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ABSTRACT

Background: Basketball is a high-intensity intermittent sport that requires both aerobic and anaerobic energy
systems. Physical demands vary across playing positions; however, evidence in adolescent players remains limited.

Objectives: To compare aerobic and anaerobic capacities across different playing positions in basketball players
aged 13-16 years.

Materials and methods: This cross-sectional study included 60 adolescent basketball players in Chiang Mai
Province. Participants were categorized into five positional roles: point guard, shooting guard, small forward, power
forward, and center. Aerobic capacity was assessed using estimated maximal oxygen consumption (VO,max) from
the 20-meter shuttle run test, while anaerobic capacity was evaluated using fatigue index (Fl). The body composition
variables were recorded, including body mass index, body fat percentage, and muscle mass percentage. Differences
among groups were analyzed using one-way ANOVA with Bonferroni post hoc analysis.

Results: No significant differences in anaerobic capacity (Fl) were found among the five positions (p>0.05). In contrast,
aerobic capacity (VO,max) differed significantly between positions (p<0.05), with point guards demonstrating
significantly higher VO,max compared to centers. Other positional comparisons were not statistically significant.

Conclusion: Aerobic capacity differed only between point guards and centers, with point guards demonstrating
higher estimated VO,max than centers, whereas anaerobic capacity appeared comparable across playing positions.
These findings suggest that playing position may be associated with differences in aerobic performance and should

be considered when designing training programs for adolescent basketball players.

Introduction

Basketballis awidely popularteam sport played at
various competitive levels, from youth to professional.
According to the International Basketball Federation, a
standard game consists of four quarters, each lasting
10 minutes, requiring players to maintain performance
throughout the match.' The ability to compete effectively
depends on multiple components, including physical
fitness, technical skills, and psychological readiness.

Physical fitness is an essential determinant of
performance in basketball and can be categorized into
health-related components, such as cardiovascular
endurance, muscle strength, muscle endurance, flexibility,
and body composition, and skill-related components,
including speed, power, agility, balance, reaction time,
and coordination.” These components collectively
contribute to an athlete’s ability to perform sport-
specific movements efficiently.

Basketball involves continuous movement patterns,
including jogging, running, sprinting, and jumping, with
players covering distances ranging from approximately
4,400 to 7,500 meters during a game.3 The intensity of
movement can be classified into different levels, from
low-intensity activities such as walking and standing to
high-intensity actions such as sprinting, jumping, and
static exertion.* These variations in activity intensity
reflect the intermittent nature of the sport and highlight
the importance of both aerobic and anaerobic energy
systems.

In addition, the physical and physiological demands
of basketball vary by position. Each position has distinct
roles and responsibilities, including ball handling,
scoring, defense, rebounding, and physical contact.
Guards typically require high agility and ball control,
while forwards and centers are more involved in physical
contact and inside play.” These differences suggest

that energy system demands and physical fitness
characteristics may vary according to positional roles.

Previous studies have investigated physical fitness
and energy system characteristics in basketball players;
however, findings remain inconsistent. One previous
study reported differences in physical fithess among
positions in adolescent players,6 while another found
no significant differences in aerobic capacity among
professional players.” These inconsistencies may be
due to differences in age, training level, and study
design. Moreover, most previous research has focused
on aerobic capacity, with limited investigation of
anaerobic capacity, particularly in early adolescent
athletes.

Therefore, there remains a need to examine both
aerobic and anaerobic energy systems across playing
positions in early adolescent basketball players.
Understanding these differences may provide valuable
information for training design and player selection.
Accordingly, this study aimed to compare aerobic and
anaerobic capacities in different positional roles of
basketball players aged 13-16 years.

Materials and methods
Participants

A total of 60 adolescent basketball players aged
13-16 years were recruited from Chiang Mai Province.
Participants were categorized into five playing positions
based on their primary role in the team: point guard
(PG), shooting guard (SG), small forward (SF), power
forward (PF), and center (C). Each participant was
assigned to a playing position according to the team
coach’s classification of their primary playing position
based on their usual role during training and official
competitions.

All participants were actively engaged in regular
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basketballtraining and competitionand had atleastone
year of competitive basketball experience. Participants
were eligible if they were aged between 13-16 years,
currently participating in organized basketball training,
and free from musculoskeletal injury or medical
conditions that could affect physical performance.
Participants with a history of recent injury or any
condition that contraindicated exercise testing were
excluded.

Study design

This cross-sectional study compared aerobic and
anaerobic capacities across different playing positions
in adolescent basketball players aged 13-16 years in
Chiang Mai Province. Participants were required to have
at least one year of basketball experience. The study
protocol was approved by the Human Ethical Review
Board of the primary investigator’s institution (AMSEC-
67EX-039), and informed consent was secured from
participants and their parents.

Outcome measures

Anthropometric and body composition variables,
including body weight, height, body mass index (BMl),
body fat percentage, and muscle mass percentage,
were assessed to describe participants’ physical
characteristics. Body weight, body fat percentage,
and muscle mass percentage were measured using
a bioelectrical impedance analysis device (InBody,
Biospace Co., Ltd., Seoul, Korea), while height was
measured using a standard stadiometer. BMI| was
calculated as weight in kilograms divided by height in

meters squared (kg/mz).8 Aerobic capacity was evaluated
using the 20-meter shuttle run test (20-m multistage
fitness test), and maximal oxygen consumption (VO,max)
was estimated using the prediction equations developed
by Léger et al.®° The 20-meter shuttle run test has
demonstrated good test-retestreliabilityand moderate-
to-high criterion-related validity for estimating maximal
oxygen uptake in children and adolescents. Nevertheless,
the derived value represents estimated rather than
directly measured VO,max and should therefore be
interpreted with appropriate caution. VO,max was
expressed in milliliters per kilogram per minute (ml/
kg/min).> Anaerobic capacity was assessed using the
Running-based Anaerobic Sprint Test (RAST), from
which the fatigue index (FI) was calculated to reflect
the decline in power output during repeated maximal
sprints. Previous studies have demonstrated that the
RASTisareliable and validfield-based testfor assessing
running-based anaerobic performance, including in
children and adolescents. Ahigher Flindicates a greater
decline in performance across repeated sprints. '°

Study procedure

Participants attended the testing sessions at a
designated venue, where all assessments were conducted
under standardized conditions (Figure1). Data collection
was performed over three separate days to minimize
fatigue effects. On the first day, anthropometric and
body composition measurements, including body
weight, height, body fat percentage, and muscle mass
percentage, were measured.

Participant recruitment (N=60)

-

Eligibility screening
Informed consent (participants + parents)

¢

Categorized by playing position
(PG=14, SG=10, SF=15, PF=10, C=11)

-

Day 1: Body composition assessment
(weight, height, BMI, body fat , muscle mass)

e

(20-m shuttle run test)

| Day 2: Aerobic capacity test ’

(RAST test)

| Day 3: Anaerobic capacity test I

[ Statistical analysis I

Figure 1. Flow diagram of participant recruitment, outcome measures, and study procedures.
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On the second day, participants completed a
standardized warm-up consisting of light aerobic
activity and dynamic stretching, followed by the
assessment of aerobic capacity using the 20-meter
shuttle run test. During the test, participants ran
back and forth between two lines in time with audio
signals until exhaustion. Maximal oxygen consumption
(VO,max) was estimated using the following equation:
VO,max (ml/kg/min) = 31.025 + (3.238 x speed) - (3.248
x age) +(0.1536 x speed x age), where speed represents
the final running speed achieved during the test.’

Participants were instructed to avoid vigorous
physical activity for at least 24 hours before both the
aerobic and anaerobic assessments. The anaerobic
assessmentwas conducted on a separate day following
at least 24 hours of rest to ensure adequate recovery.
Participants performed the Running-based Anaerobic
Sprint Test (RAST), which consisted of six maximal
sprints over 35 meters with short recovery intervals
between each sprint. Power output for each sprint was
calculated using the following equation: Power (W) =
Body mass x Distance® / Time®."° The fatigue index (FI)
was then calculated using the following equation: Fl
= (Maximum power - Minimum power) / Total time."®
All participants were instructed to perform at their
maximal effort throughout the testing sessions.

Data analysis

All statistical analyses were performed using SPSS
software (version 21.0, IBM Corporation, Chicago, IL,
USA). Descriptive statistics were presented as mean

* standard deviation (SD). Prior to inferential analysis,
the normality of data distribution was assessed using
the Shapiro-Wilk test, and homogeneity of variance
was evaluated using Levene’s test. Variables satisfying
the assumptions of normality and homogeneity of
variance were analyzed using one-way analysis of
variance (ANOVA), whereas variables that violated
these assumptions were analyzed using the Kruskal-
Wallis test. Differences in anthropometric variables,
aerobic capacity (VO,max), and anaerobic capacity
(fatigue index) among the five playing positions were
analyzed using one-way analysis of variance (ANOVA).
When significant differences were identified, post hoc
comparisons were performed using the Bonferroni
correction to determine pairwise differences between
groups. The level of statistical significance was set at
p<0.05.

Results

A total of 60 adolescent basketball players aged
13-16 years were included in the study and categorized
into five playing positions: point guard (PG, N=14),
shooting guard (SG, N=10), small forward (SF, N=15),
power forward (PF, N=10), and center (C, N=11). Table 1
presents the anthropometric characteristics and body
composition of participants across playing positions.
No significant differences were observed among the
five playing positions in any anthropometric or body
composition variables (all p>0.05), including body
weight, which was analyzed using the Kruskal-Wallis
test.

Table 1. Anthropometric characteristics of basketball players according to playing position.

Variables PG SG SF PF c
(N=14) (N=10) (N=15) (N=10) (N=11)
Male, N (%) 10 (71.4) 6 (60.0) 7 (46.7) 4(40.0) 6 (54.4)
Age (years) 13.93+1.44 14.70+1.34 13.67+1.23 14.50+1.08 13.82+1.33
Body weight (kg) 53.16+8.89 56.10+7.98 52.53+8.52 61.88+8.42 67.12+26.59
Height (cm) 164.93+8.51  164.50+10.29  164.80%9.57  170.60+9.23  174.45%7.76
Body mass index (kg/m?)  19.54+1.87 20.73%2.11 19.23+1.75 21.26+2.46 21.52+6.70
Body fat (%) 14.65+5.55 20.52+9.73 17.95+6.29 22.34%9.35 20.93+9.21
Muscle mass (%) 80.67+5.42 75.16+9.34 77.416.15 73.15%9.07 74.51+8.58

Note: PG: point guard position, SG: shooting guard position, SF: small forward position, PF: power forward position, C: center
position. Body weight was analyzed using the Kruskal-Wallis test. All other continuous variables were analyzed using one-way

ANOVA.
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Aerobic capacity, expressed as VO,max, differed
significantly among playing positions (p<0.05), as
shown in Table 2. The highest mean VO,max was
observed in point guards, whereas the lowest values
were found in centers. Post hoc analysis using the
Bonferroni correction revealed that point guards had
significantly higher VO,max than centers (p<0.05),
while no other pairwise differences were observed.

Anaerobic capacity, assessed using the RAST test,
showed no significant differences among playing
positions for peak power, mean power, or fatigue index
(all p>0.05). Furthermore, Bonferroni post hoc analysis
revealed no significant pairwise differences between
any playing positions for these variables, as presented
in Table 2.

Table 2. Comparison of aerobic and anaerobic performance among basketball players according to playing position.

Variables PG (N=14) SG (N=10) SF (N=15) PF (N=10) C (N=11) p value
Peak power 515.67+£352.73 370.64+£162.52 345.83+125.04 456.35%£195.18 342.46+124.06 0.180
Mean power 360.77+187.22 294.59+123.87 274.57¥104.73 337.74%¥141.62 276.59%£102.79  0.402
Fatigue index 7.72+8.21 4.09+3.39 3.59+2.08 5.82+3.94 3.03+£1.87 0.086
VO, max (mU/kg/min) 30.21+8.08* 24.08+8.51 26.47+11.07 21.12+8.39 18.85+8.82 0.030**

Note: VO,max: Maximal oxygen consumption, PG: point guard position, SG: shooting guard position, SF: small forward position,
PF: power forward position, C: center position. *significant difference from the center position (Bonferroni post hoc test, p<0.05),

**significant difference based on one-way ANOVA, p<0.05.

The present study aimed to compare aerobic
and anaerobic capacities among basketball players
across different playing positions in early adolescence.
The main findings indicated that aerobic capacity,
expressed as VO,max, differed significantly among
positions, with point guards showing higher values
than centers, whereas anaerobic capacity, assessed
by fatigue index, did not differ significantly across
positions.

The observed differences in VO,max among positions
may be explained by variations in physiological demands
and movement patterns inherent to each playing role.
Basketball is characterized by intermittent high-intensity
activitiesinterspersed with periods of moderate and low
intensity, requiring both aerobic and anaerobic energy
systems.""* However, the relative contribution of these
systems varies by position. Guards, particularly point
guards, are typically involved in continuous movement,
including ball handling, fast breaks, and frequent
changes of direction. These activities result in greater
cumulative distance and higher frequency of moderate-
to-high intensity efforts during gameplay, which provide
a stronger stimulus for aerobic adaptation.'>'

From a physiological perspective, the higher
estimated VO,max observed in point guards may be
explained by physiological adaptations associated
with repeated aerobic exercise. According to the
Fick equation, VO,max is determined by the product
of cardiac output and the arteriovenous oxygen
difference.’”® Previous studies have suggested that
regular aerobic training may promote adaptations
such as increased stroke volume, enhanced capillary
density, greater mitochondrial content, and improved
oxidative enzyme activity, which could enhance oxygen
delivery and utilization.'>"” However, these physiological
variables were not directly measured in the present
study; therefore, their contribution to the observed
positional differences remains speculative.

One possible explanation is that point guards
typically accumulate greater movement demands
during basketball-specific drills and gameplay,'® despite
all players participating in the same team-based
training program without position-specific conditioning.
Accordingly, the higher estimated VO,max observed in
point guards may reflect greater movement demands
during training and competition rather than differences
in the prescribed training program. Nevertheless, individual
differences in training load, adherence, and previous
playing experience were not assessed and therefore
cannot be excluded as potential contributing factors.

In contrast, playersinthe center position demonstrated
lower VO,max values, which may partly reflect both
physiological and functional factors. Centers typically
perform activities that emphasize strength, positioning,
rebounding, and short bursts of explosive movements
within a limited area. These actions rely more heavily
on phosphagen and anaerobic glycolytic systems than
on sustained aerobic metabolism.*"" Additionally, the
generally higher body mass and BMI observed among
centers may contribute to lower relative VO,max values
when expressed in ml/kg/min."® Previous studies have
also reported that VO,max is positively associated
with muscle mass and negatively associated with body
fat and BMI, suggesting that body composition may
influence aerobic performance.?

Although a significant difference in VO,max was
observed across positions, post hoc analysis indicated
that this difference was primarily between point guards
and centers, with no significant differences among
other positional comparisons. These findings suggest
that positional differences in aerobic capacity may
exist but were not consistently observed across all
playing positions, possibly because of inter-individual
variability during adolescence, including differences in
biological maturation and training experience.?':??

Regarding anaerobic capacity, the present study
found no significant differences in fatigue index among
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playing positions. This finding may reflect the similar
exposure of all players to high-intensity, short-
duration activities inherent in basketball, regardless
of position.”23 Although positional roles differ, most
players are required to perform repeated sprints,
jumps, and rapid accelerations during training
and competition, which may lead to comparable
adaptations in anaerobic performance.??® Similarly,
no significant differences were observed in peak
power or mean power among the playing positions,
suggesting that anaerobic power was also relatively
comparable across positional roles in this cohort.
Another possible explanation for the lack of significant
differences in fatigue index is the high variability
observed within groups, particularly among point
guards. This variability may reduce the statistical power
to detect differences between positions. Furthermore,
participants’ developmental stage (aged 13-16 years)
may contribute to variability in neuromuscular and
metabolic adaptations, as adolescents differ in growth,
maturation, and training history.?' The findings of this
study are partially consistent with previous research.
Studies involving adolescent basketball players have
reported that guards generally demonstrate superior
aerobic capacity and overall physical fithess compared
with forwards and centers, largely because of their
greater movement demands and higher involvement in
continuous play.5'?

These findings are consistent with the present
study, in which point guards exhibited significantly
higher estimated VO,max than centers. However,
unlike some previous studies that reported differences
across several playing positions, the present study
identified a significant difference only between point
guards and centers. This discrepancy may be related to
the relatively small sample size within each positional
group, the wide inter-individual variability during
adolescence, and differences in biological maturation
and training experience. In contrast, studies involving
professional basketball players have reported no
significant positional differences in aerobic capacity.”'®
This difference may be associated with the more
extensive and systematic training typically undertaken
by professional players. However, this interpretation
remains speculative and should be confirmed by
longitudinal studies. In adolescent athletes, the greater
variability in aerobic fitness observed in the present
study may be related to differences in biological
maturation, positional specialization, and training
experience; however, these factors were not directly
assessed.

Limitations

This study has several limitations that should be
considered when interpreting the findings. Firstly, the
samplesizeineach playing positionwasrelatively small,
particularly in the shooting guard and power forward
groups, which may have limited the statistical power

to detect differences across all pairwise comparisons.
Consequently, the absence of statistically significant
differences, particularly for fatigue index, should be
interpreted with caution. Secondly, variability within
groups, especially in the fatigue index, was relatively
high, which may have limited the ability to detect
differences in anaerobic capacity among positions.
Thirdly, although participants were within a relatively
narrow age range (13-16 years), biological maturation
was not directly assessed using standardized methods
such as Tanner staging. Variations in biological maturation,
growth, sex distribution across playing positions, and
training experience may therefore have influenced
physiological performance. In addition, aerobic capacity
was estimated using the 20-meter shuttle run test
rather than directly measured by cardiopulmonary
exercise testing. Although the test has demonstrated
good validity and reliability, using a prediction
equation may introduce estimation error and should
be considered when interpreting the reported VO,max
values. Finally, the cross-sectional design limits the
ability to determine causal relationships between
playing position and physiological capacities.

Longitudinal studies are needed to better understand
how training and positional roles influence the development
of aerobic and anaerobic fitness over time. In addition,
the study did not record the duration of basketball
training. Variations in training experience among players
may have influenced aerobic and anaerobic capacities
and could partly explain the observed differences between
playing positions.

Future studies should collect detailed information
regarding training duration, training frequency, training
load, and biological maturation to better account
for these potential confounding factors. In addition,
recruiting a larger, more balanced sample across
playing positions and sex, or using stratified sampling
during recruitment, may reduce intra-group variability
and improve the robustness of future findings.

Practical implications

The findings provide useful information for coaches
and sports scientists involved in youth basketball
training. The higher aerobic capacity observed in point
guards compared with centers suggests that position-
specific training programs may help optimize performance.
Coaches may consider incorporating more aerobic
conditioning for players in positions requiring continuous
movement, such as guards, while emphasizing strength
and short-duration high-intensity training for centers.

In addition, the lack of significant differences in
anaerobic capacity among positions indicates that all
players may benefit from training programs that include
repeated sprint and high-intensity interval exercises.
These findings may also assist in talent identification
and player selection by highlighting the importance of
aligning physiological characteristics with positional
demands.
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Conclusion

In conclusion, a significant difference in aerobic
capacity was observed only between point guards
and centers, with point guards demonstrating higher
estimated VO,max than centers. In contrast, anaerobic
capacity, as assessed by fatigue index, did not differ
significantly among positions. These findings suggest
that positional roles may influence aerobic fitness
more than anaerobic performance in young basketball
players. Understanding these differences may support
the development of position-specific training strategies
and improve performance in adolescent basketball
athletes.
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