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Introduction
Competitive swimming is a sport that requires all parts of the body to

cooperate together, mainly the arms and legs. Swimmers from different

disciplines tend to rely on different muscle groups. Distance swimmers

rely heavily on their arms while sprinters rely heavily on their legs (Katz,

1993). The choice the swimmer makes in the muscle groups to emphasize

may depend on the biomechanical efficiency or metabolic efficiency

(Katz, 1993). While tissue oxygen consumption has been studied

extensively to clarify the metabolic differences between upper and lower

body exercise on land ( Calbet, J.A.L., 2005), few studies have explored

the metabolic differences between the upper and lower body in

water. Because the legs are the bigger muscle group, they should

consume the most oxygen. If the legs and arms are exercised at the same

relative intensity, the legs should not have to work as hard as the arms, as

they are bigger and stronger. I hypothesis that the legs, even though

bigger, will elicit a greater whole body oxygen consumption than arms.

This study was designed in order to determine which muscle group, arms

or legs, causes the greatest whole body oxygen consumption while

treading water in vertical position.

Methods
• 10 participants signed an informed consent agreement.

• Participants were asked to tread water in four different 

ways while wearing respirometer.

• Only arms in low, high intensity.

• Only legs in low, high intensity.

• Data was collected through the use of an Iworx GA-

300 O2 and CO2 gas analyzer and an Iworx SP-304 

filtered respirometer.

• Collected data included heart rate, tidal 

volume, respiratory rate, ventilation, airway 

flow, respiratory exchange rate, oxygen 

consumption and carbon dioxide 

production.

• The data was analyzed by the computer program 

Labscribe.

• A paired T-test with Dunn’s correction for multiple 

comparisons was used to determine whether the data 

was significantly different from each other.
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Abstract
Competitive swimming relies on both arms and legs of the swimmer for propulsion at

maximum speed. Because legs comprise the greater muscle mass, it would seem that the

legs would consume more oxygen. However, one study suggests that whole body oxygen

consumption is less when using the arms due to a smaller diffusing area, shorter transit

time and larger diffusing distance. (Calbet, J. A. L. 2005). These apparent conflicts in

research studies led me to the question "If an athlete is treading water vertically at the same

exercise intensity, which is more efficient in terms of whole body oxygen demand:

remaining afloat using the arms or the legs?" Following IRB approval subjects from the

Hartwick Swimming Team, with their informed consent, were asked to tread water using

either arms or legs at each of two intensity levels: low intensity with chin at water level

and high intensity with shoulders 1 inch above water level. Oxygen consumption, carbon

dioxide production, airway flow, tidal volume and respiratory rate were measured using a

respirometer (SP304 Spirometer), a gas analyzer (GA-300 CO2/O2) and Iworx Labscribe

Data Acquisition Software. These variables were measured before, during and after the

water treading exercise. I predicted that oxygen consumption levels would be much higher

when participants are treading water with their legs rather than with their arms at the same

intensity level. Results showed a significant difference in relative VO2, relative CO2,

ventilation and heart rate in arm versus leg exercise, supporting my original hypothesis.

Figure 1. Swimmer connected to breathing apparatus
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Figure 2. Relative VO2 while treading water

using arms or legs at two exercise intensities.

Values are mean +/- S.E., compared using

paired t test; * designates p<0.025).

Figure 3. Relative CO2 while treading water

using arms or legs at two exercise intensities.

Values are mean +/- S.E., compared using

paired t test; * designates p<0.025).

Figure 5. Ventilation while treading water

using arms or legs at two exercise

intensities. Values are mean +/- S.E.,

compared using paired t test; * designates

p<0.025).

Figure 6. Heart rate while treading water using

arms or legs at two exercise intensities. Values

are mean +/- S.E., compared using paired t test;

* designates p<0.025).

Results
The average for all metabolic parameters we
measured were consistently higher when legs were
used at both exercise intensities. These differences
were statistically significant for: relative VO2,

relative CO2, ventilation and heart rate at both high

and low intensities. Respiratory rate showed a

significant difference at only low intensity exercise

while tidal volume showed a significant difference at

only high intensity exercise. Respiratory exchange

ratio showed no significant difference.

Discussion
The results from my experiment are consistent with my

original hypothesis. The legs cause a greater whole

body oxygen consumption than the arms. The legs were

forced to work harder than the arms in order to stay

afloat. This is consistent with the respiratory and

metabolic measures made as well as the heart rate. I

believe that treading water a vertical position in the

water may have led to this data. Rather then explain

why the data turned out the way it did, it tells us more

about biomechanics of being in the water. The hands are

spread out horizontally over the water while the legs are

positioned vertically under the water. This means the

legs have to work harder to keep the body floating. One

alternative hypothesis involves hydrostatic pressure

while underwater. While the chest is underwater,

hydrostatic pressure presses on it, making the lungs and

muscles work harder. Since the legs would be lower

then the chest we could expect more pressure to be

found on them, this means the blood vessels in the legs

would be squeezed making it difficult to pump blood

through, forcing the heart rate to increase. Since arms

are closer to the surface when treading water, they

experience less pressure from the water, making it

easier to pump blood to and from the arms.
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Figure 4. Respiratory Rate while treading water

using arms or legs at two exercise intensities.

Values are mean +/- S.E., compared using

paired t test; * designates p<0.025).

Figure 7. Tidal volume while treading water

using arms or legs at two exercise intensities.

Values are mean +/- S.E., compared using

paired t test; * designates p<0.025).

Figure 8. Respiratory exchange ratio while

treading water using arms or legs at two

exercise intensities. Values are mean +/- S.E.,

compared using paired t test; * designates

p<0.025).


