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W N e

Featured Application: This research shows the results of the body composition of male soccer players
from different divisions of Spanish soccer, differentiated in turn by the different playing positions
which, until now, had not been analyzed. These results could be a guide for the medical and technical

staff when focusing and individualizing training objectives to achieve maximum performance.

Abstract: Body composition is an important factor in a soccer player’s performance, and anthropome-
try is one of the most widely used methods of measurement. The physical demands of Spanish soccer
have evolved over time, so the ideal body composition requirements must be adapted to the present
day. The aim of this study was to describe the anthropometric and body composition profiles of
professional soccer players in the second, second B, and third divisions during the 2019-2020 season
in order to compare the anthropometric parameters of players among positions and competitive
divisions. A cross-sectional study was conducted to determine differences in kinanthropometric and
derived variables in a sample of Spanish soccer players. A total of 615 soccer players from the second
(116 players), second B (310 players), and third (189 players) divisions participated in this study.
After comparing the groups according to the playing position and category, it was observed that at
higher levels of play, soccer players show lower values of fat mass (FM) and higher values of muscle
mass (MM) and bone mass (BM); at lower levels of play, soccer players show more anthropometric
differences between playing positions. Lastly, the somatotype of the elite soccer player is balanced
mesomorphic, with higher levels of mesomorphy at higher levels of play. In summary, this is the first
study to evaluate the body composition of the different Spanish soccer divisions.

Keywords: football; soccer; body composition; anthropometry; somatotype; fat mass

1. Introduction

In soccer, athletes cover an average total distance during a full game (90 min plus
extra time for overtime) of about 8-14 km and are characterized by a highly variable
pattern of actions such as walking, jogging, running at high and low speed, sprinting,
moving backwards, kicking, jumping or tackling [1-3]. As the physical demands of soccer
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players have evolved over time and are now more demanding, this implies different body
composition characteristics than decades ago [4,5].

Factors that can influence the body composition of soccer players are diverse. Among
them are playing position, ethnicity, food habits, individual physiology, playing style and
training volume [1,6,7]. The playing position or playing style can be a determining factor,
as the physical demands and determining actions during competitions are different, for
example, the height of a goalkeeper, the speed required by a midfielder, or the physical
strength needed by a central defender to stop the opposing team. Eating habits and training
volume, taking into account the energy intake and expenditure involved, can influence fat
mass (FM) and muscle mass (MM) [1]. Finally, the ethnicity and individual physiology of
each player are also factors to consider, as some ethnic groups may have a greater genetic
predisposition to accumulate fat in certain areas of the body, which could affect players’
body composition [1,6].

In fact, there is no single ideal value for the different body compartments, since, de-
pending on the measurement method and/or playing position, they may vary [1,8-10].
Sebastia-Rico et al. [8,9] recently published two studies on the assessment of body composi-
tion in professional male soccer players, where the differences between different measure-
ment methods (including anthropometry) and different playing positions were analyzed.
However, there is little scientific literature that includes values of fat-free mass (FFM) or
parameters such as the sum of skinfolds or the musculoskeletal index to provide useful
data [11-14].

Growth development and talent detection of an athlete can be determined through
different measurement methods, the most widely used being anthropometry [15]. Anthro-
pometry refers to the different measurements of the size and proportions of the human
body by which, through equations, it is possible to obtain an estimate of the percent-
age of FM, and by derivation, the FFM [15-17]. One of the institutions whose work is
the dissemination of anthropometry is the International Society for the Advancement of
Kinanthropometry (ISAK), which was founded as an organization whose scientific and
professional work relates to kinanthropometry [18]. In addition, anthropometric techniques
stand out among the various methods for assessing body composition because of their low
cost, good reproducibility and ease of application [15]. In fact, skinfold measurements and
their summation seem to be the least affected by controlling factors (food intake, hydration
status, and daily activity) compared to other measurement methods [19].

Another of the most relevant tools in the study of body composition through anthro-
pometry is the somatotype, defined as the quantification of the shape and composition of
the human body through the numerical qualification of three components, using different
anthropometric equations and measurements [20]. Derived from the somatotype, the
somatocard is the expression of the three components (endomorphy, mesomorphy and
ectomorphy) in a graphic representation. It is useful in the field of sports to be able to
place the somatotype of the athlete being evaluated against the somatotype of the sport
he/she practices, based on a comprehensive collection of data. In fact, due to the easy
visual interpretation of the somatocard, it is frequently used in soccer teams to detect
the differences in the somatotype of the players of the same squad, and thus be able to
customize a diet or training style in those players who require it [15,20,21].

Although this study focuses on the use of anthropometry, there are two methods
frequently used in soccer to assess body composition: bioimpedance and dual X-ray densit-
ometry. Bioimpedance is a non-invasive and easy-to-apply method based on measuring
the body’s resistance to the flow of electric current, while dual X-ray densitometry is an
indirect method used to measure MM, FM, and bone mineral density through photon
attenuation [9]. Spain’s professional soccer league and its national team are considered
among the best in the world [22]. However, there are few published studies that evaluate
the body composition of these players through anthropometry [6,23-25]. Therefore, there
is a need to have a description of the Spanish soccer player at the kinanthropometric level
in the different levels of play.
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The aim of this study was to describe the anthropometric and body composition
profiles of professional soccer players in the second, second B, and third divisions during the
2019-2020 season in order to compare the anthropometric parameters of players between
positions and competitive divisions. Consequently, the initial hypotheses were:

Hypothesis (H1). Higher-category soccer players will have lower values for FM and sum of
skinfold, and higher values for MM and bone mass (BM).

Hypothesis (H2). At lower competition levels, there will be more differences between playing positions.

2. Materials and Methods
2.1. Study Design

A cross-sectional study was conducted to determine differences in kinanthropometric
and derived variables in a sample of Spanish soccer players. Prior to the start of the
study, the Ethics Committee of the University of Valencia (code: 1534145) approved the
research design, in accordance with the World Medical Association codes and the Helsinki
declaration. In addition, the study design as well as the development of the manuscript
followed the STROBE statement [26].

The research population was chosen by means of a non-probabilistic convenience
sampling among the Spanish soccer teams that had a dietitian-nutritionist as part of the
medical staff. In addition, the DN was part of the Association of Dietitians-Nutritionists
of Spanish Soccer Teams (ADNEFE). Sampling was non-probabilistic by convenience,
with the minimum sample size calculated with RStudio statistical software (v.3.15.0;
RStudio Inc., Boston, MA, USA). The significance level was set a priori at o = 0.05. The stan-
dard deviation (SD) was set according to the percentage of FM from previous studies
(SD = 0.91) [23]. With an estimated error (d) of 0.16%, the sample size needed was
116 subjects.

2.2. Participants

Participants came from 31 Spanish soccer teams (7 second division, 14 second B
division, and 10 third division). A total of 615 players participated in this study, consisting
of 116 players from the second division (mean age: 26.96 £ 4.60 years), 310 from the second
B division (mean age: 25.09 & 5.14 years), and 189 from the third division (mean age:
24.27 4 5.34 years). The criteria for inclusion in the study were as follows: (a) be a healthy
subject with medical authorization for the practice of federated sport; (b) belong to a team
of the second, second B, or third division of the Spanish league; (c) being federated in soccer;
(d) training a minimum of 5 days per week; (e) measurements taken between September
and October, during the competitive phase. The exclusion criteria for the study were:
(a) being injured at the time of the evaluations; (b) having been injured one month before
the evaluations; (c) measurements performed by anthropometrists not accredited by ISAK,
since the ISAK method is widely recognized for its standardization and rigorous quality
control, which guarantees the reliability of the anthropometric measurements used in this
research. All players were previously informed of the objectives and method of the research,
signing informed consent forms before starting the research.

2.3. Procedure

The evaluations were conducted during the training schedule of each team. On the
evaluation days, it was not necessary for the players to have performed high-intensity
exercises the previous day, nor was it necessary for them to have performed training or
stretching on the same day. All the players were familiar with the testing procedures, having
performed them regularly as part of their testing routines. To ensure standardization of test
administration throughout the study period, players fasted prior to any exercise.
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2.4. Anthropometric Measurements

Kinanthropometric measurements were taken according to the ISO 7250-1:2017 [27]
and the International Society for the Advancement of Kinanthropometry (ISAK) stan-
dard [18]. The measurements taken were as follows: four basic measurements (body mass,
height, sitting height, and arm span), eight skinfolds (biceps, triceps, subscapular, iliac
crest, supraspinale, abdominal, thigh, and calf), three diameters (humerus, bi-styloid, and
femur) and six girths (arm relaxed, arm flexed and tensed, waist, hips, thigh, and calf).
The anthropometric method used to measure body weight was a SECA 862 scale (SECA,
Hamburg, Germany) with 100 g accuracy. A SECA 217 detachable portable stadiometer
(SECA, Germany) with 1 mm accuracy was used to measure height and sitting height; an
Avanutri wingspan meter (Avanutri, Trés Rios, Brazil) was used to measure arm span; a
CESCOREF inextensible metal tape (CESCORF, Porto Alegre, Brazil) was used to measure
girths; and a Slimguide caliper (Creative Health Products, Ann Arbor, MI, USA) of 0.5 mm
precision was also used. All kinanthropometric measurements were measured two or three
times by an anthropometrist level 1 and 2 accredited by ISAK, depending on whether the
technical error of measurement (TEM) between the first two measurements was greater
than 5% in skinfolds and 1% for the rest of the measurements, taking the mean or me-
dian, respectively, for subsequent analysis. The intra-evaluator TEM was 0.03% for the
basic measurements, 2.24% for the skinfolds, and 0.36% for the girths, and its correlation
coefficient with an expert anthropometrist level 4 was 0.99 for the basic measurements,
0.91 for the skinfolds, and 0.99 for the girths. This ensures that the data collected are as
accurate and consistent as possible, which in turn guarantees the validity of the research
results and allows for accurate interpretation of the differences observed between measure-
ments. The temperature of the room where the measurements were taken was standardized
at 24 °C, and all measurements were taken from 09:00 to 11:00.

Body composition was determined using the equations described in the consensus
document of the Spanish Group of Kinanthropometry of the Spanish Federation of Sports
Medicine [15], following the four-component model (MM, FM, BM and residual mass
(RM)). The following equations were used: (1) Carter [28], Faulkner [29], and Willmore [30]
equations to calculate FM expressed in percentage; (2) Lee’s equation [31] to calculate MM
expressed in kg; and (3) Rocha’s equation [32] to calculate BM expressed in kg. At the
same time, the sum of 3, 6, and 8 skinfolds was used, and adipose tissue through Kerr’s
equation [33] as well as two health indices were calculated: waist-to-height ratio and fat
distribution index. The technical errors of measurement were 7.5% for skinfolds and 1.5%
for the rest of the measurements.

Somatotype was estimated following the Heath—Carter method, establishing the three
Carter components (endomorph, mesomorph, and ectomorph, separately) and representing
those results in a somatotype chart. The somatotype chart is the graphical representation of
the somatotype where the rating of the three components of the somatotype is plotted in a
two-dimensional chart [20].

2.5. Statistical Analysis

The normality of the data was assessed using the Kolmogorov-Smirnov test, as well
as the study of skewness, kurtosis, and variance, showing that the data followed a normal
distribution, which allowed application of parametric tests for the analysis. An ANOVA
analysis was performed to determine the differences in anthropometric and derived vari-
ables, depending on the division and the interactions of the covariable position included in
an ANCOVA test. A subsequent Bonferroni post hoc analysis was performed. Partial eta
squared (n2) was used to define the effect size (ES), defined as small (ES > 0.10), moderate
(ES > 0.30), large (ES > 1.2) or very large (ES > 2.0), with an error of p < 0.05 [34]. A value
of p < 0.05 was set to determine statistical significance. Statistical analyses were performed
with the SPSS statistical package (v.25.0; SPSS Inc., Chicago, IL, USA).



Appl. Sci. 2023,13, 11441

50f17

3. Results

Descriptive statistics (mean =+ SD) for all kinanthropometric and derived variables
according to the division of play, as well as the differences between groups and the effect
of the covariable position in the field, can be observed in Table 1. Significant differences
were found in triceps (p = 0.000), biceps (p = 0.000), iliac crest (p = 0.000), supraspinale
(p = 0.003), abdominal (p = 0.000), thigh (p = 0.001) and calf (p = 0.001) skinfolds; arm flexed
and tensed (p = 0.000), hips (p = 0.000), thigh middle (p = 0.020) girths; humerus (p = 0.000),
bi-styloid (p = 0.000) and femur (p = 0.000) breadths; the sum of three and six skinfolds
(p = 0.000); corrected arm (p = 0.002), corrected thigh (p = 0.001) girths and the sum of
corrected girths (0.002); the percentage of FM according to Carter (p = 0.000), Faulkner
(p =0.001), and Willmore (p = 0.000); FM in kg according to Willmore (p = 0.003); the percent-
age of adipose tissue according to Kerr (p = 0.000); MM in kg (p = 0.010); BM (in percentage
and kg) (p = 0.000); mesomorphy (p = 0.000); Z sum of skinfolds (p = 0.000); waist-to-hip ratio
(p = 0.000); and fat distribution index (p = 0.006).

When the covariate position was included, significant differences were found in the
following variables: body mass (p = 0.000); stretch stature (p = 0.002); triceps (p = 0.001) and
supraspinale (p = 0.023) skinfolds; arm relaxed (p = 0.004), arm flexed and tensed (p = 0.007),
hips (p = 0.036), and thigh middle (p = 0.006) girths; humerus (p = 0.000) and bi-styloid
(p = 0.013) breadths; corrected arm (p = 0.005) and corrected thigh (p = 0.003) girths; the
sum of corrected girths (p = 0.012); FM in kg according to Carter (p = 0.006), Faulkner
(p = 0.003) and Willmore (p = 0.012); adipose tissue in kg (p = 0.007); MM (p = 0.042); BM
(p = 0.018); BMI (p = 0.035); and fat distribution index (p = 0.042).

Pairwise comparisons after Bonferroni adjustment regarding the anthropometric and
derived variables depending on division can be seen in Table 2. The second-division
players showed significantly lower triceps, iliac crest, supraspinale, abdominal, and leg
skinfolds than the second B and/or third-division players (p = 0.009 to 0.000). The second B
division players showed significantly lower triceps and abdominal skinfolds than the third-
division players (p = 0.024 to 0.000), while the third-division players showed a significantly
lower supraspinale skinfold than the second B division players (p = 0.012). For the biceps
skinfold, the third-division players showed the lowest values, followed by the second B
division players and second-division players (p = 0.009 to 0.000). The second-division
players showed significantly higher values of arm flexed and tensed, hips, thigh middle,
and corrected arm and corrected thigh girths than the second B and/or third-division
players (p = 0.035 to 0.000). The second-division players also showed significantly higher
values of humerus, bi-styloid, and femur breadths than the second B and/or third-division
players (p = 0.000), while the third-division players showed significantly higher values of
humerus and bi-styloid breadths than the second B division players (p = 0.006-0.002). The
second-division players showed lower values for the sum of three and six skinfolds than
the second B and third-division players (p = 0.015-0.000) and higher values for the sum of
corrected girths than the third-division players (p = 0.002).

The second-division players showed the lowest values for the percentage of FM
according to Carter, Faulkner, and Willmore equations (p = 0.015-0.000), the percentage
of adipose tissue according to Kerr (p = 0.008-0.000), and FM in kg according to the
Willmore equation (p = 0.018-0.003) compared the second B and third-division players. The
second-division players showed higher values of MM in kg than the third-division players
(p = 0.007) and BM in kg and percentage than the second B and third-division players
(p = 0.028 to 0.000). It was also found that the third-division players showed higher values
of percentage of BM than the second B division players (p = 0.037). The second-division
players also showed higher values of mesomorphy compared to the second B and third-
division players (p = 0.000).
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Table 1. Anthropometric and derived variables of soccer players by division, including position

covariate main effects and intersection.

Division with Position

Variables Seuc\c/;z;inDiivsi%(;n ?;lc‘?lrsli’f FTR;[Z‘L? ;‘:71;;;)“ piviston as a Covariable

(Mean + SD) F P n2 F y n2
Body mass (kg) 7591 + 6.86 74.57 + 6.87 74.27 +7.00 2.18 0.113 0.004 3.66 0.000 0.187
Stretch stature (cm) 181.03 & 6.20 179.90 + 6.38 179.59 + 5.88 2.04 0.131 0.002 2.86 0.002 0.153
Triceps skinfold (mm) 554 +1.75 5.84 £ 231 6.67 + 2.08 11.58 0.000 0.115 3.10 0.001 0.163
Subscapular skinfold (mm) 7.64 +1.61 7.77 £ 1.61 7.61 +1.40 0.61 0.542 0.012 0.65 0.783 0.039
Biceps skinfold (mm) 4.60 +2.10 391 +1.86 3.38 +0.97 13.06 0.000 0.043 1.09 0.370 0.064
Tliac crest skinfold (mm) 7.54 +2.08 8.88 +3.27 9.52 +3.07 9.70 0.000 0.028 0.79 0.654 0.116
Supraspinale skinfold (mm) 6.19 +£1.94 6.84 +2.27 6.23 £1.99 5.91 0.003 0.066 2.09 0.023 0.047
Abdominal skinfold (mm) 8.09 £2.29 9.40 £ 3.62 10.33 £ 3.91 14.15 0.000 0.052 1.38 0.187 0.08
Thigh skinfold (mm) 8.02 £2.45 873 £2.73 9.34 £ 3.09 7.60 0.001 0.038 1.44 0.159 0.083
Calf skinfold (mm) 449 +£1.21 492 +£1.45 515+ 174 6.62 0.001 0.051 1.70 0.076 0.097
Arm relaxed girth (cm) 30.75 £ 1.84 30.34 + 1.64 30.21 £2.21 2.46 0.087 0.035 2.60 0.004 0.141
Arm flexed and tensed girth (cm) 33.98 £1.92 3295+ 1.81 32.76 +2.17 12.06 0.000 0.046 2.47 0.007 0.135
Waist girth (cm) 78.89 + 3.31 77.89 + 3.53 77.30 &+ 4.32 271 0.068 0.011 1.63 0.094 0.093
Hip girth (cm) 99.26 + 4.29 9523 £3.71 95.50 + 4.74 17.10 0.000 0.024 1.95 0.036 0.109
Thigh middle girth (cm) 54.72 4+ 2.88 54.52 4+ 3.10 53.72 +2.94 3.95 0.020 0.030 2.49 0.006 0.135
Calf girth (cm) 37.63 £1.99 37.18 £ 3.00 37.27 £1.99 1.28 0.278 0.001 0.80 0.640 0.048
Humerus breadth (cm) 7.36 = 0.47 6.88 + 0.44 7.03 £ 0.35 39.32 0.000 0.106 3.58 0.000 0.184
Bi-styloid breadth (cm) 5.92 £0.35 5.69 £0.38 5.87 £ 0.50 10.59 0.000 0.087 227 0.013 0.125
Femur breadth (cm) 10.22 £+ 0.48 9.79 +0.48 9.77 + 0.65 23.67 0.000 0.035 1.16 0.318 0.068
Sum of three skinfolds (cm) 18.57 £ 6.18 25.06 & 7.55 25.67 +8.22 37.21 0.000 0.028 1.01 0.439 0.060
Sum of six skinfolds (cm) 39.97 +7.86 4297 +£9.63 44.49 +10.98 7.73 0.000 0.047 147 0.148 0.084
Sum of eight skinfolds (cm) 53.03 £9.81 56.20 +12.12 57.04 + 14.07 2.49 0.084 0.040 1.34 0.205 0.078
Corrected arm girth (cm) 29.11 £ 2.05 28.53 £1.78 28.17 £2.13 6.55 0.002 0.067 2.58 0.005 0.139
Corrected thigh girth (cm) 52.18 +2.70 51.75 + 3.10 50.83 4 2.94 6.66 0.001 0.056 2.70 0.003 0.145
Corrected calf girth (cm) 36.22 £ 2.00 35.60 & 3.05 35.72 +£1.99 2.37 0.094 0.002 0.78 0.656 0.047
Sum of corrected girths (cm) 117.59 + 5.50 116.18 + 6.44 114.12 £ 9.34 6.32 0.002 0.042 2.30 0.012 0.127
Fat mass (Carter) (kg) 5.16 £ 0.88 531 £1.01 542 +£1.14 217 0.115 0.017 251 0.006 0.136
Fat mass (Carter) (%) 6.79 + 0.83 7.10 £ 1.01 726 +£1.15 7.73 0.000 0.047 1.47 0.148 0.084
Fat mass (Faulkner) (kg) 7.59 +1.02 7.74 +£1.25 7.84 +1.38 1.31 0.271 0.006 2.70 0.003 0.145
Fat mass (Faulkner) (%) 9.98 +0.82 10.35 £ 1.14 10.50 + 1.24 7.57 0.001 0.031 1.14 0.333 0.067
Fat mass (Willmore) (kg) 579 +£1.43 6.30 £ 1.57 6.44 +£1.83 5.79 0.003 0.025 2.30 0.012 0.126
Fat mass (Willmore) (%) 7.59 + 1.53 841 +1.73 8.61 + 2.03 12.01 0.000 0.047 1.50 0.136 0.086
Adipose tissue (Kerr) (kg) 14.90 + 2.08 15.24 +2.35 15.45 +2.49 1.98 0.139 0.023 2.46 0.007 0.134
Adipose tissue (Kerr) (%) 19.64 £2.12 2043 +2.44 20.80 £ 2.59 8.27 0.000 0.063 1.50 0.136 0.086
Muscle mass (Lee) (kg) 35.34 + 3.05 34.60 £ 3.94 33.95+3.18 4.71 0.010 0.027 1.90 0.042 0.107
Muscle mass (Lee) (%) 46.49 +2.17 46.44 + 3.90 45.70 £ 2.36 294 0.054 0.022 0.97 0.480 0.057
Bone mass (Rocha) (kg) 13.23 +£1.22 12.35 £ 1.27 12.55 + 1.42 11.19 0.000 0.033 2.17 0.018 0.120
Bone mass (Rocha) (%) 17.60 + 1.13 16.61 + 1.30 17.04 £ 1.61 13.07 0.000 0.046 1.51 0.131 0.087
Residual mass (kg) 13.21 + 3.50 12.62 +4.26 12.37 + 3.50 0.76 0.470 0.002 1.72 0.073 0.097
Residual mass (%) 1724 £3.21 16.81 + 4.54 16.60 + 3.67 0.42 0.660 0.001 0.82 0.619 0.049
Endomorphy 224 £041 2.34 £ 0.54 2.38 £0.53 2.70 0.068 0.015 0.84 0.601 0.050
Mesomorphy 5.48 £ 0.98 4.65 £ 1.05 4.80 £0.89 22.12 0.000 0.034 1.55 0.116 0.089
Ectomorphy 275+ 0.73 2.74 £0.70 2.74 £ 0.74 0.03 0.972 0.002 0.98 0.471 0.058
Z sum of six skinfolds —2.334+0.20 —2.254+0.25 —2.214+0.28 7.73 0.000 0.047 147 0.148 0.084
Body mass index (kg/m?) 23.14 +1.46 23.01 +1.34 23.00 £+ 1.48 0.43 0.653 0.004 1.96 0.035 0.110
Waist-to-hip ratio 0.80 + 0.03 0.82 +0.03 0.81 + 0.04 9.31 0.000 0.012 0.99 0.454 0.059
Fat distribution index 0.83 £0.16 0.83 £0.21 0.90 £0.21 5.19 0.006 0.067 1.90 0.042 0.107
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Pairwise comparisons after Bonferroni adjustment regarding the anthropometric and
derived variables depending on division and position can be seen in Table 3. No significant
differences were found between any playing positions for second-division players, except
for BMI, where midfielders showed significantly lower values than goalkeepers (p = 0.047).
This was also the case for the second B division, except for stretch stature, where midfielders
showed significantly better values than defenders (p = 0.026) and goalkeepers (p = 0.017).
More differences were found in the third division, with forwards showing higher values
than midfielders for body mass (p = 0.000), stretch stature (p = 0.011), arm relaxed girth
(p = 0.013), arm flexed and tensed girth (p = 0.028), thigh middle girth (p = 0.005), humerus
breadth (p = 0.016), corrected thigh girth (p = 0.007), sum of corrected girths (p = 0.004),
FM (Carter) (kg) (p = 0.005), FM (Faulkner) (kg) (p = 0.000), FM (Willmore) (kg) (p = 0.018),
adipose tissue (Kerr) (kg) (p = 0.023), MM (Lee) (kg) (p = 0.009), RM (kg) (p = 0.027), and
BMI (p = 0.007). Also, forwards showed higher values than defenders for body mass
(p = 0.005), stretch stature (p = 0.047), and FM (Faulkner) (kg) (p = 0.025). Midfielders
showed lower values compared to goalkeepers for body mass (p = 0.017), stretch stature
(p =0.036), and BM (p = 0.017).

Table 2. Post hoc comparison of anthropometric and derived variables between division groups with
significant differences in the ANOVA.

Second Division vs. Second B

Second Division vs. Third Division Second B Division vs. Third Division

Division
Variables Mean Mean Mean
Difference Varliue 95% CI Difference Valljue 95% CI Difference Va’;ue 95% CI
+ SD + SD + SD
Triceps skinfold (mm) —0.30 £ 0.24 0.647 —0.87;0.28 —1.13+0.26 0.000 —1.75; —0.51 —0.83 +0.21 0.000 —1.35; —0.32
Biceps skinfold (mm) 0.69 £+ 0.23 0.009 0.14;1.24 121 +£0.24 0.000 0.63;1.80 0.53 +£0.17 0.006 0.12; 0.93
Iliac crest skinfold (mm) —1.34+ 042 0.005 —2.36; —0.32 —1.98 + 045 0.000 —3.06; —0.90 —0.64 + 0.31 0.122 —1.39;0.11
Supraspinale skinfold (mm) —0.65 + 0.24 0.019 —1.22; —0.08 —0.04 £ 0.26 1.000 —0.65; 0.58 0.61 +£0.21 0.012 0.11;1.12
Abdominal skinfold (mm) —1.31+0.39 0.002 —2.25; —0.38 —2.24 + 042 0.000 —3.25; -1.23 —0.92 £+ 0.35 0.024 —1.76; —0.09
Thigh skinfold (mm) —0.70 £ 0.31 0.074 —1.46; 0.05 —1.31+0.34 0.000 —2.13; —0.50 —0.61 +0.28 0.089 —1.28;0.06
Calf skinfold (mm) —-043 +0.17 0.031 —0.84; —0.03 —0.66 +0.18 0.001 —1.09; —0.22 —-0.224+0.15 0.405 —0.59; 0.14
Arm flexed and tensed girth (cm) 1.03 +£0.25 0.000 0.44; 2.63 1.21 +£0.26 0.000 0.59; 1.84 0.18 £0.21 1.000 —0.32; 0.69
Hip girth (cm) 4.02+0.70 0.000 2.35;5.69 3.76 £0.75 0.000 1.94;5.57 —0.26 + 0.50 1.000 —1.47;0.94
Thigh middle girth (cm) 0.20 £+ 0.41 1.000 —0.79;1.19 1.00 & 0.40 0.035 0.05; 1.95 0.80 + 0.37 0.092 —0.09; 1.68
Humerus breadth (cm) 0.48 + 0.05 0.000 0.35; 0.61 0.33 +0.06 0.000 0.19; 0.46 0.15 4+ 0.05 0.006 —0.27; —0.03
Bi-styloid breadth (cm) 0.23 4+ 0.06 0.000 0.09; 0.38 0.06 £ 0.06 1.000 —0.10; 0.21 —1.78 +0.05 0.002 —0.30; —0.05
Femur breadth (cm) 0.43 +0.07 0.000 0.27; 0.60 0.45 £ 0.07 0.000 0.28; 0.63 0.02 £+ 0.06 1.000 —0.13;0.17
Sum of three skinfolds (cm) —6.49 +0.83 0.000 —8.48; —4.49 —7.10+0.91 0.000 —9.28; —4.92 —0.62 + 0.74 1.000 —2.39;1.16
Sum of six skinfolds (cm) —3.00 + 1.06 0.015 —5.55; —0.45 —4.52 +1.15 0.000 —7.29; -1.76 —1.52 +0.90 0.275 —3.69; 0.64
Corrected arm girth (cm) 0.58 +0.24 0.057 —0.01; 1.16 0.94 +0.26 0.001 0.32;1.56 0.36 + 0.21 0.261 —0.15; 0.87
Corrected thigh girth (cm) 0.42 +0.41 0.887 —0.55; 1.40 1.34 +£0.39 0.002 0.41;2.28 0.92 +0.36 0.035 0.05; 1.79
Sum of corrected girths (cm) 141 +1.05 0.537 —1.11;3.92 3.47 +1.00 0.002 1.05; 5.88 2.06 + 0.93 0.083 —0.18; 4.30
Fat mass (Carter) (%) 0.31 £0.11 0.015 —0.58; —0.05 —0.47 £ 0.12 0.000 —0.77; —0.18 —0.16 £ 0.09 0.275 —0.39 £+ 0.07
Fat mass (Faulkner) (%) 0.37 £ 0.12 0.010 —0.67;0.07 —0.52+0.13 0.000 —0.84; —0.19 —0.15 £ 0.11 0.528 —0.42;0.12
Fat mass (Willmore) (kg) —5.04 +£0.18 0.018 —0.94; —0.06 —0.65 £+ 0.20 0.003 -1.12; -0.18 —0.15+0.16 1.000 —0.54; 0.25
Fat mass (Willmore) (%) —0.82 +£0.20 0.000 —1.30; —0.34  —1.02+0.22 0.000 —1.54; —0.50 —0.20+0.18 0.811 —0.63; 0.23
Adipose tissue (Kerr) (%) —0.79 £ 0.26 0.008 —1.43; -0.16 -1.16 £ 0.29 0.000 —1.85, -047  —0.37+0.22 0.305 —0.91;0.17
Muscle mass (Lee) (kg) 0.74 £ 0.47 0.361 —0.40; 1.87 1.39 + 045 0.007 0.30; 2.48 0.65 4+ 0.42 0.368 —0.36; 1.67
Bone mass (Rocha) (kg) 0.88 +0.19 0.000 0.43;1.33 0.68 +0.20 0.003 0.19;1.18 —0.20+ 0.16 0.666 —0.59; 0.19
Bone mass (Rocha) (%) 0.99 +0.20 0.000 0.51;1.46 0.56 +0.21 0.028 0.04; 1.07 —0.43 +0.17 0.037 —0.82; —0.02
Mesomorphy 0.82 +0.13 0.000 0.52;1.13 0.67 +£0.14 0.000 0.35; 1.00 0.67 +£0.14 0.000 0.35; 1.00
Z sum of six skinfolds —0.08 + 0.03 0.015 —0.14; —0.01 —0.11 £ 0.03 0.000 —0.19; —0.04  —0.04 £ 0.02 0.275 —0.09; 0.02
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Table 3. Post hoc comparison in anthropometric and derived variables according with division

and position.

Variable Position Comparisons Mean Difference + SD p Value 95% CI
Second division
Body mass index (kg/mz) Midfielders Goalkeepers —4.10+1.52 0.047 —8.16; —0.04
Second B division
Midfielders Defenders —4.53 + 1.56 0.026 —8.70; —0.35
Stretch stature (cm) Midfielders Goalkeepers —676+ 224 0017 —12.73; —0.79
Third division
Forwards Midfielders 10.65 £+ 2.31 0.000 4.48;16.82
Body mass (kg) Forwards Defenders 8.06 4 2.36 0.005 1.75; 14.36
Midfielders Goalkeepers —8.39+2.78 0.017 —15.80; —0.99
Forwards Midfielders 6.37 £ 2.02 0.011 0.99; 11.75
Stretch stature (cm) Forwards Defenders 5.55 + 2.06 0.047 0.05;11.04
Midfielders Goalkeepers —6.73 =242 0.036 —-13.19; —0.27
Arm relaxed girth (cm) Forwards Midfielders 1.78 £ 0.57 0.013 0.26; 3.29
Arm flexed and tensed girth (cm) Forwards Midfielders 1.74 £ 0.61 0.028 0.12; 3.37
Thigh middle girth (cm) Forwards Midfielders 3.11+091 0.005 0.67;5.55
Humerus breadth (cm) Forwards Midfielders 0.40 +0.13 0.016 0.05; 0.75
Corrected thigh girth (cm) Forwards Midfielders 2.99 4+ 0.90 0.007 0.57; 5.40
Sum of corrected girths (cm) Forwards Midfielders 7.08 +2.02 0.004 1.68;12.47
Fat mass (Carter) (kg) Forwards Midfielders 1.15 4+ 0.34 0.005 0.25; 2.04
Forwards Midfielders 1.66 £ 0.40 0.000 0.58;2.73
Fat mass (Faulkner) (kg) Forwards Defenders 1.20 £ 0.41 0.025 0.10; 2.30
Fat mass (Willmore) (kg) Forwards Midfielders 1.56 &+ 0.52 0.018 0.18;2.93
Adipose tissue (Kerr) (kg) Forwards Midfielders 221+0.76 0.023 0.19;4.23
Muscle mass (Lee) (kg) Forwards Midfielders 379 £1.17 0.009 0.66; 6.93
Bone mass (Rocha) (kg) Midfielders Goalkeepers —1.60 £ 0.53 0.017 —3.02; —0.19
Residual mass (kg) Forwards Midfielders 3.65 +1.26 0.027 0.27;7.02
Body mass index (kg/ m?) Forwards Midfielders 1.60 £+ 0.48 0.007 0.31; 2.88
The percentile analysis of the measurements included in the study depending on the
division can be observed in Table 4.
Table 4. Percentiles of anthropometric and derived variables of soccer players according to the division.
Percentile 10 20 30 40 50 60 70 80 90 100
Second division
Body mass (kg) 66.57 69.00 72.45 74.88 76.00 77.12 80.17 82.50 84.13 90.90
Stretch stature (cm) 172.00 175.76 178.00 180.00 180.90 182.10 185.49 186.06 190.00 193.00
Triceps skinfold (mm) 3.20 3.80 4.21 4.96 5.40 6.00 6.40 7.32 8.06 9.40
Subscapular skinfold (mm) 5.80 6.28 7.00 7.08 7.45 7.82 8.40 8.86 9.52 13.30
Biceps skinfold (mm) 2.60 2.80 3.01 3.20 3.70 4.12 6.07 7.00 7.75 10.50
Tliac crest skinfold (mm) 497 5.70 6.20 7.00 7.10 7.82 8.79 9.52 10.60 13.40
Supraspinale skinfold (mm) 4.27 4.60 5.00 5.40 5.80 6.00 6.59 7.52 8.86 14.90
Abdominal skinfold (mm) 5.80 6.10 6.60 6.88 7.45 8.10 8.98 10.10 11.53 14.80
Thigh skinfold (mm) 5.20 6.00 6.22 7.00 7.60 8.24 9.19 10.10 11.29 14.40
Calf skinfold (mm) 3.20 3.60 3.80 4.00 4.20 4.52 4.80 5.20 6.00 10.10
Arm relaxed girth (cm) 28.24 29.16 29.92 30.16 30.60 31.20 31.50 32.20 33.12 35.70
Arm flexed and tensed girth (cm) 3143 32.50 33.09 33.50 34.00 34.40 34.80 35.38 36.27 40.00
Waist girth (cm) 74.09 75.86 77.49 78.62 79.30 80.00 80.55 81.38 82.41 87.80
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Table 4. Cont.

Percentile 10 20 30 40 50 60 70 80 90 100
Hip girth (cm) 93.00 95.36 96.95 99.10 99.90 100.98 101.51 102.16 105.00 109.20
Thigh middle girth (cm) 50.64 52.00 53.22 54.16 55.00 55.62 56.08 56.84 58.50 62.50
Calf girth (cm) 35.00 35.98 36.60 37.10 37.65 38.02 38.70 39.30 40.16 42.20
Humerus breadth (cm) 6.70 7.00 7.10 7.20 7.30 7.40 7.60 7.70 7.97 8.80
Bi-styloid breadth (cm) 5.50 5.60 5.70 5.80 6.00 6.00 6.10 6.12 6.30 7.40
Femur breadth (cm) 9.60 9.80 10.00 10.20 10.20 10.30 10.50 10.60 10.90 11.40
Sum of three skinfolds (cm) 10.80 12.28 13.61 16.72 18.25 20.20 21.80 24.44 26.73 34.10
Sum of six skinfolds (cm) 30.14 33.34 34.92 37.16 38.95 40.74 44.77 46.80 49.81 64.40
Sum of eight skinfolds (cm) 40.70 44.08 47.65 49.16 51.60 56.22 57.97 60.06 64.85 80.30
Corrected arm girth (cm) 26.30 27.34 27.96 28.51 28.95 29.56 30.23 30.62 31.85 34.54
Corrected thigh girth (cm) 48.26 49.53 50.69 51.57 52.40 53.01 53.78 54.07 55.26 60.55
Corrected calf girth (cm) 33.56 34.50 35.23 35.59 36.23 36.63 37.13 37.90 38.84 41.01
Sum of corrected girths (cm) 109.30 112.83 114.27 116.46 118.33 119.61 120.68 122.29 124.45 131.87
Fat mass (Carter) (kg) 4.01 4.41 471 491 5.07 5.25 5.54 5.88 6.22 7.83
Fat mass (Carter) (%) 5.75 6.09 6.26 6.49 6.68 6.87 7.29 7.50 7.82 9.35
Fat mass (Faulkner) (kg) 6.26 6.75 7.09 7.35 7.54 7.74 7.95 8.42 9.02 10.37
Fat mass (Faulkner) (%) 8.99 9.33 9.49 9.64 9.84 10.09 10.39 10.72 11.02 12.53
Fat mass (Willmore) (kg) 3.97 4.60 5.14 5.44 5.67 5.98 6.23 6.60 7.70 10.75
Fat mass (Willmore) (%) 5.79 6.21 6.65 7.06 7.47 7.71 8.30 9.01 9.47 12.84
Adipose tissue (Kerr) (kg) 12.00 13.29 13.71 14.11 14.52 15.27 15.78 16.58 17.58 20.94
Adipose tissue (Kerr) (%) 17.00 17.90 18.49 18.70 19.22 19.83 20.70 2147 22.84 25.03
Muscle mass (Lee) (kg) 31.23 33.01 33.68 34.37 35.15 36.36 37.16 38.03 38.77 4293
Muscle mass (Lee) (%) 43.50 44.50 45.13 45.76 46.28 46.86 47.76 48.63 49.52 51.65
Bone mass (Rocha) (kg) 11.82 12.17 12.53 12.93 13.24 13.50 13.86 14.31 14.81 16.39
Bone mass (Rocha) (%) 16.30 16.68 16.99 17.27 17.55 17.86 18.03 18.41 18.99 21.20
Residual mass (kg) 8.77 10.31 11.30 12.09 12.47 13.85 15.30 16.42 17.80 22.14
Residual mass (%) 13.22 14.76 15.82 16.61 17.27 18.03 18.38 19.44 21.30 25.74
Endomorphy 1.73 1.87 2.04 2.12 2.22 2.30 2.45 2.56 2.72 3.48
Mesomorphy 4.33 4.72 491 5.13 5.47 5.65 6.02 6.38 6.79 8.09
Ectomorphy 1.76 213 244 2.64 2.84 2.96 3.16 3.37 3.71 5.01
Z sum of six skinfolds —2.58 —2.50 —2.46 —2.40 —2.35 —2.31 -2.21 —2.15 —2.08 -1.71
Body mass index (kg/m?) 21.42 22.06 22.37 22.72 22.96 23.39 23.71 24.26 24.93 29.07
Waist-to-hip ratio 0.76 0.77 0.78 0.79 0.79 0.81 0.81 0.81 0.83 0.87
Fat distribution index 0.63 0.69 0.74 0.78 0.82 0.86 0.92 0.97 1.04 1.31
Second B division
Body mass (kg) 65.50 68.34 70.80 72.70 74.30 76.00 78.00 80.58 84.00 95.90
Stretch stature (cm) 172.00 174.00 176.00 178.00 180.00 181.50 184.00 185.26 188.00 197.00
Triceps skinfold (mm) 3.00 3.50 4.44 5.00 5.90 6.40 7.00 7.44 8.74 14.80
Subscapular skinfold (mm) 6.00 6.50 7.00 7.40 7.60 8.00 8.50 9.00 9.80 15.00
Biceps skinfold (mm) 2.33 2.50 3.00 3.00 3.20 3.58 4.00 5.00 6.94 12.50
Iliac crest skinfold (mm) 5.40 6.00 6.99 7.42 8.10 9.00 10.10 11.20 13.00 20.50
Supraspinale skinfold (mm) 4.50 5.00 5.40 6.02 6.50 7.00 7.50 8.50 9.50 16.60
Abdominal skinfold (mm) 5.80 6.46 7.00 7.60 8.60 9.50 10.31 11.50 14.91 23.00
Thigh skinfold (mm) 5.73 6.40 7.00 7.70 8.25 9.00 9.80 11.00 12.44 21.00
Calf skinfold (mm) 3.50 3.80 4.00 4.40 4.65 5.00 5.50 6.00 6.60 12.70
Arm relaxed girth (cm) 28.20 28.90 29.48 30.00 30.50 30.90 31.20 31.58 32.20 36.10
Arm flexed and tensed girth (cm) 30.50 31.30 32.10 32.60 33.00 33.40 33.90 34.58 35.04 38.90
Waist girth (cm) 73.56 74.80 76.00 76.84 77.50 78.26 79.50 80.98 82.38 93.90
Hip girth (cm) 90.86 92.00 92.80 93.82 94.90 95.96 97.02 98.00 100.58 107.00
Thigh middle girth (cm) 50.46 52.02 53.00 53.80 54.70 55.46 56.20 57.08 58.19 62.60

Calf girth (cm) 34.70 35.42 36.20 36.70 37.00 37.20 37.82 38.40 39.70 70.60
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Table 4. Cont.

Percentile 10 20 30 40 50 60 70 80 90 100
Humerus breadth (cm) 6.30 6.60 6.70 6.80 6.90 7.00 7.10 7.20 7.40 7.80
Bi-styloid breadth (cm) 5.20 5.40 5.50 5.60 5.70 5.70 5.80 6.00 6.20 7.50

Femur breadth (cm) 9.16 9.40 9.50 9.70 9.90 10.00 10.00 10.20 10.40 11.30
Sum of three skinfolds (cm) 17.30 19.00 20.00 21.50 23.50 25.06 27.26 30.48 36.04 53.00
Sum of six skinfolds (cm) 32.03 34.56 37.12 39.50 41.25 43.50 47.00 50.38 55.49 81.90
Sum of eight skinfolds (cm) 42.80 46.15 49.00 51.40 54.25 56.76 61.01 65.16 73.14 103.30
Corrected arm girth (cm) 26.27 27.01 27.50 28.05 28.50 28.94 29.40 29.93 30.84 35.63
Corrected thigh girth (cm) 47.92 49.19 50.14 51.40 52.16 52.48 53.30 54.07 55.60 60.12
Corrected calf girth (cm) 33.15 33.85 34.51 35.02 35.31 35.74 36.34 36.79 38.09 69.50
Sum of corrected girths (cm) 108.58 111.88 11291 114.71 115.96 117.20 118.84 120.53 123.68 151.60
Fat mass (Carter) (kg) 4.24 4.48 4.69 491 5.24 5.45 5.66 6.03 6.52 10.63
Fat mass (Carter) (%) 5.95 6.22 6.49 6.74 6.92 7.16 7.52 7.88 8.42 11.19
Fat mass (Faulkner) (kg) 6.33 6.67 6.95 7.19 7.64 792 8.23 8.64 9.42 13.56
Fat mass (Faulkner) (%) 9.15 9.39 9.62 9.84 10.19 10.43 10.76 11.22 12.02 14.27
Fat mass (Willmore) (kg) 4.66 5.04 5.36 5.70 6.12 6.38 6.81 7.30 8.34 14.31
Fat mass (Willmore) (%) 6.48 6.98 7.48 7.80 8.16 8.50 9.08 9.70 10.82 15.07
Adipose tissue (Kerr) (kg) 12.51 13.24 13.86 14.31 14.89 15.64 16.30 17.01 18.15 24.60
Adipose tissue (Kerr) (%) 17.65 18.30 18.78 19.56 20.39 21.02 21.59 2227 23.80 28.34
Muscle mass (Lee) (kg) 30.50 31.73 32.80 33.68 34.40 35.11 35.82 36.71 38.39 63.87
Muscle mass (Lee) (%) 43.07 44.32 45.17 45.64 46.15 46.63 47.21 48.22 49.62 79.53
Bone mass (Rocha) (kg) 10.67 11.09 11.55 12.13 12.45 12.75 13.09 13.39 14.14 15.76
Bone mass (Rocha) (%) 15.06 15.48 15.86 16.22 16.64 16.98 17.30 17.59 18.11 23.69
Residual mass (kg) 8.38 9.96 10.73 11.51 12.62 13.22 14.48 15.39 17.48 26.06
Residual mass (%) 12.82 14.49 15.20 16.13 16.77 18.26 19.07 19.80 20.86 27.17
Endomorphy 1.70 191 2.04 2.15 2.28 2.45 2.56 2.72 3.08 3.88
Mesomorphy 3.46 4.00 4.21 441 4.65 491 5.10 5.36 5.77 10.86
Ectomorphy 1.79 2.07 2.36 2.56 2.72 293 3.15 340 3.66 4.52
Z sum of six skinfolds —2.53 —247 —2.40 —2.34 —2.30 —2.24 —2.15 —2.06 —1.93 —1.26
Body mass index (kg/mz) 21.47 21.83 2221 22.54 22.90 23.23 23.75 24.14 24.76 27.46
Waist-to-hip ratio 0.78 0.79 0.80 0.81 0.82 0.82 0.83 0.84 0.85 0.91
Fat distribution index 0.59 0.67 0.72 0.78 0.82 0.85 0.91 0.98 1.14 1.87
Third division
Body mass (kg) 65.60 69.20 70.90 72.40 73.30 75.40 78.20 80.10 83.10 93.50
Stretch stature (cm) 172.10 175.00 176.30 178.00 180.00 181.00 182.50 184.00 187.00 194.80
Triceps skinfold (mm) 4.00 5.00 5.28 6.00 6.50 7.00 7.50 8.74 9.50 14.50
Subscapular skinfold (mm) 6.00 6.50 7.00 7.04 7.50 7.80 8.20 8.50 9.50 12.50
Biceps skinfold (mm) 240 2.58 2.80 3.00 3.00 3.50 4.00 4.02 491 6.50
Tliac crest skinfold (mm) 6.00 6.88 7.20 8.46 9.10 10.00 11.00 12.00 13.62 20.50
Supraspinale skinfold (mm) 420 4.72 5.00 5.40 5.80 6.20 6.62 7.40 8.88 14.00
Abdominal skinfold (mm) 6.00 7.00 7.60 8.40 9.00 10.46 12.04 14.48 16.00 23.10
Thigh skinfold (mm) 5.56 6.50 7.40 8.00 8.90 10.00 10.84 11.80 13.00 21.00
Calf skinfold (mm) 3.32 3.64 4.00 444 5.00 5.20 6.00 6.38 7.00 14.50
Arm relaxed girth (cm) 27.68 28.76 29.20 29.70 30.05 30.58 31.40 32.00 33.00 37.40
Arm flexed and tensed girth (cm) 30.30 31.04 31.70 32.00 32.55 33.20 33.98 34.50 35.50 40.20
Waist girth (cm) 7191 73.94 75.23 76.32 77.00 77.76 78.84 80.68 82.89 91.30
Hip girth (cm) 90.00 91.52 93.80 94.44 95.30 96.52 98.20 99.64 101.63 110.60
Thigh middle girth (cm) 49.50 51.40 52.00 53.20 53.95 54.60 55.20 56.06 57.66 60.70
Calf girth (cm) 34.65 35.36 36.40 36.88 37.45 37.80 38.29 38.70 39.93 42.30
Humerus breadth (cm) 6.60 6.80 6.80 6.94 7.00 7.10 7.20 7.30 7.50 8.00
Bi-styloid breadth (cm) 5.30 5.50 5.60 5.80 5.80 5.90 6.02 6.10 6.30 9.50

Femur breadth (cm) 9.26 9.40 9.60 9.70 9.90 9.90 10.00 10.20 10.40 11.00
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Table 4. Cont.

Percentile 10 20 30 40 50 60 70 80 90 100

Sum of three skinfolds (cm) 17.06 18.54 20.16 21.66 23.80 26.00 29.42 32.96 36.96 52.00
Sum of six skinfolds (cm) 32.50 35.20 37.00 40.40 42.00 45.80 49.30 53.50 60.00 83.00
Sum of eight skinfolds (cm) 41.20 46.20 47.70 50.50 54.00 58.20 63.85 69.50 76.05 107.50
Corrected arm girth (cm) 25.64 26.50 27.16 27.52 28.02 28.50 29.20 29.92 30.77 35.26
Corrected thigh girth (cm) 46.78 4825 49.21 50.04 51.01 51.65 52.32 53.21 54.66 57.68
Corrected calf girth (cm) 33.00 34.02 34.70 35.34 35.73 36.05 36.76 37.31 38.34 41.04
Sum of corrected girths (cm) 106.58 108.69 110.90 113.49 114.73 116.12 117.76 119.34 122.59 130.31
Fat mass (Carter) (kg) 4.18 4.51 4.73 495 5.20 5.40 5.86 6.28 7.15 10.01
Fat mass (Carter) (%) 6.00 6.28 6.47 6.83 7.00 7.40 7.77 8.21 8.89 11.31
Fat mass (Faulkner) (kg) 6.40 6.71 7.05 7.27 7.61 7.88 8.31 9.08 9.70 12.36
Fat mass (Faulkner) (%) 9.15 9.47 9.76 9.94 10.16 10.53 10.99 11.60 12.35 14.31
Fat mass (Willmore) (kg) 4.39 5.00 5.28 5.66 6.08 6.42 7.26 7.88 9.25 13.47
Fat mass (Willmore) (%) 6.39 6.93 7.23 7.74 8.33 8.88 9.50 10.39 11.43 15.23
Adipose tissue (Kerr) (kg) 12.67 13.31 13.85 14.55 15.15 15.67 16.38 17.78 19.07 24.11
Adipose tissue (Kerr) (%) 17.55 18.57 19.27 20.17 20.65 21.00 2217 22.90 24.17 28.95
Muscle mass (Lee) (kg) 30.28 31.21 3225 32.98 33.60 34.51 35.48 36.43 38.11 44.41
Muscle mass (Lee) (%) 42.78 43.85 44.33 45.10 45.60 46.36 46.79 47.73 49.05 51.91
Bone mass (Rocha) (kg) 10.86 11.47 11.84 12.19 12.48 1291 13.36 13.71 14.31 17.53
Bone mass (Rocha) (%) 15.31 15.89 16.48 16.81 17.21 17.36 17.71 18.02 18.50 25.71
Residual mass (kg) 8.47 10.18 10.99 11.55 12.41 12.92 13.88 14.67 15.59 29.76
Residual mass (%) 12.50 14.08 15.45 16.28 17.07 17.67 17.99 18.66 20.05 32.81
Endomorphy 1.80 1.96 2.08 2.16 2.26 243 2.60 2.79 3.15 3.94
Mesomorphy 3.78 4.05 4.37 4.61 4.79 5.03 5.27 5.51 5.88 6.96

Ectomorphy 1.85 2.10 2.33 2.51 2.75 2.89 3.11 3.29 371 5.28
Z sum of six skinfolds —2.52 —245 —2.40 —2.32 —2.28 —2.18 -2.09 -1.98 —1.82 -1.23
Body mass index (kg/m?) 21.36 21.82 22.19 22.63 22.99 23.28 23.65 24.19 25.17 26.62
Waist-to-hip ratio 0.76 0.77 0.79 0.80 0.81 0.82 0.83 0.84 0.86 0.92

Fat distribution index 0.66 0.73 0.78 0.80 0.86 0.91 0.97 1.04 1.18 1.61

4. Discussion

This is the first study that evaluates and compares body composition between the
different Spanish soccer divisions and playing positions through anthropometry. The main
findings of this work were as follows: (1) second-division players showed lower values
for FM, adipose tissue, and sum of three and six skinfolds, while their values for BM
and mesomorphy were higher than the rest of the divisions; (2) third-division players
showed lower values for MM and sum of corrected girths compared to the second division,
although they showed higher values in the percentage of BM than the second B division;
(3) for soccer players in lower divisions, there are more anthropometric differences between
playing positions.

4.1. Body Composition Values

In soccer, it is important to know and monitor a player’s body composition as dietary
intake can have a significant impact, which, in turn, can affect performance [1]. In relation
to FM, it will allow players to move optimally on the field with adequate values, since it
has been observed that players with lower FM values and higher aerobic capacity travel at
greater speed during competition. In addition, higher FM values have been shown to be
negatively associated with sprint speed in tests of 20 m distances [35-38]. In addition, a
recent study associated elevated FM with lower muscle oxygen saturation, which alters
the ability to withstand repeated bouts of high velocity [39]. However, MM will be associ-
ated with training loads, where insufficient or excessive loads could affect agility, speed,
strength, and muscle hypertrophy or even increase the risk of injury [1,11,40]. Recently,
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Ayotte et al. [41] examined the effect of strength training-induced MM gain on aerobic
capacity in 11 elite soccer players. The results of the study revealed that the increase in
MM resulting from strength training did not have a negative impact on their aerobic capac-
ity; on the contrary, an improvement in aerobic capacity was observed [41]. Supporting
these results, it was observed in intercollegiate soccer players that improving lean body
mass and decreasing FM could be beneficial for jumping and sprinting performance in
soccer, although excessive body weight can negatively affect jumping and sprinting perfor-
mance [42]. For a sports dietitian-nutritionist, it is essential to have the correct knowledge
of the body composition of their players as it will serve as a tool to adjust dietary intake,
hydration, and supplementation throughout the season [1,8,9].

The physical demands of soccer players have increased over the decades, so play-
ers require different body composition characteristics [4]. There are few scientific stud-
ies already published that analyze the body composition of soccer players in Spanish
leagues through anthropometry using a strong methodology [6,23-25], with values of
the sum of six skinfolds (triceps, subscapular, supraspinale, abdominal, mid-thigh, and
calf) from 47.45 £+ 7.70 mm to 57.0 = 8.6 mm; FM percentage of 8.2 & 0.91% (Carter, [28]),
10.99 +£ 1.02% (Faulkner, [29]), and 7.01 =+ 0.65% (Yuhasz, [43]) depending on the equa-
tion used; and a percentage and weight of MM of 47.96 + 0.87% (Matiegka, [44]) and
36.33 & 3.12 kg, respectively. In our study, all divisions showed lower values for the sum of
six skinfolds and the percentage of FM through the Carter and Faulkner equations [28,29],
although both the percentage and weight of MM were lower. However, it should be noted
that the equation we used in the study was that of Lee, so to properly compare our results
with the scientific literature, it would be necessary to use the same anthropometric equa-
tions to avoid misinterpretation. Therefore, it can be interpreted that, at least, the trend
in FM and skinfold sum values has decreased over time due to a number of interrelated
factors. Advances in sports training methods have led to more specialized programs fo-
cused on physical performance, while increased attention to sports nutrition has allowed
for in-season dietary optimization, including the use of dietary supplements that can affect
body composition such as creatine [1,5,10].

Recently, two systematic reviews with meta-analyses were published, where it was
verified that body composition in male professional soccer players from all leagues in the
world should by differentiated by the three main methods of measurement (anthropometry,
bioimpedance, and dual X-ray absorptiometry) [9], while another study focused on ascer-
taining the differences in body composition between the different playing positions in this
population [8]. Comparing the results of our study with the anthropometric values of the
first-mentioned article [9], the body mass (75.60 kg) and stretch stature (179.01 cm) values
are similar. However, in that study, the FM was 11.16% for the Faulkner equation and 8.19%
for the Carter equation, and the mean weight of the FM was 14.72 kg, higher values com-
pared to our research in all the divisions evaluated [9]. The same is applicable to the sum of
six skinfolds (52.18 mm) and the sum of eight skinfolds (59.93 mm). This could be justified
by including studies since 2000 in this systematic review with meta-analysis, remembering
that the body composition of the elite soccer player has evolved over time towards a body
with lower FM values [4]. In addition, although these are references of professional soc-
cer players, they were included from multiple countries, and there may be differences in
economic inversion, ethnicity, or in the volume of exercise and competitions during the
competitive season that may affect the body composition of the soccer player [22]. Our
study involved soccer players from the Spanish league, a country with one of the highest
Union of European Football Associations (UEFA) rankings, so it is reasonable to assume
that there is a high physical demand and economic inversion to optimize the performance
of soccer players and, therefore, for them to reach an optimal body composition [22].

Regarding the second systematic review with meta-analysis [8], significant differences
were observed between playing positions, where the goalkeeper position showed the great-
est height, age, total weight, sum of six skinfolds, and MM; defenders showed the greatest
age and MM (next to goalkeepers); midfielders showed the lowest height, total weight,
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and MM; forwards were the youngest and had the lowest sum of skinfolds and lowest
MM (next to midfielders); and no significant differences were observed in somatotype,
weight, and percentage of FM. However, in our study, the differences between playing
positions were most notable in the third division, where forwards showed higher weight,
stretched stature, and FM weight according to the Faulkner equation than defenders. They
also showed higher weight, stretched stature, sum of corrected circumferences, FM weight
according to the Faulkner, Carter, and Willmore equations, adipose tissue weight according
to the Kerr equation, MM weight according to the Lee equation, residual mass weight, and
BMI than midfielders. Lastly, midfielders showed lower weight, stretched stature, and
BM weight than goalkeepers. In contrast to the study by Sebastia-Rico et al., practically
no differences were observed in the second division and second B division. This could
be due to what was mentioned above in relation to the longevity of the included studies
and that, since the second division and second B division have a higher competitive level
than the third division, it seems plausible that the soccer players, regardless of the playing
position, show a homogeneous and optimal value of body composition [4]. However, it is
not possible to arrive at a clear conclusion as to the reason for this.

Finally, comparing our own results, it is worth highlighting the anthropometric dif-
ferences shown by the second-division players compared to the rest of the divisions, who
showed lower values for the sum of three and six skinfolds, the percentage of FM accord-
ing to the Carter, Faulkner, and Willmore equations, the weight of FM according to the
Willmore equation, and the percentage of adipose tissue according to the Kerr equation. In
addition, they showed higher values of mesomorphy and the percentage and weight of BM
compared to the other divisions. This is consistent with the fact that, as the level of play
and physical demand increases, anthropometric values must be adjusted to optimal values
in order for players to perform adequately, in this case resulting in lower values of FM
and higher values of MM and BM [1,8,9]. Lastly, the second-division soccer players also
showed higher values for the sum of corrected circumferences and MM weight compared
to the third-division soccer players, demonstrating once again the importance of achieving
high MM values in modern soccer at the professional level [8,9,41] (Figure 1).

4.2. Somatotype Values

In relation to somatotype, similar values were observed for endomorphy and ectomor-
phy, although second-division players showed higher values of mesomorphy (5.48 & 0.98)
than second B division (4.65 £ 1.05) or third-division (4.80 £ 0.89) players. However, all
three divisions’ players showed a balanced mesomorphic somatotype. These results coin-
cide with the two systematic reviews with meta-analyses that evaluated body composition
in professional soccer players, with endomorphy, ectomorphy, and mesomorphy values of
2.32,2.32,and 5.15 [9] and 2.31, 2.30, and 5.06 [8]. Furthermore, in previous studies that
analyzed somatotypes in different categories of elite soccer in other countries, the same
results were observed as in our work, where soccer players with a higher level of play
reached higher values in mesomorphy while maintaining similar values of endomorphy
and ectomorphy [45,46].

4.3. Application Percentiles

Due to the variability that exists among body dimensions in the population due to
factors such as age, gender, ethnicity, physical exercise, and diet [21], percentiles can be a
useful statistical tool for assessing and comparing anthropometric, body composition, and
somatotype measurements in a specific population [21,47]. Percentiles represent the value
below which a certain percentage of the population falls in a given measure, where the
50th percentile is the median and divides the population into two equal parts, serving as a
reference for the population under evaluation [21]. These can be applied for the evaluation
of physical performance or the monitoring of the body composition of a given soccer player
or group of players with respect to the reference we show from our data in Spanish soccer.
This tool does not provide information on health or sports performance, so its interpretation
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should be taken with caution depending on the anthropometric variable with which to
compare [8,9]. FM estimation with different formulas cannot be compared [8,9,47], so it is
necessary to have a percentile table, as was included in the current study, to determine the

equivalences between methods.

O ©
Equation 2nd division 2nd B division 3rd division
75.91 kg 74.57 kg 74.27 kg
181.03 cm 179.90 cm 179.59 cm
. 23 18.57 mm 25.06 mm 25.67 mm
J= 36 39.97 mm 42.97 mm 44.49 mm
28 53.03 mm 56.20 mm 57.04 mm
- Carter 5.16 kg & 6.79 % 5.31kg&7.10 % 5.42 kg &7.26 %
em & Faulkner 7.59 kg & 9.98 % 7.74kg & 10.35% 7.84kg & 10.50 %
Willmore 5.79kg & 7.59 % 6.30 kg & 8.41 % 6.44kg &8.61%
AT — Kerr 14.90 kg & 19.64 % 15.24 kg & 20.43 % 15.45 kg & 20.80 %
Lee 35.34 kg & 46.49 % 34.60 kg & 46.44 % 33.95kg & 45.70 %
(0]
N Rocha 13.23kg & 17.60 % 12.35kg & 16.61 % 12.55kg & 17.04 %
0o o Endomorphy 2.24 2.34 2.38
/'\l'\' Mesomorphy 5.48 4.65 4.80
Ectomorphy 2.75 274 274

Balanced mesomorph Balanced mesomorph Balanced mesomorph

Figure 1. Mean anthropometric values differentiated by competitive level. FM = fat mass; AT = adipose tissue.

In summary, percentiles can be used by coaching and medical staff to evaluate a
player’s individual progress over time. For example, if a player is in the 50th percentile for
MM and, after a period of training, his position moves to the 90th percentile, this indicates
a significant improvement in his MM, allowing coaching staff to tailor training programs
more accurately.

4.4. Limitations

This study has limitations. First, other factors, such as the rest or physical performance
of the players, were not taken into account. Another limitation is related to the sample size,
as not all clubs in the divisions could be included in the study. This is due, on the one hand,
to the fact that the participation of anthropometrists was voluntary; on the other hand, it
should be noted that not all soccer teams have a professional who performs anthropometric
measurements. Despite this, and the limitations of our study, our research aims to be the
first study to propose a range of indicative values for anthropometric measurements in
male soccer players in the different Spanish professional and semi-professional divisions.

4.5. Practical Application

This study contributes to the literature on the anthropometric profiles of professional
and semi-professional soccer players in the Spanish leagues, especially with regard to the
elite level of the subjects in combination with the large sample size. The information from
this study may be useful as a reference for coaching and medical staff to optimize training
and monitor body composition during the season and/or in situations of sports injuries.
Although most studies focus on values such as height, weight, and FM, in our research, we
provide other body compartments such as MM, BM, RM, and adipose tissue, in addition
to describing all skinfolds, girths, and breadths collected by the ISAK protocol and values
such as somatotype or skinfold summation.
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5. Conclusions

This anthropometric work offers helpful information to assist medical-technical staff
to properly evaluate the anthropometric values of elite male soccer players, concluding the
following: (1) at higher levels of play, soccer players show lower values of FM and higher
values of MM and BM; (2) at lower levels of play, soccer players show more anthropometric
differences between playing positions; (3) the somatotype of the elite soccer player is
balanced mesomorphic, with higher levels of mesomorphy at higher levels of play.
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