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differences in relation to land environment and applications
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ABSTRACT
The intensity in which effort is expended is essential to the elaboration and control of any exercise program. Whether an activity
is performed on land or in water makes a whole difference, because aspects such as volume of immersed body, body position and
water temperature result in body conditions different from those
seen on land exercise and, thus, influence indicators of the intensity of effort. Considering that heart rate and perceived effort are
the most frequently used indicators for the control of the intensity
of effort in water exercises, the present review aims at analyzing
the main changes that take place in those variables in immersion,
comparing to land conditions, as well as the implications of these
changes in the prescription of exercise. Therefore, the main changes resulting from situations of rest and exercise, in running and
water biking, in water gym and swimming are described herein.
Finally, some light is shed on the implications of these changes in
the prescription of exercise, as well as on some strategies for the
use of these variables in exercise performed in water. In relation to
heart rate, one can conclude that occurs a reduction in heart beats
during immersion, influenced by water temperature, immersion
depth, absence or presence of effort, type and intensity of the
exercise. Such reduction should be considered when using this
indicator of intensity of effort in water. In relation to perceived exertion, Borg’s scale seems to be a suitable option to control water
exercises intensity, being considered its application recommendations.
INTRODUCTION
The essential prescription components, whenever elaborating
an exercise program, include the sport selection, the effort intensity, the activity’s duration and the weekly frequency in which it is
conducted. Such components are applied when prescriptions are
developed for individuals with different ages and functional abilities, independently of existence or lack of risk and disease factors(1). Therefore, the measurement of the suitable effort intensity
constitutes in an aspect of great importance in the organization of
an exercises session.
Many physiological indicators can be used to quantify the effort
intensity, in activities both in and out of the water environment,
namely the heart rate (HR), the oxygen consumption (VO2), the
subjective perception of effort (SPE) and the ventilatory and lactate thresholds. These indicators have been widely studied on the
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land environment. However, when establishing comparisons with
the water environment, the exercises practice results in differentiated responses in the distinct environment(2-4). This is an essential
aspect for the professionals who deal with the prescription of exercises in water, since these differences influence the determination of the effort intensity, which affects all the other components
of the prescription.
Due to the high level of specificity of the activities conducted in
the water environment, controlling the effort intensity through simple excesses of the physiological indicators obtained on land to
the aquatic condition may lead to rough prescription(5-6).
Among the effort intensity indicators, the HR and SPE are the
most practical and of lowest cost. Perhaps for this reason, they
are the most used by professionals who prescribe exercises in the
water environment. However, immersion, water temperature and
different body positions adopted may affect the behavior of these
indicators of effort intensity during the exercises performance, or
even in its recovery(7-9). The aim of the present study is to make a
review on the literature about the main changes that occur in the
HR and the SPE in immersion in the aquatic environment comparing to the land environment, and analyzing the implications of these
changes in the exercise prescription.
HEART RATE
The HR is one of the most used variables in the effort intensity
control. It mainly occurs due to the easiness of its measurement,
which makes it quite practical, as well as its relation with the VO2
in a determined effort level. The HR behavior is differentiated in
relation to the kind or intensity of exercise done in the land or water environment though(2). In rest or water exercise situations, the
alterations found in the HR are influenced by factors such as the
body position, the immersion depth, the water temperature, the
HR in rest and the decrease of the hydrostatic weight(9). The great
majority of the studies found in the literature points to the existence of a decrease in the HR during immersion(2,4-5,9-28). According
to Paulev and Hansen(29), the bradycardia due to the immersion is
widely accepted, even with discrepancy about the origin, consistency and degree of decrease of this physiological alteration.
Swimming
Many comparative studies between on land treadmill running/
walking and swimming have been conducted, being pioneers in
demonstrating the occurrence of decrease in heart beating due to
the immersion(10-12,14-15,19,24). Magel and Faulkner(10) used the tied
swimming and reported significant decrease (p < 0,05) in the aquatic
HRmax, with difference of 12 bpm. McArdle et al.(11) compared swimming and treadmill walking, reaching to the conclusion that, for
different submaximal levels of VO2, the average HR in aquatic environment acted statistically different (p < 0,05) from the average
HR on land, with lower values of 9 to 13 bpm. In the same experRev Bras Med Esporte _ Vol. 12, Nº 4 – Jul/Ago, 2006

iment, the HRmax obtained in swimming acted statistically different
(p < 0,01) from the HRmax obtained in walking as well, being in
averagely 22 bpm lower. Dixon and Faulkner(12) compared treadmill
running and tied swimming, finding HR maximum values in swimming reduced in 12 heartbeats (for the athletes) or in 20 heartbeats (for the non-athletes). Holmér et al.(14) conducted tests of
maximal effort in treadmill and swimming in flow pool (swimming
flume), reporting values of HRmax, in average, 15 bpm lower (p <
0,01) in water. Another study by Holmér et al.(15) involving submaximal and maximal tests in treadmill running and swimming flume
showed that the HR in swimming was 12 bpm lower (p < 0,05)
than in running, in submaximal and maximal tests as well.
Vilas-Boas(19) comparing the HRmax in swimming and in treadmill
running, showed that the swimming values were lower than the
ones in running, being the difference lower among women. The
average value of the HRmax in swimming was 7 bpm lower (p <
0,05) than the one in the treadmill running. For men, the difference
corresponded to 12 bpm and for women, to 2 bpm. In research
relating the HRmax in running, swimming and ergometric bicycle,
Scolfaro et al.(24) verified that the decrease in the HR during swimming represented 15 bpm for men and 14 bpm for women, compared to running. Concerning cycling, the decrease of the heart
beating in swimming represented 3 bpm for men, not being reported the results for women. According to the authors, the lower
values in cycling in relation to running are due to the differences in
the resistance to the dislocation of the body weight. Thus, although
the dislocation of the existing body weight in swimming and in
running make them similar, and different from cycling, the implications resulting from the body position and the environment, cause
greater influence, differentiating swimming from the other studied sports.
Generally, the HR during swimming is significantly reduced as
compensation to the higher systolic volume caused by the decubitus body position(12). According to the shown data, the existing
decrease in the heart beating during swimming is between 12 and
15 bpm in the majority of the experiments. The greater differences found in non-athletes individuals are related to higher values of
resting HR(26). The remarking differences between genders reported in one of the studies(19) can also be explained by different values of resting HR, resulting from differentiated training levels, once,
according to the authors of the mentioned study, women presented a higher training level.
Running in shallow or deep water
Other studies compared the running/walking outside water to
exercises done on the vertical position, such as running on shallow or deep water and exercises of water gymnastics. Ritchie and
Hopkins(20) compared running on deep water and treadmill running,
in intense rhythm, with results pointing to an average HR 17 bpm
smaller (p < 0,05) during running in deep water. Town and Bradley(21) reported decrease slightly higher than 10% in HRmax during
running on shallow and deep water, compared to running on treadmill, being the HRmax slightly higher in shallow water. The found
differences were statistically significant (p < 0,05) and corresponded
to approximately 21 bpm in running in shallow water and 26 bpm
in running in deep water.
The comparative study between running on treadmill and running in deep water conducted by Svedenhag and Seger(2) also revealed HRmax significantly lower (p < 0,01) in water, with average
decrease of 16 bpm. It is important to highlight that in this study,
for lower VO2 levels the difference between the HR values on land
and in water was lower, and not significant. In submaximal effort
intensities, the HR reduced from 8 to 11 bpm in water, with the
highest reductions occurring in the lowest intensity. These data
reinforce the idea that, in lower effort intensities, the differences
in the HR tend to be smaller between the aquatic and on land environment.
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Such fact possibly occurs due to differences related to the transmission of sympathic nervous impulses, or to lower plasmatic concentration of noradrenalin in higher intensities(5).
Frangolias and Rhodes(23) also conducted tests of maximal effort in treadmill outside water and in running in deep water, reporting average difference (p = 0,001) of 15 bpm in the HR, verified
when the individual reached his VO2max. Similar results were pointed by Nakanishi et al.(4), who observed HRmax reduced in 19 bpm
in running in deep water, compared to running on treadmill outside
water.
Relating HR and blood lactate production during running in deep
water and running on track, Denadai et al.(5) compared the HR corresponding to the aerobic and anaerobic threshold. The results of
the research pointed that the aquatic HR was significantly lower (p
< 0,05) for the two intensities. The average differences found,
corresponding to 22 bpm in the aerobic threshold and 34 bpm in
the anaerobic threshold, reinforce again the idea of the effort intensity over the magnitude of the decrease observed in the HR in
aquatic environment.
According to the mentioned studies, when comparing the HR
behavior during running in deep water and running outside water,
a decrease in the HRmax occurs, during running in deep water that
is between 15 and 20 bpm. Higher values for the reduction in the
aquatic HR reported in two of the mentioned studies(5,21) can be
justified by the exercise with no use of floating device(21), thereby
imposing a bigger working load, or by the use of running on track
(5)
, which could lead to higher HR maximal values comparing to
running on treadmill.
Water gymnastics
Some recent studies compared the HR during typical exercises
of water gymnastics, performed in and out of the aquatic environment. Kruel et al.(9) observed average reduction of 9 (p > 0,05) and
25 bpm (p < 0,05) during water exercises in moderate intensity.
Such variation depends on the immersion depth up to the umbilical scar level or the shoulder’s, respectively. Heithold and Glass(28)
also compared the HR during identical aerobic exercises in and out
of the water, with velocity based on the subjective perception. The
authors observed HR values of 20 to 29 bpm lower (p < 0,05) during water gymnastics, for the same effort intensity.
Based on the presented data, during water gymnastics exercises, the HR seems to decrease more intensely than in swimming
and running in shallow or deep water, being around 25 bpm to the
immersion condition in the shoulder depth. Such evidence may be
related to the presence or lack of dislocation, once a greater work
amount and acting muscular mass is necessary to surpass the overload imposed by water during the frontal dislocation characteristic
from swimming and aquatic running. Thus, the sports that involve
dislocation would demand bigger blood storage to fulfill the acting
muscular portion needs. Specifically comparing swimming to water gymnastics, another differential to be considered consists of
the effects of the hydrostatic pressure over the immersed individuals in the vertical position. These effects include a bigger blood
volume which returns to the heart, and consequently, a bigger volume ejected by systole, which allows the heart to decrease its
bombing frequency.
Water cycling
Concerning ergometrical bicycle exercises performed in and out
of the water, Sheldahl et al.(30) reported that the aquatic HR was
not significantly different from the HR on land, for resting situations and moderate exercise. In the exercise with higher loads, the
HR reduction in the water was bigger, corresponding to 10 bpm.
Once again, the data shown in the literature reinforce the influence of the effort intensity in the HR reduction in aquatic environment. It seems that bigger differences between the HR responses in the water and on land environment are found whenever the
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individuals are close to the maximal effort. Hence, equations that
translate the differences of the HRmax of the land environment to
the water environment should not be used since the HRmax is influenced, among other factors, by water temperature and by immersion depth. An interesting strategy for a suitable quantification of
the HRmax in the water environment would be a conduction of a
maximal effort test in the practitioner, respecting the specificities
of the environment, namely temperature, depth and motor gesture, required during the usual training sessions.
Immersion depth
Concerning the influence of the immersion depth in the HR alterations, a gradual decrease in the HR is observed concomitantly
with the immersion depth, during standing immersion in the water
environment(9,16,22,25-26). According to Risch et al.(16), the HR decreases about 13 bpm from an initial position of immersion up to pubic
symphysis for a second immersion situation up to the xiphoid appendix. However, starting from the same initial immersion situation up to the pubic symphysis to a immersion situation up to the
neck, the average decrease of the HR corresponds to 16 bpm (statistically not significant differences). In another study by Risch et
al.(17), the average bradycardia found after rapid immersion up to
the neck, in comparison to the condition outside water, was 17
bpm (statistically significant difference), being bigger for higher initial
HRs. Later, Kruel(22) also analyzed the HR behavior during resting
vertical immersion in different water depths, using a bigger number of immersion levels. The average bradycardia found in the different depths was of 2 bmp (knee), 9 bpm (hip), 13 bmp (umbilical
scar), 16 bmp (xiphoid appendix and neck), 17 bmp (shoulder), 12
bmp (shoulder with arms out of water). Except for the immersion
level up to the knee, the bradycardia was significant (p < 0,05) in
all immersion depths analyzed. The author highlights that the growing bradycardia that follows the increase of the immersion depth is
directly related to the increase of the hydrostatic pressure on the
individuals.
Concerning the responses between genders, Kruel et al.(25)
showed results similar to the ones in the study mentioned before(22),
not revealing significant differences between genders or age
groups. Likewise, Coertjens et al.(26) did not find significant differences between age groups or genders when analyzed individuals
in vertical immersion in different depths. In this research, the bradycardia varied from 1 to 44 bpm, with the conclusion that both the
immersion depth and the resting HR influence the aquatic bradycardia. Concerning the resting HR influence, the authors reported
more remarkable bradycardia for higher resting HR values and less
remarkable bradycardia for lower resting HR values.
Analyzing the HR behavior during water gymnastics exercises,
out of water and in the immersion depths of umbilical scar and
shoulder, Kruel et al.(9) verified that the average decrease in the HR
during exercises in the umbilical scar and shoulder depth, in relation to the same exercises performed out of water, was of 9 bpm
and 25 bpm, respectively In this study, the difference was significant (p < 0,05) only for the shoulder depth. Table 1 presents the
values of the HR decrease reported by the mentioned authors in
the different immersion depths of the body in water.
Water temperature
Some studies emphasize the influence of the water temperature in the HR behavior, in rest and exercise as well. Craig and
Dvorak(31) came to the conclusion that an increase in the HR of
individuals immersed in the vertical position in temperatures of 36
and 37°C, and a decrease of the same in temperatures of 35°C or
less is observed. Another important conclusion of this study was
the discovery of the immersion temperature considered neutral in
relation to the HR in rest, which was established between 35 and
35,5°C.
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TABLE 1
HR decrease in different immersion depths of the body in water
Immersion
depth

Decrease in the HR (bpm)
Risch
et al.(17)

Kruel(22)

Kruel
et al.(25)

Coertjens
et al.(26)

Kruel
et al.(9)

17**

16*

14*

13*

–

Shoulder with
arms out of water

–

12*

13*

13*

–

Shoulder

–

17*

13*

13*

25*

Xiphoid appendix

–

16*

14*

13*

–

Umbilical scar

–

13*

11*

11*

09*

Hip

–

09*

08*

08*

–

Knee

–

02*

01*

00*

–

Neck

* statistically significant difference in relation to the condition outside water (p < 0,05).
** statistically significant difference in relation to the condition outside water (p not mentioned).

Through the analysis of the effects of different temperatures
during the immersion in resting and in exercising in the cycle ergometer, Rennie et al.(32) verified that in the immersion in resting, the
average HR decreased 25% in temperatures below 34°C. In the
aquatic temperature of 36°C, the average HR did not show significant alteration. In moderate exercise situation, the HR reduced 20
to 25% in water temperatures below 34°C. In an intense exercise
situation, the HR did not reveal significant alterations. Holmér and
Bergh(13), while researching the relation between HR and VO2 during swimming in different temperatures (18, 26 and 34°C), reported that the HR for a given VO2 is lower in lower temperatures and
higher in higher temperatures. The average HR in 18°C was 8 bpm
lower than in 26°C and 15 bpm lower than in 34°C. Similar results
were verified by McArdle et al.(33), during exercise in cycle ergometer in aquatic temperatures of 18, 25 and 33°C. The exercises
performed in water with temperature of 33°C did not present relations between VO2 and FC significantly different from those on
land. However, the HR found in the 18°C temperature was, in average, 5 bpm lower (p > 0,05) than in 25°C and 15 bpm lower (p <
0,05) than in 33°C, for a submaximal value of preestablished VO2
The difference of 10 bpm between the 25 and 33°C was also statistically significant.
Corroborating the studies mentioned above, another study (18)
reported differences in the HR values obtained during exercise in
cycle ergometer in aquatic temperatures of 20, 25, 30 and 35°C,
revealing increase or decrease according to respective increase or
decrease in the water temperature. The variation was more remarkable in 30 and 35°C, with values significantly different (p <
0,05) from those found in 20°C. Concerning the HR in 35°C, the
average values found in the temperatures of 30, 25 and 20°C presented reduced values in 6, 17 and 19 bpm, respectively. More
recently, Müller et al.(27) analyzed the HR behavior during vertical
immersion in rest, finding bradycardia in relation to the same position out of water corresponding to 17 bpm in the aquatic temperature of 33°C, 24 bpm in the temperature of 30°C and 33 bpm in the
temperature of 27°C. These authors verified difference statistically significant (p < 0,05) only between the temperatures of 27 and
33°C. It is important to stress that the pools destined to water
activities are usually within such range of thermal variation, and
considering that the effort intensity increases the existing difference between the verified HR in and out of the water, one may
speculate that during practice of exercises in the vertical position,
the differences statistically significant occur in a temperature variation range lower than the one reported in the study mentioned
above table 2 presents the values of the HR decrease reported by
the mentioned authors, in the different water temperatures used.
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TABLE 2
HR decrease during immersion in different water temperatures
Studies
Holmér and Bergh(13)

Rest/Exercise
Swimming

HR decrease
From 34 to 26°C = 7 bpm
From 26 to 18°C = 8 bpm
From 34 to 18°C = 15 bpm

McArdle et al.(33)

Cycle ergometer

From 33 to 25°C = 10 bpm*
From 25 to 18°C = 5 bpm
From 33 to 18°C = 15 bpm*

McMurray and Horvath(18)

Cycle ergometer

From
From
From
From
From

Muller et al. (27)

Rest

From 33 to 30°C = 7 bpm
From 30 to 27°C = 9 bpm
From 33 to 27°C = 16 bpm*

35
30
25
35
30

to
to
to
to
to

30°C
25°C
20°C
20°C
20°C

=
=
=
=
=

6 bpm
11 bpm
2 bpm
19 bpm*
13 bpm*

* statistically significant difference (p < 0,05).

Conclusions
Although the mechanism responsible for the HR decrease during immersion is not totally clear, it is believed that one of the main
explanations for it relies on the increase on the venous return. Thereby, one of the effects derived from the hydrostatic pressure action
over the individuals consists in the increase in the venous return,
which leads to increases in the central blood volume and in the
cardiac pre-load(34). Another aspect to be considered is bigger water thermo conductibility when compared to air, causing lower aquatic temperatures to the thermoneutral condition to contribute to
the blood redistribution. Thus, it moves the blood from the outer
regions to the central regions in order to try to avoid the excessive
loss of body heat. This central hypervolemia generates increases
in the systolic volume and cardiac debt, promoting reflex bradycardia derived from the immersion(35). Moreover, the decrease of the
sympathic nervous activity also potentializes the bradycardic responses in the immersion(36). Besides that, a recent study(37) points
to the decrease of the hydrostatic weight as factor equally responsible for the modifications in the HR during the immersion, contributing to the bradycardia due to the lower muscular recruiting and
consequent reduction in the blood amount.
Relating to the data presented in the literature, it was verified
that the magnitude of the differences in the HR responses in the
aquatic and on land environment may greatly vary Among the most
important aspects that may impact this fact, we can mention the
water temperature, the hydrostatic weight reduction, the body
positioning and its immersion depth, the resting HR and the relative effort intensity., Thereby, for the exercise prescription in the
water environment, the sum of these aspects should be taken carefully analyzed, once discreet variations in one or more aspects may
cause important differences in the conduction of the exercises.
This is specially important when dealing with risky, badly-conditioned or special care needs populations From the practical point
of view, for the real HRmax obtaining in water environment the ideal
would be the application of a maximal effort test, which should be
conducted in temperature conditions, immersion depth and motor
gestures specific to the kind of exercise used in the training program. If the effort test conduction is impossible, the HRmax in the
water environment prediction would be possible through the subtraction of the aquatic bradycardia of the HRmax value on land environment. Thus, in order to determine the value of the decrease of
the heart beats during immersion, each individual should be analyzed in depth, temperature and body position conditions similar to
the poposed exercise in the training program, in comparison to the
same position on land. A proposal for this aim would be the use of
the following formula:
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HRmax in water = HRmax on land – ∆FC
where ∆FC = bradycardia derived from the immersion (in the depth,
temperature and body position used in the exercise).
SUBJECTIVE EFFORT PERCEPTION
Considering the many physiological indicators which can be used
in the effort intensity control, some are difficult to be applied to
the water environment due to the high cost and measurement difficulty, such as, the blood lactate production and the VO2(2,21). Hence,
the choice for more practical indicators which present reduced costs
has been adopted, especially in group work. Concerning the water
environment exercises prescription, one of the most applied on a
daily basis indicators is the Borg’s Rate of perceived exertion scale.
Such scale(38) was built and validated in exercises performed out of
the water environment(39-41) and its application in water exercises
has been investigated more recently. The literature presents some
studies on this aspect, and the existing knowledge may be applied
in the quantification of the effort intensity in exercises of this nature.
Maglischo(42) considers the Borg’s scale a good instrument to
evaluate the relative intensity of the exercise in swimming. Likewise, the Aquatic Exercise Association – AEA(6) recommends the
use of the scale in the estimate of the exercises intensity in water
gymnastics. Some studies investigated the relation of the SPE responses with other effort intensity indicators in swimming, as well
as in exercises performed out of water. Among them, the study by
Ueda and Kurokawa(43) correlated the SPE with the HR, the VO2
and the blood lactate during the tied swimming. After the application of swimming submaximal tests, the authors verified high correlations between the investigated measures, coming to the conclusion that the SPE may be considered an effective measure of
the effort intensity in this kind of exercise. It is important to highlight that swimming is characterized to be a cyclic activity, and the
correlations were verified in situations of submaximal test, involving stable loads. Therefore, the high correlations verified in the
study mentioned above should not be transferred to acyclic activities, in which varied muscular groups are required in distinct intensities.
In another study, when verifying the correspondent HR to some
specific indexes in the Borg’s scale during swimming, compared
to the cycle ergometry or arms ergometry, Green et al.(8) verified
that, for the 12 index of the mentioned scale, the HR values were
significantly different (p < 0,05) comparing swimming with ergometry as well as swimming with arms ergometry. The HR was higher during swimming. The HR values significantly differed (p < 0,05)
for the 16 index of the scale, only when comparing swimming with
arms ergometry, although when comparing swimming with ergometry, a tendency for higher values in swimming was kept. It is
important to mention that the fact of no HR decrease being reported in the water environment clashes with the conclusions of most
of the existing studies in the literature, including the studies that
compared swimming to other exercise examples(11-12,24), independently of the effort intensity indicator used as control. Such fact
may be connected to the training level of the sample or to a higher
adaptation to the exercises performed on land, factors that could
justify the presented results. The authors did not correct the HR
values in relation to an existing reduction in the water environment
either, which could help in the consistency of results found in this
investigation.
Other studies analyzed the SPE behavior in walking/running in
and out of water. Denadai et al.(5) compared the HR and the SPE
corresponding to the aerobic threshold and the anaerobic threshold during running on track and running in deep water, in submaximal exercise intensities. The results indicated that the indexes
obtained for the SPE, in the aerobic threshold (running in deep
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water = 11,5; running on track = 11,2), and in the anaerobic threshold as well (running in deep water = 14; running on track = 15,2),
were not significantly different (p ≥ 0,05) between the exercise in
and out of water. Similar results were found by Nakanishi et al.(4),
when comparing the SPE indexes during maximal effort tests in
running in deep water and in treadmill outside water. The authors
observed that the SPE was not statistically different (p = 0,84)
when reaching the maximal effort, between exercises performed
in and out of water (running in deep water = 9,60; running on treadmill = 9,65 – CR10 scale).
However, Denadai et al.(5) did not find correlations between the
obtained SPE in aquatic and on land environment (r = 0,15 for the
aerobic threshold and r = 0,38 for the anaerobic threshold). Thus,
although the results of the mentioned study point that the kind of
exercise does not influence in the relation between SPE and blood
lactate response, the fact that no correlations between the SPE of
the two studied sports were found, show that the transfer of evaluations of the running on track to running in deep water may lead
to inconsistent results. Therefore, besides the differences involving the water and the on land environment, there seems to be a
specificity in the use of the scale, where little differences in the
motor gesture may influence the SPE.
In another study, Shono et al.(44), examining the SPE and other
physiological variables during water walking in treadmill, in the xiphoid appendix depth, revealed strong linear relation between HR
and SPE (r = 0,99; p < 0,01). The authors came to the conclusion
that the SPE may be considered a good index for walking on treadmill prescription, in water as well as on land. In another study, Lazzari and Meyer(45) compared the HR and SPE responses during
walking with waist depth to the walking on treadmill at the same
velocity, in submaximal intensity. The PSE values found in the water
walking were significantly higher when compared to values of the
walking on treadmill, being the difference 30,2% in the first minute
of test. According to the authors, such difference was expected
due to the use of the same velocity in the different environment,
once the aquatic environment offers more resistance to the body
dislocation. Consequently, the energetic demand and the muscular work are also higher, reflecting in the SPE. Concerning the correlation between the HR and SPE values, it was considered weak,
differently from the results pointed by Shono et al.(44). Such differences between the studies point to the lack of consensus concerning the relation between HR and SPE in the water environment, showing the need of new investigations.
Hall et al.(3) also conducted a comparative study between walking on treadmill in and out of water in the same velocity, including
different water temperatures as influencing factors of the cardiorespiratory responses. Submaximal intensities for exercises performed in the chest depth and in the water temperatures of 28 and
36°C were used. The SPE was significantly higher (p ≤ 0,001) during the exercises performed in water, confirming that the water
walking on treadmill presents energetic cost higher than the walking on treadmill out of water in the same velocity. The results pointed PSE values corresponding to 11,4 and 14 during the water walking and 9,9 and 11 during walking out of water, for the 4,5 and 5,5
km/h velocities, respectively. In this study, the influence of the
aquatic thermal variation in the SPE behavior was not reported.
More recently, Fujishima and Shimizu(46) compared some physiological responses during walking on treadmill in and out of water
to the same SPE index. No significant differences (p ≥ 0,05) in the
VO2 and the HR behavior and of the HR between walking out of
water and in water in the temperatures of 31 and 35°C were found
for the 13 index of the Borg’s scale. A justification for such results
may rely on the velocity of walking performance in the different
environment, however, the authors did not report which were the
used velocities. Another aspect to be considered is the higher tendency to the difference in the two variables mentioned between
the out of water condition and aquatic temperature of 31°C. One
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may speculate that such differences would be statistically significant if aquatic temperatures slightly lower were used. However,
such fact should be confirmed through new experiments.
Concerning the training of water gymnastics sessions, some
steps have already been taken in order to investigate the use of
the Borg’s scale in the quantification of the effort intensity. The
study by Sá et al.(47) compared the SPE during water gymnastics
exercises and ergometric test on treadmill out of water. The SPE
was lower during the water gymnastics exercises for the same
effort intensity, measured through the HR. In the intensities corresponding to 60 and 90% of the maximal effort, the found difference was statistically significant (p < 0,05). In the intensities of 70
and 80% though, only a tendency for lower values in the water
environment was reported. The authors did not report a correlation based on the HR reduction in water environment in the percentage values of the HRmax used in the control of the exercise
intensity, procedure that could alter the obtained results Hoeger et
al.(48) conducted maximal tests in treadmill running and during the
water gymnastics exercises performance. They came to the conclusion that the SPE when reaching the HRmax was lower during
tests in water environment. The authors mentioned that the HRmax
values as well as the SPE were significantly lower (p < 0,05) during
the water gymnastics exercises.
In another study, Heithold and Glass(28) compared the SPE during the same aerobic exercises routine in and out of water. The
routine duration was identical, being the velocity of performance
of each exercise subjective. The found SPE indexes (between 12
and 14) were not statistically different (p ≥ 0,05) between the two
sports, although a tendency to lower values in the water environment has been observed, especially during exercises exclusively
with the lower limbs. In the same study, the HR values were lower
in water, showing that the HR did not affect the SPE. The authors
came to the conclusion that the SPE is a reliable indicator of the
effort intensity during water gymnastics practice.
Toner et al.(49) examined the interaction between thermal stress
and SPE, through water exercises of low and high intensity performed in temperatures of 20 and 26°C. Despite the perceived
effort being lower in the lower temperature during the high intensity exercise, the SPE did not significantly differ (p > 0,05) between
the different temperatures and intensities. Therefore, the SPE is
more related to cardiopulmonary variables than to the thermal sensation.
Conclusions
Although new studies are still necessary in order to clarify some
disagreement about the SPE behavior in water exercises, the existing data show that it can be used as effort intensity indicator in
water exercises. However, the adequate use of the Borg’s scale
needs further orientation and proper training, once the lack of familiarization with the instrument when performing motor gestures
may alter the perceived effort results, and consequently the relation of this perception with the effort physiological indicators.
An interesting strategy to be tried out before Borg’s scale application in the control of exercises sessions is to verify the reproducibility of its use among the individuals. Activities of different
intensities are applied in different days, from a given motor gesture, being the individuals under the same conditions. Therefore,
the individuals should attribute similar values from the scale to the
same activities in the different days. In case these values are statistically different for the controlled situations, the individual may
not be able to use the scale.
In addition, special attention should be dedicated to recent studies that relate the effort perception not only to the intensity used
for the exercises, but also the factors such as the effort duration or
even the expectation in relation to its intensity and duration(50-51).
Thus, the responses of the effort perception represented by he
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Borg’s scale indexes seem to be partly influenced by psychological mechanisms that add to the physiological aspects.
FINAL CONSIDERATIONS
Concerning the HR behavior, one may come to the conclusion
that a reduction in the heart beats, in rest or exercise condition, in
the aquatic temperatures most used to the swimming practice,
running and water gymnastics, that is, temperatures equal or lower to 32°C. Concerning the immersion depth, its increase intensifies the decreases that occur in the HR. Such decreases may be
observed in exercises of submaximal and maximal characteristic
as well during effort. Moreover, the magnitude of the difference in
the HR between the water and on land environment increases from
the rest condition to the submaximal and maximal exercise situations. Hence, one should be careful when adopting average values
of difference between the HR values in the aquatic and on land
environment, especially when considering distinct effort intensities.
It is assumed that the decrease in the HR derived from different
immersion situations may lead the individuals to exercise in different intensities from the desired, usually higher. Such decrease may
occur due to the prescription of water exercises intensity based
on HR values obtained during exercises on land, with no correction. Finally, we should stress that the differences between the
HR behavior in and out of the water may greatly vary among the
individuals, making it difficult to use average values for this difference, especially when considering different effort intensities. A

good alternative to professionals of the field would be the HR correction according to the conditions to be applied, such as: body
positioning, water temperature, immersion depth, rest HR, kind
and intensity of exercise. A maximal test is suggested in order to
identify the real HRmax in the water environment, respecting the
motor gesture and aquatic specificities. Another interesting strategy aiming the HRmax prediction in the water environment is the determination of the bradycardia during rest immersion in the position, depth and temperature used for the exercise practice,
subtracting the obtained value from the HRmax on the land environment.
Concerning the SPE use, although future studies should be conducted in order to better consubstantiate its adoption as effort intensity indicator in aquatic exercises of varied nature, the available
research suggests that the Borg’s scale seems to be a reliable and
practical option, due to its possibility of correspondence In other
words, the intensity control of swimming, water running and water gymnastics may be done through the SPE, in routine exercises
prescriptions. However, caution should be taken concerning the
familiarity with the scale’s use. The individuals should be trained
for the distinct motor gestures used in the different physical activities. Moreover, it is important to verify the reproducibility of the
use of the scale among the individuals, for each water activity example adopted in the prescription of an exercises program.
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