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Abstract: The current study examined the physiological responses and stroke variables at critical
stroke rate (CSR), 105% CSR, and 110% CSR in order to utilize CSR for prescription arm stroke
swimming. Nine male national-level collegiate swimmers performed an all-out 200 m and 400 m for
determining the CSR. Participants performed three sets of 6 × 100 m (with 10 s of rest between each
bout), the stroke rate for each set was enforced at CSR, 105% CSR, and 110% CSR. Mean swimming
velocity, heart rate, and rate of perceived exertion were found to increase with each set (p < 0.05).
Blood lactate concentration did not differ between the CSR and the 105% CSR (3.3 ± 1.4 vs.
3.5 ± 1.5 mmol/L) but was higher in 110% CSR (5.1 ± 1.6 mmol/L) than in the other two sets
(p < 0.05). There was no difference in the stroke rate between all bouts in each set, and the stroke
length did not change from the second to sixth bout in each set. This study suggested that training
intensity for CSR and 105% CSR correspond to threshold level, and 110% CSR corresponds to high-
intensity training level. It was also suggested that training in the CSR–110% CSR range could be
performed without regard to SL reduction.

Keywords: interval training; upper limb; blood lactate concentration; stroke rate; stroke length

1. Introduction

Training for competitive swimming includes continuous training, in which swimmers
continue to swim without rest intervals. Conversely, there is interval training (IT), in which
swimmers repeat multiple bouts with intermittent rest periods. IT is the primary method
used in competitive swimming training due to the option to change a combination of
components such as swimming velocity, swimming distance, number of repetitions, and
rest time.

In competitive swimming training, whole-body swimming, arm stroke swimming,
and leg kick swimming improve metabolic capacity and swimming technique [1]. In front
crawl swimming, previous studies have reported that the upper limbs contribution to
performance of more than 10% [2,3]. It has been reported that the contribution of the upper
limbs increases with increasing swimming distance [3]. Therefore, arm stroke swimming
training is essential in enhancing swim performance, especially in long-distance front
crawl swimmers.

In recent years, training methods that control stroke rate (SR), the number of strokes
per minute in front crawl whole-body swimming, have been investigated [4,5]. The critical
stroke rate (CSR) has been used as a criterion for SR and is calculated as the slope of the
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regression line between the total effort swimming time and the total number of strokes [4].
CSR is theoretically defined as the maximum SR that does not cause exhaustion [4]. It
was shown that in continuous training using CSR in whole-body swimming, blood lactate
concentration was 3.73 ± 0.96 mmol/L, and stroke length (SL) did not decrease throughout
the training phase [4]. Therefore, it was considered that using the CSR as a training variable
enabled control of training intensity, and could be utilized for technical training [4,6,7].

Funai et al. [8] examined the swimming velocity, physiological responses, and stroke
variables in 400 m IT using CSR in arm stroke swimming. The results showed that the
swimming velocity and physiological responses did not differ from critical swimming
velocity (CV) (the maximum swimming velocity at which lactate production does not
exceed oxidative utilization in 400 m IT) [9–12]. It was also found that the SL decreased
during IT at CV, but remained constant during IT at CSR. These results suggest that CSR is
an effective training intensity index for IT in arm stroke swimming and that IT at CSR can
reduce the loss of propulsive force per stroke.

CSR has been used only in IT for a relatively long distance of 400 m (Long-IT). Addi-
tionally, the physiological responses and stroke variables have not been validated for IT
repeated for a short distance (Short-IT). Short-IT is frequently introduced in the training of
competitive swimmers because the short swimming distance allows them to set a higher
swimming velocity than Long-IT. Short-IT also has the advantage of making it easier to
increase training intensity [13]. Dalamitros et al., (2016) [14] found that IT at high inten-
sity for 50 m and 100 m effectively improved aerobic capacity in competitive swimmers.
Piatrikova et al., (2020) [15] used CV and CSR as criteria for high-intensity training prescrip-
tion and reported that controlling SR as well as swimming velocity can increase training
effectiveness. However, in training with controlled swimming speed, when Long-IT and
Short-IT are performed at the same swimming velocity, the physiological exercise intensity
is lower during Short-IT [16]. This suggests that the physiological exercise intensity may
also be reduced when CSR is used for Short-IT. Therefore, further validation of training
intensity settings is needed for CSR to be used in Short-IT.

The purpose of this study was to examine physiological responses and stroke variables
at CSR, 105% CSR, and 110% CSR in order to utilize CSR for prescription of Short-IT with
arm stroke swimming. It was the hypothesized that the intensity at which the blood lactate
concentration begins to accumulate in Short-IT is higher than CSR, and controlling SR will
reduce the decrease in SL not only CSR, but also in 105% CSR and 110% CSR.

2. Materials and Methods
2.1. Participants

Nine well-trained, national-level, male middle- and long-distance swimmers (400 m
and 1500 m as a specialty event, respectively) participated in this study (mean ± SD; age:
19.7 ± 1.0 years, height: 1.72 ± 0.04 m, and body mass: 67.7 ± 7.7 kg). The sample size was
calculated using G*Power version 3. 1. 9. 7 (f = 0.33; α = 0.05; 1–β = 0.80). The points of
participants on the Fédération Internationale de Natation (FINA) scale for each specialty
event in a 50 m pool was 754.6 ± 23.8. All swimmers had at least 9 years’ experience as
competitive swimmers, and trained 9 times per week for approximately two hours per
session, covering a distance of 6000–8000 m per session. Swimmers were briefed on the
benefits and risks of the tests before participation, and written informed consents were
collected from all participants. The protocol was approved by the Kumamoto Gakuen
University ethics review committee (approved date: 16 October 2017). Participants were
asked to arrive at the swimming pool in a rested and fully hydrated state, and to abstain
from smoking, alcohol, caffein, and strenuous exercise in the 48 h before testing.

2.2. Testing Procedure

All tests were performed in a 50 m indoor swimming pool (27.0 ± 0.3 ◦C water
temperature) and involved front crawl arm stroke swimming initiated with a push-off
start. All tests were preceded by a standardized warm-up and a 20 min rest period. The
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standardized warm up based on Neiva et al., (2014) [17] consisted of 200 m whole-body
swimming (low–moderate intensity), 2 × 100 m leg kick swimming (moderate intensity)
4 × 50 m (25 m drill/25 m low intensity), 6 × 50 m arm stroke swimming (25 m race
pace/25 m low intensity), and 100 m whole-body swimming (low intensity). Arm stroke
swimming was performed similarly to the general training method used for competitive
swimming. In addition, lower limb muscle activity was restricted by placing training buoys
between the legs. The participants were familiar with the training buoys and could swim
without moving their lower limbs. All tests were conducted within seven days.

2.3. Determination of CSR and CV

For determining CSR and CV, 200 m and 400 m maximal swimming were performed
in random order, with two maximal swimming separated by an interval of 24 h. The CSR
was considered the slope of the linear regression between the time and the number of
stroke cycles expressed as cycles per minute (cycles × min–1) according to Franken et al. [5].
The 200 m and 400 m maximal swimming bouts were recorded above the water using an
HDR-CX470 digital movie camera operating at 60 Hz (Sony, Japan). The digital movie
camera was set up 20 m away from the swimmers so that the entire pool was in the camera
field. The recorded videos were analyzed using video analysis software (OTL-8PZ, Octal,
Japan) to calculate the swimming time and the number of stroke cycles. When analyzing
the swimming time, the lap times for every 50 m were also measured. The mean stroke
time was determined from as many strokes as possible between 15 and 35 m in each 50 m.
The number of stroke cycles was calculated as the lap time divided by the mean stroke
time. One stroke cycle was defined as the unit from the entry of one hand to the following
entry of the same hand. As per Wakayoshi et al. [12], the CV was determined as the slope
of the linear regression between the swim distance and time.

2.4. Interval Test

The participants swam three sets of 6 × 100 m (with 10 s of rest between each bout).
The stroke rate for each set was enforced at CSR, 105% CSR, and 110% CSR (set@CSR,
set@105% CSR and set@110% CSR, respectively), and the rest interval between each set
was 60 s. No set swimming velocity was imposed during the test, but the stroke rate was
controlled by a metronome (Tempo Trainer Pro, Finis, USA) placed in the swimmer’s cap.
The metronome weighed 19.5 g and had a 4.8 cm width and 1.4 cm thickness. Participants
were instructed to swim as fast as possible in a set SR, as this method can easily reduce
swimming velocity. Each stroke was considered as the entry of the right or left fingertip to
the entry of the next fingertip on the same side, and the strokes were performed in time
with the electronic sound.

During the tests, swimmers assessed their heart rate (HR) using HR sensor (H10,
Polar, Finland) and rated perceived exertion (RPE) using the Japanese version of the Borg
scale [18]. Blood was sampled (3 µL) from the fingertip after each set, and a portable
lactate analyzer (Lactate Pro2, ARKRAY, Japan) was used to estimate the blood lactate
concentration (BLa). HR, RPE, and BLa were measured immediately after the last bout in
each set, and these were representative values for each set.

For verification of swimming velocity, swimming time, and stroke variables in each
bout, the interval test was recorded using a digital movie camera from the same position as
in the recording of the 200 and 400 m maximal swimming bouts. The recorded videos were
analyzed using video analysis software (OTL-8PZ, Octal, Japan). The swimming velocity
in each bout was calculated from the swimming time, and the mean swimming velocity for
each set was also calculated. The mean stroke time was recorded using the same method
as the 200 and 400 m maximal swimming bouts. The SR and SL were calculated by the
following equation based on Craig and Pendergast (1979) [19], and expressed as the average
of the first and second half.

SR = 60/mean stroke time; SL = swimming velocity × 60/SR.
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2.5. Statistical Analyses

All results were presented as mean ± standard deviation (mean ± SD). All data
were checked for normal distribution using the Shapiro–Wilk test. One-way ANOVA for
repeated measures was used to examine differences between each set. The mean swimming
velocity, for HR, RPE, and BLa. Two-way ANOVA for repeated measures with the set and
bouts was used to analyze differences in swimming velocity, SR, and SL. Mauchly’s test
was carried out and Greenhouse–Geisser correlation was applied if sphericity was violated.
When a significant interaction was found, a simple main effect test was performed for each
level of the factor, and when no interaction was found, the main effect test was performed.
Eta squared (η2) was used to calculate effect size for main effect, η2 was considered small if
the absolute value was between 0.01 and 0.06, medium if it was between 0.06 and 0.14, and
large if it was greater than 0.14. When the main effect was found, multiple comparisons
Bonferroni test was used to estimate the statistical significance. Cohen’s d (d) was used to
calculate the effect size for multiple comparisons, d was considered small if the absolute
value was between 0.2 and 0.5, medium if it was between 0.5 and 0.8, and large if it was
greater than 0.8. A significance level of α = 0.05 was assumed. All statistical analyses
were conducted using BellCurve for Excel software (Version 2.15, Social Survey Research
Information Co., Ltd., Tokyo, Japan).

3. Results

The mean swimming time in the 200 m and 400 m maximal swimming sessions were
129.71 ± 2.36 s and 272.94 ± 6.15 s, respectively. The mean calculated CSR and CV values
were 33.75 ± 3.72 cycles/min and 1.40 ± 0.05 m/s, respectively.

The mean swimming velocity at set@CSR, set@105% CSR, and set@110% CSR in the
interval test was 1.39 ± 0.05 m/s, 1.42 ± 0.04 m/s, and 1.45 ± 0.03 m/s, respectively. The
HR were 147.89 ± 11.87 bpm, 158.67 ± 14.20 bpm, 163.78 ± 13.65 bpm, and RPE were
12.44 ± 2.13, 13.78 ± 2.05, 15.33 ± 2.00, respectively. A statistically significant main
effect (p < 0.05) was found between sets related to mean swimming velocity (p < 0.001,
F = 27.969, η2 = 0.25), HR (p < 0.001, F = 41.961, η2 = 0.22), and RPE (p < 0.001, F = 59.765,
η2 = 0.27). Multiple comparison tests showed that set@105% CSR was significantly higher
than set@CSR for each measure (mean swimming velocity: p < 0.001, d = 0.65; HR: p < 0.001,
d = 0.82; RPE: p < 0.001, d = 0.64), and set@110% CSR was significantly higher than set@CSR
(mean swimming velocity: p < 0.001, d = 1.29; HR: p < 0.001, d = 1.24; RPE: p < 0.001,
d = 1.40) and set@105% CSR (mean swimming velocity: p < 0.001, d = 0.71; HR: p < 0.001,
d = 0.37; RPE: p < 0.001, d = 0.77) for each measure. The BLa was 3.3 ± 1.4 mmol/L,
3.5 ± 1.5 mmol/L, and 5.1 ± 1.6 mmol/L, and there was a statistically significant main
effect between the sets (p = 0.001, F = 6.310, η2 = 0.12). Multiple comparison tests showed
that set@110% CSR was significantly higher than set@CSR (p = 0.014, d = 1.21) and set@105%
CSR (p = 0.036, d = 1.07).

Table 1 shows the swimming velocity, swimming time, SR, and SL for each bout in
the interval test. The swimming time was also presented in addition to swimming velocity,
as coaches are likely to instruct more on swimming time than on swimming velocity.
Since there was no statistically significant interaction between set and bout as a factor
for all of these measures (p > 0.05), we conducted a main effect test for each factor. The
results showed a statistically significant main effect between the sets for swimming velocity
(p < 0.001, F = 27.969, η2 = 0.23), swimming time (p < 0.001, F = 25.862, η2 = 0.24), SR
(p < 0.001, F = 183.898, η2 = 0.13), and SL (p < 0.001, F = 65.442, η2 = 0.02). Multiple
comparison tests showed that set@105% CSR was significantly higher than set@CSR in all
bouts for swimming velocity (p < 0.001, d > 0.62) and SR (p < 0.001, d > 0.29), and set@110%
CSR was significantly higher than set@CSR (swimming velocity: p < 0.001, d > 1.06; SR:
p < 0.001, d > 0.77) and set@105% CSR (swimming velocity: p < 0.001, d > 0.72; SR: p < 0.001,
d > 0.43) in all bouts. Swimming time and SL were significantly shorter in all bouts for
set@105% CSR than for set@CSR (swimming time: p < 0.001, d > 0.64; SL: p < 0.001, d > 0.29),
and for set@110% CSR than for set@CSR (swimming time: p < 0.001, d > 1.06; SL: p < 0.001,
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d > 0.53) and set@105% CSR (swimming time: p < 0.001, d > 0.46; SL: p < 0.001, d > 0.33).
There was no statistically significant main effect of SR between bouts (p = 0.200). On the
other hand, there was a statistically significant main effect of swimming velocity (p < 0.001,
F = 18.516, η2 = 0.02), swimming time (p < 0.001, F = 18.844, η2 = 0.02), and SL (p = 0.001,
F = 7.665, η2 = 0.01) between bouts. Multiple comparison tests showed that swimming
velocity and SL were significantly higher in the first bout than the other bouts in all
sets (swimming velocity: p < 0.001, d > 0.28; SL: p < 0.014, d > 0.26). The swimming
time was significantly longer in the first bout than the other bouts in all sets (p < 0.001,
d > 0.27). However, there were no statistically significant differences in the swimming
velocity, swimming time, and SL among the second and sixth bout in all sets (p > 0.05).

Table 1. Changes in the swimming velocity, swimming time, and stroke variables for each bout
corresponding at CSR, 105% CSR, and 110% CSR during the interval test.

First Second Third Fourth Fifth Sixth

Swimming
velocity
(m/s)

CSR 1.41 ± 0.05 1.39 ± 0.05 1 1.39 ± 0.06 1 1.38 ± 0.05 1 1.38 ± 0.05 1 1.38 ± 0.05 1

105% CSR 1.44 ± 0.04 a 1.42 ± 0.04 a,1 1.42 ± 0.04 a,1 1.41 ± 0.04 a,1 1.42 ± 0.04 a,1 1.42 ± 0.04 a,1

110% CSR 1.46 ± 0.04 a,b 1.45 ± 0.04 a,b,1 1.44 ± 0.03 a,b,1 1.44 ± 0.03 a,b,1 1.44 ± 0.04 a,b,1 1.45 ± 0.03 a,b,1

Swimming
time (s)

CSR 71.13 ± 2.47 71.98 ± 2.73 1 72.09 ± 2.80 1 72.41 ± 2.73 1 72.41 ± 2.82 1 72.32 ± 2.52 1

105% CSR 69.68 ± 2.09 a 70.36 ± 2.19 a,1 70.58 ± 1.88 a,1 70.95 ± 2.06 a,1 70.75 ± 2.10 a,1 70.69 ± 1.83 a,1

110% CSR 68.73 ± 2.05 a,b 69.23 ± 1.65 a,b,1 69.34 ± 1.47 a,b,1 69.33 ± 1.35 a,b,1 69.34 ± 1.86 a,b,1 69.26 ± 1.60 a,b,1

Stroke rate
(cycles/min)

CSR 33.39 ± 3.80 33.69 ± 3.70 33.97 ± 3.87 33.66 ± 3.64 33.70 ± 3.85 33.67 ± 3.44
105% CSR 35.23 ± 3.78 a 35.34 ± 3.90 a 35.24 ± 3.88 a 35.24 ± 3.73 a 35.41 ± 3.76 a 35.21 ± 3.69 a

110% CSR 36.84 ± 4.10 a,b 37.00 ± 4.00 a,b 36.89 ± 3.73 a,b 37.17 ± 3.89 a,b 37.16 ± 4.15 a,b 37.17 ± 4.11 a,b

Stroke length
(m/cycle)

CSR 2.55 ± 0.22 2.50 ± 0.21 1 2.47 ± 0.21 1 2.48 ± 0.20 1 2.48 ± 0.22 1 2.48 ± 0.20 1

105% CSR 2.47 ± 0.27 a 2.44 ± 0.22 a,1 2.44 ± 0.23 a,1 2.42 ± 0.22 a,1 2.42 ± 0.21 a,1 2.43 ± 0.21 a,1

110% CSR 2.39 ± 0.21 a,b 2.37 ± 0.22 a,b,1 2.37 ± 0.21 a,b,1 2.35 ± 0.22 a,b,1 2.35 ± 0.21 a,b,1 2.35 ± 0.22 a,b,1

Data are expressed as the mean ± standard deviation. a,b Values significantly different to CSR and 105% CSR,
respectively; 1 Value significantly different to the first bout (p < 0.05).

4. Discussion

In front crawl whole-body swimming, the main role of lower limb muscle activity
is to increase the stability of the lower limb and to maintain the underwater posture [20].
The contribution of lower limb muscle activity to propulsive force is reported to be about
10% [3]. Therefore, most of the propulsive force in the front crawl is contributed by the
upper limbs, and the contribution increases as the distance of swimming increases [3]. Arm
stroke swimming is an important training method for improving metabolic capacity and
stroke technique, especially in long-distance competitive swimming such as 1500 m and
open water swimming. In fact, Konstantaki et al., (2008) [21] reported that training that
incorporated more arm stroke swimming improved metabolic capacity during upper limb
muscle activity and performance in arm stroke swimming. It has been shown that there is
a high correlation (r = 0.90) between the endurance performance of arm stroke swimming
and whole-body swimming in long-distance swimmers [22].

Funai et al. [8] reported that BLa in Long-IT with CSR was 3.16 ± 1.43 mmol/L in
arm stroke swimming. Furthermore, it was found that the swimming velocity with CSR
corresponds to CV, which is the maximum swimming velocity at which the production of
lactate in Long-IT does not exceed oxidative utilization. Namely, CSR can be used as an
indicator of training intensity in Long-IT as well as CV. They also reported that Long-IT
with CSR can reduce SL decline, training with CSR may be beneficial as it may contribute
to improved upper limb stroke technique. Therefore, validation of physiological exercise
intensity and stroke variables during Short-IT in arm stroke swimming with intensity set
using CSR could provide useful information to swimming coaches.

In this study, SR was increased by 5% based on CSR in Short-IT, and the mean swim-
ming velocity, HR, and RPE increased with the set (p < 0.05). On the other hand, there was
no statistically significant difference in BLa between set@CSR and set@105% CSR (p = 0.999).
However, set@110% CSR was higher than set@CSR and set@105% CSR (p = 0.014 and
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p = 0.036, respectively). The breakdown of glycogen produces lactate, and BLa is deter-
mined by the balance between lactate production and oxidative utilization [23]. Addition-
ally, the intensity at which BLa increases rapidly indicates a sudden increase in glycogen
utilization [23]. In competitive swimmers, the maximum value at which lactate production
does not exceed oxidative utilization is considered to be 3.0–3.5 mmol/L [11,12,24,25]. In
the present study, not only the set@CSR but also the set@105% CSR BLa corresponded
to this range. These results suggest that glycogen utilization increased rapidly between
set@105% CSR and set@110% CSR in the present interval test, and lactate production
reached an intensity that exceeded oxidative utilization.

Hellard et al. [16] reported that oxygen uptake and BLa were lower in the
100 m × 30 bouts of IT than in the 500 m × six bouts at the Lactate Threshold (LT) swimming
velocity in whole-body swimming. In addition, Shimoyama and Nomura [26] reported
that BLa was lower in the 100 m × 16 bouts than in the 200 m × eight bouts at the Onset
Blood Lactate Accumulation (OBLA) swimming velocity. In IT, it has been previously
reported that oxygen uptake during rest periods does not decrease drastically, resulting in
enhanced oxidative utilization of lactate [27]. Short-IT is thought to be less prone to lactic
acid accumulation than Long-IT due to the greater number of rests in Short-IT. Thus, it has
been shown that the physiological exercise intensity decreases when the swimming velocity
used in Long-IT is used in Short-IT, and it is thought that the same thing happened in this
study in which the intensity was set using CSR. However, there is one point to consider. It
has been noted that arm stroke swimming has lower metabolic characteristics than whole-
body swimming, as oxygen uptake is about 20% lower and blood lactate concentrations are
less to accumulate [1,28]. Therefore, whether there is a difference in physiological exercise
intensity between Long-IT and Short-IT in arm stroke swimming needs to be reexamined.

For competitive swimmers, intensity setting according to training objectives is an
essential factor affecting training effectiveness [29]. Based on the results of this study, it was
considered that CSR cannot be used as a standard SR for categorizing training intensity
in Short-IT of arm stroke swimming in the same way as Long-IT. In addition, it should be
noted that not only CSR, but 105% CSR also does not reach the intensity at which lactate
production exceeds oxidative utilization, and 110% CSR exceeds that intensity. Hence, the
intensity should be set according to the purpose of training.

The SR in this study was set at CSR, 105% CSR, and 110% CSR. As a result, SL in
each bout decreased significantly with each set (p < 0.01, Table 1), and swimming velocity
increased with each set (p < 0.01, Table 1). These changes in SR, SL, and swimming velocity
were the same as the results of studies in which swimming velocity increased training
intensity [30,31], suggesting that it is possible to increase training intensity by SR.

When stroke parameters were compared between bouts, SR was considered constant
with no significant difference (p > 0.05) between bouts in all sets due to the use of a
metronome. According to the relationship of swimming velocity = SR × SL, the swimming
velocity when SR is controlled is determined by SL. In this study, only SR was controlled,
but the swimmers were instructed to swim as fast as possible at the set SR. In this situation,
SL was significantly lower (p < 0.01) in all the sets after the second bout compared to the
first bout. A previous study [30] reported that the SL immediately after the start of training
was the longest in the training of competitive swimmers, regardless of their swimming
velocity. Therefore, in the present study, the SL of the first bout was the highest not only in
set@CSR but also in set@105% CSR and set@110% CSR due to the 60 s rest between sets.

SL was significantly higher in the first bout in all sets, but there was no statis-
tically significant difference between bouts from the second to sixth bout (p > 0.05).
When the swimming velocity was controlled in Long-IT, it was reported that BLa was
3.77 ± 1.52 mmol/L, and SL was decreased [8]. For swimming training in which velocity
was controlled, it was found that the decrease in SL was more pronounced at higher BLa
values [30,31]. A potential reason for the reduction in SL when swimming velocity is
controlled is a decrease in the temporal proportion of the propulsive pull and push phases
among the four phases that comprise the upper limb stroke (glide-catch phase, pull phase,
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push phase, and recovery phase). It has also been reported that this decrease in proportion
is linked by an increase in lactate production [32,33].

On the other hand, it was reported that BLa in Long-IT with SR controlled by CSR
was 3.16 ± 1.43 mmol/L, and its swimming velocity did not differ from CV, but SL was not
decreased [8]. In the present study, BLa at 110% CSR was 5.1 ± 1.6 mmol/L, and SL did
not change after the second bout as in CSR and 105% CSR, even though lactate production
was considered to exceed oxidative utilization. Alberty et al. [32] analyzed SR-controlled
maximal swimming and found that the temporal proportions of the four phases of the
upper limb stroke did not change between the beginning and end of maximal swimming.
Therefore, it is considered that controlling the SR in this study also did not reduce the SL
because the temporal proportion of the four phases of the upper limb stroke did not change
from the second to the sixth bout in all sets.

In competitive swimmers, training at maximal or higher intensity, where lactate pro-
duction does not exceed oxidative utilization, can effectively improve metabolic function by
increasing oxygen uptake, lactate utilization, and muscle buffering capacity [9]. However,
when such intensity training is performed with controlled swimming velocity, the higher
the training intensity, the more likely it is that stroke technique will be impaired. Therefore,
the fact that SL did not decrease after the second bout in all sets of set@CSR, set@105% CSR,
and set@110% was considered to be a training that could solve the problem of conventional
training with controlled swimming velocity.

It has been pointed out that monitoring SR is important to evaluate stroke technique
during training in conventional training methods with controlled swimming velocity [34],
and SR and SL are used as objective stroke data for coaching. On the other hand, this study
suggested that training could be conducted with less SL decline by controlling SR. This
point is considered to be the usefulness of controlling SR. Therefore, it is suggested that
arm stroke swimming training based on CSR can be utilized as training for the upper limbs
in the front crawl.

Although the above findings were obtained in this study, there are several limitations.
First, it cannot be denied that the fact that SL was constant from the second to the sixth
bout in all sets may be the result of the verification with Short-IT. This point can be clarified
by comparing the results with those of Short-IT in which the swimming velocity was
controlled. Second, although the number of bouts used in this study was six in each set,
the number of bouts may be higher in the field of instruction. Therefore, the results of
this study may be limited to this protocol, and it is necessary to verify the physiological
responses and stroke variables by changing the components of IT in the future. Third, this
study was conducted using arm stroke swimming, a local training method in competitive
swimming. In the future, it might be necessary to apply CSR to whole-body swimming
and to verify its effectiveness as a training method to enhance performance.

5. Conclusions

This study suggested that training intensity for CSR and 105% CSR correspond to
threshold level, and 110% CSR corresponds to high-intensity training level. It was also
suggested that training in the CSR–110% CSR range could be performed without regard to
SL reduction.
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