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Abstract 
The aim of this study was to analyze the progression and stability 
in the performance of world-ranked swimmers from 2015 to 
2020, and the impairment induced by the COVID-19 lockdown. 
An observational retrospective design over five consecutive com-
petitive seasons was selected. FINA´s male Top-50 who were 
qualified for the Tokyo Olympic Games were considered in free-
style, backstroke, backstroke, and butterfly events. A total of 515 
male swimmers and 2060 season-best performances were ana-
lyzed. All data was retrieved from two open-access and public 
websites (Swimrankings and Swimcloud). Repeated measures 
ANOVA followed by the Bonferroni post-hoc test was performed 
to analyze the variation between seasons. Stabilization in perfor-
mance was assessed using spearman correlation coefficients. A 
significant improvement in performance ≈0.5-2.5% was found in 
most of the strokes and race distances until the 2018-2019 season. 
The 2020 lockdown impaired the performance by 1-2%. Moder-
ate to high associations were found in the 2017-2018 season when 
considering the 2019-2020 performance. The breaststroke was 
the only stroke with a moderate-high stability (r > 0.40) in all race 
distances considering the overall time period. It can be concluded 
that world-ranked swimmers’ performance was impaired by 1-2% 
due to the COVID-19 lockdown, returning to levels that were 
reached two years earlier. 
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tion, COVID-19 lockdown. 

 
 

Introduction 
 
The annual performance progression of the world-ranked 
competitors is an important topic to be studied. This infor-
mation can be used to describe and estimate the perfor-
mance progression during and between seasons, in order to 
get a fairly annual enhancement in performance or to be at 
the top in the most important competitions. This was done 
in the past leading to several Olympic events. While swim-
mers improved their performance by 1% within the year 
leading up to the Sydney’s 2000 Olympic Games, an addi-
tional enhancement of 0.4 % increased substantially their 
chances to reach a medal in that specific event (Pyne et al., 
2004). The performance trajectories may also help to find 
hypothetical chronological points where each swimmer 
needs to achieve their highest level of performance to be 
qualified. The overall performance improvement during an 
Olympic cycle is around 3-4%; but the third season leading 
to the Olympics should be taken as a milestone where a 
deceleration in race times’ improvements is observed 

(Costa et al., 2010). Although there is some evidence re-
garding the Olympic Games past editions, there is a lack of 
research on how performance trends in the various swim-
ming strokes changed through the most recent years, and 
mostly, how those were affected towards Tokyo 2020, 
postponed to 2021. 

The 2020 swimming year stands out as one of the 
most unforeseen years justified by the emergence of the 
global pandemic. The outbreak of the COVID-19 pan-
demic was a worldwide phenomenon that forced a general 
lockdown. This led to many restrictions on multiple sports, 
including swimming. While decisions were made to post-
pone or cancel major swimming events, the athletes were 
not allowed to train regularly in their “normal environ-
ment”. As such, dry-land strength training, plyometrics, or 
the use of several home-work machines were suggested as 
useful alternatives to avoid a complete training cessation 
(Haddad et al., 2021). Although there is evidence that re-
ports positive effects of this kind of training (e.g., Sa-
dowski et al., 2020; Pinos et al., 2020), it is clear that the 
in-water training cessation would compromise the swim-
mers’ full capacity and, as a consequence, affect their per-
formance (Moreira et al., 2014; Zacca et al., 2019). Thus, 
there is an opportunity to understand and quantify how the 
swimming performance was affected during these last 
years due to the unexpected lockdown. 

The aim of this study was to analyze the progression 
and stability in the performance of world-ranked swimmers 
already qualified for the Tokyo 2020 Olympic Games dur-
ing five consecutive seasons, namely from 2015 to 2020. It 
was hypothesized that the performance would show a sig-
nificant improvement by the year 2019, and a setback 
would be expected thereafter. 

 
Methods 
 

Participants 
The FINA´s Top-50 male swimmers qualified to Tokyo 
2020 Summer Olympic Games (postponed to 2021) in free-
style, backstroke, butterfly, and breaststroke long-course 
events were analyzed. The original FINA´s qualification 
time frame, from the 1st of March 2019 until the 29th of 
June 2020, was considered as an inclusion criteria. Swim-
mers were excluded if the official season-best performance 
data in long course (50-m pool) events was not available 
since 2015-2016 (Rio 2016 Summer Olympic Games) and 
if they had not swum at least once per season. Hence, 515 
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male swimmers qualified for the Olympic Games in the 
Top-50 were included for further analysis. 
 
Design and procedures 
An observational retrospective design over five consecu-
tive competitive seasons was selected for the present study. 
A “competitive season” was considered from the 1st of Oc-
tober of each year to the 30th of September of the conse-
quent year (e.g., 1st October 2015 to 30th September 2016). 
The best-season performances (swimmers’ official times) 
between 2015-2016 (Rio 2016 Summer Olympic Games) 
and 2019-2020 (Tokyo 2020 Summer Olympic Games) in 
freestyle (50-m, 100-m, 200-m, 400-m, 800-m, and 1500-
m), backstroke (100-m and 200-m), butterfly (100-m and 
200-m), and breaststroke (100-m and 200-m) long-course 
events were retrieved. A total of 2060 season-best perfor-
mances for all events were analyzed. All data was obtained 
from two open-access and public websites (Swimrankings 
and Swimcloud). The Institutional Ethics Committee stated 
that ethics approval was not required for this type of study 
design. 
 

Statistical analysis 
The Shapiro-Wilk was used to assess the normality of dis-
tribution. Descriptive analyses included mean and one 
standard deviation (1 SD). The mean ± 1 SD and quartiles 
were considered for the mean stability of each competitive 
season at a given event in all four strokes. Repeated 
measures ANOVA followed by the Bonferroni post-hoc 
test was performed to analyze the variation between sea-
sons. The assumptions of an ANOVA were tested, and 
Greenhouse-Geisser correction was considered if the as-
sumption  of  sphericity  was violated. Partial Eta Squared  

(ηp
2) was calculated as an effect size and interpreted ac-

cording to Ferguson (2009): no effect if 0 < ηp
2 ≤ 0.04; a 

minimum effect if 0.04 > ηp
2 ≤ 0.25; a moderate effect if 

0.25 > ηp
2 ≤ 0.64; and a strong effect if ηp

2 > 0.64. The rel- 
ative frequency of performance variation (i.e., percentage 
of performance improvement, %) between seasons was re-
ported. 

Regularly the performance stability is used as a 
measure to detect decelerations in race times’ improvement 
and/or to quantify associations between pairwise seasons 
(Costa et al., 2011). The stability was analyzed using the 
Pearson Correlation Coefficient (r) and interpreted as high 
if r ≥ 0.60, as moderate if 0.30 ≥ r < 0.60, and as low if r < 
0.30 (Malina, 2001). All statistical procedures were per-
formed in the SPSS software (v.27, IBM, SPSS Inc., Chi-
cago, IL, USA) and statistical significance was set at p ≤ 
0.05. Thresholds for assigning qualitative terms to the 
chance of a substantial improvement were as follows: < 0.5 
%, most unlikely; 0.5-5 %, very unlikely; 6-25 %, unlikely; 
26-75 %, possibly; 76-95 %, likely; 96-99.5 %, very likely; 
and > 99.5 %, most likely (Hopkins, 2007). 

 

Results 
 
The variation of season-best and performance trends dur-
ing the five competitive seasons in all events are shown in 
Figure 1 and Figure 2. A significant and moderate effect of 
competitive seasons in the 50-m (F4,152 = 14.60; p < 0.01; 
ηp

2 = 0.28), 100-m (F2.66,106.32 = 18.48; p < 0.01; ηp
2 = 0.32), 

800-m (F1.76,58.05 = 16.69; p < 0.01; ηp
2 = 0.34) and 1500-m 

(F1.71,54.89 = 12.83; p < 0.01; ηp
2 = 0.29) freestyle events was 

observed. The 200-m (F2.5,98.79 = 9.19; p < 0.01; ηp
2 = 0.19), 

and 400-m (F1.83,67.72 = 9.07; p < 0.01; ηp
2 = 0.20) freestyle 

 
 

 
 
 

Figure 1. Variation of season-best performances during five competitive seasons in the freestyle events. 
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Figure 2. Variation of season-best performance during five competitive seasons in the backstroke, butterfly, and breaststroke 
events. 
 
events showed significant differences with a minimum ef-
fect. Significant differences (Bonferroni post-hoc) were 
found between most of the seasons in freestyle events (p ≤ 
0.05): (i) 50-m and 100-m (15/16 vs 16/17; 17/18 vs 18/19; 
18/19 vs 19/20); (ii) 200-m (15/16 vs 16/17; 18/19 vs 
19/20); (iii) 400-m and 1500-m (16/17 vs 17/18; 18/19 vs 
19/20); (iv) 800-m (15/16 vs 16/17; 16/17 vs 17/18; 17/18 
vs 18/19; 18/19 vs 19/20). 

The variation of performance in backstroke, butter-
fly and breaststroke events is shown in Figure 2. As for 
backstroke, repeated-measures ANOVA showed signifi-
cant differences in the 100-m (F1.82,72.94 = 14.45; p < 0.01; 
ηp

2 = 0.27) and 200-m (F1.47,47.08 = 9.27; p < 0.01; ηp
2 = 

0.23) backstroke events with a moderate and minimum ef-
fect, respectively. The Bonferroni post-hoc revealed differ-
ences in the following seasons: (i) 100-m (16/17 vs 17/18; 
17/18 vs 18/19; 18/19 vs 19/20); (ii) 200-m (15/16 vs 
16/17; 17/18 vs 18/19; 18/19 vs 19/20). Considering but-
terfly, there were significant differences between seasons 
in the 100-m (F1.65,59.40 = 10.80; p < 0.01; ηp

2 = 0.23) and 
200-m (F1.96,64.77 = 13.10; p < 0.01; ηp

2 = 0.28). Moderate 
effect size was found only in the 200-m butterfly event. 
The seasons 18/19 vs 19/20 were significantly different for 
both  events,  and  seasons  17/18  vs 18/19 showed differ- 

ences in the 100-m butterfly event (Bonferroni post-hoc). 
Regarding the variation of performance in breaststroke 
events, significant differences were found between seasons 
in the 100-m (F2.63,86.72 = 8.53; p < 0.01; ηp

2 = 0.21) and 
200-m (F2.10,71.48 = 9.87; p < 0.01; ηp

2 = 0.23). Furthermore, 
the Bonferroni post-hoc showed differences in seasons 
18/19 vs 19/20 for both events. 

Table 1 shows the percentage (%) of performance 
improvement (variation) between seasons. The seasonal 
performance improvements ranged from 0.16% in 50-m 
freestyle to 2.03% in 100-m butterfly and it was around 2-
4% up to the 18-19 season. A negative variation from ap-
proximately 1 to 2% (depending on the event) was ob-
served for all races between the 18/19 and the 19/20 sea-
son. The overall performance improvement was around 
0.02% (100-m freestyle) to 2.67% (800-m freestyle). 

Table 2 displays the Pearson Correlation Coeffi-
cients between 15/16 and 19/20 at a given event. Most of 
the events showed significant correlations (p ≤ 0.05) con-
sidering the Olympics season. In most of the strokes the 
moderate-high association coefficients considering the 
19/20 performance were seen in the 17/18 season. Interest-
ingly, the breaststroke was the stroke with the highest sta-
bility in performance through the overall time period. 
 
 
 
 
 
 
 
 



Costa et al. 

 
 

 

717

 
 

            Table 1. Percentage (%) of performance improvement between the competitive seasons. 

Event 
 Overall variation (%) 
15/16 – 16/17 16/17 – 17/18 17/18 – 18/19 18/19 – 19/20 15/16 – 19/20 

Freestyle      
50-m 0.98 ± 1.61 0.16 ± 1.59 0.90 ± 1.66 -1.94 ± 1.82 0.09 ± 2.28 
100-m 1.02 ± 1.58 0.16 ± 1.22 0.79 ± 1.23 -2.06 ± 1.95 0.02 ± 2.58 
200-m 1.33 ± 2.20 0.73 ± 2.99 0.57 ± 2.27 -1.57 ± 2.09 1.10 ± 3.50 
400-m 0.91 ± 2.19 1.20 ± 2.58 1.37 ± 4.27 -2.06 ± 3.42 1.55 ± 4.91 
800-m 1.28 ± 2.43 1.46 ± 2.15 0.85 ± 1.38 -1.02 ± 1.69 2.67 ± 4.20 
1500-m 1.21 ± 2.27 0.77 ± 1.56 0.66 ± 1.28 -1.11 ± 1.64 1.66 ± 3.44 
Backstroke      
100-m 0.93 ± 2.43 1.18 ± 1.87 0.79 ± 1.39 -0.90 ± 1.76 2.00 ± 3.74 
200-m 1.25 ± 2.24 0.86 ± 1.63 0.56 ± 1.25 -1.62 ± 2.06 1.39 ± 4.39 
Butterfly      
100-m 2.03 ± 3.65 0.44 ± 1.84 0.98 ± 1.83 -1.36 ± 1.90 2.05 ± 4.88 
200-m 1.40 ± 2.09 0.75 ± 1.93 0.53 ± 1.26 -2.03 ± 2.21 0.73 ± 3.99 
Breaststroke      
100-m 0.82 ± 1.93 0.85 ± 1.80 0.40 ± 1.42 -1.13 ± 1.57 0.89 ± 2.60 
200-m 0.68 ± 1.74 0.55 ± 1.38 0.61 ± 1.09 -1.99 ± 1.94 -0.09 ± 2.97 

 
Table 2. Pearson Correlation Coefficients for all competitive seasons and events. 
Freestyle 50-m 15/16 16/17 17/18 18/19 19/20 100-m 15/16 16/17 17/18 18/19 19/20 
 15/16 1     15/16 1     
 16/17 0.75* 1    16/17 0.68* 1    
 17/18 0.58* 0.74* 1   17/18 0.29 0.64* 1   
 18/19 0.54* 0.61* 0.63* 1  18/19 0.38* 0.33* 0.29* 1  
 19/20 0.52* 0.53* 0.64* 0.50* 1 19/20 0.21* 0.42* 0.44* 0.25 1
 200-m 15/16 16/17 17/18 18/19 19/20 400-m 15/16 16/17 17/18 18/19 19/20 
 15/16 1     15/16 1     
 16/17 0.79* 1    16/17 0.86* 1    
 17/18 0.41* 0.52* 1   17/18 0.66* 0.71* 1   
 18/19 0.21 0.30 0.35* 1  18/19 -0.27 0.00 -0.13 1  
 19/20 0.26 0.33* 0.55* 0.21 1 19/20 0.03 0.13 0.09 0.13 1
 800-m 15/16 16/17 17/18 18/19 19/20 1500-m 15/16 16/17 17/18 18/19 19/20 
 15/16 1     15/16 1     
 16/17 0.79* 1    16/17 0.85* 1    
 17/18 0.75* 0.73* 1   17/18 0.63* 0.71* 1   
 18/19 0.50* 0.40* 0.51* 1  18/19 0.63* 0.58* 0.68* 1  
 19/20 0.13 0.17 0.47* 0.30 1 19/20 0.47* 0.69* 0.57* 0.46* 1
Backstroke 100-m 15/16 16/17 17/18 18/19 19/20 200-m 15/16 16/17 17/18 18/19 19/20 
 15/16 1     15/16 1     
 16/17 0.81* 1    16/17 0.89 1    
 17/18 0.76* 0.79* 1   17/18 0.70* 0.80* 1   
 18/19 0.59* 0.61* 0.73* 1  18/19 0.39* 0.48* 0.75* 1  
 19/20 0.38* 0.67* 0.54* 0.52* 1 19/20 0.03 0.10 0.34* 0.38* 1
Butterfly 100-m 15/16 16/17 17/18 18/19 19/20 200-m 15/16 16/17 17/18 18/19 19/20 
 15/16 1     15/16 1     
 16/17 0.68* 1    16/17 0.78* 1    
 17/18 0.44* 0.72* 1   17/18 0.50* 0.78* 1   
 18/19 0.13 0.47* 0.43* 1  18/19 0.13 0.46* 0.67* 1  
 19/20 0.05 0.17 0.41* 0.16 1 19/20 0.19 0.20 0.22 0.30 1
Breaststroke 100-m 15/16 16/17 17/18 18/19 19/20 200-m 15/16 16/17 17/18 18/19 19/20 
 15/16 1     15/16 1     
 16/17 0.73* 1    16/17 0.85* 1    
 17/18 0.62* 0.64* 1   17/18 0.64* 0.81* 1   
 18/19 0.46* 0.57* 0.63* 1  18/19 0.38* 0.58* 0.76* 1  
 19/20 0.40* 0.42* 0.54* 0.44* 1 19/20 0.44* 0.54* 0.55* 0.46* 1
* p ≤ 0.05 

 
Discussion 
 
The aim of this study was to analyze the performance pro-
gression of world-ranked swimmers already qualified for 
the Tokyo 2020 Olympics during a five consecutive sea-
sons time period. There was a performance improvement 
in most of the strokes and race distances until the last           

season as a consequence of the COVID-19 lockdown. The 
overall loss in performance capacity was around 1-2% with 
a setback in performance at levels near those reached two 
years before. 

The degree of overall performance improvement 
during the five consecutive seasons was ≈0.5-2.5% and 
was dependent on the stroke and race distance. In fact, 
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there was a fairly good improvement of ≈2-4% until the 
2018-2019 season. Improvements of ≈2.5-4.5% were al-
ready observed in freestyle events leading to previous 
games, namely the 2008 Olympic Games (Costa et al., 
2010). However, in this study, the restrictive procedures 
applied due to the COVID-19 affected how the swimmers 
were preparing to Tokyo 2020. This led to a setback in per-
formance of ≈1-2% in the 2019-2020 season, influencing 
the overall sum in performance progression. This was a dis-
appointment to the swimmers who would be at the most 
important event of their career, having dedicated the last 
few years working on it. The confidence interval limits of 
means also show a curious trend. While at the beginning of 
the Olympic cycle the heterogeneity in race times is notice-
able, this seems to diminish through the cycle. This phe-
nomena denotes some kind of intra-individual response 
and was already reported in previous studies related to per-
formance progression during an Olympic cycle (e.g. Costa 
et al., 2010) or career trajectory (Costa et al., 2011). 

The lockdown had a substantial impact on the daily 
routines of the athletes reducing both training hours and 
weekly training frequency (da Silva et al., 2021). There 
was a reduction in the physical training levels from vigor-
ous to moderate intensity facing a more sedentary behavior 
(da Silva Santos et al., 2021). A significant increase in total 
sleep time (Facer-Childs et al., 2021) and increased anxiety 
symptoms (Soares et al., 2021) were found as well. To 
overcome these constraints, and to minimize fitness losses, 
several strategies were proposed. The use of real-time 
video conferencing was intensified in a variety of sports 
(Bobo-Arce et al., 2021; Schüttler et al., 2021). Home 
training provided the maintenance of some degree of aero-
bic capacity at least for soccer players (Rampinini et al., 
2021). However, this is more difficult for swimmers as the 
absence of water training is a major problem to overcome. 
Water training cessation is expected to increase the swim-
mers’ body fat and decrease VO2peak and metabolic rate 
(Ormsbee and Arciero, 2012). To avoid it, the swimmers 
were advised to use when possible flume swimming, teth-
ered swimming in private pools or dry-land training (Had-
dad et al., 2021). While flume or tethered swimming are 
methods that work and yield identical VO2 effort (Bonen 
et al., 1980), the dry-land training can help maintaining in-
tegrity in muscle ratio considered important for swimming 
performance (Batalha et al., 2014). 

Finally, and “within normal conditions”, the quali-
fied swimmers for Tokyo 2020 would reach similar overall 
performance progressions as those seen in previous Olym-
pic cycles at least in freestyle events (nearly 4%) (e.g., 
Costa et al., 2010). The swimmers who qualified for the 
2000 Olympic Games were able to show a 2.2% improve-
ment in their final 3 weeks of preparation (Mujika et al., 
2002). However, in this study, those final weeks of prepa-
ration never happened due to the COVID-19 lockdown. 
Because none of the available training strategies would be 
suitable to replace the in-water training gains, the post-
ponement of the Tokyo event was a fair and reasonable de-
cision, at least for swimmers. 

When dissecting the performance by stroke and dis-
tance there was a curious trend. In most of the strokes, the 
moderate-high association coefficients considering the 

2019-2020 performance were seen in the 2017-2018        
season. Here, there was a setback in performance to levels 
near those attained two years earlier. This means that the 
loss in performance due to a lockdown phenomenon was 
faster and greater than the gains in performance reached 
year by year. In fact, several coaches and athletes from a 
variety of sports questioned the impact of this postpone-
ment, highlighting the opportunity for further performance 
improvements as one of the main concerns (Oblinger-Pe-
ters and Krenn, 2020). With this in mind, we may argue 
that one year of postponement would not be enough to re-
turn to previous performance levels close to the Olympics 
year. 

The breaststroke was the stroke with the highest sta-
bility in performance through the overall time period. 
These swimmers were unable to achieve as great improve-
ments as the remaining strokes. Indeed, the 200-m breast-
stroke performance showed a negative variation denoting a 
total loss of gains reached in the previous years. It is known 
that breaststroke displays a more complex swimming pat-
tern than the other competitive swimming strokes (Bar-
tolomeu et al., 2018). The breaststroke is also the stroke 
inducing the highest energy cost at various swimming 
speeds (Barbosa et al., 2006). To achieve long world-class 
standards the elite breaststrokers must explore strategies to 
optimize their technique (Seifert et al., 2011). Probably, 
those swimmers need longer time periods to adjust in a 
more accurate way the relationship between technical ca-
pacity and energy requirement in order to reach the desired 
performance year by year. Thereby, the ultimate breast-
stroke performance will come later in the Olympics cycle 
compared to the remaining swimming strokes. 
 
Practical implications 
As this study indicates, it seems important to have different 
alternatives to decrease the effects of the lockdown in the 
athletes’ performance. Available training facilities pre-
pared to be used with strict sanitary procedures should be 
provided by all countries, especially with the cooperation 
of the national Olympic committees, supplying “minimal 
services” for high-level athletes. On the other hand, the 
cancellation and postponement of the main international 
events should be avoided, allowing for a training and com-
petition plan.   
 
Conclusion 
 
An unexpected lockdown seems to impair the performance 
of world-ranked swimmers by approximately 1-2%. This 
means a setback of almost two years of performance im-
provements. So, some kind of preventive procedures 
should be considered if a new lockdown happens in the fu-
ture. Decision-makers should be careful about postponing 
dates because athletes may not reach their previous fitness 
level to compete at their highest expected level. 
 
Acknowledgements  
This work was supported by the National Funds through the Portuguese 
Foundation for Science and Technology (FCT), I.P., (UIDB04045/2020). 
The experiments comply with the current laws of the country in which 
they were performed. The authors have no conflict of interest to declare. 
The datasets generated during and/or analyzed during the current study 



Costa et al. 

 
 

 

719

are not publicly available, but are available from the corresponding author 
who was an organizer of the study. 

 
References 
 
Barbosa, T.M., Fernandes, R., Keskinen, K.L., Colaço, P., Cardoso, C., 

Silva, J. and Vilas-Boas, J.P. (2006) Evaluation of the energy ex-
penditure in competitive swimming strokes. International Jour-
nal of Sports Medicine 27, 894-899. https://doi.org/10.1055/s-
2006-923776 

Bartolomeu, R.F., Costa, M.J. and Barbosa, T.M. (2018) Contribution of 
limbs' actions to the four competitive swimming strokes: a non-
linear approach. Journal of Sports Sciences 36, 1836-1845. 
https://doi.org/10.1080/02640414.2018.1423608 

Batalha, N.M., Raimundo, A.M., Tomas-Carus, P., Marques, M.A. and 
Silva, A J. (2014) Does an in-season detraining period affect the 
shoulder rotator cuff strength and balance of young swim-
mers?. Journal of Strength and Conditioning Research 28, 2054-
2062. https://doi.org/10.1519/JSC.0000000000000351 

Bobo-Arce, M., Sierra-Palmeiro, E., Fernández-Villarino, M.A. and Fink, 
H. (2021) Training in Rhythmic Gymnastics During the Pan-
demic. Frontiers in Psychology 12, 658872.  
https://doi.org/10.3389/fpsyg.2021.658872 

Bonen, A., Wilson, B. A., Yarkony, M. and Belcastro, A.N. (1980) Max-
imal oxygen uptake during free, tethered, and flume swim-
ming. Journal of Applied Physiology: Respiratory, Environmen-
tal and Exercise Physiology 48, 232-235.  
https://doi.org/10.1152/jappl.1980.48.2.232 

Costa, M.J., Marinho, D.A., Bragada, J.A., Silva, A.J. and Barbosa, T.M. 
(2011) Stability of elite freestyle performance from childhood to 
adulthood. Journal of Sports Sciences 29, 1183-1189.  
https://doi.org/10.1080/02640414.2011.587196 

Costa, M.J., Marinho, D.A., Reis, V.M., Silva, A.J., Marques, M.C., 
Bragada, J.A. and Barbosa, T.M. (2010) Tracking the perfor-
mance of world-ranked swimmers. Journal of Sports Science 
and Medicine 9, 411-417.  
https://pubmed.ncbi.nlm.nih.gov/24149635/ 

da Silva, L.F., de Almeida-Neto, P.F., Bulhões-Correia, A., de Queiros, 
V.S., Matos, D.G., Silva Dantas, P.M. and de Araujo Tinoco Ca-
bral, B.G. (2021) Impact of social isolation on the level of phys-
ical activity in young Brazilian athletes caused by COVID-
19. The Journal of Sports Medicine and Physical Fitness, in 
press. https://doi.org/10.23736/S0022-4707.21.12198-X 

da Silva Santos, A.M., Rossi, F.E., Dos Santos Nunes de Moura, H.P., de 
Sousa Junior, A., Machado, D., Neves, L.M., Brito, A.S., Moura, 
P., Monteiro, P.A., Freitas Junior, I. F., Dos Santos, M. and Ri-
beiro, S. (2021) COVID-19 pandemic impacts physical activity 
levels and sedentary time but not sleep quality in young badmin-
ton athletes. Sport Sciences for Health, in press.  
https://doi.org/10.1007/s11332-021-00763-6 

Facer-Childs, E.R., Hoffman, D., Tran, J.N., Drummond, S. and Raja-
ratnam, S. (2021) Sleep and mental health in athletes during 
COVID-19 lockdown. Sleep 44, zsaa261.  
https://doi.org/10.1093/sleep/zsaa261 

Haddad, M., Abbes, Z., Mujika, I. and Chamari, K. (2021) Impact of 
COVID-19 on Swimming Training: Practical Recommendations 
during Home Confinement/Isolation. International Journal of 
Environmental Research and Public Health 18, 4767. 
https://doi.org/10.3390/ijerph18094767 

Hopkins, W.G. (2007) A spreadsheet for deriving a confidence interval, 
mechanistic inference and clinical inference from a P value. 
Sportscience 11, 16-20. 

Moreira, M.F., Morais, J.E., Marinho, D.A., Silva, A.J., Barbosa, T.M. 
and Costa, M.J. (2014) Growth influences biomechanical profile 
of talented swimmers during the summer break. Sports Biome-
chanics 13, 62-74.  
https://doi.org/10.1080/14763141.2013.865139 

Mujika, I., Padilla, S. and Pyne, D. (2002) Swimming performance 
changes during the final 3 weeks of training leading to the Syd-
ney 2000 Olympic Games. International Journal of Sports Med-
icine 23, 582–587. https://doi.org/10.1055/s-2002-35526 

Oblinger-Peters, V. and Krenn, B. (2020) "Time for Recovery" or "Utter 
Uncertainty"? The Postponement of the Tokyo 2020 Olympic 
Games Through the Eyes of Olympic Athletes and Coaches. A 
Qualitative Study. Frontiers in Psychology 11, 610856. 
https://doi.org/10.3389/fpsyg.2020.610856 

Ormsbee, M.J. and Arciero, P.J. (2012) Detraining increases body fat and 
weight and decreases VO2peak and metabolic rate. Journal of 
Strength and Conditioning Research 26, 2087-2095.  
https://doi.org/10.1519/JSC.0b013e31823b874c 

Pinos, A.J., Bentley, D.J. and Logan-Sprenger, H.M. (2020) The Effects 
of Anaerobic Swim Ergometer Training on Sprint Performance 
in Adolescent Swimmers. International Journal of Sports Phys-
iology and Performance, in press.  
https://doi.org/10.1123/ijspp.2020-0591 

Pyne, D.B., Trewin, C.B. and Hopkins, W.G. (2004). Progression and var-
iability of competitive performance of Olympic swimmers. Jour-
nal of Sports Sciences 22, 613-620.  
https://doi.org/10.1080/02640410310001655822 

Rampinini, E., Donghi, F., Martin, M., Bosio, A., Riggio, M. and Maffiu-
letti, N.A. (2021) Impact of COVID-19 Lockdown on Serie A 
Soccer Players' Physical Qualities. International Journal of 
Sports Medicine, in press. https://doi.org/10.1055/a-1345-9262 

Sadowski, J., Mastalerz, A. and Gromisz, W. (2020) Transfer of Dry-Land 
Resistance Training Modalities to Swimming Performance. 
Journal of Human Kinetics 74, 195-203.  
https://doi.org/10.2478/hukin-2020-0025 

Schüttler, D., Hamm, W., Krammer, S., Steffen, J., Deuster, E., Lauseker, 
M., Egger, F., Meyer, T. and Brunner, S. (2021) Staying on the 
ball during COVID-19 pandemic: impact on training modalities 
in football players. The Journal of Sports Medicine and Physical 
Fitness, in press.  
https://doi.org/10.23736/S0022-4707.21.12256-X 

Seifert, L., Leblanc, H., Herault, R., Komar, J., Button, C. and Chollet, D. 
(2011) Inter-individual variability in the upper-lower limb 
breaststroke coordination. Human Movement Science 30, 550-
565. https://doi.org/10.1016/j.humov.2010.12.003 

Soares, L.L., Leite, L.B., Guilherme, L.Q., Rezende, L.M., Noce, F. and 
Pussieldi, G. (2021) Anxiety, sleep quality and mood in elite ath-
letes during the COVID-19 pandemic: a preliminary study. The 
Journal of Sports Medicine and Physical Fitness, in press. 
https://doi.org/10.23736/S0022-4707.21.12276-5 

Zacca, R., Toubekis, A., Freitas, L., Silva, A.F., Azevedo, R., Vilas-Boas, 
J.P., Pyne, D.B., Castro, F. and Fernandes, R.J. (2019) Effects of 
detraining in age-group swimmers performance, energetics and 
kinematics. Journal of Sports Sciences 37, 1490–1498. 
https://doi.org/10.1080/02640414.2019.1572434 

 
 

Key points 
 

 Swimming performance losses due to the lockdown 
were around 1-2%. 

 There was a setback in performance at levels near 
those reached in 2017-2018 season. 

 The breaststroke was the stroke with the highest sta-
bility in performance through the overall cycle. 
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