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Comprehensive Physiotherapy Program Improves the
Medial Longitudinal Arch of a Male Adolescent with Bilateral
Flexible Flat Foot: A Case Report
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ABSTRACT

Introduction: Flat foot is a common foot deformity marked by the
absence of the medial longitudinal arch of the foot. Flexible flat foot
is usually symptomless but can affect the biomechanics of the lower
extremity and lumbar spine, possibly increasing the risk of pain
and injury. Conservative management, including physiotherapy,
is important in flat foot management, yet the number of reports
regarding physiotherapy for flat foot is scarce. Therefore, this case
report aimed to describe a case of bilateral flexible flat foot in a male
adolescent who was treated with a comprehensive physiotherapy
program.

Case Description: A 17-year-old male presented to the
physiotherapy clinic with flat foot deformity on both feet.
The patient received an hour of comprehensive physiotherapy
program per session, twice per week, which included lower

extremity stretching, various foot and leg strengthening exercises,
proprioception exercises, and an educational aspect. The footprint
test was conducted and the patient was evaluated using the Arch
Index. The Arch Index measurements according to Cavanagh and
Rodgers decreased from 0.38 to 0.32 (left foot) and 0.35 to 0.28
(right foot). Likewise, Staheli's Arch Index measurements also
decreased from 1.54 to 1.02 (left foot) and 1.5 to 0.7 (right foot).
Conclusion: Following 20 physiotherapy sessions, the patient’s
Arch Index measurements demonstrated an overall reduction,
indicating noteworthy improvements in the medial longitudinal
arch height. Hence, it can be concluded that a comprehensive
physiotherapy program can help improve the medial longitudinal
arch height, and thereby foot posture, of an adolescent with
bilateral flexible flat foot.
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INTRODUCTION

Flat foot, also commonly described as pes planus,
is a deformity of the foot marked by the collapse
or absence of the medial longitudinal arch of the
foot.! It is associated with valgus deformity of
the hind foot and forefoot abduction.? Flat foot is
typically asymptomatic and is normal in children
up to 6-7 years old.* The longitudinal arch has a
tendency to develop naturally in the first 10 years
of life,*¢ although some children may not develop a
normal arch by adulthood.” In children population,
the prevalence of flat foot ranged from 10.3% to
31.8%.% Previous studies reported a prevalence of
13.6% in young adults'? and 26.6% in adults aged 40
years and above."

Flat foot and is classified into two general types;
flexible flat foot and rigid flat foot. In flexible flat
foot, the arch is present during non-weight bearing
but disappears during weight bearing, while rigid
flat foot is when the arch is absent during both
weight bearing and non-weight bearing.*** Infants
and young children are prone to the absence of

the medial longitudinal arch due to laxity in the
ligaments and lack of neuromuscular control, and
most cases of flat foot in children are flexible.”'*
It is thought that acquired flat foot deformity
occurring in adults may result from dysfunction of
any part of the longitudinal arch musculature. The
primary factors that are believed to give rise to an
acquired flat foot deformity include dysfunction of
the posterior tibial tendon, tightness of the triceps
surae or isolated gastrocnemius, ligamentous laxity
in plantar ligaments, and obesity.”'¢

Dysfunction of any part of the longitudinal
arch musculature, particularly in flexible flat foot,
is symptomless in many cases but can affect the
biomechanics of the lower extremity and lumbar
spine, which mayincrease therisk of pain and injury.”
Flat foot may lead to increased tone and stiffness
in lower extremity muscles'” as well as fatigue and
cramps in lower extremity muscles due to overuse.'
Consequently, the appropriate management of flat
foot is crucial. Conservative management ought
to be sought before surgical intervention, which
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is usually suggested for symptomatic cases that
have not responded to conservative management."
Flexible flatfoot often does not need to be treated;
nevertheless, conservative treatments may include,
corrective shoe wear and/or casting, shoe inserts,
orthotic devices and physiotherapy, with particular
focus on stretching and strengthening exercises.*'*'

Although flat foot is one of the most common
deformity of foot, the number of reports regarding
physiotherapy for flat foot is limited. Bent et al.”®
argues that there is not currently scientific evidence
to prove that physiotherapy changes the structure
of the flat foot. Several studies have been published
but they all looked into the use of foot orthosis or
insoles for subjects with flexible flat foot.»2*2 A few
studies have shown that the medial longitudinal
arch can be improved through foot strengthening
exercises but the subjects in some of these studies
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Examination of hindfoot alignment from behind; hindfoot aligned
in a valgus position, particularly on the left foot

Y

Figure 2. Severe overpronation of left foot

were young, healthy adults and subjects with foot
problems or injuries were excluded.?*** Moreover,
these studies typically evaluated the effects of one or
two exercises rather than a comprehensive approach
to treatment. One quasi-experimental study was
found reporting that stretching and strengthening
exercises and trainings for improving the central
body stabilization can be effective on improving flat
foot deformity, yet this study lacked methodological
quality.”

Therefore, the number of reports regarding
physiotherapy for flat foot is scarce. Given these
gaps, the aim of this case report was to describe case
of bilateral flexible flat foot in a male adolescent who
was treated conservatively with a comprehensive
physiotherapy program.

CASE DESCRIPTION

A 17-year-old male presented to the physiotherapy
clinic with flat foot deformity on both feet. His
condition was mostly asymptomatic, so the patient
had never sought any previous treatment. There
was no complaint of pain, no history of trauma
or falls, and the patient was otherwise in very
good health. The only symptom he frequently
experienced was cramping on his calf muscles after
running, as he enjoys running and runs regularly
for exercise. Initially, he was unaware of having
flat feet until he was informed by his coach, who
then encouraged him to undergo physiotherapy
sessions before taking an anthropometric test as
an entrance requirement for the military academy.
Although the patient experienced no pain, he
wishes to improve his foot posture. The patient had
no previous neuromuscular disorders or significant
past medical history. There was no family history
of a similar deformity or neuromuscular disorder.
The patient provided informed consent for the use
of data related to this case for publication purposes.

EXAMINATION

The patient was examined both weight bearing and
non-weight bearing. On observation in a seated
position, reduced medial longitudinal arch were
seen on both feet. In a standing position, the patient
was evaluated from behind for hindfoot alignment;
as displayed in Figure 1, the hindfoot was aligned
in a valgus position, particularly on the left foot,
and overpronation were apparent in both ankles.
In order to differentiate between flexible or rigid
flat foot, the patient was asked to stand on tiptoes;
on both feet, the normal contour of the medial
longitudinal arch was restored and the hindfoot
moved into a varus position, indicating flexible flat
feet.
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On physical examination in a standing position,
mild overpronation was found on the right feet
with mild inside wear, while severe overpronation
was found on the left feet with severe inside wear
(Figure 2). The patient was able to perform normal
inversion and eversion as well as full range of
motion (ROM) for plantar flexion and dorsiflexion
on both feet. ROM of both knees and hips were
normal. Muscle strength was rated 5/5. No swelling
or increase in temperature was found at both ankles
or foot joints. The footprint test using the simple ink
method was conducted on the patient to calculate
the plantar Arch Index and further determine the
presence of flat foot.

PHYSIOTHERAPY MANAGEMENT

Physiotherapy management aimed to improve
the medial longitudinal arch height and thereby,
foot posture. The patient received an hour of
physiotherapy program per session twice per
week, which included lower extremity stretching,
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various foot and leg strengthening exercises and
proprioception exercises, including toe-curling
exercises (towel grasping/crunches), short foot
exercise, leg extension exercise with a weight of 70%
from 1 RM on every progress, heel raises exercise,
single leg squat and weight bearing, and weight
shifting exercises with and without BOSU ball. The
typical sequence of treatment was stretching first,
followed by other exercises. Overall, the patient
underwent 20 physiotherapy sessions.

The physiotherapy program also included
an educational aspect, in which the patient was
educated on how to be more conscious of the
way he stood and walked. The patient was taught
how to keep his heel in a neutral position while
performing the exercises and during standing and
walking. He was also taught regarding the foot
tripod concept, which is a way to be mindful about
how to distribute the weight of the foot evenly when
it comes in contact with the ground. The patient
was consistently reminded to be mindful of his
heel alignment and the foot tripod concept during
physiotherapy sessions and while performing daily
activities outside of physiotherapy sessions.

EVALUATION/OUTCOMES

Heel and ankle alignment was evaluated; reduced
overpronation of both ankles and improved
alignment of the hindfoot can be seen after
undergoing physiotherapy, indicating better foot
posture (Figure 3).

The footprint test using the simple ink method
was conducted and the patient was evaluated using
two versions of the Arch Index, which were the Arch
Index developed by Cavanagh and Rodgers®® and
Staheli’s Arch Index* (Figures 4 and 5). In general,
the Arch Index has been widely used to identify
foot type and assess foot structure. The Arch Index
defined by Cavanagh and Rodgers® represents the
ratio of the middle third of a footprint area relative
to the total area without the toes, where a higher
ratio indicates a lower arched foot or flatter foot. As
shown in Figures 4, the footprint length without the
toes (L) is divided into three equal parts. The Arch
Index is then calculated by dividing the middle
third area of the footprint by the entire footprint
area (Arch Index = B/A+B+C).*® An Arch Index of
less than 0.21, between 0.21 and 0.26, and greater
than 0.26 is considered high arch foot, normal arch
foot, and low arch foot, respectively.?® This version
of the Arch Index has been found to have excellent
reliability.**!

On the other hand, Stahelis Arch Index

Figure 3. Evaluation of ankle and hindfoot ahgnment from behind in a
standing position; reduced overpronation of theanklesand improved
heel alignment can be seen after undergoing physiotherapy

represents the ratio of the central region width of the
footprint (A) to the width of the heel region of the
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Figure 4. Measurement of Arch Index according to Cavanagh and Rodgers*
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Figure 5. Measurement of Staheli’s Arch Index®

Table 1. Evaluation of the Arch Index

1 0.38 0.35
2 0.33 0.32
3 0.32 0.28

footprint (B) (Arch Index = A/B) (Figure 5).> An
Arch Index greater than 1.15 should be considered
as an indication of flat foot.’? Staheli’s Arch Index
has been found to have excellent reliability, with an
intraclass correlation coeflicient value > 0.9.3"3%3
The results of the patients Arch Index
measurements are summarized in Table 1. In
the first assessment, the Arch Indexes according
to Cavanagh and Rodgers® in the left foot and
right foot were 0.38 and 0.35, respectively, which
decreased to 0.32 and 0.28, respectively, in the
third assessment. Likewise, Staheli’s Arch Index
also decreased from 1.54 (left foot) and 1.5 (right
foot) in the first assessment to 1.02 (left foot) and
0.7 (right foot) the third assessment. Therefore,
the results of the Arch Index demonstrated an
overall reduction, which indicates that the patient
experienced noteworthy improvements in the
medial longitudinal arch height in both feet.

DISCUSSION

The purpose of this present case report was to
describe a case of bilateral flexible flat foot in a
male adolescent who underwent conservative
treatment with physiotherapy, which included
a comprehensive program of stretching,
strengthening and proprioception exercises, and
teaching the patient to be mindful of the way he
stood and walked. The findings of our study suggest
that a comprehensive physiotherapy program was
beneficial in improving the medial longitudinal
arch height and thereby foot posture of both feet,
shown through improvements in the Arch Index,
improved alignment of the hindfoot and reduced
overpronation in both ankles.

In cases of flexible flat foot, conservative
approach should always be attempted before
surgery.” It is commonly agreed that stretching
should beincluded in the conservative management.
Accordingly, in the present study, stretching of the
gastrocnemius muscle and tendo-achilles complex
were given to the patient, aiming to decrease
tightness in the achilles tendons and induce varus
and adduction of the feet. Some authors believe
stretching of the tendo-achilles complex may help
counter an equinus deformity.'>"

During weight bearing activities, the principal
elements that play a role in maintaining the medial
longitudinal arch height include bony structure
and ligaments that provide passive support, as
well as extrinsic and intrinsic foot muscles that
provide active support.**=*” Extrinsic foot muscles,
for example, the posterior tibialis muscle, provide
strong support for the medial longitudinal arch;
however, it has been revealed that the plantar
intrinsic foot muscles of people with flat foot are
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atrophied compared to those with a normal foot
arch.*® The flexor digitorum brevis, flexor hallucis
brevis and abductor hallucis, for example, are
intrinsic foot muscles that work at segmental levels
to stabilize the medial longitudinal arch during
propulsion and prevent excessive pronation during
walking.>*** Decreased pronation might lead to
increased plantar force on the lateral midfoot,
leading to improvement in foot posture.’ Hence,
strengthening the intrinsic muscles as well as
extrinsic foot muscles is an important aspect of
treatment for individuals with flat foot.

In the present report, the patient was given toe
curling exercises (towel grasping/crunches) and
short foot exercise. Toe curling exercises, such as
towel grasping/crunches and picking up marbles
are commonly given to increase intrinsic foot
muscle strength, yet it is argued that these exercises
mainly activate or recruit extrinsic foot muscles,
such as the flexor digitorum longus, rather than
intrinsic foot muscles.”? In contrast, short foot
exercise is a specific exercise activity that targets
the intrinsic muscles of the foot. It aims to activate
these inhibited or weakened muscles by increasing
or enhancing contact between the foot’s sole and the
ground® and has been reported to be effective in
recruiting the abductor hallucis muscle and prevent
excessive reduction of medial longitudinal arch.>*!
Various studies have shown short foot exercise to be
effective in improving outcomes in subjects with flat
foot, including pain, foot posture, plantar pressure
and disability.** Okamura et al.** also reported that
short-foot exercise can effectively correct static
foot position and improve spatiotemporal gait
parameters.

In this study, strengthening exercises for the
lower leg in the form of single leg weight bearing, leg
extension exercise with a weight of 70% from 1 RM
on every progress and heel raises exercise were also
provided to the patient. Heel raises are particularly
good to strengthen the tibialis posterior muscle,
which is said to be one of the muscles commonly
suspected of being weak in people with flat foot.*
Proprioception exercises were also employed to
transfer the body weight towards the exterior part
of the foot and improve balance.

The present study also included an education
aspect to the program, where the patient was
educated to be more conscious of the way he stood
and walked. Heel alignment is a crucial aspect of
arch building as exercises for flat foot need to
be performed while keeping the heel in a neutral
position. The patient was taught the foot tripod
concept, which is a way to be mindful about how
to distribute the weight of the foot evenly when it
comes in contact with the ground.* According to

CASE REPORT

Speck,” foot stability can be obtained through a
balance to the ‘tripod’ points and it is believed that
the arches of the foot function optimally when
the tripod position is maintained. Before getting
into the tripod position, the patient must get into
a neutral heel position. Maintaining a foot tripod
position while walking may help improve arch
stability when walking. However, no empirical
studies were found exploring whether the foot
tripod concept actually benefits individuals with
flat foot or other foot deformities. Most literature
on the foot tripod concept are based on expert
opinion or the experience of individuals.

In summary, a comprehensive physiotherapy
program comprising stretching, strengthening and
proprioception exercises, and education on being
mindful on how to stand and walk properly appears
to be helpful in improving the medial longitudinal
arch height and thereby foot posture of a 17-year-
old male with bilateral flexible flat foot. Despite
the favorable results, it is important to note that
this study was a case report involving one patient;
hence, the treatment provided may not be suitable
for all individuals with flexible flat foot. It is evident
that there is a paucity of quality scientific research
documenting conservative management with
physiotherapy for flexible flat foot.

There are several shortcomings to this current
report. We did not include any other outcome
measures other than the Arch Index in this study,
such as the Foot Posture Index, Foot Function
Index, and outcome measures related to balance
and gait. Foot posture was evaluated only through
observation of heel and ankle alignment after
treatment in the fifth session. In addition, the
footprint test was conducted only three times
throughout the whole encounter with the patient
due to time constraints and the inconvenience of
using the simple ink method.

CONCLUSION

It can be concluded that conservative treatment
with a comprehensive physiotherapy program can
help increase the medial longitudinal arch height
and thereby foot posture of an adolescent with
bilateral flexible flat foot.
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