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The purpose of this research was the effect of Pilates exercises on balance
and proprioception in female students. 98 female students voluntarily
participated in this study. Of these, 91 healthy students were placed in the
experimental group and 7 students with sports exemption were placed in the
control group. The position senses of ankle and knee joints was measured
using the active reconstruction test of the ankle and knee angles and static
balance was measured using the Sharpened Romberg test before and after 16
intervention sessions. The results of Wilcoxon test showed that in the
experimental group, static balance increased significantly in the post-test
compared to the pre-test. The position sense of dorsiflexion, plantarflexion of
ankle joint and knee flexion position sense in the experimental group
increased significantly in the post-test. Also, the results of the covariance test
showed that there is a significant difference between the two groups in the
post-test in the variables of static balance and position sense of dorsiflexion
and plantarflexion of ankle and position sense of knee flexion that according
to the adjusted average, the experimental group performed better than the
control group. The results showed that Pilates exercises are suitable for
improving ankle and knee proprioception and improving postural control in
teenagers and young adults.
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Extended Abstract:

Postural stability, the body's ability to maintain equilibrium and center of gravity over a
base of support, is a critical function dependent on complex interactions between the
central and peripheral nervous systems (1, 2). Proprioception, a key component of the
sensory system, plays a pivotal role in maintaining postural stability. It enables
individuals to perceive the position of their limbs and body in space, facilitating precise
and coordinated movements (3, 4). Reduced physical activity due to the COVID-19
pandemic and prolonged lockdowns can adversely affect proprioception and,
consequently, postural stability (5). This underscores the importance of regular exercise
for enhancing and preserving proprioception and postural control.

Pilates exercises, emphasizing core strength, flexibility, and body awareness, are
recognized as an effective method for improving proprioception and postural stability
(6). Previous studies have demonstrated that Pilates can enhance balance, reduce
pain, and improve functional performance in individuals with musculoskeletal conditions
(6, 7). However, the results of studies on the impact of Pilates on proprioception have
been inconsistent, necessitating further research (8).

The aim of this study was to investigate the effects of Pilates exercises on improving
balance and proprioception in 18-25-year-old university students who may have
experienced a decline in proprioception due to reduced physical activity during the
COVID-19 pandemic.

Materials and Methods:

Study Design and Participants:

This study is a semi-experimental research conducted to investigate the effects of
Pilates exercises on improving balance and proprioception in 18-25-year-old female
university students. This study was conducted in accordance with ethical principles and
after obtaining ethical approval number IR/SSRI.REC.2022.13123.1743 from the
Research Institute of Physical Education.

Sample: Initially, 98 female students who had chosen the Physical Education 1 course
were included in the study. After examining the inclusion and exclusion criteria, 91
healthy students were assigned to the experimental group, and 7 students with sports
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exemptions were assigned to the control group. The difference in the number of
samples in the two groups was due to the university's educational policies and the
inability to prevent healthy students from physical activity. To control for this difference,
covariance analysis was used.

Inclusion and Exclusion Criteria:

o Inclusion: Female students aged 18-25, physically and mentally healthy, with no
history of serious lower limb injuries, and not engaged in professional sports.

o Exclusion: Professional athletes, individuals with a history of neurological,
rheumatic, or metabolic diseases (9), and individuals who missed more than two
sessions during the study.

Testing Procedure:

o Proprioception: To assess ankle and knee proprioception, the active joint
position sense test was used. In this test, participants, with their eyes closed, tried to
move their joints to a specific angle determined by the researcher (10, 11).

o Balance: The Sharpened Romberg test was used to assess static balance. In
this test, participants stood with their eyes closed and one foot in front of the other, and
the time they could maintain balance was recorded (12).

Exercise Protocol:

o Experimental Group: Participants in the experimental group performed Pilates
exercises for 16 weeks, one session per week, focusing on core strengthening,
improving balance, and increasing body awareness. The exercises included various
movements using Pilates equipment.

o Control Group: Participants in the control group did not perform any specific
exercise program.

Statistical Analysis:

SPSS version 24 was used to analyze the data. Due to the non-normal distribution of
the data, the Wilcoxon test was used for within-group comparisons, and covariance
analysis was used for between-group comparisons. Before performing the covariance
analysis, data normalization and checking its assumptions were performed.
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Results:

Table 1 presents the general characteristics of the participants, divided by group. As
observed, there were no significant differences between the participants in the two
groups in terms of demographic variables.

After the intervention, static balance in the post-test significantly increased compared to
the pre-test in the experimental group (p < 0.001). Proprioception of dorsiflexion (p <
0.001), plantarflexion of the ankle (p < 0.05), and knee flexion (p < 0.001) also
significantly increased in the experimental group in the post-test compared to the pre-
test.

To eliminate the pre-existing differences between the experimental and control groups,
a covariance analysis was used to compare the post-test scores of the assessed
variables in the two groups. The results showed that there were significant differences
between the two groups in the post-test for the variables of static balance (f = 6.68, p <
0.05), proprioception of dorsiflexion (f = 6.10, p < 0.05), plantarflexion of the ankle (f =
21.33, p < 0.05), and knee flexion (f = 14.15, p < 0.05). Based on the adjusted means in
the post-test, the experimental group performed better than the control group.

Table 1: Demographic characteristics of subjects.

Variables Experm:‘ingtfl group Contr:l;;roup P-value
Age (years) 19.71+0.11 19.86+1.26 0.74
Weight (kg) 58.18+8.05 57.55+7.29 0.23
Height (cm) 161.60+4.74 163.71+5.93 0.26
Body Mass Index (kg/m?) 22.28+2.98 20.37+3.11 0.10

Multivariate analysis of variance (MANOVA) was conducted to examine group differences in age, height,
weight, and BMI.

The results indicated no significant differences between groups (p = 0.05).

Conclusion:

This study aimed to investigate the effects of Pilates exercises on static balance and
proprioception of the ankle and knee in university students. Results indicated that
Pilates significantly improved static balance and proprioception in the lower extremities.
These improvements are likely attributed to Pilates' emphasis on muscle strengthening,
body awareness, and neuromuscular coordination (13). The findings of this study align

with previous research demonstrating the benefits of Pilates for enhancing balance and
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proprioception. Potential mechanisms underlying these improvements include increased
muscle strength, stimulation of sensory receptors, and alterations in the central nervous
system (14).

Based on the study findings, Pilates is recommended as an effective intervention for
improving balance and proprioception in sedentary individuals, particularly university
students. However, limitations such as a small sample size in the control group and the
absence of a follow-up assessment should be considered in future studies.

Overall, this research confirms that Pilates can be an effective intervention for improving
balance and proprioception, contributing to enhanced functional performance and
quality of life.

Keywords: Exercises, Pilates-Based, Postural balance, Kinesthesis, Core Stability,
Position Sense

Research Highlight:

The results indicated that Pilates exercises are suitable for improving ankle and knee

proprioception, thereby enhancing postural control in adolescents and young adults.
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