 bpm

53.028 mL/kg/min

Post-Testing
205.6 Ibs

22 years

Male

12:07

133 bpm

54.45 mL/kg/min

Strength was measured through two trials of three sets of an isokinetic unilateral

extension/flexion test of the left leg on the BioDex® machine (BioDex Medical Systems, Shirley,

NY). The best of each set between the two trials was used. The first set of each trial consisted of

participants completing 5 repetitions of 60 degree/second flexion and 5 repetitions of 60

degree/second extension. Set two consisted of participants completing 10 repetitions of 180

degree/second flexion and 10 repetitions of 180 degree/second extension. Set three consisted of

participants completing 15 repetitions of 300 degree/second flexion and 15 repetitions of 300

degree/second extension. The maximum repetition to total work calculation provided by the

machine then showed the total muscular force output for the repetition with the greatest amount

of work, which is indicative of the muscles’ capability to produce force throughout the range of

motion and was used to compare the pre- and post-test results. The pre- and post-testing results

of this test can be found in Tables 3 and 4.
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Table 3. BioDex® test results for participant A and B both pre- and post-testing.

Participant Force Production 60 */sec | 180 */sec | 300 */sec | 60 */sec | 180 */sec | 300 */sec
Pre Trial Trial 1 Trial 2
Testing Extension (ft-1bs) 72.5 51.1 37.5 75.4 52.7 36.1
- Flexion (ft-1bs) 59 44.3 41.3 62.9 42.2 36.4
Participant A - - -
Post Trial Trial 1 Trial 2
Testing Extension (ft-1bs) 79.1 75.7 47.7 81.3 68.8 54.7
Flexion (ft-1bs) 55.9 49.9 40.4 54.9 47.3 43.2
Trial Trial 1 Trial 2
Pre- -
Testing Extension (ft-1bs) 141.6 120.6 89.8 144.6 124.6 89.7
- Flexion (ft-1bs) 80.5 60.8 45.1 74.5 51.7 43.5
Participant B - - -
Post Trial Trial 1 Trial 2
Testing Extension (ft-1bs) 129.3 120.3 97.1 84 114.9 99
Flexion (ft-1bs) 84 64 45.7 58.1 56.1 45.6

Table 4. The best of each BioDex® trial for participant A and B both pre- and post-testing.

Participant Force Production | 60 °/sec | 180 °/sec | 300 °/sec
i Extension (ft-1bs) 75.4 52.7 37.5
Pre-Testing ;
Participant A Flexion (ft-1bs) 62.9 44.3 41.3
. Extension (ft-1bs) 81.3 75.7 54.7
Post-Testing -
Flexion (ft-1bs) 55.9 49.9 43.2
i Extension (ft-1bs) 144.6 1246 89.8
Pre-Testing ;
Participant B Flexion (ft-1bs) 80.5 60.8 45.1
: Extension (ft-1bs) 129.3 120.3 99
Post-Testing -
Flexion (ft-1bs) 84 64 45.7

Flexibility was measured through the sit-and-reach test, based on the guidelines
established by the YMCA and ACSM (Lippincott et al., 2014). The participants sat with their
legs straight out in front of them and feet flat against the sit and reach box. Each participant then
leaned forward at his waist, with his arms straight out, as far as was comfortable for him. The
distance was recorded and the average of three trials was analyzed. These results can be found in

Table 5.
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Table 5. Sit and reach test results for participant A and B both pre- and post-testing.

Participant A Participant B
Pre-Testing Post-Testing Pre-Testing Post-Testing
Trial Distance Distance Distance Distance
1 15cm 12 cm 16 cm 24 cm
2 15.5cm 15cm 11.5cm 21 cm
3 16 cm 16 cm 17 cm 19 cm
Average 15.5cm 14.3 cm 14.8 cm 21.3 cm

Each participant completed a Godin Leisure-Time Exercise Questionnaire pre- and post-

intervention, as well. In this questionnaire, each participant answered four questions, rating an

estimation of his overall level of fitness in an average week. These responses were then added to

the equation: Weekly leisure activity score (Wellness rating) = (9 x Strenuous) + (5 X Moderate)

+ (3 x Mild). This equation provided an estimated wellness rating for each participant. These

results can be seen in Table 6.

Table 6. Godin Leisure-Time Exercise Questionnaire results for participant A and B both pre-
and post-testing. Weekly leisure activity score (Wellness rating) = (9 x Strenuous) + (5 X

Moderate) + (3 x Mild).

Participant A Participant B
Question Pre-Testing Post-Testing Pre-Testing Post-Testing
Times per week spent | 0 4 2 5
completing strenuous
activity
Times per week spent | 2 4 0 0
completing moderate
activity
Times per week spent | 5 5 5 5
completing mild
activity
During a typical 7-day | 2. Sometimes | 1. Often 2. Sometimes | 2. Sometimes
period, how often do
you engage in any
regular activity long
enough to work up a
sweat?
Wellness Rating 25 71 33 60
Category Active, Active, Active, Active,
Substantial Substantial Substantial Substantial
Benefits Benefits Benefits Benefits
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or land-based, two times per week in addition to completing aerobic exercise one to three times

Weeks 2 through 7 consisted of using the participants’ respective treadmills, underwater

per week, as seen in Tables 7 and 8.

Table 7. Weekly treadmill protocols.

Participant | Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8
3days, 20 | 4 days, 25 | 4 days, 25 | 4 days, 30 | 4 days, 30 | 5 days, 30
minutes, minutes, minutes, minutes, minutes, minutes,
A Pre-testing 65% 70% 70% 75% 75% 80% Pos_t-
HRR, HRR, HRR, HRR, HRR, HRR, Testing
30% jet 40% jet 40% jet 50% jet 50% jet 50% jet
resistance | resistance | resistance | resistance | resistance | resistance
iﬂ?ﬁ’éo 4 d_ays, 25 | 4 d_ays, 25 | 4 d_ays, 30| 4 d_ays, 30 |5 d_ays, 30
_ 65% ' minutes, minutes, minutes, minutes, minutes, Post-
B Pre-testing HRR 70% 70% 75% 75% 80% Testing
1.5%’ HRR, 2% | HRR, 2% | HRR, 3% | HRR, 3% | HRR, 3%
grade grade grade grade grade grade
Table 8. Participant A weekly treadmill protocols. Target Heart Rate = [(Maximum heart rate - Resting
heart rate) x % Intensity] + Resting heart rate. Maximum Heart Rate = 220- Age.
Resting Heart | Maximum Heart Target Heart
Week | Rate Rate Percentage | Rate Grade | Time Speed
88 bpm 199 bpm
2 65% 160 bpm 30% | 20 min | 7.5 mph
3 70% 165 bpm 40% | 25 min | 7.5 mph
4 70% 165 bpm 40% | 25 min | 7.5-8 mph
5 75% 171 bpm 50% | 30 min | 7.5-8.5 mph
6 75% 171 bpm 50% | 30 min | 7.5-8.5 mph
7 80% 176. bpm 50% | 30 min | 8-8.5 mph
Warm-Up/Cool-
Down
0% | 5 min 2.5 mph

Participant A completed an entirely water-based training program. In week 2, he

exercised 3 days for 20 minutes at 65% of his heart rate reserve. Maximum heart rate was found

using the equation 220 — Age, and heart rate reserve was determined through the following

equation: HRR = (Maximum HR — Resting HR) x % Intensity + Resting HR. Two of the three
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days involved running on the underwater treadmill at 30% jet resistance. While on the
underwater treadmill, participant A was submerged to the top of his shoulders and positioned
approximately 1 meter away from the jets in order to standardize the amount of fluid resistance
(Silvers et al., 2007). Additionally, the jets were aimed at his torso in order to provide adjustable
resistance (Silvers et al., 2007). He completed a 5 minute warm-up and a 5 minute cool-down
with no resistance and at a speed of 2.5 mph. On the third day of week 2, participant A
completed 20 minutes of water-based aerobic exercise of his choosing. He used a heart rate
monitor to ensure he was working at 65% of his HRR. Weeks 3 and 4 consisted of 4 days of
water-based aerobic exercise for 25 minutes per day at 70% of his HRR. The 2 days on the
underwater treadmill consisted of the same 5 minute warm-up and cool-down, and had an
increased jet resistance of 40% during exercise. The other 2 days consisted of 25 minutes of
water-based aerobic exercise of the participant’s choosing. Weeks 5 and 6 consisted of 4 days of
water-based aerobic exercise for 30 minutes per day at 75% of his HRR. The 2 days on the
underwater treadmill consisted of the same 5 minute warm-up and cool-down, and had an
increased jet resistance of 50% during exercise. The other 2 days consisted of 30 minutes of
water-based aerobic exercise of the participant’s choosing. Week 7 consisted of 5 days of water-
based aerobic exercise for 30 minutes per day at 80% of his HRR. The 2 days on the underwater
treadmill consisted of the same 5 minute warm-up and cool-down with the same 50% jet
resistance during exercise. The other 3 days consisted of 30 minutes of water-based aerobic
exercise of the participant’s choosing. These protocols can be found in Tables 7 and 8.
Participant B completed an entirely land-based training program. In week 2 he exercised
3 days for 20 minutes at 65% of his HRR. Two of these days involved running on the land
treadmill at 1.5% grade. He completed a 5 minute warm-up and a 5 minute cool-down at zero

grade and a speed of 2.5 mph. On the third day of week 2, participant B completed 20 minutes of
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land-based aerobic exercise of his choosing. He used a heart rate monitor to ensure he was

working at 65% of his HRR. Weeks 3 and 4 consisted of 4 days of land-based aerobic exercise

for 25 minutes per day at 70% of his HRR. The 2 days on the land treadmill consisted of the

same 5 minute warm-up and cool-down, and had an increased grade of 2% during exercise. The

other 2 days consisted of 25 minutes of land-based aerobic exercise of the participant’s choosing.

Weeks 5 and 6 consisted of 4 days of land-based aerobic exercise for 30 minutes per day at 75%

of his HRR. The 2 days on the land treadmill consisted of the same 5 minute warm-up and cool-

down, and had an increased grade of 3% during exercise. The other 2 days consisted of 30

minutes of land-based aerobic exercise of the participant’s choosing. Week 7 consisted of 5 days

of land-based aerobic exercise for 30 minutes per day at 80% of his HRR. The 2 days on the land

treadmill consisted of the same 5 minute warm-up and cool-down with the same 3% grade

during exercise. The other 3 days consisted of 30 minutes of land-based aerobic exercise of the

participant’s choosing. These protocols can be found in Tables 7 and 9.

Table 9. Participant B weekly treadmill protocols. Target Heart Rate = [(Maximum heart rate - Resting
heart rate) x % Intensity] + Resting heart rate. Maximum Heart Rate = 220 - Age.

Resting Heart

Maximum Heart

Target Heart

Week | Rate Rate Percentage | Rate Grade | Time Speed
88 bpm 199 bpm
2 65% 160.15 | 1.50% | 20 min | 5-6 mph
3 70% 165.7 2% | 25 min | 5-6 mph
4 70% 165.7 2% | 25 min | 5-6 mph
5 75% 171.25 3% | 30 min | 5.5-6.5 mph
6 75% 171.25 3% | 30 min | 5.5-6.5 mph
7 80% 176.8 3% | 30 min | 5.5-6.5 mph
Warm-Up/Cool-
Down
0% | 5 min 2.5 mph

The self-monitored training days consisted of various types of exercises laid out to each

of the participants prior to the start of the study. Participant A was given various water-based

exercises to choose from, including lap swimming and water aerobics. Participant B was given
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various land-based exercises to choose from, including elliptical, stair-stepper, rowing machine,

stationary bicycle, or any of the aerobic exercise classes offered at The University of Akron

Student Recreation and Wellness Center. The completed protocols for each day of exercise for

participant A and B can be found in Tables 10 and 11, respectively.

Table 10. Participant A exercise protocols.

Day of Date Method Wafm‘“p COOI.-DOW” Wo_rkout Max HR Comments
Week Time Time Time
Week 2
1 |216/2015|Underwater) o i 1 smin | 20min | 160 bpm
Treadmill
2 2/21/2015 Laps 5 min N/A 20 min 160 bpm
3 N/A Underwa_ter N/A N/A N/A N/A Incomplete- Weather
Treadmill Related Issues
Week 3
1 |2/23/2015| Ynderwater| o 5 min 25min | 165 bpm
Treadmill
2 2/25/2015 Laps 5 min 5 min 25 min 165 bpm
3 N/A Underwa_ter N/A N/A N/A N/A Incomplete- T_readmill
Treadmill Malfunctions
4 2/28/2015 Laps 5 min 5 min 25 min 165 bpm
Week 4
1| 342015 |Underwater) o 5 min 25min | 165 bpm
Treadmill
2 3/5/2015 Laps 5 min 5 min 25 min 165 bpm
3 | 3/e2015 |Underwater) oL 5 min 25min | 165 bpm
Treadmill
4 3/7/12015 Laps 5 min 5 min 25 min 165 bpm
Week 5
1| 3/9/2015 |Underwater| o 5 min 30min | 171 bpm
Treadmill
2 3/11/2015 Laps 5 min 10 min 30 min 171 bpm
3 |3/13/2015| Underwater] o 5 min 30 min | 171 bpm
Treadmill
4 3/14/2015 Laps 5 min 5 min 30 min 171 bpm
Week 6
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Underwater

1 3/16/2015 . 5 min 5 min 30 min 171 bpm
Treadmill
2 3/18/2015 Laps 5 min 5 min 30 min 171 bpm
3 |3/02015|Undewater) o i 1 Smin | 30min | 171 bpm
Treadmill
4 3/21/2015 Laps 5 min 5 min 30 min 171 bpm
Week 7
1 |3/30/2015|Underwater| i | Smin | 30min  |176.4 bpm
Treadmill
3/31/2015 Laps 5 min 5 min 30 min  |176.4 bpm
3 4/2/2015 Laps 5 min 5 min 30 min |176.4 bpm
4 | 4/3015 |Ynderwater) oL 5 min 30 min  |176.4 bpm
Treadmill
5 4/4/2015 Laps 5 min 5 min 30 min  |176.4 bpm
Table 11. Participant B exercise protocols.
Day of Warm-up | Cool-Down | Workout
Week Date Method Time Time Time Max HR Comments
Week 2
Land 160.15
1 2/18/2015| Treadmill | 5 min 5 min 20 min bpm
Land 160.15
2 2/19/2015| Treadmill | 5 min 5 min 20 min bpm
Stationary 160.15
3 2/21/2015 Bike N/A N/A 20 min bpm
Week 3
Indoor
1 2/24/2015 track 5 min 5 min 25 min [ 165.7 bpm
Land
2 2/25/2015| Treadmill | 5 min 5 min 25 min [ 165.7 bpm
Land
3 2/26/2015| Treadmill | 5 min 5 min 25 min | 165.7 bpm
Stationary
4 2/28/2015 Bike 5 min N/A 25 min | 165.7 bpm
Week 4
Stationary
1 3/5/2015 Bike 5 min 5 min 25 min | 165.7 bpm
Land Incomplete- Must stay even
2 3/4/2015 | Treadmill 5 min 5 min 25min | 165.7 bpm with other participant
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Land
3/6/2015 | Treadmill | 5 min 5 min 25 min | 165.7 bpm
Indoor
3/7/2015 Track 5 min 5 min 25 min | 165.7 bpm
Week 5
Indoor 171.25
3/10/2015| Track 5 min 5 min 30 min bpm
Land 171.25 | Incomplete- Must stay even
3/11/2015| Treadmill 5 min 5 min 30 min bpm with other participant
Land 171.25
3/12/2015| Treadmill | 5 min 5 min 30 min bpm
Indoor 171.25
3/14/2015| Track 5 min 5 min 30 min bpm
Week 6
Trail 171.25
3/16/2015| Running 5 min 5 min 30 min bpm
Land 171.25
3/18/2015| Treadmill | 5 min 5 min 30 min bpm
Land 171.25
3/19/2015| Treadmill | 5 min 5 min 30 min bpm
Trail 171.25
3/20/2015| Running 5 min 5 min 30 min bpm
Week 7
Trail
3/29/2015| Running 5 min 5 min 30 min [176.8 bpm
Trail
3/30/2015| Running 5 min 5 min 30 min [176.8 bpm
Land
4/1/2015 | Treadmill | 5 min 5 min 30 min  |[176.8 bpm
Land
4/2/2015 | Treadmill | 5 min 5 min 30 min [176.8 bpm
Trail
4/4/2015 | Running 5 min 5 min 30 min  |[176.8 bpm
RESULTS

Percent increases between pre- and post-testing variables were determined for both

participant A and B following completion of this case study. Each of these percentages can be

found in Table 12. Increases were seen in estimated VO, maximum, calf circumference, thigh
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circumference, overall force output, and wellness rating in both participants. Each saw a decrease

in percent body fat, as well. Participant B saw an increase in flexibility, while participant A saw

a decrease in flexibility over the 6 week case study. While a majority of the variables saw similar

improvements, participant A saw a much greater improvement in force output, or strength, and
estimated VO, maximum, or cardiovascular endurance, than participant B.

Table 12. Percent increases in each pre- and post-testing variable in participant A and B.

Percent Increases Participant A | Participant B

Estimated VO, Maximum 43.33% 2.68%
Heart Rate 8.89% 9.09%
Systolic Blood Pressure -8.47% 0.00%
Diastolic Blood Pressure 0.00% 0.00%
Percent Body Fat -13.70% -14.47%
Calf Circumference 13.40% 5.19%
Thigh Circumference 7.14% 4.35%
60 °/sec Extension (Force Output) 7.82% -10.58%
60 °/sec Flexion (Force Output) -11.13% 4.35%
180 °/sec Extension (Force Output) 43.64% -3.45%
180 °/sec Flexion (Force Output) 12.64% 5.26%
300 °/sec Extension (Force Output) 45.87% 10.24%
300 °/sec Flexion (Force Output) 4.60% 1.33%
Sit and Reach Flexibility -1.74% 43.92%
Godin Leisure-Time Questionnaire 184% 82%

Participant A vs. B Pre- and Post-Testing

D N @
o o O

5068 53.028

a1
o

= N W
o O O

Estimated VO2 Maximum (mL/kg/min)
oS
o o

Pre-Testing Estimated VO2 Max

72.64

Estimated VO2 Maximum

I 54.45

Post-Testing Estimated VO2 Maximum

Pre-Testing and Post-Testing

Figure 1. Pre- and post-testing estimated VO, maximum in participant A and B.
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Percent Change in Estimated VO2
Maximum Post-Testing
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0.00%
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Percent Increase

2.68%
|

Participant A Participant B
Participant

Figure 2. Percent change in estimated VO, maximum in participant A and B.

Force Output at 180 °/second Percent Increase in 180 deg/sec
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:—; 100 50.00% 43649
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Pre- and Post-Testing 180 “/second Extension -10.00% -3.45%
and Flexion Extension and Flexion at 180 deg/sec
A EB m Participant A ™ Participant B

Figure 3. Force output at 180 °/second extension and  Figure 4. Percent increases in force
flexion pre- and post-testing in participant A and B.  output at 180 °/second extension and
flexion in participant A and B.
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Percent Increases in all Pre- and Post-Testing Variables
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Figure 5. Percent increases in each pre- and post-testing variable in participant A and B.
DISCUSSION

The purpose of this study was to investigate if differences exist between underwater
treadmill and land treadmill running on leg strength and cardiovascular endurance through a case
study of two 22 year old sedentary males. It was hypothesized that a 6-week water-based aerobic
training program will lead to similar or greater improvements in cardiovascular endurance and
leg strength as a 6-week land-based aerobic training program. Based on the results of this case
study, this hypothesis was supported. While both participants saw increases, participant A saw
much greater increases in both leg strength and cardiovascular endurance following the
completion of the 6 week training program. Participant A’s estimated VO, maximum increased
by 43.33% after 6 weeks, while participant B’s estimated VO, maximum increased by only

2.68% in the same 6 weeks. Both participants also saw similar increases in flexion at 60
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degree/second, 180 degree/second, and 300 degree/second, but participant A had much greater
increases in extension at each resistance. Both participants saw similar improvements in all other
areas, including percent body fat, thigh and calf circumference, and wellness ratings.

Following the 6 weeks, participants A and B both had increases in body weight, but
decreases in percent body fat. This was an extremely positive result, as it indicates a decrease in
fat tissue but an increase in muscle tissue in each individual.

The results of this case study show that a water-based exercise program can be safely
recommended to an individual beginning an exercise prescription, as it will elicit similar or
greater physiological benefits to that of a land-based exercise program. The results of this case
study were presented at The University of Akron Student Innovation Symposium at The
University of Akron and at the Northeast Ohio Exercise Science Conference at Youngstown
State University.

Limitations

Many limitations affected this case study throughout the course of the 8 weeks.
Equipment malfunctions and snow days caused participant A to miss two days of running on the
underwater treadmill. Missing these days caused the administrators to dismiss two days of land
treadmill running for participant B, in order to keep the two on an equal time line. This was not
ideal, as treadmill running was the basis of this case study and missing time on said treadmill
could have been detrimental to the results.

In addition to equipment malfunctions, there was some difficulty with participant A’s
heart rate monitor while on the underwater treadmill. As the weeks progressed, the monitor
seemed to show a less accurate reading. It would read as a very low heart rate, but participant
A’s appearance and rate of perceived exertion (RPE) revealed it should be much higher than the

device was reading. These malfunctions were attributed to the jets on the underwater treadmill.
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The jets point directly at the individual’s chest, where the heart rate monitor is also located,
which may have skewed the device’s ability to read participant A’s heart rate properly. This
inaccurate reading, however, made it impossible to know the exact percentage of participant A’s
heart rate reserve at which he was working while on the underwater treadmill. Only estimations
were made during this time, which may have indicated he was working at a higher, or lower,
intensity than was required.

Another limitation was the dramatic size difference between the two participants.
Participant B was a foot taller and almost 100 pounds heavier than participant A at the beginning
of the case study, which may have affected some results.

Finally, a longer study, 10 weeks or more, would have been much more ideal for this
research, as greater physiological changes can be seen during a longer duration of time. A larger
sample size would also have been preferred. More participants may have allowed for more
substantial statistical analysis and a decrease in subject-based limitations, but time constraints
and scheduling conflicts did not allow for a larger study.

CONCLUSION

Overall, this case study was a very good pilot study, as physiological benefits were seen
in both participants; therefore, further research should be completed over a longer period of time
with a larger sample size in order to obtain more substantial statistical analysis. The results of
this case study were positive, and it is the feeling of all researchers that it was a success, as all
variables increased and decreased as was expected.

A great deal was learned from conducting this research, both practically and
intellectually. The process of collecting data and completing research can be very tedious and
frustrating at times, but it is experience that will be beneficial both in my continued education

and in my future as an allied health professional. A great deal of equipment that is unique to The
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University of Akron was used in this research. Familiarization with this equipment will be
important knowledge and experience to have throughout my future as a health professional and
student. While there were a great deal of difficulties and complications throughout the research

process, collecting and interpreting this data has proven to be a very valuable experience.
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