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Abstract

The aim of the present study was to compare lactate removal
during active recovery performed during cycling in water im-
mersion (CW) and during cycling on land (CL), after a similar
exercise bout in male adults. Eleven healthy and physically
active men, aged between 20 and 26 years old participated in the
experiment. Before the experimental tests, the ventilatory
threshold of the subjects was determined. Each subject com-
pleted the experimental tests twice, with one week separating
the two periods of experiment. The subjects exercised on the
treadmill during 6 min at a speed 10% above the speed corre-
sponding to their ventilatory threshold. Subsequently, the sub-
jects recovered from the exercise bout either on a stationary bike
(CL) or on a aquatic-specific bike (CW). On the subsequent
week the subjects performed the same protocol but with a dif-
ferent recovery condition. Recovery condition assignment for
the first test was counterbalanced (six subjects started with one
condition and five with the other). Capillary blood samples were
collected after each test and during the recovery period (at 3, 6,
9 and 15 minutes) and blood lactate was measured. The blood
lactate values during CW were lower than during CL and sig-
nificant differences were observed at the 6™ minute (p £ 0.05)
and at the 15™ minute of recovery (p < 0.05). Therefore, we may
conclude that active recovery using cycling in water immersion
may be more efficient than cycling on land for blood lactate
removal.
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Introduction

Lactate is an important metabolite in the re synthesis of
ATP, and its removal may be a way to regain energy
substratum (Robergs et al., 2004). Therefore, lactate oxi-
dation may contribute to save muscle carbohydrate stores
and help to sustain exercise intensity during long time
exhaustive exercise (Brooks, 1986). The removal of lac-
tate after exercise can be performed in active or passive
recovery. The literature describes a faster lactate removal
when using active compared with passive recovery (Baker
and King, 1991; Bonen and Belcastro, 1976; Franchini et
al., 2003; Monedero and Donne, 2000; Taoutaou et al.,
1996). Moreover, it has been shown that different exercise
intensities may have different effects on blood lactate
removal (Baldari et al., 2004; 2005). Most of the research
has focused on the benefits of dry land exercise on lactate
removal (Boileau et al., 1983; Gupta et al., 1996; Koute-

dakis and Sharp, 1985; Monedero and Donne, 2000;
Taoutaou et al., 1996). Nakamura et al. (1996) investi-
gated the effect of water immersion in blood lactate re-
moval after a high-intensity (80% of peak VO,) single
bout of exercise. They have found that immersion in wa-
ter with a temperature of 30°C promoted a better lactate
removal, when compared with immersion at 39°C or with
controls (no water immersion). The exercise in water
immersion (or half immersion) may offer differentiated
physiological conditions during and after exercise and
alter cardiovascular (Ertl et al., 1991; Park et al, 1999)
and respiratory functions (Brechat et al, 1999; Chu et al.,
2007).

Previous studies compared the removal of blood
lactate during land jogging or running and during im-
mersed running (Nakanishi et al., 1999; Town and Brad-
ley, 1991; Villar and Denadai, 1998). Nakanishi et al.
(1999) investigated and compared physiological re-
sponses of healthy men performing an exhaustive exercise
bout either in deep water running (DWR) or treadmill
running. The heart rate during the exercise bout and the
peak blood lactate post exercise were higher in the dry
land running. Town and Bradley (1991) compared the
metabolic responses to a single bout of maximum exertion
in three conditions of exercise: deep water running
(DWR), shallow water running and running in the tread-
mill. They have found that blood lactate values from
shallow water and DWR were 80% of the response in the
treadmill. Villar and Denadai (1998) compared active
recovery during land running with active recovery during
DWR. In each of the exercise conditions the intensity of
the recovery was established as the heart rate correspond-
ing to the aerobic threshold (previously assessed either in
dry land or DWR environments). The results have shown
that during land running lactate removal was larger than
during the DWR recovery. Frangolias and Rhodes (1995)
also compared the lactate removal after treadmill running
and running in immersion and found no differences be-
tween the two exercise conditions. However, none of the
abovementioned studies have compared lactate removal
between water immersed and dry land conditions with the
use of stationary bikes.

Connelly et al. (1990) used cycling exercise to in-
vestigate the effects of water immersion, but their analysis
was limited to the responses during exercise and not post-
exercise. These authors found that the accumulation of
blood lactate during cycling exercise at intensities com-

Received: 10 November 2006 / Accepted: 13 February 2007 / Published (online): 01 June 2007



Lactate removal during water immersed cycling

189

prised between 40% and 80% of the peak oxygen uptake
was not different when water immersion or land exercise
were compared, but higher percentages resulted in lower
blood lactate values for water immersion.

Therefore, the aim of the present study was to
compare lactate removal during active recovery per-
formed during cycling in water immersion (CW) and
during cycling on land (CL) after a similar exercise bout
in male adults.

Methods

Participants

Eleven males volunteered for this study. After a medical
examination the subjects gave their written informed
consent to participate in the experiments. The subjects
were healthy and were engaged in regular physical activ-
ity for at least six months prior to testing. The subjects
mean (+ standard deviation) age, height, weight and esti-
mated body fat percentage were 22.7 + 1.9 years, 1.80 +
0.02 m, 79.9 = 2.9 kg and 10.6 £ 1.2 %, respectively. All
the procedures were according to the Helsinki Declaration
of 1975 and were approved by the Institutional Ethics
Committee.

Procedures

The subjects were assessed on three occasions and they
reported in the laboratory after an overnight fast. On their
first visit to the laboratory the subjects were measured for
height, weight and skin folds. Body fat was estimated
from three skin fold thickness (Jackson and Pollock,
1978) measured with a Lange skin fold caliper (Beta
Technology, Santa Cruz CA, USA) and on the same day,
the ventilatory threshold of the subjects was determined
with the Ellestad protocol (Ellestad, 1993) on a motorized
treadmill (XT600Pro, TecnhoGym, Italy). Since this pro-
tocol was originally designed for cardiopulmonary pa-
tients, in the present study the subjects started the protocol
in the second stage (2 min at 1.33 m's™ with 10% grade)
and followed the rest of the original protocol. Through all
testing expired gases were collected and analysed with a
V02000 analyser (AeroSport Inc, USA) and oxygen
uptake was averaged as 20 s intervals. Before each test, a
reference air calibration of the device was performed
using a gas sample with a 16% O, concentration and a 5%
CO, concentration. The flow meter was also calibrated
before each testing with a 3000 ml syringe. The Ventila-
tory Threshold (VT) was assessed from respiratory ex-
change by three observers using the V-slope method
(Beaver et al., 1986). The mean of the two closest values
was taken into account for calculating the VT.

In the second and third testing sessions, each sub-
ject completed the testing protocol under the two recovery
conditions. One week separated each of the three sessions.
The testing protocol included a running warm-up of 2 min
at 5.5 km-h™ with a 10% treadmill grade. After the warm-
up the subjects exercised on the treadmill during 6 min at
a speed 10% above the speed corresponding to their venti-
latory threshold previously assessed. Subsequently, the
subjects started the 15 min active recovery either on a
regular stationary bike (Schwinn, USA) or on a water-
specific bike (Hydroraider, Italy). Recovery condition

assignment for the first test was counterbalanced (six
subjects started with one condition and five with the
other). The time interval between the end of the exercise
bout and the start of the active recovery period was 1 min.
The aquatic bike was placed in a pool in a way that the
xyphoid appendix of each subject matched the water
level. Heart rate (HR) was assessed throughout the recov-
ery periods with a Polar S810 (Polar, Finland) and used to
assure the similar exercise intensity under the two condi-
tions of exercise. The target HR was established as 65%
of the estimated maximum HR (220 beats per minute
minus age). During the recovery period the subjects were
informed about their HR every 30 sec and the pace was
adjusted if necessary. Capillary blood samples were col-
lected at rest and during the recovery period (at 3, 6, 9 and
15 minutes of recovery) for blood lactate measurement
with a YSI 1500 analyser (Yellowsprings, OH, USA).
Prior to each testing, the analyser was calibrated with
standard lactate solutions of 2.5, 5.0, 10.0 and 15.0
mmol-L™" (Yellowsprings, OH, USA).

Both the laboratory and the pool sessions were
conducted with a room temperature between 22°C and
24°C and =50% of relative humidity. The temperature of
the pool water was between 30 and 31°C.

Statistical analyses

Data was analysed with SPSS 10.0 (SPSS Science, Chi-
cago, USA) and the graphics were designed with Sigma
Plot 8.0 (SPSS Science, Chicago, USA). The results are
presented as means * standard deviations (SD). Mean
differences between the two conditions of recovery were
tested by the Wilcoxon Matched-Pairs Rank test, as the
distribution of the sample failed to comply with the nor-
mality assumption. The statistical significance was set to
p <0.05.

Results

The resting blood lactate concentration before the ex-
perimental periods of treadmill exercise was similar (p =
0.645) under the two exercise conditions (1.64 £ 0.05 and
1.60 £ 0.08 mmol-L", respectively for cycling on land
and cycling in water immersion).

The mean values of blood lactate were lower dur-
ing the active recovery performed in water immersion
cycling compared to the values observed in land cycling.
Significant differences were found in the 6™ min (p =
0.011) and 15™ min (p = 0.014), but not in the 3™ min (p =
0.210) nor on the 9™ min (p = 0.052) post-exercise (see
Figure 1).

Discussion

The aim of the present study was to compare lactate re-
moval during active recovery performed during cycling in
water immersion (CW) and during cycling on land (CL)
after a similar exercise bout in male adults. We hypothe-
sized that CW could be more effective when compared
with CL.

In the present study, differences between the blood
lactate removal under the two conditions of exercise were
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Figure 1. Comparison of the blood lactate removal during cycling in water immersion

(CW) and during cycling on land (CL).
* Difference between CW and CL (p < 0.05).

found to be significant in the 6™ min and 15™ min, but not
in the 9" min post-exercise. The small size of the sample
that was used may contribute to the lack of significance
observed at the 9™ min of recovery. Therefore, the results
indicate that a low intensity recovery at 65% HRmax was
more effective when performed in immersion. The faster
lactate removal during immersion exercise condition may
be partly explained by an increased venous return. At the
3" min of recovery the blood lactate mean values were
close in CW and CL, which may help to support that the
blood lactate accumulation during the previous exercise
bouts was similar under the two conditions of exercise
and that three min of recovery were not sufficient to im-
prove the lactate removal during CW.

The exercise intensity in the present study was
comprised within the range studied by Connelly et al.
(1990) when they found no significant differences in
blood lactate accumulation between water immersed and
land cycling exercise. However, those authors examined
blood lactate accumulation during the cycle exercise and
not the lactate removal post-exercise. The mechanisms
underlying blood lactate accumulation during exercise are
not necessarily the same as those determining lactate
removals after exercise. During exercise, several factors
affect the lactate concentration found in muscle (and
reflected in blood), some of them influencing the lactate
production and others the lactate clearance. When exer-
cise stops, even when a low intensity recovery exercise is
used, only the factors that influence the lactate removal
are pertinent. Therefore, the results from Connelly et al.
(1990) are not comparable to the results that were found
in the present study.

The lower lactate accumulation reported for DWR
by Nakanishi et al. (1999) were explained by differences
in muscle contraction regimens and by the influence of
hydrostatic pressure of the water. However, the Nakanishi
study and Town and Bradley’s (1991) lower blood lactate
values in immersed compared with land running could be
explained by a lesser muscle fiber constriction with im-
mersion and by the weight bearing nature of treadmill

running. These studies suggest a lower metabolic demand
during running in water immersion.

Nakamura et al. (1996) and Villar and Denadai
(1998) support the present study with lower recovery
lactates during immersed passive and active recovery,
respectively. Contrarily, Frangolias and Rhodes (1995)
found no differences between the lactate removal after
treadmill running and running in immersion.

This conflict of results may be explained by differ-
ences in the methods that were used on the above men-
tioned studies and in the present study. Indeed, several
issues may have influenced the results, such as: i) inten-
sity of the recovery that was used (Boileau et al., 1983);
i) main muscle groups that were elicited (Bulbulian et al.,
1987; Nakanishi et al., 1999); iii) temperature of the water
(Moore et al., 1970; Nakanishi et al., 1999); iv) gradient
of immersion (Moore et al., 1970); v) timing for capillary
blood collections (Brooks, 1986); and vi) ingestion of
nutrients prior to the experiment (Robergs et al., 2004).

The majority of the above-mentioned studies as-
sessed running in immersion instead of cycling exercise.
The amount of muscle mass involved in running is larger
compared to the one that is used during cycling exercise.
The larger muscle mass involved in running may induce a
higher lactate accumulation during exercise. On the other
hand, the larger active muscle mass may allow an in-
creased lactate oxidation by muscle tissue during an ac-
tive recovery. Additionally, it is also possible that during
land running exercise, a fraction of the muscle mass that
is active (i.e. upper limbs) may contribute to lactate oxi-
dation rather than to lactate production, due to the non-
propulsive nature of these muscles. Contrarily, during
DWR it is possible that the upper limbs may assist in
buoying up the subject by circular movements (Nakanishi
et al., 1999). Moreover, during DWR the legs also tend to
move differently from land running, because of the lack
of firm footage and with a slower stride rate. Therefore, it
is complex to explain the results of studies that addressed
the land running vs DWR issue, let alone to compare
those results with those obtained with cycling exercise.
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During cycling the phenomena determining lactate pro-
duction and removal may be different. Indeed, both dur-
ing land or immersion cycling, a much smaller muscle
mass is active, other than the muscle used to produce
work (compared to running exercise). Therefore, the
blood lactate kinetics during and post running exercise
may not be comparable with cycling exercise. Even when
cycle exercise is compared between water immersion and
land conditions, Chen et al. (1996) recommend the use of
a single ergometer adapted for land and liquid environ-
ment. The authors indicate that this procedure aims to
avoid the interference of different body posture in the
physiological responses.

A possible limitation of the present study is the
use of heart rate as criteria to establish similar exercise
intensity in land and immersion cycling exercise. Indeed,
it is difficult to impose the same exercise intensity in
water immersion and in land, because at the same cycle
ergometer output the oxygen uptake is higher in water
immersion, due to drag effect of displacing water during
limb movements (Brechat et al., 1999). We chose to use
heart rate to monitor exercise intensity during the recov-
ery because it may be an interesting option for coaches
and it can be easily measured. It has also been described
that the blood shift and water temperature during im-
mersed exercise may have an effect on heart rate and
cardiac output so that exercising at the same work load
elicits a higher heart rate (Park et al, 1999). If this is true,
then exercise intensity in the present study could have
been lower during immersion when compared with land
exercise. However, even if the exercise intensity during
immersion was lower, this fact is not necessarily an ex-
planation for the larger lactate removal that was observed.
Nevertheless, the results of the present study must be
viewed as preliminary and warrant further research using
other criteria to establish the exercise intensity.

Conclusion

In summary, the main finding of the present study was
that blood lactate removal after an exercise bout with
intensity above the ventilatory threshold, was more effec-
tive when performed during cycling in water immersion
when compared with cycling on land. These results indi-
cate that cycling in water immersion may be an effective
way for sportsmen to recover between consecutive train-
ing sessions and even between exercise bouts within the
same training session. Deep-water running (DWR) is
more popular then immersion cycling. However, DWR is
often uncomfortable, even to experienced runners. There-
fore, we believe that immersion cycling may be a more
comfortable and attractive recovery condition. Further
studies are warranted to confirm the benefits of immer-
sion cycling in blood lactate removal, mainly those ana-
lyzing the recovery after high-intensity running exercises.
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Key points

e Previous studies have found positive effects of half
liquid environment on blood lactate removal.

e However, few studies have compared lactate re-
moval in half liquid and in dry land conditions with
the use of stationary bikes.

e We have compared the lactate removal during active
recovery on half-liquid cycling and active recovery
on dry land cycling after a similar exercise bout in
male adults.

e The blood lactate values during the recovery were
lower after half-liquid cycling when compared with
dry land cycling and significant differences were ob-
served at the 6™ minute and at the 15™ minute of re-
covery.

® We may conclude that active recovery using half-
liquid cycling may be more efficient than dry land
cycling for blood lactate removal
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