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Todas	
   las	
   capacidades	
   son	
   entrenables	
   a	
   todas	
   edades,	
  
sin	
   embargo	
   los	
   mecanismos	
   responsables	
   de	
   las	
  
adaptaciones	
   alcanzadas	
   difieren	
   en	
   función	
   del	
   estado	
  
madurativo	
  (Lloyd	
  et	
  al.,	
  2015).	
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Etapas	
   	
  Sensibles:	
  margen	
  de	
  tiempo	
  durante	
  el	
  cual	
  
el	
  aprendizaje	
  de	
  una	
  habilidad	
  o	
  el	
  desarrollo	
  de	
  una	
  
capacidad	
   es	
   particularmente	
   efectivo	
   (Gallahue	
   &	
  
Donnelly,	
  2003).	
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Currently, most athletic training and competition programs 
are based on chronological age. However, athletes of the 
same age between ages 10 and 16 can be three  
to five years apart developmentally (Borms, 1986). 
Thus, chronological age is a poor guide to segregate 
adolescents for competitions.

Sports need to develop strategies that will encourage late 
maturing boys to remain in sport until they have caught 
up developmentally with their early maturing peers, 
who because of their increased size and strength have a 
competitive advantage. For girls, there is a need to develop 
strategies to retain early developers in programs until 
the competitive disadvantage of wider hips and breast 
development is reduced as late developers also obtain more 
adult body shapes.

hair and penis are related to the maturation process. 

pronounced late gain in strength characteristics of the 
male athlete. As with girls, the developmental sequence 
for male athletes may occur two or more years earlier 
or later than average. Early maturing boys may have as 
much as a four-year physiological advantage over their 
late-maturing peers. Eventually, the late maturers will 
catch up when they experience their growth spurt.

breast budding, which occurs slightly after the onset of the 
growth spurt. Shortly thereafter, pubic hair begins to grow. 
Menarche, or the onset of menstruation, occurs rather late 

of developmental events may normally occur two or even 
more years earlier or later than average.
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Figure 5. Windows of Accelerated Adaptation to Training (Balyi and Way, 2005)
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The Canadian Sport for Life (CS4L) document (Balyi, 
Way, Norris, Cardinal & Higgs, 2005) describes the 

differences between chronological and developmental 

used together and sometimes synonymously; however, 

Growth refers to observable step-by-step changes in 
quantity and measurable changes in body size such as 
height, weight, and fat percentage. Maturation refers 
to qualitative system changes, both structural and 
functional, in the body’s progress toward maturity such 
as the change of cartilage to bone in the skeleton.

Long-Term Athlete Development (LTAD) requires the 

in order to help to design appropriate training and 
competition programs in relation to optimal trainability 
and readiness. The beginning of the growth spurt and 

LTAD applications to training and competition design.

timing and sequence of childhood and adolescent 
development. This must be considered when working 
with athletes with a disability.

Peak Height Velocity (PHV) is the fastest rate of growth 
during the adolescent growth spurt. Figures 3 and 4 
illustrate PHV for girls and boys respectively, pointing 
out the differences between them. The charts also 
identify secondary sex characteristics with relation to 
growth.

Figure 2. 

(Tanner,	
  1973)	
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Figure 9. Measuring Standing Height

Figure 8. Measuring Sitting Height

 The student stands erect in bare feet with heels,        
    buttocks and shoulders pressed against the   
   stadiometer.

 The heels are together with arms hanging freely by  
    the side (palms facing thighs).

 The tester applies gentle upward traction to the   
   skull behind the ears.

 The student looks straight ahead, takes a deep   
    breath and stands as tall as possible.

 Draw down the measuring bar to the student’s   
  head and record standing height to the nearest   
  0.1 cm.

 Student sits on the base of the stadiometer with   
  knees slightly bent. Hands rested on knees.

 The buttocks and shoulders rest lightly against   
  the stadiometer, which is positioned vertically   
  behind the student. Ensure there is no gap   
  between buttocks of student and stadiometer.

 The tester applies gentle upwards traction to the   
  skull behind the ears to ensure the trunk is fully   
  stretched.

 Draw down the measuring bar to the students     
  head and record sitting height to the nearest   
  0.1 cm.

 Once sitting height is calculated, it can be   
  subtracted from the stature score, in order to   
  derive the leg length height.



Edad relativa 

distributions were recorded from the representative
birth-dates of children in Belgium. Similar birth-date
distributions are apparent across the participating
European countries (Cowgill, 1966; Johnson, Ann,
& Palan, 1975; Rosenberg, 1966). Kolmogorov-
Smirnov one-sample tests (Siegel & Castellan,
1988) were used to assess differences between the
observed and expected birth-date distributions. In
line with previous studies (Helsen et al., 1998a,
2000a,b), regression analyses were used to examine
the relationship between the number of players per
age category for each sample and the corresponding
month of birth (starting with month 1 and ending
with month 12).

Results

The birth-date distributions for the U-15, U-16, U-
17 and U-18 national selections for ten European
countries, together with the results of the Kolmogor-
ov-Smirnov tests, are presented in Table II.

Significant effects were found for Belgium, Den-
mark, England, France, Germany, Italy, The
Netherlands, Portugal, Spain and Sweden. Subse-
quent linear regression analyses showed a significant
decreasing trend for Belgium (r = 70.93, P
5 0.0001), Denmark (r = 70.74, P = 0.006), Eng-
land (r = 70.67, P = 0.016), Germany (r = 70.92,
P 5 0.0001), Italy (r = 70.89, P 5 0.0001), The
Netherlands (r = 70.56, P = 0.058) and Portugal
(r = 70.81, P 5 0.001).

The birth-date distributions per age category for
the UEFA international tournaments are presented
in Table III. Significant effects were obtained using
Kolmogorov-Smirnov tests for the U-16, U-18 and
the Meridian Cup teams. Subsequent regression
analyses showed a clear relationship between month
of birth and number of participants for the U-16
(r = 70.90, P 5 0.0001), U-18 (r = 70.84,
P = 0.0007) and the Meridian Cup (r = 70.81,
P = 0.0016) teams. The results were not significant
for the men’s U-21 group or women’s U-18 category

Table II. Birth-date distributions of the U 15, U 16, U 17 and U-18 selections per country.

Month of birth

Team 1 2 3 4 5 6 7 8 9 10 11 12 Kolmogorov-

Smirnov test

Belgium 15 10 12 13 9 10 9 6 5 3 3 4 P 50.01

N = 37 (37.37%) N = 10 (10.10%)

Denmark 14 10 9 4 15 10 7 7 6 6 0 2 P 50.01

N = 33 (36.67%) N = 8 (8.89%)

England 21 15 11 5 5 3 4 6 8 8 5 3 P 50.01

N = 47 (50.00%) N = 16 (17.02%)
Francea 9 3 6 5 5 3 4 0 0 4 1 1 P 50.01

N = 18 (43.90%) N = 6 (14.63%)

Germany 18 17 17 6 13 7 9 7 5 2 2 0 P 50.01

N = 52 (50.49%) N = 4 (3.89%)

Italy 14 12 10 7 6 5 6 9 5 1 0 2 P 50.01

N = 36 (46.75%) N = 3 (3.90%)

The Netherlands 14 15 11 6 8 7 1 12 14 6 5 2 P 50.05

N = 14 (36.84%) N = 6 (15.79%)

Portugal 8 15 10 13 9 3 1 5 3 2 3 0 P 50.01

N = 33 (45.83%) N = 5 (6.94%)
Spaina 8 4 6 11 7 4 4 1 0 2 2 1 P 50.01

N = 18 (36.00%) N = 5 (10.00%)
Swedena 6 8 3 5 3 3 1 3 3 1 0 0 P 50.05

N = 17 (47.22%) N = 1 (2.78%)

TOTAL N = 331 (43.38%) N = 71 (9.31%) P 50.01

a For France, Spain and Sweden, we could only obtain the data for the official U-16 and U-18 national youth selections performing in the
UEFA competitions.
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markedly as sport becomes more selective. It thus is no sur-
prise that talent identification and development programs
and, by inference, early specialization have limited success.

Although the apparent success of the early ‘‘scientific
selection’’ protocols of Eastern Europe often was lauded (9),
the process apparently facilitated hormonal manipulation
of young athletes (22,31), and achievements were tainted.
Other observations suggest a relatively small yield. Only
0.14% of 35,000 highly qualified Russian athletes training at
sport schools, including 2700 candidates for select schools,
succeeded from entry-level selection to high-level sports
mastery (34).

A 7-yr follow-up of German athletes in seven Olympic
sports indicated that only 15 of 4972 (0.3%) selected at the
youngest level in each sport eventually ranked among 10 best
international senior athletes, while a 3-yr follow-up noted
that 192 of 11,287 athletes in elite sport schools (1.7%) at-
tained a medal in an international championship (28).

Corresponding data for the United States are not available,
but the likelihood of competing in sport beyond high school
provides similar results (Table 2). The probability of moving
from high school to major professional sport is small. The
highest likelihood of moving from high school to collegiate
sport is in ice hockey, which has the smallest number of par-
ticipants. Probability of moving from college to professional is
highest for baseball, which reflects its extensive minor league
system. Relatively few make it from the minor to major lea-
gues. Corresponding probabilities for other sports are consid-
erably lower.

Sport background and career trajectories of talented ath-
letes provide additional insights into the relative merits of
early specialization. For example, ‘‘quick’’ (e4 yr) and ‘‘slow’’
(Q10 yr) tracks from novice to elite status were identified
among senior national Australian athletes. Compared with
athletes on the ‘‘slow’’ trajectory, those on the ‘‘quick’’ path
began their main sport at a later age (17.1 T 4.5 vs 7.9 T

2.5 yr) and participated in more sports before starting the
main sport (3.3 T 1.6 vs 0.9 T 1.3 yr). Athletes on the ‘‘quick’’
path rarely participated in another sport after beginning their
main sport, while those on the ‘‘slow’’ path participated in an
average of two sports after beginning their main sport (49).

Three observations for German national athletes in all
Olympic sports (N = 1558) have implications for special-
ization. Successful athletes participated in more than one
sport either before or parallel to their current sport (juniors
2.2 T 1.4; top-level athletes 2.4 T 1.6). Approximately 64%
of international finalists and 53% of less-successful top ath-
letes participated in other sports. And internationally suc-
cessful athletes continued training in other sports to a later
age (27). By inference, specialized training in the primary
sport began later.

Among U.S. university female athletes, the majority in
diving, tennis, golf, track and field, basketball, and volley-
ball had their first organized sport experiences in a sport
other than their current sport; swimmers were an exception
(Table 3). Sixty-three of 376 athletes (17%) participated only
in their current sport: 25 swimmers, 25 track and field ath-
letes; 9 in diving, tennis, and golf, and 4 in basketball and
volleyball. The contrast between individual and team sports
was clear. Consistent with collegiate divers, only 25 of 189
U.S. Junior Olympic divers had their first organized sport
experience in diving (42).

POTENTIAL RISKS OF SPECIALIZATION

Early specialization is not without risk. Several subsequently
are noted.

Social Isolation
Focus on a single sport and the associated time commit-

ment may foster isolation from age and sex peers, especially

TABLE 2. Estimated percentages of athletes moving from high school to college, high school to professional, and college to professional
in several sports in the United States.a

Men’s Sports

Women’s BasketballBasketball Football Baseball Ice Hockey Soccer

High school athletes

Total 549,500 983,600 455,300 29,900 321,400 456,900

Seniors 157,000 281,000 130,100 8500 91,800 130,500

College freshman athletes 4500 16,200 7300 1100 5200 4100

High school to college, % 2.9 5.8 5.6 12.9 5.7 3.1

College athletes

Total 15,700 56,500 25,700 3700 18,200 14,400

Seniors 3500 12,600 5700 800 4100 3200

Athletes drafted 44 250 600 33 76 32

College to professional, % 1.3 2.0 10.5 4.1 1.9 1.0

High school to professional, % 0.03 0.09 0.46 0.39 0.08 0.02

aAdapted from the National Collegiate Athletic Association (47), percentages are based on estimated data and thus are approximations. Estimates for the
professional level are based on athletes drafted; there is no guarantee that they qualified for the playing roster.
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(1stBL; V = 156%) and 0–3764 (AM; V = 205%),
respectively.

Discussion

The central results of this study are that the senior
top-level footballers started involvement in early
childhood and performed moderate volumes of
organised football practice/training throughout their
career, with extensive game play in terms of large
proportions of playing forms within organised in-
club practice/training through all age periods,

substantial non-organised leisure football play dur-
ing childhood and youth and in many cases also
participation in game sports other than football.

Overall, the success groups’ participation histories
displayed much commonality. Significant differences
existed in that National Team specialised later and
performed more leisure football in childhood, more
other sports in adolescence, and more organised
football only in adulthood compared to Amateurs.
First Bundesliga differed from Amateurs in more
leisure football in childhood and more organised
football in adolescence and adulthood. However,
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There was a main effect for activity, F1.92,615.87 ¼
272.91, P 5 0.05, f ¼ 0.92. Post-hoc tests showed
that the average hours per year during childhood in
soccer-specific competition (mean value 37.1,
s ¼ 28.9 h " year71) was lower compared with
soccer-specific practice (mean value 185.7,
s ¼ 124.0 h " year71) and soccer-specific play
(mean value 186.0, s ¼ 125.3 h " year71) (both
P’s 5 0.05). There was a main effect for group,
F6,321 ¼ 3.72, P 5 0.05, f ¼ 0.27, and a significant
Group 6 Activity interaction, F11.51,615.87 ¼ 4.67,
P 5 0.05, f ¼ 0.24. Post-hoc tests showed that the
amount of soccer-specific practice activity engaged in
during childhood was greater in both Mexico and
Sweden compared to both Brazil and France (all
P’s 5 0.05).

Adolescent soccer activity. There was a main effect for
activity, F1.852,594.39 ¼ 617.43, P 5 0.05, f ¼ 1.39.
Post-hoc tests showed that the average hours per year
during adolescence in soccer-specific practice (mean
value 411.9, s ¼ 184.3 h " year71) was greater
compared with soccer-specific competition (mean
value 66.9, s ¼ 48.8 h " year71) and soccer-specific
play (mean value 159.7, s ¼ 195.0 h " year71) (both
P’s 5 0.05). The average hours per year in soccer
play activity during adolescence was greater com-
pared to competition (P 5 0.05). There was a main
effect for group, F6,321 ¼ 23.15, P 5 0.05, f ¼ 0.66,
and a significant Group6Activity interaction,
F11.11,594.39 ¼ 23.98, P 5 0.05, f ¼ 0.60. Post-hoc
tests showed that the amount of soccer-specific
practice activity engaged in by players during
adolescence was greater in Mexico compared to
Brazil, England, Ghana and Sweden, but was also
lower in England compared to Brazil, France and
Portugal (all P’s 5 0.05). Moreover, post-hoc tests
showed the amount of soccer-specific play activity
engaged in during adolescence was greater in
Portugal compared to each of the other six countries,
whereas it was greater in England compared to Brazil
and France (all P’s 5 0.05).

Other sports

Table II shows the data for the number of other
sports engaged in during childhood and adolescence
for players in each country and for the players
combined. Other sports were engaged in sometime
during childhood or adolescence by 239 out of the
328 participants. During childhood, 229 of those
players engaged in a mean of 2.32, s ¼ 1.63 other
sports. Of the 229 players who engaged in other
sports during childhood, 107 of them did not engage
in other sports during adolescence. Moreover, 10
players began engaging in other sports for the first
time during adolescence. During early adolescence,

132 of the players engaged in a mean of 2.52,
s ¼ 1.76 other sports. Players engaged in 27 different
additional sports overall. Table III shows the type of
sports the players participated in during their
development.

One-way ANOVA revealed the number of other
sports engaged in during childhood differed across
countries, F6,228 ¼ 27.41, P 5 0.05, f ¼ 0.86. Post-
hoc tests showed that the number of other sports
engaged in was greater for the 43 players in England
who engaged in them during childhood compared to
all other countries (all P’s 5 0.05). The number of
other sports engaged in was greater for the 41 players
in Sweden who engaged in them during childhood
compared to the 45 players from Brazil (P 5 0.05).
Futsal was engaged in during childhood by 44 out of
the 50 players from Brazil. They engaged in Futsal
for a mean of 181.4, s ¼ 161.9 h " year71 across an
average of 3.6, s ¼ 1.78 years of their childhood.
One-way ANOVA revealed the number of other
sports engaged in during adolescence also differed
across countries, F6,131 ¼ 16.95, P 5 0.05,
f ¼ 0.90. Post-hoc tests showed that the number of
other sports engaged in was greater for the 43 players

Table II. The number of other sports engaged in and the number

of players who engaged in them during childhood and adolescence
in each country.

Childhood Adolescence

No of other

sports

No. of

players

No. of other

sports

No. of

players

Brazil 1.40 + 0.69 45 1.32 + 0.67 19
England 4.40 + 1.55 43 4.16 + 1.70 43
France 1.72 + 1.27 18 2 + 0 2
Ghana 1.91 + 1.13 23 1.72 + 0.90 18
Mexico 1.73 + 1.47 30 2.25 + 1.77 12
Portugal 1.66 + 0.72 29 1.33 + 0.71 9
Sweden 2.54 + 1. 61 41 1.86 + 1.22 29
Combined 2.32 + 1.63 229 2.52 + 1.76 132

Table III. The type of other sports engaged in and the number of

players who engaged in them.

Type of sport No. of players

Athletics 80
Swimming 62
Basketball 44
Table tennis 37
Tennis 33
Handball 32
Volleyball 28
Judo/karate 29
Golf 28
Snooker/pool 23
Cycling 22

6 P. R. Ford et al.
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were calculated using Cohen’s d (Cohen, 1988) with
pooled standard deviations, whereas effect size
measures involving three or more means were
calculated using Cohen’s f (Cohen, 1988). The
alpha level set for significance throughout was
P 5 0.05.

Results

Milestones

Table I contains the age at which participants
reached the soccer-specific milestones in each
country and the countries combined. The 328
participants started in soccer at a mean age of 4.9,
s ¼ 1.4 years of age. They began supervised training
with an adult at a mean age of 6.9, s ¼ 1.8 years and
in a league at a mean age of 8.7, s ¼ 2.0 years. The
328 players first engaged at an elite training academy
at a mean age of 12.0, s ¼ 2.6 years. One-way
ANOVA revealed that start age in soccer differed
across countries, F6,325 ¼ 8.29, P 5 0.05, f ¼ 0.39.
Post-hoc tests showed that the start age was earlier in
each of England, Portugal and Sweden compared to
each of France, Ghana, and Mexico (all P’s 5 0.05),
whereas there were no differences in the start age
between the other countries (all P’s 4 0.05). One-
way ANOVA also revealed that the start age for
participation in elite academies differentiated coun-
tries, F6,326 ¼ 68.28, P 5 0.05, f ¼ 1.13. Post-hoc
tests showed that the start age for participation in
elite academies was earlier in England compared to
all other countries (all P’s 5 0.05). It was also earlier
in Portugal compared to Brazil, France, Mexico,
Portugal, and Sweden (all P’s 5 0.05).

Soccer activity data

Total hours accumulated in soccer activity. Table I
contains the total hours accumulated in soccer
activity between the under-6 and under-15 year age
groups for each country and for the countries

combined. The total number of hours accumulated
in soccer activity during that period for the 328
players combined was a mean of 4553.0, s ¼ 1748.8
h. One-way ANOVA revealed that total hours
accumulated in soccer activity differed across coun-
tries, F6,327 ¼ 5.29, P 5 0.05, f ¼ 0.30. Post-hoc
tests showed that players in Mexico accumulated
more total hours in soccer activity compared to all
other countries (all P’s 5 0.05), except for players in
Ghana and Sweden (both P’s 4 0.05). Players in
France accumulated fewer hours in soccer activity
compared to those in Mexico and Sweden (both
P’s 5 0.05).

Childhood soccer activity. Figure 1 contains the
average hours per year spent by all participants in
the three soccer activities across both age stages.
Figures 2a to 2g show the average hours per year
spent in the three soccer activities across both age
stages by players in Brazil (2a), England (2b), France
(2c), Ghana (2d), Mexico (2e), Portugal (2f) and
Sweden (2g).

Table I. Milestones in years of age achieved by elite soccer players aged 16 years from Brazil, England, France, Ghana, Portugal, and

Mexico.

Start age
in soccer

Start age in

supervised
training

Start age in
leagues

Start age in
academies

Hours in soccer
by under-16 age group

Brazil 4.94 + 1.38 7.78 + 1.75 9.56 + 1.62 13.16 + 1.38 4118.68 + 1533.67
England 4.47 + 1.44 6.24 + 1.25 7.45 + 1.23 10.06 + 2.26 4306.84 + 1436.82
France 5.32 + 1.11 6.48 + 1.31 8.66 + 1.14 12.90 + 0.42 3890.08 + 1301.01
Ghana 5.50 + 1.43 9.43 + 1.62 11.14 + 1.24 12.79 + 0.88 4588.11 + 1608.78
Mexico 5.58 + 1.47 7.12 + 2.08 8.46 + 2.67 12.94 + 1.56 5449.14 + 1909.25
Portugal 4.30 + 1.37 6.62 + 1.59 8.26 + 1.19 8.30 + 1.67 4438.65 + 1895.46
Sweden 4.29 + 1.04 5.95 + 1.89 8.12 + 2.08 13.82 + 2.55 5095.39 + 1949.34
Combined 4.88 + 1.41 6.93 + 1.82 8.65 + 1.95 11.95 + 2.56 4553.09 + 1748.82

Figure 1. Average hours per year spent by 328 elite soccer players

aged up to 16 years in the three soccer activities across each age
group.
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compared to the near-elite group.38 By 18 years of age, the 2 
groups had accumulated a similar number of practice hours, 
but by 21 years, elites had accumulated more practice hours.38 
Involvement in other sports was not different between the 
groups and did not predict success. These sports require a 
high physical and aerobic capacity and lower technical or 
tactical requirement relative to ball and performance sports 
(gymnastics11 and figure skating43). While some physiologic 
adaptations to aerobic training occur in childhood, they are 
much less pronounced than adaptations in adolescence.

For most sports, early diversification is more likely to lead 
to success (Table 1).5,6,13,21,22,24,31,38,42,45 A survey of 376 female 
Division 1 intercollegiate athletes found that the majority had 
their first organized sports experiences in other sports.35 Only 
17% had previously participated exclusively in their current 
sport; the majority simultaneously participated in individual 
sports (swimming, track and field, diving, tennis, and golf).35

Early diversification provides the young athlete with valuable 
physical, cognitive, and psychosocial environments and 
promotes motivation.1,2,36,38,46

Among high-level athletes of basketball, netball, and field 
hockey, the greater the number of activities that the athletes 
experienced and practiced in their developing years (ages 
0-12 years), the less sports-specific practice was necessary to 
acquire expertise in their sport.4,5 This is transfer of pattern 
recall skills from one sport to another, most pronounced 
during the early stages of involvement.1 Early diversification 
followed by specialization may lead to more enjoyment, fewer 
injuries, and longer participation, contributing to the chances 
of success.6,20,45

Early participation differences between elite youth soccer 
players who progressed to professional status at age 16 years 
and those who did not revealed that those who progressed 
had accumulated more hours per year in unstructured soccer 
activities between the ages of 6 and 12 years. There was no 
difference in soccer practice, soccer competition, or other 
sports in that time frame.19 This suggests that elites sought 
more unstructured soccer during free time. This is supported 
by data that show that enjoyment of the sport and intrinsic 
motivation predict attainment.20,25,31 Successful elite tennis 
players often have good long-term relationships with the same 
coach, access to tennis courts, and less overall demands for 
success compared with age-matched controls.13

RISKS OF SINGLE-SPORT INTENSE 
TRAINING

The risks of single-sport intense training include adverse 
psychological stress and premature withdrawal from 
competitive sport. Current data suggest that intense training 
and specialization may be independent risk factors.28,29

The risks of intense training in elite young athletes in the 
United Kingdom was relatively low (rates of injury < 1/1000 
hours of training) with few serious consequences.7,34 Training 
volumes were often < 16 hours per week; lower than for other 
intensely trained athletes.29,41 A 10-year follow-up suggests that 
injury incidence is significantly higher for athletes competing 
at an international level (87.5%) and a regional/country level 
(64.0%) compared with those competing at a national level 
(16.7%) or recreational level (47.1%).33

Higher training volumes may increase risk for injury in a 
variety of sports.41 In 2721 high school athletes, increased 
exposure was the most important risk factor for injury.41 
There was a linear relationship between exposure and risk 
of injury (odds ratio, 8.28), showing significantly elevated 
risk once training volume exceeded 16 hours per week 
(Figure 1). Cumulative match (or competition) exposure also 
carries a significant risk: medical withdrawals increased in 
national tennis players after playing > 5 matches per year in 
supernational tournaments.27 Players who specialized only 
in tennis were 1.5 times more likely to report an injury.28 A 
10-year prospective analysis of 481 youth baseball pitchers 
(9-14 years old) found that those who pitched more than 100 
innings per year were 3.5 times more likely to be injured.18 
Others have found a significantly increased risk (odds ratio, 
5.05) for shoulder or elbow surgery if pitching more than 8 
months per year.40

The risk of injury from intense training and specialization 
may be affected by age, competitive level, growth rate, and 
pubertal maturation stage. Higher rates of injury were found 
in athletes older than 13 years of age and those at higher 
competitive levels.15 Peripubertal gymnasts are more likely 
injured during periods of rapid growth (Tanner stages 2 and 
3).11 Fracture risk is also higher during peak height velocity.9,29

Early sports specialization may contribute to burnout and 
dropping out of sports (Table 1).5,6,13,22,24,25,30,38,42,45 Swimmers 
who specialized early spent less time on the national team 
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characteristics precisely account for which outcomes (perfor-
mance, motivation, health, persistent engagement) implies
recording activity attributes individually, while also considering
the concrete motor actions performed (activity
“microstructure”).

Conclusion

Combining moderate volumes of organised childhood soccer
practice/training with variable engagement in non-organised
soccer play and organised practice/training in diverse sports
was associated with greater improvement of skilled match-
play performance in German youth elite players.

Acknowledgements

Sincere thanks to the young footballers who participated in this study and
to their coaches. We are also grateful to Keith Davids, Michael Fröhlich and
the anonymous reviewers for their fruitful comments on an earlier draft of
this paper.

Disclosure statement

No potential conflict of interest was reported by the authors.

References

Ackerman, P. L. (2013). Nonsense, common sense, and science of expert
performance: Talent and individual differences. Intelligence, 45, 6–17.
doi:10.1016/j.intell.2013.04.009

Aguiar, M., Botelho, G., Lago, C., Maças, V., & Sampaio, J. (2012). A review
on the effects of soccer small-sided games. Journal of Human Kinetics,
33, 103–113. doi:10.2478/v10078-012-0049-x

Andersson, H., Ekblom, B., & Krustrup, P. (2008). Elite football on artificial
turf versus natural grass: Movement patterns, technical standards, and
player impressions. Journal of Sports Sciences, 26, 113–122. doi:10.1080/
02640410701422076

Bransford, J. D., & Schwartz, D. L. (1999). Rethinking transfer: A simple
proposal with multiple implications. Review of Research in Education, 24,
61–100. doi:10.3102/0091732X024001061

Carling, C., Williams, A. M., & Reilly, T. (2005). Handbook of soccer match
analysis: A systematic approach to improving performance. London:
Routledge.

Carlson, R. (1988). The socialization of elite tennis players in Sweden: An
analysis of the players’ backgrounds and development. Sociology of
Sport Journal, 5, 241–256.

Cohen, J. (1992). A power primer. Psychological Bulletin, 112, 155–159.
doi:10.1037/0033-2909.112.1.155

Côté, J., Baker, J., & Abernethy, B. (2007). Practice and play in the devel-
opment of sport expertise. In R. Eklund & G. Tenenbaum (Eds.),
Handbook of sport psychology (pp. 184–202). Hoboken, NJ: Wiley.

Côté, J., Ericsson, K. A., & Law, M. P. (2005). Tracing the development of
athletes using retrospective interview methods: A proposed
interview and validation procedure for reported information.
Journal of Applied Sport Psychology, 17, 1–19. doi:10.1080/
10413200590907531

Côté, J., Lidor, R., & Hackfort, D. (2009). ISSP position stand: To sample
or to specialize? Seven postulates about youth sport activities that
lead to continued participation and elite performance. International
Journal of Sport and Exercise Psychology, 7, 7–17. doi:10.1080/
1612197X.2009.9671889

Davids, K., Araújo, D., & Shuttleworth, R. (2005). Applications of dynamical
systems theory to football. In T. Reilly, J. Capri, & D. Araujo (Eds.),
Science and football V (pp. 537–550). London: Routledge.

Emrich, E., Pitsch, W., & Papathanassiou, V. (2001). Die Sportvereine. Ein
Versuch auf empirischer Grundlage [The sports clubs. A trial based on
empirical groundwork]. Schorndorf, Germany: Hofmann.

Ford, P. R., Carling, C., Garces, M., Marques, M., Miguel, C., Farrant, A., . . .
Williams, M. (2012). The developmental activities of elite soccer players
aged under-16 years from Brazil, England, France, Ghana, Mexico,
Portugal and Sweden. Journal of Sports Sciences, 30, 1653–1663.
doi:10.1080/02640414.2012.701762

Ford, P. R., Ward, P., Hodges, N. J., & Williams, A. M. (2009). The role of
deliberate practice and play in career progression in sport: The early
engagement hypothesis. High Ability Studies, 20, 65–75. doi:10.1080/
13598130902860721

Ford, P. R., & Williams, A. M. (2012). The developmental activities engaged
in by elite youth soccer players who progressed to professional status
compared to those who did not. Psychology of Sport and Exercise, 13,
349–352. doi:10.1016/j.psychsport.2011.09.004

Fraser-Thomas, J., Côté, J., & Deakin, J. (2008). Examining adolescent sport
dropout and prolonged engagement from a developmental perspec-
tive. Journal of Applied Sport Psychology, 20, 318–333. doi:10.1080/
10413200802163549

Güllich, A. (2014). Many roads lead to Rome – Developmental paths to
Olympic gold in men’s field hockey. European Journal of Sport Science,
14, 763–771. doi:10.1080/17461391.2014.905983

Güllich, A., & Emrich, E. (2013). Investment patterns in the careers of elite
athletes in East and West Germany. European Journal for Sport and
Society, 10, 191–214.

Güllich, A., & Emrich, E. (2014). Considering long-term sustainability in the
development of world class success. European Journal of Sport Science,
14, S383–397. doi:10.1080/17461391.2012.706320

Haugaasen, M., & Jordet, G. (2012). Developing football expertise: A foot-
ball-specific research review. International Review of Sport and Exercise
Psychology, 5, 177–201. doi:10.1080/1750984X.2012.677951

Haugaasen, M., Toering, T., & Jordet, G. (2014). From childhood to senior
professional football: A multi-level approach to elite youth football
players’ engagement in football-specific activities. Psychology of Sport
and Exercise, 15, 336–344. doi:10.1016/j.psychsport.2014.02.007

Helsen, W. F., Starkes, J. L., & Hodges, N. J. (1998). Team sports and the
theory of deliberate practice. Journal of Sport and Exercise Psychology,
20, 12–34.

Hendry, D. T., Crocker, P. R. E., & Hodges, N. J. (2014). Practice and play as
determinants of self-determined motivation in youth soccer players.
Journal of Sports Sciences, 32, 1091–1099. doi:10.1080/
02640414.2014.880792

Hill-Haas, S. V., Dawson, B. T., Coutts, A., & Rowsell, G. J. (2009).
Physiological responses and time-motion characteristics of various
small-sided soccer games in youth players. Journal of Sports Sciences,
27, 1–8. doi:10.1080/02640410802206857

Hornig, M., Aust, F., & Güllich, A. (2016). Practice and play in the develop-
ment of German top-level professional football players.
European Journal of Sport Science, 16, 96–105. doi:10.1080/
17461391.2014.982204

Leger, L. A., Mercier, D., Gadoury, C., & Lambert, J. (1988). The multistage
20 metre shuttle run test for aerobic fitness. Journal of Sports Sciences,
6, 93–101. doi:10.1080/02640418808729800

Newell, A., & Rosenbloom, P. A. (1981). Mechanisms of skill acquisition and
the law of practice. In J. R. Anderson (Ed.), Cognitive skills and their
acquisition (pp. 1–55). Hillsdale, NJ: Erlbaum.

Randers, M. B., Andersen, T. B., Rasmussen, L. S., Larsen, M. N., & Krustrup,
P. (2014). Effect of game format on heart rate, activity profile, and
player involvement in elite and recreational youth players.
Scandinavian Journal of Medicine & Science in Sports, 24(S1), 17–26.
doi:10.1111/sms.12255

Rees, T., Hardy, L., Güllich, A., Abernethy, B., Côté, J., Woodman, T., . . . Warr,
C. (2016). The Great British medalists project: A review of current

8 A. GÜLLICH ET AL.

D
ow

nl
oa

de
d 

by
 [b

-o
n:

 B
ib

lio
te

ca
 d

o 
co

nh
ec

im
en

to
 o

nl
in

e 
U

A
] a

t 1
4:

11
 1

2 
A

pr
il 

20
16

 

Práctica	
  deliberada	
  



6 Part Four: Early Childhood: Two to Six Years

about 80 percent have decayed or filled teeth (World Health
Organization, 2003a, 2004). Causes include poor diet and inade-
quate health care—factors that are more likely to affect low-SES
children.

Asynchronies in Physical Growth
As Figure 8.2 shows, physical growth is asynchronous: Body sys-
tems differ in their patterns of growth. Body size (as measured by
height and weight) and a variety of internal organs follow the
general growth curve: rapid growth during infancy, slower gains
in early and middle childhood, and rapid growth again during
adolescence. The genitals develop slowly from birth to age 4,
change little throughout middle childhood, and then grow rap-
idly during adolescence. In contrast, the lymph glands grow at an
astounding pace in infancy and childhood; in adolescence, lymph
tissue declines. The lymph system helps fight infection and assists

with absorption of nutrients, thereby supporting children’s health and survival.
Figure 8.2 illustrates another growth trend with which you are already familiar: During

the first few years, the brain grows faster than any other part of the body. Let’s look at some
highlights of brain development in early childhood.

Brain Development
Between ages 2 and 6, the brain increases from 70 percent of its adult weight to 90 percent. At
the same time, preschoolers improve in a wide variety of skills—physical coordination, per-
ception, attention, memory, language, logical thinking, and imagination.

In addition to increasing in weight, the brain undergoes much reshaping and refining. By
age 4, many parts of the cortex have overpro-
duced synapses. In some regions, such as the
frontal lobes, the number of synapses is nearly
double the adult value. Together, synaptic
growth and myelination of neural fibers result
in a high energy need. In fact, fMRI evidence
reveals that energy metabolism in the cerebral
cortex reaches a peak around this age (Hutten-
locher, 2002; Johnson, 1998).

Recall from Chapter 5 that overabun-
dance of synaptic connections supports
plasticity of the young brain, helping to ensure
that the child will acquire certain abilities
even if some areas are damaged. Synaptic
pruning follows: Neurons that are seldom
stimulated lose their connective fibers, and
the number of synapses is reduced (see page
000). As the structures of stimulated neurons
become more elaborate and require more
space, surrounding neurons die, and brain
plasticity declines. By age 8 to 10, energy con-
sumption of most cortical regions declines to
near-adult levels (Nelson, 2002).

EEG and fMRI measures of neural activ-
ity in various cortical regions reveal especially
rapid growth from 3 to 6 years in frontal-lobe
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Growth of three different organ systems and tissues contrasted with
the body’s general growth. Growth is plotted in terms of percentage of change
from birth to 20 years. Note that the growth of lymph tissue rises to nearly twice its adult
level by the end of childhood. Then it declines. (Reprinted by permission of the publisher from 
J. M. Tanner, 1990, Foetus into Man, 2nd ed., Cambridge, MA: Harvard University Press, p. 16. Copyright ©
1990 by J. M. Tanner. All rights reserved.)

Regular dental checkups are important for preschoolers.
Diseased primary teeth can affect the long-term health of
permanent teeth, which start to appear at the end of the
preschool years.
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Desde el punto de vista del movimiento interesa, pues,
proporcionar al niño de corta edad estímulos suficientes
para la formación de sus estructuras reticulares y, por tan-
to, para la configuración plástica de sus áreas cerebrales. Si
no existen estos estímulos favorables, o no se dan en la
medida suficiente, el resultado será una infraestructura
menos marcada de las estructuras cerebrales correspon-
dientes, esto es, un menor grado de maduración funcional
(cf. Pickenhain, 1979, 45).

Otro problema del crecimiento consiste en que niños y
jóvenes no crecen de forma continua, sino mediante esti-
rones (fig. 48).

Como muestran los estudios de Lampl/Veldhuis/John-
son (1992, 802), los lactantes y niños en la pubertad cre-
cen entre 0,5 y 1,65 cm por día y unos 2,5 cm por semana.
Alternan fases de crecimiento y de estancamiento (¡hasta
63 días!).

La velocidad del crecimiento disminuye progresiva-
mente desde el nacimiento hasta la edad adulta. Una ex-
cepción la constituye la aceleración transitoria de la épo-
ca de pubertad. Este empujón del crecimiento se inicia

ENTRENAMIENTO TOTAL96

Figura 47. Células nerviosas y uniones de sus fibras en el transcurso del desarrollo infantil. De izquierda a derecha: neonato, niño de 10 días,
de 10 meses y de 2 años (de Ackert K.: Klinische Wochenschrift 49 [1971], 509; citado en Falck I., Lehr U.: Zeitschrift für Gerontologie 13, 2
[1980], 103).

El rápido desarrollo del cerebro permite una elevada ca-
pacidad de rendimiento en el ámbito de las capacidades
coordinativas, el “equivalente deportivo” del sistema
nervioso central, que ya funciona perfectamente; por
ello el entrenamiento infantil deberá centrarse en la for-
mación óptima de las destrezas y técnicas deportivo-mo-
toras y en la ampliación del repertorio de movimientos y
de la experiencia motora. El entrenamiento de las capa-
cidades físicas tiene lugar en paralelo a este proceso, si

bien sólo en la medida en que lo requiera una formación
coordinativa global, y aquí observamos una diferencia
básica respecto al entrenamiento de adultos: las capaci-
dades físicas en la edad infantil no se forman para maxi-
mizar sino para optimizar.
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  experimentan	
  ya	
  en	
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  vida	
  
una	
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  germinación	
  de	
  nuevas	
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  especialmente	
  intensa	
  hasta	
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tercer	
  año	
  de	
  vida	
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However, it must be noted that FMS
should always be present within any
strength and conditioning program, for
any athlete, of any age (65). For
example, the main emphasis of a train-
ing session for an inexperienced 7-year-
old boy may revolve around a series of
FMS development exercises, whereas
a young, elite, 21-year-old man may
integrate FMS maintenance exercises
within a dynamic warm-up. This
logical approach is reflected in the
YPD model (Figures 1 and 2), where
an emphasis is placed on FMS devel-
opment up to the onset of puberty, and
subsequently, focus is given to SSS
from adolescence onward. However,

the YPD model also shows that both
FMS and SSS are present at all times
throughout childhood and adoles-
cence, but the emphasis placed on
both components varies according to
developmental stage.

STRENGTH
Despite previous concerns, it is now
accepted that children can safely and
effectively participate in strength train-
ing, when prescribed and supervised by
appropriately qualified personnel
(6,11,39,62,88,105). The LTAD model
(7) suggests that a ‘‘window of oppor-
tunity’’ for strength development in
youths occurs 12–18 months after
PHV, which is typically commensurate

with PWV (14,15). The rationale
behind this window is that around
the time of PWV, adolescents will
undergo periods of rapid gains in muscle
mass resulting from increased circulat-
ing androgen concentrations (110).

However, by limiting the period of
trainability to coincide with maturity-
related increases in muscle mass would
suggest that children can only become
stronger as a consequence of muscle
fiber hypertrophy and subsequent
increases in muscle cross-sectional
area. Despite this, it has previously
been established that strength devel-
opment is multifaceted and results
from a combination of muscular,

Figure 1. The YPD model for males. Font size refers to importance; light blue boxes refer to preadolescent periods of adaptation,
dark blue boxes refer to adolescent periods of adaptation. FMS = fundamental movement skills; MC = metabolic
conditioning; PHV = peak height velocity; SSS = sport-specific skills; YPD = youth physical development.
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neural, and mechanical factors (1,34).
Owing to the neural plasticity associ-
ated with the prepubertal years, where
development of the neuromuscular
system naturally accelerates (21), it is
suggested that strength development
should be targeted during childhood in
addition to after the adolescent spurt.
This notion is reinforced by research
and meta-analytical reviews that have
proven that both prepubertal children
and adolescents can achieve training-
induced improvements in muscular
strength (12,13,40,42,48).

The YPD model shows that the devel-
opment of muscular strength should be
a priority at all stages of development
for both males and females (Figures 1

and 2). This notion is based on
previous research that has revealed
close associations between muscular
strength and running speed (114),
muscular power (104,116), change of
direction speed (78), plyometric ability
(71), and endurance (53). Additionally,
it has been speculated that muscular
strength is indeed critical for successful
FMS development (12). Consequently,
it is reasonable to suggest that devel-
oping levels of muscular strength
should be a priority of any athlete
development program, as strength
would appear to transcend all other
fitness components. Although not all
these relationships have been validated
in pediatric populations, early research

has indicated that muscular strength
(in addition to stature) could account
for up to 70% of the variability in
a range of motor skills including
throwing, jumping, and sprinting in
7- to 12-year-old boys (106).

The development of muscular strength
should also be viewed as an integral
component of youth strength and
conditioning programs not only for
performance enhancement but also for
reducing the risk of sport-related
injuries (39). It has been reported that
high aerobic fitness and low levels of
muscle strength heighten the risk of
fracture in children participating in
exercise protocols (26), highlighting
the importance of strength within an

Figure 2. The YPD model for females. Font size refers to importance; light pink boxes refer to preadolescent periods of adaptation,
dark pink boxes refer to adolescent periods of adaptation. FMS = fundamental movement skills; MC = metabolic
conditioning; PHV = peak height velocity; SSS = sport-specific skills; YPD = youth physical development.
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from adolescence onward. However,

the YPD model also shows that both
FMS and SSS are present at all times
throughout childhood and adoles-
cence, but the emphasis placed on
both components varies according to
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STRENGTH
Despite previous concerns, it is now
accepted that children can safely and
effectively participate in strength train-
ing, when prescribed and supervised by
appropriately qualified personnel
(6,11,39,62,88,105). The LTAD model
(7) suggests that a ‘‘window of oppor-
tunity’’ for strength development in
youths occurs 12–18 months after
PHV, which is typically commensurate

with PWV (14,15). The rationale
behind this window is that around
the time of PWV, adolescents will
undergo periods of rapid gains in muscle
mass resulting from increased circulat-
ing androgen concentrations (110).

However, by limiting the period of
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related increases in muscle mass would
suggest that children can only become
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fiber hypertrophy and subsequent
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area. Despite this, it has previously
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opment is multifaceted and results
from a combination of muscular,
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25

10 KEY FACTORS

Figure 5: Fundamental Movement Skils and Fundamental Sports Skills

It is critical that children with a disability have the opportunity to develop their fundamental movement skills and 
fundamental sports skills. By doing so, they are more likely to be included in many school-, community- or club-based 
activities. Failure to do so severely limits their lifelong opportunities for participation in many physical activities and sport. 
Children with a disability face difficulty gaining the fundamentals because: 

 overly protective parents, teachers and coaches shield them from the bumps and bruises of childhood play;

 adapted physical education is not well developed in all school systems;

 some coaches do not welcome children with a disability to their activities because of a lack of knowledge about how to 
adapt their program and design integrative skills, drills and games.

It takes knowledge and creativity to integrate a child with a disability into group activities where fundamental skills are 
practiced and physical literacy is developed.

Agility Balance Co-ordination Speed Jumping Climbing

Walking Skating Hopping Swimming Skipping Balance
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CHAPTER 3  Skill Themes, Movement Concepts, and the  National Standards    29

which variations are developed.” In physical education, 
various movements can be thought of as a theme. 
    By revisiting a movement—sometimes in the same 
context as previously and sometimes in a radically differ-
ent context—we provide children with variations of a 
skill theme. These variations lead to profi ciency as well as 
diversity. Jumping can be presented as jumping from an 
object—a box or a table—and landing softly. This move-
ment can be revisited with a slight variation: jumping 
from an object and landing facing in a different direction 
from the takeoff position. Jumping for distance or leap-
ing in synchronization with the leap of a partner would 
be radically different, yet the theme would still be jump-
ing (Gallagher 1984). So, too, would the high jump and 
the long jump for track and fi eld athletes as would jump-
ing to catch a ball in football, softball, or basketball. 
    Some movements, such as jumping, traveling, and 
balancing, can be focused on in games, gymnastics, 
and dance contexts. Other movements, such as throw-
ing and dribbling, are primarily used in games. When-
ever possible, we point out to students the similarities 
in movements used in different contexts to enhance 
students’ cognitive understanding of the principles 
that underlie successful performance of a movement. 
We’re not certain that this infl uences skill performance 
(transfer of learning), but it doesn’t seem to have any 
adverse effects. 

    The instructor who teaches by themes can focus on 
helping children become skillful movers. Youngsters 
will have plenty of opportunities as they grow older to 
learn games, sports, dance, and gymnastics activities, 
but fi rst they must learn the basic motor skills needed 
for successful participation.  

Table 3.1 Skill Themes Used in Sports*

 Sports

Skill Themes

Traveling ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

Chasing, fl eeing, dodging  ! !   ! !  ! !    ! 
Jumping, landing ! ! ! !   ! ! ! ! ! ! ! ! !

Balancing ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

Transferring weight ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

Rolling   ! !   !      !  !

Kicking !  ! !   !  !      
Punting   !      !      
Throwing  ! !      ! ! ! !  ! !

Catching  ! !      ! !    ! 
Volleying         !      !

Dribbling  !    !   !      
Striking with rackets           !    
Striking with golf clubs     !          
Striking with bats          !     
Striking with hockey sticks      !         

*This table is intended only to suggest how various skill themes are applied in sports contexts.
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    Many adults choose not to play tennis or swim or 
dance. They don’t enjoy these activities because they 
don’t possess the skills needed to participate success-
fully. An unskilled adult attempting to learn a complex 
set of dance steps may be embarrassed and frustrated. 
So will the adult who is trying to learn to play tennis 

  Fundamental activities such as running, jumping, 
 skipping, sliding, catching, kicking, and striking are the 
basic components of the games, sports, and dances 
of our society. Children who possess inadequate mo-
tor skills are often relegated to a life of exclusion from 
the organized and free play experiences of their peers, 
and subsequently, to a lifetime of inactivity because of 
their frustrations in early movement behavior.    

 — VERN   SEEFELDT ,  JOHN   HAUBENSTRICKER ,
AND  SAM   REUSCHLEIN     
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However, it must be noted that FMS
should always be present within any
strength and conditioning program, for
any athlete, of any age (65). For
example, the main emphasis of a train-
ing session for an inexperienced 7-year-
old boy may revolve around a series of
FMS development exercises, whereas
a young, elite, 21-year-old man may
integrate FMS maintenance exercises
within a dynamic warm-up. This
logical approach is reflected in the
YPD model (Figures 1 and 2), where
an emphasis is placed on FMS devel-
opment up to the onset of puberty, and
subsequently, focus is given to SSS
from adolescence onward. However,

the YPD model also shows that both
FMS and SSS are present at all times
throughout childhood and adoles-
cence, but the emphasis placed on
both components varies according to
developmental stage.

STRENGTH
Despite previous concerns, it is now
accepted that children can safely and
effectively participate in strength train-
ing, when prescribed and supervised by
appropriately qualified personnel
(6,11,39,62,88,105). The LTAD model
(7) suggests that a ‘‘window of oppor-
tunity’’ for strength development in
youths occurs 12–18 months after
PHV, which is typically commensurate

with PWV (14,15). The rationale
behind this window is that around
the time of PWV, adolescents will
undergo periods of rapid gains in muscle
mass resulting from increased circulat-
ing androgen concentrations (110).

However, by limiting the period of
trainability to coincide with maturity-
related increases in muscle mass would
suggest that children can only become
stronger as a consequence of muscle
fiber hypertrophy and subsequent
increases in muscle cross-sectional
area. Despite this, it has previously
been established that strength devel-
opment is multifaceted and results
from a combination of muscular,

Figure 1. The YPD model for males. Font size refers to importance; light blue boxes refer to preadolescent periods of adaptation,
dark blue boxes refer to adolescent periods of adaptation. FMS = fundamental movement skills; MC = metabolic
conditioning; PHV = peak height velocity; SSS = sport-specific skills; YPD = youth physical development.
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Granacher et al. Resistance Training in Youth Athletes

TABLE 2 | Conceptual model for the implementation of resistance training (RT) programs during the stages of long-term athlete development (LTDA) to

enhance muscular fitness and athletic performance.

Early childhood Late childhood Adolescents Adulthood

CHRONOLOGICAL AGE

Female: 6–8 years Female: 9–11 years Female: 12–18 years Female: >18 years

Male: 6–9 years Male: 10–13 years Male: 14–18 years Male: >18 years

BIOLOGICAL AGE

Tanner stage I Tanner stage I–II Tanner stage III–IV Tanner stage V

MATURITY

Pre-pubertal (pre PHV) Pre-pubertal (pre PHV) Pubertal (mid PHV) Post-pubertal (post PHV)

STAGE OF LONG-TERM ATHLETE DEVELOPMENT

FUNdamentals Learning to train Training to train Training to compete

LONG-TERM DEVELOPMENT OF MUSCULAR FITNESS (STRENGTH, POWER, ENDURANCE)

- Coordination training

- Agility training

- Balance training

- Muscular endurance training with

own body mass/training tools (e.g.,

medicine ball) with a focus on

exercise technique

- Balance training

- Plyometric training as part of

deliberate play (e.g., rope skipping)

with a focus on correct jumping and

landing mechanics

- Core strength training

- Muscular endurance training with

own body mass/training tools (e.g.,

medicine ball)

- Free weight training with a focus on

exercise technique

- Balance training

- Plyometric training (depth jumps

from low drop heights)

- Core strength training

- Free weight training at light to

moderate loads

- Heavy resistance strength training

(hypertrophy)

- Eccentric resistance training

- Sport-specific resistance training

- Balance training

- Plyometric training (depth jumps

from moderate drop heights)

- Core strength training

- Free weight training at moderate to

high loads

- Heavy resistance strength training

(neuromuscular activation +

hypertrophy)

- Sport-specific resistance training

TRAINING-INDUCED ADAPTATIONS

Neuronal adaptations Hormonal/Neuronal/Muscular/Tendinous adaptations

RT programs were allocated to LTAD stages based on expert opinion and according to Lesinski et al. (2016), Faigenbaum et al. (2016), Lloyd et al. (2011, 2015), Balyi et al. (2013), as

well as Kraemer and Fleck (2005).

Legend: PHV, peak height velocity.

TABLE 3 | Identified research gaps in the literature and recommendations for future studies.

Identified problems from scoping review Implications for future research

Lack of studies that examined RT effects in child athletes Particularly examine the effects of RT in child athletes

Lack of studies that reported measures of biological age Always determine and report a measure of biological age (e.g., peak-height

velocity)

Lack of studies that examined sex-specific effects of RT Particularly examine the effects of RT in female youth athletes

Lack of studies that examined physiological adaptive processes following RT in child

and adolescent athletes

Elucidate neuromuscular and tendomuscular mechanisms following RT in

youth athletes according to sex and biological age

Insufficient reporting and inclusion of stress and strain-based parameters in RT

studies

Describe RT protocols in more detail (report stress and strain-based

parameters)

Insufficient matching of RT protocols when comparing different protocols When comparing different RT protocols make sure that protocols are

matched for strain-based parameters (e.g., time under tension) or

mechanical work (i.e., lifted overall load)

Legend: RT, resistance training.

that only studies examining youth athletes were included while
previous work reported findings from athletic and non-athletic
populations.

Of note and in accordance with Behm et al. (2008), we define
RT as a specialized method of conditioning that involves the
progressive use of a wide range of resistive loads, including
body mass, and a variety of training modalities (e.g., machine-
based training, free weight training, plyometric training, complex

training, functional training) designed to enhance muscular
fitness and athletic performance.

METHODS

This article is presented in the form of a scoping review
(Armstrong et al., 2011). According to the principles of a
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Volumen (rep) 
 

Series  
 

Intensidad (%1RM) 

 
Frecuencia 

 
Recuperación 

6-9 
 
36-24 
 
6-10 
 
PC 
 
1-2 días 
 
72 h 

9-12 
 
30-24 
 
3-6 
 
30-50 
 
1-2 días 
 
72-48 h 

12-16 
 
24-15 
 
3-6 
 
50-85 
 
2-4 días 
 
48 h 

+16 
 
18-6 
 
2-5 
 
85-100 
 
2-5 días 
 
48-24 h 
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Figura 2. Escala de esfuerzo percibido OMNI-RES de fuerza para niños.
Fuente:  Robertson et al.63

Densidad de entrenamiento e intervalo de recuperación
inter-series

La densidad de entrenamiento expresa la relación entre la
duración del esfuerzo y la longitud de la pausa de recuperación
o descanso60. La longitud del intervalo de recuperación es una
variable importante para mantener los niveles de fuerza aplicada,
velocidad y potencia en cada movimiento60. Existen evidencias de
que los niños y adolescentes se recuperan más  rápidamente entre
esfuerzos intermitentes de alta intensidad que los adultos64–66, por
lo que se sugiere que, con ejercicios de moderada intensidad en
sujetos inexpertos, un minuto aproximadamente de recuperación
entre series podría ser suficiente, para la mayoría de los niños y
adolescentes7,8,29,48. No obstante, probablemente se deba incre-
mentar dicho periodo de recuperación más  allá de los 2-3 minutos, a
medida que la intensidad del entrenamiento se incremente en jóve-
nes expertos, como por ejemplo sucede al realizar ejercicios con
alta producción de fuerza, potencia, y demanda técnica (ejercicios
olímpicos o secuenciales, y pliométricos)7,8,29.

Medios de entrenamiento, tipo y orden de ejercicios

Distintos medios o equipamientos utilizados para los ejercicios
han mostrado ser efectivos para mejorar las prestaciones de fuerza
en poblaciones de niños y adolescentes (peso corporal, bandas
elásticas, máquinas de resistencia variable adaptadas, pesos libres,
resistencia manual y balones medicinales)7,8,29,48. Parece razona-
ble ir progresando gradualmente de los ejercicios más  simples,
en situaciones de mayor estabilidad externa -como los ejercicios
realizados con máquinas de placas-, hacia ejercicios relativamente
inestables y más  complejos -como los realizados con pesos libres
o balones medicinales- para mejorar el rendimiento y reducir
el aburrimiento, a medida que mejore la competencia técnica y
confianza16,67. No se debe olvidar que la variedad de ejercicios, en
la sesión y a lo largo del tiempo, es un elemento importante para
motivar y prevenir el aburrimiento a estas edades.

Al final, la propia selección del tipo de ejercicio dependerá de la
competencia técnica, objetivo de entrenamiento, medidas antro-
pométricas del niño o adolescente y de los recursos disponibles. En
todos los casos la prioridad será fijar patrones técnicos correctos,
en variedad de ejercicios con resistencias bajas, tanto mono como
multiarticulares y levantamientos olímpicos68. Recordar de nuevo
que la niñez es considerada un periodo crucial para desarrollar
la suficiente competencia motriz, ya que durante estos años la
coordinación neuromuscular es más  susceptible de cambiar8,29.
Igualmente, los ejercicios seleccionados para la sesión deberán

permitir una implicación repartida de los grupos musculares prin-
cipales de todo el cuerpo, de forma equilibrada (balance muscular
agonista-antagonista)7,8. Especial atención merecerán aquellos
ejercicios específicos para la musculatura estabilizadora del tronco
o core7,8,29,67.

Respecto del orden de ejecución de los ejercicios en la sesión
de entrenamiento, al igual que para poblaciones adultas, se
recomienda empezar primero por aquellos ejercicios de mayor
demanda o complejidad técnica y producción de potencia (v. g.:
levantamientos olímpicos o ejercicios secuenciales y pliométricos).
Del mismo  modo, se deben realizar primero aquellos ejercicios
para grupos musculares grandes y centrales, antes que los ejer-
cicios para grupos musculares pequeños y periféricos, o lo que
supone lo mismo, realizar los ejercicios que demanden un mayor
número de grupos musculares, por ser poliarticulares, antes que
los monoarticulares7. No obstante, el orden de los ejercicios debe
organizarse en función de los objetivos perseguidos, a la vez
que aquellos ejercicios que se estén aprendiendo deberán realizarse
siempre sin fatiga y, por tanto, irán al inicio de la sesión60.

Metodología de entrenamiento

La concreción del método de entrenamiento determinado, para
cada unidad o sesión de entrenamiento, debe ser considerado
como un componente independiente de la dosis de ejercicio. La
literatura científica no hace ninguna referencia específica o reco-
mendación sobre este punto, para el entrenamiento de la fuerza a
edades tempranas. Sin embargo, algunos estudios de intervención
han utilizado progresiones verticales, con organizaciones circula-
res, para comprobar el efecto del ejercicio de fuerza (55-70% 1RM)
con resultados positivos sobre la grasa corporal, la fuerza muscular
y la función vascular en adolescentes obesos42. Esto hace suponer
que progresiones metodológicas de tipo vertical, como los clási-
cos «circuitos generales»,  puedan ser apropiadas para poblaciones
infantiles y juveniles con poca experiencia, no existiendo la necesi-
dad de utilizar progresiones de tipo horizontal en las primeras fases
de formación (tabla 1).

Recomendaciones finales para la práctica

• Comenzar cada sesión con un calentamiento dinámico apropiado
de 5-10 minutos, que incluya una parte general de actividades
aeróbicas de baja intensidad, seguida de una parte específica con
movimientos dinámicos.

• Priorizar los ejercicios globales o multiarticular con el propósito
de mejorar aspectos coordinativos y de equilibrio. Además, este
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successfully recruit and retain intervention participants 
(Pescud et al. 2010). 

Figure 1. Children should learn proper exercise 
tec hnique from a qualified instructor.

RESISTANCE TRAINING PROGRAM DESIGN 
When working with overweight and obese youth, it 

is important to remember that the goal of the program 
should not be limited to increasing muscle strength 
and improving body composition. Obese youth have 
fewer friends and miss more school days than their 
normal weight peers (Potts-Datema and Taras 2005). 
Thus, the first step in encouraging obese children and 
adolescents to exercise may be to increase their confi-
dence in their ability to be physically active in a socially 
supportive environment, which in turn may lead to an 
increase in regular physical activity, an improvement in 
body composition and, hopefully, exposure to a form 
of exercise that can be carried over into adulthood. 

From our experience, overweight youth tend to be 
the strongest students in class and they often receive 
unsolicited positive feedback from their normal weight 
peers who are often impressed with the amount of 
weight they can lift. In support of these observations, 
Davis et al reported mean 1 repetition maximum (RM)  
loads of 271 kg on the leg press exercise in a group 
of overweight male adolescents who completed a 16 
week resistance training program (Davis et al. 2009). 
Unlike other types of exercise and sport, participation 
in resistance exercise gives youth with a high percenta-
ge of body fat a chance to “shine” and gain confidence 
in their abilities to be physically active. This is where 
the art and science of developing a youth resistance 
training program come into play because the principles 
of training specificity and progressive overload need to 
be balanced with individual needs, goals and positive 

social interactions in order to optimize gains, prevent 
boredom and promote exercise adherence. Resistance 
exercises such as the medicine ball partner can be en-
joyable and effective for school-age youth (Figure 2).

Figure 2. Medicine ball partner twist exercise

Teaching youth about their bodies, promoting safe 
training procedures, and providing a stimulating pro-
gram that gives participants a more positive attitude 
toward resistance training and physical activity are 
equally important. Since there is not one “optimal” 
combination of sets, repetitions, and exercises that 
will promote favorable adaptations in muscular streng-
th and body composition in all youth, many program 
variables need be altered over time to achieve desi-
rable outcomes. Clearly, resistance training programs 
for overweight and obese youth need to be individua-
lized and based on each participant’s health history, 
training experience, personal goals and time available 
for exercise. 

Of interest, (Castro-Piñero et al. 2009) recently re-
ported that overweight and obese youth (6 to 17.9 
years old)  had worse performance than their un-
derweight and normal weight counterparts on 8 diffe-
rent muscular strength tests that required participants 
to move their body weight (Castro-Piñero et al. 2009). 
However, overweight and obese youth recorded the 
highest values on the medicine ball toss in the afo-
rementioned report which suggests that body weight 
exercises such as pull ups, isometric bent arm hang or 
even push-ups may not be ideal for this population in 
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get type IIx muscle fibers may be particularly beneficial 
and worthwhile for overweight and obese youth. 

Training Volume
It is generally recommended that children and ado-

lescents perform one to three sets on each exercise 
to achieve muscular fitness goals (Behm et al. 2008; 
Faigenbaum et al. 2009). In general, one, two, or three-
set protocols will be effective for normal weight and 
overweight youth during the first few months of re-
sistance training provided that reasonable training 
loads are used. Although long-term training studies (> 
6 months) are needed to explore the effects of diffe-
rent training programs on muscular strength and body 
composition in normal weight and obese youth, a mul-
tiple set training protocol is likely to be more effective 
than a single set protocol for maximizing training adap-
tations and  maintaining exercise adherence in youth 
over the long-term (Faigenbaum and Naclerio 2011). 

By periodically varying the training intensity, number 
of sets and choice of exercises, the training stimulus 
will remain effective and the adaptations to the tra-
ining program will likely be maximized. Of potential 
relevance, Foschini et al. (Foschini et al. 2010) repor-
ted similar changes in muscular endurance in obese 
adolescents who completed a 14 week aerobic and 
resistance training program that followed a linear (i.e. 
gradual changes in intensity and volume) or undulating 
(i.e., weekly changes in intensity and volume) periodi-
zed training model . However, these researchers also 
found that there may be more notable changes in va-
rious metabolic parameters following undulating trai-
ning than linear training (Foschini et al. 2010). Although 
additional research is needed to examine the effects 
of different periodized resistance training programs on 
health and fitness outcomes in youth, the importance 
of program variation and weekly progression must not 
be overlooked if long-term gains in health and perfor-
mance are desired.

Rest Interval Between Sets and Exercises
In general, the length of the rest interval between 

sets and exercises will influence energy recovery and 
the training adaptations that take place. Obviously, tra-
ining intensity, training goals and fitness level will in-
fluence the rest interval. Although few data examining 
the effects of rest interval length on strength perfor-
mance in younger populations are available, it appears 
that children and adolescents can recover faster than 
adults between several repeated sets of resistance 
exercise at the same relative intensity (Faigenbaum et 
al. 2008). Thus, a shorter rest interval may suffice in 
children and adolescents when performing a modera-
te-intensity resistance exercise protocol, although the 

likelihood that adolescents may fatigue more rapidly 
than children should be considered.  In general, a rest 
period of 1 minute between sets is appropriate for 
most beginners. Short rest periods (<30 s between 
sets and exercises) need to be carefully prescribed be-
cause of the muscular discomfort associated with this 
type of training. 

Repetition Velocity or Cadence
The velocity or cadence at which an exercise is 

performed can affect adaptations to training. Since be-
ginners need to learn how to perform each exercise 
correctly, it is recommended that untrained youth per-
form exercises in a controlled manner at a moderate 
velocity in order to maintain proper exercise technique 
throughout the entire range of motion. As youth gain 
experience, different training velocities may be used de-
pending on the choice of exercise and program goals. 
For example, selected medicine ball exercises such as 
the chest push (Figure 3) can be performed explosively 
with a low cadence whereas the medicine ball lunge 
(Figure 4) can be performed at a more controlled ve-
locity with a higher cadence as performance improves. 
Although additional research is needed, it is likely that 
the integration of strength and power exercises perfor-
med at different velocities with varying cadences/tem-
pos within a training program may provide the most 
effective training stimulus (McGuigan et al. 2009). 

Figure 3. Medicine ball chest push exercise



were compared among common
sports, girls had significantly higher
severe injury rates than boys when
participating in the same sport such
as basketball or in a similar sport such
as softball (15). Female athletes tend

to have higher injury rates than male
athletes particularly in comparable
sports such as basketball, soccer, base-
ball, and softball, where the rules of
play and equipment are similar. Spe-
cifically, it has been shown that girls’
basketball and soccer teams have
higher injury patterns than boys’ bas-
ketball and soccer teams (15,55). Fur-
thermore, in a surveillance of North
Carolina schools, girls’ soccer had the
second highest injury incidence when
comparing basketball, soccer, track,
baseball, softball, wrestling, cheerlead-
ing, volleyball, and football (36).

The difference in injury rates between
males and females are also present
when comparing knee injuries. The
knee is a commonly injured site among
high school athletes, and knee injuries
have been shown to make up the
majority of injuries requiring surgery
(15,35). Female basketball and soccer
players have been inclined to have
more knee injuries, knee surgery, and
ACL surgery than male basketball and
soccer players (55). The higher rates of
knee injury in female basketball and
soccer players compared with male
basketball and soccer players are con-
firmed by Darrow et al. (15) who
reported that girls had a higher amount
of severe injuries to their knees than
boys, and a large proportion of these
knee injuries were caused by complete
ligament tears. Although higher knee
injury rates in boys than in girls have
been observed (35) while examining
high school athletes in the sports of foot-
ball, soccer, basketball, baseball, wres-
tling, volleyball, and softball, these rates
may have differed if the knee injury rates
were examined among comparable
sports only.

Despite the lack of a comparison of
injury rates between males and females
in similar sports, Ingram et al. (35) con-
cluded that girls’ soccer and basketball
still ranked among the sports with the
highest knee injury rates, accompanied
only by football and wrestling, which
are primarily contact sports. Major
knee injuries caused by noncontact
mechanisms were twice as likely to
occur in females as males, and they

Figure 1. Landing errors: Knee valgus
“knock-knee” motion, land-
ing on toes rather than on
the ball of foot, and feet are
not shoulder width apart.

Figure 2. Landing errors: Knee valgus
“knock-knee” motion, land-
ing on toes rather than on
the ball of foot, feet are not
shoulder width apart, and
feet are not symmetrical.

Figure 3. Landing errors: Knee valgus
“knock-knee” motion and feet
are not shoulder width apart.

Figure 4. Landing errors: Knee valgus
“knock-knee” motion and feet
are not shoulder width apart.
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technical ability is demonstrated before
the athlete progresses. The model con-
tains approximated age ranges for each
given stage, which are indicative of
different maturational rates of men and

women; however, regardless of gender
or age, a childmust developmechanically
efficient functional movement skills be-
fore attempting more complex plyomet-
ric drills.

The model proposes that athletes
progress from one stage to another
only once mastery is consistently
displayed at the earlier stage. The
model supposes that exercises should

Figure 2. (A) Bodyweight squats and (B) in-line lunges.
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increase in intensity and decrease in
volume as children are introduced to
plyometrics of increasing eccentric
loading. However, owing to the po-
tential variation in biological develop-
ment within a specified chronological
age group and the lack of available
research that distinguishes optimal
plyometric training variables for youths,
it must be noted that the progressions
displayed in the model are not implicit
for specific chronological age groups
and that strength and conditioning
coaches should use these guidelines
with an awareness of individual vari-
ability in mind. It should also be
highlighted that the model has been
based on the interpretation of available
scientific research, but longitudinal em-
pirical research is required to establish
its efficacy and effectiveness.

STAGE 1: FUNDAMENTAL
MOVEMENT SKILLS
Although it has previously been sug-
gested that children are able to begin
plyometric training when they have the
emotional maturity to listen to and
follow instructions (8), the strength and
conditioning coach should be satisfied

that the child can demonstrate sound
landing mechanics and competent basic
movement patterns. Such fundamental
movements should incorporate elements
of agility, balance, and coordination and
expose the child to an environment that
develops kinesthetic and spatial aware-
ness. Potential exercises are largely re-
stricted to the imagination of the coach;
however, such movement skills could
include freestanding bodyweight squats
and in-line lunges (Figure 2) or similar
closed kinetic chain exercises requiring
triple extension at the ankles, knees, and
hips. Where possible, these exercises
should be incorporated into games or
deliberate play type activities, which
should eliminate the boredom that can
be displayed by children who inherently
dislike monotonous forms of training (8).
Combining plyometric drills with skill-
based activities or those targeting differ-
ent components of fitness should help
keep children engaged in a training
session (8). Progression to stage 2 should
only take place when locomotive com-
petence is demonstrated in fundamental
movement skills (FMS) such as running,
skipping, and hopping that require
agility, balance, and coordination (12).

STAGE 2: LOW-INTENSITY
PLYOMETRICS—JUMPING
The next progression involves a range
of jumping exercises, which require the
child to perform on the spot jumps or
vertical and horizontal standing jumps.
These exercises typically involve the
child jumping and landing bilaterally or
unilaterally, thus highlighting the need
for satisfactory fundamental movement
skill mastery. In order for a child to
minimize injury and maximize plyo-
metric performance, it is suggested that
they must display correct landing
mechanics, including a heel-toe land-
ing, supporting flexion at the triple
extension sites, avoid excessive valgus
knee displacement (Figure 3), as dem-
onstrated in Figure 3, maintenance
of lumbothoracic integrity at the point
of ground contact, and coordination of
the upper and lower limbs throughout
the exercise.

STAGE 3: MEDIUM-INTENSITY
PLYOMETRICS 1—MULTIPLE
BILATERAL HOPPING AND
JUMPING
Once the young athlete can execute
jumping tasks proficiently, the

Figure 3. (A) Correct landing mechanics and (B) Valgus knee displacement on landing.
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2a. Scapular activation. Start standing,
facing a wall with one shoulder flexed 90!
and the hand on the wall. Without bend-
ing elbow, lean on the wall under control,
retracting shoulder blade (Figure 4). Push
off from wall by protracting shoulder
blade. See Supplemental Digital Con-
tent 2a for full execution (Video,
http://links.lww.com/SCJ/A24).

2b. Scapular activation—single-leg stance.
Start standing in a single-leg stance,
facing the wall with one shoulder flexed
90! and the hand on the wall. Without

bending elbow, lean on the wall under
control, retracting shoulder blade. Push
off from wall by protracting shoulder
blade. See Supplemental Digital Con-
tent 2b for full execution (Video,
http://links.lww.com/SCJ/A26).

3a. Torso stabilization rotation. Start in
push-up position with hands slightly
wider than shoulder width. Rotate
torso 90! onto one arm and foot
(side-support), keeping the upper leg
abducted (Figure 5). Return to starting
position and then repeat sequence to

the other side. See Supplemental Digital
Content 3a for full execution (Video,
http://links.lww.com/SCJ/A27).

3b. Torso stabilization + push-
up rotation. Start in push-up position
with hands slightly wider than shoul-
der width. Perform push-up then rotate
torso 90! onto one arm and foot
(side-support), keeping the upper leg
abducted. Return to starting position
and then repeat sequence to the other
side. See Supplemental Digital Content
3b for full execution (Video,
http://links.lww.com/SCJ/A28).

Table 1
BAPS exercise, progression, and emphasis

Exercise Progression Emphasis

1a. Arabesque rotation 1b. Walking arabesque Dynamic core stability

2a. Scapular retraction/protraction 2b. Scapular retraction/protraction
on single leg

Scapular rhythm

3a. Torso stabilization rotation 2b. Torso stabilization + push-up rotation Rotary stability

4a. Supine bridge + single-leg extension 4b. Supine bridge + single-leg/single-arm
extension

Lumbo-pelvic-hip control

5a. Rotator cuff external rotation on
single leg with theraband

5b. Rotator cuff external rotation on half
foam roller with theraband

Scapular rhythm

6a. Torso stabilization rotation with
ball throws

6b. Torso stabilization rotation with ball
throws on half foam roller

Trunk rotation pattern

7a. Bodyweight squats on half foam roller 7b. Bodyweight squats on stability discs Eccentric stabilization

8a. Stability disc lunge (forward) 8b. Stability disc lunge (forward and back) Eccentric stabilization

9a. Supine torso rotation 9b. Supine torso rotation with medicine ball Rotary stability

10a. Supine hip lifts on step 10b. Supine hip lifts on stability ball Lumbo-pelvic-hip control

11a. Walking lunge rotation 11b. Walking lunge rotation with medicine ball Dynamic core stability

12a. Single leg hip hike 12b. Single leg hip hike on half foam roller Lumbo-pelvic-hip control

Figure 3. Arabesque rotation. Figure 4. Scapular activation. Figure 5. Torso stabilization rotation.
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stance exercises (48). Single-limb
squats and single-leg deadlifts maxi-
mally elicited gluteus maximus
(Figure 5A and 5B). It should be noted
that one should not simply start with
these exercises. These exercises are
progressed to form double limb to

single-limb stance once proper tech-
nique and safety is demonstrated.

ADDRESSING HAMSTRING
STRENGTH FOR CORRECTION OF
DYNAMIC VALGUS AND
IMPROVED KNEE FLEXION WITH
JUMP LANDINGS
Hamstring weakness and activation
deficits play a role in controlling
dynamic valgus postures by resisting
anterior and lateral tibial translation
and tibial rotations (2). Studies have
demonstrated that weak hamstrings
result in quadriceps dominance second-
ary to increased knee extensor moments
over knee flexor moments during tasks
that require increased lower extremity
demand, therefore increasing risk (60).
Adolescent girls exhibited less ham-
string strength in comparison to age-
and size-matched boys, confirming
need for earlier intervention (59).

Hamstring activation is modifiable
through strengthening and neuromus-
cular training (4,79). Studies have dem-
onstrated improved dynamic valgus
control and prelanding and landing
activation with jump landings with
neuromuscular training (79). Eccentric
loading of the hamstrings, such as part-
nered Russian hamstring curls, has
been found to be more effective in
improving hamstring to quad ratio
than traditional concentric exercises
(42,59).

Agility training programs that have
incorporated unanticipated directional
changes have demonstrated improved
medial hamstring activation during
pivoting as well as a significant reduc-
tion in knee valgus loading during
planned and unplanned conditions
(13,75).

CORE STRENGTHENING FOR
CORRECTION OF TRUNK
DOMINANCE
Core weakness and proprioception
have been associated with lateral
trunk displacement, altered dynamic
knee stability, and predicted knee
injury risk (4,5,37,77–79). Effective
programs should include core stabil-
ity training, proprioceptive exercises,
perturbations, and postural sway cor-
rections. Core proprioceptive neuro-
muscular training has improved body
sway; however, more research is
needed secondary to the paucity in
the literature on its effects on non-
contact ACL rates.

CORRECTION OF LEG
DOMINANCE AND LOWER
EXTREMITY ALIGNMENT VIA
CUEING
Leg dominance may be secondary to
asymmetrical muscle weakness, flexi-
bility, and/or pain avoidance. Training
should focus on each leg in isolation if
dominance is noted. If pain is reported,

Figure 4. Gluteus strengthening for
correction of dynamic val-
gus. (A) Side plank:
strengthening of gluteus
medius. (B) Lateral band
walk: strengthening of glu-
teus medius.

Figure 5. (A) Single-leg squats: maximally elicits gluteus maximus. (B) Single-leg deadlift: maximally elicits gluteus maximus.
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RECOVERY
Despite the notion that children can
often recover from repeated sets of
moderate-intensity resistance training
with less recovery time (13), plyomet-
rics require longer rest periods to
enable full neuromuscular recovery,
maximize performance, and reduce
injury risk (48). During the initial stages
of the proposed model (Figure 1), rest
intervals can range from 1 to 3 minutes
(23); however, when training intensi-
ties are increased in stages 5 and 6 (in
which athletes are entering adulthood),
young athletes may require longer rest
periods to enable optimal power de-
velopment. It should be noted that the
rest required specifically by a child
might differ owing to individual vari-
ation; however, at all times, coaches
should overestimate as opposed to
underestimate the necessary rest to
enable full recovery and maintenance
of training intensity (8).

RECOMMENDATIONS
Although plyometric programmingmust
be designed specific to an individual,

below is a summary of the proposed
guidelines for youth plyometrics:
1. Training intensity: should be based

on eccentric loading, and at all
times, children should progress from
low-intensity to high-intensity
exercises.

2. Training volume: children should
use performance thresholds (e.g.,
ground contact time or RSI) to
determine training volume; how-
ever, single sets of 6–10 repetitions,
progressing to multiple sets of 6–10
repetitions as a general guideline is
supported.

3. Training frequency: 2 sessions per
week on nonconsecutive days.

4. Repetition velocity: use of perfor-
mance thresholds (as above) to
maximize motivation and perfor-
mance quality.

5. Recovery: 60–180 seconds interset
rest period for low level plyometrics;
however, this may need to be
increased when performing multiple
plyometrics of a high eccentric
loading nature.

SUGGESTED YOUTH-BASED
PLYOMETRIC EXERCISE MODEL
Although a number of publications
have suggested appropriate plyometric
guidelines for children (9), it was
deemed necessary to formalize a more
comprehensive progression model
(Figure 1), which corresponds with
developmental stages aligned with the
LTADmodel (1). It is intended that this
progression model will provide
coaches with a more strategic ap-
proach to youth plyometric program
design. Specifically, the model is de-
signed to give coaches clear and simple
guidelines to follow based on scientific
theory and evidence, without being
overly prescriptive, thus allowing
coaches to implement the information
in a way specific to the needs of
individual athletes.

It is important to make clear that the
model is designed for an athlete to enter
the first stage at a young age, and that
anyone entering at an older age should
still complete the initial phase first, with
a coach ensuring that appropriate

Figure 1. Plyometric progression model.
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Volume
Volume is the total work performed in a single workout session or cycle. In the case 
of plyometric training, volume is often measured by counting foot contacts. For 
example, an activity such as the standing triple jump, which is composed of three 
parts, counts as three foot contacts. Foot contacts provide a means of prescribing 
and monitoring exercise volume. Low-intensity exercises used during warm-ups 
are generally not included in the number of foot contacts when computing volume. 
Thus, warm-ups should stay low in intensity and progressive in nature so they do 
not overextend the athlete.

The actual number of jumps to be implemented in any program depends on many 
variables. Remember that this is a theoretical program design, and your particular 
situation might call for variation. Refer to the information on intensity, frequency, 
volume, and recovery earlier in this chapter. The key guiding concepts are prudence 
and simplicity.

Some variables are related to whether an athlete is involved in complementary 
resistance or weight training. An athlete without prior experience generally should 
not perform plyometric and resistance training on the same day. If it is necessary to 
do so, the number of foot contacts should be reduced by 60 percent from the normal 
prescription for the training level of the athlete. An experienced athlete who wishes 
to combine plyometrics and resistance training should do plyometrics first; this will 
allow for maximal response from muscles that are not fatigued by prior exertions. 
Plyometrics and weight training can also be effectively combined by advanced or 
elite athletes in complex training (see chapter 10).

Another concern regarding plyometric training is the timing of the athletic season. 
In the off-season or preseason, training should progress toward more intense exer-
cises. To supplement in-season training, conditioning levels should be maintained 
using exercises of low to moderate intensity.

Prudence in prescribing and performing plyometric exercise has to do with when 
and how much training is done. A hard, skill-oriented sport practice should not be 
followed by a high-volume, high-intensity plyometric workout. More will be accom-
plished by using warm-up and low-intensity plyometric work to allow for recovery. 
An even better plan would be devoting a single training day to plyometrics in order 
to provide variety and allow physiological and mental recovery from skill practice.

The recommended volume of specific jumps in any one session will vary with inten-
sity and progression goals. Table 8.1 shows sample exercise volumes for beginning, 

Table 8.1 Number of Foot Contacts by Season for Jump 
Training

LEVEL

Beginning Intermediate Advanced Intensity

Off-season 60-100 100-150 150-250 Low-moderate

Preseason 100-250 150-300 150-450 Moderate-high

In-season Depends on 
sport

Moderate

Championship 
season

Recovery only Moderate-high

•  1	
  serie	
  de	
  6-­‐10	
  repeticiones.	
  
•  2-­‐3	
  series	
  de	
  6-­‐10	
  repeticiones.	
  

pliometría 



Frecuencia	
  

•  2	
  sesiones/semana.	
  
•  Al	
  menos	
  72	
  h	
  de	
  recuperación	
  entre	
  ambas.	
  

Recuperación	
  entre	
  series	
  

•  Entre	
  60-­‐180	
  segundos.	
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However, it must be noted that FMS
should always be present within any
strength and conditioning program, for
any athlete, of any age (65). For
example, the main emphasis of a train-
ing session for an inexperienced 7-year-
old boy may revolve around a series of
FMS development exercises, whereas
a young, elite, 21-year-old man may
integrate FMS maintenance exercises
within a dynamic warm-up. This
logical approach is reflected in the
YPD model (Figures 1 and 2), where
an emphasis is placed on FMS devel-
opment up to the onset of puberty, and
subsequently, focus is given to SSS
from adolescence onward. However,

the YPD model also shows that both
FMS and SSS are present at all times
throughout childhood and adoles-
cence, but the emphasis placed on
both components varies according to
developmental stage.

STRENGTH
Despite previous concerns, it is now
accepted that children can safely and
effectively participate in strength train-
ing, when prescribed and supervised by
appropriately qualified personnel
(6,11,39,62,88,105). The LTAD model
(7) suggests that a ‘‘window of oppor-
tunity’’ for strength development in
youths occurs 12–18 months after
PHV, which is typically commensurate

with PWV (14,15). The rationale
behind this window is that around
the time of PWV, adolescents will
undergo periods of rapid gains in muscle
mass resulting from increased circulat-
ing androgen concentrations (110).

However, by limiting the period of
trainability to coincide with maturity-
related increases in muscle mass would
suggest that children can only become
stronger as a consequence of muscle
fiber hypertrophy and subsequent
increases in muscle cross-sectional
area. Despite this, it has previously
been established that strength devel-
opment is multifaceted and results
from a combination of muscular,

Figure 1. The YPD model for males. Font size refers to importance; light blue boxes refer to preadolescent periods of adaptation,
dark blue boxes refer to adolescent periods of adaptation. FMS = fundamental movement skills; MC = metabolic
conditioning; PHV = peak height velocity; SSS = sport-specific skills; YPD = youth physical development.
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Development of Aerobic Fitness in Young Team Sport Athletes
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Abstract The importance of a high level of aerobic fit-
ness for team sport players is well known. Previous re-

search suggests that aerobic fitness can be effectively

increased in adults using traditional aerobic conditioning
methods, including high-intensity interval and moderate-

intensity continuous training, or more recent game-based

conditioning that involves movement and skill-specific
tasks, e.g. small-sided games. However, aerobic fitness

training for youth team sport players has received limited

attention and is likely to differ from that for adults due to
changes in maturation. Given young athletes experience

different rates of maturation and technical skill develop-

ment, the most appropriate aerobic fitness training modes
and loading parameters are likely to be specific to the de-

velopmental stage of a player. Therefore, we analysed

studies that investigated exercise protocols to enhance
aerobic fitness in young athletes, relative to growth and

maturation, to determine current best practice and limita-

tions. Findings were subsequently used to guide an evi-
dence-based model for aerobic fitness development. During

the sampling stage (exploration of multiple sports), regular
participation in moderate-intensity aerobic fitness training,

integrated into sport-specific drills, activities and skill-

based games, is recommended. During the specialisation
stage (increased commitment to a chosen sport), high-in-

tensity small-sided games should be prioritised to provide

the simultaneous development of aerobic fitness and tech-
nical skills. Once players enter the investment stage (pur-

suit of proficiency in a chosen sport), a combination of

small-sided games and high-intensity interval training is
recommended.

Key Points

Aerobic fitness should be actively developed in team

sport players throughout their development, rather
than aligning exercise to specific periods of

maturation.

Sport-specific training programmes should be

prioritised throughout development to increase the

opportunity for concurrent physical and technical
development.

Training must be accurately prescribed using specific
game variables to ensure the desired aerobic fitness

adaptations are achieved.

1 Introduction

An important component contributing to successful per-

formance in many invasion team sports is a player’s phy-

sical ability to repeatedly produce high-intensity
intermittent bouts of exercise during games that typically

last 60–120 min [1–3]. The aerobic fitness status of an

individual largely determines this ability due to its sub-
stantial role during recovery, which assists with delaying

& Craig B. Harrison
hbcraig@gmail.com

1 Sports Performance Research Institute New Zealand, AUT
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Mode: 3 vs. 3 or 4 vs. 4 SSGs

Frequency: 2-3 x per week

Duration: 8-28 min

Work intensity: 90-95% HRpeak 

Recovery: Active or passive

Mode: Sport-specific mixed

Frequency: 5 x per week

Duration: 8-28 min

Work intensity: 50-85% HRpeak

Recovery: Active or passive

No

Mode: High-intensity interval training 

Frequency: 2 x per week for 5-10 weeks

Duration: 8 - 28 min

Work intensity: 90-95% HRpeak

Recovery 60-70% HRpeak active or passive
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Mode: 3 vs. 3 to 5 vs. 5 SSGs

Frequency: 2 x per week

Duration: 8-28 min

Work intensity: 90-95% HRpeak 

Recovery: Active or passive

Mode: High-intensity interval training

Frequency: 2-3 x per week for 4-12 weeks

Duration: 8 - 28 min

Work intensity: 90-95% HRpeak

Recovery: 60-70% HRpeak active or passive

Mode: Repeated sprint

Frequency: 1-2 x per week for 10 weeks

Duration: 4-6 x sprints

Work intensity: 95-100% max speed

Recovery: 20-120 s / 4-10 min passive

Mode: Sport-specific mixed

Frequency: 6 x per week for several weeks

Duration: > 60 min

Work interval: 45 min @ 50-60% HRpeak plus 10 min @ > 85% HRpeak
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Fig. 1 A proposed evidence-based model for aerobic fitness development in young team sport players. HRpeak peak heart rate, ISRP intermittent

shuttle running performance, max maximum, min minutes, SSGs small-sided games, _VO2peak peak volume of oxygen uptake
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Pre-­‐PHV	
  /	
  <	
  13	
  años	
   >45	
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50-­‐60	
  %	
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PHV	
  /	
  13-­‐16	
  años	
  

SSG	
  
	
  

Formato:	
  3vs3	
  /	
  4vs4	
  
Frecuencia:	
  2-­‐3	
  días	
  semana	
  
Volumen	
  total:	
  8-­‐28	
  min	
  
Repeticiones:	
  4-­‐8	
  min	
  

Intensidad:	
  90-­‐95%	
  Fcmáx	
  
Recuperación:	
  1/1	
  

Campo:	
  25x30	
  m	
  /	
  30x40m	
  
>8	
  semanas	
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  (2015).	
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  Fitness	
  in	
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  Sport	
  Athletes.	
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  Medicine,	
  45(7),	
  969–983.	
  	
  

HIIT	
  
	
  

Frecuencia:	
  2	
  días	
  semana	
  
Volumen	
  total:	
  8-­‐28	
  min	
  
Intervalos:	
  30s-­‐4	
  min	
  

Intensidad:	
  90-­‐95%	
  Fcmáx	
  o	
  
30-­‐15IFT	
  

Recuperación:	
  1/1	
  
Campo:	
  25x30	
  m	
  /	
  30x40m	
  
Ciclos	
  de	
  5-­‐10	
  semanas	
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Tipo de 

entrenamiento 

Carga de entrenamiento 

Tareas 

Intensidad Volumen 

%FCmáx RPE 
Tiempo 

recuper 

Trabajo 

total, min 

Duración 

de las 

rep 

Rep Recup 

Capacidad 

Aeróbica 
80-90 

Un poco 

duro 
24-48h 30-60 6-30 min 1-8 < 1 min 

8x8 

7x7 

6x6 

5x5 

Potencia  

Aeróbica 
90-95 

Muy 

duro 
>72h 12-35 3-6 min 4-8 

0.5-1 

ratio 

4x4 

3x3 

Juegos reducidos 
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reported that coach encouragement
was the dominant variable on playing
intensity, when examining the effects
of varying pitch size, player numbers,
and coach encouragement. Therefore,
coaches should aim to maximize
motivational techniques when high
training intensities are required. Fac-
tors that can be used to enhance
motivation include a coaching staff

providing encouragement, using a
competitive playing structure, and
providing feedback to the players
about intensity (8).

A factor that can influence soccer drill
intensity that cannot be controlled by
the coach is the standard of the players.
Players of low technical ability may not
be able to produce high training
intensities during soccer drills because

play is often disrupted and does not
flow across the pitch quickly. Despite
this concern, relative intensities have
been reported to be similar between
amateur and professional players dur-
ing the same soccer drills (2,20,25,28).
Table 4 shows intensities of soccer
drills reported in the literature with
details of the aforementioned factors
that can influence intensity.

ORGANIZATION OF SOCCER DRILL
CONDITIONING SESSIONS
The practicalities of organizing a soccer
drill session are much more daunting
than that of a generic physical session.
With generic conditioning, the main
practicalities concern producing the
appropriate training load. However,
soccer drills have an additional number
of factors to consider, which are often
dictated by training circumstances.

Total player numbers dictate what
type of soccer drills can be used
because the team sizes used must be
a dividable number of the total number
of players. For example, 16 players
would require 8-a-side, 4-a-side, or 2-a-
side teams. Player numbers and team

Table 2
Methodology for the main forms of endurance training for soccer and appropriate soccer drills

Training type

Appropriate training load

Soccer drill examplesIntensity Duration

%HR RPE
Lactate,
mmol/L

Total
work, min

Rep
duration Reps Rest Drill Reference

Lactate
threshold

80–90 Quite
hard

3–6 30–60 6–30 min 1–8 ,1 min
rest

5 3 5 (7,18,19,25,28)

6 3 6 (18,19,25)

7 3 7 (6)

8 3 8 (18,19,30)

Vo2max 90–95 Stressful 6–12 12–35 3–6 min 4–8 0.5–1 rest
ratio

3 3 3 (2,18,20,25)

4 3 4 (14,18,19,28)

Anaerobic .85 Maximal .10 4–16 20 s to
3 min

2–4 sets
of 4–8

1–4 rest
ratio

2 3 2 (1,19,27)

3 3 3
possess

(17)

%HR = percent heart rate; RPE = rating of perceived exertion; Reps = repetitions.

Training loads adapted from Bompa (5).

Table 3
Pitch sizes considered small, medium, and large for various soccer drills,

reported by Rampinini et al. (25) and Owen et al. (22)

Soccer drill Small Medium Large

3-a-side 12 3 20 m 15 3 25 m 18 3 30 m

4-a-side 16 3 24 m 20 3 30 m 24 3 36 m

5-a-side 20 3 28 m 25 3 35 m 30 3 42 m

6-a-side 24 3 32 m 30 3 40 m 36 3 48 m

1-a-side possession 5 3 10 m 10 3 15 m 15 3 20 m

2-a-side possession 10 3 15 m 15 3 20 m 20 3 25 m

3-a-side possession 15 3 20 m 20 3 25 m 25 3 30 m

4-a-side possession 20 3 25 m 25 3 30 m 30 3 35 m

5-a-side possession 25 3 30 m 30 3 35 m 35 3 40 m
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Post-­‐	
  PHV	
  /	
  >16	
  años	
  

SSG	
  
	
  

Formato:	
  3vs3	
  a	
  5vs5	
  
Frecuencia:	
  2	
  días	
  semana	
  
Volumen	
  total:	
  8-­‐28	
  min	
  
Repeticiones:	
  4-­‐8	
  min	
  

Intensidad:	
  90-­‐95%	
  Fcmáx	
  
Recuperación:	
  1/1	
  
Campo:	
  grande	
  (L)	
  

>8	
  semanas	
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HIIT	
  
	
  

Frecuencia:	
  2-­‐3	
  días	
  semana	
  
Volumen	
  total:	
  8-­‐28	
  min	
  
Intervalos:	
  15s-­‐4	
  min	
  

Intensidad:	
  90-­‐95%	
  Fcmáx	
  o	
  
30-­‐15IFT	
  

Recuperación:	
  1/1	
  
Campo:	
  25x30	
  m	
  /	
  30x40m	
  
Ciclos	
  de	
  4-­‐12	
  semanas	
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Post-­‐	
  PHV	
  /	
  >16	
  años	
  

RSA	
  
	
  

Frecuencia:	
  1-­‐2	
  días	
  semana	
  
Repeticiones:	
  4-­‐6	
  
Distancia:	
  40	
  m	
  

Series:	
  2-­‐5	
  
Intensidad:	
  100%	
  máximo	
  esfuerzo	
  

Recuperación:	
  20s	
  –	
  2	
  min	
  
Pausa:	
  4-­‐10	
  min	
  
10-­‐12	
  semanas	
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