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ABSTRACT
The effectiveness of water-training in maintaining cardiorespiratory endurance was investigated in 16 cross country
athletes, 18-24 years. Following a competitive season, subjects were stress-tested (T1 ) and divided into three equated
groups based on V02 max. Group I (n=5) continued training as it had during the competitive season. Group 11 (n=5)
underwent an experimental period of water-training, and Group III (n=6) let their training lapse. Subjects in the
water-training group exercised in deep water for 40 minutes, 6 days/week for 3 weeks, supported by a flotation device
which permitted them to engage in a running type activity, resembling their natural running form. All subjects were
retested after 3 weeks (T2 ). A non-significant F ratio from an analysis of variance at T, confirmed the equality of the
three groups in terms of V02 max. Analysis of covariance at T2 using T, V02 max values as covariates revealed a
significant (p < .05) F ratio reflecting a significant (p < .05) difference between the regular training group and the
group which let its training lapse. The water-training group did not differ significantly from the regular training group
indicating that the water-training programme prevented a significant decline in V02 max.
INTRODUCTION
Injuries caused by overuse or overtraining are a major
problem in competitive sports and a variety of methods,
including swimming and cycling, have been employed by
athletes to maintain cardiorespiratory fitness while they
are unable to follow their regular training regimen. A
relatively recent method is that of water-training (Buss,
1976) in which the injured athlete runs through deep
water supported by a flotation device using as close to
normal running style as possible. The purpose of this
study was to investigate the effectiveness of the watertraining method in maintaining V02 max in a group of
first year cross country athletes.

METHODS

Subjects
Sixteen male members of the Washington University
cross country team, 18-24 years, volunteered to participate in this study. Following the competitive season
they took a graded exercise test (T1 ) and on the basis of
V02 max scores, were divided into three equated treatment goups. Group I (n=5) continued training as it had
during the season. Group 11 (n=5) underwent an experimental period of water-training, and Group Ill (n=6)
discontinued training. After three weeks the subjects
were retested (T2) to determine V02 max levels. All
training sessions prior to commencement of the study
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were supervised by the principal author, as were all
sessions of water-training. Subjects were advised not to
participate in other activities involving strenuous
physical exercise during the period of study.

Determination of V02 max
Maximal oxygen uptake was determined using the modified Astrand-Saltin treadmill test (1967). Before actual
testing, each subject exercised on a Collins variable speed
treadmill to become acclimatized to the machine and to
determine the appropriate speed and grade to be used
during testing. On the test days, subjects warmed up by
running on the treadmill for 10 minutes at 8 mph and
3% grade. This was followed by a 5 minute rest period.
The subject then ran for 5 minutes at 10 mph at 3%
grade. When necessary, the speed and grade were
adjusted according to the results of the initial test.
Expired air was collected during the 4th and 5th minute
using a Douglas bag. Subjects rested for 10 minutes
while the volume of the expired air was determined. The
percent 02 and CO2 were determined using mass spectrometry.

Subjects then performed a second 5 minute trail at 10
mph and 5% grade. Expired air was again collected and
analyzed as described above. The highest V02 max value
was used in the statistical analysis.
Water-Training
Group II trained in the deep end of the University's pool
for 40 minutes, 6 days/week for a period of 3 weeks.
Subjects were supported by a flotation device, so that
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their bodies were essentially vertical, permitting them to
engage in a running type activity resembling their natural
running form. Every other day the workout was a steady
paced "run through the water" during which the subject
counted his own heart rate at various intervals by palpating the carotid artery. Heart rates attained during
these training sessions ranged from 135-140
beats/minute. On the other training days each subject
ran a paced run through the water for 20 minutes
followed by 20 minutes of interval training. These intervals consisted of 2 minutes of hard running followed by
2 minutes of easy running (5 of each, for a total of 20
minutes). Immediately following each interval, the subject noted his heart rate and attempted to run at a pace
which raised it to at least 160 beats/minute. The easy
run between intervals elicited a heart rate of approximately 125 beats/minute.

Statistical Analysis
The analysis of variance technique was used to determine significant differences, if any, among the V02 max
means of the three groups at T1 . At T2, an analysis of
covariance was performed using T1 \V02 max values as
covariates.
RESULTS
The physical characteristics of each group are presented
in Table 1.

TABLE 1
Physical characteristics of each group

(Mean ± S.E.)
Regular
Training

Age (yrs)
Height (cms)
Weight (kgs)

22.6 0.9
174.1 2.6
68.5 2.6
±
±

±

Training

20± 0.7

19.8 0.6
178.5 3.2
64.0 2.2
±

0.7-

±

169.3

±

The T1, T2 and adjusted T2 V02
presented in Table I.

max meeans

TABLE 2
V02 max (ml/kg/min) means at T1

T2

Adjusted TI

Regular
Training

WaterTraining

59.4 1.5
57.5 0.8
57.2 1.0

59.2
54.8
54.6

±

±

±

±
±
±

TABLE 3
Analysis of Variance of V02 max at T,
Source

d.f.

MS.

F

Between
Within

2
13

3.11
25.14

.12

TABLE 4
Analysis of covariance of V02 max at T2
Source

d.f.

MS.

F

Between
Within

2

24.39
5.11

4.77*

12

<0.05

The results obtained from the analysis of covariance
on the T2 data (Table IV) revealed a significant difference (p<.05) among the groups. When the adjusted
means representing each group were analysed by the
Newman-Keuls procedure, the regular training group
(57.18 ± 1.01) and the group which discontinued train-

ing (52.94 ± 0.93) differed significantly (p < .05). The
water-training group (54.57 ± 1.01) did not differ significantly from the regular training group.

DISCUSSION
Discontinued
Training

Water-

2.8

±

for each

group are

TA

found among the groups confirming their equality in
terms of 02 max level.

2.5
1.8
1.0

an

Id

T2

The

effects

of

fitness

have

clearly

shown

endurance

been

to

well

be

training

documented

related

to

cardiorespiratory

(Pollock,

1973) and

intensity, frequency

and

duration (Davies and Knibbs, 1971; Gettman, et al,
1976; Milesis, et al, 1976; Olree, et al, 1969; Pollock, et
al, 1977). Several studies have attempted to ascertain
how much exercise is required to maintain V02 max.
For example, Liang, et al (1977) found that active
students who exercised at 60% of V02 max (mean
HR = 150 beats/minute) with a duration of 45-60
minutes, 3 sessions/week were able to maintain V02
max at their initial level. In contrast, intensities of 40 to
60% with 15 to 30 minute duration appeared to have a
negative effect on the cardiorespiratory parameters.

Dscontinud

Chaloupka

Training

exercise could be reduced using interval training while

and

maintaining the
58.1
52.5

Fox

same

(1975) found that frequency of

benefits. Similarly, Brynteson and
that gains made in
V02

2.3

Sinning

1.8

following

0.9

could be maintained by training only 3 days/week.

(1973)
a

5

showed

day/week, 5 week

max

training

programme

±

52.9

The results of the T, analysis of variance are presented in Table Ill. No significant differences were

In this study there was no difference in V02 max
between the three groups at T, . This was to be expected

Downloaded from http://bjsm.bmj.com/ on November 22, 2017 - Published by group.bmj.com

163

since the groups were matched on the basis of V02 max.
When they were compared after the three week experiment (T2) the group which discontinued training had
decreased significantly but the water-training group did
not differ significantly from the group that continued
regular training. The water-training programme therefore
was of sufficient intensity, frequency and duration to
prevent a significant drop in V02 max level. However,
since the number of subjects in each group was very
small, eventual confirmation of these findings will
require the use of large numbers of subjects.

Several studies have noted the physiological effects of
a lapse in training (Drinkwater and Horvath, 1972;
Fringer and Stull, 1974; Michael, et al, 1972; Smith and
Stransky, 1976; Taylor, et al, 1949). Michael, et al
(1972) found that two months after the cessation of
training the cardiorespiratory adaptations made during a
conditioning period were essentially lost. Smith and
Stransky (1976) found that 7 weeks of bicycle training
at 73% of max. HR range 16 minutes/day, 3 days/week
resulted in significant gains in cardiovascular efficiency,
but after letting training lapse for 7 weeks all subjects
approached initial levels. Taylor, et al (1949) found that

the V02 max of students confined to bed for 3 weeks
declined by 17%. In this study the group which discontinued training declined by 9% after 3 weeks and at
T2 had a significantly (p < .05) lower V02 max than the
group regularly exercising.

The subjects in the water-training group indicated
that they felt that the water training method was
effective in keeping them in condition. Such perceptions
may be crucial in the rehabilitation of an injured athlete;
however, it should be noted that the experimental subjects were not suffering from any injury at the time of
the study. We might speculate, however, that if an
athlete's injury does not prohibit the type of water
exercises described in this paper, the decline in V02 max
associated with the interruption of regular training can
be minimized.
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