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ABSTRACT

Introduction and aim: Strengthening the intrinsic foot muscles is
effective in controlling pronation. However, the effects of strengthening
other muscle groups remain unknown. The purpose of this study was to
determine the effect of comprehensive and local corrective exercises on
foot posture index (FPI) in people with flexible flat foot.

Methods: Forty-four students referring to Neshat corrective exercises
center in llam city with a foot posture index score between 6 and 12 were
selected as a statistical sample and stratified randomly divided into four
groups of intrinsic exercises, intrinsic + extrinsic exercises,
comprehensive corrective exercises (CCE) and control. The FPI was
measured in the pre-test, at the end of the sixth week and at the end of
the twelfth week. The mixed model analysis of variance test was used to
analyze the data.

Results: The results showed that there was a significant decrease in the
FPI in the exercise groups compared to the control group (P<0.05).
There was no significant difference between the intrinsic and intrinsic +
extrinsic groups in the right (P=0.980) and left (P=0.965) foots. FPI in the
CCE group showed a significant decrease compared to all groups
(P<0.05).

Conclusion: CCE, considering the principle of chain reactions of the
human body and focusing on the activation of all the distal and proximal
muscles effective in misalignment, is more effective than local exercises
in correcting the flatness of a flexible foot.
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Extended Abstract

Introduction and aim

The foot is the terminal segment of the lower limb kinetic chain, serving as the primary
interface between the body and the ground, supporting body weight, and enabling
human locomotion (1). This complex structure must withstand substantial forces from
ground reaction, body movement, and gravitational loading while maintaining stability,
shock absorption, and energy transfer during dynamic activities. Among the foot’s
anatomical features, the arches play a critical role in providing structural support,
elasticity, and propulsion. The medial longitudinal arch, formed by the calcaneus, talus,
navicular, cuneiforms, and the first three metatarsals, is particularly important for
distributing forces, absorbing shocks, and maintaining postural stability (1, 2).
Alterations in arch height can lead to disruptions throughout the lower limb kinetic chain,
affecting alignment, joint mechanics, and overall mobility. Flexible flatfoot, characterized
by a collapse or reduction of the medial longitudinal arch during weight-bearing yet
present in non-weight-bearing positions, is one of the most common pediatric foot
deformities (4, 5). Etiological factors include ligamentous laxity, malalignment of the
lower limb, and weakness in intrinsic and extrinsic foot muscles (4, 6, 7). Clinically,
flexible flatfoot often manifests with excessive pronation, plantarflexion, talar adduction,
and calcaneal valgus during stance. These biomechanical alterations can compromise
balance, functional stability, proprioception, and may predispose individuals to
secondary musculoskeletal issues such as hallux valgus, hammer toes, plantar fasciitis,
Achilles tendinopathy, tibial stress syndrome, knee malalignment, and discomfort
extending to the hip and lower back (1, 4, 13). Consequently, early and effective
intervention is essential to prevent long-term functional deficits and musculoskeletal
complications (4).

Conservative management of flexible flatfoot commonly includes orthotics, specialized
footwear, and targeted exercise interventions (1). Among these approaches, short foot
exercises that activate intrinsic foot muscles have demonstrated efficacy in increasing
arch height, reducing pronation, and improving foot function (10, 14, 15, 17-20). These

exercises emphasize the contraction of intrinsic muscles without engaging extrinsic foot
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muscles, facilitating segmental stability and proprioceptive feedback. However, prior
research has largely focused on isolated intrinsic strengthening, neglecting the potential
contributions of proximal lower limb and core musculature to arch stability and overall
foot mechanics (21-25). Evidence indicates that strengthening hip abductors and
external rotators reduces calcaneal eversion, while posterior tibialis strengthening
combined with gastrocnemius-soleus stretching significantly enhances arch height
compared with conventional towel-gathering exercises (6, 23, 24). Furthermore, the
timing and sequencing of muscle activation are critical; early activation of extrinsic
muscles may inhibit intrinsic muscle function and limit functional improvements in arch
height (26, 27, 44). Based on this evidence, comprehensive corrective exercise
programs targeting the entire kinetic chain, including intrinsic and extrinsic foot muscles
as well as core and proximal lower limb muscles, may provide superior outcomes in the
management of flexible flatfoot (25—-27, 30, 31). The present study aimed to investigate
the effects of intrinsic, intrinsic plus extrinsic, and comprehensive corrective exercises
on Foot Posture Index (FPI) in children with flexible flatfoot, with careful consideration of
muscle activation timing, progression, and intervention sequencing.

Methods

A randomized controlled trial was conducted involving 44 children aged 9-14 years (12
boys, 32 girls) diagnosed with bilateral flexible flatfoot. Participants were recruited from
the Neshat Corrective Movements Center, llam, Iran, and stratified by sex before
random allocation to four groups (n=11 each): intrinsic foot muscle exercises (IFM),
intrinsic plus extrinsic foot muscle exercises (IFM+EFM), comprehensive corrective
exercises (CCE), and control. Inclusion criteria included FPI scores of 6—-12, absence of
rigid flatfoot, no prior lower limb surgery, and no structural or neuromuscular
abnormalities. Exclusion criteria comprised pain during the intervention, withdrawal, or
missing multiple sessions (10, 15, 19, 27).

Intervention programs lasted 12 weeks, six days per week (three supervised and three
home sessions), with one day of rest. Session duration progressed from 30—45 minutes
initially to 60—75 minutes in later weeks, and exercises were performed in three sets of
15 repetitions with 30-second rest intervals. Parents supervised home sessions
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following instructions, photographs, and video demonstrations provided by the
specialists (10, 19, 24, 25, 32, 33). IFM exercises included short foot contractions
performed without extrinsic muscle activation, emphasizing isometric holds for five
seconds and controlled eccentric lowering, progressing from seated positions to double-
and single-leg standing and walking (10, 19, 34, 35). EFM exercises, introduced from
week six for IFM+EFM and CCE groups, targeted foot invertors, particularly the
posterior tibialis, using supination, forefoot adduction, and heel raises, progressing from
seated to standing and single-leg weight-bearing positions (28, 29, 32). CCE
additionally incorporated lumbopelvic-hip exercises to strengthen core musculature, hip
abductors, and external rotators, progressing from bridging in supine to side-bridge with
added load (22, 24, 25, 28).

Foot posture was assessed using the FPI, which evaluates six criteria: talar head
palpation, lateral malleolus curvature, calcaneal inversion/eversion, talonavicular
prominence, medial longitudinal arch alignment, and forefoot abduction/adduction.
Scores range from —12 to +12, with positive scores indicating pronation and negative
scores indicating supination (36). Assessments were conducted pre-intervention, mid-
intervention (week 6), and post-intervention (week 12). Data were analyzed using one-
way ANOVA for demographic characteristics and mixed-model ANOVA for within- and
between-group comparisons, with partial n? used to report effect sizes.

Results

Results demonstrated significant main effects of time for both feet (right: n?=0.711, F
(2,91.12) =74.2, P<0.001; left: n®>=0.783, F (2,133.44) =74.2, P<0.001), indicating
substantial improvement over the 12-week intervention. Significant time x group
interactions were observed (right: n?=0.556, F (2,15.42) =74.6; left: n®>=0.577, F
(2,16.85) =74.6, P<0.001), reflecting differential improvements across groups. By week
six, FPI showed a decreasing trend in all exercise groups, but values remained outside
the normal range. By week twelve, all intervention groups achieved FPI scores within
the normal range. Between-group analyses revealed significant differences, with all
exercise groups improving FPl compared to the control group (P<0.05). No significant
differences were observed between IFM and IFM+EFM groups, whereas the CCE group
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demonstrated the greatest reductions in FPI for both feet (P<0.05). The highest pre- to
post-intervention percentage reductions were observed in the CCE group (right: 77%,
left: 74%).

Discussion

The findings indicate that twelve weeks of IFM, IFM+EFM, and CCE significantly
improve foot posture in children with flexible flatfoot, with CCE demonstrating the
highest efficacy. Short foot exercises improve medial longitudinal arch height by
activating intrinsic muscles without extrinsic engagement, enhancing segmental stability
and proprioception (26, 37—40). The addition of extrinsic muscle exercises after six
weeks produced similar improvements to IFM alone, consistent with previous adult
studies (7), suggesting that intrinsic muscles provide primary stabilizing function, while
extrinsic muscles contribute secondarily during dynamic activities (26). CCE, which
integrates intrinsic, extrinsic, and core exercises sequentially, achieved greater
normalization of FPI. This supports prior evidence that initiating extrinsic exercises
before intrinsic activation may inhibit intrinsic muscle function and compromise
outcomes (10, 26, 27, 44). Age and intervention duration likely contributed to superior
outcomes compared with adult studies; younger children may demonstrate greater
adaptability in arch correction.

The study has limitations, including a small sample size and absence of follow-up,
limiting conclusions regarding the long-term sustainability of improvements. Future
research should involve larger cohorts, include follow-up assessments, and employ
additional foot assessment tools to validate and generalize findings. In conclusion,
twelve weeks of IFM, IFM+EFM, and comprehensive corrective exercises significantly
improve FPI, with comprehensive exercises being the most effective. Children with
flexible flatfoot are recommended to engage in comprehensive corrective exercise
programs following the progression, sequencing, and timing described in this study.
Future investigations should examine these interventions across broader age ranges

and using multiple evaluation indices to confirm effectiveness and generalizability.
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2. Talus

3. Bunion
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5. Medial tibial stress syndrome
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1. Towel curl exercises
2. Foot adduction exercise
3. Foot supination exercise
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1. Intrinsic exercise

2. Short-foot exercise

3. Extrinsic exercise

4. Comprehensive corrective exercise
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1. Supination exercises

2. Forefoot adduction

3. Heel raise

4. Foot Posture Index

5. Talar head palpation

6. Curvature at the lateral malleoli

7. Inversion/eversion of the calcaneus

8. Talonavicular bulging

9. Congruence of the medical longitudinal arch

10. Abduction/adduction of the forefoot on the rare-foot
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1. Mixed Model Analysis of Variance

2. Shapiro-Wilk
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1) Talar head palpation

2) Supra & infra lateral
malleoclar curvature

3) Inversion/eversion
of calcaneus

4) Bulging in
talonavicular joint

5) Congruence of the
medial longitudinal arch

6) Abduction/adduction
of the forefoot on the rarefoot
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