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ABSTRACT ARTICLE HISTORY
The aim of this study was to: (i) characterise the stroke kine- Received 22 December 2021
matics’ stability of the male swimmers competing in the four Accepted 9 September 2022
50 m events at the 2021 European Championships, and; (ii) KEYWORDS
understand the speed-time relationship in the four race Analysis; biomechanics;
events. All male swimmers who participated in the 50 m events performance; training
(backstroke: 78 swimmers; breaststroke: 79 swimmers; butter-

fly: 89 swimmers; freestyle: 95 swimmers) were evaluated. In

each swimming stroke swimmers were split in two groups

(better and poorer performances). Significant variances (p <

0.05) were observed in both groups in all variables and for

all swimming strokes. Swimming speed was the variable with

the highest variance in both groups and strokes. Overall, better

swimmers presented a low to high normative stability, and

poorer swimmers a moderate-to-high. Speed-time curve fitting

for all swimming strokes and groups suggested a cubic relation-

ship. It can be considered that elite male swimmers racing 50 m

sprint events at major competitions present an all-out trend.

The present data provide coaches with substantial information

about the main trend in the 50 m sprint events, specifically in

each section of the race.

Introduction

In sports performance, the athlete’s improvement is based on the interaction of
several domains (Phillips et al., 2010). Race analysis is becoming more important
than ever as it provides insights on the performance itself and its underlying
factors (Barbosa et al., 2021). Race analysts must provide coaches and athletes
with detailed information about what happens during the race. In competitive
swimming, race analysis can provide information about the start (Born et al,
2021), turn(s) (Veiga et al., 2016), clean swimming and finish (Morais et al,,
2022). The clean swimming phase is the one in which swimmers spend the greatest

CONTACT Jorge E Morais @ morais.jorgestrela@gmail.com

© 2022 International Society of Biomechanics in Sports


http://orcid.org/0000-0002-6885-0648
http://orcid.org/0000-0001-7071-2116
http://orcid.org/0000-0003-2351-3047
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/14763141.2022.2125430&domain=pdf&date_stamp=2022-09-26

2 (&) J.E.MORAIS ET AL.

amount of time, thus even more crucial to coaches and swimmers (Morais et al.,
2022; Simbana-Escobar et al., 2018).

Most research conducted in race analysis focused on freestyle events, distances
of 100 m or longer (Huot-Marchand et al., 2005; Mauger et al., 2012; McGibbon,
Pyne, Heidenreich, & Pla, 2021). Less information is provided regarding the other
swimming strokes (i.e., backstroke, breaststroke, and butterfly). Nonetheless, Veiga
et al. (2016) analysed the time that swimmers spent performing the underwater
phase after the start and turn(s) in all four swimming strokes. Others investigated
the temporal patterns of elite breaststroke swimmers in 100 and 200 m events
(Nicol et al., 2021). Regardless of the swimming stroke, even less information is
available on distances shorter than 100m, i.e., the 50m sprint events.
Notwithstanding, this fact was observed in a review study on all swimming events
(McGibbon et al., 2018). Nevertheless, two studies can be found on the 50 m sprint
event in a race analysis context, although freestyle (Morais et al., 2022;
Simbarfia-Escobar et al., 2018). One can argue that missing evidence on one of
the most popular races in swimming, the 50 m distance events, may occur because
is a non-Olympic event. Nevertheless, the information that can be retrieved from
such analyses may be paramount for swimmers and coaches.

Studies usually analyse the swimmers’ pacing by stability analysis (i.e., variance)
based on lap-to-lap performance and stroke kinematics (Morais et al.,, 2021;
Robertson et al., 2009). As the 50 m events in long-course metre (swimming
pool with 50 m of length) consist of only one lap, lap-to-lap stability (i.e., var-
iance) cannot be performed. Yet, studies suggested that 50 m events can also be
analysed by stability analysis to understand the swimmers’ behaviour throughout
the race (Morais et al., 2022; Simbafia-Escobar et al., 2018). In such short sprints
of one single lap, it is feasible to perform within lap stability (i.e., intra-lap
variance) having as reference the swimming pool marks (i.e., 15m, 25m, 35m,
and 45 m). This allows for a more detailed understanding of the magnitude of the
difference between the lap sections and a better insight of the swimmers’ profiles
and their variance during the race (Mauger et al., 2012). Moreover, it was sug-
gested that 50 m sprinters perform a rapid acceleration at the start by taking
advantage of the dive effect, followed by a gradual decay of swimming speed
throughout the race as fatigue sets in (Morais et al., 2022). Hence, 50 m events
seem to present a positive profile, considering that there is a decrease in the
swimming speed throughout the race (McGibbon et al.,, 2018). In tandem to this
assertion, two studies reported such trend in the 50 m freestyle, where the speed-
time curve revealed a cubic relationship (Morais et al., 2022; Simbana-Escobar
et al., 2018). However, there is no evidence on this topic in the remaining
swimming strokes, as well, as for the stroke kinematics’ stability.

Therefore, this study aimed to: (i) characterise the stroke kinematics’ stability of
the male swimmers competing in the four 50 m events at the 2021 European
Championships, and; (ii) understand the speed-time relationship in the four race
events. It was hypothesised that: (i) a low kinematics’ stability (i.e., significant
differences during the race specially in swim speed) will be observed, and; (ii)
swimmers will present a cubic speed-time relationship.
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Methods
Participants

An a priori power analysis was conducted using G*Power (Faul et al., 2007). Eighty-four
participants (42 in each group) were required to detect a large effect size (d = 0.80) with
95% power (a = 0.05, two-tailed test) for a ‘Difference between two independent means
(two groups)’ statistical test. Participants were all male swimmers who competed in the
50 m events (i.e., heats, semi-finals, and final) at the 2021 LEN European Championships
held in Budapest (backstroke: 78 swimmers; breaststroke: 79 swimmers; butterfly: 89
swimmers; freestyle: 95 swimmers). Only swimmers with official race times were ana-
lysed (i.e., disqualifications were not considered). Whenever swimmers qualified for
semi-finals or finals, multiple analyses for each swimmer were conducted. The 50 m
backstroke performance reached 93.51 + 3.09% the World Record, the 50 m breaststroke
93.59 + 3.04%, the 50 m butterfly 93.24 £ 2.81%, and the 50 m freestyle 92.39 + 3.56%. All
procedures were in accordance with the Declaration of Helsinki regarding human
research, and the Polytechnic Ethics Board approved the research design (N.° 73/2022).

Data analysis

The official race times and block times were retrieved from the official competition
website (http://budapest2020.microplustiming.com/indexBudapest2021_web.php). All
video clips were provided in high-definition video (f=50 Hz) by the Ligue Européenne
de Natation (LEN). The setup system delivered 10 pan-tilt-zoom cameras. Each swimmer
was recorded by one camera (i.e., one camera per lane) allowing the analysis of the start
and finish individually. Pool calibration was set before every session. Clamps were placed
in the lane ropes to stop the counters from moving and then, pictures were taken at 5m,
15 m, 25 m, 35 m, and 45 m to identify exactly where these distance points were. The start
strobe lights were synchronised with the official timing system and were visible by all
cameras. The start strobe light was used as a reference to set the timestamp on the race
analysis software (Morais et al., 2019). Two expert race analysts performed each race
analysis. The agreement between both analysts was assessed with the Intraclass
Correlation Coefficient (ICC). This revealed a very-high agreement (ICC = 0.999).

The start (i.e., the time lag between the starting signal and the 15m mark) was
converted into speed. This was section S0-15m (i.e., time between 0 and 15 m). The
remaining sections were: (i) S15-25m (time between the 15" and the 25 metre); (ii)
$25-35m (time between the 25" and the 35" metre); (iii) $35-45 m (time between the
35" and the 45 metre), and; (iv) $45-50 m (time between the 45 and the 50" metre—
finish) (Morais et al., 2022). All kinematic variables were measured after the S0O-15m
section. In each of the next sections the following variables were measured: (i) the clean
swimming speed (in m/s); (ii) the stroke frequency (SF, in Hz); (iii) the stroke length (SL,
in m), and; (iv) the stroke index (SI, in m?/s). The clean swimming speed was calculated
as v=d/t, in which d is the distance (in m) and t is the time (in seconds). The SF was
obtained by computing the period of the time spent to complete a full stroke cycle (SF =
1/P, where P is the period). In each section (besides the start—S0-15 m), the average SF
was calculated based on the number of strokes that were performed in that same section.
The SL was calculated as SL = v/SF (Craig & Pendergast, 1979), and the SI as SI=v*SL
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(Costill et al., 1985). The finish time and speed started to be measured when the
swimmer’s head reached the 45™ metre mark and stopped when the swimmer’s hand
touched the end wall. For each swimmer, it was measured the distance between the head
and the end wall. This was done to perform a speed correction based on the time that the
swimmer’s head would take to complete the remaining distance (Thompson et al., 2000).

Statistical analysis

The Kolmogorov-Smirnov and the Levene tests were used to assess the normality
and homoscedasticity, respectively. The mean plus one standard deviation were
computed as descriptive statistics. For each race event, the dataset was split into
two halves: (i) fastest swimmers; (ii) slowest swimmers (significant differences
were observed between groups in the swimming speed). The independent samples
t-test (p <0.05) was used to compare groups (fastest vs slowest swimmers). The
mean difference and 95% confidence intervals (95 CI) of the mean difference were
also calculated. Cohen’s d was selected as standardised effect size, and interpreted
as small effect size if 0 < |d| < 0.2; medium if 0.2 < |d| < 0.5 and; large effect size if
|d| > 0.5 (Cohen, 1988).

Between-participants worthwhile changes were computed to examine the smallest
meaningful improvement. This allows to determine the true change that elicits
a meaningful improvement in performance, rather than just typical variation in
the test. Worthwhile changes were calculated by having d=0.2 as the smallest
standardised effect size in sports performance (Bucheit, 2016). Afterwards, each
worthwhile change was converted into smallest partial improvement to be expected.
This was performed having as reference the mean value of the fastest group of the
two being compared.

The swimmer’s stability was assessed based on mean and normative stability (Morais
et al., 2021). This refers to the persistence of the magnitude of change of a given variable
over the race. The ANOV A repeated measures (i.e., variance between sections), followed
by the Bonferroni post-hoc were used to verify differences between each pairwise (p <
0.05). The effect size index (eta square — r]z) was computed and interpreted as: (i) without
effect if 0 < > <0.04; (ii) minimum if 0.04 < n* <0.25; (iii) moderate if 0.25 < 1> <0.64 and;
(iv) strong if n> >0.64 (Ferguson, 2009). The coefficient of variation (CV, in %) was
calculated for each pairwise. The normative stability focuses on the stability of inter-
individual differences in intra-individual changes. It refers to the maintenance of the
relative position of the swimmers within a group assessed over the race. This was assessed
with the IntraClass Correlation Coefficient (ICC) between each pairwise. As a rule of
thumb, it was defined that the stability was: (i) low if r < 0.30; (ii) moderate if 0.30 < r <
0.60; (iii) high if r > 0.60 (Malina, 2001).

For each race event (i.e., backstroke, breaststroke, butterfly, and freestyle), the
curve fitting was used to model the speed-time data spread by assigning the ‘best fit’
function through the entire race (Morais et al., 2022). It was performed based on the
five main sections defined beforehand: (i) SO-15m; (ii) S15-25m; (iii) S25-35m;
(iv) S35-45m, and; (v) S45-50 m. Linear, quadratic, and cubic fits were tested.
Trendline, 95 CI, 95% of prediction interval (95PI), and standard error of estimation
(SEE) were calculated. The SEE was used as a goodness-of-fit indicator to compare



SPORTS BIOMECHANICS (&) 5

the models (i.e., linear, quadratic, and cubic) (Siegel, 2016). It demonstrates how
precise model predictions are by using the units of the dependent variable (i.e., it
indicates how far the data points are from the regression line on average). Lower
SEE values indicate that the distances between the data points and the fitted values
are narrower. Statistical computations were performed using a statistical analysis
program (SPSS, Version 26.0; Chicago, IL).

Results

Descriptive data of all sections of the race, and comparison between groups, is presented
in Table 1. Clean swimming (i.e., sections between the 15" and the 45™ metre marks) and
finish (i.e., last section, S45-50 m) mean stability of both groups are depicted in Figure 1
and Table 2 Significant variances were found for both groups in all variables and
swimming strokes. Moreover, for all swimming strokes, the swimming speed was the
variable with the highest variance in both groups.

Table 2 also presents the normative stability. Overall, swimmers of both groups
showed a moderate-to-high normative stability in backstroke (except swimmers in the
fastest group regarding speed between S35-45m and S45-50 m). In breaststroke,
a moderate-to-high normative stability was observed for all variables and groups.
However, the swimming speed for the fastest swimmers had a low to high normative
stability. Butterfly revealed a low to high normative stability for all variables and groups.
Same trend was noticed for freestyle swimmers in the fastest group, although their
counterparts in the slowest group had a moderate-to-high normative stability.
Altogether, fastest swimmers are more likely to change their relative position during
the race than their slower counterparts, especially in butterfly and freestyle.

Figure 2 depicts the speed-time curve fitting in the 50 m events. For all swimming
strokes and groups, the curve fitting suggested a cubic relationship (based on lower SEE)
in comparison to linear and quadratic models (backstroke—fastest group: SEE = 0.053;
slowest group: SEE = 0.082; breaststroke—fastest group: SEE = 0.061; slowest group: SEE
=0.068; butterfly—fastest group: SEE =0.050; slowest group: SEE = 0.085; freestyle—
fastest group: SEE = 0.043; slowest group: SEE = 0.092).

Discussion and Implications

This study aimed to: (i) characterise the stroke kinematics’ stability of the male swimmers
competing in the four 50 m sprint events at the 2021 European Championships, and; (ii)
understand the speed-time relationship in the four race events. In all swimming strokes,
a low mean stability was found in the swimming speed in both groups, suggesting
a positive pacing profile during the race. Overall, the same trend was observed in the
remaining variables. Conversely, fastest swimmers in all strokes presented a low to high
normative stability, and slowest swimmers a moderate-to-high normative stability. The
best fitting for both groups in all swimming strokes was a cubic speed-time relationship.
Thus, it can be considered that elite swimmers in the four swimming strokes presented an
all-out trend with two evident key-moments (section S0-15 m—start; section S45-50 m
—finish) in both groups.
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Figure 1. Average data of the variables analyzed during the stroke cycle. Within-lap stability for the
stroke kinematics (from the 15th to 50th meter, i.e., clean swim and finish) by the fastest and slowest
swimmers in the 50 m male events during the 2021 LEN European Championships. Panel A —
backstroke; Panel B — breaststroke; Panel C — butterfly; Panel D — freestyle. SF — stroke frequency;
SL - stroke length; SI — stroke index. Significant differences (p < 0.05) between sections: a — S15-25 m
vs $25-35 m; b — $15-25 m vs S35-45 m; ¢ — S15-25 m vs $45-50 m; d — S25-35 m vs S35-45 m; e — S25-
35 m vs 545-50 m; f — S35-45 m vs S45-50 m.

A low stability throughout the race was noted for all variables in the four events and
both groups. It was suggested that swimmers of the same competitive level might have
the same stability profile while racing (Morais et al., 2022). However, until now there was
no evidence on this matter. Differences (with small to large effect size) were observed in
speed from the S15-25 m onwards (clean swimming and finish phases). That is, a drop in
speed over the race was observed in all sprint events. This has also been noted before at
junior (Morais et al., 2022) and elite levels (Simbana-Escobar et al., 2018), but only in
freestyle sprinting. Altogether, our research confirms that a swimming speed decay over
the race also happens in all sprint events.

Likewise, SF decreased over the 50 m race in events and groups. Conversely, SL increased
at the beginning of the clean swim (S15-25 m to S35-45 m) to decrease later (S35-45 m to
$45-50 m) in all events and groups. It was argued that in sprint events, swimmers ‘control’
their pace through SF (Costill et al., 1985; Simbafia-Escobar et al., 2020). Swimming speed is
changed by mainly increasing and decreasing the SF rather than the SL. Thus, the speed
decay observed here is largely due to a decrease in SF. In sprint events it seems that
swimmers do not undergo a pacing strategy, but rather an all-out trend is employed. The
drop in SF at the end of the race can be due to an impairment of the energetics pathways
(Pyne & Sharp, 2014). Swimmers tend to trade-off SF and SL, i.e., whenever SF decreases,
often SL increases (Craig & Pendergast, 1979). However, from sections S35-45 m to S45-
50 m, decreases in SF were coupled with SL decreases. Swimmers may not be able to
produce the same amount of in-water force and the leading energetic pathway unable to
deliver the same power at the end of a maximal bout (Pyne & Sharp, 2014). It was claimed
that a shorter SL could be associated with a lower capability to generate sufficient propulsive
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Figure 2. Cubic curve fitting of the swim speed in the 50 m events during 2021 LEN European
Championships. Solid line denotes the mean, dashed line the 95CI, and dotted line the 95PI. Panel A —
backstroke; Panel B — breaststroke; Panel C — butterfly; Panel D - freestyle. In each panel, 1 and 2 after
each letter corresponds to the fastest and slowest swimmers' groups, respectively.
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force needed to overcome drag (Craig et al., 1985). In summary, SF and SL suggest that
swimmers indeed adopt an all-out trend when they swim 50 m sprints.

Sprinters showed a moderate-to-high normative stability of both SF and SL in all
events and groups. Hence, they kept their relative position, i.e., those with higher SF or SL
at the start of the race were likely to still have higher SF or SL in the middle and end of the
race. On the other hand, speed stability showed that fastest swimmers had a low to high
stability; whereas slowest swimmers, a moderate-to-high stability. Thus, swimmers with
better performances are likely to change their relative position over the race more often
than low group counterparts. Literature reports that elite swimmers are inclined to
explore the race context optimising their technique with their individual strengths, at
least in longer distances than 50 m (Bideault et al., 2013). Maybe the same is happening in
short sprints as the 50 m. Swimmers have stronger and weaker points in different phases
of the race, leading to relative changes in their relative positions.

If an all-out race is considered, then sprinting events should yield linear relationships
instead. However, the present data reveal that the best fit is non-linear (i.e., cubic fit).
Studies have shown that both elite (Simbafa-Escobar et al., 2018) and junior (Morais
et al., 2022) 50 m sprinters in freestyle stroke denoted a cubic speed-time curve.
However, there was no available evidence yet on the remaining sprint events. In this
cubic relationship, the first key-moment point happened in the start (S0-15m) and
the second key-moment in the finish (S45-50 m). As such, the start is indeed a key
phase in freestyle (Marinho et al., 2021), breaststroke (Sanchez et al., 2021), backstroke
(Barkwell & Dickey, 2018), and butterfly (Gonjo & Olstad, 2020) sprint events. Same
assertion is true for the finish. Studies in freestyle sprinting events reported that swim-
mers tend to significantly slowdown in the finish (Arellano et al., 2018; Morais et al,,
2022; Simbaia-Escobar et al., 2018). However, a study on the 100 m breaststroke showed
that the finish (last 5 m of the race) did not have a significant association with the final
race time (Olstad et al., 2020). Still, our swimmers clearly shown a sharp decay in speed in
the finish. Thus, swimmers who do not slowdown as much at the end of the race may
deliver better performance times (Morais et al., 2022).

Opverall, coaches should be aware that a speed decay happens over short sprints even
though an all-out trend is set. The decay is mostly due to a decrease in SF due to energetic
and strength parameters decline that limit or cap the production of propulsive force. The
changes in the relative position among competitors over the race is related to different
swimmers presenting strong and weak points in different phases of the race. Thus, each
one should keep their own race trend avoiding changes over the course of such short
sprint. The start and finish are steppingstones to be worked out as were noted as key-
moments of the 50 m race.

Conclusion

The mean stability of elite male swimmers of both groups in all 50 m sprint events had
a significant variance during the race. Fastest swimmers presented a low to high norma-
tive stability, whereas slowest swimmers a moderate-to-high. Hence, the best performers
in all sprint events change their relative positions more often throughout the race. Speed-
time curve fitting yielded a cubic relationship, in which the start and finish are key
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moments of the race. Elite male swimmers who race the 50 m sprint events at major
competitions adopt an all-out trend.
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