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Abstract

Purpose: The assessment of the lactate threshold (LT) and its relationship to open water
(OW) performance is crucial. This study aimed (1) to analyze the LT in world-class OW
swimmers, to (2) compare swimming speed at LT (SS.t) and swimming speed at 4
mmol-17! of blood lactate concentration ([La~]) (SS,), and (3) to examine the relationships
between SS; 1 and swimming performance. Methods: Twenty world-class and elite (11
males [26.4+3.0 y] and 9 females [25.84+3.6 y]) OW swimmers voluntarily participated.
A total of 46 (29 male and 17 female tests) intermittent incremental tests (7x400-m)
conducted in a 50-m pool were analyzed. Seasonal best performances on 400-, 800-,
1500-m and 10-km OW swimming events were obtained. Results: The SS; t was 1.62 +
0.02 (3.8+1.0 mmol-1"") and 1.46 + 0.04 m's™! (3.0+0.7 mmol-1"!) in males and females,
respectively, which corresponded to 97% of the peak speed reached in the tests. There
were no differences (p = 0.148) between SS; 1 and SS,in males, however, SS; t was lower
(p = 0.019) than SS, in females. The SS;t was negatively correlated with swimming
performance, with the exception of 10-km OW and 400-m times in males and females,
respectively. Conclusions: World-class and elite OW swimmers exhibited a great-
developed aerobic capacity with LT close to their maximum speed. The SS, could be used
as an approximation to SS; r in males but overestimates true aerobic capacity in females.
The LT is a useful tool for assessing performance, as OW swimmers with higher SS; 1

showed better swimming performance.

Keywords: anaerobic threshold, long-distance, endurance, aerobic capacity, physiology.
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INTRODUCTION

Open water (OW) swimming stands as one of the most challenging and breathtaking
endurance disciplines in the swimming scene. The natural environments where OW
swimming competitions are held (e.g., rivers or oceans), characterize these events with
particular and changing conditions that swimmers must face.! Currently, the World
Aquatics Championships program include the 5-km, 10-km distances and the mixed
4x1500-m relays, with the 10-km event only swum in the Olympic Games.? Since its
inclusion in the 2008 Beijing Olympics, a substantial number of swimmers, particularly
specialists in middle- and long-distance pool events, have also engaged in OW swimming
races.>* It is important to note that OW specialist swimmers incorporate 800-m to 5-km
pool events into their competition schedule as part of their preparation for major events.*¢
Thus, OW swimmers compete in the pool because they need to swim fast as the discipline
evolves, indeed, previous research has shown that the fastest OW swimmers displayed
higher speeds in middle- and long-distance pool swimming events.* Hence, this current

trend among both disciplines may potentially modify the OW swimmers’ profile to date.

Swimming testing is commonly integrated into elite training programs to accurately
evaluate the competitive swimmers’ performance.” Among a wide variety of parameters,
the lactate threshold (LT) is recognized as a useful means of assessing a swimmer’s
aerobic capacity.® The LT is determined as the breakpoint of blood lactate concentration
([La™]) when arises from moderate to heavy intensities during intermittent incremental
protocols.?? In this regard, the LT assessment is essential in long-distance and OW
swimmers, since most of the specialist training and competitions are performed at this
intensity.”!® Moreover, the fixed [La”] at 4 mmol-I"' is considered the method
traditionally used for assessing the aerobic capacity.!! However, some controversial
results have been shown about its relationship with LT, as some authors indicate an
overestimation of the swimmers’ aerobic capacity.® Therefore, due to the relevance of the
LT determination for OW swimmers, testing the differences between swimming speed at
LT (SSy1) and the swimming speed corresponding to 4 mmol-1"! (SS,) should provide
valuable insights for coaches and scientists. On the other hand, an integrated
physiological and biomechanical assessment of swimming performance provides a
greater understanding of the performance,!”? as swimming changes in swimming

technique may occur at speeds above the LT.!3 In this sense, stroke variables (e.g., stroke
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rate and length) play a crucial role as technical parameters in assessing how a swimmer's
technique adapts to the increasing demands of exertion.'*!> Hence, the SS_r and its

respective biomechanical assessment could be crucial for OW swimmers’ performance.

The LT and its relationships with endurance performance is crucial.!® The relationships
between LT and endurance performance has been demonstrated to be crucial in sports
like running and cycling.'® However, there is a paucity of data regarding relationships in
swimming, particularly among elite OW swimmers, with limited information available in
both training and competition.! Thus, the LT determination and its association with
swimming performance are essential to update the OW swimmers’ profile. To the best of
the authors’ knowledge, only one study analyzed the LT in elite OW swimmers two
decades ago.!” However, this aforementioned study dates back to a time when OW
swimming was not an Olympic discipline and therefore, given the rising participation in
OW competitions, a different profile of OW swimmers may have emerged in recent years.
In addition, the removal of the 25-km event from the 2023 World Championships
program may have further impacted the evolving profile of OW swimmers. Thus, the
aims of this study were (1) to analyze the LT through an incremental protocol test in
world-class and elite OW swimmers, (2) to compare SS;t and SS,, and (3) to examine
the relationships between SS; r and swimming performance. Due to the current evolution
of OW events, it is expected that elite OW swimmers achieve higher SS; t compared to
previous research.!” Moreover, taking into account the results with long-distance
swimmers,’ the SS; would be higher than the SS; 1, overestimating the aerobic capacity.
Finally, swimmers with higher SS; r would exhibit better performance, as it is key in long-

distance swimming.

METHODS
Participants

Twenty world-class and elite'® OW swimmers (Table 1), members of national swimming
teams and training together under the direction of the same coach, voluntarily participated
in the current study. According to the classification of Ruiz-Navarro et al.!”, participants

were classified between performance Level 1 (> 875 World Aquatics Points) and 3 (650-
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799 World Aquatics Points). During the 2022 and 2023 seasons, the OW swimmers
performed three 7x400-m intermittent incremental protocol tests (October 2022, February
and October 2023), with an average weekly training of 54.0 = 16.7 km during these
seasons. From the total sample, fifteen swimmers (9 males and 6 females) performed the
test more than once, thus a total of 46 incremental tests were analyzed (29 male and 17
female tests). The study was conducted according to the code of ethics of the World
Medical Association (Declaration of Helsinki) and was approved by the University Ethics

Committee (project code: removed to keep anonymity).

Please insert Table 1

Data collection

The protocol conducted was replicated during the three occasions. All tests took place in
a 50-m long-course pool with a water temperature of ~26°C. During the 3 to 5 days prior
to each test, training volume was reduced by approximately 30-40% to suit the individual
characteristics of each swimmer. All tests were conducted following a standardized
training week for all participants to ensure consistency across the three occasions. The
swimmers performed a 1200-m standardized warm-up from low to moderate intensity
prior to the swimming assessment. The 7x400-m intermittent incremental protocol
consisted of seven steps, from easy to maximal effort, with 30-s rest intervals. All tests
were conducted with in-water starts and at the same time of the day to avoid circadian
variations.?’ Swimming speed of the first 400-m step was set at 80% of the 400-m
freestyle seasonal best and subsequently increased by 3% per step. The 400-m times
performed (s) were measured through a stopwatch (FINIS 3X-300M, FINIS, Inc., USA)
by an expert swimming researcher. The final times obtained were converted in swimming
speed for each 400-m step (m's™!). The [La"] were analyzed with a portable lactate
analyzer (Lactate Pro 2.0, Arkray Inc., Tokyo, Japan) from the swimmers’ right lobe right
after each 400-m step and at the end of the test immediately after the last step, at 1, and
every 2 min until the peak ([La™],ca) was reached. The self-reported Rating of Perceived
Exertion (RPE)?! was obtained from the swimmers immediately after each step. Stroke
rate (SR) was obtained by considering three upper limb cycles divided by the time elapsed

during this action and multiplied by 60 to consider the number of cycles per minute.
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Stroke length (SL) was calculated from the ratio between swimming speed, and SR and
stroke index (SI) was computed as the product of swimming speed and SL.?? Each stroke

variable was measured every 50-m and the mean of the eight laps was computed.
Methodology

The LT was determined by projecting the x-axis intersection of the lines connecting the
two highest and two lowest points of the speed lactate curve®?® (Figure 1). From this
intersection, [La™] corresponding to individual LT ([La™]_r) and swimming speed at LT
(SS.1) were obtained (mean R?= 0.98; range R”: 0.89-0.99; mean r = 0.98; range r = 0.94-
0.99). Swimming speed corresponding to [La ] at 4 mmol-1"! (SS,) was interpolated'
(Figure 1). Heart rate (HR) was registered immediately after each 400-m step and the
maximum value (HR,,.x) was obtained after the last step using the Polar H10 HR sensor
(Polar Electro OY, Kempele, Finland). Moreover, SR, SL, SI, HR and RPE at individual
anaerobic threshold (SRyt, SLit, SIpt, HR r and RPE; ) were determined by linear
interpolation between the values of each variable from the steps immediately below and

above [La’]LT.

The best seasonal performance in each event and World Aquatics Points? in official 2023
long-course competitions on 400-, 800- and 1500-m events were retrieved per swimmer

from the public access website www.swimrankings.net (Table 3). In addition, the times

performed in 10-km OW swimming events were obtained from the official websites of
the European?! and World Aquatics.? Due to the changing OW conditions,! the best and
worst race times were removed and the mean of two 10-km OW events per swimmer were
obtained. All times were collected from international and national events held between

October 2022 and October 2023.

Please insert Figure 1

Statistical analysis

Descriptive statistics (mean and standard deviation [SD]) for the swimming performance,
physiological and biomechanical variables were obtained. Normal distribution of the data
was checked with the Shapiro-Wilk test. A paired sample t-test was conducted to verify

differences between SS;t and SS4. Mean values of each swimmer were considered to
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calculate the differences between these variables. Pearson’s correlations were used to
determine the association between SS;t and seasonal best performances. The threshold
correlation values were defined as: < 0.1 trivial; < 0.1-0.3 small; > 0.3-0.5 moderate; >
0.5-0.7 large; > 0.7-0.9 very large; and > 0.9-1.0 almost perfect.?> All statistical analyses
were conducted separately by sex. The significance level was set up at p < 0.05 and all
the statistical analyses were performed using the Statistical Package for the Social

Sciences (SPSS 28.0, IBM Corporation Chicago, IL, USA).

Results

The mean and SD derived from the intermittent incremental protocol tests are presented
in Table 2. Seasonal best performances obtained, swimming speed, physiological and
biomechanical variables derived from the tests are shown in Table 3. In males, the SS; 1
ranged from 1.58 to 1.63 m-s™! and [La J_r from 2.7 to 6.0 mmol-17'. In females, the
SSi t presented a range from 1.42 to 1.47 m-s™! and [La"].r from 2.0 to 4.1 mmol- 17!, The
SS;r corresponded to 97% of the peak swimming speed achieved in the incremental
protocol in both sexes. Similar HRy 1 percentages of 96 and 97% were reached with
respect to HR,,,x in males and females, respectively. No difference (p = 0.148) was
observed between SS;tand SS, in males, while a significant difference (p = 0.019) was
found in females. Pearson correlation coefficients between SS;t and swimming
performance are shown in Table 4. In males, the SS;t presented large to very large
negative correlations with pool swimming performance. In females, the SS; 1 presented
large negative correlations with pool and OW swimming performance, with no significant

association with 400-m time (Table 4).

Please insert Table 2

Please insert Table 3

Please insert Table 4

DISCUSSION

Human Kinetics, 1607 N Market St, Champaign, IL 61825
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The current study aimed to analyze the LT in world class and elite OW swimmers,
compare SS;t and SS,, and examine the relationships between SS;r and swimming
performance. The main findings of this study indicated high SS; 1 values in both male and
female OW swimmers close to their maximum values derived from the incremental tests.
While no differences between SS;t and SS; were observed in males, females exhibited
lower SS; 1 than SS4. On the other hand, due to the negative association between SS 1
and swimming performance times, the findings suggest that SS 1 is a reliable indicator of

performance in elite OW swimmers.

Despite LT assessment is crucial for long-distance and OW swimmers,' few studies have
explored the LT or SSytin elite OW swimmers.!” As it was expected, the SS; 1 reported
in this study (Table 3) were considerably higher than those reported by previous research,
which indicated 1.34-1.32 m's™! for elite male and female OW swimmers.!” The paradigm
shift in OW events with its inclusion in the Olympic Games program and the emergence
of pool swimmers>* has led to a different OW swimmer profile, with swimmers able to
reach higher speeds at LT. In fact, the SS; 1 represented the 97% of the peak swimming
speed reached in the tests, considerably higher than the 89-94% previously reported in
2004.'7 This near-peak swimming speed reach at LT reflects the superbly developed
aerobic capacity of these swimmers, which allows them to swim fast during prolonged
period of times. Hence, given that successful OW swimmers must maintain swimming
speeds at or above the LT,!% these values may be used as important indicators for

researchers and contribute to updating the OW swimmers’ profiles.

In the case of [La~].1, OW swimmers exhibited similar values (Table 3) to those reported
in elite pool swimmers (3.2-3.6 mmol-17!),® whereas long-distance swimmers exhibited
lower [La].r (1.8-2.2 mmol-171),° away from the fixed 4 mmol-1"! traditionally
considered as the LT.!! However, swimmers’ performance level of the mentioned study
was notably lower than the presented here, as the mean SS; 1 and SS,; were 1.07 and 1.18
m-s~!, respectively. In this regard, several studies have indicated that SS; value does not
represent the individualized SS;r1,”2¢ overestimating the actual swimmers’ aerobic
capacity.’ In this regard, in the current study, no differences (p = 0.148) were found

between SSyt and SS4 in males (Table 3), likely induced by the high variability obtained
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in [La’ ]t (SD: 1.0 mmol-17!; range from 2.7 to 6.0 mmol-17!). Hence, while some
swimmers LT was below the traditional fixed 4 mmol-1"! others were above. Indeed, due
to the large individual variability of these values at LT, some authors have determined
the LT training zone between 2 and 4 mmol-1"'.2728 Hence, considering the lack of
difference between SS;t and SS,, the SS4 could be used as an approximation to LT in
elite OW male swimmers, however, it is of paramount importance to address data
variability and consider individual differences when attempting to generalize findings to
the entire sample. On the other hand, elite OW female swimmers presented [La™].t
notably below the 4 mmol-1"! (3.0 mmol-17"), with significantly higher SS; than SS;r,
which is consistent with previous findings.%!3 In that sense, it is important to consider the
influence of sex on [La”] parameters, as females have a less developed anaerobic
metabolism,?® larger Type I fiber proportion®® and/or a more efficient technique due to
the characteristics of the females’ body composition.3! This enables them to achieve a
higher percentage of their personal best with lower [La] than males.3? Therefore,
swimmers and coaches should determine the individual swimmers' LT in females, since

SS,may denote performing considerably beyond the SS; .

Regarding the [La Jpea reached by males (8.7 mmol-171), similar values were obtained
by an OW World Champion (8.5 mmol-17")?7 and slightly higher than in elite OW
swimmers (7.4 mmol-171) after incremental protocols.!” In females, the [La ]pca obtained
was also similar (6.9 mmol-17") that those reported in elite OW female swimmers (7.6
mmol-171).17 In this context, although [La] is a useful indicator of swimmers’ individual
performance,®3? a higher swimming speed at a given [La"] does not necessarily mean a
better aerobic capacity, as this may indicate both a reduced anaerobic capacity or an
improved aerobic capacity.** Therefore, despite the [La™] assessment is essential to
determine LT in OW swimmers, it is important to support these values with other
physiological variables. In this sense, the HR; r and HR;;,.x obtained (Table 3) contrasted
with the lower values previously reported, especially in the HRyt.!7*7 However, when
comparing percentage instead of absolute values, the HR t represented 93% of the HR ,ax,
similar to those obtained in this study (96-97%). Therefore, these percentages at LT (SSyt
or HR; 1) with regards to maximal values underscore the remarkable development of

aerobic capacity in elite OW swimmers.
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As part of the intricate array of variables that determine performance,’® the swimming
technique should be enhanced through the range of training and competition speeds!.
Thus, biomechanical assessment and its association with LT is crucial for OW swimmers.
Previous studies have reported an inverse relationship between SR and SL, leading
towards increases in SR and decreases in SL to reach higher swimming speed throughout
the tests,'>!> which was also observed in this study (Table 2). Moreover, these stoke
variables at LT are considered an easy and non-invasive tool to provide useful information
for training and swimmers’ monitoring.'# In this sense, the SRyt reported in previous
research!” was lower in males (33.9 + 1.4 cycles'min!) and higher in females (44.9 + 1.6
cycles'min!) compared to those SR 1 values obtained in this study (Table 3). In the case
of SL, swimmers should try to maintain SL as speed increases,'# which means that higher
SLir and Sl t values would be advantageous for a better performance. This fact was
confirmed by the higher SL, 1 obtained (Table 3) compared to the 1.7-2.2 m exhibited by
well-trained swimmers.>'* However, when comparing stroke variables between
swimmers, it is important to note that each swimmer must adopt an optimal balance
between SR and SL to achieve higher speeds with lower energy cost.!> Thus, the analysis
of these variables corresponding to LT intensities may be relevant for controlling or
assessing individual swimming technique, which could provide practical information in

the training context.

Swimming performance and its associations with LT is scarce in elite OW swimmers.! In
line with other endurance sports,!¢ the results of the correlations showed that the higher
the SS; 1, the better the performance in pool and OW events (Table 4). However, this was
not the case between SS;tand 10-km OW times in males. Despite OW swimmers swim
close or at LT, the effect of the currents or the speed variations during the race, as well as
changes between groups, '3 may affect to the 10-km OW times obtained in males, which
could explain the lack of association between SS;t and OW performance. Indeed, the
OW swimming speed was 0.09 m-s™! lower than SS; 1. On the other hand, the absence of
association between SS; 1 and 400-m performance in females may be explained by the
higher variability between swimmers when compared to the other distances performance
(Table 3). Moreover, despite aerobic capacity also plays an important role in 400-m
swimming, the aerobic power could be more decisive in this distance,’” as the duration

differs significantly between a 400-m (~ 4 min) and a 10-km OW event (~ 2 h). Therefore,
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despite some exceptions, the relationships between SS; 1 and most of the seasonal best
performances suggest that LT may be a useful performance indicator in elite OW

swimmers.

It is important to highlight the high performance level of the OW swimmers comprised
in the current study, some of them gold medalists at Olympic Games and World
Championships. Moreover, the participants were under the instructions of the same
swimming coach, allowing a better training control of the sample. In addition, the sex-
differentiated analysis conducted in this study provides relevant information for both
male and female swimmers. A limitation of this study is that the reductions in training
volume prior to each test were not exactly the same, which may have introduced
variability between assessments. In addition, each swimmer’s seasonal best
performances, collected at different points during the 2023 season, may have influenced
the correlations with SS; 1. On the other hand, although the interpolation method for
determining LT is accurate for competitive swimmers, it is important to note that other
methods may lead to different results.?® Finally, it should be noted that performance
differs between pool and OW swimming conditions, which may lead different
physiological and biomechanical demands in the changing natural environment,3°#° Thus,
future research should consider the analysis in an OW environment to facilitate a more

comprehensive physiological examination within the competitive context.

PRACTICAL APPLICATIONS

From a practical point of view, the results obtained provide new insights for swimmers
and coaches, as LT assessment is essential to diagnosis the aerobic capacity and
swimming performance. In order to succeed, swimmers should exhibit higher values at
LT, obtaining SS;t or HRy 1 close to the maximums achieved in incremental tests.
Considering the high performance level, these results provide valuable benchmarks for
scientists and coaches, and maybe applicable to other endurance sports where LT is key

to performance.

CONCLUSIONS

Human Kinetics, 1607 N Market St, Champaign, IL 61825
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319  Elite OW swimmers’ profile exhibited a remarkable development of aerobic capacity,
320 obtaining higher SS; 1 compared to previous research. These findings were supported by
321  the SSyr or HR 1 corresponded to 96-97% of the maximum values achieved in the
322  incremental tests, which indicates that swimmers are capable of maintaining near-
323  maximum intensity for extended periods. The SS; may be used as an approximation to
324  SS;7 in males, although caution should be taken due to the likely variability between
325  swimmers. On the other hand, SS; 1 was lower than SS, in females, overestimating the
326  aerobic capacity when SS, is used to establish the LT. Finally, the LT is a useful tool for
327 assessing performance, as elite OW swimmers with higher SS;t showed better

328  performance in most swimming events.
329
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TABLE AND FIGURE CAPTIONS

Table 1. Mean + standard deviation of the physical characteristics and performance

variables of elite open water swimmers (n = 20).

Table 2: Mean = standard deviation of the performance, physiological and biomechanical
variables obtained in the 7x400-m intermittent incremental protocol tests in elite open

water swimmers.

Table 3: Mean =+ standard deviation of the seasonal best performances obtained,
swimming speed, physiological and biomechanical variables derived from the

intermittent incremental protocol tests in elite open water swimmers.

Table 4: Pearson correlation coefficients between swimming speed and seasonal best
performances. Black (e.g., 0.999) and grey (e.g., 0.999) font colour for male (n=11) and

female (n = 9) elite open water swimmers, respectively.

Figure 1. Example of blood lactate concentration [La~] to speed swimming curve
obtained in the 7x400-m intermittent incremental protocol test of an Olympic gold
medalist swimmer. The arrows indicate the lactate threshold (LT) and speed
corresponding to a [La~] of 4 mmol-17! (SS,). Heart rate (HR) trend line is represented
during the test.
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Table 1: Mean + standard deviation of the physical characteristics of elite open

water swimmers (n = 20).

Males Females

(n=11) (n=9)
Age (years) 26.4+3.0 25.8+3.6
Height (cm) 185.7+3.8 1733+523
Body mass (kg) 74.7+5.38 64.4+39
Body mass index (kg'm) 21.7+1.8 21.1+1.3

Human Kinetics, 1607 N Market St, Champaign, IL 61825



International Journal of Sports Physiology and Performance Page 20 of 23

Table 2: Mean + standard deviation of the performance, physiological and biomechanical variables obtained in the 7x400-m intermittent
incremental protocol tests in elite open water swimmers.

Performance Physiological variables Biomechanical variables

Step 400-m time Swimminig1 ?olr?gc:inlt?:tt?c:i Heart re}ti pl;it:i\(/)ef d Stroke ra}teﬁ: 1 Stroke length Strokze i{lldex

number (s) speed (m's™!) (mmol-L 1) (beats'min!) exertion (cycles'min™!) (m) (m?-s7h)
1 286.8+6.9 1.40 £0.03 1.5+0.2 137+£8 1.0+0.3 28.59 +£2.74 2.79 £0.37 3.89 +0.48
2 275.8+6.9 1.45 +£0.04 1.5+0.2 149 £ 11 1.7+0.5 30.78 £3.07 2.78 £0.21 4.03 £0.25
Male’s 3 267.6 £5.1 1.50 £0.03 1.6 0.2 156 £9 2.5+0.8 32.31£2.96 2.73 £0.20 4.08 £0.25
tests 4 259.8+4.3 1.54 £0.02 2.1+04 164+9 3.5+0.8 34.65+2.89 2.62 +0.20 4.03+£0.30
(n=29) 5 252.1+3.1 1.59 +0.02 29+0.7 17347 49+0.9 36.50£3.11 256+020  4.06+0.30
6 246.3 £3.0 1.63 £0.02 45+1.5 179+£7 6.7+1.1 38.26 £2.88 2.50 £0.18 4.06£0.28
7 2394+2.8 1.67 +0.02 8.7+£2.5 184+5 9.5+0.7 41.17£3.19 2.39+0.19 3.99+£0.32
1 308.2 £8.8 1.30 £ 0.04 1.6+04 142 £8 0.8+0.4 32.51+2.24 2.35+0.18 3.05+0.29
2 297.3+6.2 1.35+£0.03 1.5+04 150+9 1.5+0.6 34.57+£2.48 2.29+0.17 3.08 +£0.25
Female’s 3 290.1 £5.1 1.38 £0.03 1.7+0.5 161 £6 25+1.2 36.16 £2.29 2.24 £ 0.15 3.09 +0.23
tests 4 283.5+3.9 1.41 +0.02 2.0£0.6 169+6 35£15 37.53+2.59 221+0.15 3.12+0.22
(n=17) 5 276.8+5.3 1.45+£0.03 2.6+1.0 176 £7 47+1.9 38.92 £2.63 2.18£0.14 3.15+0.18
6 272.6 £4.8 1.47 £0.03 3.1+1.0 180+9 53+£22 39.95+£2.92 2.16+0.14 3.17+0.18
7 266.6 £6.3 1.50 £ 0.03 6.9+1.8 184+ 11 85+1.9 41.74 +3.44 2.12+£0.15 3.17+0.19
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Table 3: Mean =+ standard deviation of the seasonal best performances obtained,
swimming speed, physiological and biomechanical variables derived from the
intermittent incremental protocol tests in elite open water swimmers.

Males Females
(n=11) (n=9)
Swimming performance

400-m time (s) 232.4+4.6 260.1 £7.4
400-m World Aquatics Points 851 £48 753 £65
800-m time (s) 477.5+8.0 5264 +£13.2
800-m World Aquatics Points 850 £ 42 783 £59
1500-m time (s) 911.7+18.9 1001.4+24.9
1500-m World Aquatics Points 874 £ 54 779 £58

Best 10-km open water time (s)

6556.0 £105.9

7289.4 £112.6

Swimming speed

SSir(m-s™) 1.62 £0.02 1.46 £0.04
SS4(m-s™h 1.62 +0.03 1.48 £0.03
Physiological variables
[La™] .t (mmol-171) 3.8+1.0 3.0£0.7
[La Jpeak (mmol-17") 87+25 69+1.38
HR{ 1 (beats'min™") 177+ 6 178+ 9
HR .« (beats-min™!) 184+5 184+ 11
RPE; 1 5.840.9 55+£1.6
Biomechanical variables

SRyt (cycles'min™!) 38.05+2.85 39.54 £3.33
SLi1 (m) 2.57+0.18 220+0.14
Sl (m?s™) 4.17+0.30 3.23+£0.18

SSp1: swimming speed corresponding to lactate threshold; SS,: swimming speed corresponding to [La~]
of 4 mmol-17%; [La~].r: blood lactate concentration corresponding to lactate threshold; [La™|pe: peak
blood lactate concentration; HRy 1: heart rate corresponding to anaerobic threshold; HR ., maximum
heart rate; RPE| 1: rate of perceived exertion at lactate threshold; SRy 1, SL; 1 and SIj 1: stroke rate, length
and index corresponding to anaerobic threshold.
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Table 4: Pearson correlation coefficients between swimming speed and seasonal best
performances. Black (e.g., 0.999) and grey (e.g., 0.999) font colour for male (n = 11) and female

(n =9) elite open water swimmers, respectively.

Variables 1. 2. 3. 4. 5.
1. SSit(ms™) -0.628%* - 0.825%* -0.710** -0.378
2. Best 400-m time (s) -0.570 0.726** 0.352 -0.140
3. Best 800-m time (s) - 0.629* 0.942%* 0.785%** 0.139
4. Best 1500-m time (s) -0.681* 0.842%* 0.919%* 0.280
5. Mean 10-km open water times (s) - 0.694* 0.374 0.180 0.244

SS; 1: swimming speed corresponding to lactate threshold. *p < 0.05; **p < 0.01
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Example of blood lactate concentration ([La—]) to speed swimming curve obtained in the 7x400-m
intermittent incremental protocol test of an Olympic gold medalist swimmer. The arrows indicate the lactate
threshold (LT) and speed corresponding to a [La—] of 4 mmol-1-1 (SS4). Heart rate (HR) trend line is
represented during the test.
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