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Physical growth in young Chilean football players: Proposal 
of percentiles based on chronological and biological age
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ABSTRACT
Objectives. a) To compare physical growth to 
the 2012 American standard from the Centers 
for Disease Control and Prevention (CDC); b) to 
analyze physical growth by chronological and 
biological age; c) to propose physical growth 
charts based on chronological and biological age.
Methodology. A descriptive (cross-sectional) 
study was conducted in young Chilean football 
players based on weight, standing height, and 
sitting height. These were compared to the CDC-
2012 standard. Percentiles were developed using 
the LMS method.
Results. A total of 642 young Chilean football 
players aged 13.0-18.9 years were studied. Their 
body weight was lower than that of the CDC 
standard from 13.0 to 18.9 years old (p < 0.05), 
whereas their height showed no significant 
differences in the initial age categories (13.0-
13.9 and 14.0-14.9 years). Differences started to 
be observed as of 15.0 years old up to 18.9 years 
old (p < 0.05). In relation to chronological age, 
weight explained 31%; standing height, 16%; 
and sitting height, 0.09%, whereas in relation to 
biological age, weight explained 51%; standing 
height, 40%; and sitting height, 54%. Percentiles 
were developed based on chronological and 
biological age.
Conclusion. These youth showed different 
physical growth patterns compared to the 
CDC-2012 standard. Their assessment reflects 
better explanatory percentages for biological 
age than for chronological age. The proposed 
percentiles may be an alternative to keep track 
of the physical growth patterns of young football 
players in sports settings in the short, medium, 
and long term.
Key words: growth, neurodevelopment, growth 
charts, adolescents, football.
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INTRODUCTION
Physical growth is one of the most 

relevant components of pediatric 
practice for well and sick child care 
visits.1 It may be assessed using a 
non-invasive anthropometry, which is 
considered the most advisable, simple, 
and cost-effective technique.2

In  general ,  physica l  growth 
charts are used to detect individual 
abnormalities in growth patterns 
and to study and monitor public 
health.3 This information may help 
to understand the variability and 
secular trends related to the growth of 
athletic and non-athletic children and 
adolescents.

Actually,  biological research 
r e q u i r e s  q u a n t i t a t i v e  a n d / o r 
qualitative documentation regarding 
morphological size, shape, body 
composi t ion ,  growth pat terns , 
and physical development during 
c h i l d h o o d  a n d  a d o l e s c e n c e , 4 
whereas sports-related research 
seeks to quantify the morphological 
characteristics of elite athletes to 
establish a relationship between body 
structure and sports performance. 
In addition, it may help to identify 
and select talented youth who take 
part in sports programs,6 in the short, 
medium, and long term.

In general ,  s tandard growth 
charts are required to monitor the 
physical growth of athletic and non-
athletic children and adolescents. 
Up until now, different international 
institutes7-9 and some investigators 
have published percentiles to assess 
t h e  a n t h r o p o m e t r i c ,  p h y s i c a l , 
and body composition profiles10 
of professional football players;11 
however, to our knowledge, to date no 
study has described reference values 
regarding the physical growth of 
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young football players and there are even fewer 
studies that have described physical growth 
patterns among football players from different 
regions and countries.12-15

The logic to understand growth charts is very 
simple, e.g., a child at any age may be classified in 
relation to other children of the same sex and age 
to assess his/her immediate growth;3 however, 
their interpretation and analysis may be confused 
by the effects of biological maturation because the 
intensity and duration of puberty is specific to 
each subject and may differ considerably among 
individuals,16 especially among football players 
who are still growing and developing.

Therefore, in the setting of amateur and 
grassroots sports, the common practice is to group 
children into 2-year categories,17 which may 
reflect the growth, maturation, and, consequently, 
the advantages of a better physical ability among 
football players.18 As a consequence, studying 
physical growth based on chronological and 
biological age may provide a common reference 
point to reflect the changes in body dimensions in 
and between individuals.19

Therefore, the objectives of this study were: 
a) to compare physical growth to the 2012 
American standard from the Centers for Disease 
Control and Prevention (CDC); b) to analyze 
physical growth by chronological and biological 
age; c) to propose physical growth charts based 
on chronological and biological age.

METHODOLOGY
Participants

A descriptive (cross-sectional) study was 
conducted in young Chilean talented football 
p layers .  They  were  recru i ted  f rom two 
professional clubs (Concepción and Talca) and 
from ten Chilean regions, and national under-12, 
under-14, under-16, and under-18 teams, who 
participated in a National Football Championship. 
Participants were selected in a non-probability 
manner (quotas). Football players’ age ranged 
between 13.0 and 18.9 years. The sample size was 
as follows: 13.0-13.9, n= 46; 14.0-14.9, n= 80; 15.0-
15.9, n= 111; 16.0-16.9, n= 142; 17.0-17.9, n= 183; 
and 18.0-18.9, n= 80.

The national football teams and the players 
from both professional clubs trained 3-5 times 
a week for 90-120 min each time,1 and they 
competed once a week (in general, on Saturdays). 
Four field positions were considered for the 
study: goalkeepers (n= 72), defenders (n= 240), 
midfielders (n= 220), and strikers (n= 110). 

Biological age was observed at 15.1 ± 0.9 years of 
age at peak height velocity (APHV).

The presidents of each national team and club 
authorized the measurement of anthropometric 
outcome measures. The parents or legal guardians 
of young athletes provided their informed 
consent, and football players gave their assent. 
Football players were informed that participation 
was voluntary and that they could leave the study 
at any time. The study was approved by the 
Ethics Committee of Universidad Autónoma de 
Chile (UA 238/2014).

The study included Chilean football players 
between 13.0 and 18.9 years old and who had 
signed the informed consent. Football players who 
were injured and those outside the age range were 
excluded.

Procedures
Assessments were done before participants 

did any physical activity from Mondays through 
Fridays (2014-2016) in the morning (8:00-
11:00 am), in the club facilities and the pre-game 
center where the National Football Championship 
took place. A room was prepared to simulate a lab 
where the devices necessary for measurements 
were placed. Football players’ dates of birth (day, 
month, and year) were collected from their birth 
certificates.

Anthropometric assessments were done by 
three trained and highly-experienced observers. 
They followed the standard procedures by 
Ross and Marfell-Jones.20 Participants’ body 
weight (kg) was measured using an electronic 
scale (Tanita, United Kingdom, Ltd), with a 
100 g precision and a range from 0 to 150 kg. 
Standing height was measured using a portable 
stadiometer (SecaGmbh& Co. KG, Hamburg, 
Germany) with an 0.1 mm precision, and adjusted 
to the Frankfurt plane. Sitting height (trunk length 
+ head length) was measured with the aid of a 
50-cm-tall wooden bench, with a 1 mm precision 
and a range from 0 to 150 cm. All anthropometric 
outcome measures were assessed twice. The 
technical error of measurement (TEM) ranged 
between 0.45% and 1.0%.

Biological maturation was established based 
on APHV. It was predicted using the regression 
equation for men proposed by Mirwald et al.21 
Biological age was established at 1-year intervals, 
which in this study were described into five 
levels: -1 APHV, 0 APHV, 1 APHV, 2 APHV, 
and 3 APHV. Physical growth patterns were 
compared to the American CDC-2012 standard.9
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Statistical analysis
Data normal distribution was verified using 

the Kolmogorov-Smirnov test. A descriptive 
statistical analysis was performed to establish 
the arithmetic mean, the standard deviation, 
and the range. The differences between age and 
APHV were verified using an analysis of variance 
(ANOVA) and Tukey’s test. Comparisons to the 
CDC-2012 standard were done using the t test for 
independent samples. The relationship among 
outcome measures was estimated using Pearson’s 
correlation coefficient. A stepwise multiple 
regression analysis was done (R2 and standard 
error of the mean [SEM]). The significance level 
was established at 0.05. Analyses were done in 
the SPSS 16.0 software for Windows. Smoothed 
percentile curves for weight, standing height, 
and sitting height were created based on the 
LMS method.22 The LMSchartmaker Pro version 
2.3 software was also used.23 The final percentile 
curves were the result of 3 smoothed curves 
specific to chronological and biological age: L 
(lambda, asymmetry), M (mu, median), and S 
(sigma, coefficient of variation). The following 
percentiles were estimated: p3, p5, p15, p25, p50, 
p75, p85, p90, p95, and p97.

RESULTS
Out of 665 football players who participated 

in the National Football Championship, 23 were 
not assessed according to the exclusion criteria; 

therefore, a total of 642 football players were 
studied. Their anthropometric characteristics 
a r e  d e s c r i b e d  i n  T a b l e  1 .  I n  g e n e r a l ,  a 
significant increase was observed in terms of 
weight, standing height, and sitting height 
as chronological and biological age increased 
(p < 0.05).

Figure 1 shows the comparisons between 
weight and height and the CDC-2012 standard. 
Body weight showed significant differences 
from 13.0 to 18.9 years (p < 0.05). No significant 
differences were observed in height at the 
initial age categories (13.0-13.9 years and 14.0-
14.9 years), whereas they were seen between from 
15.0 to 18.9 years (p < 0.05).

The simple linear regression values for 
chronological and biological age are shown in 
Table 2. In relation to chronological age, weight 
explained 31% and standing height, 16%; however, 
sitting height showed a null explanatory power 
(0.09%). In terms of biological age, R2 values 
improved considerably; for example, for weight 
(51%), standing height (85%), and sitting height 
(74%). The three outcome measures were explained 
in a higher percentage by biological age than by 
chronological age.

Tables 3 and 4 show the weight, standing 
height, and sitting height percentiles based on 
chronological and biological age. In both cases, 
percentiles were distributed into p5, p10, p15, 
p25, p50, p75, p85, p90, and p95, respectively.

Table 1. Physical growth outcome measures aligned for chronological and biological age

X: mean; SD: standard deviation; APHV: age at peak growth velocity; a significant difference in relation to 13 years; 
b significant difference in relation to 14 years; c significant difference in relation to 15 years; d significant difference in 
relation to 16 years; e significant difference in relation to 17 years; * significant difference in relation to -1 APHV; ** 
significant difference in relation to 0 APHV; *** significant difference in relation to 1 APHV; **** significant difference 
in relation to 2 APHV.

Indicators	 n	 Weight (kg)	 Standing height (cm)	 Sitting height (cm)
		  X	 SD	 X	 SD	 X	 SD
Years				    Chronological age			 
13.0-13.9	 46	 53.0	 7.7	 162.0	 7.3	 85.7	 4.6
14.0-14.9	 80	 58.4a	 8.1	 167.0a	 7.3	 87.2	 5.0
15.0-15.9	 111	 62a,b	 6.9	 170.4a,b	 6.0	 88.7a	 3.9
16.0-16.9	 142	 66.3a,b,c	 7.5	 171.4a,b	 6.3	 89.7a,b	 3.9
17.0-17.9	 183	 67.1a,b,c	 6.9	 172.2a,b	 6.3	 89.8a,b	 3.7
18.0-18.9	 80	 70.1a,b,c,d,e	 7.4	 173.7a,b,c	 6.0	 90.2a,b	 3.2

APHV				    Biological age			 
-1	 54	 52.1	 6.6	 161.9	 5.4	 82.9	 3.2
0	 113	 59.5*	 6.7	 167.3*	 6.2	 86.8*	 2.9
1	 218	 64.9*,**	 6.3	 170.5*,**	 5.7	 89.0*,**	 2.9
2	 201	 68.8*,**,***	 6.4	 173.6*,**,***	 5.3	 91.1*,**,***	 2.9
3	 56	 74.0*,**,***,****	 6.2	 177.1*,**,***,****	 5.3	 93.7*,**,***,****	 2.9
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SEM: standard error of the mean; APHV: age at peak height velocity.

CDC: Centers for Disease Control and Prevention.

Figure 1. Comparison between young Chilean football players’ weight and height and the Centers for Disease Control and 
Prevention 2012 standard

W
ei

gh
t (

kg
)

CDC, 2012

Study

CDC, 2012

Study

H
ei

gh
t (

cm
)

Ages (years)Ages (years)

Outcome measures	 Chronological age (years old)	 Biological age (APHV)
	 R	 R2	 SEM	 P	 R	 R2	 SEM	 P
Weight (kg)	 0.55	 0.31	 0.31	 0.001	 0.71	 0.51	 0.77	 0.001
Standing height (cm)	 0.40	 0.16	 1.41	 0.001	 0.63	 0.40	 0.85	 0.001
Sitting height (cm)	 0.30	 0.09	 1.47	 0.001	 0.74	 0.54	 0.74	 0.001

Table 2. Multiple linear regression values for chronological and biological age with physical growth outcome measures

Years	 n	 L	 M	 S	 P5	 P10	 P15	 P25	 P50	 P75	 P85	 P90	 P95
Weight (kg)
13.0-13.9	 46	 0.8	 52.6	 0.1	 40.6	 43.6	 43.2	 44.9	 47.6	 52.6	 57.7	 60.4	 62.3
14.0-14.9	 80	 0.5	 57.8	 0.1	 46.0	 48.9	 48.5	 50.2	 52.8	 57.8	 62.9	 65.8	 67.8
15.0-15.9	 111	 0.2	 62.1	 0.1	 50.9	 53.6	 53.2	 54.8	 57.3	 62.1	 67.2	 70.1	 72.1
16.0-16.9	 142	 -0.2	 65.0	 0.1	 54.4	 57.0	 56.5	 58.1	 60.4	 65.0	 70.1	 73.0	 75.1
17.0-17.9	 183	 -0.4	 66.5	 0.1	 56.3	 58.8	 58.4	 59.8	 62.1	 66.5	 71.5	 74.4	 76.4
18.0-18.9	 80	 -0.6	 68.8	 0.1	 58.6	 61.1	 60.6	 62.1	 64.3	 68.8	 73.7	 76.7	 78.7
Standing height (cm)
13.0-13.9	 46	 3.6	 162.8	 0.0	 150.2	 153.0	 153.2	 155.2	 158.0	 162.8	 167.4	 169.7	 171.2
14.0-14.9	 80	 4.1	 167.0	 0.0	 154.8	 158.0	 157.8	 159.7	 162.4	 167.0	 171.3	 173.5	 174.9
15.0-15.9	 111	 4.1	 170.1	 0.0	 158.5	 161.0	 161.3	 163.1	 165.7	 170.1	 174.2	 176.3	 177.7
16.0-16.9	 142	 3.6	 171.5	 0.0	 160.5	 163.0	 163.1	 164.8	 167.2	 171.5	 175.5	 177.6	 179.0
17.0-17.9	 183	 2.3	 172.3	 0.0	 161.8	 164.0	 164.2	 165.8	 168.1	 172.3	 176.4	 178.5	 180.0
18.0-18.9	 80	 1.0	 173.1	 0.0	 162.8	 165.0	 165.1	 166.6	 168.9	 173.1	 177.3	 179.5	 181.1
Sitting height (cm)
13.0-13.9	 46	 4.2	 86.1	 0.1	 77.1	 79.4	 79.4	 80.8	 82.8	 86.1	 89.0	 90.5	 91.4
14.0-14.9	 80	 3.6	 87.6	 0.1	 79.5	 81.5	 81.5	 82.7	 84.5	 87.6	 90.5	 91.9	 92.9
15.0-15.9	 111	 2.6	 88.9	 0.1	 81.6	 83.3	 83.3	 84.4	 86.0	 88.9	 91.6	 93.0	 93.9
16.0-16.9	 142	 1.2	 89.6	 0.0	 83.2	 84.7	 84.7	 85.6	 87.0	 89.6	 92.2	 93.6	 94.6
17.0-17.9	 183	 0.3	 89.9	 0.0	 84.0	 85.3	 85.3	 86.1	 87.4	 89.8	 92.3	 93.7	 94.6
18.0-18.9	 80	 -0.3	 90.0	 0.0	 84.6	 85.8	 85.8	 86.6	 87.8	 90.0	 92.4	 93.7	 94.6

APHV: age at peak height velocity; L: lambda (asymmetry); M: mu (median); S: sigma (coefficient of variation).

Table 3. Reference values for weight, standing height and sitting height of young football players based on chronological age
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DISCUSSION
The primary objective of this study was 

to compare physical growth to the CDC-2012 
standard.9 Results show that Chilean football 
players had lower weight values in all age ranges, 
whereas there were no differences in terms of 
height at 13 and 14 years, although significant 
differences were observed later from 15.0 to 
18.9 years.

This is a clear indication that, although 
young Chilean football players are smaller and 
lighter than the general American population 
corresponding to the CDC-2012 standard, their 
growth patterns were similar to those of young 
Portuguese and Macedonian football players;13,15 
however, in general, they showed lower growth 
patterns than Brazilian and Spanish football 
players.12,14 Such differences may probably 
account for the small  delay in biological 
maturation observed in young Chilean football 
players (15.1 ± 0.9 APHV), which is generally 
achieved by 14 years old.

The discrepancies in growth patterns observed 
in this study could be related to the type of 
training programs usually carried out at football 
clubs (amount and intensity), the differences in 
training styles, and the types and philosophies of 
football player recruiting.

Another possibility is that the sports programs 
carried out in countries like Brazil and Spain give 
priority to taller and heavier children. Actually, 

this trend is confirmed in the bibliography, which 
highlights that older, stronger, and early-matured 
football players are generally selected.12,24

I n  t h i s  s e t t i n g ,  s e v e r a l  s t u d i e s  h a v e 
demonstrated that active children, i.e., those who 
play sports, are consistently taller and heavier 
than passive children,25,26 and they even show a 
more advanced maturation than their non-athletic 
counterparts.18

Therefore, the main contributing factors 
for success among football  players l ie in 
controlling growth and biological maturation.18,27 
Consequently, the assessment of these parameters 
is essential during the sensitive phases of young 
football players.

The second objective of this study was 
to analyze physical growth in relation to 
chronological and biological age. The results have 
evidenced that weight, standing height, and sitting 
height should be analyzed based on APHV.

These results show that chronological age is of 
limited usefulness for the assessment of biological 
maturation among young football players. 
Therefore, it is critical to use and implement the 
APHV in the field of youth football because it is 
an excellent tool to classify youth athletes.28

Actually, several studies have demonstrated 
that children with an advanced physical 
maturation are capable of better performing 
different physical and motor tasks compared to 
those with a delayed maturation.29 Therefore, 

APHV: age at peak height velocity; L: lambda (asymmetry); M: mu (median); S: sigma (coefficient of variation).

APHV	 n	 L	 M	 S	 P5	 P10	 P15	 P25	 P50	 P75	 P85	 P90	 P95
Weight (kg)
-1	 54	 -0.70	 58.80	 0.10	 49.6	 51.4	 51.4	 52.7	 54.7	 58.8	 63.4	 66.2	 68.1
0	 113	 -1.10	 64.30	 0.10	 55.6	 57.3	 57.3	 58.5	 60.4	 64.3	 68.8	 71.5	 73.4
1	 218	 -1.10	 68.20	 0.10	 59.6	 61.3	 61.3	 62.5	 64.4	 68.2	 72.6	 75.1	 77
2	 201	 -1.10	 73.60	 0.10	 65.1	 66.8	 66.8	 68	 69.8	 73.6	 77.8	 80.3	 82.1
3	 56	 -1.20	 81.30	 0.10	 73	 74.7	 74.7	 75.9	 77.7	 81.3	 85.3	 87.7	 89.3
Standing height (cm)
-1	 54	 4.50	 167.20	 0.00	 156.3	 159	 158.9	 160.6	 163	 167.2	 171	 172.9	 174.2
0	 113	 4.30	 170.60	 0.00	 160.4	 163	 162.9	 164.4	 166.7	 170.6	 174.2	 176.1	 177.3
1	 218	 1.80	 173.40	 0.00	 164.5	 166	 166.5	 167.8	 169.8	 173.4	 176.9	 178.8	 180.1
2	 201	 -1.40	 177.00	 0.00	 169	 171	 170.7	 171.9	 173.6	 177	 180.5	 182.4	 183.8
3	 56	 -4.30	 183.60	 0.00	 176.3	 178	 177.8	 178.8	 180.4	 183.6	 187.1	 189.1	 190.6
Sitting height (cm)
-1	 54	 1.80	 86.70	 0.00	 81.5	 82.7	 82.7	 83.5	 84.6	 86.7	 88.7	 89.8	 90.6
0	 113	 0.40	 89.00	 0.00	 84.3	 85.3	 85.3	 86	 87	 89	 90.9	 92	 92.7
1	 218	 -1.50	 91.00	 0.00	 86.6	 87.6	 87.6	 88.2	 89.2	 91	 93	 94	 94.8
2	 201	 -4.30	 93.60	 0.00	 89.6	 90.4	 90.4	 91	 91.8	 93.6	 95.5	 96.6	 97.5
3	 56	 -7.20	 97.70	 0.00	 94	 94.7	 94.7	 95.2	 96	 97.7	 99.6	 100.7	 101.6

Table 4. Reference values for weight, standing height and sitting height of young football players based on biological age
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youth coaches and scouts should be aware of 
including physical and biological maturation in 
the football player recruitment process without 
discriminating those who are younger or have 
a delayed maturation because they may further 
develop their skills in the future.30

Therefore, once differences in weight, standing 
height, and sitting height were analyzed, and 
facing the need to use APHV to analyze the 
physical growth patterns of young Chilean 
football players, this study proposed reference 
values for both cases, although chronological age 
did not markedly affect physical growth outcome 
measures.

In general, and from a health standpoint, 
growth charts are used to perform clinical 
monitoring, detect individual abnormalities, keep 
track of growth patterns, monitor public health, 
and understand variations in secular trends,3 
whereas from the perspective of sports, this 
information (percentiles based on chronological 
and biological age) may help to organize trainings 
to screen and select talents, and to monitor and 
keep track of growth patterns as influenced by 
training programs.

The percentiles obtained for young Chilean 
football players based on chronological and 
biological age may help to modify the current 
policies in relation to screening, detection, and 
monitoring of growth patterns. They may also 
help professionals working with young football 
players who are continuously identifying their 
potential talents and whose objective is to 
optimize the highest levels of performance and 
sports.

The cut-off points used in this study are 
based on the traditional American CDC-2000, 
2012 standards.8,9 For example, for weight, a 
value between the p10 and the p85 is considered 
normal; and ≥ p85, overweight. For height, a 
value ≤ p5 is considered severe short stature; 
between p5 and p10, short stature; and ≥ p10, 
normal. Actually, the percentiles developed in 
this study may be used for programs offered 
by sports clubs, sports associations, and youth 
academies (national teams), which, in general, 
select their talents at an early age.31 In addition, 
during the assessments, they could identify and 
accompany the physical growth patterns (normal, 
early or delayed) of young football players 
throughout the sports education process.

The main strength of this study is that it 
included a large sample of young football 
players from several Chilean regions, although 

certain limitations should also be mentioned. 
For example, cross-sectional data were collected 
to develop growth reference values, although 
longitudinal data should have been ideally used 
because this type of design allowed explanatory 
inferences. In addition, the APHV technique 
may not be very accurate for Chilean football 
players because the initial proposal was based on 
a sample of Caucasian, non-athletic adolescents; 
however, at present, it is considered a non-
invasive technique to quickly and simply asses 
somatic maturation in adolescents from different 
worldwide populations. Future studies should 
take these aspects into account to prevent 
potential biases in results.

In short, young Chilean football players have 
different physical growth patterns compared 
to the American standard population and 
international studies. Their assessment reflects 
better explanatory percentages for biological 
age than for chronological age. Therefore, the 
proposed percentiles may be an alternative to 
keep track of the physical growth patterns of 
young football players in sports settings in the 
short, medium, and long term. n
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