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ABSTRACT

Introduction and Method: Flexible flat foot, or pes planus, is a common lower
extremity abnormality characterized by a flatter medial longitudinal arch, causing
the foot's sole to come into near or complete contact with the ground. This study
investigated the effects of six weeks of localized and comprehensive corrective
exercises on proprioception, balance, and navicular drop in female participants
aged 10 to 18 with this deformity. Methodology: This quasi-experimental study
utilized a pre-test and post-test design with 51 females diagnosed with flexible
flat foot. Participants were randomly assigned to two experimental groups (local
and comprehensive) and one control group. A navicular drop test was conducted
to assess foot posture. The experimental groups engaged in corrective
exercises for six weeks (three sessions per week for 30 minutes), while the
control group maintained their usual activities. Pre- and post-intervention
assessments of ankle proprioception, balance, and navicular drop were
conducted using a goniometer, the Sharpened Romberg test, and the Brody
test. Statistical analyses were performed using SPSS software version 26,
involving covariance analysis for between-group differences and paired sample
tests for within-group changes.

Findings: The results indicated that the experimental groups showed significant
improvements in proprioception, navicular drop, and balance after the
interventions (P=0.000), whereas the control group exhibited no significant
changes (P>0.05). Additionally, the experimental groups outperformed the
control group in the post-test assessments. Conclusion: The findings suggest
that a six-week program of corrective exercises effectively enhances
proprioception, balance, and movement performance in girls aged 10 to 18 with
flexible flat foot.
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Extended Abstract

Flatfoot is one of the most common lower limb abnormalities, leading to a reduction in
the medial longitudinal arch of the foot. This condition can lead to problems such as foot
pain, movement disorders, instability, and deficits in proprioception and ankle balance.
Flatfoot is defined as a condition in which the medial longitudinal arch lowers and
flattens due to the pressure of body weight when standing or walking. This abnormality
may be associated with excessive subtalar joint pronation, and several factors, including
weight gain, foot injuries, and musculoskeletal disorders, contribute to its development.
Flatfoot can have several complications. Individuals with this abnormality are commonly
at risk for foot pain, lower limb disorders such as patellofemoral pain syndrome and
posterior tibial stress syndrome, poor athletic performance, and deficits in ankle balance
and proprioception. Also, studies have shown that abnormal foot posture can affect gait
mechanics and lead to movement disorders such as limited dorsiflexion in the talocrural
joint and weakness in various foot and ankle muscles. Therefore, attention to the
treatment and management of this abnormality is of particular importance.

The aim of this study is to investigate the effect of six weeks of local and comprehensive
corrective exercises on proprioception, balance, and navicular drop of the ankle in girls
aged 10 to 18 years with flexible flatfoot. The results of this research can help identify
effective methods for improving proprioception and balance in these individuals and
assist corrective exercise specialists in designing preventive and therapeutic programs.
Methodology

The present research was a quasi-experimental study with a pre-test-post-test design,
including two experimental groups and one control group, conducted at the Faculty of
Physical Education and Sports Sciences of Kharazmi University. The primary objective
of this study was to investigate the effect of corrective exercises on flexible flatfoot and
balance in girls aged 10-18 years in Kashan city.

The statistical population of the study consisted of girls aged 10-18 years with flexible
flatfoot in Kashan city. G*Power software was used for sample size selection. Assuming
an effect size of 0.24, a power of 0.80, and an alpha level of 0.05, a sample size of 45

participants was deemed sufficient for the study. Considering a 10% dropout rate, a final
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sample of 51 eligible individuals was selected for inclusion in the study. These
individuals were randomly assigned using simple randomization to one of three groups
of 17 participants each: a local exercise group, a comprehensive exercise group, and a
control group.

Inclusion criteria for the study included girls aged 10-18 years diagnosed with flexible
flatfoot by a corrective exercise specialist and without pain symptoms. Participants were
also required not to be participating in any other treatment programs during the exercise
period. Exclusion criteria included a history of lower extremity injury, fracture, or
surgery, inner ear diseases and vestibular system disorders, problems affecting
balance, and physical disabilities.

To conduct the research project, informed consent forms were completed.
Subsequently, measurements of height, weight, BMI, flexible flatfoot, static balance, and
ankle proprioception were taken wusing research instruments. Following the
implementation of training protocols, the control group did not participate in any training
program and continued their daily activities. Exercise training was implemented in 18
sessions (6 weeks, 3 sessions per week, and 30 minutes per session).

Assessment Tests

The Navicular Drop Test, according to the Brody method, was used to assess flexible
flatfoot. The reliability coefficient for this test (R=0.80) has been reported by Mueller et
al. (1993) and Shultz et al. (2006). In this test, the participant sits on a chair, and the
height of the navicular bone is measured in both natural and standing positions. The
difference in height indicates the degree of pronation or flattening of the medial
longitudinal arch of the foot.

The Sharpened Romberg test was also used to evaluate static balance. In this test, the
subject stands barefoot on a flat surface with their arms crossed over their chest. The
test is performed with eyes closed, and the time to maintain balance, up to 60 seconds,
is recorded as the score.

The ankle joint position sense was measured using the ankle angle reproduction test. In
this test, the subject sits on a chair with the trunk-to-thigh and thigh-to-shank angles at
90 degrees. The chair height is selected so that the subject's foot does not reach the
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ground. The examiner then passively moves the subject's ankle to 20 degrees of plantar
flexion and 10 degrees of dorsiflexion. To eliminate vision, the subject's eyes are
covered with a black blindfold, and they are asked to actively move their foot to the
dorsiflexion and plantar flexion angles three consecutive times. The difference between
the target angle and the reproduced angle, regardless of their sign (absolute error), is
then considered as the position sense. A goniometer is used to evaluate the individual's
performance during the reproduction of the desired angles. For this purpose, the
goniometer axis is placed below the lateral malleolus near the sole of the foot, with the
stationary arm on the external fibula and the moving arm along the fourth metatarsal.
The study's exercise program consisted of 6 weeks, with 3 sessions per week for 30
minutes, supervised by a corrective exercise instructor. The corrective exercises
included local and comprehensive exercises. Local exercises were dedicated to
strengthening the intrinsic foot muscles and included movements such as great toe
raises and toe splaying. Comprehensive exercises included hip abduction and hip
extension exercises, which helped strengthen the gluteal muscles.

Subjects in the experimental group began the exercise program one day after the pre-
test. The corrective exercises were performed in 18 sessions of 30 minutes each
(including 7 minutes of warm-up, 16 minutes of exercises, and 7 minutes of cool-down).
The exercises progressed after 2 weeks with changes in position and number of sets.

The control group continued their daily activities during this period (table 1).

Table 1. Corrective Exercise Program

Exercises Weeks Position volume Frequency per
Week

Warm-up 1to 6 - 7 min 3
Short foot 1t0 6 sitting 15 reps x2 sets 3
exercises hallux 3104 standing
extension :

5to6 Single leg
toe spread

stance

doming
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four toe extension

Gluteal muscle 1to 2 Side lying 8 to 10 reps x 3
strengthening 3to4 Prone lying 2 sets

Hip abduction 5t0 6 10 to 12 reps x

Hip extension 2 sets

10 to 12 reps %

2 sets

Cool down 6 7 min 3

Statistical Data Analysis:

The data were analyzed using SPSS version 26 with descriptive and inferential
statistics. The assumption of homogeneity of regression slopes was not significant and
was met. Analysis of covariance (ANCOVA) was used to examine differences between
groups, and a paired-samples t-test was used to examine within-group differences.
Results:

The results of this study indicated that comprehensive and localized exercises
significantly improved proprioception, balance, and the navicular drop of the ankle.
Furthermore, analysis of covariance showed significant differences between the
exercise and control groups in these areas.

In the balance test, the experimental groups (localized and comprehensive) showed a
significant improvement compared to the control group. Also, regarding navicular drop,
both experimental groups had a significant reduction in navicular drop. These results
demonstrate the positive effect of corrective exercises on improving flat foot condition in
girls (table 2).
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Table 2: Descriptive Statistics of Pre-test and Post-test Variables in the Comprehensive,

Local, and Control Groups

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

Variable group Pre-test Post-test | P-value of t
the Paired
t-test
Plantar Flexion Local 11.2146.82 | 6.32+1.95 0.005 3.229
Proprioception | Comprehensive | 9.43+6.59 5.66+4.09 0.007 3.097
(Reconstruction Control 9.05+7.19 10.09+5.86 0.088 1.815
Error Degree)
dorsi Flexion Local 5.17+2.37 3.60+2.15 0.000 6.076
Proprioception | Comprehensive | 3.76+2.23 1.83+1.33 0.013 2.778
(Reconstruction Control 4.951£2.23 5.35+2.35 0.14 1.541
Error Degree)
Navi Drop Local 1.70+0.27 1.02+0.28 0.000 16.620
(cm) Comprehensive | 1.85+0.48 0.70£0.47 0.000 10.156
Control 1.50+0.46 1.33+0.40 0.33 1.00
Balance Local 31.55+16.57 | 48.20+19.29 0.001 3.925
(s) Comprehensive | 32.90+20.43 | 46.64+18.83 0.011 2.854
Control 25.04+13.43 | 25.04+13.43 0.644 0.471
Discussion:

The results of this study are consistent with previous findings, indicating that corrective
exercises can improve proprioception and balance in individuals with flat feet. Improved
proprioception is considered a key factor in controlling movements and maintaining
postural stability. Additionally, strength and corrective exercises can lead to increased
efficiency of muscles and proprioceptors.

Research has shown that corrective exercises can help improve the function of intrinsic
and extrinsic foot muscles, resulting in better movement control and greater stability.
Furthermore, strengthening the gluteal muscles and other muscles related to the foot

can help improve the condition of the flat foot and reduce its complications.
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On the other hand, the results of the present study regarding the effect of
comprehensive and localized exercises on proprioception were inconsistent with the
results of some other studies. Possible reasons for these discrepancies may be related
to differences in the duration of training periods and the type of training protocol.
Conclusion:

Based on the results of this research, comprehensive and localized exercises can help
improve proprioception, balance, and navicular drop in girls with flat feet. These findings
can assist teachers and sports coaches in designing preventive and corrective
programs to improve the condition of the flat foot.

Keywords: Flatfoot, Proprioception, Flexible Flatfoot, Static balance, comprehensive

exercise, local exercise
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