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SUMMARY: The aim of this study was to analyze and compare body height and arm span among youth athletes in soccer,
basketball, and volleyball, emphasizing their practical significance in player selection, positioning, and training prutetissaibe
sample consisted of 46 elite youth athletes divided into three groups: soccer players (n = 21), volleyball players (bas@gthal
players (n = 16). Anthropometric measurements were collected using standardized ISAK protocols and analyzed through ANOVA with
Bonferroni post hoc testing. The results indicated statistically significant differences in body height and arm span lcetvgdaysos
and athletes from the other two groups (p < .001). Volleyball and basketball players were significantly taller and hadhysztes
compared to soccer players. These differences reflect the specific morphological demands of each sport—vertical spmas&sticilas
and volleyball favor increased height and reach, whereas soccer emphasizes agility and a lower center of gravity. ThigHighibgs
the importance of incorporating anthropometric profiling into early talent identification and individualized training pl@uaiciges
and strength and conditioning professionals can utilize these data to optimize player development and improve seleation criteri
Furthermore, understanding these morphological distinctions can assist in directing young athletes toward sports tmawitast alig
their physical attributes. This research contributes to the growing body of evidence supporting the relevance of sporogpesiigical
profiling as a foundation for long-term success in sport.

KEY WORDS: Morphological characteristics; Talent identification; Growth and development; Physical performance;
Team sports.

INTRODUCTION

The morphological characteristics of athletes Sports such as basketball and volleyball involve
represent a crucial aspect in the analysis of sports abilitif&gquent vertical actions, where greater body height and
selection processes, and functional preparation. Body heidimab length facilitate the execution of technical and
and arm span, as stable anthropometric dimensions, are of@etical tasks such as jump shots, blocking, spiking, and
consideredkey selection criteria in certain sports disciplinespall interception (Malousarist al, 2008; Ziv & Lidor,
especially in team sports (Gar & Heath, 1990; Norton & 2010). In contrast, soccer is characterized predominantly
Olds, 2001), where they play a fundamental role ihy horizontal movement patterns, with emphasis on
contemporary sports practice. These body dimensions &geed, agility, and endurance, where body height and
frequently assciated with the specific demands of variousirm span are mostly relevant for goalkeepers and
sports, and their analysis holds significant relevance for thiefenders (Reillyet al, 2000; Malinaet al., 2004),
selection process, positional allocation, and individualizatigparticularly in aerial duels and set-piece situations (Ziv
of training protocols (Carter & Heath990). & Lidor, 2010).
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Arm span, which often correlates with body heightBody mass.Body mass was measured using a digital scale
is also considered a biomechanical efficiency indicator ifTefal, range 0-160 kg), and the values were recorded in
movements that require body extension, such as jumpiglograms (kg) (Malousarist al, 2008).
blocking, and ball contact at higher spatial points (Gaurav
et al, 2010). Therefore, understanding the differences Body fat. The thickness of a skinfold, as defined in the
body height and arm span among athletes from differektanual of Anthropometric Procedures (Centers for Disease
sports may contribute to more effective talent selection, bettéontrol and Prevention, 2009) and by Norton & Olds (2001),
orientation of athletes toward disciplines that match theiefers to the layer of subcutaneous fat pinched between two
physical predispositions, and the development of optimizdalyers of skin at specific anatomical sites. This measurement
training protocols aligned with the morphological demands typically taken on the right side of the body. It is recorded
of each sport. in millimeters (mm) using a specialized instrument called a

skinfold caliper, with the John Bull model (LTD, England)

The aim of this study was to analyze and compareted for its precision of 0.2 mm. This method provides a
body height and arm span among youth athletes in socaetjable and widely accepted means of estimating body fat
basketball, and volleyball, emphasizing their practicglercentage, a critical factor in health, fithess, and athletic
significance in player selection, positioning, and adaptatigerformance assessments (Norton & Olds, 2001; Centers
of the training process. Through a comparative approadbr Disease Control and Prevention, 2009).
the study seeks to highlight the differences in morphological
demands across these sports and the practical applicatioAnf span. Arm span was measured as the linear distance

these insights in working with youth athletes. between the tips of the middle fingers with both arms fully
extended horizontally at shoulder level, parallel to the floor.
MATERIAL AND METHOD The subjects stood barefoot, with their back against a wall,

and arms outstretched in opposite directions. Measurements
Sample of perticipants.The research was conducted on avere taken using a flexible anthropometric measuring tape
sample of 46 elite youth athletes, divided into three subnd recorded to the nearest millimeter. The final values were
samples. The first sub-sample consisted of soccer playergfpressed in centimeters (Gaue\al., 2010).
= 21; body height: 176.46 7.56 cm; body mass: 66.49
11.08 kg; body fat: 8.59 3.35 %). The second sub-sampléeStatistical analysis.All data collected during the research
included volleyball players (n = 9; body height: 18745 were analyzed using descriptive and comparative statistics.
6.15 cm; body mass: 72.13.81 kg; body fat: 8.26 3.00 For descriptive statistics, the mean and standard deviation
%). The third sub-sample consisted of basketball players\rere calculated for each variable. The normality of the
= 16; body height: 185.15 6.34 cm; body mass: 73.26 distribution of variables was assessed using two methods:
7.33 kg; body fat: 8.82 2.16 %). At the time the study wasskewness and kurtosis. For comparative statistics, a
conducted, this league represented the highest competitparametric discriminant procedure was employed: one-way
level for elite youth athletes in Montenegro. The resear@mnalysis of variance (ANOVA) with Bonferroni post hoc
was carried out in accordance with the conditions of thests, which were used to identify differences in

declaration of Helsinki. anthropometric characteristics. Data processing was carried
out using the Statistical Package for the Social Sciences
Research Design (SPSS) for Windows, version 26.0. Statistical significance

was set at p < 0.05.
Anthropometry. All anthropometric assessments were
conducted following the standardized methodology outlindESULTS
by the International Society for the Advancement of
Kinanthropometry (ISAK). Descriptive parameters of the morphological
characteristics of youth athletes in soccer, basketball, and
Body height. Body height was measured using a portableolleyball are presented in Table I.
stadiometer (SECA 213, Germany), from the vertex of the
head to the floor, with the subject in the anatomical position The analyzed data reveal significant differences in
and aligned to the Frankfurt plane. Measurements were taksydy characteristics among athletes from different sports.
with participants standing barefoot, maintaining an uprigfithe lowest average body height was recorded among soccer
posture, and recorded to the nearest millimeter. The fingllayers (176.4& 7.15 cm), while volleyball players had
values were expressed in centimeters (Malousris., the highest average height (187.8%.15 cm), with
2008). basketball players positioned in between, averaging 185.15
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Table I. Descriptive statistics of the morphological characteristics of youth athletes in soccer,
volleyball, and basketball.

Sports (n) Variables Mean+SD Range Skewness Kurtosis
Min Max

Soccer (21) 176.40 + 7.15 160.00 — 191.50 0.50 0.50
Volleyball (9) Body Height  187.05 +6.15 180.00 — 196.00 0.71 -1.28
Basketball (16) 18515+ 6.34 172.00 — 196.00 0.56 -0.15
Soccer (21) 17747 £ 8.3 161.00 — 192.00 0.50 -0.62
Volleyball (9) Arm Span 186.50 + 6.13 175.50 — 195.00 0.71 -0.24
Basketball (16) 190.00 + 6.89 175.00 — 205.00 0.56 1.38

+ 6.34 cm. The minimum height observed in soccer players The results presented in Table Il and Figure 1 indicate
was 160.00 cm, with a maximum of 191.50 cm. Amongtatistically significant differences in body height between
volleyball and basketball players, the minimum heights wessccer players and volleyball players (p < .001), as well as
180.00 cm and 172.00 cm respectively, while the maximurbgtween soccer players and basketball players (p < .001).
reached 196.00 cm. Skewness coefficients in all groupslditionally, significant differences were observed in the
indicated a slight positive skew in height distribution, withouarm span variable between soccer players and volleyball
significant deviations, whereas kurtosis values suggestelayers (p < .05), as well as between soccer players and
relatively normal distribution, with slightly more pronouncedasketball players (p < .001). These differences confirm the
platykurtosis observed in volleyball players (kurtosis = -1.28gxistence of pronounced morphological characteristics
among athletes from different sports disciplines, which are
Regarding arm span, the highest average span wasditioned by the biomechanical and functional demands
recorded among basketball players (190:06.89 cm), of each sport. The greater body height and arm span of
followed by volleyball players (186.50 6.13 cm), while volleyball and basketball players compared to soccer players
soccer players had the lowest average arm span (1¥7.4i&flect the specific requirements of those sports, where body
8.35 cm). Arm span among soccer players ranged frotimensions play a crucial role in executing jumps, blocks,
161.00 cm to 192.00 cm, among volleyball players fromshots, and ball reception. In contrast, soccer favors low center
175.50 cmto 195.00 cm, and among basketball players frahmass positions, agility, and speed, where larger body
175.00 cm to 205.00 cm. The distribution of arm span walimensions are not as advantageous to the same extent.
moderately positively skewed in all groups, while kurtos s} — s ames il
values indicated a slightly higher concentration around t L
mean among basketball players (kurtosis = 1.38), wher
the distributions in the other groups were more evenly spre

In Table Il, the mean values and standard deviatic
for the variables body height and arm span are presentec
athletes from three different sports — soccer, volleyball, a
basketball. Data analysis revealed statistically significe
differences in both variables (p < .01), which was al:
confirmed by the F-test values (F = 11.551 for body heic
and F = 13.538 for arm span).

Mean = 50 (cm)

Valleyball
St

Fig. 1. Comparison of body height and arm span across with
statistical significance.

Basietbal

Table Il. Morphological differences among young athletes in soccer, volleyball,
and basketball.

Sports (n) Variables Mean+SD F p
Soccer (21) 176.40+7.15

Volleyball (9) Body Height 187.05+6.151** 11551 .001
Basketball (16) 185.15+6.34F**

Soccer (21) 177 47+8.35

Volleyball (9) Arm Span 186.50+6.18*

Basketball (16) 190.00+6.89** 13538 .001

*p<.05, **p<.01, ***p<.001;Body height: volleyball-soccert***; basketball-soccert**Arm
Span: volleyball-soccet*; basketball-soccer**
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DISCUSSION for these anthropometric parameters, which enhances their
effectiveness in shot-blocking and shooting over defenders.
The aim of this study was to analyze and compare bo&@milarly, volleyball players demonstrate elevated values for
height and arm span among youth athletes in soccer, basketlmth stature and arm span, especially those playing as opposites
and volleyball, emphasizing their practical significance imnd middle blockers. These characteristics are critical for the
player selection, positioning, and adaptation of the trainirguccessful execution of jump serves, spikes, and blocks, as
process. Through a comparative approach, the study seekthty enable athletes to operate from greater heights above the
highlight the differences in morphological demands acrosgt and cover larger spatial zones. In volleyball, the relationship
these sports and the practical application of these insightshietween body height and explosive power (i.e., vertical
working with youth athletes. The findings demonstratgimpcapacity) is especially emphasized, underscoring the
statistically significant inter-sport differences in keyimportance of an optimal combination of morphological
anthropometric parameters, thereby supporting the hypothesigracteristics and functional attributes. In contrast, soccer
that the distinct biomechanical and functional requiremengsedominantly prioritizes attributes such as explosive power,
of each spu substantially influence the physical profiles ofagility, endurance, and balance, where extreme anthropometric
athletes. Significant differences in stature were observdidnensions may even present a performance constraint (Reilly
between soccer players and volleyball players (p < .001),etsal,, 2000; Gilet al, 2007). Although body height and arm
well as between soccer players and basketball players (gpan are not critical determinants for most field positions, they
.001), while the difference between volleyball and basketbaliay play a decisive role in position-specific contexts—maost
players did not reach statistical significance. A comparabietably among goalkeepers and central defenders. While less
trend was identified for the arm span variable, with soccéequently investigated in soccer, arm span can influence an
players exhibiting significantly shorter arm span valueathlete’s ability to control the ball and react in scenarios
compared to volleyball players (p < .05) and basketbalivolving the use of the upper limbs, such as executing throw-
players (p < .001). ins from wide areas or reacting to aerial balls. Similar to stature,
a greater arm span can enhance effectiveness in ball-blocking
Morphological optimization—defined as the alignmentind aerial challenges. Moreover, players with a larger reach
of an athlete’s somatic characteristics with the specifimay have an advantage in shielding the ball and maintaining
demands of a given sport discipline—serves as a foundatiopalssession under pressure, as they can better control space
principle for long-term talent selection and theand preventdispossessi@ardenas-Fernandez al, 2019).
individualization of training processes (Toseltial, 2021). Goalkeepers, as the final line of defense, are often selected
Increased stature and extended arm span confer biomechartieeded on height and limb length, enabling greater spatial
advantages in vertically oriented sports, where actions suctiverage and quicker responses when defending shots from
as jumping and blocking are predominant. Conversely, shortarying angles (Malinat al, 2004). Similarly, tall central
and more compact body types facilitate superior center of matefenders benefit from superior performance in aerial duels,
control and agility, which are critical performance factors iparticularly during set-pieces such as corners and free kicks.
sports such as soccer. Research indicates that taller soccer players often have an
advantage in contested aerial situations, which is especially
The findings of this study are consistent with previousaluable in defensive roles and set-piece execution (Bangsbo
research emphasizing that body height and arm span are Eel{rustrup, 2008). However, increased stature is frequently
performance advantages in sports such as basketball @sdociated with greater body mass, which may enhance
volleyball, as they facilitate more efficient execution of verticastrength and stability but could also compromise agility—an
actions such as jumping, blocking, and shooting (Carter &ssential component for rapid movement and directional
Heath, 1990; Gualdi-Russo & Zaccagni, 2001). Basketball astanges (Reilly & Williams, 2003). Among midfielders and
volleyball are classified as vertical sports, characterized byf@wards, agility, acceleration, and coordination are typically
high frequency of technical actions performed above groummioritized performance determinants (Reélyal, 2000).
level—such as jump shots, blocks, spikes, ball interceptions,
and aerial duels. Consequently, body height and arm span are  Within the training process, understanding athletes’
highly valued morphological characteristics in thesenorphological characteristics enables head coaches and
disciplines. An extended arm span—often exceeding bodyrength and conditioning professionals to tailor training
height—enhances spatial reach, facilitates easier ball retrieeahtent to the individual needs of players. For example, athletes
during jumps, and provides a biomechanical advantage with greater body dimensionsrequire specific approaches to
physical contests (Gaurat al, 2010; Ziv & Lidor, 2010). strength development and mobility training in order to maintain
Basketball players, particularly those occupying center amdovement efficiency and reduce injury risk. Conversely,
power forward positions, typically record the highest valuesmaller and lighter athletes typically benefit from targeted
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development of explosive power, agility, and coordinatiorcentral defenders. The application of anthropometric insights
The pronounced inter-sport differences in anthropometrin sports practice facilitates more effective talent
profiles underscore the importance of proper sport orientatiadentification, optimal player positioning within the team
during the early stages of athletic development. Whestructure, and the individualized planning of training loads
physical predispositions—such as above-average height @mdl content. Understanding the morphological profiles of
arm span—are identified at an early age, it becomes possiathletes is a fundamental component of modern athletic
to guide youth athletes toward the sport that best aligns willkvelopment strategies. However, it is essential to recognize
their somatic potential, thereby enhancing the likelihood diiat technical-tactical skills and psychological competencies,
maximizing their athletic capacity and achieving highin conjunction with morphological characteristics, collectively
performance outcomes (Carter & Heath, 1990). Beyordktermine athletic success. The integration of anthropometric
initial sport selection, this knowledge is also critical in intraprofiling across all levels of sport and age categories has
sport talent identification, particularly in assigning athleteBecome a necessity in contemporary sport science, especially
to playing positions that align with their anthropometriavithin the frameworks of early specialization and talent
profiles. Greater stature during adolescence may sigrmthway development.
potential for success in sports such as basketball and
volleyball, while arm span is often used as an addition&8lcientific and Practical Contribution of the Study
indicator of an athlete’s capacity to cover more space on the
court or field and to perform position-specific technical This study provides a significant scientific contribution
actions more effectively (Nikolaidigt al., 2015). by identifying sport-specific morphological characteristics
Accordingly, systematic monitoring of growth patterns andmong youth athletes across different team sports disciplines.
limb proportions in children and adolescents can play The statistically significant differences observed in body height
crucial role in the early identification of sport-specificand arm span between soccer, volleyball, and basketball
potential. In the talent selection process, coaches shopldyers enhance our understanding of how somatic traits
interpret physical characteristics not merely as static traifafluence athletic performance and the effectiveness of talent
but as dynamic indicators within the broader context adlentification processes in sport. A particular value of this
biological maturation, which can reflect long-term athleticesearch lies in the fact that the data were collected from
potential (Carter & Heath, 1990). athletes in their formative developmental stages, offering
coaches more accurate guidance in early talent selection and
Itis important to emphasize that, although body heigfiirecting children toward sports in which they demonstrate
and arm span are significant contributors to athletimorphological advantages. This supports the concept of
performance, they are not sufficient on their own to predichorphological optimization—aligning an athlete’'s physical
sporting success. Technical proficiency, tactical gam&ructure with the specific biomechanical and physiological
intelligence, psychological competencies, motivation, andemands of a given sport—as a key factor in the long-term
consistent engagement in structured training andevelopment of athletic potential. The practical implications
competition—when combined with favorable morphologicabf this study are mmnifold. First, it equips sports scientists
characteristics—form the multidimensional foundation foand coaches with reliable, easily measurable anthropometric
elite athletic achievement (Malir& al., 2004; Ziv & Lidor, parameters that can improve talent identification and sport
2010). Nevertheless, it is precisely the synergy between innatgentation in youth populations. Second, it enables more
physical predispositions and well-directed sport-specifiprecise player position profiling within team structures,
practice that often distinguishes an average athlete from a higiiereby enhancing performance efficiency and on-field

performance one. synergy. Third, it contributes to the individualization of
training programs—taller athletes may present unique
CONCLUSION biomechanical needs related to balance, mobility, and injury

prevention (Nikolaidi®t al.,2011), whereas shorter athletes
Body height and arm span represent key morphologiocaften require training content focused on explosiveness,
characteristics that significantly influence talent identificationagility, and neuromuscular coordination. Moreover,
positional allocation, and the design of training interventionsnderstanding inter-sport morphological differences may be
in various team sports. A comparative analysis of soccdreneficial for facilitating athletic transitions between sports
basketball, and volleyball clearly reveals distinct physicdl.e., sport transfer), particularly during adolescence when
demands imposed by each discipline. Basketball and volleybphysical attributes are still developing. These findings are
tend to favor athletes with greater stature and extended reaglso of practical relevance to sports academies and
while in soccer, these traits are particularly valued in positiodevelopment centers engaged in systematic monitoring of
specific contexts—mogtotably among goalkeepers andthe growth and maturation of young athletes.
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