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 SUMMARY: The purpose of this study was to compare different methods of maturity evaluation and their relation with per-
formance-related physical and anthropometric variables in young soccer players, with different plasma zinc status.  A total of 53 healthy 
male young soccer players (age: 13±1 years; body mass: 48±10 kg; stature: 160±10 cm) participated in this study. Variables from physical 
fitness (stature, ST; fat-free mass, FFM; handgrip strength in the dominant hand, DHS), testosterone and zinc plasma concentration were 
measured. Biological maturity was evaluated by sexual maturity (development of: pubic hair, PH; genitals, GD; axillary hair; AH), bone 
maturity (TW3 method; BA), and testosterone plasma concentration methods.  We observed that: (i) the frequency of hypozincemics 
and normozincemics children stratified by BA-CA, PH and GD were similar in each category; (ii) the BA allowed the identification of 
differences between the three categories, in at least two performance-related variables (FFM and DHS, p<0.0001); (iii) the AH method 
was able to discriminate only for DHS (p<0.0001); and (iv) the testosterone method was not able to identify differences between the four 
maturation categories with regard to ST, FFM, and DHS.  Results suggested that Zinc deficiency did not influence the results obtained 
for the maturation categories defined by the different assessment methods. The assessment of biological maturation by BA seems to be 
the most effective for the stratification of performance-related and anthropometric variables in young soccer players. Nevertheless, the 
AH method should also be considered as a fair option to be used in field studies and practice.
 
 KEY  WORDS: Puberty; Testosterone; Sports; Biological maturation.

INTRODUCTION
 

 In soccer, the chronological age is used to define 
the different categories of competition. It is not uncommon 
that subjects with different stages of maturation are included 
in the same categories, which may jeopardize long term 
training programs. The identification of biological matura-
tion status is therefore relevant to design adequate physical 
training programs (Fragoso et al., 2004; Malina et al., 2004a; 
Figueiredo et al., 2010). 
 
 The determination of  biological age is fundamental 
to estimate the potential performance of athletes, since some 
puberty characteristics can occur in distinct chronological 

ages. With such purpose, researchers commonly use maturity 
assessment methods based in secondary sexual characte-
ristics, which may not reflect changes within narrow age 
ranges (Mortatti & Arruda, 2007) in traits related to sports 
performance, for instance, stature, fat free mass, and stren-
gth (Fragoso et al.; Figueiredo et al., 2009). In other words, 
some physical and fitness characteristics are expected in 
children with a particular maturation status – methods to 
assess maturation should be able to discriminate for these 
characteristics, in order to avoid bias in children evaluation 
(Tanner et al., 2001).
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 On the other hand, some potentially confounding 
factors may affect the maturity values obtained by different 
methods of classification. The zinc status is one of these 
factors, being an important health-related trace element 
(Micheletti et al., 2001; Hambidge et al., 2006; Bhowmik 
& Kumar, 2010). During growth and biological maturation, 
zinc participates in bone, protein, lipid and carbohydrate 
metabolism (Wada, 2004). Additionally, it is involved in 
the synthesis of growth hormone, testosterone, insulin-like 
growth factor I (IGF-I), alkaline phosphatase, collagen, 
osteocalcin, insulin, vitamin D3 and leptin (Koury et al., 
2007).
 
 Temporary zinc deficiency it is not a rare event 
(Micheletti et al.). Increased levels of physical activity, 
stress, and poor dietary habits can negatively influence 
zinc homeostasis (Micheletti et al.). This condition can 
promote growth retardation, delayed bone development, 
fatigue, loss of body mass, and impaired development (se-
xual, motor and cognitive), which could preclude normal 
pubertal development and impair biological maturation 
(Salgueiro et al., 2002, 2004; Koury et al., 2005; Bhowmik 
& Kumar). 
 
 In brief, it would be useful to clarify whether dis-
tinct techniques to determine maturation status can actually 
discriminate children with different biological age within 
initial soccer categories. Given the relevance of the zinc in 
organic functions and its possible influence on maturation 
assessment, it is also important to take into account how 
zinc status influences the maturity values obtained by these 
methods of classification. Thus, the aim of the present study 
was to compare different methods of maturity evaluation 
and their relation with performance-related physical and 
anthropometric variables in young soccer players, with 
different plasma zinc status.
 
 
MATERIAL AND METHOD
 

Participants. All participants were registered as athletes 
from an initial category (12-14 years-old) in the orga-
nizational structure of the Brazilian Soccer Federation. 
A total of 56 children participating of systematic soccer 
training in a traditional club of Rio de Janeiro, Brazil, 
initially enrolled in the study. From these, three did not 
participate of the whole protocol and dropped out. The-
refore, 53 healthy young male subjects (age: 13±1 years; 
body mass: 48±10 kg; stature: 160±10 cm; plasma zinc: 
12.2±2.2 µmol/L) participated in the study. They are 
compatible with the chronological age (NCHS percenti-
les 3 to 97) and sports modality. The overall sample had 

6.1±2.3 years of previous experience with soccer practice 
and trained 5.0 ±1.8 hours/week. None of the participants 
were using any vitamin or mineral supplementation. 
Information about the training volume (number of hours 
per week) was obtained through individual interviews. 
After detailed explanation of the study, all subjects’ pa-
rents or legal guardians signed informed consent. The 
study was approved by the Ethical Committee of Pedro 
Ernesto University Hospital, Rio de Janeiro, Brazil, as 
recommended by the declaration of Helsinki.
 
Experimental design. Initialy, groups of six children 
attended the laboratory for blood and urine collection 
after an overnight fast. After eating a small meal, they 
performed hand x-ray, anthropometry and dynamo-
metry measurements. Fat-free mass was quantified by 
dual-energy radiograph absorptiometry in a specialized 
clinic (Lunar Prodigy Advance - General EletricsTM, 
Chalfont St. Giles, United Kingdom). Considering the 
cut point 11.0 µmol/L for concentration of plasma zinc 
(Food and Nutrition Board, 2000), the athletes were 
divided in two groups: normozincemics (n=37) and 
hypozincemics (n=16). Due to their relation with soccer 
performance, stature (ST), fat-free mass (FFM), and 
strength were also assessed. These variables were used 
to analyze differences between groups and the ability of 
a given maturation technique to discriminate for charac-
teristics related to performance.
 
Procedures. Body mass (BM) and stature (ST) were mea-
sured according International Society for the Advancement 
of Kinatropometry (ISAK) recommendations (Marfe-
ll-Jones et al., 2006). Handgrip strength was assessed by 
dynamometry (model 78010, Lafayette®, USA), with scale 
in kg (0 to 100 kg) and accuracy of 1 kg. The dominant 
hand higher value, after three attempts, was taken as final 
result (Innes, 1999).
 
 Biological maturity was evaluated by three me-
thods: (i) sexual maturity (SM); (ii) bone maturity; and 
(iii) testosterone plasma concentration.
 
 The evaluation of SM, based on secondary sexual 
characteristics, considered the development of pubic hair 
(PH) and genitals (GD), according to five categories (1 to 
5). The axillary hair (AH) was evaluated according three 
categories (Tanner, 1962). PH and GD methods were per-
formed by self evaluation (Cameron, 2002) to preserve 
subjects’ privacy. Categories with small number of indivi-
duals (n < 4) were discarded. Three evaluations of sexual 
maturity were made in different moments throughout a 
period of six months, in order to verify the reproducibility 
of the self evaluations (Tanner, 1962).
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  Bone maturity was evaluated by the estimation of 
bone age (BA), according to Tanner-Whitehouse 3 method 
(TW3) (Tanner et al.), based on x-ray measurements in 13 
bones of the left hand. The x-ray radiation dose was within 
the range of 3 to 5 mrem (0.003 to 0.007 rads), correspon-
ding approximately to 5 % of the allowed annual dosage 
(Machado & Barbanti, 2007). The test-retest reproducibi-
lity of BA assessments was very high (within-observers: 
r=0.70 and p<0.0001; t=0.1033 and p=0.91; between-ob-
servers: r=0.96 and p<0.0001; t=0.4118 and p=0.68). The 
BA standard deviation allowed the division of athletes into 
three classes (sd -3 to -1 = 11.1 to 12.5 years; sd -1 to +1 
= 12.6 to 14.0 years; sd +1 to +3 = 14.1 to 15.5 years). 
The BA compared to chronological age (CA) allowed the 
evaluation of ‘maturational tempo’ (rate of maturation 
progress). The difference between BA and CA (BA - CA) 
produces the following classifications: (i) later (LA) if < 
than -1; (ii) synchronous (SY) if > than -1 and < than +1; 
and (iii) early (EA) if > that +1 (Malina et al., 2004b).
 
 Prior to blood collection, subjects were instructed 
to avoid physical activity for 16 hours. After an overni-
ght fast (8h), a 10 mL blood sample was collected by 
antecubital vein puncture into heparinised (30U per tube) 
mineral-free tubes, being centrifuged at 1800 g for 10 
min for separation of plasma, which was stored at -20 0C 
to further analysis. Plasma testosterone was analyzed by 
radioimmunoassay, using a Coat-A-Count kit (Diagnostic 
Products Corporation, USA). The maturation classification 
for the testosterone plasma concentration followed the 
orientations of the manufacturer (Kühnel, 2000), stratifying 
the individuals in five maturational categories, i.e., Tanner 
stages: (i) 1.2 – 23 ng/dL; (ii) 2.5 – 70 ng/dL; (iii) 3.15 – 
280 ng/dL; (iv) 4.105 – 545 ng/dL; and (v) 5.265 – 800 
ng/dL. Plasma zinc was measured by inductively coupled 
plasma–optical emission spectrometry (Optima 4300 DV, 
PerkinElmer, USA PerkinElmer). Accuracy was validated 
by concordant results obtained from a reference material 
(whole blood, SeronormTM, lot 404109, NY AS, Pharma 
Diagnostics).

Statistical analysis. The normality and homogeneity of 
variances were ratified by univariate analysis. Therefore, 
differences among categories formed by each method were 
determined using one-way ANOVA following by Bonfe-
rroni post-hoc tests. The Student t-test was used to identify 
differences between normozincemics and hypozincemics, 
stratified by the maturation assessment methods. To analyze 
differences between the number of subjects in each age 
group, the chi-square test was applied. All calculations were 
made with the software GraphPad Prism version 5.00 for 
Windows (GraphPad Software, San Diego, CA, USA), and 
the significance level was fixed at p ≤ 0.05.
 

RESULTS

 
 Participants characteristics are presented in Table I. 

 Performance-related variables analyzed in hypozin-
cemic and normozincemic groups are presented in Figure 
1. Except for zincemia, no significant differences were 
identified between the two groups in any of the variables. 
Since no difference related to zinc status was detected, data 
regarding to the potential value of maturation assessment 
techniques to discriminate for these variables were analyzed 
for the whole sample, regardless the zinc status.
         
 The chi-square revealed that the frequency of 
hypozincemics and normozincemics children stratified by 
BA-CA was similar in each category (late, 31.3 % and 31.6 
%; synchronous, 37.4 % and 36.8 %; early, 31.3 % and 31.6 
%; respectively, p=0.99). The same pattern was observed 
following GD (p=0.99) and PP stratification (p=0.95). 
 
         The comparison between maturational categories 
defined by each assessment method is shown in Figure 2. 
The classification by testosterone concentration produced 
four categories, and the other methods only three. The BA 
allowed the identification of differences between the three 

Table I. General characteristics of adolescent soccer players grouped by zinc nutritional status (n=53).
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Hypozincemic (n=16) Normozincemic (n=37)
Mean ±SD Mean ±SD

Chronological age (years) 13.3 ±0.6 13.3 ±0.7
Bone age (years) 13.0 ±2.5 13.3 ±1.8
Body mass (kg) 46.3 ±9.6 49.5 ±10.2
Stature (cm) 160.1 ±10.8 160.4 ±10.2
Testosterone (ng/dl) 329.7 ±257.7 291.7 ±205.9
Plasma zinc (μmol/l) 9.7 ±1.3 13.2 ±1.5
Bone age - chronological age (years) -0.29 ±2.36 -0.02 ±1.45
Axillary hair development 1.8 ±0.8 2.1 ±0.8
Genital development 3.0 ±0.8 2.8 ±1.0
Pubic hair development 3.2 ±1.2 3.4 ±0.9
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categories, in at least two performance-related variables 
(FFM and DHS, p<0.0001). The AH method was able to 
discriminate only for DHS (p<0.0001). Although providing 

four maturation categories, the testosterone method was not 
able to identify differences between these categories with 
regard to ST, FFM, and DHS.
 
 

Fig. 1. Comparison of stature, fat-free mass and dominat hand strength between hypozincemic and normozincemic groups in each 
category of the different biological maturation assessment methods.
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DISCUSSION
 

 Few studies have examined the influence of zinc in 
factors related to biological maturation, including bone me-
tabolism and hormonal regulation (Sandstead et al., 1998). 
In our study, although plasma zinc was significant higher in 
normozincemic over hypozincemic group, no relationship 
whatsoever was observed between zinc and maturation 
status.
 
 A possible explanation for this result is the possible 
effect of exercise practice on plasma zinc. Factors other than 

the diet also participate in zinc metabolism, like genetics, 
environment and disease (Wastney et al., 2000). It is well 
accepted that due to enzymatic utilization by superoxide 
dismutase or carbonic anydrase (Saliba et al., 2006) or by 
the muscle itself, the zinc concentration may decline as a 
consequence of low plasma concentration (Cordova & Al-
varez-Mon, 1995). In conditions of low zinc availability, the 
body spares endogenous zinc through intestine wall. Hence 
low zinc levels in hypozincemic athletes could be due to 
regular training and not diet deficit (Arikan et al., 2008). 

Fig. 2. Descriptive data about the number of categories with statistically significant differences in each maturation 
assessment method. *p<0.05; #p<0.0001 BA, Bone Age; BA-CA, Bone Age - Chronological Age; T, Testoste-
rone; AH, Axillary Hair; GD, Genital Development; PH, Pubic Hair; FFM, Fat-Free Mass; CA, Chronological 
Age; ST, Stature;DHS, Dominant Handgrip Strength.
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 Although the maturation involves all organs and 
systems, it is not uncommon that a single indicator is adopted 
as representative of this process (Beunen et al., 2006). An 
efficient approach to assess the biological age should, among 
other characteristics, be able to identify discrete stages of 
the maturation (Beunen et al.). In this sense, classification 
methods as SM are able to identify satisfactorily the matu-
ration status of individuals in a restricted group, at least at 
the peri-pubertal period. 
         
 Although some previous studies suggested that the 
maturation of children aged between 8-15 years-old could 
be correctly classified by SM, and that this would reflect 
differences variables in FFM and ST (Herman-Giddens et 
al., 2001), such possibility was not fully ratified by our re-
sults. Actually, significant differences in performance-related 
variables between the maturation categories were detected 
only for ST. As aforementioned, the discrimination potential 
of SM method is limited when children with close chrono-
logical age are evaluated, and this was indeed the case of 
the present study. Future research is warrant to investigate 
whether SM may be applied in the sports context.
         
 Previous research indicated that BA would be 
strongly associated with handgrip strength in adolescent 
soccer players (Fragoso et al.). In our study, the classifi-
cation using BA allowed the identification of significant 
differences between maturation categories with regard to 
all performance-related variables, including DHS. This re-
sult agrees with other studies suggesting that BA would be 
efficient to discriminate distinct maturation stages (Fragoso 
et al.; Beunen et al.). Additionally, the ‘maturational tempo’ 
categories estimated from BA-CA (early, synchronous, and 
delayed) agreed with the directly assessed testosterone levels. 
Early mature boys (BA-CA ≥ 1) presented lower testosterone 
values compared to those with late maturation (BA-CA ≤ -1) 
(p=0.0017), but were not different than synchronous (p>0.05).  
Therefore, the BA technique seemed to be quite well related 
to the expected behavior of both performance-related and 
physiological variables in the different maturation stages.

 The AH method is similar to SM in which concer-
ns the application principle, since it is a secondary sexual 
characteristic. In comparison with SM, the AH can only be 
applied in later stages of maturation, since axillary hair de-
velops after pubic hair and in the presence of higher testoste-
rone concentration. Interestingly, after BA, AH and PH were 
the best methods to discriminate for the performance-related 
variables, being able to identify differences across the two 
more advanced maturation categories for FFM and DHS. 
Since the application of AH is evidently easier than BA and 
PH, this could be a quite practical option to the practitioner, 
at least for children at the end of puberty. 

 Anthropometric parameters seem to be separately 
associated with maturational status and serum testosterone 
concentrations. Additionally, testosterone normally increa-
ses with age in boys (Ramos et al., 1998), however in our 
study we did not find any significant differences between 
categories originated from testosterone levels with none of 
the maturation methods evaluated.
         
 Some limitations of the present study must be ac-
knowledged. Firstly, the results refer to young males within 
a narrow age range. Future research should investigate the 
applicability of different maturation assessment techniques 
in other age categories. Aspects such ethnicity and social 
class were not considered in the study. These factors should 
be controlled, given their influence on potential confounding 
factors as diet pattern, body composition, and strength. 
Studies with females should also be encouraged to a better 
understanding of the potential application of distinct matu-
ration assessment techniques in the soccer context.
 
 In accordance, it seems that: (i) zinc deficiency 
did not influence the results obtained for the maturation 
categories defined by the different assessment methods; and 
(ii) the assessment of biological maturation by BA was the 
most effective for the stratification of performance-related 
and anthropometric variables in young soccer players.  
However, the AH method also seems to be efficient. Taken 
that in consideration, and given its simplicity and low cost, 
the AH method should be considered as a fair option to be 
used in field studies and practice.
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& FRAGOSO, I. Métodos de evaluación de la maduración biológica 
en jugadores adolescentes de fútbol considerando el estado de zinc.  
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 RESUMEN: El objetivo de este estudio fue comparar 
diferentes métodos de evaluación de madurez y su relación con 
variables físicas y antropométricas relacionadas con el desempeño 
en jóvenes jugadores de fútbol, con diferentes niveles plasmáticos 
de zinc. Participaron en este estudio 53 jugadores de fútbol jóvenes 
sanos (edad: 13 ± 1 años, masa corporal: 48 ± 10 kg, estatura: 160 ± 
10 cm). Se midieron las variables de la aptitud física (estatura, ST, 
masa libre de grasa, FFM, fuerza de agarre en la mano dominante, 
DHS), testosterona y concentración plasmática de zinc. Se evaluaron 
la madurez sexual (desarrollo de vello púbico, PH, genitales, DG, 
cabello axilar, AH), madurez ósea (método TW3, BA) y concentra-
ción plasmática de testosterona. Se observó que: (i) la frecuencia 
de los niños hipoxincémicos y normozincémicos estratificados por 
BA-CA, PH y GD fueron similares en cada categoría; (ii) el BA 
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permitió la identificación de diferencias entre las tres categorías, 
en al menos dos variables relacionadas con el desempeño (FFM y 
DHS, p <0,0001); (iii) el método AH fue capaz de discriminar sólo 
para DHS (p <0,0001); y (iv) el método de testosterona no fue capaz 
de identificar diferencias entre las cuatro categorías de maduración 
con respecto a ST, FFM y DHS.  Los resultados sugirieron que la 
deficiencia de zinc no influyó en los resultados obtenidos para las 
categorías de maduración definidas por los diferentes métodos de 
evaluación. La evaluación de la maduración biológica por BA parece 
ser la más efectiva para la estratificación de variables de rendimiento 
y antropométricas en jóvenes jugadores de fútbol. Sin embargo, el 
método AH también debe ser considerado como una opción justa para 
ser utilizado en estudios de campo y práctica.
 
 PALABRAS CLAVE: Pubertad; Testosterona; Depor-
tes; Maduración biológica
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