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Abstract 

Introduction: The trainer's role in designing a plan for altering the training load in the training 
program, which attempts to push the limits of adaptability while avoiding overtraining, injury, 
and detraining, helps to ensure the program's success. 
Objective: This study examined how monitoring training load during the early specific 
preparation phase affects the physical condition and body composition of elite swimmers. 
Methodology: The research method used was a cohort research design, which is an 
observational research that focuses on a group of individuals with specific characteristics who 
are followed over time to evaluate the training load during a special preparation phase in 17d 
elite swimmers athletes. Training load is assessed using sRPE, body composition is measured 
using InBody 970, physical condition is measured using VO2max, power, and flexibility, and 
wearable aircraft (heart rate, distance, and calories). The ANOVA one-way test is the data 
analysis method. 
Results: The results showed that aerobic capacity, arm muscle strength, leg muscles, lower back 
and hamstring flexibility, shoulder flexibility increased significantly (all p<0.05). 
Conclusions: This study found that monitoring training load effectively improved physical 
condition in elite swimmers. 
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Resumen 

Introducción: El papel del entrenador en el diseño de un plan para alterar la carga de 
entrenamiento en el programa de entrenamiento, que intenta superar los límites de la 
adaptabilidad evitando al mismo tiempo el sobreentrenamiento, las lesiones y el 
desentrenamiento, ayuda a garantizar el éxito del programa. 
Objetivo: Este estudio examinó cómo el seguimiento de la carga de entrenamiento durante la 
fase temprana de preparación específica afecta la condición física y la composición corporal de 
nadadores de élite. 
Metodología: El método de investigación utilizado fue un diseño de investigación de cohortes, 
el cual es una investigación observacional que se enfoca en un grupo de individuos con 
características específicas a quienes se les da seguimiento en el tiempo para evaluar la carga de 
entrenamiento durante una fase de preparación especial en atletas nadadores de élite 17d. La 
carga de entrenamiento se evalúa mediante sRPE, la composición corporal se mide mediante 
InBody 970, la condición física se mide mediante VO2max, potencia y flexibilidad, y aeronaves 
portátiles (frecuencia cardíaca, distancia y calorías). La prueba unidireccional ANOVA es el 
método de análisis de datos. 
Resultados: Los resultados mostraron que la capacidad aeróbica, la fuerza de los músculos del 
brazo, los músculos de las piernas, la flexibilidad de la zona lumbar y de los isquiotibiales y la 
flexibilidad del hombro aumentaron significativamente (todos p<0,05). 
Conclusiones: Este estudio encontró que monitorear la carga de entrenamiento mejoró 
efectivamente la condición física en nadadores de élite. 
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Introduction

Periodization of sports is very important to maximize the performance of athletes. Coaches systemati-
cally design training programs by focusing on each athlete's training load (TL) and recovery methods, 
which helps to push the boundaries of training adaptation while minimizing negative effects such as 
overtraining, injury, and detraining (Helwig et al., 2023). Tracking training load serves as a guide for 
coaches to create effective training strategies for athletes (Kale et al., 2020). The effectiveness of these 
training programs correlates with how well the trainer monitors the training load. Therefore, it is crucial 
to monitor this load, especially in competitive sports settings. Effective monitoring is enhanced by pro-
fessional coaches, support from sports science, and technological advancements (Pawlik & Mroczek, 
2022). 

Monitoring training load is a complex process that involves combining various training variables, which 
are categorized into internal and external loads (Nobari, Kharatzadeh, et al., 2021). External load mon-
itoring relates to metrics such as distance, speed, training volume, power output, and duration, while 
internal load is assessed through heart rate, biological and psychological stress, and Perceived Activity 
Level (sRPE) sessions (Veiga et al., 2025). Previous studies have highlighted the importance of monitor-
ing training load, especially in high-performance sports, as overtraining without adequate recovery can 
lead to overtraining, while inadequate training without progressive overload can lead to detraining 
(Capdevila et al., 2024). As a result, it is crucial to adjust the training load appropriately to optimize the 
athlete's performance. Traditionally, training load has been monitored through variables such as 
strength, speed, repetition, acceleration, and GPS data, which are part of external training load monitor-
ing (Younesi et al., 2021). 

Previous studies emphasize monitoring internal training load through metrics such as heart rate, lactic 
acid, oxygen consumption, and RPE . In addition, monitoring can be facilitated by modern technology 
such as heart rate monitors. A simpler method for monitoring training load has been proposed, with 
RPE measurements favored for their validity, reliability, and accessibility. Previous studies have also 
examined the burden of internal training using lactic acid and heart rate monitoring devices. The study 
uses internal training load parameters such as sRPE, which combines objective training load metrics 
with subjective load assessments, providing an index of training load in arbitrary units. 

Monitoring training load acts as a daily management tool that leverages feedback from athletes and 
coaches. This daily surveillance aims to improve physical performance while reducing the risk of injury 
and other negative effects of training. One approach involves adjusting the training load in a structured 
training program to align with what is planned. Trainers should be careful in implementing sRPE meas-
urements, as this subjective method assesses the internal burden of structured training and can opti-
mize the training process. (Chen et al., 2024) Therefore, this study seeks to investigate the difference in 
perceived training load between swimmers who win medals and those who do not, there is a striking 
research gap in the sports literature regarding the understanding of how the supervision of physiologi-
cal training load during the initial special preparation phase in the microcycle affects the final fitness 
level of elite swimmers (Santos-García et al., 2022). Most previous studies have placed more emphasis 
on evaluating athletes' physical condition at the end of the intensive training phase or in the run-up to 
competition, while very few have examined the impact of training load monitoring in the early stages of 
preparation a crucial period for building basic endurance and the necessary muscle strength in the next 
phase (Versic et al., 2022). 

Although training load monitoring techniques have evolved, many studies still focus on the use of stand-
ard physiological parameters such as heart rate, RPE, and sRPE without directly linking them to athletes' 
physical outcomes in the long term (Lago-Fuentes et al., 2020). Existing research has generally not in-
vestigated the direct effects of detailed monitoring at the beginning of the microcycle on physiological 
adaptation, which could affect the optimal final physical condition for elite swimmers (Heishman et al., 
2020). In this context, elite swimmers are faced with the great challenge of managing and monitoring 
training loads to avoid injury or overtraining, which can negatively impact their performance (Espasa-
Labrador et al., 2023). This gap points to the need for research that links more thorough physiological 
monitoring during the initial preparation phase to understand and predict the outcome of the final phys-
ical condition achieved in the long term. 
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The study offers innovation by highlighting the relationship between detailed monitoring of physiolog-
ical training load in the microcycle during the initial special preparation phase and its impact on the 
final fitness level of elite swimmers. The focus of this study is not only on short-term training load mon-
itoring, but also how physiological variables collected during specific preparation phases can predict 
end results related to aerobic endurance, power muscle, and body composition in elite swimmers. Using 
real-time physiological data through cutting-edge technologies such as wearable devices (e.g., heart rate 
monitors, GPS, biomechanical sensors), the study delves into how individuals' responses to varying ex-
ercise intensities and changes in exercise duration can affect their physiological adaptations. In addition, 
self-reporting tools such as RPE or session-RPE will be combined with objective physiological data to 
provide a more comprehensive picture of recovery rates, training balance, and potential overtraining in 
elite athletes (Wahl et al., 2021). 

The study aimed to analyze and track the physiological training load during the micro-cycle of the initial 
special preparation phase for elite swimmers, assessing its direct impact on the physical condition of 
athletes. It seeks to provide insight into how training loads that vary from low to high intensity during 
these early phases affect physiological adaptation. This research is globally significant because it helps 
in devising data-driven and sustainable training strategies in sports, especially swimming, where inter-
national competition is fierce. Achieving peak performance is essential for success on the global stage. 
By improving understanding of how monitoring the physiological training load during certain phases of 
preparation affects athletes' physical condition, this study can inform training programs around the 
world, assisting elite athletes in optimizing their preparation for international competitions such as the 
Olympics or World Championships. 

In addition, the findings of this study could facilitate the creation of more personalized and effective 
training protocols, allowing trainers and medical personnel around the world to design safer training 
programs while reducing the risk of injuries that could hinder athletes' success. By improving athletes' 
physical condition and lowering the likelihood of overtraining, this research can contribute to the long-
term sustainability of athletes' careers, which is crucial in elite international sports. Overall, it supports 
global initiatives to raise training standards in swimming by offering scientific insights that coaches, 
researchers, and sports professionals can leverage to build more effective evidence-based practices. 

 

Method 

Study design 

This study used a quantitative descriptive approach with a pre-experimental design to assess and track 
physiological training load during the initial specific preparatory phase of the microcycle for elite swim-
mers. The study collect real-time physiological data through wearable devices and other measurement 
tools, and will examine how these factors affect athletes' overall physical condition. The following are 
the methods and procedures that will be applied in this research. 

Participants 

The subjects of the study were elite male swimmers who were undergoing an early special preparatory 
phase on their microcycles, as many as 17 athletes. Athletes recruited had international or national com-
petitive experience. While the initial inclusion criteria specified an age range of 19–22 years, the final 
sample consisted of athletes with a mean age of 20.24 ± 0.97 years (Table 2). Participants are selected 
based on criteria such as training experience and healthy and fit physical status. 

Data Collection 

Sensor-based wearable technology was being used to track athletes' training sessions, particularly for 
swimmers (Morais et al., 2022), with devices like the Swimovate PoolMate 2 specifically designed for 
aquatic environments. This device can monitor various metrics such as heart rate, distance, speed, cal-
ories burned, and swimming efficiency. The Session Rating of Perceived Exertion (sRPE) is a subjective 
measure typically based on the Borg CR-10 scale, where athletes rate their perceived effort during or 
after workouts on a scale from 0 to 10, reflecting their fatigue or intensity levels. Along with the Borg 
scale, sRPE also requires the duration of the exercise in minutes, with the sRPE load calculated using the 
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formula sRPE × Training Duration (minutes). Coaches and athletes can easily access the Borg scale in 
print or via an app for tracking purposes. 

Data collection was carried out by assessing aerobic capacity (VO2max) using a multistage fitness test 
(Campbell et al., 2023) which was carried out by athletes running back and forth between two 20 meter 
long lines with periodic increases in speed. The explosive strength of leg muscles was gauged through a 
vertical jump test (Gillen et al., 2020), while upper body explosive power is evaluated with a Medicine 
Ball Throw (Parrino et al., 2023). Flexibility, which refers to the range of motion in muscles and joints, 
was tested using a Sit-and-Reach Test for lower back and hamstring flexibility, a Shoulder Flexibility 
Test with a ruler or measuring tape, and a Back Scratch Test to assess shoulder flexibility by reaching 
behind the back (Simangunsong et al., 2023; Simoneau, 1998). Body composition analysis includes eval-
uating percentage of body weight, body mass index, body fat percentage and free fat mass through In-
Body 970 Bioelectrical Impedance Analysis (BIA) (Branco et al., 2023). Physical conditions (VO2max, 
leg muscle explosive power, arm muscle explosive power, flexibility) are assessed every month for three 
months. 

Training program 
 

Table 1. Three-month specific preparatory phase training program 
Week Exercise Focus Types of Exercises Volume Intensity Frequency 

1–4 
Improved Basic Conditions 

a) Aerobics: Interval running, long-distance 
swimming 

60–75 minutes 50–70% VO₂max 4–5 sessions/week 

b) Basic strength exercises: Squats, push-ups, 
pull-ups, planks 

3 sets x 10–15 reps 
Light-medium 

load 
3–4 sessions/week 

c) Flexibility: Yoga, dynamic stretching 45-60 minutes Light Every day 
d) Core Stability: Plank, side plank 30–60 seconds x 3 sets Keep 3–4 sessions/week 

5–8 
Increased Muscle Capacity 

a) Aerobics: Mixed style swimming, fartlek 
running 

60–90 minutes 60–80% VO₂max 4–5 sessions/week 

b) Strength training: Deadlift, bench press, 
shoulder press 

3–5 sets x 8–12 reps 
Medium-heavy 

load 
3–4 sessions/week 

c)Plyometric: Box jump, squat jump, 
medicine ball throw 

3 sets x 10 reps Keep 2–3 sessions/week 

d) Flexibility exercises: Static stretching 
(hamstrings, shoulders, back) 

15–20 minutes Light Every day 

9–12 
Specific Physical 
Specializations 

a) Aerobics: Short interval training (HIIT), 
sprint swimming 

45–60 minutes 70–90% VO₂max 3–4 sessions/week 

b) Maximum strength: Squat, bench press, 
power clean 

3–5 sets x 4–6 reps Heavy loads 3–4 sessions/week 

c) Plyometric: Depth jump, bounding, clap 
push-up 

3–5 sets x 8–10 reps Tall 2–3 sessions/week 

d) Core Strength: Hanging leg raise, Russian 
twist 

3 sets x 15–20 reps Keep 3–4 sessions/week 

e) Flexibility and mobility: Foam rolling, PNF 
stretching 

45–60 minutes Light Every day 

Description: weeks indicate the duration of the training program (1–12 weeks). Training Focus: The main target of each phase (basic condition, 
muscle capacity, specific). Type of Exercise: Specific activities performed in the program. Volume: The duration or number of targeted reps. 
Intensity: Difficulty level based on VO₂max, weight, or heart rate zone. Frequency: The number of sessions per week for each type of exercise.  
 

Data analysis 

Data analysis was applied using descriptive statistics to describe the mean and standard deviation val-
ues of VO₂max, leg muscle explosive power, arm muscle explosive power, lower back and hamstring 
flexibility, shoulder flexibility, RPE, and sRPE during the microcycle. Normality and homogeneity tests 
were applied using the Shapiro–Wilk test and Levene test, while the comparative test was applied using 
the one-way ANOVA test and continued with the Tukey HSD post-hoc test with a significance level of 
5%. 

 

Results 

The results of the analysis of the characteristics of the research subjects including maximum heart rate, 
age, height, weight, body mass index, body fat percentage and free fat mass are presented in Table 2. 
Monitoring of training load was described as in Table 3. The assessment of the level of physical condition 
of elite swimming athletes are presented in Table 4. 
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Table 2. Baseline assessment of research subject characteristics 
Parameters N HIIT (Mean ± SD) 

Maximum heart rate (bpm) 17 200.72 ± 4.70 

Age (years) 17 20.24 ± 0.97 

Weight (kg) 17 76.54 ± 1.48 

Height (m) 17 1.79 ± 0.02 

Body mass index (kg/m2) 17 23.97 ± 0.23 

Body Fat Percentage (kg) 17 12.00 ± 7.20 

Free Fat Mass (%) 17 66.25 ± 3.10 

 
 
Table 3. Descriptive training load monitoring 

Moon Sunday Duration/session (minutes) 
Sum 
Voice 

RPE installment Average sRPE (AU) 

Month 1 

1 120 6 7.10 ± 0.70 852.01 ± 0.27 
2 120 6 8.09 ± 0.20 970.80 ± 0.32 

3 120 6 6.30 ± 0.10 756.03 ± 0.71 
4 120 6 8.02 ± 0.13 962.40 ± 0.38 

Month 2 

1 120 6 8.08 ± 0.23 969.60 ± 0.92 
2 120 6 8.52 ± 0.31 1022.40 ± 0.28 
3 120 6 6.07 ± 0.24 728.40 ± 0.72 
4 120 6 8.71 ± 0.21 1045.20 ± 0.79 

Month 3 

1 120 6 8.77 ± 0.81 1052.40 ± 0.39 
2 120 6 9.05 ± 0.18 1086.04 ± 1.20 
3 120 6 7.53 ± 0.29 903.60 ± 0.67 
4 120 6 9.31 ± 0.31 1117.20 ± 0.24 

*Description: sRPE (AU) was calculated by multiplying the duration of training by the RPE value for each training session, providing an accurate 
picture of the physiological training load an athlete receives.  
 
 
 
Table 4. Increasing the physical condition level of elite swimming athletes 

Parameters Month 1 Month 2 Month 3 % Increase P-value 

VO₂max (mL/kg/min) 55.10 ± 0.27 57.79 ± 0.19a 60.49 ± 0.19ab 9.6% 0.001 

Leg Muscle Explosive Power (Watts) 2100.06 ± 11.73 2248.77 ± 8.53a 2398.76 ± 8.52ab 14.3% 0.001 

Arm Muscle Explosive Power (Watts) 449.82 ± 2.69 489.83 ± 2.70a 529.82 ± 2.69ab 17.8% 0.001 

Lower Back and Hamstring Flexibility (cm) 32.39 ± 0.41 35.02 ± 0.38a 37.80 ± 0.37ab 16.6% 0.001 

Shoulder Flexibility (cm) 15.21 ± 0.14 17.44 ± 0.19a 19.75 ± 0.20ab 30.3% 0.001 

*Description: aSignifikan at month 1 (p < 0.001). bSignifikan at month 2 (p < 0.001). p-value was obtained by one-way ANOVA test and continued 
by the Tukey HSD post-hoc test. 

 

Discussion 

Increased professionalism among athletes in competitive sports is related to an increase in the intensity 
and volume of training accordingly (Teixeira et al., 2024). Therefore, the success of athletes is greatly 
influenced by the planning of a detailed training program. The program should be implemented effec-
tively with the help of coaches who devise strategies to adjust training load, so that athletes can push 
their limits of adaptation while reducing the risk of overtraining, injury, and decreased performance 
(Arede et al., 2022). Previous research has shown that high training loads without adequate recovery 
can have negative effects, while ignoring the principle of progressive overload can lead to inadequate 
adaptation (detraining) (Teixeira et al., 2022). An athlete's achievement is influenced not only by the 
internal perception of training load (sRPE), but also by the athlete's experience and the total time spent 
training, which is called flying hours or experience (Costa et al., 2022). 

In addition, technical skills, efficiency, psychological state, and recovery strategies of athletes play a sig-
nificant role in physiological responses (Conte & Kamarauskas, 2022). Observations showed that para-
swimmers who did not win medals had a higher average sRPE than medal-winning athletes, which could 
be linked to better experience and physical fitness in the winners (Temm et al., 2022). As such, trainers 
need to pay attention not only to the measurement of internal training load (sRPE) but also to various 
other factors. The research underscores the importance of monitoring technical (biomechanical) skills 
in athletes, particularly in para-swimming, which involves individuals with unique physical conditions 
(Nobari, Alves, et al., 2021). Therefore, the internal training cost assessment (sRPE) must also include 
biomechanical considerations. In addition, previous studies have shown that combining internal load 
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(sRPE) with specific external loads in a training program can improve training outcomes over time com-
pared to just by. relying on internal loads (Tiggemann et al., 2021). As a result, coaches are encouraged 
to take into account factors beyond internal load monitoring when developing training strategies (Mi-
guel et al., 2021). 

Internal measures, such as the use of Session Rating of Perceived Exertion (sRPE), are very useful for 
monitoring exercise stress in an optimal and individualized way in swimmers (Radzimiński et al., 2020). 
Previous research has shown that to improve swimming performance, adjustments are needed in phys-
ical, physiological, and biomechanical aspects (Matos et al., 2020). Therefore, the effectiveness of train-
ing programs in supporting athletes' success depends not only on monitoring the internal training load, 
but also on assessing the demands of external training (Coppalle et al., 2021). The relationship between 
training load and performance in sports has been researched for many years. One of the key factors in 
optimizing performance is the training recipe provided by the coach, physical trainer, or the athlete 
himself (Clemente et al., 2020). 

This process includes different types of exercises to suit the physical quality required, with adjustments 
to the training load (Ouergui et al., 2020). Training loads are usually differentiated into external loads, 
which reflect the output of athletes without considering their internal characteristics, and internal loads, 
which reflect the psychological and physiological pressures felt in response to external demands 
(Oliveira & Brito, 2023). In summary, while it's important to monitor internal training load (sRPE), it's 
not the only factor that affects an athlete's success. Training load monitoring, especially internal load 
(sRPE), is a valuable tool for assessing ongoing training efforts, aiding recovery strategies, and imple-
menting measures to prevent overtraining and reduce the risk of detraining (Rico-González et al., 2021). 

The current research on monitoring physiological exercise load during microcycle in the initial special 
preparation phase for elite swimmers is in line with previous studies that emphasize the importance of 
physiological exercise load monitoring for athlete performance improvement (Oliveira et al., 2021). Pre-
vious research has indicated that the Session Rating of Perceived Exertion (sRPE) method is effective 
for assessing the internal load felt by athletes during a particular exercise (Claudino et al., 2021). Addi-
tionally, several studies have also explored the relationship between exercise load and improved phys-
ical fitness indicators, such as VO₂max, muscle explosive power, core strength, and flexibility, all of 
which contribute to swimmers' performance in competition (Feu et al., 2023). 

However, the study offers a more focused contribution by paying attention to the initial specific prepa-
ration phase, where the training load can be adjusted gradually to maximize physical adaptation before 
the competition (Piñar et al., 2022). Unlike previous studies that explored the competition phase or ta-
pering, this study evaluated the effectiveness of using sRPE as a monitoring tool during the microcycle 
period at the initial special preparation stage (Teixeira et al., 2021). As such, this study not only confirms 
previous findings, but also enriches the understanding of how optimal training load distribution in the 
short term can support improved body composition, endurance, and muscle strength in the context of 
elite swimming (Mandroukas et al., 2023). 

The results of this study show that monitoring physiological training load using sRPE during microcycle 
in the initial special preparation phase can provide a clear picture of the physical adaptation of elite 
swimmers (Wang & Shan, 2023). Based on the results of measuring physical condition parameters such 
as VO₂max, muscle explosive power, and flexibility, there was a significant increase from month to 
month (Paulino et al., 2024). The interpretation of these findings suggests that the systematic and struc-
tured use of the sRPE method during the initial specific preparation phase can assist the trainer in reg-
ulating the appropriate training intensity and volume to avoid overtraining and support continuous per-
formance improvement (Helwig et al., 2023). 

In addition, body composition data showed a decrease in body fat percentage and an increase in fat-free 
mass, which confirms that the exercise program implemented during the microcycle has succeeded in 
creating the desired physiological adaptation (Kale et al., 2020). These findings are in line with the pur-
pose of the study, which is to evaluate the effectiveness of physiological exercise load monitoring in 
improving the physical condition of elite swimmers in the initial special preparation phase (Pawlik & 
Mroczek, 2022). This improvement in physical indicators confirms that exercise strategies based on 
sRPE monitoring not only provide benefits in training load management but also in improving energy 
efficiency, muscle endurance, and overall swimming performance (Younesi et al., 2021). Furthermore, 
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the results of this study support the importance of a data-driven approach in athlete training manage-
ment, where measurable physiological load monitoring can help athletes reach optimal fitness levels 
progressively without increasing the risk of injury or excessive fatigue (Chen et al., 2024). Therefore, 
this finding has significant implications for sports practitioners, especially in the preparation of more 
effective and measurable training programs for elite swimmers in the preparation phase of competitions 
(Heishman et al., 2020). 

The title of the study regarding the monitoring of training load in elite athletes in the initial special prep-
aration phase of physical condition and body composition has a very important role, both for the global 
sports community and for the development of knowledge in the field of health and fitness. In a global 
context, the results of this study can provide better guidance on how to effectively monitor training load 
in athletes in various sports, especially in the critical early preparation phase. With a deeper under-
standing of the relationship between training load, physical condition, and body composition, coaches 
and medical staff can optimize training programs accordingly, minimize the risk of injury, and improve 
athletes' performance. This research can also make an important contribution to the development of 
more effective methodologies in monitoring athletes' physical and fitness fitness, which can be widely 
applied at the international level. 

However, there are limitations in this kind of research that need to be noted. One of them is the diversity 
of individual factors that affect the results of training, such as genetic differences, training experience, 
and physiological responses of each individual. In addition, access to advanced monitoring technology 
and the costs required for this study may be limited, limiting the scale and accuracy of the data collected. 
What's more, the results of this study may be more relevant for elite athletes and less applicable to am-
ateur athletes or those in the early stages of training. These limitations demand further research to ex-
pand their understanding and application in a variety of athletic contexts and the wider population. 

 

Conclusions 

Monitoring training load in elite athletes during the initial special preparation period of physical 
condition demonstrates that thorough monitoring of training load was critical to maximizing athlete 
performance and maintaining a balance of physical condition. In the early special preparation phase, 
good training load management can help enhance physical condition, such as increased VO₂max, leg 
muscle explosive power, arm muscle explosive power, lower back and hamstring flexibility, shoulder 
flexibility, which considerably benefits athletes' performance during competitions. Furthermore, the 
constant monitoring of training load can help prevent injuries caused by overtraining by ensuring that 
athletes do not overtrain without adequate recovery time. 

These findings also highlight the importance of using appropriate technology for monitoring, such as 
wearable devices or other instruments that can provide accurate data regarding exercise intensity and 
volume. However, this research also has limitations in that the research results can be influenced by 
various factors, including individual variability and differences in research methods. To validate and 
expand these findings, future research with larger sample sizes and in more diverse settings is needed. 

 

Acknowledgements 

We would like to thank Universitas Negeri Surabaya and Komite Olahraga Nasional Indonesia (KONI) 
East Java Province for the support and facilities provided to make this project a success. 
 

Financing 

This research was funded by Universitas Negeri Surabaya (Indonesia) through the Faculty Policy Re-
search Scheme in 2024. 
 
 



2025 (mayo), Retos, 66, 861-871  ISSN: 1579-1726, eISSN: 1988-2041 https://recyt.fecyt.es/index.php/retos/index 

 868  
 

References 

Arede, J., Freitas, T. T., Johnson, D., Fernandes, J. F. T., Williams, S., Moran, J., & Leite, N. (2022). Training 
Load, Maturity Timing and Future National Team Selection in National Youth Basketball Players. 
Journal of Functional Morphology and Kinesiology, 7(1). 
https://doi.org/10.3390/jfmk7010021. 

Branco, M., Mateus, C., Capelas, M., Pimenta, N., Santos, T., Mäkitie, A., Ganhão-Arranhado, S., Trabulo, C., 
& Ravasco, P. (2023). Bioelectrical Impedance Analysis (BIA) for the Assessment of Body Com-
position in Oncology: A Scoping Review. Nutrients, 15. https://doi.org/10.3390/nu15224792. 

Campbell, P., Maupin, D., Lockie, R., Dawes, J., Simas, V., Canetti, E., Schram, B., & Orr, R. (2023). Evaluat-
ing the Variability Between 20-m Multistage Fitness Test Estimating Equations in Law Enforce-
ment Recruits. Journal of Strength and Conditioning Research, 38, 742 - 748. 
https://doi.org/10.1519/JSC.0000000000004389. 

Capdevila, L., Guillen, J., Lalanza, J., Zamora, V., Rodas, G., & Caparrós, T. (2024). Non-Invasive HRV Pro-
tocol and New Index to Assess Internal Training Load During Basketball Warm Up. Retos, 54, 
169–179. https://doi.org/10.47197/retos.v54.102596 

Chen, J., Li, Q., Zhang, S., Lin, C., & Wei, S. (2024). Adaptive Vibration Monitoring of Railway Track Struc-
tures Using the UWFBG by the Identification of Train-Load Patterns. Buildings, 14(5). 
https://doi.org/10.3390/buildings14051239. 

Claudino, J. G., Cardoso Filho, C. A., Boullosa, D., Lima-Alves, A., Carrion, G. R., Gianoni, R. L. da S., Guima-
rães, R. D. S., Ventura, F. M., Araujo, A. L. C., Del Rosso, S., Afonso, J., & Serrão, J. C. (2021). The role 
of veracity on the load monitoring of professional soccer players: A systematic review in the face 
of the big data era. In Applied Sciences (Switzerland) (Vol. 11, Issue 14). MDPI AG. 
https://doi.org/10.3390/app11146479. 

Clemente, F. M., Silva, A. F., Sarmento, H., Ramirez-Campillo, R., Chiu, Y. W., Lu, Y. X., Bezerra, P., & Chen, 
Y. S. (2020). Psychobiological changes during national futsal team training camps and their rela-
tionship with training load. International Journal of Environmental Research and Public Health, 
17(6). https://doi.org/10.3390/ijerph17061843. 

Conte, D., & Kamarauskas, P. (2022). Differences in Weekly Training Load, Well-Being, and Hormonal 
Responses between European- and National-Level Professional Male Basketball Players during 
the Pre-Season Phase. International Journal of Environmental Research and Public Health, 
19(22). https://doi.org/10.3390/ijerph192215310. 

Coppalle, S., Ravé, G., Moran, J., Salhi, I., Abderrahman, A. Ben, Zouita, S., Granacher, U., & Zouhal, H. 
(2021). Internal and external training load in under-19 versus professional soccer players dur-
ing the in-season period. International Journal of Environmental Research and Public Health, 
18(2), 1–10. https://doi.org/10.3390/ijerph18020558. 

Costa, J. A., Figueiredo, P., Prata, A., Reis, T., Reis, J. F., Nascimento, L., & Brito, J. (2022). Associations 
between Training Load and Well-Being in Elite Beach Soccer Players: A Case Report. Interna-
tional Journal of Environmental Research and Public Health, 19(10). 
https://doi.org/10.3390/ijerph19106209. 

Espasa-Labrador, J., Fort-Vanmeerhaeghe, A., Montalvo, A. M., Carrasco-Marginet, M., Irurtia, A., & Ca-
lleja-González, J. (2023). Monitoring Internal Load in Women’s Basketball via Subjective and De-
vice-Based Methods: A Systematic Review. In Sensors (Vol. 23, Issue 9). MDPI. 
https://doi.org/10.3390/s23094447. 

Feu, S., García-Ceberino, J. M., López-Sierra, P., & Ibáñez, S. J. (2023). Training to Compete: Are Basketball 
Training Loads Similar to Competition Achieved? Applied Sciences (Switzerland), 13(22). 
https://doi.org/10.3390/app132212512. 

Gillen, Z., Shoemaker, M., Mckay, B., Bohannon, N., Gibson, S., & Cramer, J. (2020). Leg Extension Strength, 
Explosive Strength, Muscle Activation, and Growth as Predictors of Vertical Jump Performance 
in Youth Athletes. Journal of Science in Sport and Exercise, 2, 336 - 348. 
https://doi.org/10.1007/s42978-020-00067-0. 

Heishman, A., Peak, K., Miller, R., Brown, B., Daub, B., Freitas, E., & Bemben, M. (2020). Associations be-
tween two athlete monitoring systems used to quantify external training loads in basketball 
players. Sports, 8(3). https://doi.org/10.3390/sports8030033. 

https://doi.org/10.47197/retos.v54.102596


2025 (mayo), Retos, 66, 861-871  ISSN: 1579-1726, eISSN: 1988-2041 https://recyt.fecyt.es/index.php/retos/index 

 869  
 

Helwig, J., Diels, J., Röll, M., Mahler, H., Gollhofer, A., Roecker, K., & Willwacher, S. (2023). Relationships 
between External, Wearable Sensor-Based, and Internal Parameters: A Systematic Review. In 
Sensors (Vol. 23, Issue 2). MDPI. https://doi.org/10.3390/s23020827. 

Kale, U., Rohács, J., & Rohács, D. (2020). Operators’ load monitoring and management. Sensors (Switzer-
land), 20(17), 1–32. https://doi.org/10.3390/s20174665. 

Lago-Fuentes, C., Jiménez-Loaisa, A., Padrón-Cabo, A., Fernández-Villarino, M., Mecías-Calvo, M., Travas-
sos, B., & Rey, E. (2020). Monitoring workloads of a professional female futsal team over a sea-
son: A case study. Sports, 8(5). https://doi.org/10.3390/sports8050069. 

Mandroukas, A., Metaxas, I., Michailidis, Y., & Metaxas, T. (2023). Muscle Strength and Joint Range of 
Motion of the Spine and Lower Extremities in Female Prepubertal Elite Rhythmic and Artistic 
Gymnasts. Journal of Functional Morphology and Kinesiology, 8(4). 
https://doi.org/10.3390/jfmk8040153. 

Matos, S., Clemente, F. M., Silva, R., Pereira, J., & Carral, J. M. C. (2020). Performance and training load 
profiles in recreational male trail runners: Analyzing their interactions during competitions. In-
ternational Journal of Environmental Research and Public Health, 17(23), 1–15. 
https://doi.org/10.3390/ijerph17238902. 

Miguel, M., Oliveira, R., Loureiro, N., García-Rubio, J., & Ibáñez, S. J. (2021). Load measures in train-
ing/match monitoring in soccer: A systematic review. In International Journal of Environmental 
Research and Public Health (Vol. 18, Issue 5, pp. 1–26). MDPI AG. https://doi.org/10.3390/ije-
rph18052721. 

Morais, J., Oliveira, J., Sampaio, T., & Barbosa, T. (2022). Wearables in Swimming for Real-Time Feedback: 
A Systematic Review. Sensors (Basel, Switzerland), 22. https://doi.org/10.3390/s22103677. 

Nobari, H., Alves, A. R., Haghighi, H., Clemente, F. M., Carlos-Vivas, J., Pérez-Gómez, J., & Ardigò, L. P. 
(2021). Association between training load and well-being measures in young soccer players dur-
ing a season. International Journal of Environmental Research and Public Health, 18(9). 
https://doi.org/10.3390/ijerph18094451. 

Nobari, H., Kharatzadeh, M., Khalili, S. M., Pérez-Gómez, J., & Ardigò, L. P. (2021). Fluctuations of training 
load variables in elite soccer players u-14 throughout the competition season. Healthcare (Swit-
zerland), 9(11). https://doi.org/10.3390/healthcare9111418. 

Oliveira, R., & Brito, J. P. (2023). Load Monitoring and Its Relationship with Healthcare in Sports. In 
Healthcare (Switzerland) (Vol. 11, Issue 16). Multidisciplinary Digital Publishing Institute 
(MDPI). https://doi.org/10.3390/healthcare11162330. 

Oliveira, R., Brito, J. P., Moreno-Villanueva, A., Nalha, M., Rico-González, M., & Clemente, F. M. (2021). 
Reference values for external and internal training intensity monitoring in young male soccer 
players: A systematic review. In Healthcare (Switzerland) (Vol. 9, Issue 11). MDPI. 
https://doi.org/10.3390/healthcare9111567. 

Ouergui, I., Franchini, E., Selmi, O., Levitt, D. E., Chtourou, H., Bouhlel, E., & Ardigò, L. P. (2020). Relation-
ship between perceived training load, well-being indices, recovery state and physical enjoyment 
during judo-specific training. International Journal of Environmental Research and Public 
Health, 17(20), 1–8. https://doi.org/10.3390/ijerph17207400. 

Parrino, R., Strand, K., Ly, A., Barry, S., Liscano, J., Trebotich, L., Martin-Diala, C., Martin, E., & Signorile, J. 
(2023). Prediction of Upper-Body Power During the Seated Medicine Ball Throw in Older 
Women. Journal of Strength and Conditioning Research, 37, 1679 - 1686. 
https://doi.org/10.1519/JSC.0000000000004446. 

Paulino, M. F., Gomes, B. B., Ramalho, A. L., & Amaro, A. M. (2024). Measurement of the Impact Loads to 
Reduce Injuries in Acrobatic Gymnasts: Designing a Dedicated Platform. Applied Sciences (Swit-
zerland), 14(9). https://doi.org/10.3390/app14093661. 

Pawlik, D., & Mroczek, D. (2022). Fatigue and Training Load Factors in Volleyball. International Journal 
of Environmental Research and Public Health, 19(18). 
https://doi.org/10.3390/ijerph191811149. 

Radzimiński, Ł., Jastrzębski, Z., López-Sánchez, G. F., Szwarc, A., Duda, H., Stuła, A., Paszulewicz, J., & Dra-
gos, P. (2020). Relationships between training loads and selected blood parameters in profes-
sional soccer players during a 12-day sports camp. International Journal of Environmental Re-
search and Public Health, 17(22), 1–10. https://doi.org/10.3390/ijerph17228580. 

Rico-González, M., Pino-Ortega, J., Clemente, F. M., & Bustamante-Hernández, N. (2021). Relationship 
between training load management and immunoglobulin a to avoid immunosuppression after 



2025 (mayo), Retos, 66, 861-871  ISSN: 1579-1726, eISSN: 1988-2041 https://recyt.fecyt.es/index.php/retos/index 

 870  
 

soccer training and competition: A theoretical framework based on covid-19 for athletes’ 
healthcare. In Healthcare (Switzerland) (Vol. 9, Issue 7). MDPI AG. 
https://doi.org/10.3390/healthcare9070856. 

Santos-García, D. J., Serrano, D. R., Ponce-Bordón, J. C., & Nobari, H. (2022). Monitoring Heart Rate Vari-
ability and Its Association with High-Intensity Running, Psychometric Status, and Training Load 
in Elite Female Soccer Players during Match Weeks. Sustainability (Switzerland), 14(22). 
https://doi.org/10.3390/su142214815. 

Simangunsong, A., , N., Bangun, S., & Info, A. (2023). Development of a Digital Based Sit and Reach Test 
and Measurement Tool. Kinestetik : Jurnal Ilmiah Pendidikan Jasmani. 
https://doi.org/10.33369/jk.v7i3.29045. 

Simoneau, G. (1998). The Impact of Various Anthropometric and Flexibility Measurements on the Sit-
and-Reach Test. Journal of Strength and Conditioning Research, 12, 232–237. 2.3.CO;2" tar-
get="_blank">https://doi.org/10.1519/1533-4287(1998)012<0232:TIOVAA>2.3.CO;2. 

Teixeira, J. E., Branquinho, L., Ferraz, R., Leal, M., Silva, A. J., Barbosa, T. M., Monteiro, A. M., & Forte, P. 
(2022). Weekly Training Load across a Standard Microcycle in a Sub-Elite Youth Football Acad-
emy: A Comparison between Starters and Non-Starters. International Journal of Environmental 
Research and Public Health, 19(18). https://doi.org/10.3390/ijerph191811611. 

Teixeira, J. E., Encarnação, S., Branquinho, L., Morgans, R., Afonso, P., Rocha, J., Graça, F., Barbosa, T. M., 
Monteiro, A. M., Ferraz, R., & Forte, P. (2024). Data Mining Paths for Standard Weekly Training 
Load in Sub-Elite Young Football Players: A Machine Learning Approach. Journal of Functional 
Morphology and Kinesiology, 9(3), 114. https://doi.org/10.3390/jfmk9030114. 

Teixeira, J. E., Forte, P., Ferraz, R., Leal, M., Ribeiro, J., Silva, A. J., Barbosa, T. M., & Monteiro, A. M. (2021). 
Quantifying sub-elite youth football weekly training load and recovery variation. Applied Sci-
ences (Switzerland), 11(11). https://doi.org/10.3390/app11114871. 

Temm, D. A., Standing, R. J., & Best, R. (2022). Training, Wellbeing and Recovery Load Monitoring in 
Female Youth Athletes. In International Journal of Environmental Research and Public Health 
(Vol. 19, Issue 18). MDPI. https://doi.org/10.3390/ijerph191811463. 

Tiggemann, C. L., Pietta-Dias, C., Schoenell, M. C. W., Noll, M., Alberton, C. L., Pinto, R. S., & Kruel, L. F. M. 
(2021). Rating of perceived exertion as a method to determine training loads in strength training 
in elderly women: A randomized controlled study. International Journal of Environmental Re-
search and Public Health, 18(15). https://doi.org/10.3390/ijerph18157892. 

Veiga, R., Eidt, A., Boscolo, F., & Vecchio, D. (2025). Acute effects of a multimodal training session on 
heart rate, blood lactate and subjective perception of effort in young athletes Efectos agudos de 
una sesión de entrenamiento multimodal sobre la frecuencia cardíaca, el lactato sanguíneo y la 
percepción subjetiva del esfuerzo en deportistas jóvenes. Retos, 62, 2025. 
https://recyt.fecyt.es/in-dex.php/retos/index. 

Versic, S., Modric, T., Katanic, B., Jelicic, M., & Sekulic, D. (2022). Analysis of the Association between 
Internal and External Training Load Indicators in Elite Soccer; Multiple Regression Study. Sports, 
10(9). https://doi.org/10.3390/sports10090135. 

Wahl, Y., Achtzehn, S., Olstad, D. S., Mester, J., & Wahl, P. (2021). Training load measures and biomarker 
responses during a 7-day training camp in young cyclists—a pilot study. Medicina (Lithuania), 
57(7). https://doi.org/10.3390/medicina57070673. 

Wang, X., & Shan, G. (2023). Insights from a Nine-Segment Biomechanical Model and Its Simulation for 
Anthropometrical Influence on Individualized Planche Learning and Training in Gymnastics. Bi-
oengineering, 10(7). https://doi.org/10.3390/bioengineering10070761. 

Younesi, S., Rabbani, A., Clemente, F. M., Silva, R., Sarmento, H., & Figueiredo, A. J. (2021). Dose-response 
relationships between training load measures and physical fitness in professional soccer play-
ers. International Journal of Environmental Research and Public Health, 18(8). 
https://doi.org/10.3390/ijerph18084321. 

 

 
 
 
 
 



2025 (mayo), Retos, 66, 861-871  ISSN: 1579-1726, eISSN: 1988-2041 https://recyt.fecyt.es/index.php/retos/index 

 871  
 

Authors' and translators' details: 

Irmantara Subagio irmantarasubagio@unesa.ac.id Author 
  

Adi Pranoto adipranoto@unesa.ac.id Author 
  

Bekir Erhan Orhan bekirerhanorhan@aydin.edu.tr Author   

Dwi Cahyo Kartiko dwicahyo@unesa.ac.id Author   
Mokhamad Nur Bawono mokhamadnur@unesa.ac.id Author   

Achmad Widodo achmadwidodo@unesa.ac.id Author   
Fajar Eka Samudra fajarsamudra@unesa.ac.id Author   
Laily Mita Andriana lailyandriana@unesa.ac.id Author   

Rahmatya Ikhwanurrosida lingolinkpro@gmail.com Translator   

 


