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Abstract 

Introduction: Throughout adolescence, sex differences are observed for anthropometric, body 
composition, and physical fitness variables.  
Objective: This study’s aims were: (1) to explore differences in anthropometry, body composi-
tion, and physical fitness performance between male and female youth basketball players, and 
(2) to examine the relationships between body composition, strength, and balance perfor-
mance.  
Methodology: Forty-nine regional youth basketball players (27 males; mean age = 14.3  1.2 
years), were assessed for body composition, strength, speed, upper-limb coordination, and bal-
ance performance.  
Results: As expected, males were taller (p = 0.002), with lower body fat (p < 0.001) and in-
creased fat-free mass (p < 0.002) than females. Body fat correlated significantly with strength 
(handgrip: rs = -0.47, p < 0.001; countermovement jump: rs = -0.72, p < 0.001; squat jump: rs = -
0.73, p < 0.001; horizontal jump: rs = -0.76, p < 0.001), upper-limb speed and coordination (rs 
=-0.32, p = 0.027), and 20-m sprint performance (rs = 0.72, p < 0.001), but not with balance 
tasks. Body mass and fat-free mass were negatively associated with balance, indicating reduced 
postural control.  
Conclusions: These findings underscore the importance of accounting for sex differences when 
developing training programs for youth basketball players. Also, coaches and their staff should 
monitor body composition, particularly body fat, to enhance explosive strength and speed. Fat-
free mass positively influences balance ability, highlighting the role of body composition in 
physical fitness. 
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Resumen 

Introdución: Durante la adolescencia se observan diferencias entre sexos en las variables an-
tropométricas, de composición corporal y de condición física.  
Objetivo: Los objetivos de este estudio fueron: (1) explorar las diferencias en la antropometría, 
la composición corporal y el rendimiento de la condición física entre jóvenes jugadores y juga-
doras de baloncesto, y (2) examinar las relaciones entre la composición corporal, la fuerza y el 
rendimiento del equilibrio.  
Metodología: Cuarenta y nueve jóvenes jugadores de baloncesto de nivel regional (27 varones; 
edad media = 14.3 ± 1.2 años) fueron evaluados en cuanto a composición corporal, fuerza, ve-
locidad, coordinación de los miembros superiores y rendimiento del equilibrio.  
Resultados: Como era de esperar, los varones eran más altos (p = 0.002), presentaban menor 
grasa corporal (p < 0.001) y mayor masa libre de grasa (p < 0.002) que las mujeres. La grasa 
corporal se correlacionó significativamente con la fuerza (prensión manual: rs = −0.47, p < 
0.001; salto con contramovimiento: rs = −0,72, p < 0,001; salto en sentadilla: rs = −0.73, p < 
0.001; salto horizontal: rs = −0.76, p < 0.001), con la velocidad y la coordinación de los miembros 
superiores (rs = −0,32, p = 0.027) y con el rendimiento en el sprint de 20 m (rs = 0.72, p < 0.001), 
pero no con las tareas de equilibrio. La masa corporal y la masa libre de grasa se asociaron 
negativamente con el equilibrio, lo que indica un control postural reducido.  
Conclusiones: Estos hallazgos subrayan la importancia de tener en cuenta las diferencias entre 
sexos al desarrollar programas de entrenamiento para jóvenes jugadores de baloncesto. Ade-
más, los entrenadores y su cuerpo técnico deberían monitorizar la composición corporal, en 
particular la grasa corporal, para mejorar la fuerza explosiva y la velocidad. La masa libre de 
grasa influye positivamente en la capacidad de equilibrio, lo que destaca el papel de la compo-
sición corporal en la condición física. 
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Introduction

During adolescence, sex differences are observed for body composition and physical fitness tasks (Le-
fevre et al., 1998). According to the literature, the influence of growth and maturation, which vary widely 
among individuals and between sexes, results in performance disparities between male and female ath-
letes (Malina et al., 2004). Young male athletes often exhibit superior body size and fat-free mass, and 
lower body fat than females (Lesinski et al., 2020; Malina et al., 2004), which impacts their performance 
in physical fitness tasks. Among adolescent team sport athletes, larger sex differences in physical per-
formance were observed between the U14 and U16 age groups, favoring boys, especially due to the im-
pact of maturation (Tingelstad et al., 2025). Consequently, in adulthood, research has also shown that 
males tend to outperform females by 10% to 30% in athletic events, depending on the specific physical 
demands of the activity (Hunter et al., 2023). 

Key components of physical fitness include body composition, muscle strength, and bone development 
(Goswami et al., 2014; Malina et al., 2004). Throughout adolescence, increases in skeletal size and mus-
cle mass lead to greater muscle strength in males. On the other hand, females tend to gain less stature 
and muscle mass while accumulating significant body fat (Goswami et al., 2014). Previous literature has 
reported the negative influence of fatness on performance, particularly in tasks requiring body move-
ment or projection through space, such as jumping and running (Malina et al., 2004; Malina & Geithner, 
2011). In contrast, muscle strength is associated with improved force-time characteristics that enhance 
athletes’ overall performance (Suchomel et al., 2016). 

Basketball is among the most prominent team sports that has gained global recognition due to its fast-
paced performance, involving high-intensity actions (Asal et al., 2025). Thus, a significant emphasis has 
been placed on studying players’ strength, aerobic, and anaerobic capacities (Hassan, 2025; Mancha-
Triguero et al., 2019). On the other hand, balance, defined as the ability to maintain the body’s center of 
gravity over the base of support (Pollock et al., 2000), appears to be a less-studied capacity within the 
overall youth sports literature. Besides injury prevention, balance has also been related to sports per-
formance (Hrysomallis, 2011). Indeed, in basketball, players are frequently subjected to physical con-
tact and various situations involving balance instability, such as shooting, changes of direction, and bo-
xing out (Boccolini et al., 2013). Additionally, a recent systematic review found that balance training is 
valuable for improving physical fitness and skill-related performance in basketball players (Wang et al., 
2025). However, when evaluating sex differences in balance performance among youth players, incon-
sistent results have been found, although it may be speculated that females should outperform their 
male peers in balance tasks (Schedler et al., 2019).  

Overall, sex differences in body composition and physical fitness characteristics have been explored in 
youth sports (Bauer et al., 2021; Ingebrigtsen et al., 2013; O’Brien-Smith et al., 2020; Perroni et al., 
2018). However, most existing research has focused on boys, creating a significant gap in understanding 
how physical attributes develop in girls and how their development trajectories compare between sexes 
(Tingelstad et al., 2023). Additionally, most previous research in youth sports has prioritized body com-
position, speed, strength, and power outputs (Tingelstad et al., 2025; Tingelstad et al., 2023), while ba-
lance ability has been largely disregarded. Given the major impact of balance on motor competence, 
injury prevention, and performance enhancement, it is crucial to conduct in-depth research on this topic 
to support the design of suitable and effective training programs. 

Therefore, the current study's aims were twofold: (1) to explore differences in anthropometry, body 
composition, and physical fitness performance between male and female youth basketball players, and 
(2) to examine the relationships between body composition, strength, and balance performance. Based 
on previous research, it is hypothesized that: (1) sex differences should emerge in body composition 
and physical fitness, favoring male players, and (2) significant relationships should be found between 
body composition parameters, particularly body fat and fat-free mass, strength, and balance perfor-
mance. 
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Method 

Participants 

This study included 49 Portuguese youth basketball players (27 males). All players were selected to 
represent a regional team in Portugal, competing in the main national tournament organized by the 
Portuguese Basketball Federation. All procedures implemented in this study were approved by the 
Ethics Committee of the University of Madeira (151/CEUMA/2024), and written informed consent to 
participate was obtained from all individuals and their respective legal guardians. 

Procedure 

This is a cross-sectional study. All measurements were performed during the morning on four consecu-
tive days. All testing procedures were conducted in a laboratory setting, except for the 20-m linear 
sprint, which was performed on an official basketball court. 

Instrument 

Anthropometry and body composition 

Stature was measured to the nearest 0.1 cm using a stadiometer (SECA 213, Hamburg, Germany). Body 
composition was evaluated through hand-to-foot bioelectrical impedance analysis (InBody 770, Cerri-
tos, CA, USA). All measurements were conducted in a laboratory during the early morning, while parti-
cipants were fasting, barefoot, and wearing only their underwear. Among body composition variables, 
body mass, body fat percentage (BF%), and fat-free mass (FFM) were retained for analysis. 

Static strength 

The handgrip test was used to assess static strength. The protocol included three alternating data colle-
ction trials for each arm using a hand dynamometer (Jamar Plus+, Chicago, IL, USA). Between trials, a 
60-second rest interval was ensured. During the assessment, participants stood and were instructed to 
hold the dynamometer in one hand, laterally to the trunk, with the elbow at 90° (Gerodimos, 2012). 
Participants were asked to squeeze as hard as possible for about two seconds in this position. The trial 
was repeated if the dynamometer came into contact with the participant’s body or if the elbow position 
changed from 90º. The best score of the three trials was retained for analysis. 

Lower-body explosive strength 

Three tests were conducted to assess lower-body explosive strength: the countermovement jump (CMJ), 
the squat jump (SJ), and the standing long jump (SLJ). The CMJ and SJ were performed using the Opto-
jump Next (Microgate, Bolzano, Italy) and included four data collection trials, separated by a 30-second 
rest interval. Participants' hands were placed on their waists during both jumping tests. In the SLJ, a 
tape measure was used to record the maximum distance jumped in two trials. Before data collection, 
three experimental trials were conducted to ensure the proper execution of each testing procedure. Par-
ticipants were encouraged to jump to a maximum height or as far as possible during each assessment. 
The best score from each trial was used for analysis. 

Linear speed 

The 20 m sprint test was implemented to assess speed performance. Participants completed two maxi-
mal sprint trials, each followed by a 2-minute rest interval. Sprint time was recorded in seconds using 
Witty-Gate photocells (Microgate, Bolzano, Italy), and the best score was retained for analysis. 

Balance 

The Biodex Balance System SD (Biodex, Shirley, NY, USA) was used for balance assessment. The modi-
fied clinical test of sensory integration of balance (mCTSIB) protocol was implemented to quantify pos-
tural sway under four conditions designed to assess the contribution of different sensory inputs (visual, 
vestibular, and somatosensory) (Goble et al., 2019): (1) eyes open, firm surface; (2) eyes closed, firm 
surface; (3) eyes open, unstable surface; and (4) eyes closed, unstable surface. Each condition is assessed 
using 30-second trials, during which the system records the degree of tilt to measure postural sway. 
After each trial, a 30-second rest interval was provided to adjust participants' positioning and foot pla-
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cement according to the software's instructions. The result of the mCTSIB is the sway index, represen-
ting the mean absolute deviation of the participant’s average position during the test. The higher the 
sway index, the more unsteady the participant was during the test. 

Upper-limb speed and coordination 

The plate tapping test evaluated upper-limb speed and coordination through rapid hand movements. 
During the test, two circles and a rectangle are affixed to a table, with the rectangle positioned centrally 
between the two circles, spaced 40 cm apart. The participant was positioned facing the table and placed 
one hand on the rectangle, while the other hand started on the circle on the opposite side. At the signal, 
the participants moved their hands back and forth between the circles as quickly as possible. The test 
involved performing 25 complete motion cycles (touching the near circle and returning to the starting 
circle), totaling 50 taps in the shortest possible time. Each participant completed two trials, and the fas-
test time recorded was considered the best result. 

Data analysis 

Descriptive statistics are presented as means  standard deviations. The Mann-Whitney U test explored 
differences between male and female players in anthropometry, body composition, and physical fitness 
assessments. Then, Spearman's Rho correlations were used to examine the relationships among age, 
anthropometry, body composition, and physical fitness indicators. The statistical analyses were conduc-
ted using IBM SPSS Statistics 29.0 (SPSS Inc., Chicago, IL, USA), with a significance level of 0.05. 

 

Results 

Table 1 summarizes descriptive statistics and group differences by sex for age, body composition, and 
physical fitness performance. Males were significantly taller (p = 0.002) and presented less BF% (p < 
0.001) and superior FFM (p = 0.002) compared to females. Regarding strength performance, boys out-
performed girls significantly in all testing procedures. Boys also showed statistically significant im-
provements in sprint time (p = 0.011) and upper-limb speed and coordination (p = 0.004). No statistical 
significances were observed between groups in balance indicators. 

 

Table 1. Descriptive statistics and comparison between groups for anthropometry, body composition, and physical fitness components. 
Variable Males (n = 27) Females (n =22) p 

Age (years) 14.5  1.2 14.1  1.1 0.874 
Height (cm) 174.1  10.3 161.7  7.0 0.002 

Body mass (kg) 63.1  11.8 59.3  14.1 0.060 
Body fat (%) 10.6  6.3 24.4  8.2 <0.001 

Fat-free mass (kg) 56.2  10.3 43.9  6.8 0.002 
Handgrip - Dominant (kg) 34.4  7.2 26.2  3.6 <0.001 

Handgrip - Non-dominant (kg) 33.1  7.5 25.9  4.8 <0.001 
Countermovement jump (cm) 31.7  6.2 23.2  4.0 <0.001 

Squat jump (cm) 30.7  5.7 21.8  3.8 <0.001 
Horizontal jump (cm) 218.7  27.3 173.2  23.0 <0.001 

20m sprint (s) 3.59  0.26 3.76  0.29 0.011 
mCTSIB Condition 1 0.98  0.42 1.03  0.29 0.677 
mCTSIB Condition 2 1.63  0.64 1.74  0.53 0.322 
mCTSIB Condition 3 1.62  0.49 1.69  0.31 0.677 
mCTSIB Condition 4 4.38  1.07 4.75  1.14 0.874 

Plate Tapping (s) 12.8  1.5 15.0  2.7 0.004 

Modified Clinical Test of Sensory Integration of Balance (mCTSIB); Condition 1 (eyes open, firm surface); Condition 2 (eyes closed, firm sur-
face); Condition 3 (eyes open, unstable surface); Condition 4 (eyes closed, unstable surface). 

 

Tables 2 and 3 summarize the relationships between age, anthropometry, body composition, and phy-
sical fitness performance. Among the body composition parameters, BF% emerged with the higher num-
ber of significant relationships with strength indicators (handgrip: rs = -0.47, p < 0.001; CMJ: rs = -0.72, 
p < 0.001; SJ: rs = -0.73, p < 0.001; horizontal jump: rs = -0.76, p < 0.001), upper-limb speed and coordi-
nation (rs =-0.32, p = 0.027), and 20-m sprint performance (rs = 0.72, p < 0.001).  
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No significant relationships were found between BF% and balance performance. In contrast, chronolo-
gical age (CA), stature, body mass, and FFM showed substantial correlations with balance indicators. 
Among the variables assessed, body mass presented the highest number of significant correlations with 
balance (mCTSIB 1: rs = -0.44, p = 0.002; mCTSIB 2: rs = -0.32, p = 0.027; mCTSIB 3: rs = -0.48, p < 0.001; 
mCTSIB 4: rs = -0.59, p < 0.001), followed by FFM and CA. 

 

Table 2. Correlation coefficients exploring the relationships between age, body composition, and physical fitness performance. 
Variable Handgrip CMJ SJ SLJ Plate Tapping 20m Sprint 

Age 0.48** 0.25 0.22 0.46** 0.15 -0.19 
Stature 0.80** 0.50** 0.50** 0.75** -0.11 -0.50** 

Body mass 0.62** 0.15 0.14 0.28 0.10 -0.01 
Body fat % -0.47** -0.72** -0.73** -0.76** 0.32** 0.72** 

Fat-free mass -0.83** 0.54** 0.54** 0.68** -0.12 -0.42** 

CMJ (countermovement jump); SJ (squat jump); SLJ (standing long jump); ** p  0.01; * p  0.05 

 

Table 3. Correlation coefficients exploring the relationships between age, body composition, and balance performance. 
Variable mCSTIB Condition 1 mCSTIB Condition 2 mCSTIB Condition 3 mCSTIB Condition 4 

Age -0.49** -0.22 -0.55** -0.54** 
Stature -0.42** -0.22 -0.46** -0.50** 

Body mass -0.44** -0.32* -0.48** -0.59** 
Body fat % 0.09 -0.07 0.05 0.07 

Fat-free mass -0.42** -0.23 -0.48** -0.59** 
Modified Clinical Test of Sensory Integration of Balance (mCTSIB); Condition 1 (eyes open, firm surface); Condition 2 (eyes closed, firm sur-
face); Condition 3 (eyes open, unstable surface); Condition 4 (eyes closed, unstable surface); ** p  0.01; * p  0.05 

 

Discussion 

The present study assessed differences between male and female youth basketball players in anthropo-
metric, body composition, and physical fitness variables. As expected, male players were significantly 
taller and showed lower BF% than female players. No differences were observed between groups in 
balance performance; however, boys outperformed girls significantly in static strength, lower-body ex-
plosive strength, speed, and upper limb speed and coordination. BF% emerged with the highest number 
of significant relationships with strength, speed, and upper-limb speed and coordination performance. 
Substantial and negative relationships were observed between body mass, FFM, and mCTSIB tests, re-
flecting the positive effects of body mass and FFM on postural control.  

The current results highlight the greater body size of male youth players compared to females, which is 
attributed to sex-associated variations in growth and development (Malina et al., 2004). Males were 
significantly taller, with lower BF% and higher FFM than girls, consistent with sex differences in body 
form and function that increase at puberty towards adulthood (Joyner et al., 2025).  

Regarding physical fitness, substantial differences were observed in strength, speed, and upper-limb 
speed and coordination, with males significantly outperforming female players. The results are con-
sistent with previous reports in the literature, particularly concerning lower-body explosive strength 
and speed performance (Sánchez-Díaz et al., 2021). Indeed, since males had lower BF% and greater FFM, 
it would be expected that superior performance would occur in tasks requiring projection (jumps) and 
rapid movements, due to the combined detrimental effect of BF% and the positive influence of FFM on 
these actions (Malina et al., 2004). In the current study, the relationships between body composition 
and physical fitness parameters also indicate a significant and negative correlation between BF% and 
jumping tasks (Table 2), suggesting that higher BF% is associated with lower jumping scores. Con-
versely, BF% was significantly and positively correlated with speed, implying that higher fat levels cor-
respond to superior sprinting times. Indeed, previous research has highlighted the unfavorable impact 
of BF% on vertical jumps (Nikolaidis, 2013), endurance (Esco et al., 2018), and speed and agility (França 
et al., 2024a), among young athletes. 

In contrast, no significant sex differences were observed in balance performance, although males 
showed better mean scores in all testing conditions than females. In a previous systematic review with 
meta-analysis aimed at investigating sex-related differences in balance performance among adoles-
cents, inconsistent results were reported (Schedler et al., 2019). While girls showed favorable measures 
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of static balance, boys performed better in proactive balance (Schedler et al., 2019). In another study 
involving 295 athletes aged 15.6 1.2) years, males displayed worse results than females on the Y-Bal-
ance Test (Miller et al., 2017). The same conclusion was reported in a sample of 56 school athletes aged 
16.4  0.1 years, with females outperforming males in the Y-Balance Test (Kramer et al., 2019). Accord-
ing to the literature, integrating sensory information from the visual, sensorimotor, and vestibular sys-
tems, along with generating appropriate muscle synergies, enables humans to achieve and maintain bal-
ance in both static and dynamic conditions (Woollacott & Shumway-Cook, 1990). Several studies have 
reported that girls tend to exhibit superior balance performance compared to boys of the same age, 
which has been attributed to more effective sensory integration (Steindl et al., 2006), and advanced 
neuromuscular development (Eguchi & Takada, 2014). On the other hand, boys were reported to 
achieve better measures of dynamic balance, which require moving the center of mass to the limits of 
stability (Schedler et al., 2019). Since boys exhibit greater muscular strength during adolescence, they 
may have an advantage over girls in dynamic balance tasks (Schedler et al., 2019). Overall, the current 
study's findings do not support the existence of sex differences in balance tasks among youth basketball 
players, which may be related to their training regimen. Basketball training typically includes frequent 
exposure to activities that challenge postural control, such as dribbling, jumping, and rapid changes of 
direction. These tasks can provide sport-specific stimuli that foster the balance ability despite sex dif-
ferences in body composition and physical fitness. 

According to the results of the present study, body mass and FMM exhibited significant and negative 
correlations with balance testing conditions. The results suggest a positive effect of body mass and FFM 
on balance performance, as lower mCTSIB scores indicate lower postural sway and, therefore, better 
balance ability. Although previous research on the relationships between balance and body composition 
parameters in youth sports remains scarce, FFM has been positively associated with physical fitness 
components, such as muscle strength (Esco et al., 2018; Kasović et al., 2022). In turn, muscle strength 
was reported as beneficial for postural control (França et al., 2024b; França et al., 2023; Hammami et 
al., 2016). In general, the current findings offer important insights for youth basketball by highlighting 
the need to monitor body composition, particularly BF% and FFM, during the training process. 

 

Limitations of the study 

The current study presents some limitations that must be recognized. This was a cross-sectional inves-
tigation with a limited sample size, and therefore, caution is recommended when generalizing the re-
sults. Additionally, the analysis did not consider the participants' maturity status, although biological 
maturation might play a significant role in body composition and physical fitness performance. Despite 
these limitations, research on sex differences in body composition and physical fitness components 
among youth basketball players remains scarce, particularly on balance ability, which is assessed in de-
tail in the present study. 

 

Conclusions 

Although sex differences would be expected, favoring boys in body composition and physical fitness 
performance, this study highlights the need to design tailored training programs in youth basketball 
based on the unique characteristics of both males and females. Besides raising awareness of sexual di-
morphism, the current results provide valuable insights for coaches on the body composition and phys-
ical fitness profiles of male and female players. The findings underscore the importance of monitoring 
body composition during youth basketball development, especially body fat, to prevent its detrimental 
effects on explosive strength and speed. Additionally, fat-free mass appears to be a significant and pos-
itive influencer of balance ability, underscoring the role of body composition in physical fitness tests. 
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