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Abstract

Introduction. Relative age significantly impacts adolescent
track athletics. Therefore, identifying and developing adolescent
athletes to compete effectively in track events is essential. Aim
of Study. This study aimed to compare the body composition
and anaerobic capacity of adolescent track athletes, specifically
sprinters and long-distance athletes, by sex, and to identify
factors influencing these variables. Material and Methods.
The study involved 96 athletes undergoing intensive training
in preparation for various high-level competitions in 2024. The
athletes measured several aspects of body composition, including
leg length, body fat percentage (BFP), lean body mass (LBM),
and body mass index (BMI). Anaerobic capacity was assessed
using the Wingate test, conducted on a cycle ergometer. A t-test
was performed to compare body composition and anaerobic
capacity of the two groups. Additionally, simple linear regression
analysis was utilized to identify factors affecting the measured
variables. Results. The leg lengths of sprinters and long-distance
athletes were similar for both male and female athletes. However,
significant differences were observed in BFP, LBM, and BMI
between sprinters and long-distance athletes, across both sexes.
Male and female sprinters showed an increase in BMI and
anaerobic peak power with a rise in LBM. Additionally, as BMI
increased, anaerobic peak power also tended to rise. In contrast,
for long-distance athletes, anaerobic mean power decreased as
both LBM and BMI increased. Interestingly, as BFP increased,
there was a corresponding increase in anaerobic mean power.
Conclusions. These findings should be integrated into training
programs to enhance track athletes’ performance.
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Introduction
Track and field is among the oldest sports and has
arich Olympic tradition [1]. Track events have been
included as official competitions since the first Summer
Olympics in Athens in 1896, initially featuring only
sprint (100 m, 200 m, and 400 m) and middle-distance
events (800 m and 1,500 m) [2]. At the 5th Summer
Olympics in Stockholm in 1912, long-distance events
of 5,000 and 10,000 m were recognized as official
competitions [2]. These track events focus on speed to
determine the best performance, with the fastest athlete
being declared the champion [3]. The relationship
between distance and time defines speed. Since the
inception of various competitions, a significant amount
of time data has been recorded, and performance times
continue to improve each year, leading to numerous
broken records [3]. While track events are popular
worldwide, Asian track sports do not dominate globally;
in fact, the level of Asian track sports does not align
with the title of a sports powerhouse [4].
Therelative age effect significantly influences adolescent
track athletes, supporting the maturation selection
hypothesis as a mechanism for this phenomenon [5].
Consequently, there is an increasing emphasis on
identifying and nurturing adolescent athletes to enhance
competitiveness in track events [5].
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A clear relationship exists between chronological age
and performance on tests of basic motor skills that
underlie track and field events, including sprinting speed,
endurance running, and jumping distance. Moreover,
sprinters rely on anaerobic energy due to their sport’s
high-intensity, short-duration nature, which emphasizes
power and speed [6]. In contrast, endurance athletes
depend on aerobic energy for long-distance running
[7]. Consequently, sprinting involves maximizing all
abilities, including starting speed, sprinting technique,
and finishing techniques, to assess performance time,
and long-distance running, which covers a much greater
distance and typically begins from a standing position,
requires a high level of skill and energy exertion over
a relatively short period [3].

Track athletes are influenced by various physiological,
psychological, and biomechanical factors, along with
the specific technical characteristics of the sport. As
a result, there is an increasing emphasis on conducting
studies to accurately identify athletes’ physical and
psychological attributes [8, 9]. Understanding factors
such as athletes’ physical composition and mental
attributes is essential for enhancing the performance of
both sprint and long-distance competitors [8].

Track athletes must carry their body weight, which
means overcoming gravity over various distances. This
necessitates a specific body composition to achieve
effective and economical performance in each event.
Significant body composition factors include leg length,
body fat percentage (BFP), lean body mass (LBM), and
body mass index (BMI), along with anaerobic capacity,
all of which are crucial in determining a track athlete’s
performance [10].

However, most research on adolescent track athletes
has focused primarily on psychological factors [11],
with limited studies addressing body composition and
anaerobic capacity. While there have been studies on the
body composition and anaerobic capacity of sprinters
and long-distance athletes, these have predominantly
involved adult athletes [12]. Furthermore, no studies
have simultaneously identified and compared the leg
length, body composition, and anaerobic capacity
of sprinters and long-distance athletes. Therefore,
additional research is needed to better support and train
adolescent track athletes.

Aim of Study

In track athletes, factors such as leg length, body
composition (BFP, LBM, and BMI), and anaerobic
capacity play a critical role in determining performance.
Additionally, the relative age effect significantly
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influences adolescent track athletes. Therefore, this study
aimed to compare the body composition and anaerobic
capacity of sprinters and long-distance athletes by sex
among adolescent track athletes expected to represent
Korea in the future and to identify factors that influence
body composition and anaerobic capacity. We believe
that our findings will assist adolescent track athletes in
enhancing their performance and developing systematic
training programs.

Material and Methods

Participants

The study involved 96 elite adolescent track athletes, all
above 16, undergoing intensive training to participate in
various advanced competitions in 2024. The participants
included 48 athletes specializing in sprint events (100 m,
200 m, and 400 m) and 48 in long-distance events
(5,000 m and 10,000 m), with equal representations of
men and women (Figure 1). The study protocol adhered
to the Declaration of Helsinki. All athletes were provided
with a clear explanation of the purpose and necessity of
the study, and participation was entirely voluntary.
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Figure 1. General characteristics of elite adolescent track
athletes

Data collection and analysis

In this study, we measured leg length, body composition
(BFP, LFP, and BMI), and anaerobic capacity in
adolescent sprinters and long-distance track athletes.
All athletes participated in two measurement sessions.
Part 1 was conducted in the morning, while Part 2 took
place in the afternoon. On the first day, sprinters were
measured during Part 1, and long-distance athletes
were measured during Part 2. On the second day, this
order was reversed: sprinters were measured during
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Part 2, and long-distance athletes were measured during
Part 1. To ensure consistency, all athletes underwent
measurements in the same manner. Upon arriving at
the measurement room, each athlete took a 30-minute
break in a comfortable chair to help reduce tension
before beginning the assessments. Measurements were
conducted in the same way and repeated twice at two-
month intervals. Each athlete was measured once on the
first day (either Part 1 or Part 2) and once on the second
day (also either Part 1 or Part 2), resulting in a total of
four measurements. The final data were then collected
as an average of these measurements.

The leg length was measured using Martin anthropometer
GMP 101 (GPM Instruments GmbH, Switzerland). The
athletes were barefoot, positioned at the heel of both feet
and angled open at the front end by 30°~40°. Marker tape
was attached to the anterior superior iliac spine and the
medial malleolus of each leg, and the distance between
the two marker tapes was measured to 1 mm unit. The
measurement was taken from the dominant leg.

BFP, LBM, and BMI were measured using an InBody
device (InBody7708S, Korea). All athletes were measured
while standing barefoot, with their legs slightly apart to
allow for proper contact with the electrodes attached to
the soles of the device. They held the electrodes with
both hands, keeping their arms slightly open to avoid
contact with their trunks.

Anaerobic capacity was assessed using the Wingate
test, which was conducted on a cycle ergometer (Lode
Excalibur Sport, The Netherlands). The load for each
athlete was set at 0.75 Nm per kilogram of body weight.
All athletes began their warm-up by pedaling lightly
for 2 minutes. At the start signal, they then pedaled
at maximum power for 30 seconds while maintaining
a set load. Peak power represents anaerobic power,
while mean power indicates endurance.

Statistical analysis

The general characteristics of track athletes were
analyzed using technical statistics. An independent
samples t-test was conducted to compare sprinters’ and
long-distance athletes’ body composition and anaerobic
capacity. Additionally, a simple linear regression
analysis was performed to identify the factors affecting
body composition and anaerobic capacity. All statistical
analyses were carried out using SPSS version 27.0 for
Windows, with a significance level set at o < 0.05.

Results

Our study found that leg lengths were similar between
sprinters and long-distance athletes, both male and
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female, among elite adolescent track athletes (p > 0.05).
However, the BFP, LBM, and BMI significantly differed
between sprinters and long-distance athletes, both
males and females (p < 0.05; respectively) (Figure 2).
Additionally, the peak and mean power outputs of
sprinters and long-distance athletes also showed
significant differences for both males and females
(p £0.05; respectively) (Figure 2).
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Figure 2. A comparison of body composition and anaerobic
capacity between sprinters and long-distance athletes
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A simple regression analysis revealed that both male
and female sprinters experienced an increase in BMI
and anaerobic peak power as their LBM increased
(p < 0.05; respectively) (Table 1). This association was
statistically significant. Furthermore, as BMI increased,
anaerobic peak power also rose, and this relationship
was also statistically significant (p < 0.05; respectively)
(Table 2).

In contrast, in both male and female long-distance
athletes, BMI increased as LMB increased, while
anaerobic mean power decreased (p <0.05; respectively).
This relationship was statistically significant (Table 3).
Additionally, as BFP increased, there was a corresponding
rise in anaerobic mean power (p < 0.05; respectively)
(Table 4). In contrast, an increase in BMI led to

Table 1. Simple regression analysis of sprinters A

B Beta t p
Men
Body mass index 0.165 0.427 2.231 0.038
Anaerobic peak power  0.326 0.461 2.438 0.023
Women
Body mass index 0.421 0.740 5.159  <0.001
Anaerobic peak power  0.751 0.524 2.885 0.009

Dependent variable: lean body mass
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adecrease in anaerobic mean power, and this association
was also statistically significant (p < 0.05; respectively)
(Table 4).

Table 2. Simple regression analysis of sprinters B

B Beta t P
Men
Anaerobic peak power  0.889 0.486 2.306 0.016
Women
Anaerobic peak power 1.123 0.445 2.333 0.029

Dependent variable: body mass index

Table 3. Simple regression analysis of long-distance athletes A

B Beta t p
Men
Body mass index 0416  0.571 3.262 0.004
Anaerobic mean power —0.607 —0.552 -3.102  0.005
Women
Body mass index 0.311 0.443 2.315 0.030
Anaerobic mean power —1.681 —-0.556 -3.137  0.005

Dependent variable: lean body mass

Table 4. Simple regression analysis of long-distance athletes B

B Beta t P
Men
Anaerobic mean power 1.414 0.471 2.505 0.020
Women
Anaerobic mean power 2.010 0.522 2.874 0.009

Dependent variable: body fat percentage

Men

Anaerobic mean power -0.867 —0.574 -3.287  0.003
Women

Anaerobic mean power —3.277 -0.760 -5.489  <0.001

Dependent variable: body mass index

Discussion

This study aimed to compare the leg length, body
composition, and anaerobic abilities of sprint and long-
distance athletes, focusing on differences between sexes
among adolescent track athletes who are expected to
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represent Korea in the future. Additionally, the study
sought to identify the factors that influence these
variables. This research can provide valuable theoretical
insights for enhancing the performance of adolescent
track athletes.

Generally, height is one of the most inherent physical
factors influencing track athletes, with leg length
being particularly significant in their performance
[13]. However, our study found that the leg lengths of
sprinters and long-distance athletes were similar when
considering sex.

Yu et al. [14] reported that sprinters typically have
longer legs because the acceleration phase is critical in
sprinting. Shorter legs have a lower moment of inertia,
resulting in less energy available for acceleration
[15]. Additionally, longer legs can lead to a reduced
stride rate, and relatively shorter thighs imply that
the resistance arm on the upper leg is shorter [15]. As
a result, the thigh moves closer to the axis of rotation of
the leg, which decreases the energy cost of locomotion.
Therefore, it is also possible for long-distance athletes
to have relatively long legs. Studies by Vuceti et al. [16]
also indicate that the leg length of adult track athletes
does not significantly differ among sprinters, middle-
distance athletes, and long-distance athletes.
Meanwhile, Zinevich et al. [17] highlighted that the leg
lengths of track athletes are related to their performance.
In our study, all participants were elite adolescent
athletes expected to represent Korea in the future
and had excelled in various national championships.
Consequently, we may not have observed any
differences in leg lengths between sprinters and long-
distance athletes due to these reasons.

BFP, LBM, and BMI are fundamental metrics for
analyzing body composition. They significantly influence
physical strength and performance, making body
composition a crucial factor in identifying outstanding
athletes [18].

Our study observed that BFP, LBM, and BMI were
significantly higher in sprinters than long-distance
athletes, for both men and women. Mishra and Chahal
[19] reported that anaerobic exercise generally increases
LBM, while aerobic exercise typically lowers BFP and
BMI [20]. In sprinting athletes, who engage in anaerobic
exercise, energy is generated by breaking down
glycogen stored in their muscles [21, 22]. This process
allows them to produce energy even when oxygen
levels are limited, enabling powerful bursts of activity
[23]. As a result, sprinters can increase their LBM. In
contrast, long-distance athletes participate in aerobic
exercise, which breaks down both glycogen and fat to
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produce energy [21, 22]. This process utilizes oxygen
to generate energy, resulting in a higher overall energy
output compared to anaerobic exercise, and increasing
endurance capacity [24]. Consequently, long-distance
athletes may experience a lower BFP. In general, BMI
is calculated by dividing body weight (kg) by the
square of height (m) [16]. This means that a higher BMI
typically indicates a higher LBM, assuming a similar
BFP [16]. Athletes often have a higher BMI due to
increased muscle mass [25]. However, traditional BMI
measurements may overlook important factors unique to
athletes, such as the ratios of bone, muscle, and fat [26].
To address this, our study utilized the highly reliable
InBody770S, which estimates the internal and external
moisture of cells based on six different frequencies
[27]. The BMI measurements from the InBody770S
indicated that both male and female distance athletes
had lower BMIs compared to sprinters. This may be due
to the higher LBM and BFP of sprinters compared to
long-distance athletes in our study.

The Wingate test is a method used to measure anaerobic
capacity, which evaluates cardiopulmonary function
and physiological motor ability based on the fatigue
index [11].

Our study found that sprinters had higher anaerobic
peak power, while long-distance athletes showed higher
anaerobic mean power. This distinction may be attributed
to the nature of the exercises: short distances typically
involve anaerobic activity, whereas long distances are
primarily aerobic. Most anaerobic exercises engage type
11 skeletal muscle fibers, which generate explosive power
over a short duration [22]. In contrast, most aerobic
exercises utilize type [ skeletal muscle fibers, characterized
by a high density of capillaries that help minimize fatigue
and enhance endurance [22]. Accordingly, in our study
also, we found that both male and female sprinters
exhibited an increase in anaerobic peak power as their
LBM and BMI increased. In contrast, for male and female
long-distance athletes, anaerobic mean power decreased
with increased LBM and BMI but increased with an
increased BFP. Additionally, previous studies have shown
that these factors are typically between 25% and 40% for
genetic influences [28], while external environmental
influences, such as training, can account for a larger
percentage [29]. This suggests that body composition
is more heavily influenced by environmental influences
than by genetics. This observation may help explain
why our study found more pronounced results among
sprinters and long-distance athletes. Therefore, effective
body composition management tailored for sprinters
and long-distance athletes is crucial for enhancing
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performance. Meanwhile, the Kim and Park [30] study
indicated that body composition is linked to both the
incidence and severity of sports injuries. As a result, it is
important for adolescent track athletes to systematically
incorporate body composition management into their
training programs.

Our study has several strengths and limitations. With
respect to the strengths, first, we included elite adolescent
track athletes who are expected to represent Korea in
international competitions in the future. Second, we
closely examined both male and female athletes’ body
composition and anaerobic capacity. Finally, we analyzed
factors influencing body composition and anaerobic
capacity, contributing to new research questions within
the sports science community. As to the limitations,
first, we lacked information on training loads that
could impact body composition and anaerobic capacity.
Second, we could not assess how body composition and
anaerobic capacity influence actual performance. We did
not divide short- and long-distance events into smaller
categories due to concerns that this might yield smaller
sample sizes. Lastly, our findings cannot be generalized
to other groups, as the study exclusively focused on
Korean adolescent track athletes.

Conclusions

This study investigated the leg length, body composition,
and anaerobic capacity of elite adolescent track athletes,
analyzing sprinters and long-distance athletes by sex.
In both male and female sprinters, a higher LBM and
BMI are associated with greater anaerobic peak power.
Conversely, in both male and female long-distance
athletes, lower LBM and BMI, along with a higher BFP,
are linked to increased anaerobic mean power. These
findings should be integrated into training programs to
enhance the performance of these track athletes.
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