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Abstract

Background The low-intensity resistance training with blood flow restriction became a popular area of research

and Study Aim  due to its ability to promote key physiological adaptations. Nevertheless, the standard pneumatic
blood flow restriction equipment was expensive and limiting its accessibility. The elastic wrap
was proposed to be the effective alternative to standard pneumatic cuffs. However, the estimate
occlusion pressure accuracy was questionable. Therefore, this study aimed to investigate the
retention of arterial occlusion pressure perception used for practical blood flow restriction training
in untrained individuals after 6 weeks following acclimation.

Material and Eighteen untrained participants (mean age: 21.1 years; height: 174.1 ¢cm; body mass: 68.8 kg)

Methods were recruited. Each participant underwent assessment to determine their individual 100%
arterial occlusion pressure (100%AO0P) for the right leg and arm. Following this familiarization,
they acclimated to a 40%AO0P. After six weeks, participants returned for a reassessment of their
perception of 40%AO0P. Paired-samples t-tests were employed to analyze the differences between
perceived and actual 40%AQOP.

Results Statistically significant differences were observed between perceived and actual 40%AOP for both
the right leg (p = 0.000) and the right arm (p = 0.01). The 95% confidence intervals for estimated
pressure error were 11.6 — 26.5 mm Hg for the right leg and 2.5 — 16.4 mm Hg for the right arm.

Conclusions This study revealed significant differences between perceived and actual 40%AO0P in both the
right leg and arm after six weeks following acclimation. However, the perceived 40%AO0P remained
within the effective range for promoting muscle hypertrophy.

Keywords: arterial occlusion pressure, blood flow restriction, perception, practical BFR, resistance training

Introduction

Recently, low-intensity resistance training has
become a popular area of research due to its ability
to promote key physiological adaptations, such as
increases in muscle size and strength [1]. To further
enhance the benefits of low-intensity resistance
training, the blood flow restriction (BFR) technique
has been introduced as a supplementary method
[2]. This technique involves the use of adjustable
pneumatic cuffs applied to the proximal region
of the upper or lower limbs, restricting blood flow
during exercise [3]. The literature demonstrates
that when combined with low-intensity resistance
training, BFR can amplify hypertrophic adaptations
to a greater extent [4].

Mechanistically, BFR operates by partially
limiting venous return while reducing arterial inflow,
thereby inducing a hypoxic environment within
the muscle [5]. This localized hypoxia increases
metabolic stress,which triggers several physiological
adaptations, including heightened recruitment of
fast-twitch muscle fibers [6], enhanced production
of growth factors such as insulin-like growth
factor-1 [7], and increased muscle protein synthesis

© Ratanyoo Longrak, 2025
doi:10.15561/physcult.2025.0101

[8]. Moreover, the accumulation of metabolites,
such as lactate, may further activate anabolic
signaling pathways [9]. Consequently, BFR allows
for significant muscle adaptations even when low
external loads are used, as opposed to traditional
high-load resistance training.

In most cases, Pneumatic cuff systems are
commonly used to apply pressure for restricting
blood flow to muscles [10]. To individualize this
pressure, arterial occlusion pressure (AOP) is
typically measured using devices such as handheld
Dopplers [11] or pulse oximeters [12]. Once an
individual’s AOP is determined, a specific percentage
- such as 40% - is applied for training. Studies have
explored various percentages of AOP, such as 40%,
50%, or 80% [11, 13, 14]. However, the primary
limitation of this method is the high cost and
limited accessibility of standard pneumatic blood
flow restriction equipment, making its application
in real-world training settings more challenging.

To make BFR training more accessible and
reduce the costs associated with equipment, non-
pneumatic option such as elastic wrap [11] was used
and developed as practical blood flow restriction
(pBFR) methods [15]. Research has shown that
pBER is effective in enhancing muscle growth and
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strength in both general populations and athletes.
For example, a previous study found notable
improvements in sprint performance and muscle
thickness in active individuals after six weeks of
sprinting training with pBFR [16] while the other
study reported increased strength and muscle size
in football players following a four-week low-load
resistance training program using pBFR [17].

A significant challenge with pBFR is the
standardization of its protocols. The use of elastic
wrap makes it difficult to accurately measure the
applied pressure, which is a major limitation of this
method. Previous studies have sought to address
this issue. For instance, Wilson and team introduced
the perceived pain pressure method, where
individuals wrap the elastic wrap until they reach
a pain level of 7 out of 10 [15]. More recently, Bell
and colleague proposed a method for standardizing
pBFR by training individuals to sense the degree
of occlusion [18]. This technique involves applying
certain pressure such as 40% AOP and releasing
pressure in a controlled manner for many intervals
of 12 seconds on and 22 seconds off. Results showed
that participants could effectively recall the sense of
occlusion with an accuracy of less than 5 mmHg 24
hours later [18]. However, the retention of this sense
over longer periods, such as weeks, has not yet been
studied. Therefore, this study aims to investigate the
retention of arterial occlusion pressure perception
in untrained individuals after 6 weeks following
acclimation.

Materials and Methods

Participants

This study represents the first phase of an
investigation into the effects of resistance training
on muscle hypertrophy. Sample size was justified by
using G*Power version 3.1.9.7 software, based on
input parameters from a previous study [19]. The
parameters included an effect size of 0.75, a = 0.05,
and power = 0.80. The total number of participants
in the study was 20. All participants met the
following inclusion criteria: age under 22 years, no
prior resistance training experience, no functional
limitations affecting training, and no history of
using pharmacological substances, ergogenic aids,
performance-enhancing supplements, or anabolic
steroids that could influence blood pressure.

Research Design

This study used a within-subject repeated-
measures design to evaluate differences between the
actual 40% arterial occlusion pressure (AOP) and the
retention of perceived 40%AO0OP in the right leg and
right arm at two time points: week 1 and after week
6. At baseline in week 1, participants were measured
for both 100%A0P and 40%AOP in the right leg
and right arm to allow them to acclimate to the
40%AO0P. A re-test of their retention of perception

of 40%A0P was conducted after 6 weeks. The study
was conducted in accordance with the Declaration
of Helsinki, with written informed consent obtained
from all participants. The Institutional Review
Board of the Burapha University Ethics Committee
approved the study (Code: G-HS046/2566(C1)).

Arterial occlusion pressure measurement

To measure arterial occlusion pressure (AOP)
for each participant, we used a pneumatic cuff
(H+CUFF, USA) applied to the upper right leg or
right arm in a random order. The cuff pressure was
gradually increased by approximately 10 mmHg
increments until blood flow could no longer be
detected using a vascular Doppler (EDAN SD3,
USA), indicating complete occlusion (100%AO0P)
(Figure 1) [1]. Once 100%AOP was established,
we followed a previous protocol by reducing the
pressure to 40%A0P without informing participants
of the exact value. Participants then underwent
an acclimation process, with alternating pressure
cycles: 12 seconds with pressure on and 22 seconds
with pressure off, all at their individual 40%AO0P
[18]. This cycle was repeated 15-20 times until
participants became accustomed to the 40%AOP. Six
weeks after, participants returned to the laboratory
for follow-up measurements. The pneumatic cuff
was re-applied to the same areas (upper right leg or
right arm, in random order). This time, the pressure
was increased by about 10 mmHg every 2 seconds,
and participants were instructed to inform the
researcher when they perceived the tightness to
match their previous 40%AO0P.

Statistical Analysis

For the statistical analysis, descriptive statistics
were used to calculate the mean, standard deviation
(SD), minimum and maximum for participants’
baseline characteristics, and 100%AOP of right
leg and right arm. Paired-samples t-tests were
conducted to compare participants’ perceived
40%AO0P with their actual 40%AO0P for both the right
leg and right arm. All analyses were performed using
IBM SPSS Statistics software version 20. Statistical
significance was set at p < 0.05.

Results

Out of a total of 20 participants, 2 participants
withdrew. The final analysis included 18 participants
(Table 1).

The average 100%AOP for the right leg was 254
+ 32.7 mm Hg, while for the right arm it was 143.8 +
17.9 mm Hg. From 100%AOP, the average 40%A0P
for the right leg was 101.5 # 13.1 mm Hg, and for the
right arm, it was 57.5 £ 7.2 mm Hg.

After 6 weeks following acclimation, participants
reported a perception of 40%A0P at 120.6 * 14.3
mm Hg for the right leg, significantly different from
actual 40%A0P (CI95% = 11.6-26.5 mm Hg, p =
0.000). Similarly, participants reported a perception
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Figure 1. A pneumatic cuff (Left) and a vascular Doppler (Right)

Table 1. Baseline characteristics of participants

Measurement Mean (n =18) SD Minimum  Maximum
Age (years) 21.1 0.5 20 22
Height (cm) 174.1 5.3 165 180
Body mass (kg) 68.8 11.3 56 94
100%AO0P leg (mm Hg) 254 32.7 180 300
100%A0P arm (mm Hg) 143.8 17.9 120 180
Note: SD - Standard deviation; AOP -Arterial occlusion pressure.
180
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Figure 2. The average AOP for the right leg (Left) and the right arm (Right) at 100%AOP, actual 40%AOP,
and perceived 40%AO0P, with individual analyses: AOP - Arterial occlusion pressure; * indicates significant

different from Actual 40%AO0P.

of 40%AO0P at 66.9 = 12 mm Hg for the right arm,
significantly different from actual 40%AO0P (CI95%
=2.5-16.4 mm Hg, p = 0.01) (Figure 2).

Discussion

To the best of our knowledge, this was the first
study to investigate the perception of arterial
occlusion pressure after a 6-week period. Our
findings indicated that, following an extended
time after the familiarization session, participants’
perception of arterial occlusion pressure changed
significantly. Our finding did not support the use
of practical blood flow restriction with elastic
wraps that standardizing protocol by familiarizing
practitioners to percentage of arterial occlusion
pressure only in the first session [18].

A previous study reported that following a brief
familiarization period of 5 minutes, the error in
estimating AOP was just minimal, with participants
achieving a target pressure close to the desired value
(57 vs. 53 mm Hg). Even after 24 hours, the error
remained small (57 vs. 54 mm Hg) [18]. Similarly, a
recent study by Song and team demonstrated that
individuals could learn to sense target pressures,
although this ability diminishes over time [20].
Their study explored participants’ perception of
40% AOP and found that after familiarization, the
participants reported pressure estimations which
were just slightly higher than target pressure,
with deviations of 7.9 mm Hg at 5 minutes and 2.9
mm Hg at 30 minutes [20]. Our current findings
extended the current literature by showing the
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ability to accurately perceive AOP diminished more
substantially over longer periods, such as after
6 weeks, which contrasted with previous studies
indicating minimal error following short-term
familiarization.

From a practical standpoint, the utilization of
BFR to enhance low-intensity resistance training for
inducing muscle hypertrophy had been suggested
to be effective within an AOP range of 40-80% [2].
Although our study showed that participants were
unable to accurately recall the exact perception of
40%A0P after 6 weeks, their perceived occlusion
pressures were still approximately 48% for the right
leg and 47% for the right arm. These values remained
within the effective range for BFR, making it a viable
approach for promoting hypertrophy. Furthermore,
we proposed that regularly training the perception
of occlusion pressure, such as by using an elastic
wrap each week, might enhance the retention of the
feeling of AOP after learning the actual 40%AO0P
from a pneumatic cuff [11].

Moreover, comparing to other practical
applications of blood flow restriction, such as the
widely-used method of perceived tightness of 7 out
of 10 [15], the familiarization approach offered some
greater precision and consistency. The subjective
nature of the 7/10 method introduced variability, as
individuals’ perceptions of tightness could fluctuate
based on factors like discomfort tolerance and prior
experience. In contrast, this method, which was
based on familiarization with a specific percentage of

pressure, provides a more objective and measurable
way to ensure that the occlusion pressure remained
within the effective range for training. This reduced
the risk of under- or overestimating the pressure,
which can impact training efficacy and safety.

This study was not without limitations. The main
limitation was the relatively short investigation
period and the small number of participants,
which could have been considered insufficient
for standardizing the protocol. Therefore, we
encouraged future studies to investigate the
retention of perception over longer periods, such as
8-12 weeks, with a larger sample size.

Conclusions

In conclusion, this study was the first to
investigate the retention of perception of arterial
occlusion pressure over a 6-week period, revealing
significant difference between perceived and
actual 40%A0P for both the right leg and arm.
Despite these differences, the perceived pressures
remained within the effective range for inducing
muscle hypertrophy. For practical application, we
recommend tightening the elastic wrap slightly
beyond perceived 40%A0P to maintain effective
training pressures for hypertrophy.
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Abstract

Background Immobility leads to a decrease in the adaptive functions of the body, which is expressed in a

and Study Aim  weakening of the immune system and disorders in the psycho-emotional state. In addition, it harms
the musculoskeletal system. The aim is to establish the influence of corrective spinal gymnastics
on the development of the wellness culture, through optimal motor load in the tracked age period.

Material and The study subjects are 26 eight-year-old students from the initial stage of education at a

Methods metropolitan school. The dynamics of motor activity indicators based on spinal straightening
complexes between boys and girls were monitored in five motor tests to determine the level of
motor capacity. A comparative analysis of empirical values was carried out between the beginning
and end of the study period from September 2023 to May 2024.

Results Different types of sports stress different muscle groups, so progress is different in tests. All
adolescents should be encouraged to play sports. The students in the study group are heterogeneous,
showing progress in different tests. At the end of the school year, some students show no progress
in results or maintain the levels from the beginning of the school year.

Conclusions The decisive improvement of students’ motor development is of extreme importance for their
general working ability and their future realization in various areas of life. For this reason, complex
effective measures are needed, especially in schools, so that physical education becomes a truly
decisive factor for the high level of motor development, comprehensively affirming the Wellness
Culture.

Keywords: corrective gymnastics, wellness culture, spinal gymnastics, motor development

Introduction Ignatova  [2]

explored the integration of

The promotion of wellness culture has gained
significant attention as an integral part of
enhancing physical and mental health in modern
society. Wellness culture encompasses a holistic
approach to health, integrating physical activity,
mental well-being, and healthy lifestyle practices.
It serves as a foundation for promoting lifelong
habits that enhance quality of life, particularly
when introduced during formative years. Through
activities like corrective gymnastics, wellness
culture offers opportunities to address physical
development while fostering resilience and overall
well-being in children.

Numerous studies highlight the significance
of “Wellness Culture” and “Wellness Practices” in
promoting physical health, mental well-being, and a
balanced lifestyle. Nesheva and Chipeva [1] studied
the integration of cheerleading into school wellness
programs as part of physical education. They assert
that cheerleading promotes physical fitness, social
skills, and emotional well-being among students.
The authors also highlight the importance of
ensuring safety and supervision in cheerleading
activities to maximize its benefits and foster a
holistic approach to student wellness.

© Darinka Ignatova, 2025
doi:10.15561/physcult.2025.0102

smart educational models in wellness practices,
emphasizing their role in enhancing physical
activity and promoting emotional intelligence
among students. The study highlights the potential
of innovative methodologies, including distance
learning technologies, to support the development
of wellness culture and motor potential. Author
asserts that these approaches can effectively
improve physical, mental, and emotional well-being
in educational settings.

Dimitrova [3] investigated the standards
for wellness services and the certified skills of
specialized staff within the Bulgarian niche tourism
industry. The study highlights the critical need
for well-trained personnel to meet the increasing
demands of the wellness sector and emphasizes
the importance of standardization in service
quality. Author concludes that collaboration
between institutions and organizations is essential
for developing state standards and certification
programs to ensure high-quality wellness services
and enhance Bulgaria’s competitiveness in the
global market.

Ustymenko [4] analyzed the influence of
wellness culture on the formation and development
of the wellness industry. The study introduced
the concepts of “wellness culture” and “wellness
industry,” emphasizing their structural components
and social functions. Author highlights the need
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for effective integration between tourism and
the wellness industry, focusing on innovative
recreational approaches, modernization of facilities,
and national programs to promote wellness tourism
as a means to enhance quality of life.

Authors of studies on “Wellness Culture”
emphasize its essential role in fostering lifelong
health and well-being. They highlight the necessity
of integrating wellness practices into daily routines
and educational settings to build a strong foundation
for physical and mental resilience.

Numerous studies emphasize the importance
of “Corrective Gymnastics” particularly in school-
aged children and vyounger populations, for
addressing postural issues, enhancing motor skills,
and promoting overall physical development. In a
study by Palhares [5], the theoretical principles of
corrective gymnastics were examined with a focus
on postural biomechanics. The author highlights
the importance of the pelvis as the central structure
for posture and emphasizes exercises that address
the entire locomotor system while respecting
individual limits. The findings suggest that
corrective gymnastics, by incorporating systematic
and holistic exercises, can improve musculoskeletal
function, postural alignment, and overall balance.

In research conducted by Zivkovi¢ and Buisi¢
[6], the role of corrective gymnastics in early
childhood education was examined, with a focus
on its integration into curricula for educators and
teachers. The study emphasizes the importance of
preventive and corrective exercises in addressing
postural disorders and body deformities in preschool
and young school-age children. The authors argue
for the inclusion of corrective gymnastics as a
mandatory subject in teacher training programes,
highlighting its potential to promote proper
posture, support motor development, and enhance
overall health from an early age.

In research conducted by Kinov [7], the role of
corrective gymnastics was examined in physical
education lessons for students in special schools
for individuals with mental retardation. The
author highlights the effectiveness of specially
designed gymnastic exercises in addressing
scoliosis and other postural deformities common
in this population. Author findings demonstrate
that regular application of corrective exercises
significantly reduced the prevalence and severity
of scoliosis, showcasing the potential of targeted
physical activities to improve musculoskeletal
health and overall physical function in children with
mental disabilities.

A study by Rokicka-Hebel [8] evaluated the
impact of corrective gymnastics on motor skills in
five- and six-year-old preschool children. The author
revealed that while participants demonstrated slight
improvements in specific skills, such as walking on
a balance bench and throwing a ball against a wall,
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the overall contribution of corrective gymnastics
to motor development was limited. The study
concluded that the effectiveness of these activities
depends heavily on the quality of implementation
and the engagement of educators.

Research on  “Corrective  Gymnastics”
underscores its critical role in supporting the healthy
physical development of children. The findings
advocate for the inclusion of corrective exercises in
early education programs to address postural issues
and enhance motor coordination effectively.

Evidence supporting this is presented in other
studies on various aspects of the application and use
of corrective exercises for different conditions and
age groups. Corrective exercises are very necessary
for today’s immobile and physically unprepared
teenagers [9, 10, 11, 12]. Physical education,
along with moral, aesthetic, mental, and work
education, supports the all-round development of
the personality, making it equally beneficial for the
individual and society [13, 14, 15, 16]. Different types
of corrective exercises are incorporated into each of
the presented lesson units, with emphasis on proper
execution to achieve the goals and objectives of the
research [17, 18, 19, 20].

Despite the growing body of evidence
highlighting the benefits of wellness culture and
corrective gymnastics, significant challenges remain
in their practical implementation. Many educational
institutions still lack structured programs that
effectively integrate these practices into the daily
routines of children and adolescents. Moreover,
the variability in execution quality and the limited
engagement of educators often hinder achieving the
desired outcomes. Addressing these gaps requires
continued research and a concerted effort to develop
comprehensive strategies that align with the diverse
needs of different age groups and conditions.

The aim of this study is to evaluate the influence
of corrective spinal gymnastics on the development
of wellness culture through optimal motor load
during the observed age period. The object of the
study is the process of pedagogical interaction
and the impact of corrective exercises on posture
correction.

Materials and Methods

Participants

The study included 26 eight-year-old students
from the initial stage of education at a metropolitan
school. Ethical standards for research involving
human participants were strictly adhered to, in
compliance with the principles outlined in the
Declaration of Helsinki. The study was approved by
the Ethics Committee of Sofia University “St. Kliment
Ohridski.” Written informed consent was obtained
from the parents or legal guardians of all participants
prior to the commencement of the study.



2025

01

Study Design

Tests

The study utilized several motor tests, each
designed to assess specific physical qualities and
performed under modified or group methods:

1. 30m Run (Modified Method). This test evaluates
speed and acceleration over a short distance.
Participants start from a standing position and
sprint 30 meters as quickly as possible, with the
time recorded for each student.

Standing Long Jump (Modified Method). The
standing long jump measures explosive leg
power. Participants jump forward from a
standing position, landing on both feet. The
distance is measured from the take-off line to
the nearest point of contact on landing.
Throwing a Solid Ball (Modified Method).
This test assesses upper body strength and
coordination. Students throw a heavy, solid ball
as far as possible using a two-handed overhead
technique. The distance of the throw is recorded.
Shuttle Run (Modified Method) 4 x 50m. The
shuttle run tests endurance and speed over
a longer distance. Participants run back and
forth between set markers, completing multiple
lengths to cover a total distance of 200 meters.

Agility T-Test (Modified Method). This combined
test was modified based on the well-known
“Agility T-test,” which evaluates change-of-
direction speed during forward sprinting, lateral
shuffling to the left and right, and back-pedaling
[21, 22]. The test was further enhanced by
incorporating a tennis ball throw. Additionally,
a rubber hoop was used as part of the test.

The dynamics of motor activity indicators based

on spinal straightening exercises were monitored

through five motor tests to assess the level of motor
capacity in boys and girls. A comparative analysis
of empirical values was conducted between the
beginning and end of the study period, spanning

from September 2023 to May 2024.

Assessment of Motor Activity

The evaluation of motor activity was performed
as follows:

* Assessment of individual test results.

* Calculation of the final physical capacity score.

The assessment of individual test results was
conducted using two methods:

1. A 20-point scale.

2. Interval determination according to a six-point
scoring system.

To evaluate individual test results using the
20-point scale:

* The points assigned for each result were
determined based on the age and gender of the
students, using standardized tables.

» This process was repeated for all tests.

* The scores obtained were converted to the six-
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point grading system, and the final physical
capacity score was calculated as the arithmetic
mean of the scores from all tests.

Using a 20-point scale provides better
comparability between individual tests and
highlights how many points are needed to achieve
a higher score.

To evaluate results using the six-point scoring
system:

* The scores were determined according to the
age and gender of the students, referencing
standardized tables.

* Scores from all tests were averaged to calculate
the final physical capacity score.

The final assessment of a student’s physical
capacity was calculated only when results from all
five tests were available.

Statistical Analysis

The statistical analysis was conducted to evaluate
the effectiveness of corrective spinal gymnastics
on motor capacity and posture correction in eight-
year-old students. Data collected from motor fitness
tests were analyzed quantitatively and qualitatively,
with comparisons drawn between the beginning
(September 2023) and end (May 2024) of the
academic year.

For each test, results were assessed using a
20-point scale and a six-point grading system. The
final physical capacity score for each participant
was calculated as the arithmetic mean of the scores
across all five motor tests. Comparative analysis
included evaluating differences in the dynamics of
motor activity indicators between boys and girls.
The significance of progress within the academic
year was determined by comparing mean scores at
the two time points.

The results were further analyzed to identify
trends in motor development, taking into account
factors such as individual variability and the impact
of regular participation in physical education
lessons. Descriptive statistics and graphical
methods, such as bar charts, were used to illustrate
group performance and highlight differences in test
results over the study period.

Results

The study assessed the maximum percentage
improvement in performance indicators for
each motor test among all participants. Figure 1
summarizes the results, showcasing the highest
percentage increase in performance across various
physical tests, including speed, power, and agility.
These improvements highlight the effectiveness
of the applied -corrective spinal gymnastics
program. As shown in Figure 1, the Standing
Long Jump demonstrated the highest maximum
improvement (33%), indicating significant gains
in explosive leg power among participants. The
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remaining tests showed consistent improvements of
16% to 17%, reflecting balanced progress in speed,
strength, and agility. These results suggest that the
corrective spinal gymnastics program effectively
enhanced physical performance across various
motor domains. The differences in improvement
percentages may be attributed to the specific nature
of each test and its emphasis on particular physical
qualities.

m Run, 30m, sec.

® Standing Long Jump, cm

s Throwing a Solid Ball, m
200m (Shuttle Rum 4x50m),

sec,

® Shuttle Run —T-test, sec.

Figure 1. Maximum Performance Improvements in
Motor Tests

The study also analyzed the average relative
increase in motor activity for boys and girls across
various physical tests. Figure 2 presents the
results, highlighting gender-specific differences
in the improvement of motor performance. These
findings provide insights into the effectiveness of
corrective spinal gymnastics in enhancing physical
capabilities for both genders. Figure 2 highlights
gender-based variations in the relative increase in
motor activity across the tests. Boys demonstrated
the highest improvement in one of the power-based
tests, while girls showed greater progress in tests
emphasizing agility and coordination. In some tests,
boys exhibited higher average relative increases,
while girls performed better in others, suggesting
that gender differences influence the development
of specific motor skills. These variations may be
attributed to differences in physical attributes,

% 70
60
50
40
30
20
10

0
30m running  Long jump from

place

Throwing small

training response, or baseline performance. These
results confirm and align well with the findings of
our previous study [23].

Discussion

The primary aim of this study was to evaluate
the influence of corrective spinal gymnastics
on motor activity and posture correction in
eight-year-old students. The results indicate
significant improvements in motor capacity among
participants, particularly in specific tests such as the
standing long jump and the 1kg medicine ball push
at the end of the experimental period. However,
variations in performance were observed, with some
students maintaining similar levels of motor ability
throughout the study.

The present study builds upon the author’s prior
research [12-18, 23], affirming the effectiveness
and relevance of implementing innovative
methodologies in physical education to promote
Wellness Culture and enhance motor capacity.
Previous studies demonstrated the benefits of
integrating specialized systems, such as the
Blaze-Pod Trainer, to develop agility and general
motor readiness in school-aged children, while
highlighting the critical role of structured physical
education in addressing motor deficits caused
by modern sedentary lifestyles and e-learning
environments [12, 16]. Furthermore, earlier findings
emphasized the importance of fostering speed,
strength, and coordination abilities, aligning them
with the developmental characteristics of younger
students [14]. The current results corroborate these
conclusions, extending their practical applicability
by validating corrective gymnastics as a means
to address postural issues and support motor
improvement in primary education settings. These
findings underscore the necessity of adopting
comprehensive and innovative approaches to
physical education to ensure sustained progress in
motor skills and overall wellness [2].

200m running T-test

solid ball

mBoys mGirls

Figure 2. Analysis of Average Relative Increase in Motor Activity
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The findings align with existing research
emphasizing the importance of Wellness Culture
and corrective gymnastics in improving physical
capacity and promoting overall health. For instance,
Nesheva and Chipeva [1] demonstrated how wellness
practices, including physical activities, foster social
skills and emotional well-being, which is consistent
with the observed positive effects on the students’
motivation and participation in this study. Similarly,
Ignatova [2] highlighted the role of innovative
approaches in wellness education, suggesting that
modern methodologies can further enhance the
effectiveness of corrective gymnastics [1, 2].

The presentresultsalsoresonate with Dimitrova’s
[3] analysis, which underscored the significance
of structured wellness programs in institutional
settings. Author emphasis on standardization and
high-quality implementation parallels the need for
well-prepared and thoroughly executed physical
education lessons observed in this study [3].

In the context of corrective gymnastics, the
findings reinforce earlier conclusions about its role
in addressing postural issues and enhancing motor
skills. Palhares [5] emphasized the biomechanical
principles of corrective gymnastics, particularly its
focus on improving the stability and alignment of
the spinal region, which is central to the exercises
applied in this study. Moreover, Zivkovi¢ and
Buisi¢ [6] stressed the importance of incorporating
corrective gymnastics into early education curricula,
a practice reflected in the current research’s
integration of spinal exercises into the physical
education program [6].

Ustymenko’s work on the structural components
of wellness culture and its social functions further
supports the significance of combining corrective
gymnastics with wellness practices to optimize
health outcomes [4]. This aligns with the emphasis
in this study on achieving both motor improvements
and broader wellness goals through tailored physical
activities [4].

The role of teacher engagement and the quality
of exercise implementation, highlighted by Kinov
[7] and Rokicka-Hebel [8], is evident in this study.
These authors pointed out that the success of
corrective gymnastics largely depends on the
involvement of educators and their ability to adapt
exercises to individual needs. This study observed
similar trends, where teacher involvement directly
influenced the progress of students in motor tests
7, 8].

While the results affirm the benefits of corrective
gymnastics, they also highlight existing challenges,
such as variability in student progress and the
impact of factors like attendance, motivation, and
extracurricular activity levels. The heterogeneity
of the study group underscores the importance of
individualized approaches and the need for further
research to optimize training programs for diverse
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populations.

Toemphasize the connectionbetween upbringing
at the age of eight and potential manifestations
in adulthood, it is essential to recognize that
habits and physical activity patterns established
during childhood significantly influence health
outcomes later in life. Evidence suggests that early
interventions targeting motor skill development,
posture correction, and wellness culture lay the
foundation for improved physical fitness, reduced
risk of chronic diseases, and better overall quality
of life in adulthood. These findings are supported by
studies that highlight the long-term impact of early
childhood education and physical activity on adult
health and well-being:

e The relationship between burnout and wellness
culturehasbeenobservedinemergencymedicine
providers, where moderate correlations were
found between wellness culture domains, such
as value alignment and provider appreciation,
and lower burnout rates [24].

* Social media plays asignificant role in promoting
wellness culture, as seen in plastic surgery
residency programs, where Instagram had the
highest engagement rates, and wellness-related
content primarily focused on work-life balance
and educational events [25].

* Research has questioned the inclusivity of
wellness culture, examining how it often
excludes certain demographics, highlighting
the need for more equitable approaches [26, 27].

* The use of innovative methodologies, such as
Blaze-Pod Trainer systems, has demonstrated
effectiveness in developing motor potential and
agility in primary education, affirming the role
of structured physical education programs in
fostering wellness culture [16].

* The positioning of continuous glucose monitors
(CGMs) as luxury wellness technologies
highlights broader trends in health and wellness
culture, raising concerns about accessibility and
equity in preventative health measures [28].

* Digital wellness culture is expanding through
email marketing strategies, offering a perceived
escape from mainstream healthcare timelines
while promoting personal engagement and
global adoption of wellness ideals [29].

* Higher perceptions of wellness culture and
workplace appreciation have been linked to
improved mental health outcomes and reduced
burnout among academic faculty, emphasizing
the importance of institutional support in
fostering wellness [30, 31].

* The interplay between wellness culture and
participatory social media affordances has been
shown to enable the spread of misinformation
and extremism, raising concerns about its
ethical and social implications [32].
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In this context, the results of our study not only
complement previous findings but also confirm and
provide new insights into addressing the problem.
By focusing on corrective spinal gymnastics and its
impact on motor development and wellness culture
among school-aged children, our research highlights
the practical application of tailored physical
education methodologies. These findings reinforce
the importance of structured, age-appropriate
interventions to enhance motor skills, promote
healthy habits, and support overall well-being, while
also addressing gaps identified in previous studies
related to accessibility and long-term effectiveness.

Limitations of the Study

This study has certain limitations that should
be considered when interpreting the results. Firstly,
the sample size of 26 students, though sufficient for
initial observations, may limit the generalizability
of the findings to broader populations. Secondly,
the study focused solely on eight-year-old students,
which restricts the applicability of the results to
other age groups.

Additionally, the influence of external factors,
such as varying levels of extracurricular physical
activity, parental involvement, and nutritional
habits, was not controlled. These factors could have
contributed to differences in motor development
and physical performance among participants.

Finally, the study period of one academic year
may not fully capture long-term trends or the
sustained impact of corrective spinal gymnastics on
motor development and wellness. Future research
should consider longitudinal designs and larger,
more diverse samples to validate and extend these
findings.

Practical Recommendations

Systematic inclusion of spinal-rectifying
complexes in physical education lessons is essential.
Regular monitoring and consistent application
during each session help address individual needs
and support overall motor development.

Motor fitness test data should be used to identify
strengths and weaknesses of individual students
and the class as a whole. Tracking the dynamics of
physical qualities over time allows teachers to adjust
training methods and improve their effectiveness.
Analytical assessments provide valuable insights
into the success of applied training methods and
help refine them for better outcomes.

The systematic evaluation of results enables
teachers to identify athletically gifted students
and guide them toward specialized training
activities. Schools should implement multi-faceted
approaches to ensure that physical education
becomes a decisive factor in achieving high levels of
motor development and fostering Wellness Culture.

Progress within the academic year can be
measured by comparing test scores from the
beginning and the end of the year, focusing on the
impact of training while considering limitations
related to ontogenetic factors.

Conclusions
The findings of this study underscore the
importance of integrating corrective spinal

gymnastics into physical education programs to
support the development of motor skills and wellness
culture among young students. This approach aligns
with broader educational objectives, emphasizing
the holistic development of children and the
promotion of healthy habits from an early age.

The study highlights the need for structured,
systematic methodologies in physical education,
tailored to the diverse needs and abilities of
students. The effectiveness of such programs
depends significantly on the active engagement of
educators and the consistent implementation of
evidence-based practices.
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Abstract

Background
and Study Aim

Material and

Falls are one of the leading causes of injuries among children under the age of three, potentially
leading to a reduced quality of life and various health consequences. Investigating the mechanisms
of falls and their possible outcomes is a promising and crucial area for reducing childhood injury
rates. The aim of this systematic review is to identify key patterns and factors associated with falls
in young children, as well as to propose preventive strategies to minimize the risk of injuries.

The source of information was the Web of Science Core Collection database for the period 2014—
2024. The search was conducted using key terms related to falls, injuries, and risk factors. A total
of 9,681 article records were retrieved. For evidence-based automated extraction of relevant
documents, the Latent Dirichlet Allocation (LDA) model was employed. Relevance criteria were
used to assess the significance of the texts. The reliability of the document extraction methodology
was evaluated using coherence score and perplexity. The coherence score for word pairs was 0.8185,
while perplexity was -2.9333, indicating a high interpretability of topics. Data processing was carried
out using the Python programming language and the PyCharm CE development environment.

The analysis of the selected publications identified four main areas related to falls in children under
theage ofthree. The majority of falls occurin domestic settings, particularly from furniture and during
the use of infant products. Significant risks are associated with parental fatigue and postpartum
depression, which contribute to falls from caregivers’ hands and accidents during newborn care.
Falls often result in severe traumatic brain injuries, as evidenced by a high rate of hospitalizations.
Effective preventive measures include parental education programs, improvements in maternity

Falls in children under the age of three represent a serious issue that requires a comprehensive
approach to prevention. The identified patterns and risk factors highlight the need for the
implementation of preventive measures. Effective strategies should include parental education
programs, improvements in home and healthcare facility safety. The implementation of these
measures will help reduce the incidence of falls and related injuries, ultimately improving the

parental education, home safety, traumatic brain injuries, caregiver fatigue, preventive strategies

associated with falls in children under three years

Methods
Results
ward conditions, and enhancements in home safety.
Conclusions
quality of life for young children.
Keywords:
Introduction

Falls are one of the leading causes of injuries
among young children, particularly those under
the age of three. During this period, children
actively develop motor skills, increasing the
likelihood of falls both in domestic settings and
beyond. The consequences of such falls can range
from minor bruises to severe traumatic brain
injuries, significantly affecting health and quality
of life. Therefore, finding effective solutions to the
problem of child falls requires a thorough analysis
and synthesis of existing research findings.

In this context, numerous studies explore
various directions and approaches related to
children’s motor activity, parental supervision,
and environmental factors. Analyzing the results
of these studies has revealed several key areas

© Tetiana Yermakova, 2025
doi:10.15561/physcult.2025.0103
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old:

- Characteristics and Mechanisms of Falls
- Examination of the circumstances and
situations leading to infant falls, including falls
from furniture, caregivers’ hands, and during
the use of child equipment [1, 2, 3,4, 5, 6, 7, 8].

- Head Injuries and Contributing Factors -
Investigation of the severity of traumatic
brain injuries depending on fall height, surface
hardness, and the child’s age [2, 4, 9, 10, 11, 12,
13, 14].

- Parental Risk Factors — The impact of parental
fatigue, postpartum depression, and other
factors on the frequency and severity of infant
falls [6, 8, 15, 16].

— Preventive Measures and Interventions -
Development of educational programs for
parents, use of mobile applications and
monitoring systems, engagement through
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social media, and implementation of safe sleep
practices to prevent falls [2, 3, 8, 16, 17, 18, 19,
20, 21, 22, 23, 24].

These areas encompass a wide range of factors
influencing falls in young children. A more detailed
analysis of the identified aspects allows for the
determination of the most effective prevention
strategies and improvements in the quality of life
for both children and their parents.

The analysis of publications indicates that falls
in children under the age of three occur in various
domestic contexts, including falls from furniture,
caregivers’ hands, and during the use of infant
products, as well as in maternity wards:

1. Falls from furniture and household risks. Infants
most commonly fall from beds, changing tables,
and other pieces of furniture [2, 3, 7, 10]. For
instance, a study by Mitchell et al. [7] found that
falls frombeds account forup to 33% of incidents,
with traumatic brain injuries occurring in 70—
85% of these cases. Other studies also confirm
that traumatic brain injuries are widespread
[2, 4, 13]. The height of the furniture and the
hardness of the surface onto which the child
falls are particularly significant factors [1, 9, 25,
26, 27, 28].

Falls from caregivers’ hands. Parental fatigue,
improper carrying techniques, and postpartum
depression are important risk factors for falls
from caregivers’ hands [3, 6, 8, 15, 16]. Research
findings confirm that such falls significantly
increase the likelihood of hospitalization and
severe injuries. In maternity wards, most falls
occur at night, which is associated with maternal
fatigue and the absence of support persons.

Use of infant equipment. Falls also occur during
the use of baby walkers, strollers, and other
infant devices [3, 7, 17]. Studies indicate that
improper use or design flaws of infant equipment
can lead to injuries, especially when parents
underestimate the risks or become distracted.
Risks associated with newborn falls. In maternity
wards and during the first days of life, newborns
are also at risk of falling [8, 16, 17, 29]. Research
findings suggest that these falls often occur
because mothers fall asleep while feeding
or caring for their infants [30, 31]. Increased
awareness and educational programs for
mothers can help reduce this risk.
Thus, studies cover a wide range of mechanisms
and contexts related to falls in children under the
age of three. The identified risk factors highlight the
need for a comprehensive approach to prevention,
including improving home safety, educating parents,
and enhancing conditions in healthcare facilities.

Another common cause of falls in young
children is falls from caregivers’ hands. Research
analysis indicates that such falls are among the
most dangerous causes of injuries in children.
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These incidents occur for various reasons,
including parental fatigue, postpartum depression,
inattentiveness, and improper infant carrying
techniques.

Several studies have found that falls from
caregivers” hands often occur at night or on weekends
when mothers experience the highest levels of
fatigue [6, 8, 15, 16]. In maternity wards, most falls
are associated with mothers falling asleep while
feeding their infants. This is supported by findings
showing that 82% of newborn falls occur at night [8].

Postpartum depression is also a significant
risk factor. Research indicates that mothers with
depressive symptoms are more likely to expose
their children to fall risks [15, 16, 29]. Specifically,
the likelihood of falls among these mothers
increases significantly. Parental inattentiveness
and emotional instability contribute to errors in
handling infants, which in turn leads to falls [6, 7].

Trauma resulting from falls from caregivers’
hands often leads to severe traumatic brain injuries
[2, 10, 11, 25]. Researchers emphasize that the
majority of infant hospitalizations are associated
with such injuries. Moreover, falls from heights,
which are characteristic of falls from caregivers’
hands, increase the severity of skull fractures and
the risk of intracranial hemorrhages.

Thus, falls from caregivers’ hands pose a serious
threat to infant health and require comprehensive
preventive measures. These measures include
parental education programs, increased awareness
of risks, improved conditions in maternity wards,
and support for mothers suffering from fatigue and
postpartum depression.

Another key area of children falls is the use
of infant equipment. An analysis of publications
indicates that the use of walkers, strollers, cribs,
and changing tables is associated with a significant
risk of falls. These risks are influenced both by the
structural design of the equipment and by improper
use by parents.

Research findings show that falls from beds
and changing tables are among the most common
incidents [2, 3, 7, 17]. Specifically, up to 33% of infant
falls are associated with beds [7]. Furthermore,
improper use of protective railings or their absence
can lead to serious injuries, including traumatic
brain damage [10].

The use of baby walkers and strollers also carries
risks. Studies indicate that falls occur when walkers
or strollers tip over on uneven surfaces or when
parents fail to provide adequate supervision[1, 6,11,
12, 17]. These incidents often result in severe head
and neck injuries, as infants are unable to protect
themselves during a fall.

At the same time, other studies highlight the
dangers of co-sleeping on an adult bed without
special safety devices [8, 16, 25, 29, 30]. Researchers
note that infants may fall during feeding or
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sleep, especially when parents are fatigued or
unintentionally fall asleep with their child.

Thus, the use of infant equipment requires
special caution and strict adherence to
safety recommendations. In this context, the
implementation of educational programs for
parents on the safe use of baby equipment and the
development of improved safety standards can be
highly beneficial in preventing falls and injuries in
infants.

Another important aspect involves the risks
associated with newborn falls. An analysis of studies
indicates that newborns are at risk of falling both
at home and in medical facilities, particularly in
maternity wards. These risks are exacerbated by
factors related to the physical and emotional state
of mothers, the organization of newborn care,
and environmental conditions. The nature and
characteristics of these risks have been extensively
examined from various perspectives.

Falls in maternity wards represent a distinct
category, largely influenced by environmental
conditions and the support provided by medical
staff and family members. Studies have shown
that newborn falls frequently occur at night due to
maternal fatigue and the absence of companions [8,
16, 17, 29]. In most cases, falls happen when mothers
fall asleep while breastfeeding [8]. Additionally,
the incidence of newborn falls in hospitals ranges
from 12.1 to 17 per 10,000 births [16]. In this
context, vulnerable groups include mothers from
socioeconomically disadvantaged backgrounds and
those who received inadequate prenatal care [29].

Another contributing factor to infant falls is
maternal fatigue and postpartum depression.
Maternal exhaustion and emotional burnout are
significantriskfactors[6,15,16,18].Researchersnote
that postpartum depression increases the likelihood
of newborn falls due to reduced attentiveness and
impaired motor coordination. Mothers experiencing
depression are more likely to expose their infants to
fall risks [15].

Proper support and supervision are crucial factors
in preventing infant falls. A lack of assistance and
monitoring from medical staff or family members
increases the risk of falls [7, 8, 16, 17]. Researchers
recommend enhancing maternal supervision at
night and implementing programs for safe mother-
newborn cohabitation. Studies highlight that
educational initiatives and safety agreements in
maternity wards have successfully reduced fall risks
to zero in some facilities [17].

Safety concerns when caring for newborns at
home are also among the most common causes of
infant falls [2, 3, 6, 12]. Research findings indicate
that at home, newborn falls frequently occur during
feeding or diaper changes. Studies show that falls
from beds and changing tables are among the most
common incidents. Additionally, parents often
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underestimate the risk of falls when placing infants
at elevated positions or become distracted during
caregiving.

Overall, the risks of newborn falls are associated
with maternal fatigue and emotional state,
inadequate support from medical staff, and unsafe
caregiving practices. In this context, the need for
implementing educational programs, improving
conditions in maternity wards, and increasing
parental awareness is evident to prevent such
incidents.

Thus, falls in children under the age of three
represent a significant issue, often leading to severe
injuries and requiring close attention. The analysis
of research findings highlights multiple contributing
factors, including fall mechanisms, the use of
infant products, parental fatigue, and newborn care
practices, all of which increase the risk of injuries.
Despite existing preventive measures, the incidence
of falls remains high, emphasizing the need for a
comprehensive approach to addressing this problem.

The aim of this systematic review is to analyze
existing studies, identify key patterns and risk factors
for falls, and propose effective preventive strategies
to minimize injuries among young children.

Methodology

Information Sources

To conduct this systematic review, data were
obtained from the authoritative database Web of
Science Core Collection (WoS). The search query
included the following key terms:

(«infant» OR «toddler*» OR «babies» OR «young
children» OR «small children» OR «children aged
0-3» OR «children under three» OR «children aged
0-36 months» OR «early childhood (0-3 years)»
OR «preschooler*» OR «nursery-aged children»
OR «neonate*» OR «children under age three» OR
«children aged 0 to 3 years» OR «early years» OR
«infant and toddler*»)

As a result of the search, 422,712 article records
were identified for the period from January 1, 2014,
to December 14, 2024. The refined search included
the following terms:

(«fall» OR «slip*» OR «trip*» OR «stumble*» OR
«tumble*» OR «misstep*» OR «loss of balance» OR
«losing balance*»)

The refined search yielded 9,681 records, which
were exported in text format for further processing
and analysis. The limitations of Web of Science
(WoS) were taken into account, as the system allows
downloading records only in batches of up to 1,000.
Therefore, multiple files were downloaded.

For each record, a set of metadata fields provided
by the WoS system was selected, including:

1. Author(s).
2. Title.
3. Source.
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Cited References.

. Cited Reference Count.
10. Usage Count.

11. Hot Paper.

For the automated processing and filtering of
article records extracted from Web of Science (WoS),
an algorithm was developed using the Python
programming language. The algorithm included
sequential steps aimed at data integration, thematic
modeling, filtering of irrelevant records, and saving
relevant results for further analysis (Figure 1).

1. Merging data from multiple files and adding
missing keys (DE, ID).

2. Creating a combined text field based on titles
(TD), abstracts (AB), and keywords (DE).

3. Thematic modeling using the Latent Dirichlet
Allocation (LDA) model to identify key topics.

4. Filtering irrelevant data based on specially
developed exclusion dictionaries.

5. Analyzing keywords and calculating the

WeightedPairCount metric to determine record

4. Times Cited Count.
5. Accession Number.
6. Abstract.

7. Keywords.

8.

9

relevance.

6. Comparing results based on coherence score
(Coherence Score) and perplexity score
(Perplexity Score).

7. Checking text accuracy and removing irrelevant
documents.

8. Extracting and saving relevant records for
further analysis.

During the development of the algorithm,
recommendations for text analysis [32, 33, 34, 35]
and keyword visualization [36, 37] were utilized.
The Latent Dirichlet Allocation (LDA) model [36, 38,
39, 40, 41] was applied to identify key topics, while
recommendations [42] were followed for working
with keyword pairs.

Keyword visualization and analysis were based
on algorithms proposed in [43, 44]. Data processing
was performed using the Python programming
language in the PyCharm CE development
environment, following recommendations [45] and
data processing examples [46)].

Examples of data processing are presented in
an interactive Jupyter Notebook environment as
files containing Python code, textual explanations,
visualizations, and execution results.

1. Merging data from multiple files and adding missing keys

(DE, 1D).

2. Creating a combined text field based on titles (T1), abstracts
(AB), and keywords (DE).

3. Thematic modeling using the Latent Dirichlet Allocation
(LDA) model to identify key topics.

4. Filtering irrelevant data based on specially developed
exclusion dictionaries.

5. Analyzing keywords and calculating the WeightedPairCount
metric to determine record relevance.

6. Comparing results based on coherence score (Coherence
Score) and perplexity score (Perplexity Score).

8. Extracting and saving relevant records for further analysis.

7. Checking text accuracy and removing irrelevant documents.

Figure 1. Algorithm for Automated Processing and Filtering of Extracted Document Data
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The processing algorithm for the extracted 9,681
records is based on a Python script.

Step 1. Merging data into a single file.

Step 2. Missing keys DE, ID (keywords) were
added to the final text file.

Step 3. Converting the text file into a csv table.
The following key columns were retained: UT, TC,
79, TI, AB, DE.

Step4.Creatingacsvtablebycombiningdatafrom
the TI, AB, and DE fields (title, abstract, keywords)
into a new column named “CombinedText.”

Step 5. Preliminary data processing was
performed using the Latent Dirichlet Allocation
(LDA) topic modeling technique to analyze texts
related to falls in children under the age of three. To
improve filtering accuracy, three sets of keywords
were created:

* Table 1 includes words related to falls, slipping,
and loss of balance.
Table 2 contains words referring to children of
different age groups.
Table 3 represents exclusion terms for contexts
where «fall» is irrelevant (e.g., fall in tone, voice,
or voltage).

The analysis produced two output files:

An interactive visualization of the topic model,
allowing the exploration of identified topics and

A csvtable containing topics with corresponding
keywords and their weights, enabling the
assessment of term significance for each topic
(Table 4).

Step 5.2. Creating the «word pairs» table,
containing Topics 1-5 with corresponding keywords
and their weights (Table 5). Word pairs were
generated based on the data from Table 4.

Step 5.3. Topic modeling of textual data using
Latent Dirichlet Allocation (LDA) to identify
relevant topics related to falls in children under the
age of three.

Building and Evaluating the Topic Model Based on
Single Keywords

During the analysis, textual data were loaded
and preprocessed, with unwanted words filtered out
(Table 3). Additionally, single keywords with their
weights (Table 4) were used for topic construction
and interpretation. Based on these keywords and
their weights, an LDA model was built and its quality
was evaluated using two metrics: Coherence Score
and Perplexity Score.

The obtained coherence score of 0.5137 indicates
good interpretability of the identified topics, while
the perplexity score of -7.8255 confirms the model’s
adequate quality for text analysis. As a result of the
analysis, 9,162 texts containing keyword pairs were

their keywords (Figure 2).
Table 1. Keywords Related to Falls, Slipping, and Loss of Balance
Term Term Term Term Term Term
accident dropping injury plummet slips trip
collapse drops loss of balance plummeting stumble tripping
collapses fall loss of stability plummets stumbles trips
collapsing falling misstep slip stumbling tumble
drop falls missteps slipping term tumbles
tumbling
Table 2. Keywords Referring to Children of Different Age Groups
Term Term Term Term Term Term
0-3 years children kid minor preschooler under three
babies early childhood  kids minors preschoolers young child
baby infant little one newborn toddler young children
child infants little ones newborns toddlers

Table 3. Keywords Representing Exclusions for Terms Related to Falls in Irrelevant Contexts (e.g., Fall in

Tone, Voice, or Voltage).

Term Term Term Term Term Term
connection intonation network prices sound term
current market performance productivity spirits tone
economy melody phonetics sales stocks voice
electricity modulation pitch signal system voltage
emotion mood pressure sleep tension volume

21



Physical Culture, Recreation and Rehabilitation

Sabecaed Topic: o Provien Togee | MEST Tops | Coie Tope: Slide ko adjusl miovanca matns
hat @y 6F @4 OB 0B Wb
Intertopic Distance Map (via multidimeansicnal scaling) Top-24 Most Salient Tarms '
o 000 & D 8000 oDy 10000 12,000 N4 000 18.000
5 it
e
taf
e
injury
L
Lty
o
—
LA
treschidiet
Falirs)
o
¥ g
[
et
enBapne
repeeny
1 LLE
ey
colapaing
E] mner
g
Margral pe dakibuion 4 oy,

Cveral W heguercy
e [ ¢ srrtac e Iwgumncy wiin B ssincind opc

. 1. eslencyfier w) @ Sguencyte] * e |l | w " iogipil | s lor fopis & e Chusng ol o (2013
7. rebrwrcmmm w Uiop 11 & " piw | o4 - ) " i | Ik nem Savnrt & Stariey 20140

Figure 2. Visualization of the LDA Topic Model

Table 4. Topics 1-5 with Corresponding Keywords and Their Weights

Topic Word Weight Topic Word Weight Topic Word Weight

1 trip 0.51776624 2 fall 0.49146256 3 child 0.92646277

1 minor 0.3109011 2 injury 0.41545394 3 preschooler 0.020624485

1 toddler 0.14663507 2 accident  0.053672247 3 fall 0.018069744
1 dropping 0.0102854315 2 slip 0.013783207 3 falling 0.015137653
1 stumble 0.007417748 2 kid 0.0088882195 3 toddler 0.014641935

1 collapsing  0.0016901668 2 falling 0.006551952 3 tumble 0.0045594224
1 child 0.0005535626 2 toddler 0.0048607984 3 tripping 0.0002632921
1 tripping 0.00028341226 2 child 0.004840822 3 infant 2.8433058e-05
1 preschooler 0.00028195884 2 tripping 3.194148e-05 3 stumbling  1.3577792e-05
1 falling 0.00028068954 2 infant 3.169092e-05 3 kid 1.348228e-05
Topic Word Weight Topic Word Weight Topic Word Weight

4 newborn 0.6196446 5 infant 0.9363925

4 baby 0.33841112 5 falling 0.0387131

4 falling 0.013646641 5 drop 0.012827579

4 collapse 0.010727893 5 toddler 0.008445616

4 tumble 0.008627171 5 fall 0.00230526

4 slipping 0.0050322046 5 misstep 0.0007479259

4 fall 0.0013785487 5 stumbling 0.00023597914

4 infant 0.0013492565 5 child 2.5719393e-05

4 child 7.597436e-05 5 slipping 1.9695673e-05

4 drop 7.483887e-05 5 tripping 1.9487621e-05

22



2025

01

Table 5. Pairs of Keywords (Fragment Based on the Word «Fall» in Combination with Others).

Source Target Weight Topic
fall injury 0.45345825 2
fall accident 0.27256740349999997 2
fall slip 0.2526228835 2
fall kid 0.25017538975 2
fall falling 0.249007256 2
fall toddler 0.24816167919999998 2
fall child 0.248151691 2
fall tripping 0.24574725074 2
fall infant 0.24574712546 2

Note. A total of 224 word pairs.

filtered, and a dictionary including 59,760 unique
terms was created. These results demonstrate
that the model successfully identifies meaningful
topics and can be used for further text analysis and
classification based on keyword weights.

Building and Evaluating the Topic Model Based on
Keyword Pairs

The preprocessing and modeling algorithm is
similar to the approach used for single keywords:
text cleaning, filtering of unwanted words, and the
creation of a dictionary and corpus for training
the model. As a result of the analysis, 298 texts
containing keyword pairs were filtered, and a
dictionary including 37 unique terms was generated.

The modeling results produced the following
metrics: a coherence score of 0.8185, indicating a
high interpretability of topics, and a perplexity score
of -2.9333, confirming the model’s predictive quality.
These results demonstrate that the model effectively
identifies meaningful topics for further analysis
based on both single words and keyword pairs.

Thus, the use of single keywords covers a
large number of texts, providing a broad thematic
overview. However, given the review’s focus, the
most suitable analytical approach is based on the
use of keyword pairs.

Step 5.4. To identify the most relevant texts, an
analysis method based on weighted keyword pairs
is used (Table 5). Each text is cleaned of stop words,
numbers, and punctuation marks, after which the
«WeightedPairCount» metric is calculated—the
total weight of all keyword pairs found in the text.
Texts with the highest «WeightedPairCount» values
are selected as the most relevant and analyzed for
further research.

As a result of the processing, the Top 30
documents were identified, with their text
containing the highest WeightedPairCount values.
These Top 30 documents were then checked for
the presence or absence of only the word «fall».
This verification aimed to test the assumption
that documents containing only the word «fall»
(including its synonyms) are less likely to be
relevant to the review topic. Additionally, this step
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helped eliminate potential errors in the automated
selection of relevant documents that do not pertain
to the physical falls of children.

The verification established the following:

Out of 30 documents, 4 did not contain the
word «fall». Content analysis revealed that these
documents were not related to the physical falls
of children.

The word «fall» appeared as a single keyword in 9
documents. Among them, 2 documents described
rare cases of injuries resulting from the fall of
only one child. The remaining 7 documents were
not related to the review topic.

This analysis led to refinements in the Python
script. A repeated verification identified 17 relevant
documents. These documents were manually
reviewed by the authors for alignment with the
review topic. The analysis confirmed that all 17
documents were relevant to the subject of the review.

Evaluation of Filtering Quality

A comprehensive approach was used to assess
the quality of filtering the extracted documents.
Coherence and perplexity metrics were applied
(Coherence Score=0.8185, Perplexity Score=-2.9333),
calculated for both single and paired keywords, taking
into account their weights. Topic visualization using
pyLDAvis confirmed the interpretability and stability
of the topic modeling results.

Additionally, frequency-based filtering was
performed to identify the most commonly occurring
keywords and their distribution across topics. The
analysis revealed that relevant terms such as falling,
children, injury, and walking consistently appeared
in the identified topics, confirming the correctness
of the filtering process.

To improve the accuracy of selecting relevant
documents, filtering by thematic directions and
keyword group combinations was applied (e.g.,
fall and child; fall, child, and injury). This approach
ensured coverage of all key aspects of the research
topic and allowed the selection of the 30 most
relevant documents from the overall dataset.

For result verification, a repeated filtering was
performed on different data subsets, demonstrating
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a high degree of reproducibility (over 90%). This
confirms the reliability and stability of the filtering
algorithm. Additionally, an expert analysis of the
selected documents was conducted, which verified
that the identified articles corresponded to the
stated research topic.

Results

Based on the analysis, 17 documents relevant to
the review topic were selected. The results of the
automated process demonstrated a high coherence
score (0.5137) and a low perplexity score (-7.8255),
indicating the quality of the identified topics and their
alignment with the research problem (Table 6). These
findings confirm the effectiveness of the proposed
approach for extracting relevant documents.

The analysis identified the main mechanisms of
falls and associated injuries in children of different
age groups. Common causes of falls include falls
from furniture, during carrying, and at ground level
[3]- The risk of hospitalization increases in cases
where infants fall from caregivers’ hands [6]. Falls
from beds are the most frequently recorded [7],
especially at night and on weekends [16].

Factors influencing injuries include fall height,
impact force, and body orientation at the time of
the fall [9]. The number of hospitalizations due to
falls increased from 342 to 469 cases over a ten-year
period [10]. Traumatic brain injury was diagnosed in
85% of children [12], while 56.4% sustained minor
injuries such as bruises and abrasions [2].

Preventive measures, such as comprehensive
safety programs, have proven effective, reducing the
risk of falls to zero during the observation period

17.6%

1 23.5%

[17]. Additionally, targeted strategies have been
identified, including adequate maternal rest and
safe feeding practices [18].

It was also found that falls are associated with
other injury risks, such as intracranial injuries and
skull base fractures in motorcycle accidents [48].
Furthermore, a link has been established between
falls and postpartum depression in mothers [15].

The distribution of articles across the main
topics is presented in the diagram (Figure 3).

The distribution of articles reveals several key
trends (Figure 2). The largest share of research
focuses on head injuries and the factors influencing
their occurrence, highlighting the severity of fall-
related consequences. Significant attention is also
given to the context and causes of falls, emphasizing
the importance of understanding the circumstances
and mechanisms leading to these incidents.

Topics related to preventive measures and other
risk factors are less represented, indicating the need
for further research in the field of prevention and
additional factors affecting falls in young children.

The automated analysis based on the
WeightedPairCount metric enabled the
identification of the most relevant documents and
key word pairs related to falls in young children.

Figure 4 presents the Top 17 documents with
the highest WeightedPairCount values, indicating
their strongest alignment with relevance criteria.
These documents were selected for further content
analysis.

Figure 5 displays the Top 20-word pairs with the
highest WeightedPairCount values, reflecting the
key contextual relationships and essential terms

17.6%

41.2%

2

Figure 3. Distribution of Articles by Main Themes: Topic 1. Content and Causes of Falls; Topic 2. Injuries
and Significant Factors; Topic 3. Preventive Measures; Topic 4. Risk Factors.
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Figure 4. Top 17 Documents with the Highest WeightedPairCount Values

infant - falling
newbom - baby
infant - taddler
child - tumble
chald - toddler
child - fall

child - preschooler
infant - drop

child - falling
infant - fall

infant - trpping
infant - slipping
infant - child
infant - stumnbling
infant - misstep
child - kid

word Pairs

child - tripping
child - infant
child - stumbling
fall - injury
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Figure 5. Top 20 Word Pairs with the Highest WeightedPairCount Values
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associated with child falls. These word pairs help
identify dominant themes and research directions
in the analyzed articles.

A graph was constructed based on the weighted
word pairs from the analyzed text, visualizing
word connections and their relevance (Figure 6).
The nodes of the graph represent words, while the
edges between them reflect paired associations. The
thickness of the edges is proportional to the weight
of the word pair: the greater the weight, the more
significant the influence of that pair in the analyzed
context.

The central position of nodes with thick
edges indicates a high degree of connectivity and
importance, whereas peripheral nodes and thin
lines represent less significant word pairs.

Figure 6. Visualization of Weighted Word Pairs
Reflecting the Significance of Connections and
Their Relevance in Text Analysis

Discussion

The aim of this study was to identify key patterns
and factors influencing falls in children under the
age of three, as well as to assess the severity of
injuries and potential preventive measures. The
results of our analysis revealed several key aspects:

* Topic 1. Content and Causes of Falls;

e Topic 2. Head Injuries and Significant
Factors;

e Topic 3. Preventive Measures;

* Topic4. Risk Factors.

1. Content and Causes of Falls

e Infant falls most commonly occur from
furniture, caregivers’ hands, or while using
infant equipment.

* The highest risk comes from falls off beds
and other surfaces due to height and impact
force.

* Nighttime falls are associated with parental
fatigue, particularly in the postpartum
period.

2. Injuries and Significant Factors

e Traumatic brain injuries are the most
common and account for a significant
proportion of infant hospitalizations.

* The complexity of skull fractures depends
on fall height and the child’s age.

* Severe injuries rarely occur from falls at low
heights.

3. Preventive Measures

* Implementing  educational  programs
for parents and raising awareness of
safe practices can effectively reduce fall
frequency.

e The use of mobile applications based on
behavior change theory helps parents
adhere to safety measures.

* Increased supervision in maternity wards,
especially at night, is recommended to
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prevent newborn falls.

4. Risk Factors

* Falls often occur due to parental fatigue or
insufficient supervision during feeding and
carrying.

e Postpartum depression in mothers increases
the risk of unintentional infant injuries.

e Road traffic accidents, environmental
factors, medical staff qualifications,
and socioeconomic conditions are also
contributing risk factors for child falls.

The analysis of included studies revealed that
falls from furniture and caregivers’ hands pose the
greatest danger [6]. In the study by Cooray et al.
[10], the most common incidents were falls from
furniture and during carrying, with 85% of children
sustaining traumatic brain injuries. Findings from
a study of 672 children conducted by Kendrick et
al. [49] also confirmed the prevalence of falls from
furniture.

Shimony-Kanat et al. [4] found that falls from
furniture were the leading cause of injuries in
children aged 0 to 12 months (estimated probability
37.9%), whereas slipping was the primary cause in
children aged 13 to 36 months (estimated probability
38.4%).

Other studies also report frequent cases of falls
from furniture [1, 2, 3, 50, 51], including falls from
caregivers’ hands [5, 51]. Additionally, common fall
scenarios were identified, such as falls from beds
and the use of unsafe equipment [3, 52, 53].

Supporting evidence comes from other studies
with slightly lower relevance, including falls
resulting in traumatic brain injuries [2, 4, 13] and
falls from unsafe equipment (including beds) [2, 7,
16, 54, 55].

The reviewed studies highlight agreements or
consistencies with the findings of another research.
For example, Sullivan et al. [25] noted that their
results align with previous studies, confirming that
falls from heights (e.g., furniture) lead to more severe
injuries than falls at ground level. Additionally,
computer modeling demonstrated that fall height
and surface hardness significantly influence the risk
of head and neck injuries [9]. A similar consistency
in findings was observed in the study by Ruiz-
Maldonado et al. [11], where the authors stated
that their results matched clinical studies showing
that higher falls increased the complexity of skull
fractures.

Other studies analyzed in this review confirmed
that modifications in the home environment can
significantly reduce fall risks [17]. For example,
the use of bed rails and educating parents on safe
infant carrying methods contribute to a decrease
in injury cases [2]. Furthermore, it is important to
consider that falls occur more frequently at night
due to maternal fatigue, emphasizing the need for
enhanced supervision in maternity wards [8].
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Supporting evidence comes from other studies
with slightly lower relevance, including the creation
of a child-safe home environment [19], such as
installing bed rails [2]; parent education and
awareness programs [2, 3, 55]; and initiatives to
reduce maternal fatigue, especially at night [16].

The limitations of the studies presented in the
reviews highlight several key issues. Arumalla et al.
[47] stated that some studies lacked information on
the long-term consequences of injuries. Cooray et
al. [3] identified that a significant limitation of the
included studies was the retrospective nature of
data collection and reliance on parental self-reports,
which could lead to inaccuracies. Supporting
evidence comes from other studies with slightly
lower relevance, including the use of parental
surveys [31, 56, 57, 58, 59].

The practical significance noted in the analyzed
studies focuses on several directions. One study
[18] emphasizes the need for the development of
educational programs for parents aimed at fall
prevention. Another study highlights that mobile
applications have proven effective in increasing
parental awareness [18]. Cooray et al. [8] stress
the importance of implementing measures to
ensure safe sleep for newborns and prevent falls in
maternity wards.

Supporting evidence comes from other studies
with slightly lower relevance, including fall
prevention in the context of child safety [7, 16] and
the use of mobile applications [24, 56].

In the analyzed studies, the authors also
emphasize directions for future research. Future
studies should focus on the development and
evaluation of preventive measures across different
social and cultural contexts. Additionally, a more
in-depth analysis of the impact of postpartum
depression on fall risk is required [15].

It would also be beneficial to examine the long-
term consequences of traumatic brain injuries on
the development of children under the age of three
[11] and the effects of road traffic accidents [49].

Supporting evidence comes from other studies
with slightly lower relevance, including prevention
strategies considering social and cultural practices
[1, 60].

Thus, the analysis of studies has shown that
falls in children under the age of three represent
a significant issue requiring a comprehensive
approach to prevention. The most hazardous
fall mechanisms are associated with household
environments, parental fatigue, and improper use of
infant products.

Traumatic brain injuries account for a
substantial proportion of fall-related consequences,
highlighting the importance of timely identification
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of risk factors and the implementation of effective
preventive measures.

Key steps to reduce the frequency and severity of
falls include:

* Developing educational programs for parents,

Improving home safety,

Enhancing supervision in medical facilities.
Future research should consider the socio-
cultural characteristics of families and the long-
term consequences of injuries on children’s health.

Study Limitations

Despite the obtained results, there are certain
limitations in the analyzed studies.

First, many studies have a retrospective design
and rely on parental self-reports, which may lead to
inaccuracies and incomplete data.

Second, some studies lack information on the
long-term consequences of traumatic brain injuries.
Additionally, certain studies are limited in their
geographic and socio-economic context, making it
difficult to generalize findings to other populations.

Third, several methodological and data quality
limitations should be considered. Specifically, the
algorithm relies on the presence of keywords and
their synonyms to identify relevant texts, which
may result in the exclusion of important documents
if they use non-standard or rarely occurring terms.
Furthermore, texts with ambiguous contexts, where
the word «fall» is used metaphorically, may be
erroneously classified as irrelevant.

Finally, limitations may also stem from data
quality and database completeness, which can
influence the final selection of articles.

Conclusions

Falls in children under the age of three represent

a serious issue, leading to significant injuries and

posing a threat to the health and quality of life of

infants and young children. To reduce the incidence
of falls, comprehensive preventive measures are
necessary. These include:

*  Educational programs for parents,
Improvement of conditions in maternity wards,
Safe use of infant products,

Enhancement of safety standards in home
environments.

Future research should focus on the development
and implementation of effective prevention
strategies, taking into account the socio-economic
and cultural characteristics of families, as well
as improving data collection methods for a more
accurate assessment of risks.
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The citation level of scientific publications is a key indicator of their scientific impact and
significance. With the increasing number of publications in the field of sport and physical activity,
it is crucial to identify the factors influencing citation levels. The aim of this study is to analyze
the relationship between the number of cited references and the citation level of publications.
Additionally, the study examines the impact of access mode (open or closed) and publication type
on citation metrics.

The study is based on the analysis of bibliographic data from the Web of Science database covering
the period from 2015 to 2024. The dataset includes 10,000 publications related to sport and physical
activity. Metrics such as Cited Reference Count (NR), Times Cited (TC), and Total Times Cited (Z9)
were used to evaluate the relationship between the number of cited references and the citation level
of publications. The study also analyzed the impact of access mode (open or closed) and publication
type (Article, Review, Other) on citation metrics. Data processing involved descriptive statistical
methods and nonparametric tests, including Spearman’s correlation and the Kruskal-Wallis test.

The analysis of bibliographic data revealed the following patterns. The citation level of publications
is associated with the number of cited references (NR); however, the correlation remains weak
(Spearman’s coefficients: 0.1329 for TC and 0.1342 for Z9). The average number of cited references
for highly cited articles is 69.56, with a maximum value of 766. Open-access publications exhibit
significantly higher citation levels. Among them, the «Green Accepted» (7.19%) and «Green
Published, hybrid» (4.45%) formats make a substantial contribution. However, the majority
of publications (60.14%) fall into the «Unknown» category, limiting the assessment of their
accessibility. An analysis of publication types showed that Review and Article formats have the
greatest impact. These account for 21.81% and 75.29% of highly cited works, respectively. In the
high-citation category, most publications fall into the «Moderate» citation subcategory (52.5%),
followed by «Low High» (46.21%), while only 1.29% are in the «High» and «Very High» subcategories.
A temporal analysis demonstrated that the highest number of highly cited publications was from
2015 (1,890 publications), followed by a decline in subsequent years. The lowest citation levels
were observed for 2024 publications (only 18 articles), likely due to insufficient time for citation
accumulation. These results confirm the influence of factors such as accessibility, publication
type, and temporal characteristics on the citation metrics of publications in the field of sport and
physical activity.

The study highlights the importance of a comprehensive approach to analyzing factors influencing
the citation levels of scientific publications. Considering contextual characteristics such as
publication accessibility, type, and temporal aspects is key to understanding the mechanisms
underlying citation dynamics. The findings provide a foundation for developing strategies to
enhance the scientific significance of publications, including optimizing article structure, selecting
appropriate access models, and accounting for disciplinary specificity. Further research in this area
will deepen the understanding of the relationships between various factors and citation levels,
contributing to improved quality and visibility of scientific work.

Web of Science, Sport Sciences, citation, analysis, sources

Introduction

In the context of the rapidly growing volume of
scientific publications, ensuring their visibility and
recognition within the academic community has
become a critical task. In this regard, the role and

© Sergii lermakov, Georgiy Korobeynikov, 2025
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significance of citation metrics are increasing, as they
have become one of the key indicators for evaluating
publications and journals overall. Therefore, the
search for strategies to enhance the scientific impact
and accessibility of publications will contribute to
advancing knowledge across various fields.

In this context, citation approaches become
particularly important, as emphasized in
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recommendations from well-known methodological
guides [1], Guidelines for authors [2, 3, 4]. and
confirmed by research [5, 6, 7, 8, 9, 10].

All these recommendations focus on the need to
refer to reliable, primary sources with the most up-
to-date information.

Jawaid et al. [11] and other researchers [12]
emphasize the importance of being informed about
developments in the last 5-10 years. The authors call
for researchers to optimally and balanced inclusion
of high-quality and current references in their work.
This is confirmed by the scientific consensus, which
recognizes the importance of citing works no older
than 2-5years [13, 14, 15, 16, 17]. The authors assert
that older references may indicate an incomplete
literature review [18].

Other studies [19, 20] draw attention to the need
for careful verification and relevance of references.
The authors highlight potential errors that can
arise, for example, when using artificial intelligence
like ChatGPT to compile a bibliography.

The authors highlight the potential errors that
may arise when using artificial intelligence tools,
such as ChatGPT, to generate reference lists. This
concern is supported by research that identifies
cases of spontaneous fabrication of false citations.
For instance, McGowan et al. [21] note that ChatGPT
and similar tools, like Bard, are capable of creating
fictitious references when conducting literature
searches in psychiatry. Additionally, Walters and
Wilder [22] emphasize that errors in bibliographic
references generated by ChatGPT stem from both
data fabrication and the misrepresentation of
existing sources. The studies by Hueber and Kleyer
[23] focus on the quality of data in rheumatology,
revealing instances of fabricated references, which
underscores the need for a critical approach to using
such technologies. Citing non-existent sources not
only misleads readers and violates academic ethics
but also undermines trust in scientific publications.
This issue is particularly significant given the
increasing use of artificial intelligence in academia.

Comeau et al. [24] analyse a multimillion array
of references. The authors demonstrate a tendency
to cite literature published in the last 5-10 years.
This approach reflects the scientific community’s
aspiration for the timeliness of research.

Hui et al. [16] limited the search depth for the
last 5 years (2013-2018) and for the last 10 years.
In another study [9], the authors assert that citation
indicators alone cannot provide sufficiently detailed
or reliable measurements of quality.

An integral part of a manuscript is the number
of cited publications. Recommendations in this
context vary widely. For instance, it is suggested to
limit the number of references to 50 in an original
research article, 40 in a preliminary communication,
30 in a scientific note, and 100-150 in a mini-
review and review, respectively [25]. Preferably,
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the references should include recent international
publications, unless they provide an overview of the
field. They should reflect the manuscript’s topic and
demonstrate relevance to the journal.

Other studies highlight limitations on the number
of references for certain types of articles [26], such
as no more than 40 references [27]. These citation
metrics draw the attention of researchers [28].

In general, recommendations regarding the
number of references in an article and the depth of
coverage in years are provided in journals. These
guidelines depend on the journal’s thematic focus
and the type of article. The number of references
can range from 30-150 [25], up to 40 [5], or even be
unlimited [6]. Reviewer guidelines often recommend
checking for references to recent publications and
the most relevant prior research [7].

Other author guidelines impose reference limits
for specific types of articles, starting from as few as
five references [5]. The validity of such approaches
is emphasized in the study by Liang et al. [28], where
the authors highlight the importance of addressing
citation quality issues.

Among other studies, publications based on
bibliometric analysis stand out, particularly those
utilizing tools like VoSviewer [29, 30, 31].

This analysis involves extracting bibliographic
data from documents, including indicators such as
the number of citations, the number of references in
the References section, the year of publication, and
others. However, this approach has limitations due
to the specifics of the algorithm used to process the
information retrieved from databases.

Modern research emphasizes the importance
of the impact factor as a key indicator of scientific
journal quality, linking it to citation counts and
publication accuracy [32, 33, 34]. Various aspects
are analyzed, including the relationship between
alternative metrics and the impact factor [33],
citation trends and reference accuracy [35], and
broader bibliometric approaches to evaluating
academic journals [36]. Some studies highlight
prospects for improving publication quality [34]
and examine factors influencing the impact factor
in specific fields [37], including sports and physical
activity [38].

These studies contribute to a trend toward more
comprehensive journal evaluations that incorporate
both traditional and innovative measures of
scholarly impact. Notably, the study by Ariza-
Guerrero [39] points to a continuous and substantial
increase in citations per article, limited only when
journals impose restrictions on the maximum
number of pages per article. In some cases, the
number of citing documents reaches 400-500 [40,
41, 42] in journals with impact factors of 6.0, 10.9,
and 4.5, respectively.

Overall, research highlights the need for a
comprehensive approachtoevaluatinglevel scientific
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journals (articles), incorporating alternative metrics,
bibliometric analysis, and citation accuracy control.

Web of Science (WoS) and Scopus are widely
recognized as global benchmarks for assessing the
scientific quality of journals and articles. Citation
indicators derived from these databases play a
pivotal role in evaluating the scientific contribution
of journals and classifying them into quartiles,
which act as a measure of journal quality [43, 44].
These databases are extensively consulted and
often utilized in research assessments, though
recent studies indicate that systematic differences
between them are minimal or non-existent [45,
46]. These findings showed that journals with high
citation rates often achieve top quartile rankings,
reinforcing the role of citations as an indicator of
quality. Furthermore, studies suggest that Web
of Science and Scopus databases provide robust
metrics for evaluating the impact of individual
articles, departments, and institutions [44].

Despite numerous studies analyzing the
citation dynamics of scientific publications, there
remains a need for a deeper exploration of the
factors influencing citation patterns, particularly
in the field of sport and physical activity. Existing
guidelines for authors and journal editors often
prove insufficient in addressing issues related to the
quality and relevance of references, as well as the
impact of various metrics on citation levels.

In the context of increased use of artificial
intelligence and the growing volume of publications,
there is a pressing need to develop more effective
approaches that enhance the quality of scientific
works, minimize errors in bibliographic data, and
ensure their significance within the academic
community.

Based on the conducted analysis, several
hypotheses are proposed, the confirmation or
refutation of which could provide new insights into
addressing issues related to the citation factors of
scientific publications:

1. Number of Cited References and Citation Level.
The number of references cited in an article
may serve as an indicator of the depth of
topic coverage and overall publication quality,
thereby contributing to increased citation levels.
Hypothesis: There is a positive relationship
between the number of cited references in an
article and its citation level.

Access Mode and Citation Level. Open access
enhances the visibility and accessibility of
articles, which may positively affect their
citation levels. However, the number of cited
references is likely independent of the article’s
access status. Hypothesis: Open-access articles
exhibit higher citation levels compared to
closed-access articles, but access status does
not influence the number of cited references.
Impact of Publication Year. The year of publication
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determines the opportunities for accumulating
citations and may also reflect variations in
the amount of available literature over time.
Hypothesis: The publication year influences both
the citation level of an article and the volume
and structure of its reference list.

The aim of this study is to analyze the
relationship between the number of cited references
and the citation level of publications. Additionally,
the study examines the impact of access mode (open
or closed) and publication type on citation metrics.

Material and Methods

An initial pilot search and analysis were
conducted to assess the feasibility of extracting
references from the References sections on the
scientific journals’ web resources. In fact the
journals present the References section with some
distinctive features. This significantly complicates
the data extraction process that would take these
differences into account.

Therefore, the need for a unified methodology
for extracting references determined the direction
of the search — the Web of Science database [47]. In
this context, Web of Science provides the ability to
extract document data using the same settings for
all journals. Similar extractions have already been
performed by us in our previous studies [5, 6].

Selection of Search Categories in the WoS Database

The selection of search categories was based on
the mandatory inclusion of publications related
to the topics of «sport, physical activity» in the
context of education, training, recreation, and
physical rehabilitation. This choice was guided by
the understanding that these topics significantly
contribute to promoting a healthy lifestyle, which is
akey criterion for the quality of life in the population.
Three categories met this criterion: ‘Sport Sciences,’
‘Hospitality, Leisure, Sport & Tourism,” and ‘Education
& Educational Research.’

Other categories might also include similar
topics but are often supplemented by specific
focuses—such as medical, technical, or economic
perspectives. Another criterion for selecting a
category is the ability to extract all cited documents
or the maximum possible number of them for
analysis. Therefore, only these three categories
were selected.

Justification for Information Search Periods

The selection of information search periods was
based on the formula for calculating the impact
factor in WoS (2024):

A
[mpact Factor =
B

Where, A - Citations in 2023 to items published
in 2021 and 2022; B - Number of citable items in
2021 and 2022.



Physical Culture, Recreation and Rehabilitation

The formula for calculating the CiteScore 2023
metric (Scopus):

CliteScore =
1Lescore D

Where, C - Citations from 2020 to 2023; D -
Documents published from 2020 to 2023.

Both metrics are based on a 3-year or 4-year
period, respectively. Additionally, WoS provides
the option to filter searches for the past 5 years or
specify a custom time range. A 5-year period from
the current year was selected for the study.

Justification for the Depth of Information Search

The selection of the search depth considered
recommendations from previous studies [48, 49,
50]. The authors highlight that both the depth and
breadth of research coverage can influence citations.

A 2 x 5-year periodization was chosen:

e 2020-2024: For contemporary data.
2015-2019: For comparison and assessment
of changes.

The starting date of the period was clarified as
the last complete year (2024). It was noted that
publications from the last year may include future
dates due to «EARLY ACCESS» articles, which
can have publication dates set in the future. Such
publications were considered as part of the last
year’s data.

Justification for the Number of Bibliographic
Records Extracted

An equally important factor is the number
of bibliographic records extracted for analysis.
A review of studies indicates that authors select
varying numbers of highly cited articles for analysis:
TOP-50 [51]; TOP-96 [52]; TOP-100 [53]; TOP-2000
[54]. In some cases, authors analyzed fewer articles,
including for citation analysis [55]. Different criteria
were applied to justify the selection of articles for
analysis.

A search in the Web of Science Categories ‘Sport
Sciences; Hospitality, Leisure, Sport & Tourism;
Education & Educational Research’ yielded 795089
documents.

Sample Size

Steps for determining the minimum sample size
from N=795089 bibliographic records:

Formula for Sample Size Calculation (when
the total number of documents is known). The
calculationis based on acommonly accepted formula
for determining sample size, which considers:
Confidence level: 95% (Z=1.96)

Margin of error (e): 2% (e=0.02)

Estimated proportion of success (p): 50%
(p=0.5), which ensures maximum variability.
Formula:
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Zp-(1-p)

E]
[

T

Adjustment for finite dataset size:

n
Nadj

Sample size without considering N: 4148
Sample size adjusted for N=795,089: 4126

An analysis of N bibliographic records directly on
the WoS search page revealed that citation counts
decrease sharply after the first 10000 records. For
example, at 10000 records, the minimum citation
count is 72. For the subsequent 100 and 650 records,
the citation counts drop to 23 and 0, respectively.
Therefore, it was decided to limit the extraction
to 10000 bibliographic records. This decision
aligns with the calculated values. In fact, 5% of the
documents that were cited were not considered.

Search Strategy
The search strategy was based on extracting
data from the Web of Science (WoS) database. The

process of identifying and extracting the required
publications followed this sequence:

1. The first 1,000 bibliographic records were
selected (due to WoS limitations).
2. The ‘Export’ field was configured for accurate
data extraction.
3. The data was saved to a text file.
Export Configuration:

Select ‘Plain text files.
In the new window titled ‘Export Records to
Plain Text File, choose ‘Edit’ and select all 29
fields.
Save the selections using ‘Save selections,’
which will remain valid for the session.
The first 1,000 records were extracted and saved.
Subsequently, the next 1,000 records were selected
and saved to another file.

Inclusion and exclusion criteria

Documents in the fields of ‘Sport Sciences;
Hospitality, Leisure, Sport & Tourism; Education &
Educational Research’ published between 2015 and
2024 were identified. The criteria for extraction were
selected from the ‘Web of Science Core Collection
Field Tags’:

NR - Cited Reference Count;

TC - Web of Science Core Collection Times Cited
Count;

79 - Total Times Cited Count (Web of Science
Core Collection, Arabic Citation Index, BIOSIS
Citation Index, Chinese Science Citation Database,
Data Citation Index, Russian Science Citation Index,
SciELO Citation Index);

Ul - Usage Count (Last 180 Days);

U2 - Usage Count (Since 2015);

PY - Year;



2025

01

UT - Accession Number;

DT - Document Type;

WC - WoS Categories;

OA - Open Access.

During the processing of the extracted data,
documents without a References section were
excluded from the analysis. Subsequently,
documents lacking the «tag» for either the number
of citations or the number of cited sources were also
excluded. A total of 95% of the extracted documents
were used for analysis, while 5% were excluded.

Statistical Analysis

Descriptive statistical methods and distribution
analysis were applied for data processing. Key
indicators such as mean, median, standard deviation,
minimum, and maximum values were calculated for
metricsrelated tothe number of cited references (NR)
and citation levels (TC, Z9). The data were processed
using the Python programming environment with
libraries such as pandas, numpy, and matplotlib
for visualization. Distribution diagrams and tables
highlighting the key characteristics of the data were
employed to enhance result interpretation.

Results

General Characteristics of the Extracted Records

The overall characteristics of the extracted
records are presented in Figure 1. The data in Figure
1 illustrate the distribution of publications by year
and their respective proportions within the dataset.
The highest proportion of records corresponds to
publications from 2015, accounting for 19.99% of

the total. This is followed by 2016 and 2017, with
17.61% and 16.33%, respectively. The number
of records gradually decreases over subsequent
years, with notable drops in 2022 (2.12%) and 2023
(1.04%). Publications from 2024 constitute only
0.18% of the dataset, which is expected given the
partial availability of publications for this year.

For further analysis, the dataset is divided into
two periods:

2020-2024: Representing the most recent data,
with a total of 1,999 records (19.99% of the total).

2015-2019: Representing the earlier years, with
a total of 8,001 records (80.01% of the total).

Based on the analysis of the extracted records,
article characteristics were identified. Table 1
presents the top 10 documents with the highest
number of citations in the References section.

The top 10 articles (Table 1) are characterized by
high citation counts (TC) and a significant number
of cited references (NR). The most cited article (UT:
WO0S:000474219100010) has TC=7027 and NR=41,
indicating its importance within the scientific
community. The article with the highest number of
references (NR=159, UT: WOS:000464864400007)
has relatively lower citation counts (TC=2852),
which may reflect its use in a specific context. The
publication years span from 2016 to 2021, with the
majority of articles published between 2018 and
2020.

Table 2 presents the distribution of documents
by categories. The majority of articles (over 98%)
demonstrated a strong correlation between the
number of cited references (NR) and citation
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Figure 1. General Characteristics of Extracted Records
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metrics (TC and Z9), supporting the hypothesis
that an increase in the number of references in an
article contributes to its citation count. Medium
and low correlations are extremely rare (<2%),
which may indicate specific thematic or structural
characteristics of these publications. These findings
confirm a consistent pattern between the number of
references and article citation levels

Table 3 presents the statistical description of
the NR, TC, and Z9 metrics. The data in Table 3
demonstrate key statistical indicators for the High
category, including mean values, medians, minimum
and maximum values, as well as standard deviations
for the NR, TC, and Z9 metrics. The presented data
indicate significant variation in citation levels and
the number of cited references, confirming the
diversity of publications within this category.

Figure 2 presents the distribution of publications
with a high level of citations by year. The analysis of
highly cited publications (High) shows that in 2024,
only 18 documents reached this level, 88 in 2023,
and 195 in 2022. The highest number of highly cited

documents was observed in 2015 (1890).

Table 4 presents the distribution of document
types in the high-citation category. The data in Table
4 demonstrate the diversity of publication types
within this category. The majority are articles and
reviews, highlighting their significant impact in the
scientific domain. The category also includes less
common document types, such as book chapters,
conference materials, and monographs.

Table 5 presents the distribution of high-
category documents by citation subcategories. The
data in Table 5 shows the division of high-category
documents into subcategories based on the number
of citations. Most documents fall into the “Moderate”
and “Low High” subcategories, indicating a broad
range of citation levels. The “High” and “Very High”
subcategories contain fewer documents, highlighting
their exceptional citation impact.

The results related to open access (OA) data
constitute a specific portion of the extracted records.
Table 6 presents the distribution of publications by
open access types (OA):

Table 1. Top-10 documents with the highest number of citations in the references section

UT NR TC Z9 Ul U2 PY

WO0S:000474219100010 41 7027 7874 98 522 2019
WOS:000454273400010 37 4671 5677 49 288 2018
WO0S:000605879000004 30 3990 4003 114 819 2020
W0S:000456831900004 31 3306 3467 10 929 2018
WOS:000464864400007 159 2852 2909 2 19 2017
WO0S:000573273700003 74 2677 3178 6 16 2016
WO0S:000402416500003 46 2547 2848 24 218 2017
WOS:000504687300001 57 2031 2468 51 247 2021
WOS:000532557100001 118 1934 2084 58 161 2021
WO0S:000431310400001 46 1539 1564 15 141 2018

Note. UT - Accession Number; NR - Cited Reference Count; TC - Web of Science Core Collection Times Cited
Count; Z9 - Total Times Cited Count (all indexes); U1 - Usage Count (Last 180 Days); U2 - Usage Count (Since

2013); PY - year.

Table 2. Distribution of Documents by Categories

Category Count_TC Count_Z9
High 9417 9457
Medium 120 82

Low 17 15
Table 3. Statistical Description of Metrics NR, TC, Z9

Metric NR TC Z9
count 9414.0 9414.0 9414.0
mean 69.56 136.97 157.28
std 39.38 147.97 169.44
min 21.0 73.0 73.0
25% 43.0 84.0 95.0
50 % 62.0 104.0 119.0
75 % 87.0 145.0 168.0
max 766.0 7060.0 7908.0
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Figure 2. Distribution of Publications with High Citation Levels by Year

Table 4. Distribution of Document Types in the High Citation Category

Document Type Percentage
Article 75.29
Review 21.81
Chapter 1.04
Material 0.87

Paper 0.8

Book 0.12

Access 0.03
Publication 0.03

Letter 0.01

Table 5. Distribution of High-Category Documents by Citation Count Subcategories

TC_Subcategory Percentage
Moderate 52.5

Low High 46.21

High 1.06

Very High 0.23

* The largest number of publications falls under
the “Unknown” category (5,745 records),
indicating a lack of open access information for
these records.

* Among publications with known access types,
the most common are:

o Green Accepted (687 records),

o Green Published, hybrid (425 records),
o Green Submitted (411 records),

o Green Published (358 records).

* Combined categories, such as “Green Published,
hybrid” and “Green Accepted, Green Published,
hybrid,” are less frequent but provide valuable
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insights for analyzing publication accessibility.

Before testing the hypotheses, an assessment of
the normality of key metrics was conducted using the
Shapiro-Wilk and Kolmogorov-Smirnov tests. The
results of both tests indicated a significant deviation
from a normal distribution (p < 0.05), justifying the
use of nonparametric methods, such as Spearman’s
correlation and the Kruskal-Wallis test.

Hypothesis 1, regarding the relationship between
the number of cited references and the citation level
of articles, was tested using Spearman’s correlation.
The analysis revealed a weak but statistically
significant correlation between the number of
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Table 6. Distribution of Publications by Open Access Types

OA_Sorted Count Percentage
Unknown 5745 60.14
Green Accepted 687 7.19
Green Published, hybrid 425 4.45
Green Submitted 411 4.3
Green Published 358 3.75
Green Published, gold 307 3.21
Bronze 305 3.19
hybrid 223 2.33
gold 171 1.79
Green Accepted, Green Submitted 129 1.35
Bronze, Green Published 120 1.26
Green Accepted, Green Published 85 0.89
Green Submitted, gold 78 0.82
Green Accepted, Green Published, hybrid 71 0.74
Bronze, Green Accepted 62 0.65
Green Published, Green Submitted, gold 54 0.57
Bronze, Green Submitted 46 0.48
Green Published, Green Submitted 42 0.44
Green Accepted, hybrid 37 0.39
Green Published, Green Submitted, hybrid 36 0.38
Green Accepted, Green Published, gold 24 0.25
Green Accepted, Green Published, Green Submitted 21 0.22
Bronze, Green Accepted, Green Submitted 19 0.2
Bronze, Green Published, Green Submitted 17 0.18
Green Submitted, hybrid 16 0.17
Green Accepted, Green Published, Green Submitted, hybrid 13 0.14
Bronze, Green Accepted, Green Published, Green Submitted 11 0.12
Bronze, Green Accepted, Green Published 11 0.12
Green Accepted, Green Published, Green Submitted, gold 9 0.09
Green Accepted, gold 9 0.09
Green Accepted, Green Submitted, gold 7 0.07
Green Accepted, Green Submitted, hybrid 3 0.03

cited references and citation levels (coefficients of
0.1329 for TC and 0.1342 for Z9, p < 0.05). These
results confirm that the number of cited references
is associated with an article’s citation level, but
the relationship is weak, likely influenced by other
factors such as the publication year or journal
prestige.

Hypothesis 2 regarding differences in citation
levels between open-access articles (OA) and
articles with closed-access (Non-OA) was tested
using the Kruskal-Wallis test. The analysis revealed
statistically significant differences for TC (Kruskal-
Stat = 34.7722, p < 0.05) and Z9 (Kruskal-Stat =
19.6908, p < 0.05), but not for the number of cited
references (Kruskal-Stat = 0.6218, p > 0.05). A
detailed breakdown by publication type showed that
open access significantly influences the citation
levels of Article and Review formats. For the Other
category, no significant differences were observed,
likely due to the small sample size.
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Hypothesis 3 concerning differences in citation
metrics across publication years was confirmed. The
Kruskal-Wallis test indicated significant differences
for all metrics: TC (Kruskal-Stat = 41.0379), Z9
(Kruskal-Stat = 176.6505), and NR (Kruskal-Stat =
324.5172), all with p < 0.05. Additional Dunn post-
hoc tests for TC demonstrated that the largest
differences were observed between 2021 and the
years 2022, 2016, and 2015. These differences
highlight the temporal influence on citation level
distribution.

The analysis results indicated that the number
of cited references has a weak but statistically
significant impact on the citation level of articles,
as evidenced by Spearman’s correlation coefficients.
However, this relationship is limited and likely
influenced by additional factors such as the
publication year or journal prestige.

Open access shows a statistically significant
impact on the citation levels of publications,
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particularly for articles and reviews, underscoring
the importance of accessibility in enhancing the
scientific impact of research. However, no differences
in the number of cited references were identified
between articles with different access statuses.

The publication year was found to be a significant
factor influencing citation metrics and the structure
of references. This highlights the need to account
for temporal aspects when evaluating scientific
outputs.

Thus, the study’s findings confirm the importance
of a comprehensive approach to analyzing citation
dynamics, taking into account factors such as the
number of cited references, publication accessibility,
and temporal characteristics.

Discussion

The aim of the studyisto evaluate therelationship
between the number of cited references and the
citation level of scientific publications in the field of
sport and physical activity. Additionally, the study
seeks to analyze the impact of access mode (open
or closed) and publication type on citation metrics.

Our results revealed that the number of cited
references has a statistically significant but weak
impact on citation levels, indicating the presence
of other factors influencing citations. Open access
was identified as a significant factor that increases
citation levels, particularly for articles and reviews.
Additionally, the publication year was found to
have a substantial effect on citation metrics, with
the most notable differences observed for recent
publications.

Our results confirm the presence of a weak
but statistically significant correlation between
the number of cited references (NR) and article
citation levels, as reflected by the TC and Z9 metrics
(Spearman’s coefficients of 0.1329 and 0.1342,
respectively). This indicates that while the number
of references influences citation levels, its role is
not definitive.

Numerical data from our study indicate that the
average value of the NR metric in categories with
high citation levels is 69.56, ranging from 21 to 766
(Table 3). At the same time, the highest number of
citations (TC = 7027) is observed in an article with
41 references, highlighting that a high citation level
is achievable even with a moderate number of cited
references.

Comparison with data from other studies
confirms the ambiguous impact of the number of
references on citation levels. For example, Aksnes et
al. [15] and Dougherty et al. [56] suggest that citation
metrics are more indicative of an article’s scientific
impact than its structural characteristics, such
as the number of references. Nieminen et al. [57]
further note that citation levels depend on factors
such as journal prestige, indexing in databases, and
article visibility.
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Unlike other fields, our data, focused on the
topic of sport and physical activity, emphasize the
importance of the applied aspect of research, which
may increase interest in publications regardless of
the number of references. For instance, an analysis
of highly cited publications revealed that such
articles are most frequently published as original
research or reviews, accounting for 75.29% and
21.81%, respectively (Table 4).

Moreover, temporal aspects have a significant
impact on citation levels: articles from earlier
years, such as 2015, have had more opportunities to
accumulate citations (Figure 2), further diminishing
the relevance of the number of cited references.
Thus, our findings confirm that factors such as
article accessibility, journal prestige, and research
topic play a more substantial role in shaping citation
metrics than the number of references.

Our results confirm that the access mode of an
article significantly influences its citation level.
Statistically significant differences for the TC and
Z9 metrics were identified between open-access
(0A) and closed-access (Non-OA) articles, whereas
the number of cited references (NR) remains
independent of the access mode. This suggests that
article accessibility primarily affects its visibility and
popularity rather than its structural characteristics.

The share of closed-access publications is 60.14%
(Table 6), which limits the scope of analysis for this
group. Among the known forms of open access, the
most common are “Green Accepted” (7.19%) and
“Green Published” (4.45%), which, as shown by our
data, contribute to greater visibility of publications.

Comparison with literature data confirms the
advantages of open access. For instance, Dorta-
Gonzalez et al. [58] note that hybrid journals (Hybrid
Gold OA) exhibit higher citation levels compared to
closed-access publications. Yun [59] emphasizes that
the citation levels of articles in the Hybrid Gold OA
model can double, especially when external funding
is available. At the same time, Castillo [60] points
out that not all OA models are equally effective
in increasing citation levels, as this depends on
contextual and thematic factors. This is further
supported by the findings of Momeni et al. [61].

Our data align with these findings, showing that
hybrid and green forms of open access significantly
enhance the visibility of publications. For example,
hybrid access (“Green Published, hybrid”) accounts
for 4.45% of all publications with a known access
status, while “Green Submitted” represents 4.3%
(Table 6). At the same time, the share of publications
with Gold OA remains small (1.79%) and shows
mixed results in terms of citation levels.

Thus, our results highlight the importance of
open access as a factor increasing citation levels,
particularly for articles of the Article and Review
types. However, the specific impact of various access
models remains complex and requires further
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investigation to fully understand their effects.

The data analysis confirmed that different
publication types (Article, Review, Other) exhibit
significant differences in citation levels. Our
results showed that publications in the “Review”
format have the highest citation levels, followed by
“Article,” while publications in the “Other” category
do not show significant differences. Articles account
for 75.29% of highly cited publications, while
reviews represent 21.81% (Table 4). These findings
confirm that review articles and original research
form the foundation of scientific literature in the
field of sport and physical activity.

Most highly cited publications fall into the
“Moderate” (52.5%) and “Low High” (46.21%)
categories, indicating a wide range of scientific
impact among articles (Table 5). This aligns with
findings from other studies, such as Weale et al.
[62], which emphasize the importance of reviews
published in high-impact-factor journals. Due to
their systematic approach and in-depth analysis of
topics, such articles often serve as key references for
subsequent research.

The findings of Kousha and Thelwall [63] confirm
that additional factors, such as article length,
number of authors, and international collaboration,
positively influence citation levels. This is
particularly relevant for publications in the Article
and Review formats, aligning with our observations.

In the context of sport and physical activity
disciplines, unique features emerge due to the
applied nature of research. Review articles play a
crucial role in knowledge systematization, while
original articlesinthe Article formatreflect empirical
findings significant for practical applications.
Publications in the Other category, which includes
less formal or specialized document types, remain
minimal (2.9%), limiting their influence within the
scientific community.

Thus, our findings emphasize that publication
type is a key determinant of citation levels. Review
articles play a leading role in shaping scientific
discourse, while Article-format publications
contribute an applied perspective,advancing science
and its practical application. This underscores the
need to consider publication types when assessing
their scientific impact, particularly in sport and
physical activity disciplines.

A comparison of our data with findings from
studies such as Abramo et al. [64], Dougherty et al.
[56], and Nieminen et al. [57] confirmed that the
number of cited references can influence subsequent
citation levels. However, unlike these studies, our
results demonstrate a weak correlation between
these metrics (Spearman’s coefficients: 0.1329 for
TC and 0.1342 for Z9), suggesting the influence of
additional factors such as journal prestige, article
accessibility, and publication year.

An analysis of citation dynamics over the years
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showed that articles published between 2015 and
2020 exhibit the highest citation levels. For instance,
in the high-citation category, the maximum number
of documents (1,890) corresponds to 2015, while
the share of publications decreases significantly in
later years (e.g., 564 articles in 2021 and 88 in 2023)
(Figure 2). This aligns with the findings of Teplitskiy
et al. [65], who emphasize that older publications
have more time to accumulate citations.

Our results expand on these observations,
clarifying that not only temporal factors but also
disciplinary characteristics play a significant role in
citation dynamics. For example, in the field of sport
and physical activity, the applied nature of research
increases interest in articles, which may impact their
citation levels regardless of the publication year.

Thus, our findings add specificity to existing
data, illustrating how temporal frameworks and
disciplinary specificity interact to influence citation
metrics. This highlights the necessity of accounting
for temporal factors in citation analyses, particularly
in rapidly evolving disciplines.

Our results confirm the key findings of previous
studies, such as Aksnes et al. [15], Thelwall et al.
[66], Lafia et al. [67], and Nightingale et al. [68],
which suggest that citation levels reflect the
scientific value and impact of an article but are not
a universal indicator of its quality. At the same time,
our study provides more detailed data that deepen
the understanding of the relationships between an
article’s structural characteristics, accessibility, and
citation levels.

One of the key advantages of our findings is
the comprehensive approach, which includes
analyzing the impact of access mode (OA and Non-
OA) and publication types (Article, Review, Other)
on citation metrics. For example, our data showed
that open-access articles account for 39.86% of all
analyzed publications, with the highest citation
levels observed for Review articles (21.81%) and
Articles (75.29%) (Table 4). This complements
the findings of Dardas et al. [69] and Torres [17],
demonstrating that the accessibility of publications
plays a crucial role, particularly in the Article and
Review categories.

Moreover, our study refined the temporal aspects
of citation dynamics. The highest citation levels
were observed for publications from 2015-2020,
consistent with the findings of Teplitskiy et al. [65].
However, our data provide additional insights into
the quantitative distribution of publications by year:
for instance, articles from 2015 account for 19.99%
of the sample and exhibit the highest accumulated
citation levels (Figure 2).

Our analysis also considers the disciplinary
specifics of sport and physical activity. These
characteristics, including the applied nature of
research, emphasize the importance of factors such
as visibility and accessibility of publications. Unlike
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the general conclusions of Abramo et al. [64] and
Dougherty et al. [56], our findings highlight that
thematic specificity significantly impacts citation
metrics.

Thus, our study not only confirms existing
findings but also provides new, more detailed data.
These insights can be used to further explore the
relationship between the structural characteristics
of publications, their accessibility, and citation
levels, as well as to develop strategies for enhancing
the scientific impact of research.

Our study confirmed that the citation levels of
scientific publications are influenced by multiple
factors, including the number of cited references,
access mode, and publication type. Despite the
weak correlation between the number of cited
references and article citation levels, significant
effects were observed for open access (particularly
hybrid and green formats) and publication types
(Article and Review) on citation metrics. These
findings underscore the importance of considering
context and disciplinary specificity when analyzing
scientific publications.

Our study confirmed that the citation levels
of scientific publications are shaped by multiple
factors, including the number of cited references,
access mode, and publication type. Despite the weak
correlation between the number of cited references
and citation levels, significant impacts were observed
for open access (particularly hybrid and green
formats) and publication types (Article and Review)
on citation metrics. These findings highlight the
importance of considering context and disciplinary
specificity when analyzing scientific publications.

However, the study has several limitations. First,
the dataset covers publications from 2015 to 2024,
which may not fully capture long-term citation
trends, particularly for recent publications (e.g.,
articles from 2023-2024 account for less than 2%
of the sample). Second, the study is limited to the
discipline of sport and physical activity, restricting
the generalizability of the results to other scientific
fields. Additionally, the applied nature of research
in this discipline may reduce the influence of
traditional factors, such as the number of cited
references, compared to other fields.

For future research, the
recommendations are proposed:

following

1. Expand the time frame of analysis to include
publications with a longer citation history.

2. Conduct comparative analyses across other
disciplines to better understand the impact of
disciplinary specificity on citation levels.

3. Incorporate additional metrics, such as

audience engagement indices and alternative

citation indicators (altmetrics), for a more

comprehensive analysis.

These steps will deepen the understanding
of citation formation mechanisms and enable
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the development of more precise approaches to
evaluating citations, accounting for interdisciplinary
differences and temporal aspects.

Conclusions

The study results confirmed that the citation
levels of scientific publications depend on several
factors, including the number of cited references,
access mode, and publication type. The main
findings can be summarized as follows:

1. Despite the weak correlation between the
number of cited references and citation levels,
this metric holds auxiliary importance and
may influence citation levels in combination
with other factors, such as journal prestige and
publication year.

Open access, particularly in hybrid and green
forms, has a significant impact on citation levels.
This highlights the importance of accessibility
in increasing the visibility and influence of
scientific articles.

Publications in Review and Article formats
demonstrate the highest citation levels,
underscoring their pivotal role in shaping
scientific discourse and advancing research in
sport and physical activity.

High citation levels are characteristic of
publications from 2015-2020, confirming the
influence of time on citation accumulation.
However, a trend of declining citation levels is
observed for articles published in more recent
years.

In the field of sport and physical activity,
the applied nature of research enhances the
importance of factors such as publication
accessibility and visibility while reducing the
influence of structural characteristics, such as
the number of references.

The study revealed significant patterns that
can be used to develop recommendations for
authors and journal editors aimed at enhancing the
scientific impact of publications. At the same time,
the findings highlight the need for further research
that considers temporal and disciplinary aspects
and employs a broader set of metrics for analysis.
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Although the relationship between physical fitness and academic achievement has been widely
studied, the mechanisms that explain this relationship still need to be explored further. One possible
mechanism that may serve as a mediator is self-confidence. This study aims to conduct a scoping
review of the literature that discusses the effects of physical fitness on academic achievement

This study is a scoping review that analyzes the relationship between physical fitness, self-
confidence, and academic achievement in adolescents aged 16—18 years. The literature review was
conducted systematically using the PubMed, Scopus, and Web of Science databases for articles
published in English between 2015 and 2024. Article selection was based on predefined inclusion

The analysis identified 9 articles demonstrating a positive relationship between physical fitness,
self-confidence, and academic achievement in adolescents. Most studies found that better
physical fitness levels, especially cardiorespiratory fitness, were correlated with higher academic
achievement. In addition, self-confidence was shown to act as a mediator that strengthens the
relationship between physical fitness and academic achievement. However, several studies also
reported variations in results, such as students with high fitness but low academic achievement.
In general, these findings confirm the important role of physical activity and self-confidence in

Physical fitness plays an important role in supporting academic achievement through self-
confidence in adolescents. The positive relationship between physical fitness, self-confidence, and
academic achievement emphasizes the importance of integrating physical fitness programs into the
school environment as part of a holistic effort to improve the quality of education. Although this
study has several limitations, future research is expected to employ stronger designs and broader
scopes to provide more applicable recommendations for improving the quality of education and

Abstract
Background
and Study Aim
through self-confidence.
Material and
Methods
and exclusion criteria and followed the PRISMA procedure.
Results
supporting adolescents’ academic success.
Conclusions
children’s health.
Keywords: physical activity, psychology, adolescents, mental health
Introduction

Education is one of the main pillars in the
development of quality human resources. One
indicator of educational success is academic
achievement in students [1]. Various factors
have been identified as contributing to academic
achievement, including both internal and external
factors. One factor that is currently receiving
increasing attention is the physical fitness of
students [2, 3]. Physical fitness not only influences
physical health but is also thought to have a close
relationship with academic performance [4].

Engaging in regular physical activity helps
improve physical fitness, which in turn enhances
blood and oxygen circulation to the brain, thereby
supporting better cognitive function [4]. This optimal

© Trisnar Adi Prabowo, Asyidika Vito Indarto, Achmad Zakaria,
Febriansyah Dwi Cahyo, Mar‘atul Afifah , 2025
doi:10.15561/physcult.2025.0105
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cognitive function is very important in helping
students understand subject matter and complete
academic tasks more effectively [5]. In addition,
physical activity is also known to reduce stress and
anxiety levels, as well as improve mood [6, 7], thereby
enhancing students’ mental condition and enabling
them to become more focused and motivated in
learning. Furthermore, regular involvement in
physical activities can also foster positive traits
such as discipline, responsibility, and effective time
management, all of which greatly contribute to
academic success [3]. Numerous empirical studies
indicate that students who possess higher levels of
physical fitness generally achieve higher academic
scores than those who are less physically active [2, 4].

Then, the results of previous studies showed
that students with good levels of physical fitness
tend to have more optimal concentration, memory,
and cognitive abilities, which can support higher
academic achievement [8, 9]. In addition, physical
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fitness is also related to psychological aspects, one
of which is self-confidence [10, 11]. Self-confidence is
an individual’s belief in their own ability to complete
certain tasks, including in the context of learning [12,
13, 14]. Students who have high self-confidence are
usually more motivated, willing to take on challenges,
and more persistent in facing learning difficulties.

Although the relationship between physical
fitness and academic achievement has been
widely studied, the mechanisms that explain this
relationship still need to be explored further. One
possible mediating mechanism is self-confidence.
In other words, increasing physical fitness can
enhance self-confidence, which in turn can improve
students’ academic achievement [15]. Nevertheless,
comprehensive research that systematically
explores the connections between physical fitness,
self-confidence, and academic achievement remains
limited, particularly in the form of scoping reviews
that can offer an in-depth overview of this subject.

Based on this background, this study aims to
conduct a scoping review of the literature that
discusses the effects of physical fitness on academic
achievement through self-confidence, in order to
provide a deeper understanding of the relationship
among the three variables and serve as a basis for
further research and intervention in the fields of
education and children’s health.

Materials and Methods

Study Organization

This research is a scoping review, which is a
literature review method that aims to map the main
concepts, evidence, and existing research gaps
related to a particular topic [16]. The scoping review
method was chosen because it allows researchers
to identify, analyze, and synthesize various studies,
specifically in this study to analyze the relationship
between physical fitness, academic achievement,
and self-confidence comprehensively.

Data source

Empirical studies published between 2015 and
2024 were identified through searches in three
leading international databases: PubMed, Scopus,
and Web of Science. The search was restricted
to peer-reviewed articles written in English.
Identification, screening, eligibility, and inclusion of
available research were the steps used to implement
this method. Researchers examined articles relevant
to the research questions. Each step was carried out
in a structured and systematic manner by following
predetermined stages.

Inclusion and Exclusion Criteria
After comprehensive keyword definitions,
inclusion and exclusion criteria were outlined and

applied through database filters. The inclusion
criteria were: (a) research published between 2015

51

and 2024 related to the impact of physical fitness
on self-confidence and academic achievement in
students aged 16-18 years; (b) research involving
specific physical activities (e.g., structured exercise,
daily physical activity, or physical fitness programs)
that were relevant to their impact on self-confidence
and academic achievement using standardized
indicators.

The exclusion criteria were: (a) research
measuring the impact of physical fitness on self-
confidence and academic achievement in students
under 16 years of age; (b) studies published before
2015; and (c) publications with different contexts
such as medication, non-empirical studies, non-
English language, or irrelevant populations.

Based on the inclusion and exclusion criteria,
4,110 studies were identified. The researcher then
conducted re-screening through step-by-step
selection of the material contained in each article.
The final selection was carried out according to the
procedures specified in PRISMA 2020 [17] (Fig. 1).

Records identified through
database searching:
n =4.110 article

-
Records screened via title/abstract
screening:

n =41 article

Content analvsis based selection:
n = 25 article

Records exclude with

reasons:

1. Incorrect age

2. Irrelevant

population

Non-medication

analysis

. Outdated studies

. Different context

. Lack of measured
variables

. Non-empirical study

. Weak methodology

. Duplicated recods

0.Language barriers

3.

o

\

= O 00

Appropriateness
n =9 article

J

Figure 1. PRISMA flowchart of the article selection
process

After the analysis was completed, 25 articles
met the requirements. Among these, 9 articles were
deemed worthy of in-depth examination and analysis
because they are relevant to the research theme and
aligned with the research objectives. The following
is a chart illustrating the stages carried out by the
researchers in conducting this Systematic Literature
Review (SLR) using Publish or Perish (PoP).
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confidence and academic achievement (Tabl. 1).
A total of nine relevant studies were selected for
review to assess how physical fitness influences
adolescents’  self-confidence and academic
performance, as detailed in the table below.

Results

The findings presented in this literature review
consist of analyses and summaries of articles
examining the effects of physical fitness on self-

Table 1. Review of Research Results

Author  Study Design Subject Result Findings Source
Fatima This study uses  The study involved A positive correlation  The findings indicate that [18]
(2015) a comparative 1,000 adolescents  was found between adolescents’ self-confidence
descriptive aged 17 to 19 self-confidence increases along with
design. It years, consisting and academic academic achievement.
can also be of 361 males and achievement. This However, this relationship
considered a 639 females, with ~ suggests that increased is considered very small
cross-sectional 671 living in urban self-confidence is and unpredictable. This
study, with data areas and 329 in associated with suggests that self-confidence
collected at one rural areas. improved academic may serve as a mediating
point in time performance in variable affecting adolescent
from different adolescents. academic achievement.
samples.
Sardinha This The study involved The study found that Students who improved [19]
et al. longitudinal 1,286 students students with good from an unfit to a fit status
(2016) study allowed from 14 schools, levels of cardiovascular also showed better academic
researchers aged between 11 fitness tended to performance. This indicates
to evaluate and 14 years. achieve better that not only is consistent
the long-term academic outcomes. physical fitness important,
relationship Students who were but improvements in fitness
between categorized as «unfit»  can positively influence
physical fitness at the start but academic achievement.
and academic improved their fitness
achievement during the follow-up
among period demonstrated
students. academic improvement
compared to those who
remained «unfit.»
Han The research The sample Pearson’s correlation ~ There was a significant [20]
(2018) used a consisted of 236 test revealed a correlation between students’
correlational students aged significant negative physical fitness and their
design. 13-15,randomly  relationship between academic achievement.
selected from PAPS scores and final ~ The results showed that
three high schools exam scores, indicating healthier students tended to
in the city of D, that students with score better on final exams,
South Korea. higher levels of particularly in core subjects
physical fitness tended such as math, English, and
to achieve better science.
academic outcomes.
Gil- This study The sample was The research The study found a positive [21]
Espinosa employed a a convenience demonstrated a correlation between
et al. data collection  sample consisting positive association general intelligence and
(2020) method of 403 adolescents between components cardiovascular fitness in
conducted (53.6% male) with  of physical adolescents. This indicates a
during the first an average age of  fitness, especially relationship between higher
semester of 13.7 £ 1.2 years cardiovascular fitness levels and better
the 2015/2016 from a secondary  fitness, and academic cognitive performance as
school year. school in achievement. measured by intelligence
Andalusia, Spain.  Adolescents with tests. Teenagers who are
higher levels of physically fit are more likely
physical fitness tended to achieve academic success.
to perform better Regular physical activity
academically. can improve fitness and, in

turn, positively impact both
intelligence and academic
performance.
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Table 1. Continued

Author  Study Design Subject Result Findings Source
Batezet Usinga The sample Children’s academic The findings indicate a [22]
al. (2021) longitudinal consisted of 1,286 achievement was positive correlation between
design, the students between  generally found tobe  physical fitness levels and
study observed  the ages of 11 and  positively related to academic achievement.
students over 14 years. physical fitness and Specifically, children with
a three-year motor competence. better fitness test results
period. The study also noted tended to have higher
that weight status GPAs. This suggests that
(BMI) was negatively physical exercise may
correlated with GPA, support learning. Cognitive
suggesting that processing, overall health,
children with higher and motivation may mediate
BMIs tended to have this relationship. In other
lower academic words, the connection
achievement. between physical fitness
and academic achievement
is positive, significant, and
complex.
Vist This cross- The sample The research showed In physical education, a [23]
Hagen et sectional consisted of high  that physical fitness significant relationship exists
al. (2022) study collected school students had a greater between fitness and academic
data from a aged 13-16 years; influence on academic achievement. Students
representative  participants were  achievement in who are fitter tend to have
sample at a selected from physical education (PE) better PE scores than those
single pointin  various schools. compared to motor who are less fit. This study
time. competence. emphasizes the importance
of physical fitness as a factor
that can affect academic
achievement and suggests
that physical education
teachers consider individual
fitness levels when assessing
and instructing students.
Yudaet This study The sample A significant positive During the COVID-19 [24]
al. (2022) employed a consisted of 90 correlation was pandemic, self-confidence
correlational students in grades found between was identified as an
method. 7to 9 at Ibtidaiyah self-confidence, important predictor
Junior High academic stress, of students’ academic
School. coping strategies,and  achievement in physical
academic achievement. education classes. Students
Regression analysis with higher confidence
showed that coping tended to perform better
strategies had the academically. Academic stress
greatest influence also influenced outcomes,
on academic as it could motivate some
achievement, followed students, while excessive
by self-confidence and  stress hindered performance.
academic stress.
Lietal. The study A total of 304 The study found The findings suggest that [25]
(2023) used a cross- eighth-grade significant differences  students with poor academic
sectional students aged in VOzmax scores performance may engage
design, 13-14 from seven  across academic more in physical activity,
observing public schools achievement groups, potentially at the expense of
a group of in Tekirdag, with the low- their studies. These results

participants at
a single point in
time.

Turkey, were
recruited. Schools
were selected
based on similar
socioeconomic
backgrounds.

performing group
showing higher
VO2max scores than
both the average and
high-performing
groups (47.1 vs.42.6

and 42.4, respectively).

challenge conventional
assumptions about the
relationship between physical
fitness and academic success.
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Table 1. Continued

Author Study Design Subject Result Findings Source
Ortega-  Although the The sample The study found a The findings indicated [15]
Gomez study was consisted of positive association that physical fitness
et al. designed tobe 268 high school between physical elements, including muscle
(2023) longitudinal, students aged 14 activity levels, strength, speed-agility, and
the analysis years, including especially moderate cardiorespiratory fitness,
presented here 138 males and 130 to vigorous physical were positively correlated
focuses on females. activity, and physical with higher levels of self-
cross-sectional fitness components confidence in adolescents.
baseline data (such as lower-body
collected muscle strength and
between cardiovascular fitness),
February and as well as confidence
May 2015. and interpersonal
relationships in
adolescents.
Discussion confidence. In general, fitness and self-confidence

The main purpose of this literature review
is to evaluate the influence of physical fitness
and self-confidence on academic achievement
in adolescents. Several studies have shown that
physical fitness positively impacts students’
academic achievement. Sardinha et al. [19] reported
that physical fitness influences both academic and
health outcomes in adolescents. Another study by
Gil-Espinosa et al. [21] found a positive relationship
between cardiorespiratory fitness and flexibility and
academic achievement, while muscular strength did
not show a significant relationship with performance
in certain subjects.

Engaging in regular physical activity not only
enhances physical fitness but also significantly
contributes to the improvement of cognitive
abilities, including students’ focus and memory. As
a result, students who are more physically active
generally demonstrate stronger concentration
and memory skills. Xiong et al. [26] showed that
students who are physically active generally achieve
higher academic grades compared to those who
are less active. In addition, children who exercise
regularly tend to have better health conditions
and higher school attendance rates. Further
evidence from Zhang et al. [27] showed that an 11-
week aerobic exercise intervention significantly
improved children’s executive functions, including
inhibitory control, working memory, reaction time,
and cognitive flexibility. Erickson et al. [28] also
emphasized that physical activity can stimulate the
release of hormones that support cognitive function
and increase blood flow to the brain, which in turn
improves sleep quality and enhances memory and

learning ability.
The relationship between physical fitness
and academic achievement is increasingly

being discussed, particularly in relation to self-
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are interrelated and can influence each other [15].
Improving physical fitness can be a positive step
toward building self-confidence, and conversely,
high self-confidence can motivate individuals to be
more active in maintaining their fitness. Through
regular and active participation in physical activity,
students’ self-confidence can increase, and they
tend to feel more positive about their appearance
[24]. This may be because engagement in physical
activity often involves social interaction, which can
help strengthen self-confidence.

High self-confidence is generally positively
associated with academic achievement. Students
who are confident tend to approach difficult tasks
more courageously and are more active in class
discussions and extracurricular activities [7]. Self-
confidence also helps students manage academic
stress more effectively. Therefore, by promoting
physical activity, schools not only help students
maintain physical health but also support their
academic performance. Research by Fatima [18]
demonstrated that students with high levels of
self-confidence are typically more motivated in
their learning and academic participation. Self-
confidence enables students to face academic
challenges and increases their resilience to stress
and pressure. Positive outcomes of physical fitness,
such as improved mood and reduced anxiety, can
in turn enhance self-confidence [29]. Thus, when
students feel better emotionally and are able to cope
with stress, they tend to have a more positive view
of themselves and their abilities, which makes them
more likely to achieve strong academic results.

This study has several limitations, including
the review of literature limited to sources in
Indonesian and English and within a specific time
span, which may have resulted in the omission of
relevant research. Additionally, the diversity of
designs and methods among the reviewed studies
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may lead to heterogeneous results, limiting the
generalizability of the findings. Nevertheless, the
results of this study offer important implications for
the field of education, particularly by emphasizing
the importance of integrating physical fitness
programs to support academic achievement and
the development of student self-confidence. These
findings can serve as a basis for more holistic
educational policies and interventions. In the future,
it is recommended that research be conducted
using stronger designs, such as longitudinal or
experimental studies, involving more diverse
populations and standardized measurement
instruments, to provide more robust evidence and
applicable recommendations for the advancement
of children’s education and health.

Conclusions

Based on the results of the scoping review, it
can be concluded that physical fitness plays an
important role in supporting academic achievement

through self-confidence in adolescents. The
positive relationship among physical fitness, self-
confidence, and academic achievement highlights
the importance of integrating physical fitness
programs into the school environment as part of
a holistic effort to improve educational quality.
Although this study has several limitations, such as
language constraints and variation in study designs,
the findings still provide a strong foundation for the
development of more comprehensive educational
policies and interventions. Future research is
expected to adopt stronger designs and broader
scopes to reinforce the evidence on the relationship
between physical fitness, self-confidence, and
academic achievement, thereby offering more
applicable recommendations for improving the
quality of education and children’s health.
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