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Abstract 

Exercising using an underwater treadmill (UTM) has become a popular modality; 

however, few studies have focused on the physiological demands of UTM walking 

at varying water depths. Thus, the objective of this study was to investigate changes 

in heart rate (HR) and core temperature (CT) values in college-aged males and 

females while exercising at different water immersion depths using an UTM. 

Twenty participants (age = 21.50 ± 2.19 years; height = 169.04 ± 10.85cm; weight 

= 75.56 ± 22.28kg) walked at water depths of 10cm below the xiphoid process and 

at the level of the superior iliac crest (I.C.). Each UTM session lasted 15 minutes, 

consisting of 5-minute bouts at 1, 2, and 3 mph. Polar HR monitors and ingestible 

thermoregulatory pills were used to measure HR and CT. Results indicated that HR 

at 1 (p = .305) and 2 mph (p = .864) were not significantly different between water 

depths. Heart rate was significantly higher at 3 mph (p = .003) at the I.C. water 

level. No significant differences were found in CT at 1 (p = .919), 2 (p = .392), or 

3 mph (p = .310) during either immersion depth. As a result, higher immersion 

depths resulted in a lower average HR during higher intensity exercise due to the 

increased buoyancy effects and the reduced gravity environment of the water. Thus, 

exercising in higher immersion depths allows participants to exercise at a higher 

intensity with less overall stress placed on the lower extremities. 

Keywords: aquatic exercise, water depth, cardiovascular effects, college students, 

thermoregulation 

Introduction 

From a biomechanical standpoint, immersing the body in water creates a partial or 

non-weight bearing environment, depending on the amount of water (Benelli et al., 

2013; Dowzer et al., 1998; Harrison et al., 1992), which creates a suitable exercise 

environment for both healthy individuals (Benelli et al., 2004; Benelli et al., 2013; 

Cuesta-Vargas et al., 2009;) and those who are sensitive to exercise based upon 

various clinical conditions (Benelli et al., 2013; Cantarero-Villanueva et al., 2013; 

Cuesta-Vargas & Adams, 2011; Cuesta-Vargas et al., 2009; Frangolias et al., 1997). 

Water based fitness activities can vary in the level of intensity and can generate 

muscular fatiguing physical activity due to the high drag resistance produced by 

moving the body in water compared to air (Edlich et al., 1987). An attractive 

modality for aquatic exercise is the use of an underwater treadmill (UTM).   

An UTM allows walking and running at various water depths, which can 

range from ankle to chest depth for the participant (Hall et al., 1996; Hall et al., 

1998). Compared to a land treadmill (LTM), an UTM provides an individual the 

opportunity to exercise in a safer environment while also improving balance, 

stability, and gait with higher drag resistance forces within the water. Exercising in 

an UTM can create improvements to an individual’s gait pattern, due to the reduced 
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gravity environment (Hall et al., 1998). There are numerous physiological changes 

that can occur because of varying water depths in the UTM, such as, but not limited 

to, changes in heart rate and core body temperature. 

Though few investigations have been conducted over the past few decades 

examining the effect of water immersion depths in an UTM on heart rate (HR) and 

core temperature (CT), it has been found that the rate of perceived exertion was 

significantly higher during exercise while immersed in water at the superior portion 

of the iliac crest rather than at the level of the sternum (Barbosa et al, 2007; Barbosa 

et al., 2009). The discrepancies in perceived exertion can be explained by the 

noticeable differences in drag forces of the lower body in comparison to the upper 

body, increased ground force reactions combined with a lower buoyancy, and the 

differences in activated muscles during underwater exercise (Barbosa et al, 2007; 

Nakazawa et al. 1994).  As perceived exertion is seen to increase, HR has an inverse 

relationship with higher water immersion depths in an UTM.  

The inverse relationship between HR and water immersion depth has been 

hypothesized to be due to bradycardia rhythms caused by the so-called mammalian 

diving reflex (Andersson et al., 2004; Barbosa et al, 2007; Holmér, 1974; Shono et 

al., 2001), greater blood distribution volume (Barbosa et al, 2007; Sheldahl et al., 

1987), and increased stroke volume due to the buoyancy and hydrostatic pressure 

(Barbosa et al, 2007, Holmér, 1974) from the water. Water immersion depths at the 

sternum leads to a lower energy expenditure and oxygen uptake, in comparison to 

lower water immersion depths. Thus, at deeper immersion levels, the work of the 

cardiovascular system declines as the hydrostatic pressure of the water increases. 

The increased buoyant forces of the water and the reduced neuromuscular activity 

in the primary muscles responsible for postural control are some of the factors that 

lead to a decline in cardiovascular function in UTM exercise (Barbosa et al., 2007; 

Butts et al., 1991). On the other hand, during deeper levels of immersion, the 

secondary muscles are not receiving the same amount of blood circulation as they 

would receive on an LTM, which causes decreased circulation and energy 

expenditure in UTM (Barbosa et al., 2007; Barbosa et al., 2009). This causes heat 

transfer to become more difficult during increased water immersion (Barbosa et al., 

2007; Barbosa, et al., 2009).  

Due to the water’s thermal conductivity, which is twenty-six times higher 

than that of air, the body is unable to effectively increase the temperature of the 

surrounding water (Barbosa et al., 2007; Fink et al., 1975; Wilmore and Costill, 

1994). Because of this, the body temperature decreases four times faster in water 

(Barbosa et al., 2007; Fink et al., 1975; Wilmore & Costill, 1994).  Body 

temperature can also be affected by the exercise intensity during UTM exercise. 

Elements such as convection, water movement, and duration also have a significant 
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effect on body temperature (Barbosa et al., 2007, Srámek et al., 2000). Past studies 

showed that cold water immersion led to an overall decrease in body temperature 

and an increase in HR; whereas, in neutral water temperatures, body temperature 

and metabolic rate remained the same, but HR increased. (Barbosa et al., 2007; 

Srámek et al. 2000). 

Previous research has investigated and compared cardiorespiratory 

responses such as HR and oxygen consumption during water based physical activity 

in collegiate athletes (Brubaker et al., 2011) to the differences in gait patterns in 

healthy males (Masumoto et al., 2007). There were insignificant findings in both 

these studies on the cardiorespiratory and biomechanical responses between UTM 

exercise and LTM exercise in individuals (Brubaker, et al., 2011; Masumoto et al., 

2007). From previous research,  it was determined that manipulating variables, such 

as increasing grade, jet velocity (Benelli et al., 2013), and applying various 

combinations of water submersion during maximal exercise intensities (Silvers et 

al., 2007), yielded significantly different results in cardiorespiratory and 

biomechanical responses during UTM exercise. However, the manipulation of 

water immersion depths during UTM exercise has not been investigated in healthy, 

college-aged individuals. Thus, the purpose of this study was to measure how 

changes in water immersion depths affect CT and HR during UTM exercise in 

healthy, college-aged individuals. It was hypothesized that a higher water 

immersion level would cause a decrease in CT and HR across all walking speeds 

due to the movement of water and its convection properties.  

Method 

Participants  

A total of 20 healthy college aged (21.50 yrs ± 2.19) participants (5 males,15 

females) were recruited for this study. To be included in the study, participants had 

to be aerobically active ≥ 60 minutes a day for 3 or more days per week (Howley, 

2001) and be free of any illnesses or injuries that could affect full participation in 

the study. Additionally, individuals were excluded from the study if they were 

unable to swallow the thermoregulatory pill (CorTemp® Ingestible Core Body 

Temperature Sensor, Palmetto, FL), taking any medications that affected HR, have 

any current or previous injuries that prevented participants from walking normally 

on an UTM, and/or consumed alcohol or caffeine on the day of the study. Height, 

body mass, resting heart rate (RHR), and resting CT (°F) were calculated for each 

participant to determine their baseline values prior to their exercise session (see 

Table 1).  
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Table 1 

Participant Characteristics 

Variable  M ± SD 

Age (years) 21.50 ± 2.19 

Sex 

(male/female) 

5/15 

Height (cm) 169.04 ± 10.85 

Weight (kg) 75.56 ± 22.28 

RHR (bpm) 68 ± 11 

Resting CT (°F) 98.89 ± 0.80 

Note. M ± SD = mean ± standard deviation; RHR = resting heart rate; CT = core temperature. 

Protocol 

Prior to the exercise session days, all participants completed an informed consent 

which was approved by the University’s Institutional Review Board and a physical 

activity readiness questionnaire (PAR-Q+). During the informational session, the 

participant’s height (cm) and body mass (kg) (clothed, but without shoes) was 

measured, as well as their resting heart rate (RHR). To obtain the participants RHR, 

each participant was asked to remain seated for 5 minutes in a quiet, dark room. 

After 5 minutes, RHR was measured by counting the number of beats from 

palpation of the radial pulse in 15 seconds and multiplying that number by four 

(Allison et al., 2011; Conners et al., 2014). The participant also received an FDA-

approved CorTemp ® thermoregulatory pill during their informational session for 

their first walking session. The CorTemp ® thermoregulatory pill was used to 

accurately measure CT in the exercise sessions. Emphasis was placed on taking the 

pill 2 hours prior to their set exercise session. When the pill was ingested, a sensor 

was activated and measured the participants’ core body temperature while 

transmitting the temperature to a CorTemp®️ Data Recorder (CorTemp, Palmetto, 

FL), which is an external device used for recording purposes only. The sensor is 

accurate to ± 0.1°C (CorTemp, 2020).  

Before the testing session, participants received an email reminder from the 

research team of their session time, when to take the CorTemp®️ thermoregulatory 

pill (CorTemp, Palmetto, FL), and to not ingest alcohol or caffeine before the test. 

Participants met with the research team in the University’s aquatic laboratory at 

their scheduled meeting time to perform their exercise session on the UTM. Each 
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participant wore a polar HR monitor (Polar, Finland) which was placed around the 

participant’s chest at the level of the xiphoid process (Conners et al., 2014). Heart 

rate was recorded during the last 10-seconds of every minute using the Polar HR 

monitor.  Core temperature, which was monitored by the ingestible 

thermoregulatory pill, was recorded within the last 10 seconds of each minute 

throughout the exercise session using the CorTemp®️ Data Recorder (CorTemp, 

Palmetto, FL).  

In this study, participants performed two exercise sessions using the UTM 

(Ferno, Wilmington, OH) with a controlled, neutral water temperature set at 80°F 

(Burton et al., 2020). The UTM is a self-contained unit which consists of a water 

reservoir with a built-in water filtration system, a variable-speed motor, and two 

plexiglass windows that enables participants to be viewed from the outside 

(Conners et al., 2014) (see Figure 1). For one of the exercise sessions, the water 

level of the tank was maintained at 10cm below the xiphoid process (10cm  B.X.P), 

measured using a tape measure, and the other exercise session, the water level was 

placed at the superior portion of the iliac crest (I.C.) which was determined by 

manual palpation of the anatomical location (Burton et al., 2020). The order at 

which the participants completed these exercise sessions was selected at random. 

Participants performed three stages of walking, each lasting 5 minutes. The stages 

were performed at 1, 2, and 3 mph (McNarry et al., 2017). The participant 

performed a cool down at a self-selected pace to allow the individual to safely 

return to baseline values. The overall exercise session including set up, 3 stages of 

walking at 5 minutes, a cool down, and drying time took approximately 30-40 

minutes for each participant to complete. At the end of the first exercise session, 

the participant was given their final thermoregulatory pill to take 2 hours prior to 

their final exercise session. 

The second walking session took place exactly 48 hours after the first 

exercise session. This allowed the body to return to resting levels as well as to give 

time for the first CorTemp ® pill to be excreted. The final testing session was a 

replica of the first, except for the water depth. The water depth was raised or 

lowered depending on the participant’s first exercise session. Thus, all data 

collection, exercise testing stage conditions, and water temperature were the same 

in both sessions. All other factors remained constant in order to receive accurate 

results and to draw valid and reliable conclusions.  
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Photograph 1 

Underwater treadmill used for all walking bouts 

 

Statistical Analyses 

All statistical analyses were calculated using the Statistical Package for Social 

Science (SPSS) Version 26. The participants’ baseline characteristics are presented 

in Table 1. Two, three-way repeated measures factorial analysis of variances 

(ANOVAs) were used to compare HR and CT between water depths at 10CM 

B.X.P and at the I.C. Pairwise comparisons were used to compare the differences 

obtained in HR and CT during walking speeds of 1 mph, 2 mph, and 3 mph. Effect 

sizes were calculated using Cohen’s d. Interpretation of Cohen’s d was based on 

the guidelines given by Cohen (1988) stating that an effect size of  0.01 = small, 

0.06 = moderate, and anything greater than 0.14 = large effect size. Furthermore, 

two, three-way ANOVAs were used to compare HR and CT values between male 

and female participants, to determine if there were sex differences.  

A violation of sphericity was noted during the two, three-way repeated 

ANOVAs between HR and CT in both males and females during both the 10CM 

B.X.P and I.C. sessions. A Huynh-Feldt correction was used to determine the 

interaction between males and females and the violations of sphericity noted above.  

Results  

Heart rate (F = 121.60, p = p < .001 , η2 = .988) and CT (F = 1.56 , p = .234 , η2 = 

.28) were found to be significantly different based upon the height of the water 
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while performing UTM walking at varying speeds. There were no significant 

differences found for HR at 1 mph (t = 1.06, p = .305, d = .24) and 2 mph (t = -

0.17, p = .864, d = .04) when the 10CM B.X.P and I.C. sessions were compared. 

Heart rate was found to be significantly higher while walking at 3 mph (t = -3.43, 

p < .003, d =.78) during the I.C. session, when compared to walking at the same 

speed with water height placed at 10CM B.X.P. There were no significant 

differences found for CT at 1 mph (t = -0.10, p = .919, d = .02), 2 mph (t = 0.88, p 

= .392, d = .19), and 3 mph (t = 1.04, p = .310, d = .23) with water placed at 10CM 

B.X.P and at the I.C. level. All HR and CT values during the different exercise 

water depths are presented in Table 2.  

 

There were no significant differences between males and females when 

comparing HR and CT at the varying water levels during walking at speeds of 1 

mph, 2 mph, and 3 mph. When HR values were compared, there was no significant 

difference between males and females at the 10cm B.X.P (F = 0.155, p = 0.750, ηp
2 

= 0.009) or the I.C. (F = 0.121, p = 0.790, ηp
2 = 0.007). Likewise, no significant 

differences were found when comparing CT in both genders with water placed at 

10CM B.X.P (F = 0.127, p = 0.763, ηp
2 = 0.007) or at the I.C. (F = 1.644, p = 0.214, 

ηp
2 = 0.084). 

 Discussion  

The purpose of this study was to compare how walking in a UTM at different water 

heights affects HR and CT of college-aged individuals. Additionally, this study 

investigated if HR and CT values varied, based upon sex differences. It was 

hypothesized that participants would have significant decreases in HR and CT, 

while performing exercise at chest level water immersion depths when compared 

to I.C. immersion depths. Due to the results of the study, the hypotheses were 

rejected.  

During the research study, there were no adverse events throughout the 40 

(2 exercise sessions × 20 participants) completed exercise sessions. The 

participants (N = 20) consisted of active college-aged males and females with no 

recorded injuries and/or major health conditions. The lack of adverse events was 

contrary to similar exercise studies that have used an UTM to perform exercise 

(Barbosa et al., 2007; Hall et al., 1998). The lack adverse events in this study, could 

be attributed to a younger, healthier population (21.50 ± 2.19) of males and females 

and not comparing results with a land treadmill.  
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Table 2 

Heart rate and core temperature values based upon water height  

Variable 10CM B.X.P. I.C. P-value d Effect Size 

HR @ 1 mph 82 ± 12 81 ± 10     0.305 0.24 S 

HR @ 2 mph 94 ± 11 94 ± 11     0.864 0.04 T 

HR @ 3 mph 120 ± 16 128 ± 16     0.003* 0.78 M 

CT @ 1 mph 99.26 ± .81 99.28 ± .56     0.919 0.02 T 

CT@ 2 mph 99.50 ± .68 99.37 ± .52     0.392 0.19 T 

CT@ 3 mph 99.52 ± .60 99.30 ± .88     0.310 0.23 S 

Note. All 10CM B.X.P and I.C. values are presented as mean ± standard deviation; HR = heart rate; CT = core temperature; 10CM B.X.P. = 

10cm below xiphoid process; d = Cohen’s d; * = significant difference (p < 0.05); T = trivial (d < 0.2); S = small (0.2 > 0.49); M = moderate 

(0.5 > 0.79); L = large (d > 0.79). 
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Heart Rate 

There were no significant differences in HR seen during walking at either water 

depth at both 1 mph (p = 0.305) and 2 mph (p = 0.864). There was a significant 

difference observed in HR at the I.C. depth, in comparison to water immersion at 

10 CM B.X.P, at 3 mph (p = 0.003). Mean HR at 3mph at the 10 CM B.X.P. water 

immersion depth was 128 bpm (± S.D. = 16 bpm), whereas the mean HR at 3mph 

at the I.C. depth was 120bpm (± S.D. = 16 bpm). On average, HR was 8bpm lower 

while exercising at 3mph with water immersion at the I.C. versus 10 CM B.X.P. 

According to the study completed by Barbosa et al. (2007), the Borg Rating of 

Perceived Exertion (RPE) was higher in aquatic exercises, specifically when 

immersed to the level of the hip, when comparing land exercise at the same level 

of intensity (2007). The procedures used in these previous studies proved that 

exercising in water at chest level was shown to have a reduction in HR, when 

compared to exercising on dry land or at water immersion to the hip. Our findings 

are comparable to the study by Barbosa et al. (2007) which determined that 

cardiovascular responses when exercising with water immersion at the hip are 

higher when compared to exercising at water immersion at the xiphoid process.  

Similarly, the results of a study by Brubaker et al. (2011) indicated that HR 

increased exponentially while participants exercised at a lower immersion depth in 

an UTM. The potential reasoning for the higher HR during lower immersion water 

exercise, was due to a decrease in the amount of hydrostatic pressure. The decrease 

in hydrostatic pressure experienced on an individual leads to a decrease in venous 

return (Yoo, 2014). As a result, the cardiovascular system sees a decrease in stroke 

volume at lower immersion heights which causes the heart to work at a higher rate 

(Brubaker et al., 2011). Exercising in lower water immersion heights at a higher 

intensity results in more stress placed on the lower body due to the greater amount 

of body mass that needs to be supported while exercising. The increased stress and 

decrease in venous return explained why the mean HR at 3mph was higher at the 

lower immersion depth at the I.C. compared to the higher immersion depth at 10 

CM B.X.P. 

Core Temperature  

Results from our study indicated that there were no differences in CT when walking 

in an UTM at 1 mph (p = .919), 2 mph (p = .392), and 3 mph (p = .310). Previous 

studies have shown that cold water immersion leads to an overall decrease in body 

temperature with an increase in HR. This is due to water's thermal conductivity 

properties and the body loses heat four times faster in colder water. While 

exercising in a neutral water temperature, CT and metabolic rate remained the 

same, but HR increased (Barbosa et al., 2007, Srámek et al. 2000). It was 

hypothesized that participants would have a significant decrease in CT while 
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performing exercise at higher water immersion depths in thermoneutral 

temperature while using an UTM due to the conductive properties of water.   

Our findings were similar to a study performed by Srámek et al. (2000) 

which indicated that exercising in a thermoneutral water temperature did not alter 

CT. Throughout this study, vasomotor changes occurred within the first 2 minutes 

of water immersion and then CT became stabilized throughout the remainder of the 

participants exercise session. Exercising in an UTM can be a beneficial exercise 

medium for an individual, as CT remains the same or slightly decreases while 

exercising in a thermoneutral temperature water. This can allow an individual to 

exercise at higher intensities and for longer durations without large fluctuations in 

CT.  Our findings also were similar to those of a study conducted by Nielsen and 

Davies (1976). While using healthy subjects, this study concluded that exercising 

in 80°F water helped regulate CT due to the increased convective and conductive 

properties of water. These water properties were shown to reduce heat storage and 

limit the amount of heat transfer from the skin, which helped regulate overall CT 

in participants (Nielsen & Davies, 1976). Due to water’s conductive properties, 

exercising in an UTM helps regulate CT and makes it a suitable modality to use for 

cardiovascular exercise.   

Limitations and Future Research 

Limitations of this study included the number of participants as well as participant 

characteristics. Performance variables could have been more significant if more 

male and female participants would have volunteered to participate in the study and 

if the ratio of male to female participants were equal. Also, while the purpose of 

this paper was to identify the differences in HR and CT in college-aged individuals 

while exercising on an UTM at varying water depths, the study would be expected 

to have different results if individuals with special exercise considerations were 

included. It is suggested that further research be conducted to determine the 

differences in HR and CT in special populations, such as older adults, children, and 

people with acute and chronic physical disabilities; for rehabilitation purposes as 

well as to improve fitness levels in sedentary populations.  

A final limitation of this study would be the temperature of the water. 

Although the temperature of the water was set to 80°F for this study, there are 

limitations to controlling the water temperature. Core body temperature is affected 

by the water temperature due to the water’s highly conductive properties. Thus, by 

controlling the water temperature to increase reliability, there is a lack of 

understanding of how varying water temperatures affect the body in aquatic 

settings. Therefore, further testing should be done to compare the differences 

caused by changing the water temperature on a participant’s HR and CT while 

exercising at different water depths. 
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Conclusion 

The results of this study showed no significant changes in HR and CT between 

either the 10CM B.X.P and I.C. water levels at 1 mph or 2 mph. Findings did show 

a significant increase in the HR at 3 mph with a water immersion level at the I.C. 

These results suggested that, at higher immersion depths, HR was less affected by 

higher intensity than lower immersion depths. The increased buoyancy effect and 

reduced gravity environment, in higher immersion depths, allowed participants to 

exercise at a higher intensity level with less exertion, with little effect on CT due to 

the thermal conductivity of water. Thus, exercising at high immersion depths 

allowed for higher intensity and longer duration with less physiological change, 

lower average HR and consistent CT. 
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