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Introduction: Basketball is a fast-paced intermittent team sport, wherein the players
must exhibit differentmorphologies andfitness levels dependingon their position. The
aimof this studywas to assess the differences in the athleticismofbasketball players by
playing positions and in its relations with body composition and anthropometric
measures. It was hypothesized that calculated athleticism has stronger and better
predictive relations with morphology compared to motoric tests alone.
Methods: 47 basketball players were divided into three groups according to playing
position [guards (n = 14), forwards (n = 22), centers (n = 11)]. Body composition and
anthropometrical measurements were done for all players. Athleticism was
presented in terms of overall (OFS), jumping (JFS) and sprinting (SFS) fitness scores.
Results: Fitness scores were found to be more strongly related to body composition
and anthropometry measurements than motoric tests alone. All three fitness scores
were moderate to strongly correlated with skinfold thickness and fat percentage,
while body height, fat-free mass, and lean body mass were positively correlated.
Significant differences in athleticism fitness scores were found between guards and
other groups. Forwards displayed superior athleticism in power and sprint abilities
when compared to guards and centers. Multivariate logistic regression revealed that
fat percentage, lean muscle mass, skinfold thickness, and arm span exhibited strong
predictive capabilities in relation to athleticism scores.
Conclusions: Coaches and practitioners should be aware that athleticism includes a
multitude of components, and they should use athleticism assessments before
designing training regimens that are tailored to each position’s unique needs.
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1. Introduction

Physical activity in basketball is composed of intense intermittent running, short sprinting,

and power-jumping tasks (1, 2). Basketball players showed different physical and physiological

features, which is especially noticed when compared between playing positions (3–6).

As a fast-paced team sport, basketball involves a series of dynamic movements in a

variety of directions (7). During the game, the body decelerates and reaccelerates with

each change of movement or direction, using highly precise force transmission (8).
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Therefore, a basketball player’s performance on the court mainly

depends on speed and power-related attributes differentiated by

playing levels (7) and playing positions (9). Guards typically

perform better in power scoring than centers (9–11). Inevitably,

the guards are expected to perform best during running, single-

leg jumping, and agility T-test, while the high quality of short-

distance speed, as well as lower and upper body strength, are

expected from all the players (9, 12). However, few studies have

depicted no significant differences between positions in explosive

power during vertical jump performance (13, 14). Since the on-

court physical demands vary for the playing positional role,

therefore the training of players must be individualized

considering the positional variations, with the position-specific

physical drills design (15).

Anthropometric characteristics such as body height, skinfold

thickness, body circumference, and fat percentage are often used

to discern a player’s level of performance (16). Elite-level centers

are heavier and taller than guards and forwards along with

higher fat mass than forwards, and higher fat-free mass than

guards (10, 17). Thus, it is important to consider body height

when assigning specific positions to the players (18). Given

playing position, guards tend to have dominantly endomorphic

somatotype features relative to forwards (10) while a study by

Gryko et al. (17) has revealed that young players are more

ectomorphic compared to adult professional players that are

predominantly mesomorph types. Therefore, profiling the

physical and physiological attributes of basketball players must be

considered with respect to age, playing level, and position. This

is especially important when attempting to customize the

training program or for player selection. The aim must be the

balanced development of a player, focusing on speed, agility,

power, coordination, specific skill set, tactics, techniques, and

psychology, in association with the dimensional profile support,

growth, and maturation of young athletes.

The anthropometric profile in senior-level basketball players

has been demonstrated to be directly connected to multiple

motor performance variables (19–21). In the case of basketball,

successful performance depends on a player’s jumping ability

simultaneously with the shots or rebounds (22). A player’s

vertical jumping performance directly impacts his level of play, as

the former is an integral part of different game moves like

rebounds, layup shots, basket pitches, dunks, and rebounds.

Categorically, the height and arm span correlated well with the

one-hand-shot block and rebound at two hands, but weakly with

the squat jump and countermovement jump (19). Another study

by Ribeiro et al. (21) reported a strong correlation of relative

power with fat mass and flight time, concluding that players with

higher lean body mass and lower fat percentage depicted superior

jumping performance. These findings were supported by Nunes

et al. (20) in their study on Brazilian women’s basketball players.

The body fat percentage greater than the population mean (8%–

22%) (23) can prove to be a hindering block for young male

basketball players. Consequently, the correct identification of the

player’s morphology and anthropometry is crucial to the sport’s

performance, owing to its close linkage with the player’s technical

role as well as for the specific jumping and sprinting skills.
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Specific athleticism is assessed using a variety of speed and

power fitness tests (24). Considering current knowledge about the

specific fitness tests (speed, power, agility) to the basketball

players’ performance, it becomes difficult to project the results to

a particular factor as more or less determining. As such, it might

be beneficial to get a clear and concise picture with a panoramic

view of physical fitness tests. Therefore, to provide a holistic

glimpse of the player’s fitness with a single score, the concept of

Total Score of Athleticism (TSA) emerged (25). TSA is derived

from the sum of Z-scores obtained using data from a fitness

testing battery, based on the top (red) and bottom (green) thirds

of all scores. TSA is further divided into red, amber, and green

zones (25). Moreover, critical issues of differences in fitness

between playing position and their relations with morphology are

compromised by different testing protocols, test inconsistencies,

lack of longitudinal studies and small sample size used (26).

Rather than analyzing individual test results separately, creating a

composite score that integrates various performance characteristics

offers a more comprehensive perspective, explaining a greater

amount of variance (27). The use of TSA, comprising a series of

tests, enables coaches to assess athletes within the context of their

team or peers with similar training regimens. This facilitates the

establishment of realistic benchmarks and training goals tailored

to the club’s specific demands (28).

Comparative data from other teams may reflect specific fitness

characteristics associated with a particular style of play, which may

not be universally applicable. Consequently, for talent

identification purposes, comparing athletes to one another is the

most advantageous application of TSA. TSA and Z-scores, due to

their unit-less nature, enable comparisons across various tests that

would otherwise be impractical. In talent identification, Z-scores

can be effectively employed from a young age, as they indicate

how many standard deviations an individual deviates from the

mean (25, 28). Roughly, around 4% of athletes fall within ±3

standard deviations, with 2% classified as high performers (+3SD).

In some extreme instances, exceptionally talented individuals may

achieve test scores (or TSA scores) exceeding +4 SD. Prediction

models using anthropometric and fitness characteristics can

predict future performance in adulthood with a reasonable degree

of precision (29). Nonetheless, considering talent identification it is

crucial to consider various factors including maturity status,

biological age, training age, training allocation, testing procedures,

and the status of cohorts and athletes (recreational, semi-

professional, or professional) (25, 28, 30).

Recent studies have shown that TSA (30) or Composite Scores

of Readiness (CSRs), as named in Oleksy et al. (31), derived from

isokinetic strength assessments, jumps (TSA study), and Functional

Movement Screen, Y-Balance Test, and Tuck Jump Assessment

(CSR study), provide better insights into performance levels

following ACL injuries in soccer players. They also offer greater

differentiation between individuals with significant functional

deficits and those without injuries or with minor deficits.

Identifying the factors that determine training load and athletic

performance is one of the tasks undertaken by sports scientists or

team trainers (32). With athleticism as an under-researched

parameter, it becomes imperative to explore its relationship with
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the morphology, playing position, and sport performance of

basketball players. Hence, the present study aimed to assess the

differences in the athleticism of basketball players by playing

positions and in its relations with body composition and

anthropometric measures. We hypothesized that calculated

athleticism has stronger and better predictive relations with

morphology compared to motoric tests alone.
2. Materials and methods

2.1. Participants

Sample calculation was performed via online available G*Power

software (ver. 3.1.9.7) (33) using Multivariate linear regression was

used as type of statistic, effect size was set at medium (0.5),

statistical significance at α = 0.05, research power at 0.80 and the

number of predictors 13 (all included variables). Calculation

determined total sample size no less than n = 41. Inclusion

criteria mandated that all participants possess a minimum of four

years of prior playing experience, while the exclusion criteria

encompassed the following conditions: (i) the occurrence of a

severe injury within the preceding six months, (ii) an increase in

peak height exceeding 7 cm within the last 12 months to avoid

sample heterogeneity (34), and (iii) demonstrated inability to

undertake motor tests. In total, 47 basketball players from five

top-ranking teams of BiH national League volunteered to

participate in the study. All players had on average 4.6 ± 0.2 years

of training experience, have had recent national-level competition

experience within the last two years and have been actively

involved in a weekly training schedule that includes five 120-min

basketball practice sessions and one game. They were distributed

in 3 groups according to playing position: (a) Guards [n = 14; age

(mean ± SD): 14.29 ± 0.61 years.; height: 173.56 ± 5.55 cm and

body mass: 59.96 ± 9.91 kg] encompassed positions 1 and 2 (PG

—point guard and SG—shooting guard), (b) Forwards [n = 22;

age (mean ± SD): 15.26 ± 0.82 years.; height: 184.31 ± 4.06 cm and

body mass: 70.36 ± 7.29 kg] encompassed positions 3 and 4 (SF—

shooting forward and PF—power forward), and (c) Centers [n =

11; age (mean ± SD): 15.33 ± 0.63 years.; height: 191.05 ± 6.32 cm

and body mass: 85.15 ± 9.70 kg] which only included position 5

(C - centers). Procedures did not utilize nor calculate maturity

status, which can significantly impact performance. This omission

led to the utilization of exclusion criterion ii). The findings

regarding body height and weight indicate that guards exhibited a

lesser degree of development in comparison to forwards and

centers. All subjects (including parents and coaches) were

informed in detail of the aim and experimental procedures of the

study and signed informed consent for participation.
2.2. Procedures

Testing procedures were performed at Institute of Sport,

Faculty of Sport and Physical Education, University of Sarajevo.

The testing session lasting two days (in a row) was conducted
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prior to pre-competitive mesocycle in the morning between 10:00

and 13:00 h. For the first day, players were asked to refrain from

any intense exercise or activity and eating for 2 h before testing.

On the first day, testing procedure included only body

composition and anthropometry measurements. The following

day, all sprint and jumping tests were performed. Prior to the

testing procedure, all players performed standardized warm-up

protocol (3, 35). All the tests and measurements were performed

by trained personnel according to standardized procedures. The

study was approved by the Ethics Committee (No: 01-2603/22;

7 January 2022) of the Faculty of Sports and Physical Education,

University of Sarajevo, and was carried out in accordance with

the Declaration of Helsinki. Informed consent was obtained from

the participants’ parents or legal guardians, prior to enrolment

into the study.

2.2.1. Body composition and anthropometry
Trained anthropometrics measured height, weight, skinfolds

(four sites), arm span, hand span and standing reach using

standard protocol for all subjects. For each test procedure, the

same examiner measured all individuals. Standing height was

measured using a digital stadiometer (InBody BSM 370; Biospace

Co., Ltd., Seoul, Republic of Korea). Body weight, fat free mass

(FFM), fat percentage (BF%), lean body mass (LBM%), body

mass index (BMI) was estimated using a direct segmental high-

frequency bioelectrical impedance scale (InBody 720; Biospace

Co., Ltd., Seoul, Republic of Korea). All subjects were barefoot

and wearing only underwear during the test. Skinfold thickness

(suprailiac, subscapular, biceps, triceps) was measured using a

caliper (SATA, Seville, Spain). Arm span and hand span were

measured (in cm) with a measuring tape (SATA, Seville, Spain).

Standing reach was measured with 0.1 cm accuracy while the

participant was standing comfortably using the Vertec Vertical

Jump Trainer (Sports Imports, Hilliard, OH, USA). BMI was

calculated as a fraction of body weight and a square of the

standing height (kg/m2).

2.2.2. Sprint tests
From a standing position, a 20 m sprint was performed with

the front foot 20 cm behind the starting line to prevent

premature time start. Sprint time was recorded by five infrared

timing gates (1.2 m height and 1.5 m wide) (Photocells;

Microgate, Bolzano, Italy), placed on starting line, at 5, 10, 15

and 20 m. All players were allowed two trials, with a 3-minute

rest between, and the best time was used as result and for

statistical analysis.

2.2.3. Jump tests
The following five types of jumps were performed:

countermovement jump (CMJ), countermovement jump free

arms (CMJ free arms), drop jump from 40 cm (DJ40), Stiffness

10 jumps (STF10), standing long jump (SLJ). All protocols

included two trials and were measured by using (except SLJ)

OptoJump Next system (Microgate, Bolzo, Italy). CMJ, CMJ free

arms and DJ40 tests were carried out in accordance with

recognized protocols (35, 36). In order to prevent any arm effect,
frontiersin.org
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hands were kept at the hips during the whole movement in CMJ

and DJ40. Drop jump was performed from 40 cm wooden box,

as recommended by previous study (37). For STF10, subjects

performed 10 consecutive maximal jumps, while keeping their

legs as straight as possible and their hands on the hips (38). The

performance was determined from these jumps in terms of

average jump height.

The SLJ test required the subjects to perform a maximal

horizontal jump from a standing still position. The overall jump

distance, which is the horizontal distance from the take-off line

to the mark made by the heel on landing, was measured in cm.

No backward steps or forward hops/runs were permitted.
TABLE 1 Pearson’s r correlations between jump (CMJ, CMJ free arms, DJ
40 cm, STIFFNESS 10 jumps and standing long jump) and sprint tests (5 m,
10 m, 15 m, and 20 m) for young basketball players (n = 47).

5 m 10 m 15 m 20 m
CMJ −.550** −.291* −.725** −.763**
CMJ free arms −.500** −.269 −.613** −.701**
DJ 40 cm −.423** −.257 −.678** −.715**
STIFFNESS 10 jumps −.476** −.227 −.654** −.667**
Standing long jump −.442** −.321* −.661** −.707**
2.3. Overall, jumping and sprinting
athleticism fitness score

Specifically for this study, athleticism was quantified using test

results and presented as Overall Fitness Score (OFS), Jumping

Fitness Score (JFS) and Sprinting Fitness Score (SFS) like the

TSA calculation (25). Athleticism scores based on Z-scores

provide practitioners with a means to compare data among

homogenous athletes characterized by congruent training

regimens, requisites, and limitations. Consequently, test scores

are presumed attainable by all athletes creating pragmatic

benchmarks and goals towards development can be directed. The

weighting assigned to motor ability tests also affects athleticism

scores. Athleticism scores may be skewed toward a particular

ability over others within certain assessments involving

composite measures that assess various motor abilities. When

calculating athleticism scores, it is mandatory to select tests

judiciously, considering the expertise of practitioners and the

predominant skills required for specific playing positions. Present

study tests are used effectively to mitigate the potential bias

related to other than power and running velocity capabilities.

Results for jumps (CMJ, CMJ free arms, DJ 40 cm, STF10

jumps, standing long jump) and sprints (5 m, 10 m, 15 m and

20 m) were converted to Z – scores. To compute the Z-scores for

each test, the formula employed was as follows: Z-score =

(Player’s score - Mean of the Cohort)/Standard Deviation of the

Cohort (30). OFS, JFS and SFS presented sum of Z-scores for

jumps and inverted Z-scores for sprinting standardized by the

number of tests used (9 for OFS, 5 for JFS and 4 for SFS) to

avoid the influence of different numbers of tests used.

CMJ, Countermovement jump.

DJ 40 cm, Drop jump from 40 cm.

*Correlation is significant at the 0.05 level (2-tailed).

**Correlation is significant at the 0.001 level (2-tailed).

TABLE 2 Pearson’s r intercorrelations between overall (OFS), jumping
(JFS) and sprinting (SFS) athleticism fitness scores for young basketball
players (n = 47).

OFS JFS SFS
Overall Fitness Score (OFS) 1 .937** .894**

Jumping Fitness Score (JFS) .937** 1 .682**

Sprinting Fitness Score (SFS) .894** .682** 1

**Correlation is significant at the 0.001 level (2-tailed).
2.4. Statistical analysis

The Kolmogorov-Smirnov test was performed to check

normality of data distribution while data homogeneity was

checked using Levene’s test. Two-way ANOVA and Bonferroni

post hoc tests were performed for comparisons between groups

by playing position. Pearson’s correlation coefficient tests were

performed to identify the relationships between age, morphology,

overall, jumping, and sprinting fitness scores. Correlations were

determined as follows: r < 0.19 as very weak, 0.2–0.39 as weak,
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0.40–0.59 as moderate, 0.6–0.79 as strong and 0.8–1.0 as very

strong (39). Additionally, to determine the variety of the

correlation differences between playing positions for fitness

scores, limits for decision of the differences for Pearson r

correlations were calculated using an online available Excel

spreadsheet (40). Furthermore, predictive relationship of

athleticism fitness scores and morphology was performed using

stepwise multivariate linear regression analysis. Effect sizes (ES)

of the differences between fitness scores were calculated and

interpreted based on Cohen’s d thresholds of >0.2 - small, >0.5 –

moderate, >0.8 – large and >1.3 very large (41). SPSS software

(Ver.21, Chicago, IBM) was used for data analysis. Statistical

significance was set at p < 0.05. Bonferroni correction was used to

adjust the p-value for the comparison difference for OFS, JFS

and SFS between playing positions. Considering the research’s

sampling methodology, a post hoc power analysis conducted

utilizing G*Power (Version 3.1.9.7) unveiled that the statistical

power for within-group comparisons was as follows: 91.7% for

the detection of a large effect size, 55.0% for a moderate effect

size, and 10.6% for a small effect size.
3. Results

The Levene’s and Kolmogorov – Smirnov tests indicated that

homogeneity and normality of data distribution were adequate

for all tests. Significant moderate to strong correlations

(p < 0.001) were present between jump tests (CMJ, CMJ free

arms, DJ 40 cm, STF10 jumps and SLJ) and sprint tests (5 m,

10 m, 15 m and 20 m) (Table 1). Strong to very strong correlations

(p < 0.001) were noted between OFS, JFS and SFS (Table 2).

Table 3 displays differences between playing positions for all

the body composition, anthropometry, and motor tests as well as
frontiersin.org
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TABLE 3 Body composition, anthropometric measures and athleticism fitness scores of young basketball players.

Overall (n = 47) Guards (n = 14) Forwards (n = 22) Centers (n = 11)

Mean ± SD Mean ± SD Mean ± SD Mean ± SD F p
Overall Fitness Score (OFS) 0.00 ± 0.80 −0.55 ± 0.64*,# 0.27 ± 0.70 0.15 ± 0.82 5.698 0.006

Jumping Fitness Score (JFS) 0.00 ± 0.89 −0.55 ± 0.68*,# 0.25 ± 0.75 0.19 ± 1.14 4.297 0.020

Sprinting Fitness Score (SFS) 0.00 ± 0.87 −0.56 ± 0.89*,# 0.30 ± 0.79 0.10 ± 0.72 5.010 0.011

Age 14.99 ± 0.84 14.29 ± 0.61*,# 15.26 ± 0.82 15.33 ± 0.63 9.247 <0.001

Body height (cm) 182.69 ± 8.26 173.56 ± 5.55*,# 184.31 ± 4.06# 191.05 ± 6.32 38.26 <0.001

Body mass (kg) 70.72 ± 12.55 59.96 ± 9.91*,# 70.36 ± 7.29# 85.15 ± 9.70 25.85 <0.001

BMI (kg/m2) 21.05 ± 2.57 19.84 ± 2.75# 20.71 ± 1.92# 23.29 ± 2.23 7.664 0.001

Fat free mass (%) 62.73 ± 10.66 52.84 ± 7.94*,# 63.10 ± 6.09# 74.59 ± 8.39 27.92 <0.001

Fat % (%) 7.99 ± 3.79 7.12 ± 3.31# 7.25 ± 3.32# 10.56 ± 4.37 3.708 0.033

Lean body mass (%) 35.35 ± 6.47 29.32 ± 4.92*,# 35.64 ± 3.76# 42.45 ± 5.01 27.19 <0.001

Standing reach (cm) 238.05 ± 10.96 226.82 ± 7.25*,# 239.85 ± 6.60# 248.75 ± 9.13 28.03 <0.001

Arm span (cm) 186.37 ± 10.00 176.41 ± 7.17*,# 188.20 ± 6.21# 195.38 ± 8.75 23.09 <0.001

Hand span (cm) 22.54 ± 1.52 21.50 ± 1.36*,# 22.73 ± 1.20 23.48 ± 1.62 7.038 0.002

Suprailiac skinfold (mm) 16.66 ± 9.36 12.79 ± 5.99# 15.25 ± 7.44# 24.41 ± 12.19 6.464 0.003

Subscapular skinfold (mm) 11.13 ± 3.88 9.68 ± 2.91# 10.70 ± 3.66# 13.82 ± 4.35 4.279 0.020

Biceps skinfold (mm) 11.83 ± 4.20 10.36 ± 2.20# 11.52 ± 4.21 14.32 ± 5.27 3.106 0.055

Triceps skinfold (mm) 6.25 ± 2.32 5.82 ± 1.87 5.89 ± 1.98 7.55 ± 3.09 2.365 0.106

CMJ (cm) 31.87 ± 5.29 28.56 ± 4.08*,# 33.38 ± 4.61 33.07 ± 6.35 4.514 0.016

CMJ free arms (cm) 40.25 ± 6.47 37.06 ± 6.32* 41.88 ± 4.98 41.04 ± 8.24 2.651 0.082

DJ 40 cm (cm) 31.40 ± 5.02 28.62 ± 3.39* 32.79 ± 4.44 32.16 ± 6.62 3.452 0.041

STIFFNESS 10 jumps (cm) 29.02 ± 4.95 27.13 ± 4.17# 29.20 ± 5.07 31.06 ± 5.15 2.062 0.139

Standing long jump (cm) 218.02 ± 26.01 200.14 ± 16.66*,# 228.55 ± 23.56 219.73 ± 29.87 6.317 0.004

5 m (s) 1.13 ± 0.10 1.18 ± 0.12 1.10 ± 0.09¥ 1.13 ± 0.08 2.467 0.096

10 m (s) 1.95 ± 0.20 2.06 ± 0.26 1.87 ± 0.13¥ 1.95 ± 0.17 4.467 0.017

15 m (s) 2.56 ± 0.18 2.66 ± 0.19 2.51 ± 0.17¥ 2.52 ± 0.15¥ 3.572 0.037

20 m (s) 3.24 ± 0.21 3.38 ± 0.22 3.18 ± 0.20¥ 3.20 ± 0.17¥ 4.579 0.016

p, significance of the differences between Guards, Forwards and Centers; F, F ratio; BMI, body mass index; CMJ, countermovement jump; DJ, drop jump.
#Significantly lower at p < 0.05 to Centers.

*Significantly lower at p < 0.05 to Forwards.
¥Significantly lower at p < 0.05 to Guards.

Čović et al. 10.3389/fspor.2023.1276953
for athleticism fitness scores. Guards were significantly

younger compared to forwards and centers (mean ± SD: 0.97 ±

0.71 and 1.04 ± 0.70 years.) (Table 3), but non-significant

relation of age was noted for the set of jump and sprint tests

as well as OFS, JFS and SPS. When compared to forwards and

centers, guards had significantly lower OFS by MD = −0.82
(ES = −1.22, large) and MD = −0.70 (ES = −0.95, large), JFS

by MD = −0.40 (ES = −1.12, large) and MD = −0.37 (ES =

−0.79, moderate), and SFS by MD = −0.43 (ES = −1.02, large)
and MD = −0.33 (ES = −0.82, large) (Supplementary

Figure S1).

Moderate to strong significant (p < 0.05) correlations (Table 4)

were observed between OFS and body height (r = 0.53), biceps

(r =−0.63) and triceps (r =−0.71) skinfolds; JFS and body height

(r = 0.62), fat free (r = 0.63) and lean body mass (r = 0.64); as

well as between SFS and fat percentage (r =−0.69) along with all

skinfold’s thickness (r =−0.71 to −0.58) in guards.

Among forwards, significant correlations (p < 0.05) (Table 4)

were noted for OFS and fat percentage (r =−0.56), biceps

(r =−0.50) and triceps (r =−0.53) skinfolds; JFS and biceps

skinfold (r =−0.43); and SFS and fat percentage (r =−0.65),
biceps (r =−0.52) and triceps (r =−0.60) skinfolds.

In centers, OFS was significantly (p < 0.05) (Table 2) correlated

with fat percentage (r =−0.62), suprailiac (r =−0.73), subscapular
Frontiers in Sports and Active Living 05
(r =−0.74) and triceps (r =−0.72) skinfolds; JFS and suprailiac

(r =−0.61), subscapular (r =−0.64) and triceps (r =−0.65)
skinfolds; as well as SFS and hand span (r = 0.65), suprailiac

(r =−0.76), subscapular (r =−0.73) and triceps (r =−0.67)
skinfold thicknesses. Limits of decision for the difference based

on Pearson’s correlations between playing positions for OFS, JFS

and SFS are presented in Supplementary Table S1.

A stepwise multiple regressions (Table 5) of athleticism fitness

scores revealed highly significant models for OFS: For guards (R2 =

0.51; p < 0.001) with triceps skinfold thickness included as

significant predictor (β =−0.71; p = 0.04), for forwards (R2 = 0.46;

p < 0.001) with fat percentage (β =−0.84; p = 0.001) and BMI

(β = 0.49; p = 0.026) and for centers (R2 = 0.55; p < 0.001) with

subscapular skinfold (β =−0.74; p = 0.009), respectively.

Regression of JFS revealed models: For guards (R2 = 0.67;

p < 0.001) with lean body mass (β = 1.41; p = 0.001) and BMI

(β =−0.92; p = 0.013), for forwards (R2 = 0.36; p < 0.001) with

BMI (β = 0.51; p = 0.035) and biceps skinfold (β =−0.72;
p = 0.005) and for centers (R2 = 0.42; p < 0.001) with triceps

skinfold (β =−0.65; p = 0.031), respectively.

Regression of SFS revealed models: For guards (R2 = 0.64;

p < 0.001) with triceps skinfold (β =−0.50; p = 0.024) and fat

percentage (β =−0.46; p = 0.036), for forwards (R2 = 0.53;

p < 0.001) with fat percentage (β =−0.88; p = 0.001) and BMI
frontiersin.org
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TABLE 5 Multivariate regression models for Overall Fitness Score (OFS), Jumping Fitness Score (JFS) and Sprinting Fitness Score (SFS) with partial
predictive values of body morphology measures in basketball players.

Overall Fitness Score (OFS) regression models

Guards (n = 14): R = 0.712, R2= 0.507, SEE = 4.423, F(1,12) = 12.348**
Standardized β Unstandardized β SE p 95% CI for β [−; +]

Triceps skinfold −0.712 −2.306 0.656 0.04 [−3.736; −0.876]

Forwards (n = 22): R = 0.689, R2= 0.475, SEE = 4.927, F(2,19) = 8.586**
Standardized β Unstandardized β SE p 95% CI for β [−; +]

Fat% −0.836 −1.627 0.393 0.001 [−2.448; −0.805]
Body mass index 0.485 1.635 0.68 0.026 [0.212; 3.057]

Centers (n = 11): R = 0.74, R2= 0.548, SEE = 5.501, F(1,9) = 10.896**
Standardized β Unstandardized β SE p 95% CI for β [−; +]

Subscapular skinfold −0.74 −1.321 0.4 0.009 [−2.226; −0.416]

Jumping Fitness Score (JFS) regression models

Guards (n = 14): R = 0.82, R2= 0.673, SEE = 2.11, F(2,11) = 11.304**
Standardized β Unstandardized β SE p 95% CI for β [−; +]

Lean body mass 1.409 0.975 0.215 0.001 [0.502; 1.449]

Body mass index −0.924 −1.145 0.385 0.013 [−1.993; −0.297]

Forwards (n = 22): R = 0.598, R2= 0.357, SEE = 3.15, F(2,19) = 5.281**
Standardized β Unstandardized β SE p 95% CI for β [−; +]

Body mass index 0.511 0.998 0.439 0.035 [0.08; 1.916]

Biceps skinfold −0.721 −0.642 0.2 0.005 [−1.061; −0.223]

Centers (n = 11): R = 0.647, R2= 0.419, SEE = 4.58, F(1,9) = 6.486**
Standardized β Unstandardized β SE p 95% CI for β [−; +]

Triceps skinfold −0.647 −1.195 0.469 0.031 [−2.256; −0.133]

Sprinting Fitness Score (SFS) regression models

Guards (n = 14): R = 0.821, R2= 0.643, SEE = 2.2, F(2,11) = 11.374**
Standardized β Unstandardized β SE p 95% CI for β [−; +]

Triceps skinfold −0.503 −0.955 0.366 0.024 [−1.761; −0.148]
Fat% −0.461 −0.494 0.207 0.036 [−0.949; −0.038]

Forwards(n = 22): R = 0.729, R2= 0.532, SEE = 2.27, F(2,19) = 10.794**
Standardized β Unstandardized β SE p 95% CI for β [−; +]

Fat% −0.878 −0.834 0.181 0.001 [−1.213; −0.455]
Body mass index 0.407 0.669 0.313 0.046 [0.013; 1.324]

Centers (n = 11): R = 0.761, R2= 0.0578, SEE = 1.96, F(1,9) = 12.374**
Standardized β Unstandardized β SE p 95% CI for β [−; +]

Suprailiac skinfold −0.761 −0.179 0.051 0.007 [−0.294; −0.064]

R, Regression model correlation coefficient; R2, Regression model coefficient of determination; SEE, Standard error of estimate; SE, standard error; p, significance level;

95% CI for β [-; +], 95% confidence interval for standardized β [Lower; Upper].

**Significant at the 0.001 level.
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(β = 0.41; p = 0.046) and centers (R2 = 0.58; p < 0.001) with

suprailiac skinfold thickness (β =−0.76; p = 0.007), respectively.
4. Discussion

In all three groups of playing position, fitness scores were more

strongly related to body composition and anthropometry

measurements than motor tests alone. All three fitness scores were

moderate to strongly correlated with skinfold thickness and fat

percentage, while body height, fat-free mass, and lean body mass

were positively correlated. A moderate to very large difference was

observed between guards compared to forwards and centers in

terms of athleticism fitness scores. BMI was also assumed to be a

significant predictor of fitness scores based on predictive

regression models. Results obtained could allow practitioners to
Frontiers in Sports and Active Living 07
discriminate specific skills and anthropometric features according

to playing position. Complex morphological differences among

playing positions appear to be the results of different growth rates,

geographical and ethnic variety, and presumptions for retaining

extremely high players (42, 43) thereby forgetting about the

motoric potential of players as a key success factor.

As observed in previous studies (4–6, 44) present study results

agree with findings among male basketball players. Centers were

significantly taller, heavier with higher fat than forwards, and heavier

than guards. Higher body fat content in centers was established to

increase the body frame size and facilitate physical contact (5).

However, excess body fat can inhibit jumping and sprinting

performance as observed by negative correlations with OFS, JFS and

SFS similar as reported in other studies (9, 10, 21). Specifically,

subscapular, suprailiac and triceps skinfolds presented significant

predictors for OFS, JFS and SFS, respectively.
frontiersin.org
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Mean overall (OFS), jumping (JFS) and sprinting (SFS) fitness

scores showed that forwards had the highest athleticism, followed

by centers and guards as the least athletically endowed.

Anaerobic performance (jumps and sprints) results did not align

with previous findings where guards had higher relative strength

and power overall than centers (6, 9, 13). However, some studies

(6, 45) reported that players with longer lower limbs have better

vertical jump performances, and their anaerobic power is higher

which supports our findings.

Present study results suggest that age was not significantly related

to performance differences among playing positions and lower

athleticism performance in guards is possibly attributed to

immaturity, lack of playing and experience or specific selection of

players. Fitness score differences do not compromise primary study

results concerning the relations between playing position,

morphology, and athleticism. It is important to consider the clinical

relevance of even slight differences in age due to biological

development as with single test performance (46), maturity has a

significant similar impact on athleticism scores, respectively.

Physical and physiological factors linked to both maturity and

chronological age significantly impact an individual’s athletic

performance. Specifically, the years at peak height velocity

(YAPHV) serve as a robust maturity indicator to predict basketball

performance (47). Present study did not include an assessment of

YAPHV, which could have provided stronger, evidence-based

insights into the relationship between maturity and performance,

consequently the influence on athleticism scores. Furthermore, it’s

essential to recognize that within the 12–16 age category,

maturational differences among individuals are notably influenced

by hormonal and maturational changes. These variations, often

referred to as the “relative age effect,” are particularly pronounced

within cohorts grouped by annual age, showcasing considerable

variability. While study did not utilize maturity status, we assumed

that it might impact athleticism scores but not the correlations

between body measurements and performance. We acknowledge

that age differences may be linked to maturity variations, and, as a

result, younger players might have lower performance levels. This

should be considered when interpreting differences in athleticism

among playing positions (see Supplementary Table S1). As a

result, the level of biological development and the age of an athlete

are essential factors in the determination of athletic fitness scores.

The importance of understanding and acknowledging these factors

cannot be overstated.

Body height was significantly highly related to athleticism scores

(distinctly OFS and JFS) in guards compared to the overall sample.

Such findings support the fact that younger players are still

developing in terms of longitudinal dimensions and that height is a

great indicator to determine performance abilities (48). Interestingly,

arm span was related to athleticism when compared to the overall

sample, but not playing positions. Ziv and Lidor (49) found that arm

span was positively associated with performance in several basketball

skills, such as shooting and rebounding. It would be of great

importance to determine whether there is a difference in the

contribution of arm span among playing positions in basketball skills.

Moreover, the relationship between the amount of fat tissue

and skinfolds on the arms and the effectiveness and efficiency of
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explosive movement would also be of great interest since the

study outcomes are directing to some interesting relations. It is

evident that only CMJ free arms fall within the Bland-Altman

agreement of JFS (Supplementary Figures S2–S4), pointing to

low triceps skinfold as a potential facilitation factor during arm

swing. Fast and powerful arm movement during jumping could

be inhibited by the presence of more adipose tissue in the

antagonist arm region.

As previously reported lean body mass was positively

associated with anaerobic power, vertical jump and sprint

performance (5, 26). Similar relations for fitness scores were

observed in the overall sample. However, when observed

among playing positions only guards had a strong correlation

between jumping performance and lean body mass as

explained by Steffl et al. (50), where it was found that greater

relative lean mass was associated with better performance in

jump and sprint tests.

Studies (1, 5, 12, 17, 26) mainly combine different protocols to

create “universal” conclusions but comparing the results between

studies becomes difficult. Using a simple athleticism score

approach to determine relations between performance and

various specific player features can help in overcoming research

that lacks longitudinal studies, inconsistencies in test protocols

and sample size issues mentioned by Drinkwater et al. (26).

Practical application of the overall athleticism can help in

athletes’ evaluation across different sport events or sports, talent

identification, performance tracking, injuries assessment and to

create normative data analysis.

Relying solely on fitness tests to assess overall athleticism may

not capture all aspects of an individual’s athletic prowess or

account for sport-specific skills (8). Fitness tests typically focus

on specific components of fitness, such as strength, endurance,

speed, and agility. While these elements are undoubtedly

important, they do not encompass the entirety of athleticism,

which also includes factors like coordination, flexibility, power,

and sport-specific skills. Furthermore, the assumption that the

chosen fitness tests are comprehensive and equally weighted is

not always warranted. Different tests may emphasize certain

aspects of fitness more than others, leading to an imbalance in

the assessment. In addition to the limitations of fitness tests, the

sample group used for assessment should be appropriate,

homogeneous, and representative.

Several study limitations were present:

- Sample size. Even though sample size was larger than theminimum

calculated (n: 47 VS 41), increasing the sample size would add

additional statistical power explaining effects and correlations

between athleticism scores and anthropometry in basketball

players more effectively. More robust athleticism scores thresholds

could be gained by using a larger homogeneous sample size.

- The study provides a cross-sectional view of TSA and

morphology at a specific time point within the cohort without

longitudinal data. Using TSA longitudinally can provide

valuable insights into trends and developmental pathways. A

lack of longitudinal data impairs the ability to examine how

athleticism evolves and interacts with anthropometry over
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time. Subsequent investigations may consider using the

methodology employed in the current study across longitudinal

datasets to achieve more comprehensive and conclusive outcomes.

- The study acknowledges the potential differences in maturity status

between groups of playing positions but did not assess maturity of

participants. Failing to account for differences in maturity status

limits more persuasive conclusions by introducing confounding

variables that affect the interpretation of study results. Using a

simple method that involves assessing morphological parameters

such as height, sitting height, leg length, and chronological age

(51) to estimate maturity state could be used in future research.

Different positions require different skill sets and physical attributes

seen through different levels of the obtained athleticism score. For

instance, centers and power forwards often benefit from a taller

stature and strength, while guards may rely more on speed, agility,

and ball-handling skills. Coaches and trainers must account for these

positional differences when designing training programs to ensure

optimal performance. Study results suggest that playing positions

have a significant impact on the body composition, anthropometry,

and athleticism fitness scores of young basketball players. Given the

multifaceted nature of the relationship between morphology and

performance, coaches and trainers should adopt a holistic approach

in developing training programs for basketball players. They should

consider multiple factors, including skill level, training status, playing

position, and individual goals that address the specific needs of each

player and optimize their performance on the basketball court.
5. Conclusion

According to our knowledge, this study is the first to investigate

the relationship between athleticism (as measured through fitness

tests) and body composition in young basketball players. The

following conclusions can be drawn:

(a) In contrast to single fitness tests, athleticism scores show a

higher correlation and predictive contribution with

anthropometric measures.

(b) In contrast to other studies, which have reported lower

correlations between single fitness tests and anthropometric

measurements, athleticism scores show a higher correlation

with body composition.

(c) The variables of fat percentage, lean muscle mass, BMI,

skinfold thickness, and arm span exhibited robust predictive

capabilities in relation to athleticism scores.

(d) The findings revealed that forwards displayed superior

athleticism in power and sprint abilities when compared to

guards and centers.

(e) Even minor disparities in age and biological maturity levels

within a cohort can exert a discernible influence on

athleticism scores.

Furthermore, the utilization of the athleticism score holds promise

in investigating disparities in body composition measurements

among athletes of similar age across diverse sports, positions, or

performance levels. Additionally, longitudinal studies can employ

this metric to examine temporal alterations in body composition
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and athleticism. It is worth noting that methodological

approaches, participant demographics, and assessment protocols

may vary across studies, and the adoption of a universally

recognized framework for assessing athleticism can help address

this concern. Furthermore, it is crucial to acknowledge that

athleticism is a multidimensional construct encompassing factors

such as skill, coordination, speed, and agility, which collectively

contribute to an individual’s athleticism. Thus, while exploring

the relationship between athleticism scores and body composition

measures yields valuable insights, it should not serve as the sole

determinant of an individual’s overall athletic ability.

Coaches and practitioners should note that athleticism involves

many factors beyond what has been mentioned, so assessments

should consider additional factors including the player’s goals,

training level, experience, health, and specific needs. Different

positions in basketball require different skill sets and physical traits.

Coaches can use athleticism scores to design training that fits each

position and needs. For instance, centers and power forwards can

benefit from strength training, while guards may need agility and

ball-handling drills. Also, maturity and age are important. Younger

players are still developing physically, and this can affect their

performance and body features-skills relation. Make sure to

compare players with similar maturity levels and physical

development to get a clear picture.

Additionally, coaches should:

(i) Ensure that the players sample group used for assessment is

appropriate, homogeneous, and representative with no

differences in maturity status.

(ii) Create and regularly update power and speed normative data for

athlete assessment to establish benchmarks. This can provide

context for comparing athletes’ performance to their peers,

ideally from the same team or with similar training regimes.

(iii) Recognize the impact of body composition on athleticism.

Excess body fat can hinder performance, especially in terms

of jumping and sprinting. Monitor skinfold measurements,

as they can serve as predictors for certain aspects of athleticism.

(iv) Consider integrating strength and power training to improve

lean body mass, especially for positions where jumping and

sprinting are crucial.

(v) Consider using an overall athleticism score to assess athletes

across different sports or events. This approach can help in

talent identification, performance tracking, and injury assessment.
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