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Abstract
_____________________________________________________________________________________|
Introduction: Pilates training is an effective form of exercise for improving flexibility and

strength. However, only a few studies have focused on female students.

Objective: The research aimed to study the effects of Pilates training on the flexibility and
strength of female students.

Methods: The participant group consisted of female student aged 18-22 years at from the fac-
ulty of science Buriran Rajabhat University, 20 people, all voluntarily signed a letter of consent.
Systematic Random Sampling was performed, with the experimental group (EXG) (n=10) train-
ing with Pilates for eight weeks, three days per day, 60 minutes per session. The control group
(CG) (n=10) did not undergo any training. Quantitative data were collected, including flexibility
and upper and lower body strength, before training and after the fourth and eighth weeks of
training.

Results: It was found that after training with Pilates after week four and week eight, the exper-
imental group had a mean flexibility, upper and lower strength that was significantly better
than before training and better than the control group . (p<0.05).

Conclusions: Pilates training helps improve flexibility and strength in female students, pro-
motes good health, and can serve as an alternative activity for maintaining health and enhanc-
ing physical fitness for people of all ages.
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Resumen
___________________________________________________________________________________|
Introduccién: El entrenamiento de Pilates es una forma efectiva de ejercicio para mejorar la

flexibilidad y la fuerza. Sin embargo, solo unos pocos estudios se han centrado en las estudian-
tes femeninas.

Objetivo: Esta investigacidn tuvo como objetivo estudiar los efectos del entrenamiento de Pila-
tes sobre la flexibilidad y la fuerza de las estudiantes femeninas.

Metodologia: El grupo participante estuvo compuesto por 20 estudiantes femeninas, de entre
18y 22 afios de edad, de la Facultad de Ciencias de la Universidad Rajabhat de Buriram. Todas
firmaron voluntariamente una carta de consentimiento informado. Se utiliz6 un muestreo alea-
torio sistematico. El grupo experimental (EXG) (n=10) realizé entrenamiento de Pilates durante
ocho semanas, tres dias por semana, con sesiones de 60 minutos. El grupo de control (CG)
(n=10) no recibid ningun tipo de entrenamiento. Se recopilaron datos cuantitativos que inclu-
yeron medidas de flexibilidad y fuerza del tren superior e inferior antes del entrenamiento, asi
como después de la cuarta y la octava semana de entrenamiento.

Resultados: Se encontré que, después de la cuarta y la octava semana de entrenamiento con
Pilates, el grupo experimental present6 una media significativamente mayor en flexibilidad y
fuerza del tren superior e inferior en comparaciéon con los valores antes del entrenamiento y
con el grupo de control (p<0.05).

Conclusiones: El entrenamiento de Pilates ayuda a mejorar la flexibilidad y la fuerza en las es-
tudiantes femeninas, promueve una buena salud y puede servir como una actividad alternativa
para mantener la salud y mejorar la condicion fisica en personas de todas las edades.

Palabras clave

1
Pilates, flexibilidad, fuerza, estudiante femenina.
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Introduction
|
New exercise guidelines published by the WHO in 2020 recommend engaging in 150-300 min of mod-
erate-intensity exercises on a weekly basis (Bull et al., 2020), and the exercise intensity can be easily
adjusted according to an individual’s physical fitnesslevel (Henriksen, 2002; Jeong et al., 2024). Exercise
is considered an effective method for slowing down and preventing the progression of age-related dis-
eases (Ciolac, 2013; Gronek et al., 2021). Improve body composition, increase muscle strength, enhance
cardiovascular fitness, and condition muscles. (Jinakote et al., 2024; Lephart et al., 2007). It enhances
metabolic function, stimulates calcium deposition in bones, reduces pain, increases mobility, enhance
whole-body strength and ROM and effectively relax tense muscles (Kim et al., 2014; Pojskic et al.,, 2015;
Ryu et al,, 2024). Exercise has demonstrated improvements in both physical and mental health through
psychological and physiological mechanisms (Ballmann, 2021; Nontakhod et al., 2025; Terry et al,,
2020). Regular physical activity is essential for the healthy growth of adolescents and is associated with
both physical and mental well-being throughout different stages of life (Batista et al., 2019; Silva et al,,
2022; Jee, 2025). Research in adolescents has shown a positive association between regular exercise
and improvements in bone strength, cardiorespiratory fitness, blood pressure, lipid profile, and insulin
sensitivity (Farooq et al.,, 2020; Zon et al., 2023).

In modern society, lack of physical activity among students due to studies, can cause various physical
and psychological problems (Ha et al.,, 2016). Fundamentally, these problems can be solved by increas-
ing physical activity through methods that spur interest in participating in sports and exercise. Previous
studies reported that students physical activities were significantly related to academic achievements
and physical fitness (Lambourne et al., 2013). Pilates is an effective health fitness system (Kashuba et
al,, 2020; Marionda and Dzhuhan, 2007), Pilates is a mind-body exercise that connects breathing with
concentration in each movement (Mikalacki et al., 2017). It also helps improve posture, flexibility, mus-
cle strength, cardiovascular function, weight control, and stress, all of which have been proven to en-
hance independence in daily activities, static balance, and quality of life (Siqueira Rodrigues etal., 2010).
Increasing the efficiency of the respiratory system, and reducing stress (Janphonak et al., 2025;
Worapongpichet and Kamoltham, 2018). Pilates exercise are designed to involve the body’s postural
muscles, aiming to improve stability and strength within the core of the body, which can help them
achieve overall body balance (Jaeho and Lee, 2012; Smith and Smith, 2005). In terms of mental health,
Pilates and yoga have been shown to promote mental clarity, concentration on positive thinking, reduce
stress, and improve the ability to manage anxiety (Adams, 2018; Mental Healthy, 2019).

The study of Pilates has been shown to improve dynamic balance, flexibility, and strength (Irez et al,,
2011; Lim and Prak, 2019), core stability, control of trunk and pelvic segments, posture and breathing
(Kliziene et al., 2017; Wells et al.,, 2012). Recent studies have shown that quality of life can be enhance
through the use of Pilates (KauricKlein, 2019; Rahimimoghadam et al.,, 2019). However, in Southeast
Asia, there is limited information on the combination of Pilates training. This is because flexibility and
strength play an important role in the daily activities of female students. Therefore, it is necessary to
summarize current knowledge on this topic as a guideline for maintaining health and physical fitness
for people of all ages, to ensure a good quality of life.

Method
'

Participants

The participants in this study were female students aged between 18 and 22 years from the Faculty of
Science, Buriram Rajabhat University, who voluntarily joined the project. A simple random sampling
method was used by drawing lots to select individuals who had no prior experience with Pilates training
and no medical contraindications for participating in Pilates training. All participants signed a written
informed consent form after being fully informed about the details, objectives, risks, and potential of a
moderate-intensity Pilates training program. They also completed a Physical Activity Readiness Ques-
tionnaire (PAR-Q) to assess their overall health status. Subsequently, 20 participants were selected for
flexibility testing. The flexibility scores were then sorted and assigned using a systematic random sam-
pling method to ensure that the pre-training flexibility levels in both groups were comparable. This
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research was approved by the Human Research Ethics Committee of Buriram Rajabhat University (BRU:
004/2025).

There were the following sample groups: 1) an experimental group (EG) that with Pilates training (PT)
for eight weeks, three days a day, 60 minutes per session, and 2)

a control group (CG) that did not receive any instruction. All of the participants voluntarily signed a
letter of consent.

Criteria for selecting research participants included female students aged 18 to 22 years, those able to
move normally and perform light exercises, and those without any congenital disease that has previ-
ously hindered their ability to engage in Pilates training (PT). The criteria for choosing participants in
the research involved excluding those who had injuries or illnesses that prevented them from engaging
in PT and those who missed more than three sessions. Additionally, the research also excluded partici-
pants who withdrew from the training before completing it for the specified duration.

Procedure
Study Organization

The participants were randomly divided into two groups: the Pilates training group (PT, n = 10), which
participated in Pilates training three days a week for 60 minutes per session over a period of eight
weeks, and the control group (CG, n = 10), which did not engage in any exercise and continued their
normal daily routine. Flexibility and upper and lower body strength were measured before the training,
after the 4th week, and after the 8th week of training.

Training Program

The Pilates training program lasted 60 minutes per day, 3 days per week, for a total of 8 weeks. The
Pilates routine, consisting of 17 poses, was divided into three phases: (1) a 10-minute warm-up phase,
(2) a40-minute Pilates training phase, and (3) a 10-minute cool-down phase.

Data analysis

The statistical analyses were conducted using SPSS 25 (IBM Corp., IBM SPSS Statistics for Windows,
Version 25.0; Armonk, NY: IBM Corp). The data are reported as the mean * standard deviation (SD). The
normality of the data was assessed using the Shapiro-Wilk test. The one-way analysis of variance with
repeated measures followed by the Bonferroni post-hoc test was used to evaluate differences in flexi-
bility and muscular strength between groups (comparisons between values obtained before, after 4-
week and after 8-week training) and independent t-tests (comparisons of differences to baseline be-
tween groups) were completed. The data demonstrated a normal distribution with a 95% Confidence
Interval (CI).P values < 0.05 was statistically significant.

Results
'

The research found that following, after with Pilates training (PT) after week four and week eight, the
experimental group had a mean flexibility and upper and lower body strength that was significantly
better than before training and better than the control group p<0.05.

Table 1. Baseline characteristics in the control and experimental group

Parameters CG(n=10) EXG(n=10) t P-value
Age)y( 19.08 £ 0.67 19.17 + 0.83 0.270 0.790
Weight )kg( 52.00 £ 5.68 49.64 + 4.18 -1.073 0.298
Height )em( 160.67 + 5.81 160.45 + 4.16 -0.095 0.925
BMI )kg/m?( 19.00 + 4.42 19.36 + 1.86 0.249 0.806

Description: CG; control group and EXG; Experimental group; BMI; body mass index.Values are mean+SD.p>0.05 No significant difference
was found between the two groups for any variable.
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Table 2. Mean changes in flexibility and muscular strength parameters in all two groups after a 4-week (MID) and an 8-week (POST)

training period
Parameters Time CG(n=10) EXG (n=10) t P-value
Flexibility
PRE (week 0) 11.25+2.53 13.08 +3.90
MID (week 4) 10.75+2.26 17.25+3.02
POST (week 8) 10.75 + 2.56 20.58 £ 3.34
31.85 £ 26.44*
Sit and reach test )em( %Changes (MID vs. PRE) -4.44 + 6.68 )p = 0.001( -5.329 0.001%
57.32 £ 32.12#
0, - -
%Changes (POST vs. PRE) 444 +£7.01 Jp = 0.001( 7.329 0.001 Q
19.32 + 8.48F
0, -
%Changes (POST vs. MID) 0.00+8.18 )p = 0.001( 5.921 0.001§
Muscular strength
PRE (week 0) 0.49 £ 0.05 0.53+£0.09
MID (week 4) 0.49 £ 0.06 0.61+0.07
POST (week 8) 0.48 £ 0.06 0.66 +0.08
Hand grip strength 16.12+17.18*
)kg/weight( %Changes (MID vs. PRE) -0.34 £4.73 )p = 0.003( -3.068 0.007%
26.47 £ 21.15#
0, - -
%Changes (POST vs. PRE) 2.30+4.23 )p = 0.001( 4.308 0.001 Q
8.92 +2.72F
0, - -
%Changes (POST vs. MID) 1.96 + 3.56 )p = 0.001( 7.778 0.001§
PRE (week 0) 1.14 £ 0.28 1.45+0.55
MID (week 4) 1.13£0.29 1.84 £0.63
POST (week 8) 1.13£0.28 2.14+0.79
*
Leg strength %Changes (MID vs. PRE) -1.07 £ 2.43 26:50£27.25 -3.865 0.003
Ykg/weight( )p = 0.005(
47.57 £ 40.51#
%Changes (POST vs. PRE) -1.21+1.68 )p = 0.005( -4.478 0.001 Q
16.65+17.19t
0, - -
%Changes (POST vs. MID) 0.15+1.99 )b = 0.046( 3.242 0.008§

Description: *Significant p<0.05 )MID vs. PRE(, #Significant p<0.05 )POST vs. PRE(,{ Significant p<0.05 )POST vs. MID(, iSignificant
p<0.05) %Changes MID vs. PRE), Q Significant p<0.05) %Changes POST vs. PRE), §Significant p<0.05 )%Changes POST vs. MID)

Figure 1. Changes in the sit and reach test before (PRE), after 4 weeks (MID), and after 8 weeks (POST) of the training period. Values are pre-
sent as mean * SD. *Significant p<0.05 )MID vs. PRE(, #Significant p<0.05 )POST vs. PRE(,} Significant p<0.05 )POST vs. MID(, iSignificant
p<0.05) %Changes MID vs. PRE), QSignificant p<0.05) %Changes POST vs. PRE), §Significant p<0.05 )%Changes POST vs. MID)
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Figure 2. Changes in the handgrip strength test before (PRE), after 4 weeks (MID), and after 8 weeks (POST) of the training period. Values are
present as mean #* SD. *Significant p<0.05 )MID vs. PRE(, #Significant p<0.05 )POST vs. PRE(,T Significant p<0.05 )POST vs. MID(, }Significant
p<0.05) %Changes MID vs. PRE), QSignificant p<0.05) %Changes POST vs. PRE), §Significant p<0.05 )%Changes POST vs. MID)
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Figure 3. Changes in the leg strength test before (PRE), after 4 weeks (MID), and after 8 weeks (POST) of the training period. Values are present
as mean #* SD. *Significant p<0.05 )MID vs. PRE(, #Significant p<0.05 )POST vs. PRE(,} Significant p<0.05 )POST vs. MID(, iSignificant p<0.05
)%Changes MID vs. PRE), QSignificant p<0.05) %Changes POST vs. PRE), §Significant p<0.05 )%Changes POST vs. MID)
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Discussion

__________________________________________________________________________________________________________________|
This research supports the concept of Pilates training for improving flexibility and strength in female
students. The results after an 8-week training period revealed improvements in both flexibility and
strength. These finding are consistent with research by Park et al. (2020), reported 8 weeks Pilates
training in adolescent baseball players has benefits on hamstring/quadriceps ratio, trunk and shoulder
strength, the results from this study suggest that Pilates training to increase muscle mass, trunk and
shoulder strength. It has been reported that Pilates training has significant positive effects on flexibility
and isometric trunk flexion strength in patients with chronic low back pain (Kliziene et al., 2017). Borah
et al. (2024), reported mat Pilates training program significant enhances various dimensions of func-
tional fitness in older adults, the study results have profound implications for older individuals’ well-
being and quality of life, Pilates emerges as an essential intervention for promoting active ageing, po-
tentially improving daily functioning, reducing fall risk, and enhancing independence in the elderly. Sim-
ilarly, Irez et al. (2011) which demonstrated that Pilates, a regimen incorporating major movement sim-
ilar it those in this study’s exercise program, effectively improves flexibility and balance while reducing
fall risk. Pilates is widely recognized for its ability to strengthen core and spinal muscles, stabilize the
core, and promote proper posture. An interesting finding of this study was the improvement in Pilates
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a regimen of low-to moderate-intensity exercises designed to enhance strength and flexibility while al-
leviating body tension (Oliveira et al., 2016; Ryu et al., 2024; Teixeira et al., 2017).

The Pilates also showed better results in pain reduction and disability and range of motion. Pilates im-
proved absolute core strength and moreover encouraged proper activation patterns of core muscula-
ture (Bhadauria and Gurudut, 2017; Gladwell et al., 2006). Pilates increase flexibility can reduce the risk
of injuries, alleviate joint pain, and improve overall mobility (Behm and Chaouachi, 2011). Including,
improvements in body composition, muscular strength, flexibility, balance, fall prevention, functional
performance, and quality of life (Tejada Medina et al,, 2021). Moreover, training in Pilates, yoga, tai chi
has been linked to improved overall physical, mental, and social health, as well as increased balance,
strength, and flexibility, leading to a sense of relaxation and mental well-being. This involves enhancing
physical fitness and overall health to promote a higher quality of life (Nontakhod et al., 2022; Park and
Lim, 2019; Saetae et al., 2018).

Among the many benefits of the Pilates method, we highlight joint mobility, muscle flexibility, strength,
and balance, following fundamental principles (i.e., breathing technique, concentration, control, core
stabilization, movement quality and increasing isometric trunk extension and flexion strength (Bertoli
et al, 2022; Kliziene et al,, 2017; Latey, 2002;). Additionally, Pilates can be an effective exercise inter-
vention to improve the lifestyle quality (Chmielewska et al., 2019; Lee et al., 2021). In conclusion, the
research findings presented demonstrate improvements in flexibility and strength among female stu-
dents after participating in an 8-week Pilates training program, compared to the control group. The ef-
fects of Pilates training led to enhanced flexibility and strength, which are associated with better health
outcomes. Given the convenience and safety of Pilates exercises, these positive health benefits are im-
portant for promoting lifestyle changes among female students.

Conclusions

Pilates-related exercises provide health benefits by enhancing flexibility and strength, promoting cardi-
ovascular health, and regulating blood pressure. They can be performed safely in accordance with an
individual's abilities. Therefore, incorporating Pilates as a means to promote health is a valuable ap-
proach for people of all ages.
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