
Mário J Costa 
1,5

, José A Bragada 
1,5

, Erik J Mejias 
1,5 

Daniel A Marinho 
2,5

, António J Silva 
3,5 

, Hugo Louro 
4,5

 Tiago M Barbosa 
1,5

  

ESTABLISHING THE CHANGES IN ELITE SWIMMERS’ ENERGETIC AND 

BIOMECHANICAL PROFILE DURING A WINTER SEASON 

Anderson M, Hopkins W, Roberts A, Pyne D. 

Ability of test measures to predict com-

petitive performance in elite swimmers. 

Journal of Sports Science. 2008; 26(2):123

-130. 

Barbosa, T.M., Fernandes, R.J., Morouço, P., 

Vilas-Boas, J.P. Predicting the intra-cyclic 

variation of the velocity of the centre of 

mass from segmental velocities in butter-

fly stroke: a pilot study. Journal of Sport 

Science and Medicine 2008; 7: 201-209. 

Barbosa TM, Bragada JA, Reis VM, Marinho 

DA, Carvalho C, Silva AJ. Energetics and 

biomechanics as determining factors of 

swimming performance: updating the 

state of the art. Journal of Science and 

Medicine in Sports 2010; 13(2): 262-269. 

Costill, D., J. Kovaleski, D. Porter, R. Fielding, 

and D. King. Energy expenditure during 

front crawl swimming: predicting success 

in middle-distance events. International. 

Journal of Sports Medicine 1985; 6:266-

270. 

Craig, A., Skehan, P., Pawelczyk, J., Boomer, 

W. Velocity, stroke rate and distance per 

stroke during elite swimming competi-

tion. Medicine and Science in Sports Exer-

cise 1985; 17:625-634. 

Latt, E., Jurimae, J., Haljaste, K., T. Longitudi-

nal development of physical and per-

formance parameters during biological 

maturation of young male swimmers. 

Perceptual and Motor Skills 2009a; 

108:297-307. 

Latt, E., Jurimae, J., Haljaste, K., Cicchella, 

A., Purge, P., Jurimae, T. Physical develop-

ment and swimming performance during 

biological maturation in young female 

swimmers. Collegium Antropologicum 

2009b; 33:117-122. 

Minghelli F, Castro F. Kinematics parameters 

of front crawl stroke sprinting trough a 

training season. Portuguese Journal of 

Sports Sciences 6 2006. (Supl. 1):102. 

Reis J, Alves F. Training induced changes in 

critival velocity and V4 in age group 

swimmers. Portuguese Journal of Sports 

Sciences 6 2006; (Supl. 1):55. 

Zamparo, P., D. Pendergast, J. Mollendorf, A. 

Termin, and A. Minetti. An energy bal-

ance of front crawl. European Journal Ap-

plied Physiological 2005; 94:134-144. 

1
 Polytechnic Institute of Bragança, Bragança, Portugal  

2 
University of Beira Interior, Covilhã, Portugal  

3 
University of Trás-os-Montes and Alto Douro, Vila Real, Portugal  

4
 School of Sport Sciences, Rio Maior, Portugal  

5
 Research Centre in Sports, Health and Human Development, Vila Real, Portugal 

 

SUBJECTS:  Seven elite male swim-

mers ((19.86±3.58 years of age; 

1.77±0.05 m of body height; 

71.77±7.55 kg of body mass) volun-

teered to serve as subjects. Swim-

mers had regular participation in na-

tional and international competitions 

in the last two years.  

STUDY DESIGN: Subjects were as-

sessed in two different evaluation 

moments: November (EM1) and 

March (EM2) of the 2009-2010 sea-

son. In a single session an incre-

mental step test of 7x200-m Front 

Crawl, with an increase in speed of 

0.05-m.s
-1

 and 30-s of recovery be-

tween bouts was performed, to as-

sess the energetic and biomechani-

cal variables in a 50-m swimming 

pool. The initial velocity was deter-

mined by approximately 0.3-m.s
-1 

lower than the best performance of 

each subject at the 200-m Front 

Crawl event. It was evaluated: (i) the 

velocity of maximal equilibrium of 

lactate levels estimated to be at the 

4-mmol (V4, m.s
-1

) as energetic vari-

able; (ii) the stroke length at V4 

(SL@V4, m), stroke frequency at V4 

(SF@V4, Hz), stroke index at V4 

(SI@V4, m
2
.c

-1
.s

-1
) and propelling ef-

ficiency at V4 (np@V4, %) as biome-

chanical variables.  

DATA COLLECTION: The V4 values 

were obtained by the interpolation 

of the average lactate value (4 mml.L
-1

), with the exponential curve of lac-

tate/speed. The SF was measured 

with a crono-frequency meter 

(Golfinho Sports MC 815, Aveiro, 

Portugal)  from three consecutive 

stroke cycles, in the middle of each 

lap.  The SF@V4 was obtained by the 

interpolation of the SF value in the 

V4 by the curve SF-speed. SL@V4 

was calculated by the equation 

(Craig et al., 1985):  

 

 

 

The SI@V4 was calculated by the 

equation (Costil et al., 1985) 

 

 

The np@V4 was obtained according 

to Zamparo et al., (2005): 

STATISTICAL PROCEDURES: The nor-

mality of the distributions was as-

sessed with the Shapiro-Wilk test. 

The comparison between the two 

EM was performed based on the non 

parametric Wilcoxon Test (P < 0.05).  

 

It seems that there is a trend for a V4 

increase during the winter season. 

Moreover, the changes in biome-

chanical parameters, mainly in 

SF@V4, can be the determinant fac-

tor for this V4 enhancement. How-

ever, an individual analysis should be 

considered to better explore the 

benefits of the training process. 
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Researchers are constantly trying to 

identify the factors that can predict 

with higher accuracy the swimming 

performance. This massive research 

has given special emphasis to the en-

ergetic and biomechanical assess-

ments as the major determinants to 

enhance swimming performance 

(e.g. Barbosa et al., 2008). A very re-

cent review study suggested a hierar-

chical relationship between these 

factors. The performance is strongly 

linked to the energetic assumptions, 

since these, in turn, are dependent 

on the biomechanical behaviour and 

the motor strategies adopted by 

swimmer (Barbosa et al., 2010).   

Tracking changes in energetical and/

or biomechanical variables is quite 

important for swimmers and 

coaches, because might help those 

finding realistic goals and training 

procedures.  Main advantages are: (i) 

monitoring the progression on swim-

mers’ energetic and biomechanical 

profile during or between seasons 

or; (ii) determine a hierarchical con-

tribution for the variables that can 

better predict the swimming per-

formance during a season or during 

swimmers career; and (iii) establish 

temporal relationships between 

swimmers energetic and biome-

chanical profiles.  

For two consecutive seasons was re-

ported a significant improvement in  

biomechanical and energetical fac-

tors for young male (Latt et al., 

2009a) and female (Latt et al., 

2009b) swimmers. Authors also 

stated that biomechanical factors 

(stroke index)  best characterized the 

400-m freestyle performance in both 

genders. Monitoring changes in test 

measures for 3.6±2.5 years, the 

stroke frequency at 4 mmol.L
-1

 blood 

lactate concentration (SF@V4) for 

males and the skinfolds for females 

showed to be reliable parameters to 

predict the breaststroke perform-

ance (Anderson et al., 2008).  

At the moment, a couple of papers 

investigated longitudinal data con-

cerning the changes in energetic or 

biomechanical variables.  However, 

those earlier studies only focused 

their attention in a single domain 

(energetics or biomechanics), and/or 

measured very few parameters.  

So, the aim of this study was to ana-

lyze the changes in elite swimmers’ 

energetic and biomechanical profile 

during a winter season. 
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Figure 1 presents the V4 variation be-

tween the two evaluation moments. A 

significant increase was verified  be-

tween November and March 

(V4EM1=1.43±0.07; V4EM2=1.45±0.06). 

Figure 2 presents  de variation of bio-

mechanical parameters. Also a signifi-

cant increase in SF@V4 was observed 

SF@V4EM1=32.71±3.09; SF@V4EM2= 

34.14±3.67).   

The SL@V4, SI@V4 and the np@V4 pre-

sented stable without significant varia-

tions: 

SL@V4EM1=2.64±0.19;SL@V4EM2=2.56±0

.22; 

SI@V4EM1=3.77±0.33;SI@V4EM2=3.70±0.

34; 

np@V4EM1=41.83±4.05;np@V4EM2=40.6

6±4.49).  

We can appoint the training process as 

the main reason for this V4 enhance-

ment during the winter season as 
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suggested in previous studies (e.g.., Reis & 

Alves., 2006). 

On the other hand, the motor control and 

stagnation in the anthropometric charac-

teristics are reasons that can explain the 

significant increase in SF@V4 and the stag-

nation in SL@V4. At some point of the 

competitive season, elite swimmers reach 

a maximal standard of technical ability, 

were improvements in swimming velocity 

only are capable by increasing the SF and 

maintaining the SL. Similar results  about 

the stagnation in biomechanical parame-

ters were reported during a training season 

for young swimmers (Minghelli & Castro., 

2006).  However in our study, when con-

cerning  an individual analysis, four of the 

seven swimmers have increased their 

SI@V4. So, we can state that each swim-

mer as an individual optimal capacity to 

combine this key biomechanical elements 

to improve their performance. 
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Figure 1. Mean (+1 SD) variation of V4 between the two evaluation moments.   
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Figure 2. Mean (+1 SD) variation of biomechanical parameters between the two 

evaluation moments.   


