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Abstract - Aim: This study aimed to verify the reproducibility of an endurance test for master swimmers. Methods:
Seventeen male swimmers, aged from 30 to 50 years (35.06 + 5.36), weight (78.71 + 13.06 kg), height (174.35 +
0.07 cm), participated in this study. The participants underwent the Progressive Swim Test (PSwT), which corresponds
to swimming progressively to exhaustion in a 25-meter pool, guided by the recording of sound signals indicating the
swimming rhythm. We verified the following variables: heart rate before the test (BHR) and right after the end of the
test (AHR), followed by the rate of perceived exertion (RPE) and a total of laps performed (SN - swimming number).
For comparison between the three days of tests, the one-way repeated measures ANOVA with Tukey's Post-Hoc was
performed. Relative reproducibility was performed by the r test and the intraclass correlation coefficient (ICC). Abso-
lute reproducibility was determined using the coefficient of variation (CV) and the confidence interval (CI). Results:
The results showed high reproducibility in (PSwT) in master swimmers in the analyzed variables of intergroup and
intragroup with relative reproducibility of » > 0.60 and ICC > 0.70 and absolute reproducibility with CI 95% (lower
—1.10 and upper 0.99) and CV < 10%. Most of the cases were within the limits of agreement of the Bland-Altman tests,
all variables were considered a level of significance with (p <0.05). Conclusion: The Progressive Swim Test (PSwT)
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is a reproducible instrument in the assessment of endurance in master swimmers.
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Introduction

Swimming is a physical exercise that provides numerous
health benefits. When performed regularly, it causes sig-
nificant decreases in systolic and diastolic pressures,
improvement of glycemic control, cardiorespiratory and
musculoskeletal conditions, as well as, the general health
status of swimmers'~. It is a motor activity composed of
various contexts and objectives, adding the competitive
and non-competitive sport, leisure, and health, and can be
practiced by different age groups®. Swimming is a regular
and systematic aerobic exercise. It presents as a measure
of prevention and treatment against the impairment on the
body's systems, improving the quality of life of
swimmers>®. The diagnosis of health status by the assess-
ment of cardiorespiratory fitness is an aspect of great value
when it is intended to measure the risks of cardiovascular
diseases and the increase in life expectancy’*®.

However, the search for training programs for com-
petitive and non-competitive purposes by individuals over
35 years of age has become increasingly common’. Master
swimmers show increasing life expectancy, similar to
other middle-aged people who engage in regular physical
exercise, considering with this sport the possibility of par-
ticipating in competitions over several years, however, it is
necessary to monitor their health conditions and control
the training loads periodically through physical tests'*'".
Physical assessments are essential, due to the possibility of
obtaining the subject's real fitness level and, thus, design-
ing customized exercise prescriptions, either for health or
performance purposes'>'. For swimming, it is believed
that physical tests that increase the intensity over certain
distances, would be the most suitable for working with
swimmers who cannot control different swimming
rthythms'*'°. Thus, swimming tests in progressive series
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are those where submaximal efforts occur throughout the
test until fatigue is reached'®.

The swimming tests are increasingly adhering to
specificity principles by various athletes, and they are no
longer exclusively for high-performance counterparts. It is
worth noting that a test needs to be valid and reproduced
in different groups or cohorts by the same evaluator or dif-
ferent evaluators'’. The Progressive Swim Test (PSwT),
an exclusive test for 18 to 30 years old male swimmers
non-participants in high-performance competitions, pre-
sented a level of favorable reproducibility and validity
with possible application in the indirect assessment of
aerobic conditioning for the prescription of non-competi-
tive swimming'®?'.

In this sense, the specific tests for master swim-
mers still need to be studied, developed, or adapted to
existing protocols. The PSwT can evaluate these swim-
mers for starting with relatively low intensity and can
be an alternative of indirect evaluation that meets the
different categories of master swimming. However, it is
necessary to verify if this method would be reproducible
for this audience. Therefore, this study verified the
reproducibility of the endurance test for master swim-
mers. It was hypothesized that the results are highly
reproducible.

Methods

Experimental approach to the problem

This comparative descriptive study was carried out
in three days, with 48-hour intervals, the first and second
days were evaluated by examiner A and the third day by
examiner B. This control procedure regarding the intervals
between assessments was important so that one test does
not interfere with the others®>**. The protocol selected
was the Progressive Swim Test (PSwT). In this test, the
participants progressively swim to exhaustion in a 25 m
pool, guided by sound signals, using a Swim MP3 device
indicating the swimming rhythm. After the test start sig-
nal, which has a determined time of 28”30 to perform the
first lap, there is a partial time reduction of 1 second after
two laps performed.'®. All swimmers were of regional
level and affiliated to the master federation of the state of
origin.

Body composition and the first test session with
PSwT were performed on different days, was verified the
following variables were: the heart rate before the test
(BHR) and right after the end of the test (AHR), followed
by the rate of perceived exertion (RPE) and a total of laps
performed (SN - swimming number) as shown in
(Figure 1). In order to establish the estimated overall effi-
ciency of each swimmer, time measurements and stroke
counts for each lap were taken®*.

Reproducibility of an aerobic endurance test

Subjects

The sample comprised 17 male swimmers, aged
from 30 to 50 years (35.06 + 5.36 years), weight (78.71 +
13.06 kg), height (174.35 + 0.07 cm), arm span (180.47 +
0.08 cm), body fat percentage (20.39% + 5.89%). Partici-
pants in this study were those who presented a proficient
front crawl swimming technique, trained at least three
times a week and were able to swim continuously at least
800 m per session. Exclusion criteria included swimming
athletes who were in training for national and international
competitions, as well as those who indicated any type of
disease that made it difficult to perform the test (for exam-
ple flu, fever, or any type of injury). The reproducibility
test was evaluated by two swimming coaches who had a
minimum of 10 years of background experience, either as
a coach or swimmer.

The study was approved by the Human Research
Ethics Committee of the State University of Rio Grande
do Norte, CAAE: 85371918.0.0000.5294, opinion No.
2.591.976. All participants signed the Free and Informed
Consent Form, meeting the requirements of the National
Health Council, according to resolution 466/12.

Procedures

Before testing days, participants were briefed on the
protocol details, they were also instructed to refrain from
having any type of food supplementation, caffeine, or
alcoholic beverages, as well as to avoid physical exercise
24 hours before the tests. The swimmers followed the
same order of evaluation on all testing days.

Familiarization with the test, procedures, and the
Borg scale occurred in three stages. First, a video was pre-
sented showing the execution of the test to the evaluated.
Second, the practical demonstration of the test with an
experienced swimmer. Third, a series between 50 and
100 m with Swim MP3 was performed as a warm-up and
further familiarization with the timing of the beeps. The
test started when the swimmer stood in the pool, with part
of his body leaning against the start edge waiting for the
following announcement: “Attention swimmer, prepare
for the test”. Soon after, a short beep accompanied by a
visual signal from the evaluator's hands marked the begin-
ning of the test.

During the test, to facilitate the identification of the
correct thythm of progression for each lap, the PSWT pre-
sents a long beep of a different type of sound to inform the
swimmer that he should be near or in the middle of the
pool. After each completed lap, another short beep was
given to indicate the start of the next lap, and so on until
exhaustion. The swimmer was instructed to keep to the
rhythm of the beeps from the Swim MP3 in order to
always be within the beginning or end of the 5-m zone
when the short beep would be heard. As identifiers for
swimmers and evaluators, cones were placed along the
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Figure 1 - Schematic illustration of study design. BHR - before (test) heart rate in beats per minute; AHR - after (test) heart rate in beats per minute; SN -
swimming number (laps); S,, - Average speed in meters per second (average number of laps performed); L. - stroke cycles length in meters per cycle

(average number of laps performed); S7 - stroke index.

edge, and 5 kg rings inside the pool, to mark the initial five
meters, the middle of the pool, and the final five meters.
The evaluators were allowed to monitor the lap count giv-
ing verbal and visual signals so that the swimmers could
maintain the progressive test pace. The test ended when
the swimmer was unable to reach the five-meter zone pre-
ceding the edge of the pool twice. AHR, RPE, and SN
were measured using the swimmer's head as part of the
reference body.

To quantify the time and stroke count for each lap, a
video recording was made through a camera positioned
outside and in the center of the pool, at a distance of
approximately 15 m from the test streak. The execution of
the 15 m of each lap was analyzed, excluding the initial
and final 5 m to eliminate any type of advantage related to
edge thrusts and turns. Thus, the mathematical equations
used were”*%*:

Sm= (1)

R
t
where S,, is the average speed, R is the distance of the
15 m swam, and ¢ is the execution time.

R
Lcic = 2
Ncic ( )

Considering L. the length per cycle, R the distance of the
15 m swam, and N,;. the number of stroke cycles equiva-
lent to two strokes.

SI = Lcic X Sm (3)

The product between the L ;. and the S,, corresponds to
the S7 Stroke Index, that is, the higher the SZ, the better the
swimmer's efficiency.

Before each test the water temperature was mea-
sured to identify any difference in environmental condi-
tions (Bestway® Floating Pool Thermometer, accurate to
1 °C; Bestway Inflatables North America Inc, Mis-
sissauga, ON, Canada), the temperature ranged from 26 °C
to 28 °C.

To assess the body composition of the swimmers, the
height (Sanny® wall stadiometer, range from 80 to 220 cm
- American Medical do Brasil Ltda), arm span (Trenna
Sanny®, range from 0 to 200 cm - American Medical do
Brasil Ltda.), body mass, and fat percentage (digital scale
of hand-to-foot bioelectrical impedance analysis, Omron®
brand, model HBF-514C - Kyoto, Japan).

For the transmission of the beep recording sound
during the test, the SWiMP3 v2 device (Finis® Inc, Liver-
more, CA) was attached to the silicon strip of the swim-
mer's goggles, which allows the sound to be transferred by
bone conduction providing good sound clarity when sub-
merged in water.

For the analysis of the time and the stroke count in
15 m of each lap in the pool during the test, a Swann Free-
style HD Action Camera (Swann®, New Jersey, USA)
was used, with 1080p high-definition video at 30 fps (1920
x 1080) which allows the capture of images without
errors”®?7.

The BHR and AHR were measured using a Polar®
FT1 measurement interval of 5 seconds. This equipment
has a frequency transmission of 5 kHz, heart rate mea-
surement accuracy of + 1% or + 1 bpm, in stable condi-
tions, operates at a temperature of — 10 °C to + 50 °C and
has a measurement range and heart rate limit of 15 to
240 bpm and 30 to 199 bpm, respectively (2013 Polar
Electro Oy, Professorintie 5, FIN 90440 KEMPELE, Fin-
land, www.polar.com). For this measure, the swimmers
were standing inside the pool with water at the swimmer's
chest level, avoiding any variation between land and water
environment.


http://www.polar.com

For the RPE, where it was verified at the end of the
test, the modified Borg's RPE score (scale from 0 to 10)
proposed for swimming was used, considering 0 as “Rest”
and 10 as “Maximal™®®. The SN was verified right after the
RPE evaluation considering the middle of the pool as a
reference for rounding the quantity, which was also
checked by the video recording of the test days.

Statistical analysis

Descriptive values were expressed as mean and
standard deviation. For the normality and homogeneity
of the data, the Shapiro - Wilk and Levene tests were
applied respectively. For comparison between the three
days of tests, the ANOVA One Way of repeated mea-
sures with Tukey's Post-Hoc was performed. For the
reproducibility analysis, measurements from the 1st and
3rd days (Examiner A x Examiner B) were used as
intergroup and measurements from the 1st and 2nd
days (Examiner A x Examiner A) as intragroup. To
analyze relative reproducibility, the r-test was used
(Pearson's linear correlation), following the classifica-
tion according to Hopkins®®. As well as the intraclass
correlation coefficient (ICC) categorized as not accep-
table (< 0.70), acceptable (0, 70-0.79), good agreement
(0.80-0.89), and excellent agreement (> 0.90), and
absolute reproducibility was determined using the
Coefficient of Variation (CV) and the Confidence Inter-
val (CI)*%3'.

For graphical analysis of the variable's orders of
magnitude, the Bland - Altman plot was applied to estab-
lish the limits of agreement. All variables were considered
significant when p < 0.05. Data were analyzed using the
statistical packages SPSS for Windows (v 20; IBM Cor-
poration, Armonk, NY) and MedCalc for Windows (v
19.3.1; MedCalc Software BVBA, Mariakerke, Belgium).

Result
Table 1 highlights the descriptive values in which

they were expressed as mean and standard deviation com-

Table 1 - Descriptive values on different test days applied to master
swimmers.

Variable 1st day 2nd day 3rd day

BHR (bpm) 77.93 £ 8.87 80.56 +9.67 78.67 + 8.44
AHR (bpm) 157.4 + 11.50 161.3 +10.90 163.8 +£9.90
SN 10.7 +4.10 10.1 +3.90 10.5 +3.90
S (m/s) 0.96 +0.05 0.98 +0.05 0.98 +£0.04
L. (m/cic) 1.82 +0.10 1.85+0.15 1.83+0.15
SI 1.85+0.15 1.86 +0.30 1.87 £0.27

Abbreviations: BHR - before (test) heart rate in beats per minute; AHR -
after (test) heart rate in beats per minute; SN - swimming number (laps);
S,. - Average speed in meters per second (average number of laps per-
formed); L. - stroke cycles length in meters per cycle (average number
of laps performed); ST - stroke index.

Reproducibility of an aerobic endurance test

paring the days, considering that there were no significant
intergroup and intragroup differences in the analyzed vari-
ables.

Table 2 shows the values applied to the master
swimmers. The highlight for relative reproducibility of
r > 0.60 (intergroup) and ICC > 0.70 (intragroup), and
absolute reproducibility with CI between lower —1.10 and
upper 0.99 (intragroup), and a CV < 10% (intergroup) for
variables with significance.

Figure 2 shows the intragroup limits of agreement
for the variables analyzed. It was found that most cases
were within the upper and lower limits of the Bland-Alt-
man graphs.

Discussion

This study aimed to verify the reproducibility of an
endurance test for master swimmers. The results showed
high reproducibility in the PSwT in the variables analyzed
when applied to master swimmers on different days by
different evaluators, considering the same analysis condi-
tions performed in young adult swimmers'*2°, however,
the values obtained were lower than the findings in this
study.

It was observed that the master swimmers started the
test with a BHR below 90 bpm, that is, with their rest fre-
quency or close to it. Additionally, they did not show
variability in heart rate, characterizing that those evaluated
did not make efforts the day before that would compro-
mise performance in the test. The test was performed by
swimmers intensely, in agreement with the values
obtained in the subjective perception of effort, which was
classified as “Maximal” in the 3 days of tests. Considering
that the RPE has not reached the last stage, this fact can be
corroborated in the difficulty of the individuals to interpret
the scale at the end of the test. Although the RPE has a
good validity in the intensity classification®®**. However,

Table 2 - Intergroup and intragroup values applied to master swimmers.

Variable r P Cv
BHR (bpm) 0.22 0.45 6%
AHR (bpm) 0.42 0.14 5%

ICC (95% IC) p
0.31(=1.10;0.76)  0.25
0.75(0.99;0.91)  0.00*

RPE 068  001* 3%  077(0.350.92)  0.00*
SN 093  0.00* 8%  0.96(0.89;0.99)  0.00*
S, (m/s) 067  001* 2%  0.74(0.30;0.91)  0.00%
L. (m/cic) 053 006 4%  0.84(0.52;0.95)  0.00%
SI 081  0.00* 5%  0.74(0.25091)  0.01*

Abbreviations: r - Pearson correlation coefficient; ICC - intraclass corre-
lation coefficient; IC - confidence interval; CV - coefficient of variation;
BHR - before (test) heart rate in beats per minute; AHR - after (test) heart
rate in beats per minute; RPE - rate of perceived exertion; SN - swim-
ming number (laps); S,, - Average speed in meters per second (average
number of laps performed); L. - stroke cycles length in meters per cycle
(average number of laps performed); S/ - stroke index. *Significant dif-
ference p < 0.05.
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Figure 2 - Limits of intragroup agreement in master swimmers. BHR - before (test) heart rate in beats per minute; AHR - after (test) heart rate in beats per
minute; SN - swimming number (laps); S,, - Average speed in meters per second (average number of laps performed); L.;. - stroke cycles length in meters

per cycle (average number of laps performed); S7 - stroke index.

it was observed that the subjects reached the state of fati-
gue for not being able to follow the swimming rhythm
proposed by the test beeps.

Regarding the SN, even though there were no sig-
nificant differences, it was observed that there was a
greater dispersion in the results on the first day because of
familiarization with the PSwT. The first test day could be a
stimulus for swimmers to overcome SN in the following
days'®. Regardless of the experimental manipulation, psy-
chological factors can affect the amount of work that an
athlete can perform, thus significant impacts on perfor-
mance are observed®>. In open exercises where a specific
goal and endpoint are not established, the greater the
influence for the swimmer to reach a state of exhaustion
faster compared to a test where the endpoint is determined,
as the motivation factor will be higher.** Therefore, the
greater the adaptation throughout the training, the more
consistent the test will become.

As for the similarities found in the average values of
Sm> Leic, and SI, demonstrate a standardization in the bio-

mechanics of movement between days, even the test was
performed using an intensity progression determined by
the time at each lap in the pool. It is necessary to consider
that for better propulsive efficiency of the swim, the
shorter the time in the execution in a given distance with
the greater the length of the strokes, the greater the S7,
consequently a swimmer who offers a better biomechani-
cal use in his swim performance, the more efficient it will
be2535.

By comparing the results between the days and dif-
ferent evaluators, the relative reproducibility obtained sig-
nificant results, especially the variables RPE, SN, and SI.
In previous studies to verify the reproducibility and
applicability of PSwT in non-expert young adult swim-
mers, significant results regarding relative reproducibility
were also obtained for RPE and SN, (» > 0.50) and
(r > 0.90) respectively'®'. However, these results were
inferior to the findings in this study. Thus, these variables
were considered determinants of the swimmers’ perfor-
mance in the test. The absolute reproducibility in all vari-



ables was considered acceptable, with CV being less than
10%.

Figure 2 presents graphically the conditions of the
intragroup of magnitude for SI. Thus, the SN variable
favored the confirmation of good reproducibility. Average
speed is a useful measure to prove swimming perfor-
mance. If the swimmer does not have a good stroke length,
a higher level of stroke frequency will be required to
achieve satisfactory performance. Therefore, increases or
decreases in the average speed are determined by a combi-
nation of increases or decreases in frequency and stroke
length®®*”. The decline manifests the development of
local fatigue, reducing the production of mechanical
energy and, consequently, performance®”. Only two swim-
mers were beyond these limits in the L., variable. An
explanation for this result might be the occurrence of
greater variations in the swimmer's impulse throughout the
stroke cycle in each technique performed. These intra-
cyclic impulse variations result in additional mechanical
work and, consequently, a greater total energy expen-
diture®’.

Overall, it was shown that S, for both intergroup
and intragroup variations, was a determining condition for
establishing the propulsive efficiency of the swimmer.
This variable was essential for S/ to obtain good inter-
group reproducibility. Because when the length of the
cycle is not measured, the average speed is presented as a
decisive variable to attest to the efficiency of a swim-
mer2-38:39.

This study presents the following limitations: The
impossibility of more intensive training of swimmers to
respond more accurately to RPE and the impossibility of
performing measurements of intracyclic impulse varia-
tions and total energy expenditure.

Conclusion

In conclusion, variables showed that the PSwT is a
reproducible instrument to be applied in the assessment of
endurance in master swimmers. This test presents a low-
cost proposal to assess the endurance of master swimmers,
considering the reality and specificity of their practi-
tioners.
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