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ABSTRACT     Training is a complex process that depends, among other factors, on the intensity and volume 
of training. Th e objective of this study was to analyse the volume of training in several sports as a function of 
sex and age. Th e study sample consisted of 302 sportspersons (men, n=132; women, n=170) who participated 
in the 16th Games of the Small States of Europe (1st to 6th June 2015) in representing nine countries. Th e 
subjects practised the following sports: artistic gymnastics, athletics, basketball, beach volleyball, golf, judo, 
shooting, swimming, table tennis, tennis, and volleyball, and were classifi ed by sex, sport, and age (younger: 
≤20 years; intermediate: from 21 to 30 years; older: ≥31 years). Th ey responded to fi ve questions about their 
training volume and the annual number of competitions in which they participated. A one-way ANOVA with 
a Bonferroni post hoc test was used to establish diff erences by sex, sport, and age group. Th ree-way ANOVAs 
(sex [men, women] × age [3 levels: younger, intermediate, older] × sport [11 sports]) were performed to 
determine any relationships between the variables. Neither interactions between the groups nor diff erences 
depending on sex were found in the training volumes, but the older the sportsperson, the lower the training 
volume (days per week, and total time per week). Th e sports with the greatest training volumes were artistic 
gymnastics and swimming, while those with the most competitions per year were basketball and volleyball.
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Introduction
To reach the very peak in the world of sport performance, where medals and honours are earned by the smallest 
of margins, sportspersons seek every opportunity to gain a competitive edge. Th e successful development of 
an elite sportsperson requires years of careful planning and the manipulation of training variables to optimize 
his or her potential. To prepare for elite sport performance, sportspersons must undertake thousands of hours 
of training. Th e training process is dependent on many variables which coaches strive to structure and control 
to allow the sportspersons to achieve their goals (Saavedra, Escalante, García-Hermoso, & Domínguez, 2013). 
Training is a complex process whose intensity and volume need to be quantifi ed and controlled. Th ese parameters 
in harmony with proper rest and recovery yield desired performance adaptations (Rietjens et al., 2005). Th e 
magnitude of a training load can be determined by the relationship between training intensity and volume 
(Laursen, 2010). Th e infl uence of training volume and intensity on performance has been extensively studied, 
but the relationship between these two parameters is complex. Intensity, on the one hand, has been described 
as a key component of team-sport performance and should be emphasized in training (Mujika, 2013), and a 
system of high-volume training, on the other, is characteristic of an elite sportsperson’s preparation. Evidence of 
a sudden rise in training volume of elite sportspersons was seen in the almost doubling of swimmers’ training 
volumes in preparation for the 1972 Olympic Games, and the improvement of world records in sports is generally 

ORIGINAL SCIENTIFIC PAPER

Received: January 11 2018 | Accepted aft er revision: January 24 2018 | First published online: September 01 2018

© 2018 by the author(s). License MSA, Podgorica, Montenegro. Th is article is an open access article distributed under the 
terms and conditions of the Creative Commons Attribution (CC BY).

Confl ict of interest: None declared.

@MJSSMontenegro
TRAINING VOLUMES IN DIFFERENT ELITE SPORTSPERSONS
http://mjssm.me/?sekcija=article&artid=161

CORE Metadata, citation and similar papers at core.ac.uk

Provided by Opin visindi

https://core.ac.uk/display/264537643?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


38 DOI 10.26773/mjssm.180906

TRAINING VOLUMES IN DIFFERENT ELITE SPORTSPERSONS | J. M. SAAVEDRA ET AL.

recognized as refl ecting higher training volumes (Ericsson, Frampe, & Tesch-Römr, 1993). Although evidence 
has been found for decreasing volumes over the past decade, this can at least in part be explained by the increase 
in the number of competition days, advances in training methods, and enhanced technology (Issurin, 2008).

Adaptation to training volume and intensity can be diff erent in men and women, producing diff erent results. 
A recent study, for example, showed that women respond more strongly to two phases of an eight-week 
resistance training program than men do, and the authors conclude that the adaptation is sex-infl uenced 
(Ribeiro et al., 2015). Similarly, the values of maximum oxygen consumption in children and adolescents 
diff er between the sexes (Armstrong, Tomkinson & Ekelund, 2011). While in elite endurance sports (e.g., 
triathlon) there are no diff erences in training volume between men and women (Knechtle et al., 2015), 
younger and lower-level sportswomen (intercollegiate distance runners) train fewer miles per week and have 
fewer weekly sessions than their male counterparts do (Deaner, Lowen, Rogers, & Saksa, 2015).

Age is another factor determining training volume. Sports participation is oft en encouraged and introduced 
early in children’s lives as a way of maintaining a healthy lifestyle, of engaging in social interaction, and 
for enjoyment (Post et al., 2017). In elite adult sportspersons, training volume can reach 5 to 8 hours per 
day. In the last decade, training volumes have increased to 25-30 hours per week at their highest, eventually 
reaching elite status at around 4000 hours per year (Côté, Baker, & Abernethy, 2007). However, in general 
terms, the increase in training volume is usually gradual until puberty, aft er which it increases substantially 
until adulthood when, in general, it is usually maintained to allow an increase in intensity (Bompa & Haff , 
2009). In this sense, diff erent models of long-term sportsperson development have been proposed. 

One model, initially developed in Canada (Balyi, 2001), points to diff erent stages over a sportsperson’s life: 1) 
active start (0-6 years old), 2) fundamental (men: 6-9 years old; women: 6-8 years old), 3) learn to train (men: 
9-12 years old; women: 8-11 years old), 4) train to train (men: 12-16 years old; women: 11-15 years old), 5) 
train to compete (men: 16-23 years old; women: 15-21 years old), 6) train to win (men: >19 years old; women: 
>18 years old), and 7) active for life (physical activity sports). Sometimes, however, these stages are not 
respected, and there is early specialization in which volume and intensity are increased before puberty, which 
can lead to injuries (Post et al., 2017). Moreover, the age of peak sports performance usually coincides with 
training stages in which the volume is constant, although this may change from one sport to another. Th us, 
sports with high anaerobic demands, such as basketball, athletics, and table tennis, tend to have a peak age 
of around 22-28 years, whereas the more endurance- and technique-based events are at the older end of that 
continuum. In general, women peak at a younger age, e.g., in swimming at 18-22 years old, and in gymnastics, 
the most extreme, usually at around 14-18 years old (Stone, Stone, & Sand, 2007). Furthermore, the age of 
peak competitive performance decreases linearly with increasing event duration for explosive power or sprint 
events, and increases linearly with increasing event duration for endurance events (Allen & Hopkins, 2015).

With regard to sporting specialities, an adequate combination of volume and intensity is a prerequisite for 
effi  cient training. Th is combination is dependent on the duration and, therefore, on the metabolic requirements, 
of discipline-specifi c competition (Faude et al., 2008). Th us, for example, professional cyclists accumulate 
between 29,000 and 35,000 kilometres per year, while other specialities such as the 800-metre footrace have 
fewer hours of training (Laursen, 2010). Nonetheless, even within the same sport, for example, in swimming, 
the training volume can diff er markedly between individuals of the same speciality and level (Saavedra et al., 
2013). Moreover, there can be high training volumes in events that last just a little over two minutes, such as 
the 200-metre butterfl y swim, in which the last Olympic women’s champion, Mireia Belmonte, for the last 
Olympics accumulated nearly 200 weeks of >80 km swum per week, 6 to 10 hours weekly of dryland training, 
and 12 to 14 weeks of altitude training per year (Mujika, 2017). In this context, the objective of the present 
study was to analyse the volume of training in various sports as a function of sex and age.

Methods
Subjects

A total of 653 sportspersons were invited to participate in this study through the collaboration of National 
Olympic and Sports Association of Iceland (Itrotta- og Olympiusamband Islands) (ISI). Th e fi nal sample 
consisted of 302 sportspersons (men, n=132; women, n=170) who participated in the 16th Games of the 
Small States of Europe (1st to 6th June 2015) in the representation of nine countries: Andorra (n=25), 
Cyprus (n=13), Iceland (n=76), Liechtenstein (n=22), Luxembourg (n=51), Malta (n=16), Monaco (n=51), 
Montenegro (n=18), and San Marino (n=30). Th e subjects participated in eleven sports: artistic gymnastics 
(n=18), athletics (n=40), basketball (n=56), beach volleyball (n=13), golf (n=5), judo (n=20), shooting (n= 
11), swimming (n=52), table tennis (n=11), tennis (n=7), and volleyball (n=63). Th ey were classifi ed by sex, 
sport, and age (younger: ≤20 years old; intermediate: between 21 and 30 years; older: ≥31 years old), and 
completed an informed consent form. Th e study was approved by the Ethics Committee of the National 
Bioethics Committee of the Government of Iceland and followed the principles of the Declaration of Helsinki.

Instrument

Th e sportspersons responded to a short questionnaire (Saavedra, Escalante & Rodríguez, 2010) about their 
volume of training and competition: 1) How many years have you been training? 2) How many days a week do 
you train? 3) How many hours a week do you train? 4) How many hours does your training session last? and 5) 
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How many competitions do you have in a year?

Procedure

Initially, the researchers contacted the Olympic Committee of the country that organized the games to explain 
the project. Subsequently, they contacted the National Olympic Committees to explain the study. Informed 
consent and questionnaires were fi lled out by each participant before the competition. Both the consent and 
the questionnaire was presented in the offi  cial language of each country.

Data analysis

Th e normality and homoskedasticity of the distributions were tested using the Kolmogorov-Smirnov and 
Levene tests, respectively. Basic descriptive statistics (mean and standard deviation) were used to characterize 
the sample. A one-way ANOVA with a Bonferroni post hoc test was used to establish diff erences by sex, 
sport, and age group. Th ree-way ANOVAs (sex [men, women] × age [3 levels: younger, intermediate, older] × 
sport [11 sports]) were performed to determine the relationships between the variables. A p-value <0.05 was 
considered to be statistically signifi cant. All analyses were performed using the computer soft ware Statistical 
Package for Social Sciences (SPSS) version 21.0.

Results
Table 1 presents the results of the one-way ANOVA according to the sex. Only the variable “How many years 
have you been training?” presented diff erences between men and women.

Table 2 presents the results of the one-way ANOVA with Bonferroni post hoc test according to age. All 
variables except “How many competitions do you have in a year?” presented diff erences between age groups. 
Th e younger sportspersons train more days per week and more times per week than the intermediate group, 
who in turn train more than the older group. Th e duration of the session is longer for the younger than for 
the older sportspersons.

Table 3 shows the results of the one-way ANOVA with Bonferroni post hoc test according to the sport. All 
the variables showed diff erences. Artistic gymnastics, athletics, and swimming are the sports that involve 
the most days of training. Artistic gymnastics and swimming have the most training time per week, and 
artistic gymnastics and shooting have the longest training sessions. Finally, the team sports (basketball and 
volleyball) have more competitions per year than the other sports do.

Th ere were no signifi cant diff erences with respect to interactions (sex × age × sport) in any question: “How 
many years have you been training?” (F=.163, p=.999), “How many days a week have you been training?” 
(F=.967, p=.478), “How many hours a week do you train?” (F=1.252, p=.255), “How many hours does your 
training session last?” (F=1.582, p=.106), “How many competitions do you have in a year?” (F=1.903, p=.060).

TABLE 1  Means and standard deviations of responses to training volume questions, and one-way 
ANOVA as a function of sex.

Men (n=132) Women (n=170)
F p

Mean (SD) Mean (SD)

How many years have you been training? 10.88 (2.00) 10.38 (2.42) 3.726 0.045

How many days a week do you train? 5.00 (1.4) 5.19 (1.18) 1.637 0.202

How many hours a week do you train? 15.85 (5.34) 15.29 (4.58) 0.944 0.322

How many hours does your training session last? 2.38 (0.61) 2.52 (0.81) 2.850 0.092

How many competitions do you have in a year? 17.56 (6.14) 18.45 (6.31) 1.481 0.225

TABLE 2  Means and standard deviations of responses to training volume questions, and one-way ANOVA with Bonferroni post hoc test as 
a function of age.

(a) Younger

(≤20 years)

(n=108)

(b) Intermediate

(21 to 30 years)

(n=152)

(c) Older

(≥31 years)

(n=42) F p Diff erences

Mean (SD) Mean (SD) Mean (SD)

How many years have you been training? 9.59 (2.53) 10.97 (1.92) 11.65 (1.55) 18.551 <0.001 a,b<c

How many days a week do you train? 5.54 (1.11) 5.04 (1.27) 4.31 (1.34) 16.836 <0.001 a>b>c

How many hours a week do you train? 16.89 (4.80) 15.40 (4.92) 12.87 (4.10) 11.796 <0.001 a>b>c

How many hours does your training session last? 2.59 (0.79) 2.43 (0.72) 2.27 (0.54) 3.450 0.033 a>c

How many competitions do you have in a year? 17.41 (6.05) 18.63 (6.31) 17.80 (6.40) 1.192 0.305 -
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Discussion
Th is study has analysed the training volume of more than 300 elite sportspersons based on sex, age, and 
sport practised. It off ers the fi rst comparison of participation in the same sport championship, in this case, 
the Games of the Small States of Europe. Th is championship is held every two years, and only countries with 
fewer than 1,000,000 inhabitants can participate. In general, the study has shown that there are no diff erences 
in training volume between men and women, but the older the sportsperson, the fewer the days per week and 
the less total time per week they train. Th e sports with the greatest training volumes were artistic gymnastics 
and swimming, and those with the most competitions annually were basketball and volleyball. Th ese results 
suggest that training volume does not depend on sex but does depend on age and the sport practised. Th is 
seems to indicate the need for the individualization of training volume according to these last two aspects. 
Th is concurs with the International Olympic Committee consensus statement on training load in sport and 
injury risk (Soligard et al., 2016), indicating that training volume should always be monitored individually.

Th ere were no diff erences by sex in the variables related to training volume except for the variable “How many 
years have you been training?” (men: 10.88±2.00 years; women:10.38±2.42 years; F=3.726; p=.045). Perhaps 
this is because the male participants were older on average than the females (26.54 years versus 23.89 years, 
respectively). Th ese results do not concur, however, with the “long-term athlete development model” (Balyi, 
2001), which showed that women should start the training stages before men: train to train, train to compete, 
and train to win. With respect to age, the younger sportspersons (<20 years old) had more training days and 
greater total training time per week than those of 21 to 30 years in age, and these in turn more than those 
of 31 years in age or older. Young sportspersons take on more generalized training than older sportspersons 
who concentrate more on sport-specifi c training aimed at maintaining performance levels for competition 
(Stone et al., 2007). However, this general training does not always entail longer training time. While at young 
ages training is usually focused on technique and aerobic content, in adulthood, training is usually focused 
on anaerobic content (Sweetenham, 2006). While the latter requires less time involving eff ort at high speeds, 
it also requires more recovery time, so that the total training time could be similar.

Analysing the sports disciplines, we observed that artistic gymnastics and swimming had the most sessions and 
total training time per week. Th e values found were lower than those reported in other studies (Saavedra et al., 
2013; Silva & Paiva, 2013). A weekly training time of more than 35 hours in artistic gymnastics has, however, 
been associated with poor sleep quality (Silva & Paiva, 2013). Th e sports with longest training session durations 
were artistic gymnastics, tennis, and shooting. Th is could be because the fi rst two of these sport specialities 
have high technical complexity, which means that they require a considerable recovery time between exercises, 
while shooting requires an extra time of concentration before each shot, which could lengthen the duration 
of its training sessions. Regarding the annual number of competitions, basketball and volleyball had the most 
(more than 21 competitions per year). Th at team sports reported more competition days was to be expected 
since these sports normally compete in a league format with multiple games, whereas individual sports 

TABLE 3  Means and standard deviations of responses to training volume questions, and one-way ANOVA with Bonferroni post hoc test as 
a function of the sport

(a)

Artistic 

gymnastics

(n=18)

(b)

Athletics

(n=48)

(c)

Basketball

(n=56)

(d)

Beach 

volleyball

(n=13)

(e)

Golf

(n=5)

(f)

Judo

(n=20)

(g)

Shooting

(n=11)

(h)

Swimming

(n=52)

(i)

Table tennis

(n=11)

(j)

Tennis

(n=7)

(k)

Volleyball

(n=63) F p Diff erences

Mean

(SD)

Mean

(SD)

Mean

(SD)

Mean

(SD)

Mean

(SD)

Mean

(SD)

Mean

(SD)

Mean

(SD)

Mean

(SD)

Mean

(SD)

Mean

(SD)

How many years 
have you been 
training?

11.19
(1.17)

9.93
(2.89)

11.61
(1.17)

9.09
(2.43)

10.75
(1.89)

11.42
(1.21)

9.91
(4.37)

12.13
(2.06)

10.91
(2.30)

10.71
(2.56)

10.68
(2.00) 3.176 0.001 b,d<c<h

How many days 
a week do you 
train?

5.57
(0.75)

5.48
(1.11)

4.89
(1.29)

4.23
(1.17)

3.25
(0.50)

5.05
(1.32)

4.10
(1.20)

6.17
(0.61)

3.60
(0.97)

5.57
(0.96)

4.69
(1.27) 11.732 <0.001

a>c,e,g,i
b>d,e,g,i,k

h>c,d,e,f,g,i,k f,j>i

How many hours 
a week do you 
train?

20.07
(4.07)

15.26
(4.56)

14.45
(4.17)

13.35
(3.92)

12.25
(1.50)

14.53
(4.13)

13.20
(4.87)

20.13
(4.17)

11.95
(3.76)

18.79
(5.82)

13.17
(3.56) 13.838 <0.001 a,h>b,c,d.e.f.g.i.k 

j>i,k

How many 
hours does your 
training session 
last?

3.24
(0.60)

2.26
(0.44)

2.06
(0.23)

3.31
(0.48)

2.50
(0.58)

2.35
(0.68)

3.00
(1.25)

2.70
(0.82)

2.36
(0.50)

3.14
(0.90)

2.53
(0.82) 6.492 <0.001 a>b,c,f,k b<g,h,j,k

How many 
competitions 
do you have in a 
year?

10.57
(1.21)

14.95
(5.16)

23.29
(4.75)

17.04
(6.24)

18.25
(7.89)

14.20
(5.00)

14.75
(5.33)

17.38
(5.82)

16.27
(7.03)

20.21
(5.52)

21.29
(4.23) 16.668 <0.001 a<c,k c>b,d,f,g,h.i 

k>b,f,g,h
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usually enter a competition lasting a couple of days or more. Although basketball and volleyball competition 
management organisations develop more matches per year, it should be taken into consideration that the 
increase in the number of competitions per year could lead to an increase in the number of injuries (Soligard 
et al., 2016). In this sense, it would be interesting to identify the cut-off  points for the maximum number of 
annual competitions for young and professional sportspersons (Schwellnus et al., 2016).

Th is study has various limitations. First, the level of the participants was heterogeneous. Th ey all represented 
their diff erent countries; some of them were at levels that would allow them to compete in World Championships 
or Olympic Games, while others were not at that level. Second, the distribution of the number of participants 
was not the same in all the sports. Th ird, Olympic and non-Olympic sports were compared with each other – a 
fact that could have infl uenced the training volumes that each of them implemented.

In conclusion, the study has shown that, in the sportspersons analysed, while their training volume is unrelated 
to their sex, it is related to their age. In particular, the older the sportsperson, the less their volume of training 
(training sessions per week and weekly training time). Th ere are diff erences in training volume depending 
on the sport, with artistic gymnastics and swimming being the sports that have the greatest volumes. Th ese 
results seem to refl ect the need to prescribe the volume of training according to the sportsperson’s age and the 
sport. Finally, the sports with the most competitions annually are those that use a league system: basketball 
and volleyball.

Acknowledgements 
We gratefully acknowledge the collaboration of the National Olympic and Sports Association of Iceland 
(Íþrótta- og Ólympíusamband Íslands) (ISI), and all Olympic Committees from Andorra, Cyprus, 
Liechtenstein, Luxembourg, Malta, Monaco, Montenegro and San Marino. Also, thanks to Ómar Friðriksson 
(input data in SPSS), Robert A. Chatwin, PhD (check English) and of all the subjects and their coaches who 
participated in the study.

R E F E R E N C E S
Allen, S.V. & Hopkins, W.G. (2015). Age of peak competitive performance of elite athletes: A systematic 

review. Sports Medicine, 45(10), 1431-1441. doi: 10.1007/s40279-015-0354-3
Armstrong, N., Tomkinson, G.R. & Ekelund, U. (2011). Aerobic fi tness and its relationship to sport, exercise 

training and habitual physical activity during youth. British Journal of Sports Medicine, 45, 849–858. 
doi:10.1136/bjsports-2011-090200

Balyi, I. (2001). Sport system building and long-term athlete development in Canada. Coaches Report: Th e 
Offi  cial Publication of the Canadian Professional Coaches Association, 8(1), 25–28.

Bompa, T.O. & Haff , G.G. (2009). Periodization: Th eory and methodology of training. Champaign, Illinois 
(USA): Human Kinetics Publishers.

Côté, J., Baker, J., & Abernethy, B. (2007). Practice and Play in the Development of Sport Expertise. In R. 
Eklund & G. Tenenbaum (Eds.), Handbook of Sport Psychology (3. ed., pp. 184–202). Hoboken, NJ: Wiley.

Deaner, R.O., Lowen, A., Rogers, W. & Saksa, E. (2015). Does the sex diff erence in competitiveness decrease in 
selective sub-populations? A test with intercollegiate distance runners. PeerJ 3:e884; doi: 0.7717/peerj.884. 
Retrieved April 28, 2017, from https://peerj.com/articles/884.pdf.

Ericsson, K. A., Krampe, R. T., & Tesch-Römer, C. (1993). Th e Role of Deliberate Practice in the Acquisition 
of Expert Performance. Psychological Review, 100(3), 363–406. doi http://dx.doi.org/10.1037/0033-
295X.100.3.363

Faude, O., Meyer, T., Scharhag, J., Weins, F., Urhausen, A., & Kindermann, W. (2008). Volume vs. Intensity 
in the Training of Competitive Swimmers. International Journal of Sports Medicine, 29(11), 906–912. doi: 
http://doi.org/10.1055/s-2008-1038377

Issurin, V. B. (2008). Block periodization versus traditional training theory: a review. Journal of Sports 
Medicine and Physical Fitness, 48(1), 65–75.

Knechtle, B., Knechtle, R., Stiefel, M., Zingg, M.A., Rosemann, T. & Rüst, C.A. (2015). Variables that infl uence 
Ironman triathlon performance – what changed in the last 35 years? Open Access Journal of Sports 
Medicine 2015:6 277–290. doi: 10.2147/OAJSM.S85310

Laursen, P. B. (2010). Training for intense exercise performance: high-intensity or high-volume training?: 
High-intensity and high-volume training. Scandinavian Journal of Medicine and Science in Sports, 20, 
1–10. doi: http://doi.org/10.1111/j.1600-0838.2010.01184.x

Mujika, I. (2013) Th e alphabet of Sport Science research starts with Q. International Journal of Sports 
Physiology and Performance, 8(5), 465-466.

Mujika, I. (2017). Winning the BIG medals. International Journal of Sports Physiology and Performance, 12, 
273 -274. doi: https://doi.org/10.1123/IJSPP.2017-0016

Post, E.G., Trigsted, S.M., Riekena, J.W., Hetzel, S., McGuine, T.A., Brooks, M.A., Bell, D.R. (2017). Th e 
association of sport specialization and training volume with injury history in youth athletes. American 
Journal of Sports Medicine, 45(6):1405-1412. doi: 10.1177/0363546517690848

Ribeiro, A. S., Avelar, A., Schoenfeld, B. J., Fleck, S. J., Souza, M. F., Padilha, C. S., & Cyrino, E. S. (2015). 
Analysis of the training load during a hypertrophy-type resistance training programme in men and 



42 DOI 10.26773/mjssm.180906

TRAINING VOLUMES IN DIFFERENT ELITE SPORTSPERSONS | J. M. SAAVEDRA ET AL.

women. European Journal of Sport Science, 15(4), 256–264. doi: http://doi.org/10.1080/17461391.2014.
940559

Rietjens, G. J. W. M., Kuipers, H., Adam, J. J., Saris, W. H. M., van Breda, E., van Hamont, D., & Keizer, H. A. 
(2005). Physiological, Biochemical and Psychological Markers of Strenuous Training-Induced Fatigue. 
International Journal of Sports Medicine, 26(01/02), 16–26. doi: http://doi.org/10.1055/s-2004-817914

Saavedra, J.M., Escalante, Y., Rodríguez, F.A. (2010). A multivariate analysis of performance in young 
swimmers. Pediatric Exercise Science, 22: 135-151.

Saavedra, J. M., Escalante, Y., Garcia-Hermoso, A., & Dominguez, A. M. (2013). Training volume and 
performance of young Spanish national and international level swimmers. South African Journal for 
Research in Sport, Physical Education and Recreation, 35(2), 163–172.

Schwellnus, M., Soligard, T., Alonso, J.M., Bahr, R., Clarsen, B., Dijkstra, H.P., … Engebretsen, L. (2016). How 
much is too much? (Part 2). International Olympic Committee consensus statement on load in sport and 
risk of illness. British Journal of Sports Medicine, 50:1043–1052. doi:10.1136/bjsports-2016-096572

Silva, M. & Paiva, T. (2013). Sleep, precompetitive stress and achievements in young performance athletes. 
Sleep Medicine 14S: e239–e317. doi: https://doi.org/10.1016/j.sleep.2013.11.656

Soligard, T., Schwellnus, M., Alonso, J.M., Bahr, R., Clarsen, B., Dijkstra, H.P., Gabbett, T.,… Engebretsen, 
L. (2016). How much is too much? (Part 1). International Olympic Committee consensus statement 
on load in sport and risk of injury. British Journal of Sports Medicine, 50:1030–1041. doi:10.1136/
bjsports-2016-096581

Stone, M. H., Stone, M., & Sands, B. (2007). Principles and practice of resistance training. Champaign, IL: 
Human Kinetics.

Sweetenham B. (2006). Break point volume. American Swimming Magazine, 23: 34-36.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


