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Abstract: Strength of intrinsic muscles of the feet are necessary to maintain the medial longitudinal arch, and assists in intensifying
sensory feedback to maintain balance. Poor balance is associated with weak intrinsic muscles and is a risk factor for injuries when
participating in recreational activities. The ‘Padukas’ consists of a flat wooden sole and knob which is engaged between the great
toe and second toe. Wearing ‘Padukas’ will stabilise the heel, ball of toes, and toes against the flat surface, therefore it can enable
the intrinsic muscle to contract efficiently. This can make ‘Padukas’ a helpful tool for clinicians to improve foot strength and directly
improve balance in a specific finely tuned and cost-effective way.
Method - Experimental pilot study is conducted on 12 subjects at college campus with flat feet. Subjects with recent lower limb
injury and limb length discrepancy were excluded. Subjects with navicular drop > 9 mm and age 18- to 25-year-old were included
in study. Subjects performed a 4-week protocol (3 days/week, 5 sets of 2 mins and 1 min break between each set) in the 1% & 2nd
week subjects performed alternate steps back & forth . In the 3rd & 4th weeks, the subject walked with padukas. After 4 weeks
protocol navicular drop test and Y balance test are performed and the pre- and post-intervention results are compared.
Result - On comparison of Pre and Post intervention outcome of 10 subjects using paired t test, there is a significant reduction in
navicular drop height (p<0.05) and significant improvement in Y balance (p<0.05).
Conclusion - There is effectiveness of adopting ancient Indian footwear practice ‘Paduka’ on navicular height and dynamic balance

control in young adults with flat feet.

Index Terms - Paduka, Flat Feet, Navicular drop, Dynamic Balance, Intrinsic strength.
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. INTRODUCTION

The foot is an intricate structure that serves as the base of the kinetic chain. It has two primary functions during locomotion:
stance and propulsion. In the early part of the stance phase, the foot must be flexible to help absorb the energy generated from the
impact with the ground, as well as accommodate in different terrain. However, in the final part of stance phase during gait cycle,
feet have to become a rigid lever to efficiently transmit propulsive forces into the ground during walking.

The biomechanical interactions of the anatomical structures of the foot are complex. Integrity of medial longitudinal arch (MLA)
is essential for optimum feet functioning, as it plays a vital role in transferring the forces of body through foot.®
The MLA also aids in shock absorption and the dispersal of forces transmitted from the foot through the rest of the body.®
Overpronation of feet caused by reduced height of MLA can be assessed by the navicular drop test.

The MLA also has constant dynamic stabilisation from the surrounding active musculature. Extrinsic foot musculature is
necessary for supporting the MLA ®; however, recently it has been suggested that the intrinsic foot musculature (IFM) play an
essential role in supporting the MLA, as well.® It is believed that the IFM provides firmness and stability for propulsion while
allowing flexibility for shock absorption and attenuation of forces. This suggestion is plausible, as the IFM originates on the
calcaneus and inserts distally into the tarsal joints, giving it an optimal angle of pull to provide a stabilising effect on the MLA.®
Due to weakness of IFM it leads to loss of stability of feet leading to poor balance control. Dynamic balance is the ability to maintain
balance in a moving state. Dynamic balance can be assessed by the Y balance test.

Common methods used by clinicians to strengthen the IFM are towel curls or marble pickups. However, while performing these
exercises, the extrinsic foot musculature is recruited, such as the flexor digitorum longus, and there is less contribution from IFM
in supporting the MLA.®) Recently, the “short-foot” exercise is commonly implemented by clinicians because it specifically recruits
the IFM independently of extrinsic foot musculature.® Essentially, the short-foot exercise involves pulling the ball of toes toward
the heel without curling the toes. It is suggested that the SF exercise is a more useful strengthening exercise than the toe curl exercise
for preventing MLA lowering.

However, because it is difficult to voluntarily contract the intrinsic foot muscles, the SF exercise is difficult to master. Although
the subjects of previous studies(”) were given significant practice time to master the SF exercise ranging from 1 hour ® to 2 weeks
,the same is impractical in the clinical setting.

Therefore, ‘Padukas’ could be an alternate treatment for isolation of IFM which can be an effective method of reinforcing the
MLA. ‘Paduka’ consists of consists of a flat wooden sole and knob which is engaged between the great toe and second toe (Fig 1).
Wearing ancient Indian footwear ‘Paduka’ stabilizes the heel, ball of toes, and toes against the flat surface, therefore it might enable
the intrinsic muscle to contract efficiently. This can make ‘Padukas’ a helpful tool for clinicians for strengthening of intrinsic muscles
of feet.

Fig 2
1. METHODOLOGY

This experimental pilot study is conducted on 12 subjects with flat feet age 18-25 years old with mean of 22.58+1.37 years old
at LSFPEFS COP Nigdi. Ethical committee clearance was obtained and permission was taken from the department. Written consent
was taken from the subjects who fulfil the inclusion criteria and exclusion criteria. The subjects were informed about the test and
intervention. Navicular drop test and Y balance test was performed. Wooden ‘Padukas’ was given and protocol was followed for 4
weeks. Post intervention outcome measure values were noted and statistical analysis and interpretation was done.

I1LA INCLUSION CRITERIA 11.B EXCLUSION CRITERIA
e Both genders will be included in study e Pain in ankle foot complex
e Age 18-26 years old o Congenital deformities of the foot and lower limb
e UL or BL flexible flat feet o Contractures
e Navicular drop of >9mm ¢ Sensory, vascular, and neurological problems

o Limb length discrepancy

o Diagnosed with Plantar fasciitis

o Recent or unhealed fractures of LL
o Subjects with hallux valgus
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11.C OUTCOME MEASURES
NAVICULAR DROP TEST
Is used to measure height of medial longitudinal arch. The distance of navicular tuberosity is measured in non-weight
bearing position i.e., sitting (Fig 2) and in weight bearing position i.e., standing (Fig 3). Flat feet is diagnosed when the
difference of navicular bone height in sitting and standing is > 9 mm.

Fig 2 Fig 3

Y BALANCE TEST

Is used to assess dynamic balance control in young adults. Subject has to stand at the center of Y on test leg and reach in
three directions namely, anterior, posteromedial and posterolateral with non-test leg (Fig 4). Subject performed three trials on
each leg and in each direction and values are noted. Same procedure is repeated on non-test leg. Composite score for both leg is
calculated using follow formula: -

Anterior + Posteromedial +Posterolateral

Score of Y Balance Test = - X 100
3 x Limb Length

|

\

ANTERIOR POSTEROMEDIAL POSTEROLATERAL

Fig 4
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11.D INTERVENTION PROTOCOL
e Subjects performed a 4-week protocol (3 days/week, 5 sets of 2 mins and 1 min break between each
set)
e Inthe 1% & 2nd week subjects performed alternate steps back & forth (Fig 5)
In the 3rd & 4th weeks, the subject walked with ‘Padukas’ (Fig 6)
o After 4 weeks protocol navicular drop test and Y balance test are performed and the pre- and post-

intervention results are compared.
TON.

Fig 5 Fig 6

Il. STATISTICAL ANALYSIS
Data was collected and analysed by appropriate statistical test
Within group, Paired t test was used for pre and post readings of Navicular drop test and Y balance test.

IV. RESULTS
Outcome
Measure Navicular drop Y balance test
FOOT RIGHT LEFT RIGHT LEFT
PRE 11.3+362  [109+338 | 6907623 |681146.09 | <0.05
POST 7.8+1.22 7.7+£1.15 75.26+5.84 75.20+6.15 <0.05

Table 1

NAVICULAR DROP HEIGHT
On comparison of Pre right foot (11.3 £3.62) left foot (10.9 £3.38) and post right foot (7.8 £1.22) left foot (7.7 +1.15)
result of navicular drop test shows that there was significant reduction in navicular drop height (P<0.05).
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RTPRE RTPOST LEFT PRE LEFT POST
Navicular drop test result pre and post intervention
Chart 1

Y BALANCE TEST
On comparison of Pre right foot (69.07 +6.23) left foot (68.11 £6.09) and Post right foot (75.26 +5.84) left foot (75.20
+6.15) result of Y Balance test shows that there was significant improvement in dynamic balance (P<0.05).
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VI.

VII.
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Y balance composite score pre and post intervention

Chart 2

DISCUSSION

In the present study, effect of ‘Padukas’ on flat feet was aimed at reducing navicular drop height and improving
dynamic balance by specifically targeting foot intrinsic muscles.

Findings of the present study showed that there was significant improvement in reduction of navicular drop height and
improving dynamic balance in subjects with flat feet.

This study focuses on using ‘Padukas’ as effective treatment tool for strengthening of feet in a new interesting way.
As this challenging footwear doesn’t come with strap to stabilize the foot therefore the intrinsic and extrinsic muscles have
to work together constantly to keep the footwear intact during walking. Ineffective gripping of ‘Paduka’ will cause
‘Paduka’ to slip off from feet, therefore giving instant feedback to the subject that contraction was not efficient.

As ‘Padukas’ are made up of hard wooden sole and it may improve the transmission of tactile sensory input to the
mechanoreceptors of foot sole enabling the central nervous system to respond accordingly to control balance. Franklin S
et al. (2015) also suggested that minimal footwear can strongly intensify sensory feedback simulating barefoot walking
giving faster results as compared to any other footwear.??

In a similar clinical trial study conducted by Sarvaiya V et al. (2020) on elderly (60-80 years old) who received four-
week intervention of walking in multiple direction with wooden ‘Padukas’ for 25 mins per session showed improved
balance and reduced risk of fall. @V

Lynn et al. (2012) reported that the intrinsic foot muscles require great effort for maintenance of medial longitudinal
arch of foot. They investigated the effect of two types of SFE and TCE exercises on static balance, dynamics and MLA
height index in healthy volunteer students ?®. It was stated that SFE exercises-had far greater effects on static and dynamic
balance as compared to the TCE exercise ratio. This result is explained by Newsham et al.(2010) that SFE isolates intrinsic
foot muscle much better than TCE which involves contribution from extrinsic muscles such as flexor digitorum longus ©

SFE is believed to stimulate proprioceptors on the sole of foot, thereby increasing afferent input to the spinal cord,
which enhances voluntary action and improves stability.

The result of this study also revealed that there is significant increase in dynamic balance control as the navicular drop
height reduces, these findings are consistent with previous study conducted by Bhave SM et al. (2021) that have reported
corelation between flat feet and poor dynamic balance.*?

Therefore, using this challenging footwear to build strength of feet muscles and balance opens up new perspective in
rehabilitation.

CONCLUSION
This study concluded that there is effectiveness of adopting ancient Indian footwear practice ‘Paduka’ on navicular height
and dynamic balance control in young adults with flat feet.

CLINICAL IMPLICATION

Clinically it can be used for intrinsic feet muscle strengthening in conditions like flat feet, plantar fasciitis or even in normal
feet to challenge the balance and dynamic stability.

‘Padukas’ for feet strengthening can be used as it incorporates feet intrinsic muscles efforts throughout the gait cycle. The
foot has to keep constant grip on ‘Padukas’ during stance phase and swing phase also, otherwise it will slip off. This makes
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it a functional form of strengthening with simultaneous contribution from intrinsic and extrinsic muscles of ankle foot
complex.

VIII. LIMITATION OF STUDY

IX.

Footwear used by subjects in rest of the day were not controlled.

RECOMENDATION AND FUTURE SCOPE OF STUDY

o Control group can be used to compare the effectiveness of intervention

o ‘Padukas’ effectiveness can be compared with traditional methods of intrinsic strengthening
o Study can be conducted in patients diagnosed with plantar fasciitis and ankle sprain rehab.
o |t can be given to general population for further betterment of balance and stability.
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