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Abstract
Introduction. Pes planus is caused by the extension of the intrinsic muscles in the medial arch of the foot, resulting in the arch 
approaching the ground or the sole of the foot touching the ground completely. The objective was to determine how exercise 
techniques affected patients with pes planus’ ability to balance and to recommend the appropriate exercises.
Methods. in this study, 39 individuals with pes planus were allocated at random to either a stretching or stability and mobility 
exercise group. Star Excursion Balance Test, The Berg Balance Scale, The Functional Reach Test, and Weight Bearing Lunge, 
plantar flexion range of motion (RoM) assessments were performed before treatment and after treatment for a total of four weeks.
Results. The results demonstrated that both groups’ balance and RoM during intragroup testing had improved (p < 0.05). 
only the improvement in plantar flexion RoM in group 1 was found to be statistically higher than that in group 2 with group com-
parisons (p < 0.05).
Conclusions. Balance and RoM values were similarly affected by both 4-week pes planus exercise programs. We contend 
that the static and dynamic foot kinematics were successfully rectified with both of our treatment techniques.
Key words: flatfoot, foot, postural balance, exercise therapy

Physiotherapy Quarterly (ISSN 2544-4395)  
2025, 33(1), 73–77

Correspondence address: Gamze demircioglu, department of Physiotherapy and Rehabilitation, Faculty of Health Sciences, Atlas University, 
Hamidiye, Anadolu Street No. 40, 34408, 34403 Kâğıthane/İstanbul, Turkey, e-mail: gamzekantardemircioglu@gmail; com;  
https://orcid.org/0000-0002-0694-9140

Received: 16.01.2024
Accepted: 04.04.2024

Citation: demircioglu G, Genc H. The impact of different exercise approaches on balance in people with pes planus. Physiother Quart. 
2025;33(1):73–77; doi: https://doi.org/10.5114/pq/186758.

original paper

© Wroclaw University of Health and Sport Sciences

Introduction

Pes planus, often known as flat feet, is a common foot 
deformity defined by the forefoot being supinated in relation 
to the hindfoot, the forefoot bears weight in a valgus position, 
and a lack of the medial longitudinal arch in the midfoot [1]. 
This problem develops when the medial longitudinal arch of 
the foot is not as high as it should be physically [2].

According to various studies, people with pes planus ex-
perience significant postural instability due to the decreased 
medial longitudinal arch height. The balance of standing and 
walking is closely correlated with plantar pressure, the liga-
ments creating the foot arch, the intrinsic and extrinsic mus-
cular tendons of the foot, sensory inputs from mechanore-
ceptors in the joint capsules, and flexibility and stability of the 
foot arches. Foot alignment alterations weaken postural sta-
bility by generating aberrant sensory input [3].

Exercise is one of the therapeutic modalities that is impor-
tant in the recovery of pes planus. Exercise programs for indi-
viduals with pes planus support foot mechanics by increasing 
the strength and flexibility of the foot muscles and alleviating 
discomfort [4].

Stretching exercises are used on people with pes planus 
to increase the RoM in their ankles by making their muscles 
more flexible [5]. in this way, it will help to improve foot func-
tion by reducing foot biomechanical qualities and pressure 
on the foot arch.

According to recent studies, patients with pes planus 
ought to do stability exercises that improve their neuromuscu-
lar function, balance, and coordination, as well as strengthen-
ing and stretching activities [6].

Stability exercises help strengthen foot muscles and im-
prove foot health. The short-foot exercises help to strengthen 
the intrinsic foot muscles that support the foot’s posture and 

arch, making it one of the most frequently used stability exer-
cises in the treatment of pes planus [7]. Short-foot exercises 
help people with pes planus balance and stabilise them-
selves by enhancing the foot’s arch posture and dynamic 
stability and reducing pronation. The Short-Foot exercise is 
instrumental in aiding individuals with pes planus by improv-
ing their balance, stabilising foot arch posture, and reducing 
pronation. Commonly used in physiotherapy, this proprio-
ceptive neuromuscular facilitation technique enhances foot 
muscle strength and dynamic stability. during the exercise, 
individuals sit or stand with their feet flat on the ground or on 
a stable surface. The objective is to contract the intrinsic foot 
muscles, such as the flexor digitorum brevis, abductor hal-
lucis, and quadratus plantae, without curling the toes [8, 9].

Although the exercise approaches applied to individuals 
with pes planus are widely examined there is still no clear 
treatment approach. Therefore, we hypothesised that neuro-
muscular exercises, including stability and mobility exercises, 
would improve balance more effectively in individuals with 
pes planus compared to stretching exercises, supporting the 
need for an appropriate exercise program.

Subjects and methods

The study was conducted from September 2022 to Jan-
uary 2023. Random.org was used to distribute 39 participants 
who matched the inclusion requirements. Mobility and sta-
bility exercises were given to group 1 and stretching exer-
cises were given to group 2. Exercises will be applied for 4 
weeks. At the end of 4 weeks, the individuals were reevalu-
ated and the effects of the exercise programs on the individu-
als were examined. This study was conducted at the labora-
tories of the department of Physiotherapy and Rehabilitation, 
Faculty of Health Sciences, Bahçeşehir University. The study 
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was designed as a single-blind trial. Evaluation and treatment 
were administered by physiotherapists with 10 years of clini-
cal experience each. different physiotherapists conducted 
the evaluation and treatment.

After recording the demographic information of the par-
ticipants, the Star Excursion Balance Test (SEBT), The Berg 
Balance Scale (BBS), The Functional Reach Test (FRT), and 
the Weight-bearing Lunge Test (WBLT) were applied before 
treatment and after four weeks of treatment.

Sample size calculation

The effect size value was calculated as 0.85, taking the 
result from the ‘navicular drop test’ as a reference. Using the 
G Power program (version 3.1.9.7), the number of cases 
needed for the study was calculated to be 18 with 80% 
power and 0.05 type 1 error. Twenty participants were included 
in each group, to account for any participant dropout.

Procedure

Participants in the study had to be between the ages of 
18 and 40, have mild or moderate pes planus, foot posture 
index [10] of 19 and above, and have a navicular drop of more 
than 10 mm [11]. Each participant’s dominant foot, which had 
experienced at least one inflammatory sign (pain, oedema, 
etc.), was checked to determine whether they had pes planus. 
The exclusion criteria included having had prior foot or ankle 
surgery, body mass index > 25, severe foot deformities like 
hallux valgus and crow’s feet, and neuromuscular disorders. 
it was also necessary not to have any systemic, locomotor, or 
foot-related diseases, as well as sensory loss, diabetes, or 
peripheral neuropathy. All patients meeting the inclusion cri-
teria signed written informed consent.

Assessments tools

The SEBT, which assesses the participant’s capacity to 
move the farthest distance on the supporting leg with the free 
leg in eight different directions, was used to evaluate dynamic 
postural balance. The participants stood barefoot in the centre 
of a star-shaped pattern. The participant extends their foot as 
far as they can and touches the line with the tip of their toe. 
There are eight lines overall in which this process is repeated. 
The highest score obtained is recorded after the test is ad-
ministered three times with each foot [12].

The BBS is a functional assessment tool that consists of 
14 tasks designed to assess a person’s capacity for maintain-
ing balance when a support surface is reduced and their 
capacity to shift their body’s centre of gravity. Each task re-
ceives a score between 0 and 4, with a score of 4 represent-
ing the easiest and fastest completion of the exercise. The 
perfect balance function is represented by a total score of 56, 
which is the highest possible score. While a number closer to 
36 implies a higher risk of falling, one closer to 56 indicates 
a reduced risk. The BBS is regarded as the “gold standard” 
for assessing functional balance [13].

The FRT determines how far a person’s centre of mass 
can move before hitting the limits of their base of support. 
The participants are told to take an upright position and ex-
tend their right arm as far as they can while keeping their fists 
locked and their palms facing down. The third metacarpal’s 
placement is noted before and after the reach using a meas-
urement rod attached to a wall, and the examiner notes the 
difference to assess how well they performed [14, 15].

An electrogoniometer was used to measure and record 
the degrees of plantar flexion (PF) in the ankle joints of the 

subjects. PF degrees were measured by performing active PF 
at the edge of the wall. Ankle degrees of dorsiflexion were 
evaluated using the WBLT. The patient was first examined 
while leaning against the wall. To align the knees midway with 
the wall, the second toe and heel of the foot needed to be 
measured were shifted. The maximum distance from the 
wall that the patient could touch without lifting the heel was 
measured. RoM measurements were averaged over three 
trials and were recorded for analysis [16, 17].

Treatment program

Both groups performed exercises for a duration of four 
weeks. Three days a week for a total of twelve sessions, the 
physical therapist followed the exercise schedule. The first 
group received neuromuscular exercises that included both 
mobility and stability, whereas the second group received 
stretching activities. The first group engaged in exercises in-
cluding balance and reaching, heel rise, towel picking, 4-way 
resistance training, half kneeling with the knee to the wall, 
single leg ankle, doming exercise, eccentric heel drop, single 
leg balancing with the leg extended, rolling ice bottles be-
neath the feet, and short-foot exercises. The second interven-
tion group was engaged in a comprehensive set of stretching 
exercises targeting a range of lower limb muscles, including 
the Achilles tendon, gastrocnemius, soleus, and plantar fas-
cia. These exercises encompassed a variety of movements 
such as heel cord stretches, tippy toe walks, step stretches, 
and downward facing dog poses, each designed to specifi-
cally target and stretch different muscle groups involved in 
ankle mobility and foot function. Additionally, participants per-
formed a specialised therapeutic exercise known as the tennis 
ball exercise. This exercise involved using a tennis ball to 
apply localised pressure to specific areas of the body, particu-
larly the soles of the feet and lower legs, to release tension in 
the muscles and fascia, promote circulation, and enhance 
overall tissue flexibility and mobility.

Statistical analysis

in this study, the SPSS 26.0 computer program created 
by Statistical Package for Social Sciences in Chicago, illinois, 
was used for statistical analysis. The normality of the data was 
evaluated using the Shapiro–Wilk test to determine whether 
the data were normally distributed. Mann–Whitney U-test 
was used for nonparametric data, and independent sample 
t-test was used for parametric data. Wilcoxon paired two-sam-
ple test for nonparametric data and paired samples t-test for 
parametric data were used to compare within-group values 
at baseline and four weeks later. if the p-value was less than 
0.05, which was the cut-off value of statistical significance, 
a significant difference or correlation between variables was 
believed to exist.

Results

A total of 45 people were initially evaluated as part of the 
study. Two of them, however, were disqualified for orthopae-
dic, two for personal, and one for psychiatric reasons. one 
participant dropped out of the study, therefore, 39 people in 
total were included in the final analysis of the study.

There was no statistically significant difference between 
the groups when demographic information was compared 
(Table 1). The findings in groups 1 and 2 before and after 
treatment were compared (Table 2). There was a significant 
increase in SEBT, BBS and FRT parameters before and af-
ter treatment within both groups (p < 0.05). There was no 



G. demircioglu, H. Genc 
The impact of different exercise approaches on balance in people with pes planus

75

 
Physiother Quart 2025, 33(1) 

significant difference between the two groups (p > 0.05). Be-
fore and after treatment, there was a significant difference 
(p < 0.05) in WBLT and PF RoM between the two groups. 
Nonetheless, a significant increase in the PF RoM value was 
noted between the two groups favouring group 1 (p < 0.05).

Discussion

This study compared the effect of different exercise pro-
grams on balance in people with pes planus. The results of 
the 4-week study showed an increase in SEBT, BBS, FRT, 
and WBLT parameters in both groups after treatment. How-
ever, the increase in PF RoM findings in group 1 was statis-
tically higher.

different exercise techniques have been extensively re-
searched for pes planus in the literature. Engkananuwat et al. 
[18] highlighted that exercise enhances foot functions. Ac-
cording to dębiec-Bąk et al. [19], the treatment of foot de-
fects should primarily focus on local corrections, despite the 
focus on the overall effects of interventions on body posture 
and gait. There is no specified protocol regarding the fre-
quency, intensity, type, and duration of exercise in pes planus 
patients.

Current studies have shown that people with pes planus 
deformity experience loss of stability and balance as a result 
of the foot’s biomechanics deteriorating [20, 21]. The intrinsic 
foot muscles support the medial longitudinal arch during 
stance propulsion and assist in maintaining static balance 
while walking and standing. Exercises performed on the 
ankle improve proprioception and muscle stabilisation [22].

Short-foot exercises which result in intrinsic muscle ac-
tivation have been reported to have a neuromuscular func-
tion. Short-term exercises have been shown to improve foot 
biomechanics while increasing the strength of the inner foot 
muscles [6, 23]. According to a systematic review, short-
foot exercises have been reported to be effective on balance 
for people with pes planus [8]. For this reason, in our study, 
we added short-foot exercises to the group who received 
stabilising exercises.

Stretching exercises, which are commonly used in pa-
tients with pes planus, are prescribed to increase the RoM 
of ankle dF. There are various methods used to stretch the 
gastrocnemius. These include manual passive stretching, self-
stretching using a belt or towel while sitting for long periods 
of time, standing on an inclined board, heel drop on the edge 
of a step or stool, and standing wall stretching [24]. According 
to Brijwasi et al. [23], patients with pes planus who participated 
in a 6-week intensive exercise program showed improve-
ments in their feet’s aesthetic appearance and a decrease 
in pes planus symptoms. Active dF/PF, four quick foot ex-
ercises, and calf stretches, which are activities identical to 
those in our study, were all included in a comprehensive train-
ing program. However, as far as we know, there are no studies 
comparing stability exercises with mobility exercises and 
stretching exercises. For this reason, in our study, we com-
pared stability and mobility exercises to stretching exercises. 
As pes planus has a significant impact on balance, it is im-
portant for healthcare professionals to explore effective exer-
cise interventions. The investigation of customised exercises 
fills a gap in the literature, making a valuable contribution to 
practice.

Houck et al. [25], applied soleus, gastrocnemius and tibi-
alis posterior stretching exercises to one group of patients 
with pes planus, while additional tibialis posterior and plantar 
flexor strengthening exercises were applied to the other group. 
Both therapies significantly decreased pain and improved 
functionality, but there were only slight differences between 
groups, according to treatment outcomes. due to this, we 
used two distinct exercise groups instead of a combined ex-
ercise group in our study and looked at the impact on various 
balance measures. We contrasted their impact on one an-
other in this manner.

it has been found that when foot posture is controlled 
during foot rehabilitation, it can provide an increase in balance 
[26]. Exercises for intrinsic and extrinsic muscle strengthen-
ing and stability have been reported to improve balance in pes 
planus patients [27]. Additionally, according to Yıldız et al. [28], 
short-foot exercises used in pes planus instances had a posi-

Table 1. demographic information

Variable Group 1 Group 2 p

Gender: female/male 16/4 10/9 0.070

Age (mean ± SD) 24.95 ± 6.63 23.68 ± 3.96 0.692

Height (mean ± SD) 166.2 ± 7.14 170.26 ± 8.33 0.112

Weight (mean ± SD) 68.85 ± 11.28 71.32 ± 11.79 0.509

BMi (mean ± SD) 25.16 ± 5.30 24.76 ± 4.88 0.807

BMi – Body Mass index, * p-value < 0.001

Table 2. intragroup and intergroup evaluation of assessment methods

Parameters

Group 1

p

Group 2

p pbefore treatment 
(mean ± SD)

after treatment 
(mean ± SD)

before treatment 
(mean ± SD)

after treatment 
(mean ± SD)

SEBT 61.05 ± 4.30 70.50 ± 4.48 < 0.001* 60.37 ± 5.83 69.89 ± 7.44 < 0.001* 0.953*

BBS 46.75 ± 1.89 51.25 ± 1.77 < 0.001* 46.89 ± 2.31 51.58 ± 2.48 < 0.001* 0.737*

FRT 37.50 ± 4.66 44.20 ± 5.06 < 0.001* 36.42 ± 5.01 43.84 ± 4.94 0.006* 0.644*

WBLT 5.38 ± 1.58 7.65 ± 1.40 < 0.001* 5.45 ± 1.67 7.32 ± 1.45 < 0.001* 0.163*

RoM PF 31.30 ± 4.76 36.55 ± 3.69 < 0.001* 34.95 ± 6.12 37.53 ± 4.21 < 0.001* 0.006*

SEBT – Star Excursion Balance Test, BBS – The Berg Balance Scale, FRT – The Functional Reach Test, WBLT – The Weight Bearing 
Lunge Test, RoM PF – Range of Motion Plantar Flexion, * p < 0.05
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tive impact on balance metrics. in a different investigation, 
children characterised by flat feet demonstrated inferior out-
comes in the star balance test in contrast to those with normal 
foot arches [29]. The SEBT results from Lynn et al. [30] after 
a 4-week brief foot training, which was comparable to the 
length of our investigation, showed no significant improve-
ment in lateral displacement relative to post-treatment values.

it has been found that when foot posture is controlled in 
foot rehabilitation, it can provide an increase in balance. in 
their study, Moon and Jung [31] examined the efficacy of sen-
sorimotor training and short-foot exercise activities. Balance 
both statically and dynamically improved in the group that 
included short-foot exercises. in our study, in accordance with 
the literature, we recorded significant improvements in the 
results of SEBT from the treatments we applied in both groups. 
However, treatments were not superior to each other be-
tween the two groups. The study’s conclusions align with its 
initial research objectives, emphasising the impact of tailored 
exercise programs on balance parameters in pes planus. 
Findings underscore the importance of targeted therapeutic 
modalities for addressing postural instability in this population.

To the best of our knowledge, our study is the first to in-
vestigate the effect of exercises on balance parameters in pes 
planus using FRT and BBS. Jankowicz-Szymanska et al. [32] 
found an increase in FRT results after using insoles in people 
with pes planus. in a different study, patients with pes planus 
who used orthoses saw an improvement in their BBS score 
[33]. Functional reach and the BBS both showed improve-
ment in our trial, where we used several exercise techniques 
independent of the use of orthotics. By improving foot func-
tion in people with pes planus, we believe that various appli-
cations improve balance measurements.

in our investigation, both groups’ post-treatment WBLT 
and dF RoM scores significantly increased. Examining the 
PF range of motion treatment results, it was shown that the 
stability group’s rise was statistically higher. it was noted that 
there aren’t enough studies in the literature on the connection 
between foot workouts and WBLT performance. This study 
bridges a gap by exploring exercise interventions for balance 
in pes planus, enhancing evidence-based practices. Conse-
quently, it benefits individuals with pes planus by improving 
balance and contributing to advancements in treatment re-
search.

The study’s strengths include its comprehensive design, 
incorporating both stretching and stability exercises to as-
sess their impact on balance parameters in individuals with 
pes planus. Multiple outcome measures, such as SEBT, BBS, 
FRT, and WBLT, enhance the robustness of our findings.

Limitations

Study limitations include a small sample size, hindering 
generalizability. Future research with larger samples and 
longer follow-up periods is needed for deeper insights into 
exercise interventions’ long-term effects on balance outcomes 
in pes planus. Additionally, our study only assessed the im-
mediate effects of a 4-week exercise program. Long-term 
effectiveness and comparison of stability versus stretching 
exercises warrant further investigation.

Conclusions

There are many exercise approaches for individuals with 
pes planus who complain of foot pain, and both types of 
exercises we applied were found to be effective on mobility 
and balance. However, no superiority over each other was 

found. in this context, there is a need for combined exercise 
groups, including stretching and stability exercises, in future 
studies.
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