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Abstract. Running consists of simple basic movements, and to achieve these simple basic movements requires good mobility and 
stability, because the weakening of mobility and stability of the body causes misalignment or weakness of the legs so as to interfere with 
the absorption or propulsion phase in leg movement while running. Apply appropriate exercise methods to improve lumbar mobility 
and spinal stability. One training method that can be used is the core stability training method. Core stability is an exercise model to 
improve the ability to control the position of trunk movement through the pelvis and legs to allow optimal motion production. This 
study aims to ascertain whether core stability training can improve lumbar mobility and spinal stability in running athletes. The study 
used an experimental method with a research pattern using a group pretest-posttest design. 10 running athletes were sampled according 
to the criteria to be treated in the form of core stability training for 6 weeks. The athletes were assessed before and after training using 
the Functional Reach Test and Unilateral Hip Bridge Endurance. This study showed that there was a significant effect between core 
stability training and lumbar mobility (P = 0.000) and spinal stability (P = 0.000) in athletes. The results of this study show that the 
application of core stability exercises can increase the ability of lumbar mobility and spinal stability, so if the core stability exercises are 
done properly, they can increase stability in the spine and mobility in the lumbar, which causes dynamic limb movement to be more 
efficient. 
Key Words: athletics; Core Stability; Lumbar Mobility; spine stability 
 
Resumen. Correr consiste en movimientos básicos simples, y para lograr estos movimientos básicos simples se requiere una buena 
movilidad y estabilidad, porque el debilitamiento de la movilidad y la estabilidad del cuerpo provoca una desalineación o debilidad de 
las piernas que interfiere con la fase de absorción o propulsión en el movimiento de las piernas mientras se corre. Aplicar métodos de 
ejercicio apropiados para mejorar la movilidad lumbar y la estabilidad de la columna vertebral. Un método de entrenamiento que se 
puede utilizar es el método de entrenamiento de estabilidad central. La estabilidad del tronco es un modelo de ejercicio para mejorar 
la capacidad de controlar la posición del movimiento del tronco a través de la pelvis y las piernas para permitir una producción óptima 
de movimiento. Este estudio tiene como objetivo determinar si el entrenamiento de la estabilidad del tronco puede mejorar la movilidad 
lumbar y la estabilidad de la columna vertebral en atletas que corren. El estudio utilizó un método experimental con un patrón de 
investigación utilizando un diseño grupal pretest-postest. Se tomaron muestras de 10 atletas de running de acuerdo con los criterios 
para ser tratados en forma de entrenamiento de estabilidad central durante 6 semanas. Los atletas fueron evaluados antes y después del 
entrenamiento mediante el Test de Alcance Funcional y la Resistencia Unilateral del Puente de la Cadera. Este estudio mostró que 
hubo un efecto significativo entre el entrenamiento de la estabilidad del tronco y la movilidad lumbar (P = 0,000) y la estabilidad de la 
columna vertebral (P = 0,000) en los atletas. Los resultados de este estudio muestran que la aplicación de ejercicios de estabilidad del 
core puede aumentar la capacidad de movilidad lumbar y la estabilidad de la columna vertebral, por lo que si los ejercicios de estabilidad 
del core se realizan correctamente, pueden aumentar la estabilidad en la columna vertebral y la movilidad en la lumbar, lo que hace 
que el movimiento dinámico de las extremidades sea más eficiente. 
Palabras clave: atletismo; Estabilidad del núcleo; Movilidad lumbar; estabilidad espina dorsal 
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Introduction 
 
Currently, running sports training is not only done by 

professional athletes but has become popular in Indonesian 
society because now people have developed very much in 
thinking about the importance of sports. Even those who 
initially just had fun now have a commitment to practice, 
and the results have become podiums in competitions. Run-
ning activists now consider running not just physical activity 
to make the body fit. Running is now developing into part 
of the style. In people's lives, some people also have 

different goals when participating in running sports, one of 
which is competition in the field of running, which can be 
used as a recreational event for self-actualization. As stated 
by (Barmak et al., 2021; D. chul Lee et al., 2017; Nazik et 
al., 2015) healthy lifestyle behavior is an expression of self-
actualization, health responsibility, and interpersonal sup-
port in managing stress. Community physical activity pro-
grams can increase awareness of physical activity (Weraman 
et al., 2023). 

Running is not that simple because athletes and runners 
who train with the aim of achieving their personal best and 
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avoiding injury are influenced by various aspects such as 
technical aspects, physical aspects, and mental aspects 
(Boullosa et al., 2020; Smith et al., 2016; Smyth & 
Cunningham, 2017; Trowell et al., 2021). Athletes and 
runners who have excellent physical abilities cannot bring 
out their maximum abilities throughout the race if they are 
not supported by good tactics and techniques (Burke, 2017; 
Ceci et al., 2016; Jabbar, 2015; van Oeveren et al., 2021). 
Optimal results hinge on the athlete's physical readiness and 
the nature of training (Zanada et al., 2023). Techniques in 
running are related to hand swing hoists, foot movements, 
and postures, so that movements in running consist of 
structured movements that require skills so that running 
movements are carried out compactly and harmoniously 
(Blickhan et al., 2021; Hyun et al., 2014; Preece et al., 
2016). Skills can be defined as simple basic gestures. To 
achieve these simple basic movements in running requires 
good mobility and body stability. Because any leg misalign-
ment or weakness that negatively impacts leg mobility can 
interfere with the absorption or propulsion phase in running 
partners while running (Cowley, 2019; Fourchet et al., 
2015; Hoenig et al., 2019; Lacquaniti et al., 2017; 
Sulowska et al., 2019; Watari et al., 2021). 

The importance of mobility and stability in running can 
be seen when the body position maintains the body to stay 
upright when running, the legs that always move with the 
knees slightly bent, and the soles of the feet as a fulcrum 
must remain stable, so it is important to have good stability 
in running on the spine, ankles, and knees (Angin & 
Demirbüken, 2020; Ogaya et al., 2021). The drive to run 
is caused by a strong extension of the hip joint, knees, and 
ankles, which causes the body to project forward and up-
ward towards the next step (Davis, 2016; Ogaya et al., 
2021; Pandy et al., 2021). So it takes good lumbar mobility 
strength in order to maintain posture so as not to fall. Have 
good lumbar mobility strength and spinal stability so that 
running movements are more efficient, avoid injury, and 
avoid low back pain (Bertelsen et al., 2017; Ceyssens et al., 
2019; Smrcina et al., 2022). 

In modern times, there have been many varied training 
methods to support each exercise in accordance with the 
purpose and imposition of the training session. One exer-
cise method that can improve the strength of lumbar mobil-
ity and spinal stability is weight training. Weight training is 
an exercise that is carried out systematically using weights 
as a tool to increase the strength of muscle function to 
achieve goals such as increasing mobility and body stability, 
one of which uses core stability exercises. Core stability ex-
ercises are exercise programs that are performed through 
assistive devices or body weight alone and aim to develop 
central muscle strength that balances posture (Amini et al., 
2016; Haruyama et al., 2017; Oliva-Lozano & Muyor, 
2020). Core stability exercises have become a very popular 
and effective method for improving physical fitness param-
eters such as endurance, explosive power, strength, bal-
ance, and flexibility (Kalaycioglu et al., 2020; Kumar & 
Zemková, 2022; Özen et al., 2020). Core stability training 

also serves to improve movement performance to prevent 
the risk of injury (Opoku-Antwi & Kwakye, 2023; Silfies et 
al., 2015). Having good central muscle strength or not can 
affect lumbar mobility ability and spinal stability, so the pur-
pose of this study was to see if applying core stability exer-
cises to running athletes could help improve lumbar mobil-
ity and spinal stability in these runners. 

 
Methods 
 
The type of research used in this study is quantitative 

research using experimental design methods. The research 
pattern used in this study was one group pretest-posttest 
de-sign. This design involves one group, namely one group 
to treat core stability exercises. Sampling in this study used 
purposive sampling. Sample criteria include: (1) athletes 
who are still actively participating in running training; (2) 
willing to participate in all training given; (3) not in a state 
of illness or injury; and (4) male and aged between 18 and 
21 years. The total population of 20 athletes met the criteria 
and, at the same time, served as a sample for this study. The 
data collection techniques carried out in this study are tests 
and measurements. Before giving exercises, pretest, and af-
ter giving practice, do a posttest. Treatment or exercise is 
carried out following an exercise program that has been 
prepared. Before being used for research, the training pro-
gram is first validated by expert lecturers, so that the exer-
cise program is feasible for research. The core stability ex-
ercise program will focus on improving muscles in the hip, 
abdomen, and pelvic areas because these muscles are asso-
ciated with the performance of lumbar mobility and spinal 
stability. The forms of movement that will be used in the 
core stability training program are plank movements, leg 
circles, horizontal balance, side-lying leg lifts, double leg 
power and lifts, bridges, and roll-backs. The research pro-
cess was carried out for 18 meetings not including pretest 
and posttest. The length of training required is for 6 weeks 
or more, with training conducted 3 times a week regularly 
for 6 weeks may have shown a significant effect on improv-
ing skills and physical condition. The instruments used in 
this study are the Functional Reach Test method (ICC = 
0.786; P<0.001) to determine the ability of lumbar mobil-
ity and the Unilateral Hip Bridge Endurance (p = -0.49 and 
p = -0.56; p<0.05) to determine the ability of spinal stabil-
ity. In accordance with the hypothesis and type of research 
used in this study, the statistical analysis used is a preloaded 
test of normality and homogeneity data, then continued 

with the two-way ANAVA test at the level of significance  
= 0.05. The process will be implemented in SPSS 20.0. 

 
Results 
 
The data from this study is in the form of pretest and 

posttest data on lumbar mobility and spinal stability. The 
research process will take place in three stages. The first 
stage is to perform a pre-test to obtain preliminary data on 
the assessment of lumbar mobility and spinal stability. The 
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second stage of this research activity is to carry out treat-
ment. This research lasts for 2 months. The third stage is to 
perform a posttest to obtain final data on the assessment of 
lumbar mobility and spinal stability.  
 
Table 1. 
Measurement results 

No 

Measurement results 

Lumbar Mobility Spinal stability 

Pre-test Pos-test Difference Pre-test Pos-test Difference 

1 39 43 4 20 22 2 
2 45 48 3 20,5 22,75 2 

3 37 45 8 23 28 5 
4 35 39 4 20,5 22 2 
5 42 45 3 31 32,75 2 
6 38 42 4 19,75 23 3 
7 40 44 4 28,5 31 3 

8 37 40 3 23 24 1 
9 39 41 2 28,5 30,75 2 

10 38 40 2 20,5 24 4 

Average 39 43 3,7 24 26 3 

Percentage (%)   9%   11% 

 
Uji normalitas 
The calculation results using the Shapiro-wilk test with 

the SPSS software program version 20.0 with a significant 
level of 5% or 0.05 to see whether the data is normal or not 
can be seen in table 2 below. 
 
Table 2. 
Test results normalize variable data 

Variable Test Sig. (P) Conclusion Description 

Mobilitas Lumbal 
Pre-Test 0,068 P>0,05 Normal 

Post-Test 0,373 P>0,05 Normal 

Stabilitas Tulang 
Belakang 

Pre-Test 0,222 P>0,05 Normal 

Post-Test 0,720 P>0,05 Normal 

 
Based on statistical analysis of normality tests that have 

been performed using the Shapiro-Wilk test in Table 10 
above, it shows that all pretest and posttest data of lumbar 
mobility and spinal stability are obtained from the normality 
test results of p > 0.05 significance data, which means the 
data are normally distributed. 

 
Uji homogenitas  
The homogeneity test is intended to test the similarity 

of variance between the pretest and posttest. The homoge-
neity test in this study is the Levene test. The homogeneity 
test results are presented in Table 3 below. 

 
Table 3. 
Hasil uji homogenitas 

Variabel Test Sig. (P) Keterangan Kesimpulan 

Mobilitas Lumbal 
Pre-Test 0,283 P>0,05 Homogen 

Post-Test 0,152 P>0,05 Homogen 

Stabilitas Tulang 
Belakang 

Pre-Test 0,600 P>0,05 Homogen 

Post-Test 0,661 P>0,05 Homogen 

 
Based on the statistical analysis of homogeneity tests that 

have been carried out using the Wilk Levene test in Table 3 
above, The homogeneity test result of the data significance 
value is p > 0.05, which means that the data in the group 
has homogeneous variance. Thus, populations have com-
mon variants or are homogeneous. 

 

Uji hipotesis 
Testing of research hypotheses is carried out based on 

the results of data analysis and the interpretation of two-
way ANAVA analysis.  
 
Table 4. 
Uji analisis pairet samples test 

Variabel Pair t-hitung Sig. (2 tailed) Status 

Mobilitas Lumbal Pretest-Postest 8,330 0,000 Signifikan 
Stabilitas Tulang Belakang Pretest-Postest 9,111 0,000 Signifikan 

 
The pairet sample test results obtained a significance of 

0.000 less than the significant level (α) = 0.05, then Ha was 
accepted. This means that there is a significant effect of core 
stability training on the lumbar mobility and spinal stability 
of athletes. This means that there is a significant difference 
between the average value before treatment and the average 
value after treatment. This means that there is an effect of 
core stability training on increasing the ability of the car to 
increase the lumbal and spinal vitality. 

 
Discussion 
 
Providing core stability exercises over time will im-

prove lumbar mobility and spinal stability because exercises 
performed systematically and repeatedly for an extended 
period of time will put stress on the muscles, causing phys-
iological adaptations to occur. Providing core stability ex-
ercises over time will improve lumbar mobility and spinal 
stability because exercises performed systematicallythis can 
be seen from the results of giving core stability exercises for 
18 meetings, the results of testing the hypothesis is known 
that there is a significant influence between core stability 
exercises on lumbar mobility ability, and spinal stability in 
athletes. In the core stability exercise group in lumbar mo-
bility only increased ability 9%, and in spinal stability only 
increased 11%.ally and repeatedly for an extended period 
of time will put stress on the muscles, causing physiological 
adaptations to occur. Similarly, the results of research con-
ducted (Smrcina et al., 2022) show that the provision of 
core stability exercises can strengthen the muscles that pro-
vide stability to the spine and show promising results. Not 
only that, research conducted by (Coulombe et al., 2017) 
on the comparison of the application of core stability exer-
cise and general exercise in reducing low back pain shows 
that the application of core stability exercise in the short 
term is more effective than general exercise in increasing 
the strength of muscles in the lumbar region so as to reduce 
pain and increase lumbar mobility.  

Doing core stability exercises can activate the work of 
the core muscle. The activation of this core muscle will in-
crease spinal stability because the active core muscle will 
increase intra-abdominal pressure and form an abdominal 
brace that will increase the stability of the spine (Alrwaily 
et al., 2019; Nabavi et al., 2018). Core stability exercises 
can improve lumbar flexibility and mobility and reduce the 
risk of muscle strain (Gordon & Bloxham, 2016; Sandler et 
al., 2014). Similarly, the results of research conducted by 
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(Haruyama et al., 2017) that the application of core stability 
exercises increases the value of flexibility, thus affecting the 
level of mobility ability. Core stability exercise can activate 
harmonious movements between the four core muscle 
groups (diaphragm, pelvic muscles, trunk muscles, and ab-
dominal muscles) so as to provide lumbar stability and in-
creased mobility in the lumbar (K. Lee, 2021) Increased 
control in the lumbopelvic by stimulating coordination and 
control of the lum-bopelvic muscles so that they can main-
tain the position of the spine by increasing core stability 
Muscle activity aims to activate the trunk (core), dia-
phragm, and pelvic floor muscles to be able to maintain the 
stability of the position of the spine (K. Lee, 2021; Vélez, 
2019; Yılmaz et al., 2023). The three muscle groups con-
tract simultaneously during this exercise.  

Having core muscle endurance is the most important 
component in core training because it supports core mus-
cles in maintaining an efficient torso position (Hung et al., 
2019; Wirth et al., 2017). Having core muscle endurance 
is important for spinal stability during long-term exercise 
(Toprak Çelenay & Özer Kaya, 2017). Maximum running 
with high intensity can cause core muscle fatigue. There-
fore, increasing core muscle endurance can benefit running 
performance (Koblbauer et al., 2014). This is evident from 
the increased distance in the results of the 12-minute run-
ning test conducted by the study participants, because core 
muscle function is related to running kinematics and breath-
ing work (Koblbauer et al., 2014; Toprak Çelenay & Özer 
Kaya, 2017). Core muscles allow optimal force production 
to control, support, and move extremes (Silfies et al., 
2015) and also improve the ability to control the position of 
torso movement through the pelvis and legs to allow opti-
mal motion production (Bagherian et al., 2019; Kalaycioglu 
et al., 2020; Sartori et al., 2022; Zemková & Zapletalová, 
2022), because core stability also provides proximal stabil-
ity for distal mobility (Bagherian et al., 2019; Myers & 
Kibler, 2018; Panchal et al., 2017).  

Core muscle exercises include hip muscles, abdominal 
muscles, and pelvic muscles; these muscles play an im-
portant role in transferring power between the lower and 
upper extremities (Oliva-Lozano & Muyor, 2020; 
Zemková & Zapletalová, 2022). Also included are the mul-
tijoint muscles, namely the latissimus dorsi and psoas, that 
pass through the core, connecting it to the pelvis, legs, 
shoulders, and arms (De Bruin et al., 2021). These muscles 
are responsible for supporting posture, creating movement, 
coordinating muscle action, allowing stability, absorbing 
force, generating force, and transmitting force throughout 
the body (Clayton, 2016; De Bruin et al., 2021). Strong 
core muscles improve force transmission and minimize 
force loss during transfer from the lower extremities of the 
body, torso, and then upper extremities; thus, running 
movements are positively affected by a strong core. The im-
portance of having a strong core is that it can balance the 
relationship between muscle length and movement pat-
terns, allow deeper muscle activity, increase core stability 
and strength, reduce the risk of injury, and increase 

movement efficiency in the limbs (Luo et al., 2023), until 
the provision of appropriate core stability exercise can re-
sult in increased core muscle endurance, breathing, and 
movement efficiency (Cavaggioni et al., 2015). So if core 
stability exercises are done well, it can increase stability in 
the spine and mobility in the lumbar, which causes dynamic 
limb movement to be more efficient.  

 
Conclusion 
 
The application of core stability exercises can enhance 

the lumbar mobility and spinal stability of running athletes, 
according to the findings of a six-week study. The findings 
demonstrated how proper core stability workouts improve 
spine stability and lumbar mobility, which in turn affect 
running kinematics and respiratory effort. Furthermore, ac-
cording to certain research, core stability training might 
help runners and sportsmen avoid injuries. Thus, properly 
executed core stability exercises can improve lumbar mo-
bility and spine stability, resulting in more efficient dynamic 
limb motions and assisting runners and athletes in reaching 
their personal bests. 

 
Acknowledgment  
 
The authors express their profound gratitude to all of 

the dedicated participants for giving so freely of their time 
to finish the article. 

 
Conflicts of interest 
 
No conflicts of interest are disclosed by the writers. 
 
References 

 
Alrwaily, M., Schneider, M., Sowa, G., Timko, M., Whitney, S. 

L., & Delitto, A. (2019). Stabilization exercises combined 
with neuromuscular electrical stimulation for patients with 
chronic low back pain: a randomized controlled trial. 
Brazilian Journal of Physical Therapy, 23(6), 506–515. 
https://doi.org/10.1016/j.bjpt.2018.10.003 

Amini, H. A., Kalkhoran, J. F., Salehi, M., & Jazini, F. (2016). 
Effect of backward walking training on improves postural 
stability in children with down syndrome. International 
Journal of Pediatrics, 4(7), 2171–2181. 
https://doi.org/10.22038/ijp.2016.7103 

Angin, S., & Demirbüken, İ. (2020). Ankle and foot complex. 
Comparative Kinesiology of the Human Body: Normal and 
Pathological Conditions, 411–439. 
https://doi.org/10.1016/B978-0-12-812162-7.00023-0 

Bagherian, S., Ghasempoor, K., Rahnama, N., & Wikstrom, E. 
A. (2019). The effect of core stability training on functional 
movement patterns in college athletes. Journal of Sport 
Rehabilitation, 28(5), 444–449. 
https://doi.org/10.1123/jsr.2017-0107 

Barmak, F., Farahaninia, M., Bozorgnezhad, M., & Haghani, H. 
(2021). The Relationship Between Adolescents’ Awareness 
of Non-alcoholic Fatty Liver and Their Health-Promoting 
Lifestyle. Journal of Client-Centered Nursing Care, 7(4), 



2024, Retos, 55, 825-831 
© Copyright: Federación Española de Asociaciones de Docentes de Educación Física (FEADEF) ISSN: Edición impresa: 1579-1726. Edición Web: 1988-2041 (https://recyt.fecyt.es/index.php/retos/index) 

-829-                                                                                                                                                                                                               Retos, número 55, 2024 (junio)     

263–274. https://doi.org/10.32598/JCCNC.7.4.93.19 
Bertelsen, M. L., Hulme, A., Petersen, J., Brund, R. K., 

Sørensen, H., Finch, C. F., Parner, E. T., & Nielsen, R. O. 
(2017). A framework for the etiology of running-related 
injuries. Scandinavian Journal of Medicine and Science in 
Sports, 27(11), 1170–1180. 
https://doi.org/10.1111/sms.12883 

Blickhan, R., Andrada, E., Hirasaki, E., & Ogihara, N. (2021). 
Trunk and leg kinematics of grounded and aerial running in 
bipedal macaques. Journal of Experimental Biology, 224(2). 
https://doi.org/10.1242/jeb.225532 

Boullosa, D., Esteve-Lanao, J., Casado, A., Peyré-Tartaruga, L. 
A., Da Rosa, R. G., & Del Coso, J. (2020). Factors affecting 
training and physical performance in recreational endurance 
runners. Sports, 8(3), 1–20. 
https://doi.org/10.3390/sports8030035 

Burke, L. M. (2017). Practical Issues in Evidence-Based Use of 
Performance Supplements: Supplement Interactions, 
Repeated Use and Individual Responses. Sports Medicine, 
47(s1), 79–100. https://doi.org/10.1007/s40279-017-
0687-1 

Cavaggioni, L., Ongaro, L., Zannin, E., Marcello Iaia, F., & 
Alberti, G. (2015). Effects of different core exercises on 
respiratory parameters and abdominal strength. Journal of 
Physical Therapy Science, 27(10), 3249–3253. 
https://doi.org/10.1589/jpts.27.3249 

Ceci, S. J., Williams-Ceci, S., & Williams, W. M. (2016). How 
to actualize potential: a bioecological approach to talent 
development. Annals of the New York Academy of Sciences, 
1377(1), 10–21. https://doi.org/10.1111/nyas.13057 

Ceyssens, L., Vanelderen, R., Barton, C., Malliaras, P., & 
Dingenen, B. (2019). Biomechanical Risk Factors Associated 
with Running-Related Injuries: A Systematic Review. Sports 
Medicine, 49(7), 1095–1115. 
https://doi.org/10.1007/s40279-019-01110-z 

Clayton, H. M. (2016). Core Training and Rehabilitation in 
Horses. Veterinary Clinics of North America - Equine 
Practice, 32(1), 49–71. 
https://doi.org/10.1016/j.cveq.2015.12.009 

Coulombe, B. J., Games, K. E., Neil, E. R., & Eberman, L. E. 
(2017). Core Stability Exercise Versus General Exercise for 
Chronic Low Back Pain. Journal of Athletic Training, 52(1), 
71–72. https://doi.org/10.4085/1062-6050-51.11.16 

Cowley, E. (2019). The effects of prolonged running on the 
biomechanics and function of the foot and ankle [university of 
plymouth]. 
https://pearl.plymouth.ac.uk/handle/10026.1/14901 

Davis, S. (2016). Running Atlas: A Literature Review of Running 
Form and Technique. Wyoscholar.Uwyo.Edu. 
https://doi.org/https://doi.org/10.15786/13699741.v3 

De Bruin, M., Coetzee, D., & Schall, R. (2021). The relationship 
between core stability and athletic performance in female 
university athletes. South African Journal of Sports Medicine, 
33(1). https://doi.org/10.17159/2078-
516X/2021/v33i1a10825 

Fourchet, F., Girard, O., Kelly, L., Horobeanu, C., & Millet, G. 
P. (2015). Changes in leg spring behaviour, plantar loading 
and foot mobility magnitude induced by an exhaustive 
treadmill run in adolescent middle-distance runners. Journal 
of Science and Medicine in Sport, 18(2), 199–203. 
https://doi.org/10.1016/j.jsams.2014.01.007 

Gordon, R., & Bloxham, S. (2016). A systematic review of the 
effects of exercise and physical activity on non-specific 

chronic low back pain. Healthcare (Switzerland), 4(2). 
https://doi.org/10.3390/healthcare4020022 

Haruyama, K., Kawakami, M., & Otsuka, T. (2017). Effect of 
Core Stability Training on Trunk Function, Standing Balance, 
and Mobility in Stroke Patients: A Randomized Controlled 
Trial. Neurorehabilitation and Neural Repair, 31(3), 240–
249. https://doi.org/10.1177/1545968316675431 

Hoenig, T., Hamacher, D., Braumann, K. M., Zech, A., & 
Hollander, K. (2019). Analysis of running stability during 
5000 m running *. European Journal of Sport Science, 19(4), 
413–421. 
https://doi.org/10.1080/17461391.2018.1519040 

Hung, K. C., Chung, H. W., Yu, C. C. W., Lai, H. C., & Sun, 
F. H. (2019). Effects of 8-week core training on core 
endurance and running economy. PLoS ONE, 14(3), 1–12. 
https://doi.org/10.1371/journal.pone.0213158 

Hyun, D. J., Seok, S., Lee, J., & Kim, S. (2014). High speed trot-
running: Implementation of a hierarchical controller using 
proprioceptive impedance control on the MIT Cheetah. 
International Journal of Robotics Research, 33(11), 1417–
1445. https://doi.org/10.1177/0278364914532150 

Jabbar, H. (2015). “Every Kid Is Money”: Market-Like 
Competition and School Leader Strategies in New Orleans. 
Educational Evaluation and Policy Analysis, 37(4), 638–659. 
https://doi.org/10.3102/0162373715577447 

Kalaycioglu, T., Apostolopoulos, N. C., Goldere, S., Duger, T., 
& Baltaci, G. (2020). Effect Of A Core Stabilization Training 
Program On Performance Of Ballet And Modern Dancers. 
Journal of Strength and Conditioning Research, 34(4), 1166–
1175. https://doi.org/10.1519/JSC.0000000000002916 

Koblbauer, I. F., Schooten, K. S. van, Verhagen, E. A., & Dieën, 
J. H. van. (2014). Kinematic changes during running-induced 
fatigue and relations with core endurance in novice runners. 
Journal of Science and Medicine in Sport, 17(4), 419–424. 
https://doi.org/https://doi.org/10.1016/j.jsams.2013.05
.013 

Kumar, R., & Zemková, E. (2022). The Effect of 12-Week Core 
Strengthening and Weight Training on Muscle Strength, 
Endurance and Flexibility in School-Aged Athletes. Applied 
Sciences (Switzerland), 12(24). 
https://doi.org/10.3390/app122412550 

Lacquaniti, F., Ivanenko, Y. P., Sylos-Labini, F., La Scaleia, V., 
La Scaleia, B., Willems, P. A., & Zago, M. (2017). Human 
locomotion in hypogravity: From basic research to clinical 
applications. Frontiers in Physiology, 8(NOV), 1–18. 
https://doi.org/10.3389/fphys.2017.00893 

Lee, D. chul, Brellenthin, A. G., Thompson, P. D., Sui, X., Lee, 
I. M., & Lavie, C. J. (2017). Running as a Key Lifestyle 
Medicine for Longevity. Progress in Cardiovascular Diseases, 
60(1), 45–55. 
https://doi.org/10.1016/j.pcad.2017.03.005 

Lee, K. (2021). The relationship of trunk muscle activation and 
core stability: A biomechanical analysis of pilates-based 
stabilization exercise. International Journal of Environmental 
Research and Public Health, 18(23). 
https://doi.org/10.3390/ijerph182312804 

Luo, S., Soh, K. G., Zhang, L., Zhai, X., Sunardi, J., Gao, Y., & 
Sun, H. (2023). Effect of core training on skill-related 
physical fitness performance among soccer players: A 
systematic review. Frontiers in Public Health, 10. 
https://doi.org/10.3389/fpubh.2022.1046456 

Myers, N. L., & Kibler, W. Ben. (2018). Core Stability in Tennis 
Players. Springer International Publishing. 



2024, Retos, 55, 825-831 
© Copyright: Federación Española de Asociaciones de Docentes de Educación Física (FEADEF) ISSN: Edición impresa: 1579-1726. Edición Web: 1988-2041 (https://recyt.fecyt.es/index.php/retos/index) 

-830-                                                                                                                                                                                                               Retos, número 55, 2024 (junio)     

https://doi.org/https://doi.org/10.1007/978-3-319-
71498-1_32 

Nabavi, N., Mohseni Bandpei, M. A., Mosallanezhad, Z., 
Rahgozar, M., & Jaberzadeh, S. (2018). The Effect of 2 
Different Exercise Programs on Pain Intensity and Muscle 
Dimensions in Patients With Chronic Low Back Pain: A 
Randomized Controlled Trial. Journal of Manipulative and 
Physiological Therapeutics, 41(2), 102–110. 
https://doi.org/10.1016/j.jmpt.2017.03.011 

Nazik, H., Nazik, E., Özdemir, F., Gül, Ş., Tezel, A., & Narin, 
R. (2015). Effect of parity on healthy promotion lifestyle 
behavior in women. Contemporary Nurse, 50(2–3), 267–
273. https://doi.org/10.1080/10376178.2015.1081072 

Ogaya, S., Suzuki, M., Yoshioka, C., Nakamura, Y., Kita, S., & 
Watanabe, K. (2021). The effects of trunk endurance training 
on running kinematics and its variability in novice female 
runners. Sports Biomechanics, 00(00), 1–12. 
https://doi.org/10.1080/14763141.2021.1906938 

Oliva-Lozano, J. M., & Muyor, J. M. (2020). Core muscle 
activity during physical fitness exercises: A systematic review. 
International Journal of Environmental Research and Public 
Health, 17(12), 1–42. 
https://doi.org/10.3390/ijerph17124306 

Opoku-Antwi, E., & Kwakye, J. A. (2023). Effect of 16 Weeks 
of Core and Strength Training on Incidence of Injury 
Occurrence and FMS Score of Ghanaian University Basketball 
Athletes. Integrated Health Research Journal (IHRJ), 1(2), 
17–23. 
https://doi.org/https://doi.org/10.47963/ihrj.v1i2.1370 

Özen, T., Çolak, T. K., Baran, E., Bilir, M. M., & Öz, G. G. 
(2020). the Effects of Core and Plyometric Training Program 
on Performance and Strength in Male Elite Soccer Players. 
Karya Journal of Health Science, 1(1), 1–5. 
https://dergipark.org.tr/en/pub/kjhs/issue/56574/76879
0 

Panchal, P., Bedekar, N., Sancheti, P., & Shyam, A. (2017). 
Effects of Lumbar Core Stability Exercise Programme on 
Knee Pain, Range of Motion, and Function Post Anterior 
Cruciate Ligament Reconstruction. Journal of Orthopaedics, 
Trauma and Rehabilitation, 23, 39–44. 
https://doi.org/10.1016/j.jotr.2016.10.003 

Pandy, M. G., Lai, A. K. M., Schache, A. G., & Lin, Y. C. 
(2021). How muscles maximize performance in accelerated 
sprinting. Scandinavian Journal of Medicine and Science in 
Sports, 31(10), 1882–1896. 
https://doi.org/10.1111/sms.14021 

Preece, S. J., Mason, D., & Bramah, C. (2016). The coordinated 
movement of the spine and pelvis during running. Human 
Movement Science, 45, 110–118. 
https://doi.org/10.1016/j.humov.2015.11.014 

Sandler, R. D., Sui, X., Church, T. S., Fritz, S. L., Beattie, P. 
F., & Blair, S. N. (2014). Are flexibility and muscle-
strengthening activities associated with a higher risk of 
developing low back pain? Jurnal of Science and Medicine in 
Sport, 17(4), 361–265. 
https://doi.org/https://doi.org/10.1016/j.jsams.2013.07
.016 

Sartori, C. B. da S., Montagner, P. C., & Borin, J. P. (2022). 
Relación entre la estabilidad del core y el equilibrio postural 
en las habilidades biomotoras de los jóvenes atletas de 
baloncesto: una revisión sistemática (Relationship between 
Core Stability and Postural Balance on the Biomotor 
Capabilities of Young Ba. Retos, 44, 749–755. 

https://doi.org/https://doi.org/10.47197/retos.v44i0.89
896 

Silfies, S. P., Ebaugh, D., Pontillo, M., & Butowicz, C. M. 
(2015). Critical review of the impact of core stability on 
upper extremity athletic injury and performance. Brazilian 
Journal of Physical Therapy, 19(5), 360–368. 
https://doi.org/10.1590/bjpt-rbf.2014.0108 

Smith, M. R., Coutts, A. J., Merlini, M., Deprez, D., Lenoir, 
M., & Marcora, S. M. (2016). Mental fatigue impairs soccer-
specific physical and technical performance. Medicine and 
Science in Sports and Exercise, 48(2), 267–276. 
https://doi.org/10.1249/MSS.0000000000000762 

Smrcina, Z., Woelfel, S., & Burcal, C. (2022). A Systematic 
Review of the Effectiveness of Core Stability Exercises in 
Patients with Non-Specific Low Back Pain. International 
Journal of Sports Physical Therapy, 17(5), 766–774. 
https://doi.org/10.26603/001c.37251 

Smyth, B., & Cunningham, P. (2017). Running with cases: A 
CBR approach to running your best marathon. Lecture Notes 
in Computer Science (Including Subseries Lecture Notes in 
Artificial Intelligence and Lecture Notes in Bioinformatics), 
1–15. https://doi.org/10.1007/978-3-319-61030-6_25 

Sulowska, I., Mika, A., Oleksy, Ł., & Stolarczyk, A. (2019). The 
Influence of Plantar Short Foot Muscle Exercises on the 
Lower Extremity Muscle Strength and Power in Proximal 
Segments of the Kinematic Chain in Long-Distance Runners. 
BioMed Research International, 2019. 
https://doi.org/10.1155/2019/6947273 

Toprak Çelenay, Ş., & Özer Kaya, D. (2017). An 8-week 
thoracic spine stabilization exercise program improves 
postural back pain, spine alignment, postural sway, and core 
endurance in university students: A randomized controlled 
study. Turkish Journal of Medical Sciences, 47(2), 504–513. 
https://doi.org/10.3906/sag-1511-155 

Trowell, D., Phillips, E., Saunders, P., & Bonacci, J. (2021). The 
relationship between performance and biomechanics in 
middle-distance runners. Sports Biomechanics, 20(8), 974–
984. https://doi.org/10.1080/14763141.2019.1630478 

van Oeveren, B. T., de Ruiter, C. J., Beek, P. J., & van Dieën, 
J. H. (2021). The biomechanics of running and running 
styles: a synthesis. Sports Biomechanics, 23(4), 1–39. 
https://doi.org/10.1080/14763141.2021.1873411 

Vélez, A. J. G. (2019). Descripción del morfotipo raquídeo en 
diferentes posiciones en tenistas jóvenes (Description of 
young tennis players’ spinal morphotype in different 
positions). Retos, 36, 174–184. 
https://doi.org/10.47197/retos.v36i36.65707 

Watari, R., Suda, E. Y., Santos, J. P. S., Matias, A. B., Taddei, 
U. T., & Sacco, I. C. N. (2021). Subgroups of Foot-Ankle 
Movement Patterns Can Influence the Responsiveness to a 
Foot-Core Exercise Program: A Hierarchical Cluster 
Analysis. Frontiers in Bioengineering and Biotechnology, 
9(June), 1–13. 
https://doi.org/10.3389/fbioe.2021.645710 

Weraman, P., Susanto, N., Wahyuni, L. T. S., Pranata, D., 
Saddhono, K., Dewi, K. A. K., Kurniawati, K. L., Hita, I. P. 
A. D., Lestari, N. A. P., & Nizeyumukiza, E. (2023). 
Chronic Pain and Subjective Health in a Sample of Indonesian 
Adults: A Moderation of Gender. Journal of Population and 
Social Studies, 32, 278–289. 
https://doi.org/10.25133/JPSSV322024.017 

Wirth, K., Hartmann, H., Mickel, C., Szilvas, E., Keiner, M., & 
Sander, A. (2017). Core Stability in Athletes: A Critical 



2024, Retos, 55, 825-831 
© Copyright: Federación Española de Asociaciones de Docentes de Educación Física (FEADEF) ISSN: Edición impresa: 1579-1726. Edición Web: 1988-2041 (https://recyt.fecyt.es/index.php/retos/index) 

-831-                                                                                                                                                                                                               Retos, número 55, 2024 (junio)     

Analysis of Current Guidelines. Sports Medicine, 47(3), 
401–414. https://doi.org/10.1007/s40279-016-0597-7 

Yılmaz, D. A., Yıldız, M., Yıldırım, M. S., & Özlenir, M. (2023). 
Los efectos de los ejercicios de estabilidad del tronco en la 
propiocepción y el equilibrio en niños con parálisis (The 
Effects Of Core Stability Exercises On Proprioception And 
Balance In Children With Hemiplegic Cerebral Palsy). Retos, 
50, 1123–1128. 
https://doi.org/https://doi.org/10.47197/retos.v50.985
37 

Zanada, J. F., Nasrulloh, A., Nugroho, S., & Susanto, N. (2023). 

the effect of circuit training program on physical fitness level 
in volleyball club athletes IPK kuamang. Fizjoterapia Polska, 
23(3), 120–124. 
https://doi.org/www.fizjoterapiapolska.pl 
doi.org/10.56984/8ZG143IT9 

Zemková, E., & Zapletalová, L. (2022). The Role of 
Neuromuscular Control of Postural and Core Stability in 
Functional Movement and Athlete Performance. Frontiers in 
Physiology, 13(February), 1–21. 
https://doi.org/10.3389/fphys.2022.796097 

 
 
 
 
 
 

Datos de los/as autores/as y traductor/a: 
 

Zulhasniati zulhasniati0280fik.2022@student.uny.ac.id Autor/a   

Yudik Prasetyo yudik@uny.ac.id Autor/a   

Nugroho Susanto nugrohosusanto@fik.unp.ac.id Autor/a   

Andre Igoresky andre.igo88@fik.unp.ac Autor/a   

Yogi Arnaldo Putra yogi.ap@fik.unp.ac.id Autor/a   

Gema Fitriady gema.fitriady.fik@um.ac.id Autor/a   

Khoirul Anam khoiril.ikor@mail.unnes.ac.id Autor/a   

Zhanneta Kozina zhanneta.kozina@gmail.com Autor/a   

Ratko Pavlovic,PhD pavlovicratko@yahoo.com  Autor/a   

Özgür Eken ozgureken86@gmail.com Autor/a   

Francesca Latino francesca.latino@unipegaso.it Autor/a   

Francesco Tafuri francesco.tafuri@unicusano.it Autor/a   

Pradicta Nurhuda prad009@brin.go.id Autor/a   

Mhs proofreading mhsproofreading@gmail.com Traductor/a   

 

mailto:andre.igo88@fik.unp.ac
mailto:yogi.ap@fik.unp.ac.id
mailto:gema.fitriady.fik@um.ac.id
mailto:pavlovicratko@yahoo.com
mailto:ozgureken86@gmail.com
mailto:francesca.latino@unipegaso.it
mailto:francesco.tafuri@unicusano.it

