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ABSTRACT

Background: Adult flatfoot and arch deformities result from disruption of the supporting ligaments as well as from muscle
weakness or tightness leading to direct impairments in the arch.As the condition progresses, it causes biomechanical
alterations that further impair daily functioning. Studies also show correlation between Cartilage damage of Knee, Low back
pain with Pes Planus. Many other studies aimed to correct the medial longitudinal arch with arch supporters, Taping and
Faradic foot bath.

Aim: This study aimed to investigate the effects of the short-foot exercise (SFE) on Flexible Pes Planus over conventional
methods.

Methodology: This study involved 60 subjects who fulfilled the criteria,with 30 particpants each group ,Group A (n=30, 13
men and 17 women) was Conventional Therapy and Group B (n=30, 14 men and 16 women) was Short Foot Exercise
progression. The subjects were each given a consent form. The purpose of the study was explained to all the participants and
an informed consent was taken from each subject. Navicular Drop Test was used as an Outcome Measure. Group A
performed the SFE. SFE programs were performed 20 minutes a day, 5 times a week, for a total of 4 weeks. The Navicular
drop test was compared before and after training.

Result: Group A achieved a mean of 9.8 while Group B achieved a mean of 10.15. Group A showed a reduction of 2.74mm
while Group B achieved a 2.95mm. P value and statistical significance: the two tailed p value equals 0.6557, by conventional
criteria, the difference observed shows only a weak statistical association, suggesting limited evidence of a true effect.

Conclusion: SFE and Conventional exercises are found to be effective in Flexible Pes Planus however, SFE was found to
be clinically more effective than conventional exercise, demonstrating greater reductions in NDT values. Despite the weak
statistical relationship observed in the results, the observed trends highlight the need for further research to explore the
potential clinical benefits more comprehensively.
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1. INTRODUCTION

Pes Planus (Flat foot) deformity is a chronic foot condition that includes flattening of the medial longitudinal arch
(MLA),hindfoot valgus, and midfoot abduction [1],
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Flat foot can be classified into two types, Rigid and flexible. In Rigid Pes Planus the MLA remains flat irrespective of
position i.e weight bearing or non weight bearing, while in flexible pes planus, MLA develops in non weight bearing positions
like sitting, supine etc and diminishes in weight bearing positions. FFF is generally asymptomatic wheras Rigid flat foot is
often symptomatic and associated with tarsal coalitions and reduced range of motion at subtalar joint.

A study was conducted in India on normal healthy volunteers between the age group of 25 to 40 years, it was observed that
the prevalence of flat feet was 24.59% in males and 22.04% in females. [2]

Factors like Occupation, Obesity and Age are associated with Flat feet. Injuries to foot ligaments, decreased cross sectional
area of intrinsic muscle are also associated with Pes Planus. [3,4,5,6,7]

Changes in foot posture leads to changes in body biomechanics [5-7]. Studies have shown that the presence of pes planus
foot deformity is associated with medial compartment knee osteoarthritis [5-7]. A significant difference was observed in the
incidence of pes planus in healthy subjects and subjects with osteoarthritis with 22% and 42% respectively [5]. Further more,
38.3% of females studied had both knee medial and lateral compartment osteoarthritis in the presence of pes planus [7]

Static support, including foot orthoses, represents a prevalent medical intervention for issues associated with flatfoot. A
previous study revealed that 50% of patients exhibiting symptoms related to flatfoot were managed through the use of foot
orthoses to elevate the medial longitudinal arch and rectify deformities [5]. Nevertheless, a systematic review and meta-
analysis conducted in 2018 suggested that the effects of foot orthoses on flatfoot were constrained, and the influence on foot
kinematics remained contentious [6]. Besides depending on foot orthoses for arch support, fortifying the foot muscles may
offer dynamic support.

Foot orthoses are commonly utilized to elevate the medial longitudinal arch (MLA) in order to relieve stress on the spring
ligament and to address flat foot deformities [1,11]. Extrinsic and intrinsic foot muscles (IFM) contribute to the support of
the medial longitudinal arch within the active subsystem [7]. The IFM, with their origins and insertions positioned in the
foot, such as the abductor hallucis, flexor digitorum brevis, and quadratus plantae, are significant in providing direct
stabilization to the arch [8].

The short-foot exercise (SFE) is among the most recognized exercises aimed at fortifying the IFM and comprises the
contraction of these muscles to draw the first metatarso phalangeal joint towards the calcaneus and elevate the medial
longitudinal arch without flexing the toes [7,9]. Several studies have indicated that the use of foot orthoses is effective in
rectifying pes planus [6, 15].

Although numerous literature sources advocate for the use of foot orthoses and the short-foot exercise for the management
of pes planus, this study sought to examine the effects of the short-foot exercise (SFE) on Flexible Pes Planus. The objective
of the study was to assess the efficacy of SFE in comparison to traditional methods.

2. METHODOLOGY

This study involved 60 subjects who fulfilled the criteria, were divided into two groups 30 participant each Group A (n=30,
13 men and 17 women) was Conventional Therapy and Group B (n=30, 14 men and 16 women) was Short Foot Exercise
progression. The subjects were each given a consent form. The purpose of the study was explained to all the participants and
an informed consent was taken from each subject. Navicular Drop Test was used as an Outcome Measure. Group A
performed the SFE. SFE programs were performed 20 minutes a day, 5 times a week, for a total of 5 weeks. The Navicular
drop test were compared before and after training.

The study obtained Ethical clearance from (Ref. No. IEC/dth/2019/MS/14) from the Institutional ethical committee

Outcome Measurement: Navicular Drop test: Each subject was asked to sit in relaxed position with hip and knee flexed at
90 degree and the foot gently placed flat on a firm supporting surface For assessing Pes Planus, the subject was first positioned
in relaxed sitting position i.e. non weight bearing position. Using a small rigid ruler, the height of the navicular bone was
measured from the floor to the most prominent part of navicular tuberosity when in the neutral talar position. Again the
height of the navicular bone was measured in standing position i.e. weight bearing .The difference in measurement is the
navicular drop and drop >10mm will be regarded as pes planus. Navicular Drop test was used as a Diagnostic and prognostic
tool. Diagnostic tool as it was used to identify the subjects with Pes Planus and Prognostic tool as an outcome measurement
to assess the intervention of conventional and Short foot Exercise in the study.

Written informed consent was obtained from the participants. Individuals who fulfilled the inclusion criteria were included
in the study. Participants were informed about the purpose of the study. The treatment protocol and its duration were
explained to the patients.

Inclusion Criteria:

Subjects diagnosed as Pes Planus with NDT( > 10 mm)
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Exclusion Criteria:

Subjects with Surgeries in lower limb like Arthroplasty, Knee Surgeries like ACL reconstruction, pregnant Women,
Deformities in lower limb, Subjects with Neuromuscular disorder, limb length discrepancy

The procedure of Conventional Therapy and Short Foot Exercise was explained to the subjects.

Total duration of the treatment: 4weeks, 5 session / week, once a day

Time: 10 min/session

Total number of sessions: 20

Conventional Therapy (Group A):

This group consisted of candidates who followed an intrinsic muscle strengthening protocol

i. Heel raises: Patient was in standing position and has to perform heel raises 20 times. (without shoes)

ii. TA Stretching: The patient was taken in supine position Researcher was positioned to side of the patient and applied a
passive stretch leading to 30 sec hold and was repeated 5 times each session. Toe Spreading exercises: The patient was in
sitting or standing position and shall be instructed to stabilize the ball of the foot on the ground while lifting and spreading
out the toes, Frequency: 20 times, intensity: 5 sec holds, type of contraction: isometric contraction.

iii. Toe extension exercises: The patient was in sitting or standing position and was instructed to lift the big toe against the
floor. Frequency: 20 times, intensity: 5 sec holds, type of contraction: isometric contraction.

Short Foot Exercise Progression (Group B): This group was consisting of candidates which were following an intrinsic
muscle strengthening protocol. Short foot exercises: i. The candidates placed the foot flat on the ground, and draw the
metatarsals inwards creating an arch with progression. Frequency: 20 times, intensity: 5 sec holds, type of contraction:
isometric contraction.

Short Foot Exercise Progression ( Group B):

Short Foot Exercise | 15 Week 2 Week 3" Week 4™ Week
Progression
Position of Lower | Sitting Bilateral Standing Unilateral Standing Standing on an
Extremity unstable platform
Repetitions

4 weeks

5 Sessions / week

Once a day

¥

Figure 1 Navicular Drop test Figure 2 Short Feet Exercise
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-

| /

Figure 3 Unilateral Standing Figure 4 Standing on a unstable platform

Inferential Analysis:

Table 1: Gender Distribution

Group A Group B
Male 17 19
Female 13 11

1 Male | 1 Male

® Female ® Female

Fig: Pie Chart; Showing Gender Distribution in Group A and Group B

Table 2. Demographic details: Mean Age, Height, Weight and BMI details in Group A and B

Age Height Weight BMI
Grp A 36 167.11 68.84 24.67
Grp B 38 162 72 27.4
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Table 3. Mean difference of NDT values in Group A and B
Grp B ( SFE

Grp A (Conventional)  progression)

Baseline 12.54 13.1
1st Week 11.9 12.82
2nd Week 11.2 12.1
3rd Week 10.5 11.32
4th Week 9.8 10.15

The mean NDT value for Group A before treatment was 12.54 and 13.1 for Group B, After 4 weeks of rehabilitation in both
groups, Group A achieved a mean of 9.8 while Group B achieved a mean of 10.15. Group A showed a reduction of 2.74mm
while Group B achieved a 2.95mm. Both the groups showed a steady decline in 4 week based protocol in NDT values, which
indicates a good prognosis.

m Grp A ( Conventional)

u Grp B ( Experimental)

0 T T T T 1
Baseline Ist 2nd 3rd 4th
Week Week Week Week

Graph: Mean Navicular Drop test values for Group A and Group B from Baseline to End of 4™ Week
Statistical Analysis:

P value and statistical significance: the two tailed p value equals 0.6557, by conventional criteria, this difference is considered
to be not statistically significant. Confidence

Interval : The mean of Group one minus Group two equals -0.3500
95% confidence interval of this difference from -1.9134 to 1.2134

3. DISCUSSIONS

The research was conducted to evaluate the effectiveness of the short foot exercise in comparison to conventional methods
in Flexible Pes Planus. The subjects were randomly assigned to two categories, conventional and Experimental. The mean
NDT value for Group A (Conventional ) prior to treatment was 12.54mm and for Group B( SFE Progression) it was 13.1mm.
Following 4 weeks of Rehabilitation for both groups, Group A recorded a mean of 9.8 mm, while group B noted a mean of
10.15mm. Group A exhibited a decrease of 2.74 mm whereas Group B attained a reduction of 2.95mm. The Conventional
group fell below the recognized threshold of 10mm with a mean decrease of 2.74mm, while experimental group approached
the 10 mm threshold of NDT at 10.15mm with an average reduction of 2.95mm, which surpasses the conventional groups
2.74 mm. Both groups demonstrated a consistent decline in NDT values over the 4 week protocol, suggesting a favorable
prognosis, which shows the importance of performing Short feet Exercise in Individuals with Flexible Pes Planus and the
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studies mentioned above back up the evidence.

Intrinsic muscle exercises, like SFE, serve a significant function in static balance, such as standing on one leg, and the foot
strength is a crucial in adjusting posture. [20] According to a conducted by Goldmann et al effects of toe flexion exercises
was investigated in normal subjects, and showed that they lead toe enhancement in walking, running, and jumping.[21]
Research conducted by Kelly et al, showed that the activation of AbdH was greater in whilst standing on 1 leg rather than
standing on both legs, and that higher level of coordination occurred with other surrounding muscles during medial-lateral
sway. Prior researches corroborates our results regarding impact of SFE.

According to Graham et al stabilizing the distal segment during closed chain exercises decreases the shear force on the
moving proximal joint while ensuring stability in the movement of the proximal joint. Notably, squatting is classified as a
closed chain exercise that includes flexing and extending the ankle joint, knee joint and hip joint, necessitating inter
contraction of adjacent muscles and stability in the distal segments, like the foot and ankle.[22,23] However, bearing weight
in individuals with flat feet enhances subtalar joint pronation, leads to navicular drop and reduces foot stability with a
descending MLA.[24]In closed chain exercises for the Knee joint, the precision of knee joint movement was enhanced as
the SFE aided in foot stability and coordinated well with the adjacent muscles. Conversely, the SFE did not exhibit a notable
increase in precision during open chain exercises because open chain exercises are not connected to ankle stability.

Among the intrinsic foot muscles, the abductor hallucis garners significant attention due to its multiple functions. It is thought
that the recovery of this muscle is crucial in addressing pes planus. The abductor hallucis muscle contributes to weight-
bearing and propelling the body forward during push-off in walking. The flexor hallucis brevis muscle supports the medial
longitudinal arch during the terminal stance in walking to ensure foot stability. Therefore, training the abductor hallucis
might aid in decreasing navicular drop height and enhancing the longitudinal arch angle.

It was challenging to suggest a smallest meaningful effect for the two outcome measures in this research because they were
strictly biomechanical instead of symptomatic or functional measures that patients might have been able to express opinions
on regarding the clinical value of improvements of various degrees. However, these biomechanical outcome measures are
worth considering as they represent the severity of the condition and the visual appearance of the foot. More importantly,
enhancements in these biomechanical outcomes presumably signified a delay in the advancement to more severe flat foot,
which often becomes symptomatic and can influence gait. The results of the research will also attract attention from those
who view excessive pronation as a factor contributing to lower extremity injuries. [25]

The limitation of the study was the absence of physiological evidence to a evaluate the Intrinsic muscle thickness, which
represents a financial constraint of the study. We recommend to the further studies investigating components of Knee along
with improved physiological evidence.

4. CONCLUSION

SFE and conventional exercises are found to be effective in Flexible Pes Planus however, Short Feet Exercise found to be
marginally better than conventional exercise.
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