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ABSTRACT

Santi-Maria T, Gébmez Campos R, Andruske CL, Gamero DH,
Luarte-Rocha C, Arruda M, Tumi-Figuero E, Cossio-Bolafios M.
Percentage of Body Fat of Young Soccer Players: Comparison of
Proposed Regression Frequencies between Goalkeepers and
Soccer Camp Players. JEPonline 2015;18(6):70-80. The purpose of
this study is twofold: (a) compare the percentage of fat between
players in different positions; and (b) propose specific equations to
compare goalkeepers and the other players in the soccer camp.
Through convenience sampling, 163 soccer players were selected
from the Brazilian Soccer League. Measurements were taken for
weight, height, sitting height, and seven skinfolds. The percentage of
body fat was estimated by dual-energy X-ray absorptiometry.
Results indicated that the goalkeepers and other soccer camp
players showed anthropometric and body composition differences.
Six regression equations were generated to estimate the % body fat.
The R2 values varied between 0.71 and 0.94 and the SEE from 1.89
to 2.28%. These findings indicate that the goalkeepers and soccer
camp players showed specific anthropometric and body composition
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characteristics. Furthermore, the equations generated may be used to estimate percentage of body
fat for both goalkeepers and soccer camp players.

Key Words: Regression equations, Dual-energy X-ray absorptiometry, Soccer, Youth

INTRODUCTION

The physical composition of the body (i.e., body fat, body mass, and mass free from fat) is relevant
in the evaluation and preparation of soccer players (4). No doubt that is why various methods are
used to estimate the body composition of athletes and non-athletes. For example, underwater
weighing, air displacement plethysmography, labeled water techniques, and dual-energy X-ray
absorptiometry (DXA) are relevant reference methods for assessing the body composition (23).
However, these methods are not adequate for field studies (6), especially since they require
substantial training to use, professional certification, significant investment costs (22), and adequate
facilities and special care for the equipment to function.

An alternative is anthropometry, which is the science that defines physical measures of a person’s
size, form, and functional capacities. This method is considered applicable to everyday field
situations. Moreover, the advantages of low cost and ease of administering encourage its use by
multidisciplinary teams working in soccer clubs. These methods allow prescribing the desired body
weight as well as performance optimization and monitoring of the effects of training among athletes
(27). In this sense, the conventional means for assessing the thickness of skinfolds measured in
various anatomical regions are used as variables that predict the percentage of body fat. These
values are often required for regression equations from which it is possible to predict a subject’s
percentage of body fat based on age and sex.

In fact, the equations by Faulkner (8), Durnin and Wormersley (5), Boileau, Lohman, and Slaughter
(1), and Slaugther et al. (28) have been used in a number of studies to estimate body composition of
young soccer players independent of the position played (9,17,24,25). However, these equations
are not specific to soccer players and, from our point of view, no national or international study has
proposed specific equations for the percentage of body fat in goalkeepers and other soccer camp
players. In spite of this, the literature maintains that soccer players in general are not homogeneous
in terms of size and body composition (22). Therefore, the use of one single equation for all soccer
players does not reflect the actual percentage of body fat.

The purpose of this study was compare the percentage of fat between players in different positions
and, second, to propose specific equations to compare goalkeepers and other soccer camp players
using the standard method of Dual-Energy X-Ray Absorptiometry.

METHODS

Subjects

Convenience sampling was used to select 163 young soccer players training for different positions
from a professional club in Sao Paulo (Brazil). The players’ chronological ages ranged from 11.0 to
18.9 yrs (14.74 £ 2.36 yrs). The sample exhibits a balanced proportion of participants according to
age: for example, (11.0 to 11.9 yrs: 12(7.4%); 12.0 to 12.9 yrs: 18(11.0%); 13.0 to 13.9 yrs:
23(14.1%); 14.0 to 14.9 yrs: 25(15.3%); 15.0 to 15.9 yrs: 29(17.8%); 16.0 to 16.9 yrs: 23(14.1%);
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17.0 to 17.9 yrs: 15(9.2%); and 18.0 to 18.9 yrs: 8(11.0%). Fifteen percent of the players were
Black and 85% were White. Race was determined by skin color.

Research subjects less than 13.9 yrs of age trained 60 to 90 min-d! (one competition length) 4
times-wk1. They had 3 yrs experience training in the sport. The participants who were 14.0 to 16.9
yrs of age trained 5 times-wkfor 90 to 120 min-d* (one competition). These players had 5 yrs of
experience training. Players older than 17.0 yrs trained 6 times-wk? for 90 to 120 min-d! (one
competition). These players had 6 yrs experience training in soccer.

After verbal and written explanations of the research design and risks of the study were explained,
parents, and/or individuals of age responsible for the minors provided written informed consent.
Players older than age 18 signed their own informed consent forms. The research study was
approved by the Research Ethics Committee from the Faculty of Medical Sciences of the
Universidad Estadual de Campinas (Brazil). All assessments followed the ethical norms of the
Helsinki Declaration.

All players with a minimum of 3 yrs of training experience in soccer and those between the ages of
11.0 and 18.9 yrs of age were included in the study. At the time of the assessment, injured soccer
players and those not providing informed consent were excluded.

All measurements were taken in the same club location in a closed laboratory with a room
temperature of 24° C in February 2014 between 9:00 and 11:00 am. The players wore light clothing
that consisted of a shirt and short pants. Anthropometric measurements were taken first, and, then,
the DXA scan was performed. All measurements were taken prior to training. The players were
advised of the protocols that were to be followed during the experiment.

Anthropometry

The anthropometric measurements were taken according to the protocol of the International Society
for Advancement of Kinanthropometry (16). All measurements were taken twice by two ISAK
certified evaluators. The technical margin of measurement error was less than 2% for weight, height,
and sitting height (or trunk length).

The players’ body mass (kg) was measured barefoot by using a scale (SECA, Hamburg) with a
precision of 0.1 kg. While the players’ head was maintained in the Frankfurt plane, height was
measured with an stadiometer (SECA, Hamburg) with an accuracy of 0.1 cm. Sitting height was
measured with an stadiometer (SECA, Hamburg) with a precision of 0.1 cm while the individual was
seated in an upright position on a wooden bench (a flat box with a height of 50 cm). The skinfold
measurements of the triceps, biceps, subscapular, suprailiac, thigh, and mid-calf were measured
with a skinfold caliper (Harpenden, England) whose springs exerted a constant pressure of 10
g-mm™72,

Maturity

The years from attainment of peak height velocity (APHV) was determined from a sex-specific
equation based on Canadian and Belgian boys (20). The biological maturation index predicts years
from peak height velocity (PHV) as a measure of maturity-offset according to the following equation:
-9.236 + 0.0002708 (leg length x sitting height) —0.001663 (age x leg length) + 0.007216 (age X
sitting height) + 0.02292 (weight by height ratio), where R = 0.94, R? = 0.89, and Standard Error of
Estimation (SEE) = 0.59. Measurement lengths are in centimeters and weight measurements are in
kilograms. The weight by height ratio is multiplied by 100.
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DXA Measurements

All subjects were advised not to wear any jewelry or to have any metal on their bodies during the
scanning process. For the scans, the Dual-Energy X-Ray Absorptiometry (Lunar Prodigy; General
Electric, Fairfield, CT) was used. Individual subjects were positioned within the scanning area in a
supine position with the arms positioned and pronated to the side of the body. Fingers and toes
were pointed, and ankles were fastened together with a Velcro belt to ensure standard positioning.

All subjects were told that during the total body scan (5 min) measurement, they needed to remain
still. A trained and experienced technician was in charge of the measurement process. Moreover, in
keeping with the manufacturer’s instructions, the density meter was calibrated daily. To verify the
reproducibility capability (test and pre-test), the scan was repeated on 10 soccer players. The intra-
evaluator measure of technical error was less than 1.5%.

Groups Studied

Soccer players were grouped according to the position they played: (a) Goalkeepers; (b) Side
defenders; (c) Central defenders; (d) Central mid-fielders; (e) Side mid-fielders; and (f) Attackers.
Furthermore, another group was created whereby the Side defenders, Central defenders, Central
mid-fielders, Side mid-fielders, and Attacker were all joined together to form the group labeled as the
Soccer Camp players.

Statistical Analyses

The regularity of all the variables was verified by the Kolmogorov-Smirnov test. All of the variables
showed a satisfactory pattern. To analyze the data, descriptive statistics were used to describe the
arithmetic mean and standard deviation. Differences between the players’ positions were verified by
the one-way ANOVA. If a significant F-value was observed, a Tukey post hoc test was used to
identify the points of difference. Differences between goalkeepers and soccer camp players were
verified by using the t test for independent samples.

Regression analysis by steps (simple and multiple) was used to evaluate the combination of
anthropometric variables that helped predict the percentage of fat by DXA. The variance inflation
factor (VIF) was used to select the equations by identifying R2, SEE, and multicollinearity. Equations
were selected by identifying R2, SEE, and multicollinearity by means of the variance inflation factor
(VIF). Previously, Pearson’s coefficient was used to evaluate the relationship between the predictor
variables and the dependent variable (percentage of DXA fat). In all cases, the probability of
P<0.001 was adopted. The entire statistical analysis was completed on Excel spreadsheets and by
using SPSS 18.0.

RESULTS

Table 1 illustrates the variables that describe the sample studied. Goalkeepers and Side defenders
showed greater weight, height, and sitting height in relation to the other positions (P<0.001). In
general, the Central defenders demonstrated greater lean mass. The Goalkeepers possessed a
greater percentage of fat and body fat as compared to the other positions (P<0.001). As for bone
mass, the Side mid-fielders showed lesser values with respect to Goalkeepers and Central
defenders (P<0.05). No differences in chronological age and APVC emerged between players’
positions (P>0.05).
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Table 1. Anthropometric Characteristics of Soccer Players by Age and Playing Position.
Side Central Central Mid- Side Mid-
Goalkeepers Defenders Defenders Fielders Fielders Attackers All

(n=22) (n=27) (=) (n=31) (n=32) (n=29) (n =163)
Variables Mean #SD Mean SD Mean +SD Mean  +SD Mean +SD Mean  £SD Mean *SD

Age (yr) 147 25 146 22 157 2 152 2.4 153 2.8 151 25 151 2.4
Weight (kg) 69.3 151 56.8 135% 69.7 101> 619 129 551 105 613 14.1* 61.6 13.7
Height (cm) 177.7 13 1658 11.7° 1752 225° 1654 20.6° 164.2 11.7*° 168 135 168.7 16.4
ATC (cm) 905 7.7 855 65° 924 48 877 6.1 851 59 868 6.7 877 6.7

APVC (yr) 0.49 215 -022 176 1.2 1.59 0.37 1.89 0.05 1.98 0.16 1.93 0.3 1.91
Body Fat
percentage
(Dexa) 21.5 7.5 16.9 3.82 17 3.52 18 5.92 17.7 0.5a 16.8 4.22 17.9 5.3
Bone Mass
(kg) 3.2 0.85 2.6 0.72¢ 3.2 0.6 2.78 0.7 2.5 0.6 2.8 0.7 2.7 0.7
Body Fat
(kg) 14.31 4.9 8.9 2.62 11.2 2.42 10.5 3.3a 9.0 1.9a 10.2 2.72 10.4 3.4
Lean Mass
(kg) 51.8 16.7 45.3 11.3 553 8.5abdef 48 7 11.2 43.7 9.8 48.3 14.9 47.9 12.6

SD = standard deviation; a = significant difference in relation to Goalkeepers; b = significant difference in relation to Side
defenders; c = significant difference in relation to Central defenders; d = significant difference in relation to Central mid-
fielders; e = significant difference in relation to Side mid-fielders; f = significant difference in relation to Attackers

The anthropometric characteristics and body composition of the Goalkeepers and Soccer Camp
players (Side defenders, Central defenders, Central mid-fielders, Side mid-fielders, Attackers) are
depicted in Table 2. The Goalkeepers showed greater weight, height, fatty tissue (triceps, suprailiac,
abdominal, muscle, and mid-calf skin folds), and body fat in comparison to the Soccer Camp players
(P<0.001). No differences occurred in age, sitting height, APVC, bicep and subscapular skin folds,
bone mass, and lean mass (P>0.001).

Table 2. Anthropometric Differences and Body Composition between Goalkeepers and
Soccer Camp Players.

Goalkeepers (n = 22) Soccer Camp Players (n = 141)
Variables Mean +SD \CE] +SD
Age (yr) 14.7 2.5 15.2 2.4
Weight (kg) 69.3 15.1 60.5 13.1**
Height (cm) 177.7 13.0 167.3 16.5%*
Sitting Height (cm) 90.5 7.7 87.2 6.5*
APVC (yr) 0.5 2.2 0.3 1.9
Skinfolds (mm)
Biceps 2.8 2.4 2.5 0.8
Triceps 9.0 5.1 6.8 2.8*
Sub-Scapular 8.5 3.7 6.8 1.6
Suprailiac 10.6 6.3 6.9 2.9%*
Abdominal 12.9 8.5 7.5 2.9**
Muscle 11.1 6.4 8.5 4. 1%
Calf 5.5 4.1 3.8 1.8*
Body Fat Percentage (Dexa) 215 7.5 17.3 4.6**
Bone Mass (kg) 3.2 0.85 2.7 0.7
Fat Mass (kg) 14.31 4.9 9.8 2.7
Lean Mass (kg) 51.8 16.7 47.6 11.8

Legend: *= (P<0.05), **= (P<0.001), SD = standard deviation.



75

Table 3 depicts the regression equations proposed to predict the percentage of body fat of young
soccer players. Both groups showed values of P<0.001. The first two equations of both groups have
age and skinfolds (suprailiac and abdominal) in common as predictors. However, in the third
equation (for both groups), when a third skin fold was added, the R? increased from 2% to 4%, the
SEE values diminished .06% to .35%, and the values of the factor of inflation variance oscillated
from 1.38 to 6.18 for Goalkeepers and between 1.09 to 5.18 for Soccer Camp players.

Table 3. Regression Equations to Predict the Percentage of Body Fat in Young Goalkeepers
and Soccer Camp Players.

VIF

N° Equations

Goalkeepers

1 17.15-0.458(Yr) + 0.665(Si)+0.732(Mc) 1.38 2.28 -- -- 2.84 0.961 0.912 2.24 .000
2 22.38-0.765(Yr)+0.52(Ab)+0.662(Mc) 158 - 225 -- 294 0.969 0.928 2.01 .000
3 20.38-0.695(Yr)+0.298(Si)+0.344(Ab)+0.595(Mc) 1.63 6.18 6.13 -- 3.08 0.974 0.937 1.89 .000

Soccer Camp Players

1 22.44-0.868(Yr)+0.602(Si)+0.455(T) 1.09 203 - 206 - 0.865 0.742 2.34 .000
2 22.040-0.823(Yr)+0.440(Ab)+0.518(T) 1.09 -- 225 230 -- 0845 0.711 2.29 .000
3 22.46-0.866(Yr)+0.642(Si)-0.055(Ab)+0.464(T)  1.10 4.66 518 2.37 -- 0.865 0.750 2.28 .000

Legend: FIV = Factor of Inflation Variance, SEE = Standard Estimation Error, Si = Supra-iliac, Ab = Abdominal, T = Thigh,
Mc = Mid-calf, Yr = Chronological age

Figure 1 shows the differences between the equations generated with the reference (percentage of
fat by DEXA). No significant differences were found in any case (P>0.001). The six equations
showed similar values in the percentage of fat in relation to the reference (DXA).

[ Reference s Equation 2 —— Reference 3 Equation 2

77 Equation 1 = Equation 3 =3 Equation 1 W Equation

T

30

20

20 - T | T

10 4
10

Body fat percentage (%)
Body fat percentage (%)

Figure 1. Comparison of Percentage of Body Fat between the Reference Method (DXA) and New
Equations Generated for Goalkeepers and Soccer Camp (P>0.001).
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DISCUSSION

The results of this research study demonstrated that the Goalkeepers had a greater percentage of
body fat compared to the rest of the soccer players in different positions. This difference remained
even when specific Soccer Camp players’ positions were compared. This included the five specific
positions (side defenders, central defenders, central mid-fielders, side mid-fielders, and attackers).

In spite of the existence of few studies focusing on the positions played by young soccer players, in
this context, the results of our research are consistent with those of some authors. For example, the
work of Lago-Pefias and colleagues (17) showed differences in the percentage of body fat between
Goalkeepers and mid-fielders and attackers. On the other hand, Gil et al. (12) only observed
differences with the attackers. However, in their recent study of young Spanish soccer players, Gil et
al. (13) confirmed that Goalkeepers are taller, heavier, and showed greater percentage of fat
compared to the field soccer players.

In fact, both anthropometric and body composition differences between the positions of elite adult
soccer players are widely documented in the literature (11,19,30). In this sense, the pattern
observed in the present study reflects clearly that Goalkeepers and Soccer Camp players present
anthropometric and body composition characteristics specifically from very early ages. Therefore,
during the selection and talent identification processes, the variables of weight, height, and
percentage of fat may play a relevant role among the players.

Based on the results from this research study, 6 regression equations were developed specifically to
estimate the percentage of body fat of soccer players (3 for Goalkeepers and 3 for Soccer Camp
players). The first two equations for both groups use in common the variables of age and the
suprailiac and abdominal skinfolds. However, the third equation for both groups uses skinfold from
the lower extremity. In this case, the mid-calf skin fold was a strong predictor of the percentage of
body fat for Goalkeepers while the muscle skin fold was for the soccer camp players.

Previous studies have shown that the skinfolds from the muscle and the mid-calf (7,31) are strong
predictors in non-athletic men as well as women since both skinfolds are found to be present in the
equations that predict the percentage of body fat. These results reinforce our findings since both
skinfolds were found in the 6 equations we proposed. Therefore, combining the suprailiac and
abdominal skinfolds allowed us to improve the R? from 2% to 4% while the SEE is decreased in both
groups.

In general, the results provide valuable information. In addition to including skinfolds from the central
region of the body, it is necessary to use at least one skinfold from the lower extremity in order to
predict the percentage of body fat of young soccer players. However, it is important to point out that
according to Van der Ploeg et al. 31), researchers should include a variety of anatomical regions
that cover the entire body.

Furthermore, biological maturation determined by means of the APVC did not emerge as a predictor
of the percentage of body fat in both groups studied. In fact, this was apparently not the case in this
research since the skinfolds of the biceps, triceps, subscapular, and the combination of all of them
could not overcome the power of explanation of the 6 equations developed. Furthermore, biological
maturation determined through the APVC did not emerge as a predictor of percentage of body fat in
both groups studied. However, chronological age related best, so it was necessary to include it in
the equations.
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For future studies, we suggest that other biological maturation indicators be used. Thus, it would be
possible to control this variable since during adolescence young athletes and non-athletes
experience various anatomical, physiological, and psychological changes. Above all, these need to
be taken into account when studying youth engaged in training programs while undergoing growth
and development processes.

Therefore, the equations we are proposing here for Goalkeepers and Soccer Camp players showed
an R? between 71% and 94% similar to various studies carried out on adult soccer players
(21,22,26). Moreover, the SEE for the 6 equations was less than the 3% established as criteria by
Lhoman (18). Furthermore, the VIF values were well below those set, up to a maximum of 10, by
Guo, Chumlea, and Cockran (15). The 6 equations proposed for both groups could be useful for
coaches, exercise physiologists, and/or trainers in order to control the body composition before,
during, and after the competitive season. Furthermore, no significant differences were found
between Goalkeepers and Soccer Camp players when the 3 equations were compared to the
reference (percentage of fat by DEXA). However, it should be noted that the equations that included
3 skinfolds are the ones that best predict the percentage of body fat of both groups (Goalkeepers
R?=0.94, Soccer Camp players R?= 0.75). Moreover, the SEE for the equations were less than
those of the other equations proposed (SEE= 1.89% and 2.28%).

It is important to point out that to date no consensus exists with respect to the optimal means
(equations) of predicting the percentage of body fat of youth during the growth period. However,
some studies do include the significance values (P) (2,14,32), the R? values (3,10), and they even
highlight the values for the SEE (29) as basic criteria for selecting an equation. In fact, in this study,
we opted to take into account the three criteria. That way, in this study, the risks that might emerge
in each equation proposed here could be minimized.

From our point of view, since this is the first research conducted studying young soccer players that
proposes equations for percentage of fat, the possible contributions it presents need to be
recognized. Some examples worth noting include the low technical measurement error in the
anthropometric assessments and the DEXA scans. These guarantee a high ability to reproduce the
equations proposed. Furthermore, the calculation procedures imply the use of simple variables (i.e.,
they have low investment costs). On the other hand, it is necessary to point out some limitations that
occurred during the study since the type of sample selection used (non-probabilistic) and the
absence of cross validation of the equations could possibly prevent generalization (generalizability)
to soccer players at other latitudes. For future research, we suggest that these aspects be controlled
for since their fundamental purpose is to minimize errors and maximize the computational accuracy
until finding the right method.

CONCLUSION

The goalkeepers and the soccer camp players showed between them different anthropometric
characteristics and a specific percentage of body fat. Furthermore, the 6 equations generated may
be used to estimate the percentage of body fat for Goalkeepers as well as Soccer camp players.
The findings from this study suggest that these equations may be used and applied to young soccer
players between the ages of 11.0 and 18.9 yrs.
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