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Abstract: Background: Sports specialization is required for the advancement of elite-level skills of
a competitor. Therefore, this study attempted to assess the applicability of anthropometric mea-
surements for a tailored selection of sports disciplines. Methods: The sports disciplines studied
in this report were wrestling, triple jumping, badminton, and tennis. The data used in this study
were obtained from a PubMed search. Literature-derived data were used as a template to build a
random Gaussian population of N = 500 subjects used for ratio calculation using the error propagation
approach. The obtained ratios encompassed height/sitting height, height/length, height/arm length,
height/waist circumference, height/chest circumference, sitting height/leg length, sitting height/arm
length, sitting height/waist circumference, sitting height/chest circumference, arm/leg length, and
arm length/forearm length. Results: There is a clear relationship between a sports discipline and
the distribution of the anthropometric ratio. The anthropometric measurements of wrestlers are the
most outstanding among the disciplines studied. The use of machine learning algorithms, that is,
the decision tree classifier, allows for building a model able to distinguish between the disciplines
of sports studied. Conclusions: The presented approach allows for selection of a specific sports
discipline for a young person. Moreover, an extension of the model built by other sports disciplines
and anthropometric measurement may be a practical tool for selecting sports subjects.

Keywords: anthropometry sports aptitude; mathematical prediction

1. Introduction

A recent report indicated that sports specialization among young competitors, that is,
competitors who are between 11 and 13 years of age, is a common practice [1]. Therefore,
any means of simplification of the accurate selection of the sports discipline for a competitor
is of the utmost importance. The use of anthropological parameters that allow the assign-
ment of a competitor to a specific sports discipline can be very helpful for discipline-specific
achievements. Several studies reported that anthropometric parameters for different age
groups and sports disciplines [2-16] could be split into two based on the reported parame-
ters. These are [2] purely anatomical, anthropometric reports providing lengths and widths
of limps and circumferences of the chest and waist and [4] fitness-related anthropometric
reports that include bone mineral density (BMD) and free-fat mass (FFM). Although the
use of anthropometric parameters to predict specific sports abilities should be a straight-
forward task, a review of the current literature paints a picture of a highly incoherent
approach to reporting anthropometric parameters, making such a task very difficult. Thus,
some reports use Latin [13], others English [17], to name limbs and measurement points.
Additionally, some require data recompilation due to the use of different anthropometric
reference points [13], and others, written by the same author, provide different values for
analogous anthropometric parameters. Therefore, these inaccuracies render the reported
results incomparable [17,18].
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Furthermore, some studies suggest that total fat tissue is a factor of great importance
when considering the aptitude for a specific sports discipline [19]. However, a recent
review on body composition as a function of the training season [20] revealed that body
composition is not related to sports discipline but is a function of diet and training. More-
over, it is a marker of the aptitude for a specific sports discipline. Therefore, it cannot
be considered a crucial factor for assigning a competitor to a specific sports discipline.
Thus, the incoherencies described above do not allow a straightforward elucidation of the
reference stature defining an aptitude for a specific sports discipline.

The analysis presented in this report aimed to establish a minimal data set, allowing a
competitor to be assigned to a specific sports discipline using a machine learning algorithm
(ML). The model employs literature-derived anthropometric measurements of male wrestlers,
triple jumpers, tennis players, and badminton players. In practice, the presented model should
improve human-experience-driven subject assignments to a specific sports discipline.

2. Materials and Methods

The data used in this study were obtained by reviewing the content of various PubMed-
gathered publications on sport-related anthropometric measurements. Of many, only a
few provided comparable means and standard deviations for stature, sitting height, leg
length, arm length, forearm length, waist circumference, chest circumference, and neck
circumference [6,13,21] measured at the same anatomical points.

The model-building procedure consisted of two steps. Step 1: Generation of a random,
normally distributed reference sample of N = 500 subjects using the data reported in Table 1.
Step 2: Outlier rejection was accomplished by removing values that fell beyond the 95%
confidence interval (CI) for a given sample.

The parameters, such as the ratio of height/sitting height (H/SH), height/ length
(H/LEL), height/arm length (H/AL), height/waist circumference (H/WC), height/chest
circumference (H/CC), sitting height/leg length (SH/LEL), sitting height/arm length
(SH/AL), sitting height/waist circumference (SH/WC), sitting height/chest circumference
(SH/CC), arm/leg length (AL/LEL), and arm length/forearm length (AL/EWL), were
computed and are gathered in Table 2.

Table 1. Literature derived the body part length and circumference ratio for wrestlers, triple jumpers,
badminton players, and tennis players. Abbreviations: SH—sitting height, H—body stature (height),
AL—arm length, LEL—leg length, EWL—forearm length, WC—waist circumference, CC—chest
circumference, MNC—neck circumference. All original measurements are in centimeters.

Cod Triple Jump [21] Wrestling [6] Tennis [13] Badminton [13]
ode Mean SD Mean SD Mean SD Mean SD
H 180 2.7 171 8.7 185 4.8 182 4.6
SH 91 1.3 92 4.2 96 3.2 96 2.5
WC 78 1.6 84 10.5 80 4 82 3.8
CC 94 1.8 105 10.7 96 5.2 96 4.3
LEL 102 1.5 102 7 104 4.2 102 35
AL 80 1.2 75 44 82 54 80 44
EWL 26 04 26 1.8 26 6 27 41

A supervised machine learning algorithm, a decision tree classifier [21], verified using
a classification tree [22], was used to elucidate the correlation between a sports discipline
and specific anthropometric parameters. The parameters used for the DTs for each model
were the following: in pairwise comparison, the studied sports disciplines, for example,
wrestling and badminton, were hot-encoded as 0 and 1, the maximum search depth was
equal to 5, and the loss function that compares the class distribution before and after the
split was the Gini impurity [23] for the measurement of impurities [24,25]. A graphical
representation of the study scheme is shown in Figure 1. All computations and graphs
were completed using the Python programming language.
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Table 2. Ratio and standard deviation of specific anthropometric parameters defining badminton,
tennis, triple jump, and wrestling competitors.

H/SH H/LEL H/AL H/WC H/CC SH/LEL SH/AL SH/WC SH/CC AL/LEL AL/EWL

1.90 & 0.058 1.79 £ 0.064 2.29 £0.126 2.24 +£0.104 1.90 & 0.082 0.943 £ 0.035 1.20 & 0.064 1.18 4 0.056 1.00 & 0.046 0.78 £ 0.044 3.01 £0.443

1.93 +0.07 1.77 £ 0.073 226 +£0.14 2.32 £0.116 1.94 £0.102 0.92 £ 0.041 1.17 £0.073 1.20 £ 0.063 1.00 £ 0.057 0.79 £ 0.052 3.26 £ 0.738

1.99 £+ 0.037 1.78 £ 0.034 2.26 £0.04 2.30 £ 0.052 1.93 4 0.04 0.89 £ 0.016 1.14 £ 0.02 1.16 + 0.025 0.97 £ 0.02 0.79 £ 0.014 3.03 £ 0.053

1.86 +0.117 1.69 +0.128 2.28 +0.157 2.07 £0.244 1.65 4+ 0.163 0.90 + 0.064 1.23 +0.078 1.12 +0.132 0.89 + 0.086 0.74 + 0.059 2.86 +0.223
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Figure 1. Schematic diagram of experimental flow.

3. Results

Visual inspection of the relationship between specific sports disciplines and anthropo-
metric parameters was performed using radar graphs, as shown in Figure 2.

The analysis of Figure 2 revealed relative differences between the coefficients studied
and showed that the H/CC and SH/CC ratios were greater in TJ than in other sports
disciplines. T] was also defined by the longest leg lengths as a function of SH and H.
Wrestlers were defined by a lower ratio of H/WC and SH/WC than that observed in
badminton and tennis players and triple jump competitors.

The relative anthropometric differences between the sports disciplines studied are
presented in Figure 3.
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wrestling tri jump

Figure 2. Radar representation of a distribution of anthropometric parameters as a function of sports
discipline.
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Figure 3. A comparison of anthropometric parameter distribution as a function of sports discipline.

The framework of anthropometric parameters submitted to the DT for anthropometric
differentiation between the sports disciplines studied allowed us to construct Table 3. The
corresponding confusion matrices are shown in Figure 4. Table 3 reveals that the ‘anthropometric
aptitude” for wrestling could be predicted with precision between 99% and 95% compared to
triple jump, badminton, and tennis. On the other hand, the lowest differentiation was observed
with an accuracy of 76% between badminton and tennis players.

The differentiation obtained was reconfirmed using confusion matrices, as shown in
Figure 4A-E. The analysis of Figure 4 allowed for differentiation between wrestling and
badminton with a true negative (TN) of 91%. The lowest sensitivity of the mathematical
model presented was observed between badminton and tennis players, with the TN being
equal to 63%.
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Table 3. The percentage of accuracy of differentiation between different sports disciplines using the

DT approach.
Wrestling Badminton Tennis
badminton 0.949
tennis 0.951 0.756
triple jump 0.992 0.975 0.979
A B

wrestling

0.88 wrestling ﬂ 0.04

badminton  (J.88 BIREH tennis = (.08

wrestling badminton wrestling  tennis
Cc D

5 ‘resting 0.03 badminton

fa]

k]

L I s

5 tiplejump | 0,02 BIRSES triple jump

=

—
wrestling triple jump badm\ntonmple]ump
E F

badminton 0.29 tennis

Ol93

tennis | Q.37 triplejump (.01

badminton  tennis tennis triple jump

Predicted label

Figure 4. Confusion matrix for pair differentiation between sports using DTs. (A) badminton-
wrestling, (B) wrestling-tennis, (C) wrestling-triple jump, (D) badminton-triple jump, (E) badminton-
tennis, and (F) tennis-triple jump.

Analysis of the DF classification trees (Figure 5) exposed the essential characteristics
for differentiation between sports disciplines. The primary differentiation factor was H/CC,
followed by SH/AL and SH/WC.
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Figure 5. Confusion matrix obtained using DT classification of four sport disciplines.
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4. Discussion

The assessment of anthropometric aptitude for a sports discipline is, among other
factors, the cornerstone of sports success. Therefore, this report attempted to cross-correlate
anthropometric characteristics with a specific sports discipline. To achieve the objective of
this study, we built and tested a mathematical model that employed anthropometric ratios



Appl. Sci. 2022,12, 5932 6of 7

of adult sports competitors practicing wrestling, triple jump, badminton, and tennis. We
also postulated that the derived model might be applicable to teenage competitors. This
hypothesis is supported by the scientific literature that indicates that body part lengths do
not change during the transition to adulthood [26-28].

A dearth of consistent studies on the relationship between anthropometric proportions
and sports discipline makes it difficult to compare the observations derived in this study
with others. Nevertheless, the results of this report showed that wrestling is defined by
significantly different anthropometric coefficients than other sports disciplines studied. For
example, the H/CC ratio is noticeably lower in wrestlers than in other sports disciplines.
Wrestlers were also defined by a lower AL/LEL ratio than that observed in badminton,
tennis, and triple jumpers. However, badminton and tennis players were defined by an
analogous SH/ AL ratio, confirming the previous observations [29,30].

In contrast to the previous report on comparing anthropometric parameters, this
study used ratios and not absolute values such as, for example, height [31,32], which, in
combination with the employed computation scheme, revealed significant differentiation
power in pairwise comparison between studied sports disciplines.

5. Conclusions

The result presented showed that the DT model employing a set of anthropometric
ratios could be used successfully to select a subject for a specific sports discipline. Moreover,
we assume that if the model database includes anthropometric data from other sports disci-
plines, we should be able to predict an anthropometric aptitude for other sports disciplines,
guaranteeing a significant probability of achieving a high level of sports performance.

The practical implication of the presented reports includes direct application in daily
coaching practice. However, for such a purpose, an easily understandable reference table
needs to be constructed.

The limitation of this study encompasses the limited number of sports disciplines
studied and the forced use of the previously published data without the means of verifying
them against the original study.
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