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Abstract:

The goal of this study was to define the individual model characteristics of lactic acid removal after 200m
breaststroke competitive load in a female swimmer in relation to different pool lengths (25m vs. 50m). The
second goal was methodological and referred to the presentation of newly applied metrological procedures
for the Individual Lactate Recovery Profile modeling. Six races from the competitive season 2021/22 were
selected, in which the athlete achieved the most valuable results in relation to the FINA score. To establish
the metabolic response of the organism to the competition effort, the method of determining the level of
lactate concentration in capillary blood (La in mmol/L) was used. Differences between the mean values
of variables were established using ANOVA. The polynomial curve equation function was used to create
a blood lactate concentration in a function of recovery time model (La-t,.ory). The ANOVA showed that
there was no statistically significant difference between the monitored variables and the pool length function
(p=.097). The maximum achieved blood lactate concentration in the acute race recovery phase was 13.17 £+
2.81 and 12.08 + 1.80 mmol/L and the given concentration initially occurred in the time of 240.0 + 85.6 s
and 169.3 = 79.9 s in the 25 and 50m pool, respectively. In relation to the time of complete passive recovery
required to establish acidosis at the level of 2 mmol/L (25 and 50m pool) occurred in 1191.7 + 481.3 s and
1326.7 + 405.1 s, while the full index of intensity of blood lactate clearance was 135.7 = 60.7 s/mmol/L and
124.0 + 60.7 s/mmol/L for 25m and 50m pool, respectively, although no statistically significant difference
was found between the parameters of recovery in relation to pool length. The offered mathematical models
enabled a practical individual approach to controlling the specific adaptation to training for achieving a
higher competitive level performance.
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Introduction

In competitive swimming, especially when elite
athletes are regarded, lactate tests are usually used
not only to describe the level of current adapta-
tion of athletes’ metabolic performance, but also
to define appropriate goals, intensity, and volume
of training (Olbrecht, 2011). Considering the physi-
ology of sports training and metabolic reactions of
the body to training and competitive effort, lactate
acid is one of the most studied metabolites in sports
science (Astrand, Rodahl, Dahl, & Stromme,
2003; Bishop & Martino, 1993; Bonifazi, Sardella,
& Lupo, 2000; Bosquet, Léger, & Legros, 2001;
Kachunov, 2018; Keskinen, Keskinen, & Mero,
2007). This is especially common in relation to
cyclic-type of sports, such as swimming, running,

cycling, triathlon, Nordic skiing, etc., where the
intensity of physical exertion can be estimated via
the blood lactate concentration (Baron, et al., 2008;
Beneke, Leithduser, & Ochentel, 2011; Greenwood,
Moses, Bernardino, Gaesser, & Weltman, 2008;
Menzies, et al., 2010). New field-testing equipment
for determining the blood lactate concentration, due
to a high reliability of the device in combination
with improved standards of measurement proce-
dures, has provided better objectivity and validity
of assessing the training intensity by means of
determining blood lactate concentrations of swim-
mers, and athletes overall (Hart, Drevets, Alford,
Salacinski, & Hunt, 2013; Pelayo, Mujika, Sidney,
& Chatard, 1996).
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The system of swimming competitions is
such that swimmers often participate in prelimi-
nary, semi-final and final races, or swim several
different races per day, that is, the current compe-
tition format results in multiple races in one day.
This may require swimmers to exert multiple
maximal specific competition effort several times,
i.e., to swim multiple races in a short period of time
(Greenwood, et al., 2008). In this sense, the adap-
tive ability of optimal fast recovery is of crucial
importance because it enables the swimmer to
repeat high-competitive performance on daily
bases. The preparation of swimmers (a traditional
or an alternative concept, as well as the character-
istics and types of the preparatory cycle) and the
application of training strategies also depend on the
mentioned number of daily races in the competi-
tion and on the individual swimmer’s characteris-
tics of recovery after the race. In other words, the
training should be designed in a way to improve
the swimmer’s individual recovery profile by stim-
ulating optimal specific adaptation to it (Issurin,
2016; Siljeg, Sindik, & Leko, 2017).

Establishing a system for collecting informa-
tion on the status of blood lactate concentration
after typical workloads is important for optimizing
training intensity in order to improve training effi-
ciency and recovery monitoring practice (Pollock,
etal., 2019). In this way, conditions will be provided
for improving the metabolic adaptation of swim-
mers, which can have a direct positive effect on
competitive performance (Dopsaj, Di Nino, Thano-
poulos, & Kezman, 2018; Pyne, Lee, & Swanwick,
2001).

In the current practice of sports training of
top-level swimmers, the method of measuring
the concentration of lactic acid in the blood is
commonly applied to achieve the following: to
determine optimal work intensity in the process of
aerobic and anaerobic capacity development (Costa,
et al., 2013); in the process of training control, as
a measure of metabolic load for all intensity zones
(Anderson, Hopkins, Roberts, & Pyne, 2006;
Dopsaj, et al., 2018; Pelayo, et al., 1996); as a control
of training efficiency, for planning the next training
cycles, and as a measure of the athlete’s cumulative
adaptation to the previously realized training cycles
(Hooper, Mackinnon, & Ginn, 1998; Pyne, et al.,
2001) at all stages of the competition (Greenwood,
et al., 2008; Vescovi, Falenchuk, & Wells, 2011),
as well as in the prevention of acute and chronic
overtraining (Beneke, et al., 2011; Bosquet, et al.,
2001; Pelayo, et al., 1996). An appropriate system
of control of blood lactate concentration levels is,
therefore, an important methodological procedure
in assessing recovery after maximum loads, regard-
less of whether it is training, testing or competition
(Beneke, et al., 2011; Dopsaj, et al., 2018; Green-
wood, et al., 2008; Vescovi, et al., 2011).

It is a well-known fact that athletes generally
adapt differently to the training process (Olbrecht,
2011). The given diversity is primarily caused by the
individual metabolic characteristics of the person’s
body, but it also depends on the event and swim-
ming styles (Gonjo & Olstad, 2021; Siljeg, et al.,
2017). Due to the mentioned diversity phenom-
enon, the characteristics of swimmers’ recovery
after acute maximal competitive load are also indi-
vidually different (Greenwood, et al., 2008; Pelayo,
etal., 1996; Pyne, et al., 2001; Vescovi, et al., 2011).

However, from the aspect of scientific meth-
odology, the phenomenon of recovery has been
examined only from the aspect of achieved meta-
bolic acidosis of swimmers after the race and, in
the context of the type of swim-out protocol, with
the aim to define recovery efficiency (Greenwood,
et al.,, 2008; Menzies, et al., 2010). The limited
research in this area of swimming has tended to
focus on passive out-of-water vs. active recovery
by swimming and has found the active recovery to
be better at reducing after-race metabolic acidosis
(blood lactate) than the passive one (Lomax, 2012).
Unfortunately, no fully methodological procedure
or metrological standards have been established yet
for complete structural analysis of the profile of
blood lactate clearance as an acute recovery profile
after a specific swimming competitive load. Devel-
oping the methodology of the procedure aiming at
defining standardized scientific-applied-metrolog-
ical data processing can provide new knowledge
useful in sports science, in general, or it can provide
specific procedures in terms of improving the tech-
nology of sports training in swimming (Maglischo,
2003; Siljeg, et al., 2017). Also, knowledge and
understanding of the results obtained by measuring
the level of blood lactate concentration in relation
to the dynamics of its change in the recovery after
maximum competitive loads will provide conditions
for individualized implementation or correction of
training work, which will enable a more effective
process of training individualization and optimi-
zation as a current approach to the technology of
training work with top-level athletes (Anderson, et
al., 2006; Bonifazi, et al., 2000; Carrard, Kloucek,
& Gojanovic, 2020; Costa, et al., 2013; Gulbin,
Croser, Morley, & Weissensteiner, 2013; Lomax,
2012; Siljeg, et al., 2017).

The primary goal of this study was to define
the individual lactate recovery profile (ILRP), i.e.,
individual model characteristics of blood lactate
removal after competitive load of the best Croa-
tian 200m female breaststroke swimmer in rela-
tion to different dimensions of the pool (25m vs.
50m pool). The secondary goal of the study was
predominantly methodological and referred to the
presentation of newly applied metrological proce-
dures for the ILRP modeling.
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Methods

The main method used in this research was the
ex-post-facto method, while the field-testing method
was used to collect experimental data (Ribeiro,
et al., 2020). By nature, this research belongs to
the applied ones, and was realized in accordance
with the conditions of the Helsinki Declaration
for Recommendations Guided by Physicians in
Biomedical Research Involving Humans (http://
www.cirp.org/library/etike /helsinki/).

Sample of variables

The following nine variables were used in the
study:

1. La Peak, a hypothetical equivalent of blood
lactate concentration at the end of the race, or
mathematically calculated lactate concentra-
tion in the first second after the race, expressed
in mmol/L;

2. La_ Max, a hypothetical equivalent of maximum
blood lactate concentration in the passive
recovery after a race, defined by mathematical
modeling, expressed in mmol/L;

3. La Max time 1, the time point of recovery
at which the hypothetical equivalent of the
period with the maximum concentration of
blood lactate begins after the race (La_Max),
defined in seconds (s);

4. La Max time 2, the time point of recovery at
which the hypothetical equivalent of the period
with the maximum concentration of blood
lactate ends after the race (La_Max), defined
in seconds (s);

5. La_MaXg4ysue time period of the maximum
lactate concentration (La_Max) as a measure of
the metabolic balance between the blood lactate
production and blood lactate removal after the
race, expressed in seconds (s);

6. La Production Int, a measure of the inten-
sity of the lactate increment in the blood in the
time interval from the end of the race to the
beginning of La_Max_time 1, expressed in s/
mmol/L;

7. La Clearance Int, a measure of the intensity
of lactate removal from the blood in the time
interval from the end of La_Max_time 2 to
complete metabolic rest, i.e., to a lactate concen-
tration of 2 mmol/L, expressed in s/mmol/L;

8. Full _rest time La2, the time interval of passive
rest from the end of the race to complete meta-
bolic recovery of the swimmer until the lactate
concentration of 2 mmol/L, expressed in
seconds (s);

9. Full La Clearance Int,a measure of the inten-
sity of full lactate removal from the blood in
the time interval from the end of the race to
complete metabolic rest, i.e., to a lactate concen-
tration of 2 mmol/L, expressed in sec/mmol/L.

The sample of races and procedure for
measuring blood lactate concentration

From the total sample of races swam in two
consecutive competition seasons (2021 and 2022),
six races were selected in which the monitored
athlete achieved the most valuable results in rela-
tion to the FINA score (https:/www.swimrankings.
net). All races were swum in official competitions
of FINA (World) and LEN (European Swimming
Organization) in 25- and 50-meter pools (three for
each pool length).

To measure the metabolic response of the
organism to a specific competitive effort, the
method of determining the level of lactate concen-
tration in capillary blood (La in mmol/L) was used
as a measure of acute metabolic acidosis (Bishop
& Martino, 1993). For this purpose, in addition to
sampling capillary blood, the exact time from the
end of the race to each individual blood sample
taken was measured. According to the applied
procedure, the lactate concentration was measured
from a sample of 0.2 ul of capillary blood taken
from the finger at five time points of recovery: 3-, 5-,
7-, 10- and 15-minutes after the race (Dopsaj, et al.,
2018). A Lactate Scout sensor blood lancet was used
for blood sampling and lactate concentration was
analyzed using a new generation portable lactate
analyzer Lactate Scout 4 (EKF, Germany) (https:/
www.ekfdiagnostics.com/lactate-scout.html).

Statistical methods

All raw data were processed by descriptive
statistical analysis for calculating basic statistical
measures of central tendency (MEAN), absolute
and relative dispersion of data — standard deviation
(SD), coefficient of variation (%cV), and standard
error of measurement (SEM) expressed in abso-
lute and relative values. Differences between the
mean values of the observed variables were estab-
lished using the univariate analyses of variance
(one-way ANOVA) with post-hoc multiple compar-
isons for the observed means of different swim-
ming pool length post-race lactate recovery vari-
ables with corrections by Bonferroni criteria. The
mathematical modeling method of applying the
polynomial curve equation function was used to
create an optimized individual model of the relation
between the blood lactate concentration in the func-
tion of recovery time (absolute values: La-t ..,y
and relative values: %La-%t,......,) (Dopsaj, et al.,
2018; Paji¢, Simovi¢ & Dopsaj, 2021). The statis-
tical significance level was determined at the level
of 95% of probability at the criterion of p<.05, while
the IBM SPSS v23.0. software program was used
for all statistical analyses (Hair, Anderson, Tatham,
& Black, 1998).
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Results

Table 1 shows the results of descriptive statis-
tics as well as the differences between the analyzed
variables of blood lactate concentration during
recovery after swimming in different pools (25m
and 50m). The ANOVA showed that there was no
partial statistically significant difference between
the monitored lactate recovery variables in the func-
tion of the pool length.

Based on the results (Table 1), the analyzed
female swimmer’s 200m breaststroke race in the
25m pool on average ended at the level of a meta-
bolic acidosis of La Peak = 10.95 + 0.55 mmol/L,
where the average race result was 808.7 = 12.6
FINA points, i. e., with an average result of 2:24.43
+ 0:01.17 min:sec:hundred (swimming speed of
1.385 £ 0.007 m/s).

Considering the 50m-pool post-race recovery
metabolic characteristics (Table 1), the analyzed
swimmer on average ended a 200m breaststroke
race at the metabolic acidosis of La Peak = 11.62
+ 2.79 mmol/L, where the average race result was
at 767.0 = 19.3 FINA points, i.e., with an average
result of 2:31.95 £ 0:01.27 min:sec:hundred (swim-
ming speed of 1.316 £ 0.011 m/s).

The average value of the 25m-pool maximum
blood lactate concentration (La Max) after the
race, in the acute recovery phase, was 13.17 + 2.81
mmol/L and the given concentration occurred after
the time span of 4:00.0 & 1:25.6 and ended in 5:39.0
+ 1:44.5, i.e., the maximum lactate steady state
lasted 1:39.0 + 0:33.9 (min:sec:hundred, respec-
tively) (Table 1).

After the 50m-pool race, the average value of
the maximum blood lactate concentration (La
Max) in the acute recovery phase was 12.08 + 1.80
mmol/L and this concentration occurred in 2:49.3
+ 1:19.9 after the race and ended in 5:11.3 + 0:51.9,
i.e. the, maximum lactate steady state lasted 2:22.0
+ 0:30.3 (min:sec:hundred,respectively) (Table 1).

In relation to the 25m-pool race, it was estab-
lished that the average value of the index of inten-
sity of blood lactate production (La_Production
Int) was 247.9 £ 135.0 s/mmol/L (production of
1 mmol/L lactate in the function of time, i.e., per
4:07.9 + 2:15.0 min:sec:hundred), while the lactate
removal on average occurred at an intensity of 78.7
+ 60.7 s/mmol/L (removal of the concentration of
1 mmol/L lactate as the function of time, i.e., per
1:18.7 £ 1:00.7 min:sec:hundred), i.e., from the La_
max until the level of 2 mmol/L as the selected
reference point of full metabolic rest. Considering
the 50m-pool race, La Production Int was 288.3
+ 158.8, while lactate removal occurred on average
with an intensity of 75.8 = 12.1 s/mmol/L, respec-
tively.

In relation to the time of complete passive
recovery required to restore acidosis of 2 mmol/L,
it was determined that it was at the level of 19:51.7 £
8:01.3 and 22:06.7 + 6:45.1 (min:sec:hundred), while
the full index of intensity of blood lactate clear-
ance (Full La Clearance Int) was 135.7 + 60.7 s/
mmol/L (2:15.7 £ 1:00.7 min:sec:hundred) and 124.0
+ 60.7 s/mmol/L (2:04.0 £ 1:00.7 min:sec:hundred)
for 25m and 50m pool (Table 1), respectively.

Figure 1 shows the defined models of blood
lactate concentration-recovery rate (La-t,..oyer,) for
the female swimmer A.B., and for the analyzed
200m breaststroke races in the 25m and 50m pools
in 2021 and 2022 competition seasons considering
absolute results. For the 25m pool, the obtained
model of the polynomial model equation has the
following form:

y = (-0.000013 * X?) +
(0.004990 + X) + 11.624929 (1)

where y is blood lactate concentration, expressed in
mmol/L, and X is time in post-race rest, expressed
in seconds.

Table 1. Descriptive statistics in the function of determining recovery characteristics

Pool 25m pool 50m pool ANOVA

Variables MEANSD  cV% (i';g’_') (%i'}f') MEAN£SD  cV% (iig/_') (SR'Z'X') F p

FINA_points 808.7+126 1.6 73 09  767.0£193 25 111 14 9.820 0.035
La_Peak (mmol/L) 10.95:0.55 5.0 0.32 2.9  11.62t279 240 161 139 0.172 0.700
La_Max (mmol/L) 131742.81 213 162 123 12.08+1.80 149 1.04 86 0.036 0.858
La_Max_time_1 (sec) 240.0¢85.6 357 649 27.0 169.3t79.9 472 529 312 0131 0.735
La_Max_time_2 (sec) 339.04104.5 30.8 758 224 311.3t51.9 167 477 153 0.020 0.895
La_MaXeeasysiate (SEC) 99.0£33.9 342 196 19.8 142.0£30.3 213 175 123 2685 0177
La_Production_Int (sec/mmol/L) ~ 247.9+135.0 545 77.9 314 288.3+158.8 551 917 31.8 0.078 0.793
La_Clearance_Int (sec/mmol/L)  78.7¢60.7 771 170 216  75.8+124 160 70 92 04113 0.754
Full_rest_time_La2 (sec) 1191.7+481.3 404 277.9 23.3 1326.7¢4051 305 683 51 0.025 0.882
Full_La_Clearance_Int (sec/ 135.7¢60.7 447 351 259 124.0:41.3 333 238 19.2 0.075 0.797

mmol/L)
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Model A. B. 200 m breaststroke 25 & 50m pool model (Absolute)

y =-0.000010x? + 0.005797x +11.624929 ©50m
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Figure 1. Defined models of the blood lactate concentration-
recovery rate (La-t,,.,...) dependence on the pool length
(absolute values) for the swimmer A.B.

The equation 1 had a high statistically signifi-
cant power of explaining the variance (100.0%; R?
= 1.000, p=.000).

For the 50m pool, the obtained model of the
polynomial equation has the following form:

y = (-0.000010 * X?) +
(0.005797 * X) + 11.624929 ®)

where y is blood lactate concentration, expressed in
mmol/L, and X is time in post-race rest, expressed
in seconds.

The equation 2 also had a high statistically
significant level of explaining the variance at
100.0% (R?=1.0000, p=.000).

Figure 2 shows the defined models of blood
lactate concentration-recovery rate (La-t,qqoyery) for
the analyzed swimmer A.B. in relation to the rela-
tivized curve values [La (%) — t,ecovery (%0)], both
expressed in %. For the 25m pool, the polynomial
model equation has the following form:

y = (-0.0125 « X?) +
(0.4488 « X) +95.9844 3
where y is post-race lactate concentration expressed
in %, and X is time in post-race recovery expressed
in %, and with a high statistically significant level
of explaining the variance at 100.0% (R*= 1.0000,
p=.000).

For the 50m pool, the polynomial equation

model has the following form:
y =(-0.0139 « X?) +
(0.6173 « X) +93.1744 )
where y is post-race lactate concentration expressed
in %, and X is time in post-race recovery expressed
in %, and also with a high statistically significant
level of explaining the variance at 100.00% (R?
=1.0000, p=.000).

In relation to the defined model of relative
values of La (%0)-t,covery (Y0) (Figure 2), it was found
that the swimmer in the analyzed seasons finished
races on metabolic acidosis at 93.17 and 95.98%
of La_Max, and that the value of maximum meta-
bolic acidosis La_Max reached 22.8 %, or 19.1% of

Model A. B. 200 m breaststroke 25 & 50m pool model (Relative)

La concentration (%)

35 y=-0.0139x2+0.6173x +93.1744
30 R?=1.0000

©50m pool
20 y =-0.0125x2 + 0.4488x + 95.9844 ©25m pool
15 R?=1.0000

0 10 20 30 40 50 60 70 80 9 100 110
Recovery time (%)

Figure 2. Defined models of the blood lactate concentration-
recovery rate (La-t,,.,,.,) dependence on the pool length
(relative values) for the swimmer A.B.

the time required for complete metabolic recovery
down to 2 mmol/L, for 50m and 25m pool, respec-
tively. Half (50.0% of La_Max) of metabolic acid
recovery was achieved in the time interval of 82.4%
(1094 s or 17:54.0), or 81.2% (902 s or 15:02.0).

Discussion and conclusions

The results shown in the research belong to the
metrological presentation of applied statistical and
mathematical methods in determining the depend-
ence of blood lactate concentration and recovery
rates in individual absolute and relative model for
swimmer A.B. in relation to the analyzed 200m
breaststroke races in the 25m and 50m pools for the
2021/2022 competition season. Although no statis-
tically significant difference was found between the
analyzed metabolic variables, descriptive as well
as model characteristics were determined for the
purpose of an individual approach to training effi-
ciency control and metabolic adaptation for the
monitored athlete.

Based on the results (Table 1) it can be concluded
that the analyzed female swimmer’s 200m breast-
stroke race in the 25m and 50m pool on average
ended at the level of a metabolic acidosis of La
Peak = 10.95 + 0.55 mmol/L and 11.62 + 2.79
mmol/L, respectively.

The average value of the 25 and 50m-pool
maximum blood lactate concentration (La_Max)
after the race, in the acute recovery phase, was 13.17
+ 2.81 mmol/L and 12.08 £ 1.80 mmol/L, respec-
tively (Table 1).

The measured maximum blood lactate concen-
trations are in line with the previously published
studies for 200m breaststroke female senior swim-
mers because they are in the range between 11.0
and 13.0 mml/L, which was determined for Cana-
dian swimmers (Vescovi, et al., 2011), almost the
same as for the Bulgarian swimmers (12.89+2.29;
Kachunov, 2018), which proves the external validity
of the current results. Also, the results of the present
study confirmed a previously established fact that,
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after races in the Olympic pool (50m) compared to
races in short pools, swimmers have higher meta-
bolic lactate acidosis by about 14.9% (Lowen-
steyn, Perry, Nash, & Salhanick, 1994), or 6.12%,
as shown by the results of our study.

Based on the results shown in Table 1, it can
be concluded that the highest level of coefficient
variation (cV%) but also relative measurement
errors (SEM rel) have the variables La Clear-
ance_Int 25m pool and La_Production Int 50m
pool (54.5 and 31.4%, and 55.1 and 31.8 %, respec-
tively), which is certainly an indication that the
given variables can be sensitive markers of the
acute state of adaptation of athletes. In relation to
the time of complete passive recovery required to
restore acidosis of 2 mmol / L, it was determined
that it was at the level of 1191.7 &+ 481.3 (19:51.7 +
8:01.3 min:sec:hundred) and 1326.7 =405.1 seconds
(22:06.7 + 6:45.1 min:sec:hundred), while the full
index of intensity of blood lactate clearance (Full
La Clearance Int) was 135.7 £ 60.7 sec/mmol/L
(2:15.7 + 1:00.7 min:sec:hundred) and 124.0 = 60.7
sec/mmol/L (2:04.0 £ 1:00.7 min:sec:hundred) for
25m and 50m pool (Table 1), respectively.

Pelayo and co-workers (1996) found that the
intensity of lactate removal from the blood can be an
efficient marker for monitoring the impact of aerobic
and anaerobic training for the purpose of avoiding
overtraining in elite 200m swimmers. Also, Green-
wood and co-workers (2008) concluded that in after-
race situations swimmers must have more than 10
minutes to recover. They found that 10 minutes of
passive recovery reduced blood lactate from 9.2 to
7.1 mmol/L, which only suggests that a considerable
recovery time would be required for the restoration
of baseline blood lactate values. In our research, we
found that for complete recovery (down to acidosis
of 2 mmol/L) with a passive approach the examined
athlete needed from 1191.7+481.3 to 1326.7+405.1
seconds (19:51.7 till 22:06.7 min:sec:hundred), for
the 25m and 50m pool, respectively.

In the only study available, in which there was
some quantification of post-race lactate clearance,
the authors found that the given ability was at the
level of 0.18+0.17 for passive and 0.43+0.17 mmol
L/min for active recovery after swimming the
200m crawl (Rabelo Mota, et al., 2017). However,
as they used a completely different method of calcu-
lating the given recovery variables, comparing their
results with the current ones is not possible.

The ANOVA results showed that no statistically
significant difference was found between the moni-
tored metabolic recovery variables as the function
of pool length at the partial level (Table 1, from La_
MaxSteadyState - F = 2.685, p=.177, to La_Max__
time_ 2 - F = 0.020, p=.895). The only difference
was found between the levels of FINA points (Table
1; 808.7 vs. 767.0 points; the difference of 5.43%,
F = 9.820, p=.035), which was expected because

swimmers on average have better results in 25m
compared to 50m pools by about 4.5% (Keskinen,
et al., 2007).

In relation to the defined model of relative
values of La (%0)-t,covery (V0) (Figure 2), it was found
that the swimmer in the analyzed seasons finished
races on metabolic acidosis at 93.17 and 95.98% of
La_Max, and that the value of maximum metabolic
acidosis - La_Max reached 22.8 %, or 19.1% of
the time required for complete metabolic recovery
down to 2 mmol/L, for 50m and 25m pool, respec-
tively. Half (50.0% of La_Max) of metabolic acid
recovery was achieved in the time interval of 82.4%
(1094 s or 17:54.0), or 81.2% (902 s or 15:02.0).

High homogeneity of competitive performance
(FINA_Score, 1.6 vs. 2.5%, Table 1) and analyzed
metabolic parameters of recovery (La Peak and
La Max, from 5.0 until 24.0%), and low homoge-
neity in other variables of time parameters (La_
Max_time_1, La_Max_time_2, La_MaxXg,qysates
La_Production_Int, La Clearance Int, Full rest
time La2, and Full La Cearance Int) can be
explained by the fact that the athlete is in the cate-
gory of swimmers with a competitive achievement
of about 800 FINA points, which denotes top-level
swimmers (Swimmers competing at a European and
World Championships). In other words, in relation
to achieved swimming results, a small variation in
competitive performance indicates highly devel-
oped and stable physiological, physical, technical,
tactical and competitive performance abilities of
the observed swimmer.

The athlete was followed over a period of the
annual macrocycle (March 2021—March 2022),
where she completed different phases of prepara-
tion, i.e., she participated in races at different prepar-
atory stages (Bonifazi, et al., 2000). In other words,
the athlete participated in the competitions while
being in different states of cumulative fatigue, i.e.,
in heterogeneous states of adaptation to different
types of training, which means in different phases
of fatigue and rest as different functional parts of the
training annual cycle (Hooper et al., 1998; Pelayo,
et al., 1996).

Comparing the intensity of blood lactate
increase with the intensity of blood lactate decrease,
it can be stated that A.B. should also work on the
development of aerobic capacity, i.e., on faster
removal of blood lactate in order to be ready for the
next race as soon as possible and in order to main-
tain the efficiency of swimming to the last meter.
The offered mathematical models enable a prac-
tical individual approach as a function of specific
adaptation control of the effects of training for the
purpose of achieving a higher competitive perfor-
mance expressed in FINA points.

Finally, the obtained results, as the function
of the innovative metrological procedure of moni-
toring the given phenomenon, important in the
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control system of training efficiency and the level of improving sports scientific methodology for the
of adaptation achieved by top-level swimmers, have purposes of achieving top sports results in swim-
a scientific and comparative practical value. The ming is one of the bases of the progress of the high-
development of analytical methods in the function performance training system.

References

Anderson, M.E., Hopkins, W.G., Roberts, A.D., & Pyne, D.B. (2006). Monitoring seasonal and long-term changes
in test performance in elite swimmers. European Journal of Sport Science, 6(3), 145-54. https://doi.
org/10.1080/17461390500529574

Astrand, P.O., Rodahl, K., Dahl, H.A., & Stromme, B.S. (2003). Textbook of work physiology: Physiological bases of
exercise (4th ed.). Champaign, IL: Human Kinetics.

Baron, B., Noakes, T.D., Dekerle, J., Moullan, F., Robin, S., Matran, R., & Pelayo, P. (2008). Why does exercise
terminate at the maximal lactate steady state intensity? British Journal of Sports Medicine, 42(10), 828-833.
http://dx.doi.org/10.1136/bjsm.2007.040444

Beneke, R., Leithduser, R.M., & Ochentel, O. (2011). Blood lactate diagnostics in exercise testing and training.
International Journal of Sports Physiology and Performance, 6(1), 8-24. https://doi.org/10.1123/ijspp.6.1.8

Bishop, P., & Martino, M. (1993). Blood lactate measurement in recovery as an adjunct to training. Sports Medicine,
16(1), 5-13. https://doi.org/10.2165/00007256-199316010-00002

Bonifazi, M. Sardella, F., & Lupo, C. (2000). Preparatory versus main competitions: Differences in performances,
lactate responses and pre-competition plasma cortisol concentrations in elite male swimmers. European Journal
of Applied Physiology, 82, 368-373. https://doi.org/10.1007/s004210000230

Bosquet, L., Léger, L., & Legros, P. (2001). Blood lactate response to overtraining in male endurance athletes. European
Journal of Applied Physiology, 84(1), 107-114. https://doi.org/10.1007/s004210000343

Carrard, A., Kloucek, P., & Gojanovic, B. (2020). Modeling training adaptation in swimming using Artificial Neural
Network Geometric Optimisation. Sports, 8(1), 8. https://doi.org/10.3390/sports8010008

Costa, M., Bragada, J.A., Mgjias, J., Louro, H., Marinho, D., Silva, A., & Barbosa, T.M. (2013). Effects of swim training
on energetics and performance. International Journal of Sports Medicine, 34(6), 507-513. DOI: 10.1055/s-0032-
1327573

Dopsaj, M., Di Nino, A., Thanopoulos, V., & Kezman, G. (2018). To what extent is the 6 x 100m lactate curve progressive
step test sensitive to different performance levels in elite male swimmers? In X//Ith International Symposium
on Biomechanics and Medicine in Swimming; Book of Abstracts. Tsukuba.

Gonjo, T., & Olstad, B.H. (2021). Differences between elite and sub-elite swimmers in a 100 m breaststroke: A new
race analysis approach with time-series velocity data. Sports Biomechanics, online ahead of print. https://doi.
org/10.1080/14763141.2021.1954238

Greenwood, J.D., Moses, E.G., Bernardino, F.M., Gaesser, G.A., & Weltman, A. (2008). Intensity of exercise recovery,
blood lactate disappearance, and subsequent swimming performance. Journal of Sports Sciences, 26(1),29-34.
https://doi.org/10.1080/02640410701287263

Gulbin, J.P., Croser, M.J., Morley, E.J., & Weissensteiner, J.R. (2013). An integrated framework for the optimisation of
sport and athlete development: A practitioner approach. Journal of Sports Sciences, 31(12), 1319-1331. https://
doi.org/10.1080/02640414.2013.781661

Hair, J., Anderson, R., Tatham, R., & Black, W. (1998). Multivariate data analysis (5th ed.). New Jersey: Prentice-Hall.

Hart, S., Drevets, K., Alford, M., Salacinski, A., & Hunt, E.B. (2013). A method comparison study regarding the
validity and reliability of the Lactate Plus analyzer. BMJ Open, 3, €001899. http://dx.doi.org/10.1136/bmjopen-
2012-001899

Hooper, S.L., Mackinnon, L.T., & Ginn, E.M. (1998). Effects of three tapering techniques on the performance, forces and
psychometric measures of competitive swimmers. European Journal of Applied Physiology and Occupational
Physiology, 78(3), 258-263. https://doi.org/10.1007/s004210050417

Issurin, V.B. (2016). Benefits and limitations of block periodized training approaches to athletes’ preparation: A review.
Sports Medicine, 46(3), 329-338. https://doi.org/10.1007/s40279-015-0425-5

Kachunov, M. (2018). Post-competition blood lactate concentration in swimmers. Journal of Applied Sports Sciences,
1, 30-36. doi: 10.37393/jass.2018.01.4

Keskinen, O.P., Keskinen, K.L., & Mero, A.A. (2007). Effect of pool length on blood lactate, heart rate, and velocity
in swimming. International Journal of Sports Medicine, 28(5), 407-413. doi: 10.1055/s-2006-924505

Lomax, M. (2012). The effect of three recovery protocols on blood lactate clearance after race-paced swimming. Journal
of Strength and Conditioning Research, 26(10), 2771-2776. doi: 10.1519/JSC.0b013e318241ded7

152



Siljeg, K. et al.: 200M BREASTSTROKE POST-COMPETITION BLOOD LACTATE... Kinesiology 55(2023)1:146-153

Lowensteyn, L., Perry, A., Nash, M., & Salhanick, D. (1994). Differences in peak blood lactate concentration in long
course versus short course swimming, Journal of Swimming Research, 10, 31-34.

Maglischo, E:W. (2003). Swimming fastest. Champaign, IL: Human Kinetics. Menzies, P., Menzies, C., McIntyre, L.,
Paterson, P., Wilson, J., & Kemi, O.J. (2010). Blood lactate clearance during active recovery after an intense
running bout depends on the intensity of the active recovery. Journal of Sports Sciences, 28(9), 975-982. https:/
doi.org/10.1080/02640414.2010.481721

Menzies, P., Menzies, C., McIntyre, L., Paterson, P., Wilson, J., & Kemi, O. J. (2010). Blood lactate clearance during
active recovery after an intense running bout depends on the intensity of the active recovery. Journal of Sports
Sciences, 28(9), 975-982. https://doi.org/10.1080/02640414.2010.481721

Olbrecht, J. (2011). Lactate production and metabolism in swimming. In L. Seifert, D. Chollet & 1. Mujika, World Book
of Swimming. From Science to Performance (pp. 255-276). New York: Nova.

Paji¢, Z., Simovic, S., & Dopsaj, M. (2021). Standardized planned agility tests in young football players: Mathematical
modeling in the function of defining physical potential. Facta Universitatis Series: Physical Education and
Sport, 19(3), 245-256. https://doi.org/10.22190/FUPES211124025P

Pelayo, P., Mujika, I., Sidney, M., & Chatard, J-C. (1996). Blood lactate recovery measurements, training, and
performance during a 23-week period of competitive swimming. European Journal of Applied Physiology
and Occupational Physiology, 74(1-2), 107-113. https://doi.org/10.1007/BF00376502

Pollock, S., Gaoua, N., Johnston, M.J., Cooke, K., Girard, O., & Mileva, K.N. (2019). Training regimes and recovery
monitoring practices of elite British swimmers. Journal of Sports Science and Medicine, 18, 577-585.

Pyne, D.B., Lee, H., & Swanwick, K. (2001). Monitoring the lactate threshold in world-ranked swimmers. Medicine
and Science in Sports and Exercise, 33(2), 291-297.

Rabelo Mota, M., Dantas, R., Oliveira-Silva, 1., Sales, M., da Costa Sotero, R., Mota Venancio, P., Teixeira Junior,
J., Nobre Chaves, S., & de Lima, F. (2017). Effect of self-paced active recovery and passive recovery on blood
lactate removal following a 200 m freestyle swimming trial. Open Access Journal of Sports Medicine, 8,
155-160. doi: 10.2147/OA JSM.S127948

Ribeiro, H.S., Corréa, H.L., Barbosa Lima, L.K., Costa Filha, M.B., Neto, S., Barros, E., & Ferreira, A.P. (2020).
Agreement and reproducibility of field and laboratory tests in the prediction of running speed in a 10-km race
in amateur runners. Kinesiology, 52(2), 299-307. doi: 10.26582/k.52.2.16

Siljeg, K., Sindik, J., & Leko, G. (2017). Swim speed tests as a method for differentiating the profiles of young swimmers.
Montenegrin Journal of Sports Science and Medicine, 6(2), 19-26.

Vescovi, J.D., Falenchuk, O., & Wells, G.D. (2011). Blood lactate concentration and clearance in elite swimmers

during competition. International Journal of Sports Physiology and Performance, 6(1), 106-117. https://doi.
org/10.1123/ijspp.6.1.106

Submitted: January 25, 2023
Accepted: March 20, 2023
Published Online First: June 2, 2023

Correspondence to:

Assist. Prof. Klara Siljeg, Ph.D.

Faculty of Kinesiology University of Zagreb
Horvacanski zavoj 15, 10 000 Zagreb, Croatia
Mobile: +385 91 64 3521

E-mail: klara.siljeg@kif.hr

153



