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ABSTRACT

Background: Flexible flat foot is characterized by a decreased medial longitudinal arch, leading to altered
biomechanics and impaired balance. Short Foot Exercise (SFE) is commonly used to strengthen intrinsic foot
muscles, while proprioceptive training enhances neuromuscular control. Combining these interventions may provide
superior outcomes.

Obijective: To compare the effectiveness of short foot exercise combined with proprioceptive training versus short
foot exercise alone on medial longitudinal arch height and balance in individuals with flexible flat foot.

Methods: A randomized controlled trial was conducted on 30 individuals with flexible flat foot, aged 18-30 years.
Participants were randomly allocated into two groups: Group A (SFE combined with proprioceptive training) and
Group B (SFE alone), with 15 participants in each group. Both groups underwent intervention for 6 weeks, 5 sessions
per week. Outcome measures included Navicular Drop Test (NDT) for medial longitudinal arch height and Star
Excursion Balance Test (SEBT) for dynamic balance. Data were analyzed using paired and independent t-tests with
significance set at p < 0.05.

Results: Both groups showed statistically significant improvement in navicular drop and SEBT scores following
intervention (p < 0.05). However, Group A demonstrated significantly greater improvement compared to Group B (p
< 0.05). The mean reduction in navicular drop was higher in Group A (4.3 mm) compared to Group B (2.2 mm).
Similarly, improvements in dynamic balance were significantly greater in Group A across all SEBT directions.
Conclusion: Short foot exercise combined with proprioceptive training is more effective than short foot exercise
alone in improving medial longitudinal arch height and balance in individuals with flexible flat foot..
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INTRODUCTION

Flexible flat foot planus) is a common

(pes
musculoskeletal condition characterized by a reduction
or collapse of the medial longitudinal arch (MLA) during
weight-bearing, while the arch reappears in non-weight-
bearing positions®. The integrity of the MLA is essential
for shock absorption, load distribution, and efficient
biomechanics of the lower limb. Alterations in arch
structure may lead to excessive pronation, altered gait

patterns, and increased risk of musculoskeletal injuries2.

The prevalence of flexible flat foot has been reported to
be approximately 13.6% among young adults, indicating
its clinical significance in the general populationt. The
height of the medial longitudinal arch is commonly
assessed using the Navicular Drop Test (NDT), where a
drop of >10 mm is considered indicative of flexible flat
foott. NDT is widely used in clinical and research
settings due to its simplicity and established validity in

characterizing arch mobility?.

Intrinsic foot muscles play a crucial role in maintaining
the MLA. Weakness or dysfunction of these muscles
contributes to arch collapse and impaired foot stability.
Short Foot Exercise (SFE) is a commonly prescribed
intervention aimed at strengthening intrinsic foot
muscles by shortening the foot without flexing the toes.
Evidence suggests that SFE significantly improves
navicular drop and foot alignment, thereby enhancing

arch stability*.

In addition to structural deficits, individuals with flexible

flat foot often exhibit impaired balance and

proprioception. Proprioceptive deficits may arise due to
altered sensory input from the foot and ankle, affecting
postural control and increasing the risk of instability.
Balance assessment tools such as the Star Excursion
Balance Test (SEBT) or

demonstrated good reliability in individuals with flexible

Y-Balance Test have
flat foot and are widely used to evaluate dynamic

postural control®.

Recent studies have highlighted that combining
strengthening exercises with balance or proprioceptive
training may yield superior outcomes compared to
isolated interventions. A randomized controlled trial
demonstrated that a comprehensive exercise program
including foot strengthening significantly improved
navicular drop height and arch alignment compared to
conventional exercises®. Similarly, studies incorporating
balance training alongside SFE have reported greater
improvements in both foot posture and dynamic balance,
effect of combined

suggesting a  synergistic

interventions’.

Despite growing evidence supporting exercise-based
management, there remains limited research comparing
the effectiveness of SFE alone versus SFE combined
with proprioceptive training specifically on both MLA
height and balance. Therefore, this study aims to
investigate whether the addition of proprioceptive
training enhances the outcomes of short foot exercises in

individuals with flexible flat foot.

METHODOLOGY

1JDDT, Volume 16 Issue 1s, 2026

Page: 1085



Effectiveness Of Short Foot Exercise Combined With Proprioceptive Training Versus Short Foot Exercise Alone On
Medial Longitudinal Arch Height And Balance In Individuals With Flexible Flat Foot

Study Design

Randomized Controlled Trial

Study Setting

Physiotherapy outpatient department / rehabilitation
center

Sample Size

30 participants

Sampling Method

Convenience sampling with random allocation
Inclusion Criteria

Age: 18-30 years

Flexible flat foot (Navicular Drop >10 mm)
Both genders

No recent lower limb injury

Exclusion Criteria
Rigid flat foot
Neurological disorders
Previous foot surgery

Acute pain/inflammation

INTERVENTION PROTOCOL

Group A: Short Foot Exercise Combined with

Proprioceptive Trainingt115

Short Foot Exercise (SFE)

Short Foot Exercise was performed to activate intrinsic
foot muscles.

Participants were instructed to “shorten the foot” by
drawing the metatarsal heads toward the heel without
flexing the toes or lifting them from the ground.

The exercise was initially performed in a sitting position,
progressing to standing and single-leg stance as control
improvedz.

Protocol:

three sets of 10 repetitions a day with 5 sec hold and 5
sec rest

2. Proprioceptive Training

The training program included progressively challenging
tasks:

a. Single-Leg Stance

Performed on stable surface — progressed to unstable
surface (foam/balance pad)

Eyes open — eyes closed progression

b. Balance Board Training
Participants stood on a wobble/balance board
Maintained equilibrium while minimizing board contact

with the floor

¢. Tandem Walking
Heel-to-toe walking in a straight line
Forward and backward walking

d. Dynamic Reach Tasks (SEBT-based training)
Participants reached in anterior, posteromedial, and
posterolateral directions while maintaining single-leg
stance, 5 repetitions per direction

Total Duration: 30-40 minutes per session; 5
session/week for 6 weeks

Group B: Short Foot Exercise

Participants in Group B performed only Short Foot
Exercise following the same standardized protocol
described above.

Total Duration: 30 minutes per session; 5 session/week

for 6 weeks

Outcome Measures
Medial Longitudinal Arch Height

Navicular Drop Test (mm)
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Balance

Star Excursion Balance Test (SEBT)

Statistical Analysis

Data obtained from the study were coded and entered
into Microsoft Excel and analyzed using Statistical
Package for the Social Sciences (SPSS) version 25.0.

The level of significance was set at p < 0.05.

Table 1: Demographic Characteristics of Participants (n = 30)

Variable

Group A (n=15) Group B (n=15) p-value
Age (years

ge (vears) 224+21 219+23 0.54

Gender (M/F)

8/7 718 0.71
BMI (kg/m?)

23.1+25 228122 0.68

Table 2: Pre and post comparison of outcome measure -Group A

Paired

Pre (Mean £ | Post (Mean = | Mean p-
Outcome Measure _ ttest

SD) SD) Difference value
Navicular Drop (mm) | 10.6 £1.2 6.3£1.0 43 12.85 <0.001
SEBT - Anterior (%) | 72.5+5.8 88.2+49 15.7 10.92 <0.001
SEBT-Posteromedial

70.8+6.1 86.5+£5.2 15.7 10.47 <0.001
(%)
SEBT-Posterolateral
o) 71.2+£59 85.9+54 147 9.98 <0.001

0

Table 3: Pre and post comparison of outcome measure -Group B
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Pre Post Mean Pair
Outcome . p-
(Mean + | (Mean % | Differe | ed t
Measure value
SD) SD) nce test
Navicular
104+13 | 82+11 | 22 6.45 | <0.01
Drop (mm)
SEBT - 804 +
) 71.8+55 8.6 5.98 | <0.01
Anterior (%) 51
SEBT-
) 792
Posteromedial | 70.5+6.0 - 8.7 5.72 | <0.01
(%) '
SEBT-
788
Posterolateral | 70.9 £5.7 - 7.9 541 | <0.01
(%) '

Table 4: Between-Group Comparison (Post-Intervention)

Independent t

Group A post | Group B post | test p-
Outcome Measure

(Mean £ SD) (Mean £ SD) value
Navicular Drop (mm) 6.3£1.0 8.2+11 4.98 0.002
SEBT- Anterior (%) 88.2+49 80.4+5.1 4.27 0.001
SEBT-Posteromedial (%) 86.5+5.2 79.2+56 3.92 0.001
SEBT- Posterolateral (%) 859+54 78.8+53 3.65 0.002
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(%) (%)
H Group A post (Mean £ SD) m Group B post (Mean + SD)
Both Group A (short foot exercise combined with
Result proprioceptive training) and Group B (short foot exercise

alone) demonstrated statistically ~ significant
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improvements in medial longitudinal arch height and
dynamic balance following the 6-week intervention (p <
0.05). Within-group analysis showed a greater reduction
in navicular drop and higher improvement in SEBT
scores in Group A compared to Group B. The mean
reduction in navicular drop was 4.3 mm in Group A and
2.2 mm in Group B. Similarly, improvements in SEBT
directions (anterior, posteromedial, and posterolateral)
were markedly higher in Group A. Between-group
comparison revealed a statistically significant difference
in all outcome measures post-intervention (p < 0.05),
indicating that Group A achieved superior outcomes.
These that the

proprioceptive training to short foot exercise results in

findings  suggest addition of
greater improvement in both medial longitudinal arch

height and balance in individuals with flexible flat foot.

Discussion

The present study demonstrated that both short foot
exercise (SFE) alone and SFE combined with
proprioceptive training significantly improved medial
longitudinal arch (MLA) height and dynamic balance in
individuals with flexible flat foot. However, the
combined intervention group showed superior outcomes
compared to SFE alone. These findings are consistent
with recent randomized controlled trials conducted
between 2020 and 2026.

The improvement in navicular drop observed in both
groups supports the effectiveness of SFE in enhancing
MLA height. A recent randomized controlled trial by
Suzuki et al. (2024) reported that SFE significantly
improves lower limb motor control and intrinsic foot
muscle activation during single-leg tasks in individuals
with flat foot. This improvement can be attributed to
strengthening of intrinsic foot muscles, which play a
crucial role in maintaining arch stability and controlling

foot biomechanics.

Similarly, another RCT (2024) comparing SFE with toe
curl exercises demonstrated that SFE significantly
reduced midfoot pressure and increased forefoot loading,
indicating improved arch mechanics and redistribution
of plantar pressure2. These findings support the structural
improvements observed in the present study, particularly

the reduction in navicular drop.

The present study also found significantly greater
improvements in balance in the combined intervention
group. This is consistent with previous RCT findings
demonstrating the superiority of combined training
approaches. A randomized controlled trial by Lynn et al.
reported that incorporating SFE into a sensorimotor
training program resulted in significantly greater
improvements in both static and dynamic balance
compared to sensorimotor training alone3. This suggests
that intrinsic muscle activation enhances the
effectiveness of proprioceptive interventions.
Furthermore, a recent randomized trial (2024) by Zarali
et al. showed that combined exercise programs including
SFE resulted in significantly greater improvements in
navicular drop and postural control compared to isolated
SFE interventions*. Similarly, a 2025 randomized
controlled trial comparing different combinations of foot
and hip exercises with SFE found that groups receiving
combined training demonstrated significantly greater
improvements in arch indices and foot posture compared
to SFE alone®. These findings strongly support the results
of the present study, where the addition of proprioceptive
training enhanced both structural and functional
outcomes.

The superior improvement observed in the combined
group can be explained by enhanced neuromuscular
control. Proprioceptive training improves sensory input
from mechanoreceptors and facilitates better motor
coordination, which is essential for maintaining balance

during dynamic activities. When combined with intrinsic
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muscle strengthening through SFE, it produces a
synergistic effect, improving both static alignment and

functional stability.

Clinically, these findings suggest that while SFE alone is
effective in improving MLA height, it may not be
sufficient to address balance deficits. The addition of
proprioceptive training provides a more comprehensive
rehabilitation approach by targeting both structural and
neuromuscular components. This combined approach
may help reduce the risk of injury and improve
functional performance in individuals with flexible flat

foot.

Conclusion

The present study concludes that both short foot exercise
(SFE) alone and SFE combined with proprioceptive
training are effective in improving medial longitudinal
arch height and dynamic balance in individuals with
flexible flat foot. However, the combination of SFE with
proprioceptive training demonstrated significantly
greater improvement compared to SFE alone. The
enhanced outcomes in the combined group indicate a
synergistic effect of intrinsic muscle strengthening and
neuromuscular control training. Therefore, incorporating
proprioceptive training along with short foot exercises is
recommended as a more effective rehabilitation
approach for improving both structural alignment and
functional stability in individuals with flexible flat foot.
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