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ABSTRACT

The Rating of Perceived Exertion (RPE) is non-invasively deter-
mined and used together with lactacidemic analysis as indicator
of intensity during incremental test. In field, especially in swim-
ming, due to the difficulty of sample collection, alternative proto-
cols have been used to estimate the anaerobic threshold. Thus,
the study aims were: to prescribe one incremental test based on
Borg’s scale; to estimate metabolic thresholds determined through
analysis lactate methods [settling bi-segmented (VLT), fixed con-
centration-3.5 mM (V3.5mM) and maximal distance (VDmáx)]; to re-
late the RPE attributed in each stage with a heart rate (HR) and
swimming mechanical parameters [stroke rate (SR), and stroke
length (SL)]; to analyze the utilization of the Borg’s scale in regu-
larity of velocity increment in test and relate the metabolic thresh-
olds with the critical velocity (CV). Twelve swimmers (16.4 ± 1.3
years old) were subjected to two maximal efforts (200 and 400
meters), the data was used to determine the CV, velocity in 400
meters (V400m) and critical stroke rate (CSR); and one incremental
test with an initial intensity based in RPE, respectively, 9, 11, 13,
15 and 17; the HR, lactacidemia ([Lac]) and the times of four cy-
cles strokes and the distances of 20 m and 50 m, were moni-
tored in all stages. Subsequently, the velocity of the SR, SL, VLT,
V3.5mM and VDmáx stages were calculated. ANOVA and correlation
of Pearson were used to analyze the results. Significant differ-
ences were not found among VC, VDmáx and VLT, however the V3,5mM

was lower than all velocities (P < 0.05). Significant relationships
(P < 0.05) were found among VC versus V400m, VDmáx, V3.5mM; V400m

versus V3.5mM and VDmáx; VDmáx versus VLL; in incremental test among
the RPE versus velocity, [Lac], HR, SR and SL (P < 0.05). Our
conclusion was that RPE is a reliable tool for velocity control of
stages during incremental test in swimming.

INTRODUCTION

The lactacidemia response obtained in incremental protocols is
a widely used variable in the prescription of exercise intensity in
cyclic sports with aerobic predominance. Moreover, it seems to
be the best variable in order to identify the exercise suitable inten-
sity(1). Besides the blood lactate analysis, other intensity parame-
ters are usually concomitantly collected during the incremental test,
namely: heart rate, oxygen consumption (VO2) and Subjective Per-

ceived Exertion (RPE)(2-3). The SPE is a non-invasive and practical
method for aerobic exercise intensity evaluation(3-4). It is consid-
ered an useful tool for the exercise intensity prescription(3-4) and a
trustful variable for fatigue quantification during test of graduated
exercise(5). However, there is some judgment about its trustful-
ness during incremental exercise test in treadmill(6).

There is a consensus that the most trustful methodology in or-
der to determine the intensity of the anaerobic threshold is the
lactate maximal steady phase estimate (LMSP), confronting evalu-
ation protocols and methodologies that use the blood lactate in
the physical exertion(7-8). Such protocol requires continuous tests
of approximately 30 minutes, performed at different days, which
makes its applicability in laboratory or field difficult. In the latter,
there is more difficulty due to the lack of or limitation in tempera-
ture and humidity control, movement velocity, the manipulation of
blood samples materials and the communication with the athletes,
especially when the procedures are performed in a pool.

Researchers have been developing alternative protocols in a tri-
al to diminish the presented problems and improve the tests appli-
cability. They highlight the use of the critical velocity model (CV)(9-

10), the determination of the anaerobic threshold through steady
concentration of blood lactate (OBLA)(11-12) and analysis of the swim-
ming mechanical behavior (stroke rate and length), joined with
physiological variables(13-15). Costill et al.(16) presented the concept
of stroke index (SB) as a good predictor of the maximal oxygen
consumption in trained swimmers. Dekerle et al.(9), based on the
CV concept, used the relation between stroke rate (SR) and time,
and developed the critical stroke rate term (CSR), representing a
stroke rate in which the swimmer could swim for a long period of
time without exhaustion. In a recent study, Papoti et al.(14) were
able to determine strength and SR at maximal intensity and in the
anaerobic threshold using data acquisition system during exertion
in tied swimming.

The SPE response was also observed applying the Borg 6–20
scale, with linear increase according to power, heart rate (HR) and
VO2 in an incremental test(17). Other researchers have demonstrat-
ed that the SPE may be used in order to estimate the lactate thresh-
old (LT)(18-19) and that it is not affected by the gender(20-21), training
stage(22-23) and exercise type(18). Thus, the SPE was proposed as
being a valid measurement in order to determine the exercise in-
tensity(4,21,24-25) and a useful tool in the training prescription.

In swimming pools, it is difficult to precisely control the stages
velocity during an incremental test the same way it is done in the
swimming flume. The alternative incremental protocols for lacteci-
demia responses analysis require light adjustment in the bottom
of the pool or that an evaluator completes the pool’s edge distance
in order to maintain the established velocities.

Considering reports of increases linearly related between the
swimming velocity, swimming physiological parameters and SPE(26),
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the use of the latter instead of the velocity control could simplify
the anaerobic threshold evaluation (AT) and associated indices dur-
ing incremental tests.

Almost all the studies that relate the physiological variables with
the SPE, previously determines the stages exertion intensity of
the incremental test (velocity, load, etc.) so that the individuals
could be later interviewed and attributed the SPE parameters of
each stage. Nevertheless, we did not find report of studies that
use the SPE in order to establish the intensities of the incremental
stages. Thus, our aims were: (1) to determine the intensity of the
incremental test stages using the SPE and to analyze the possibil-
ity to estimate metabolic thresholds; (2) to analyze the use of the
SPE in the control of velocity increase during the stages, joined
with the physiological and mechanical responses, during the incre-
mental protocol; (3) to observe the correlations between the SPE,
physiological and mechanical variables (stroke rate (SR) and stroke
length (SL)) and (4) to verify possible correlations between the dif-
ferent estimation methods of the metabolic thresholds.

METHODOLOGY

Subjects

The study group was consisted of 12 swimmers with age range
between 15 and 19 years, trained with 5-6 weekly sessions, daily
volume between 4,000 and 8,000 m, with regular training for at
least 3,5 years and participation in national and state competitions.
The anthropometrical and body composition measures are present-
ed in table 1.

The swimmers received previous information on the experimen-
tal procedures and eventual risks and later the clarified consent
form was presented and signed by their parents or responsible
ones. The protocol and the procedures were approved by the Med-
ical Ethics Committee of the Oeste Paulista University. The evalu-
ated subjects were familiarized with the invasive and non-invasive
procedures used, since during the previous training period period-
ic evaluations were performed in order to determine the training
intensities and eight athletes had participated in previous experi-
ments with the same procedures. The 15 points (6-20) Subjective
Perceived Exertion Scale (SPE) was presented to the athletes with
the instructions prior to all tests, according to the recommenda-
tions by Borg(27). During 6 months of training the coach used the
SPE from one to two times a week in order to quantify the training
overload and the athletes performed incremental tests with ques-
tions about the SPE after each stage.

Critical velocity (CV) and critical stroke rate (CSR)

In order to determine the CV, the time (T200 and T400) of two
maximal sprints of 200 and 400 m were registered, which were
plotted in a linear regression model between time-distance, result-
ing in a line whose inclination was considered as the individual
CV(10).

A central lane measuring 20 meters of distance was marked in
the pool before the maximal exertion, in order to isolate the lap-
ping impulses. The 50 m partials (T50), the time of the 20 m par-
tials (T20) and the time of 4 stroke cycles (T4c) were registered
with the aid of digital timers (Casio®), being later used for the length
(SL) and stroke rate (SR) calculation. The critical stroke rate (CSR)(9)

was determined from the linear regression model between SR (min-

1 cycles) and distance, while the SL was determined by the divi-
sion tof the velocity by the SR.

The heart rate was monitored with Polar frequency meters, S810
model (Polar Electro Oy, Finland). In the end of each sprint the
volunteers visualized the Borg’s scale (SPE) in order to obtain the
real Subjective Perceived Exertion (SPEr).

Incremental test

The incremental protocol consisted of 5 200 m sprints, with 90
seconds pauses for blood samples. The initial intensity and the
intensity increases were determined with previous visualization of
the 6-20 scale(27) of SPE. Thus, the subjective intensity of the test
beginning was named prescribed SPE (SPEp) for each of the sprints:
9 (very light), 11 (light), 13 (slightly intense), 15 (intense-heavy) and
17 (very intense). T200, T50, T20, T4c, HR and SPEr were regis-
tered, which were later used for the calculation of the velocity of
each sprint (V), of SR and SL. After each stage, blood samples
from the ear lobes were collected in heparinized capillars, which
were immediately transferred to 1,5 mL Eppendorff tubes contain-
ing 50 µl of NaF 1% solution and stored in ice for later lactacidemia
determination ([Lac]). The reading was performed in electro-enzy-
matic apparel, YSL 1500 SPORT model (Yellow Springs Co., EUA).

Determination of the lactate threshold velocity through the

visual inspection method (V
LT

)

Individual swimming velocity (m.s-1) data and lactate concentra-
tion (Lac) (mM) were plotted in order to determine the lactate
threshold velocity (VLT) Two groups of distinct points were obtained
through visual analysis of those points and from the sudden in-
crease of the lactacidemia due to the swimming intensity increase.
Thus, with the bi-segmentation of the groups of points, two lines
were determined through linear regression and the intersection
point of the two segments was obtained being equal to the two
equations of the lines (y1 = y2). Thereby, the x indices correspond-
ing to the inflexion point were found, as well as the VLT velocity
indices.

Determination of the action of the anaerobic threshold ve-

locity through the maximal distance method (V
Dmax

)

In order to determine the anaerobic threshold through the max-
imal distance method (VDmax), the lactate-velocity curves suffered
polynomial correction of third order (software STATISTIC 6.0). A
line between the first and last points was traced and, with the aid
of a ruler, the maximal perpendicular distance between the line
and the curve was traced. The intersection of this point in the poly-
nomial curve of third order originated the VDmax and the correspond-
ing [Lac](28).

Determination of the anaerobic threshold velocity through

the 3,5 mM steady concentration (V
3,5mM

)

In order to determine the anaerobic threshold intensity corre-
sponding to the 3,5 mM steady lactate concentration (V3,5mM), the
mathematical calculation of linear regression was used with the
results obtained in the incremental protocol sprints. The lactate

TABLE 1

Anthropometrical measures and body composition of the swimmers (n = 12)

Height Body mass Body fat

(cm) (kg) (%)

Average ± SD 178.7 ± 8.2 71.7 ± 8.8 7.4 ± 2.1
Length (min-max) 166-194 55.8-88.5 4.2-10.3

Experimental procedures

All evaluations were performed in Olympic swimming pool of
50 m with water temperature between 27o and 28oC. The swim-
ming style was the crawl with free warm-up, and tests performance
at the athletes training time. The volunteers were asked to avoid
intense extra physical activity sessions, not to intake alcoholic drinks
during the experimental period and to have their meals two hours
prior the test. The swimmers were submitted to maximal sprints
at the 200 and 400 m distances, randomly performed with 24 hours
of interval between both, and to an incremental test with 200 m
stages performed 48 hours after the second maximal sprint.
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concentration indices above or below 3,5 mM were used in order
to interpolate the results with their respective velocities(8).

SPEr, SR, SL and HR in the different threshold methods

The SPEr, SR and HR parameters in the intensities referring to
VDmax, CV, and V3,5mM were determined through the mathematical
method of linear regression using the results obtained in the sprints
obtained in the incremental protocol for each subject through in-
terpolation.

Statistical analysis

The differences significance between the intensities obtained
with the different protocols was determined through variance anal-
ysis (one way ANOVA). The Pearson correlation coefficient was
used in order to establish the correlations between the variables
and the intraclass correlation coefficient was used to test the agree-
ment between the SPEp and SPEr. The significance index of P <
0,05 was adopted and the STASTISTIC 6.0 (Statsoft) software was
used.

RESULTS

In tables 2 and 3 the velocities and the stroke rates obtained
with invasive and non-invasive methods are presented. It may be
observed that only the SR3,5 of 26,71 ± 3,27 cycles.min-1 and SRv400

of 35,11 ± 4,21 cycles.min-1 were significantly different (P < 0,05)
from the critical stroke rate (CSR) of 30,82 ± 3,91 cycles.min-1 (da-
tum not presented in table 3).

determined during the incremental test (V, [Lac], SL, and HR) and
varied between r = 0,92-0,99; r = 0,91-1,00; r = –0,88-–1,00 and r
= 0,91-1,00; respectively.

Figure 1 shows that there was not significant difference between
the prescribed Subjective Perceived Exertion (SPEp) and the real
(SPEr) during the incremental test effort. Besides that, the intrac-
lass correlation coefficient (95% of reliable interval – RI) presented
high results for agreement analysis (R = 0,972; RI = 0,84-0,99; P <
0,0001) These results reveal excellent agreement between SPEp
and SPEr.

TABLE 2

Comparison between the averages of the 400 meters performance

velocities (V
400

), critical velocity (CV), anaerobic threshold velocity

through the Dmax method (V
Dmax

), lactate threshold velocity through

the visual inspection method (V
LT

) and anaerobic threshold velocity

through the 3,5 mM steady concentration method (V
3,5mM

)

Velocity V
400m

CV V
Dmáx

V
LT

V
3,5mM

(m.seg-1) (n = 12) (n = 12) (n = 9) (n = 9) (n = 12)

Average ± SD 1.37 ± 0.05* 1.28 ± 0.05 1.31 ± 0.07 1.30 ± 0.09 1.22 ± 0.06†

Length 1.28-1.44 1.20-1.34 1.19-1.44 1.10-1.41 1.13-1.29
(min-max)

* † Significant differences between the remaining studied velocities P < 0.05.

TABLE 3

Comparison between the averages of the stroke rate (SR) in the 400 meters

velocity (SR
v400

), in the critical velocity (SR
cv

), in the anaerobic threshold

velocity through the Dmax method (SR
VDmax

), in the lactate threshold velocity

through the visual inspection method (SR
LT

) and in the anaerobic threshold

velocity through the 3,5 mM steady concentration method (SR
3,5mM

)

SR SR
V400

SR
CV

SR
VDmax

SR
LT

SR
3,5mM

(cycle.min-1)

Average 35.11 ± 4.21* 28.57 ± 3.91 31.04 ± 4.36 30.55 ± 4.83 26.71 ± 3.27†

± SD

Length 27.25-43.32 23.08-35.36 26.15-39.82 23.43-40.30 21.43-31.86
(min-max)

* † Significant differences between the remaining SR studied P < 0.05.

In table 4 the correlations between the intensities of the differ-
ent protocols and with the performance in the 400 m distance (V400)
are presented.

The individual correlations between SPEp and the variables de-
termined during the incremental test, velocity (V), lactate concen-
tration ([Lac]), heart rate (HR), stroke length (SL) and stroke rate
(SR) varied between r = 0,95-0,99; r = 0,84-1,00; r = 0,94-1,00; r =
–0,78-–1,00 and r = 0,90-0,99; respectively. Significant individual
correlations were also found between the SR and the variables

TABLE 4

Correlations between the 400 meters performance velocities (V
400

),

critical velocity (CV), anaerobic threshold velocity through the Dmax

method (V
Dmax

), lactate threshold velocity through the visual inspection

method (V
LT

) and anaerobic threshold velocity through the 3,5 mM

steady concentration method (V
3,5mM

)

V
400

VC V
Dmax

V
LT

r n r n r n r n

VC 0.89* 12 – – – – – –
VDmax 0.61* 09 0.69* 09 – – – –
VLT 0.47* 09 0.58* 09 0.92* 9 – –
V3,5mM 0.84* 12 0.80* 12 0.42* 9 0.43 9

* Significant correlations P < 0.05.

Figure 1 – Comparison between prescribed Subjective Perceived Exer-
tion (SPEp) and real (SPEr) in the incremental test stages. The differences
in each stage were not significant.

Figure 2 shows the determination coefficients between the SPEp
and the heart rate, lactate concentration and velocity variables.

Figure 3 shows the determination coefficients between the SPEp
and the stroke length and rate mechanical variables, during the
incremental test.

DISCUSSION

Velocity control during the incremental test

The stages velocity during the incremental test linearly increased
with the SPEp (figure 2c) and the individual correlations varied be-
tween r = 0,95 and 0,99. Therefore, the determination of the sub-
jective intensities using the SPE is reliable in order to establish
suitable velocity parameters during the incremental test. Never-
theless, no supporting reference to the presented methodology in
our study was found, once the majority of the research uses labo-
ratory tests and/or other sports, and determines the intensities
(velocity in treadmill and load in the cycle ergometer) for the phys-
iological data and SPE obtaining, which limits our comparisons.

Similarly to our study, Ueda and Kurokawa(26) evaluated six men
and four women in the swimming flume, analyzed the correlations
between physiological variables (VO2, HR, [Lac]) with the SPE dur-



Rev Bras Med Esporte _ Vol. 12, Nº 5 – Set/Out, 2006 245e

ing incremental test, and observed linear increase between the
intensity (arrest) and SPE r = 0,991 for men and r = 0,998 for wom-
en). Kang et al.(21) verified during running and cycling incremental
test, linear increase between SPE and the ergometers intensities.
Agreeing with the previous study, but using a new exertion per-
ception scale (OMNI) though, Robertson et al.(29) and Utter et al.(30)

found positive correlations between the load and the effort SPE
during incremental exercise in treadmill and cycle ergometer. Ut-
ter et al.(25) evaluated sixty-seven individuals (33 men and 34 wom-
en) in treadmill incremental test with the purpose to validate the
OMNI exertion perception scale. They reported significant linear
increase (P < 0,01) between OMNI and 6-20 Borg’s scale with the
maximal oxygen percentage (%VO2max) (R2 = 0,74 and 0,77) for
men and (R2 = 0,72 and 0,73) for women, respectively, and be-
tween the OMNI and SPE scales (R2 = 0,92) for both sexes. Garcin
and Billat(2) obtained high correlation between VO2max velocity
(vVO2max) with the SPE (r = 0,91) in twelve well-trained runners
during incremental test on 400 meters track.

In another interesting study, Marriott and Lamb(31) performed two
rowing ergometer tests in nine male rowers. The first incremental
test (estimation test) was performed in order to obtain the SPE,
HR data and average power of each stage performed until the vol-
untary fatigue. The second test (production test) was performed
with intensities using the SPE 6-20 scale in irregular order (15, 11,
17, 13 and 19). The results demonstrated correlation coefficients
between SPE and average power (watts) in the estimation and
production tests (r = 0,96 and r = 087, respectively, P < 0,01). The
lowest correlation obtained in the production test was possibly due
to the SPE intensities irregularly established. In a similar study,
Eston et al.(32) performed treadmill test with 16 men and 12 healthy
women, finding in the graduated exercise test (estimation) signifi-
cant correlation coefficient between %VO2max and SPE (r = 0,91
for men and r = 0,87 for women), and in the production test (with
SPE indices of 9, 13 and 17) with correlation coefficients between
%VO2max and SPE of r = 0,93 for men and r = 0,89 for women.
These results corroborate the results of our study which present-
ed individual correlations of r = 0,95 to 0,99 between the SPEp and
velocity (m.s-1) during the incremental test.

Determination of metabolic thresholds

The incremental test using the SPEp made the metabolic thresh-
olds estimation possible, as well as the analysis of the correlation
coefficient between the used methods (tables 2 and 3). Significant
correlations between the V3,5mM and CV, VDmax and VLT, and between
VDmax and CV (r = 0,80; r = 0,92 and r = 0,69; respectively, P < 0,05)
were found. It was not possible to identify the metabolic thresh-
olds in three athletes, due to the atypical disposition of the lactate-
velocity curve points used for the VLT and VDmax estimation, through
visual inspection after the curves adjustments. On the other hand,
the V3,5mM was obtained through linear regression for all subjects.
Thus, the non-estimation of the VLT and VDmax thresholds for the
three subjects was not due to the proposed protocol, but to the
obtained data instead.

Physiological variables behavior during the incremental test

The heart rate (HR) responded linearly with the SPEp increase
(R2 = 0,999; figure 2a) during the incremental test, and the individ-
ual correlations varied between r = 0,94 and 1,00. Similar data were
presented by Ueda and Kurokawa(26) who found significant correla-
tion between arrest (N) and HR, VO2 and HR; SPE and HR for men
(r = 0,99; 0,99 and 0,99) and women (r = 0,99; 0,99 and 0,99; re-
spectively). In the study by Marriott and Lamb(31), the correlation
coefficient in the SPE estimation test (incremental test) was of r =
0,95 and in the production irregular test (using the SPE for intensi-
ty determination) was of r = 0,75.

Demura and Nagasawa(33) evaluated 10 healthy students in cy-
cle ergometer, and analyzed the physiological responses with the

Figure 2 – Determination coefficient between SPEp and (a) heart rate, (b)

lactate concentration and (c) sprint velocity. * P < 0.05.

Figure 3 – Determination coefficient between SPEp and (a) stroke length
and (b) stroke rate. * P < 0.05.
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SPE parameters during incremental test until fatigue and in an ac-
tive recovery of 25 minutes. The results showed significant corre-
lations between HR and SPE during the test (r = 0,99) and in the
recovery (r = 0,97).

Other studies showed significant correlations between the SPE
and metabolic demand measured through the oxygen consump-
tion and HR(17,34), however, the HR may be directly influenced by
several factors, among which we may highlight medication, mea-
suring difficulty(35), room temperature influence(36) and the lower
number of heart beats in water in comparison to land(37). Such fac-
tors may generate imprecision in the intensity control during the
exercise.

The lactate concentration is considered the most sensitive local
factor of metabolic stress(19) and reflects in the SPE increase dur-
ing exercise(22,24). According to other studies(26,38), one may observe
that the lactecidemia response during the incremental test corre-
lated with the SPEp (r = 0,84-1,00 and r2 = 0,996; P < 0,05, figure
2b). However, even facing the significant correlations, we should
mention that the SPE is influenced by central (oxygen consump-
tion, ventilation and HR) and local parameters (lactate concentra-
tion). Thus, the best correlations between lactate and SPE are found
during incremental tests(26,38). In recent study, Green et al.(3) did not
find correlation between lactate and SPE during test with steady
load with duration of sixty minutes in cycle ergometer. The research-
ers evaluated physically active subjects of both sexes, and the re-
sults showed decrease of the lactacidemia and SPE increase, con-
firming that there is dissociation between lactate and SPE, and
that other factors significantly contribute to the SPE increase in
continuous tests with steady load. Mercer(38) conducted a study in
order to analyze the SPE reproducibility related to the blood lactate
in fourteen women divided in two groups according to their phys-
ical ability (high VO2max and moderate VO2max). The SPE relation
with the lactate threshold (SPELT), the steady 2 mM lactate con-
centration (SPE2), 2,5 mM (SPE2,5) and 4 mM (SPE4) were deter-
mined, and the intraclass correlation coefficient for the group with
high VO2max of r = 0,97; r = 0,97; r = 0,97 and r = 0,72; and for the
moderate VO2max group of r = 0,83; r = 0,96; r = 0,96 and r = 0,90
respectively, were found. No significant differences between the
groups in relation to the SPELT, SPE2, SPE2,5 and SPE4 were found.

In another study, Kolkhorst et al.(39) evaluated ten subjects dur-
ing incremental test in treadmill in order to analyze the effect of
different inclinations (+5%, 0% and –5%) in SPE response related
to the 2mM and 4mM lactate steady concentrations. The lowest
SPE was related to the 2 mM steady lactate concentration during
the incremental test with +5% inclination comparing to the 0%
and –5% inclinations (P < 0,05). On the other hand, the SPE relat-
ed to 4mM steady lactate concentration was not different between
incremental tests with +5%, 0% and –5% inclinations. The au-
thors reported that there were not significant differences between
the relative oxygen consumption and the respiratory coefficient
(RC) in the three different inclinations related to the 2 mM and 4
mM concentrations. On the other hand, the HR related to 2 mM in
the incremental test with –5% inclination was significantly higher
than 0% and +5% (P < 0,05), as well as the treadmill velocity relat-
ed to the steady 2 mM and 4 mM lactate concentration was lower
during the +5% test comparing to the remaining inclinations (P <
0,05). These results showed a possible correlation between the
SPE, HR and treadmill velocity, however, the authors did not per-
form correlations between these variables, which limits the com-
parison with our results.

Mechanical variables behavior during the incremental test

In this study significant individual correlations were found be-
tween HR and the velocity (V), lactate concentration ([Lac]), stroke
length (SL) and heart rate (HR) variables which varied between r =
0,92-0,99; r = 0,91-1,00; r = –0,88-–1,00 and r = 0,91-1,00; respec-
tively. During the incremental test, the increase between the SPEp

and the SR was exponential and the significant determination co-
efficient (R2 = 0,98) (figure 3b). In the study by Wakayoshi et al.(15)

conducted with tem well-trained swimmers in the swimming flume,
significant linear correlations were found between cubic velocity
and SR of r = 0,89 (P < 0,05) at r = 0,99 (P < 0,01) during the
swimming savings test, which used 5 or 6 submaximal intensities.
The CSR calculated using the 200 and 400 meters distances was
not significantly different from the SR determined in 30 minutes
continuous test (SR30), there was significant correlation (r = 0,86; P
< 0,01) between the two frequencies, though. The authors reach
to the conclusion that CSR underestimated in 3,9% the SR30 and
that the CV and CSR indices may be used for the aerobic training
load control and the swimming technique.

Dekerle et al.(9) and Wakayoshi et al.(40) define the CSR as a stroke
rate that may be kept for a long period of time without fatigue. In
an evaluation of the 8 male well-trained swimmers, Dekerle et al.(9)

observed that the VO2 and the SR did not change in sub-thresh-
olds of 30% to 60% of the velocity of the VO2max. Contrarily, sig-
nificant increases in the VO2 and SR were found in supra-threshold
intensities of 80% and 100% of the VO2max velocity. Thus, it was
demonstrated that the anaerobic intensity emphasizes swimming
technique damage in order to maintain the required velocity. There-
fore, such intensity would be impossible for the swimming tech-
nique training with the aim to improve the mechanical efficiency. It
was also stated that the suitable SR or intensity to the improve-
ment of the swimming technique should be anaerobic sub-thresh-
old or CSR.

The presented results in figure 3b show significant determina-
tion coefficient between SL and SPEp (R2 = 0,995), and negative
individual correlations ranging from r = –0,88 to –1,00 for the SR
and SL. Keskinen et al.(41) did not find significant differences be-
tween the SR determined in 25 and 50 meters swimming pool,
however, the SL was significantly longer in the 25 meters pool,
with differences ranging from 1,8% up to 8,2% during the 200
meters progressive sprints. The SR in the aerobic and anaerobic
threshold determined in both pools, did not present significant dif-
ference either. An issue to be considered in the study is that the
authors makes use of the velocity obtained in the progressive
sprints and relates SR and SL. The velocity in the 25 meters pool
was slightly higher comparing to the 50 meters one, which may be
due to the bigger amount of laps, which seems to cause the over-
estimated result of the SL in the 25 meters.

One of the few longitudinal studies of the analysis of swimming
mechanical parameters was performed by Wakayoshi et al.(42). The
aerobic training effect was observed for six months in the velocity
variables (V), SR, SL and [Lac] in eight swimmers. The pre and
post-tests consisted of a 400 meters maximal sprint (Vmax) and
three submaximal ones in the 85%, 90% and 95% velocities of
the Vmax obtained in the first 400 meters sprint. Significant in-
crease in the threshold velocity was observed (VOBLA) and maxi-
mal velocity (Vmax) between the pre and post-training (P < 0,05).
The increase of the post-training V85%, V90% and V95% was due
to the increase of the SR and decrease of the SL. Nonetheless, the
Vmax increased facing a SL increase, being the SL increase more
visible in the final 150 meters (6th, 7th and 8th stage of 50 meters).
As expected, the [Lac] in the Vmax was significantly lower in the
post, comparing to the pre-training.

CONCLUSION

The SPE is a reliable parameter in the control of the exercise
intensity during incremental test in swimming, with no need of
velocity control during each stage of the test in a pool. Moreover,
the test made the estimate of the metabolic thresholds used in
the study possible. It is important to mention that the athletes were
familiarized with the SPE for a 6 months period, which seems to
have contributed for a good intensity control using the SPE. Never-
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theless, the number of studies using the intensity determination
and establishing increases with the SPE during the incremental
test is scarce. Further research with the aim to obtain data which
may confirm the established proposal is still needed. Thus, the
intensity determination methodology through the SPE in the incre-
mental tests will be able to be applied in athletes of different pre-
vious knowledge of the 6-20 scale and different physical ability
levels. A reliability and reproducibility test is still necessary in order
to reassure the efficiency of the proposed model.

All the authors declared there is not any potential conflict of inter-
ests regarding this article.
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