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Chapter1

Introduction to Clubfoot



WHAT IS CLUBFOOT?

Clubfoot is a birth deformity in which an infant's foot is curved towards the body internally,
often so severely that the bottom of the foot faces sideways or even upward. The clubfoot can
affect one foot or both feet. Club foot in both feet is called as Bilateral Clubfoot & in one foot is
called as Unilateral club foot.

FIG. 11
CLUB RIGHT FOOT [UNILATERAL
CLUB FOOT]

Quick identification and immediate treatment helps correcting it. The leg affected with club
foot may be smaller than the normal foot. Normally, half of the affected children have Bilateral
Clubfoot. Some cases can also be associated with other problems too.

This condition can be diagnosed at birth or before birth with ultrasound during 18 to 21 weeks
of pregnancy. Normally, the Males are identified with this condition about twice as frequently
as females.

CAUSE OF CLUBFOOT

There is no identified cause of club foot presently. However, Genetic and Environmental factors
are considered responsible for this as per the medical experts.
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FIG1.2. NORMAL FOOT

Figure 1.2 shows the general method of addressing the group of bones in the foot.

* The bones located from near tip of the foot [indicated in green and yellow color] are

referred as Front-foot.

* The bones in the middle of the foot [indicated in purple color] are referred as Mid-foot.

» The bones located farthest from tip of the foot [indicated in blue color] are referred as

Hind-foot.

Foot bone orientation in normal
foot and club foot

 Figure 1.3 shows the difference
between the normal foot and a club
foot bone arrangement.

* The foot marked with red lines is
affected by club foot and the angle
between the red lines is an indication
of the bone deviation from their
original position.

* Though, the bones structure is not
affected, the location & relative
positions are.

FIG 1.3. X-RAY IMAGE OF UNILATERAL
CLUBFOOT



Statistics

As per WHO

Clubfoot affects 1 lakh children worldwide, making it
one of the most common birth defects in the world.

Left untreated, the condition causes severe lifelong
disability. 80% of untreated clubfoot are found in
developing countries.

A patient who undergoes surgery will require two to
three more surgeries over his lifetime.

At 30 years old, a patient who underwent surgery will
have a quality of life similar to a 50 year-old patient
with Parkinson's Disease[8].

L4

As per Miracle Feet India,
Estimated cases every year in India are around

35,000[11]
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Treatment of Clubfoot

Following discussed are the three way
of treating clubfoot.

1
Ponseti Method

Most clinically practised and efficient
method.

2
French Method

This incorporates stretching,
mobilization, and taping.

Done by a physical therapist who has
specialized training and experience.

3
Surgery

In cases of severe deformities, which
do not respond to stretching, surgery
may be needed to adjust the tendons,
ligaments, and joints in the foot and
ankle.

FIG 1.4. CASTING PROCESS IN PONSETI METHOD

The Ponseti method is a non-invasive, low-cost procedure to correct clubfoot with a
98% success rate.

It consists of manually aligning the child's foot with the application of a series of casts
over 6 to 8 weeks as shown in figure 1.4.

It can take as little as 5 casts and 20 days to give a child a new chance at life.
Once the inward bending is improved, the Achilles tendon is often cut, and braces are

worn until the age of four. Initially, the brace is worn nearly continuously and then just
at night. In about 20% of cases, further surgery is required.



Tenotomy

Achilles Tendon

* Tenotomy is the invasive procedure.

FIG.1.5. ACHILLES TENDON FIG.1.6. TENOTOMY

* It consist of cutting the Achilles tendon, as
indicated in the figure 1.5, located around
the hind-foot.

* Itis performed by pricking the elastic
tendon, as shown in figure 1.6, with a small
blade to tear on its own creating a popping
sound. The sound indicates that the tendon
is torn.

* This procedure is performed only in few
cases where the foot may not respond to
the casting process.

* The child is again subjected to few cast after
the Tenotomy.



What If Untreated ?

L

FIG.1.7. LIVELIHOOD OF A PERSON WITH CLUBFOOT F1G.1.8. ACHILLES TENDON

The condition of clubfoot can be corrected at an early stage and becomes difficult to treat if
neglected!

Further, Employment & social stigmas are life challenges especially in underdeveloped
countries.

Irrespective of the type or severity, clubfoot will not improve on its own.

A child with an untreated clubfoot-

Will walk on the outer edge of the foot as shown in figure 1.8

* Develops, sometimes, painful calluses

* Faces difficulties in wearing any foot wears even socks!

* Can have painful feet for lifetime that often severely limit physical activities.



Grading Of Clubfoot

* The clubfoot deformity can be grade as per the degree of deformity. The figure 1.9 indicates

the range of deformity varying from benign to severe condition. A zero degree indicate the

normal foot and a value of 9o degree and above indicates the severe clubfoot deformity.

* Every range of degree is assigned a score. And depending on the total score calculated, in 4

different manner as shown in fig. 1.9, the clubfoot is graded. Table 1.1 shows the score based

classification of clubfoot. Figure 1.10 shows the method of approximately calculating the

angle of deformity.

A 200 o X
BENIGN

sagittal plane harizontal plane

evaluation by Equinus Frontal plane evaluation evaluation of forefoot
by Varus relative to hindfoot
LOOKING FROM RHIGT
HAND SIDE LOOKING FROM BACK LOOKING FROM TOP
OF LEFT FOOT OF LEFT FOOT OF LEFT FOOT

FIGURE 1.9 GRADING OF CLUBFOOT

Horizontal plane
evaluation of Derotation
of calcaneopedal block

LOOKING FROM
BOTTOM
OF LEFT FOOT

FIGURE 1.10 MEASURING THE ANGLE

TABLE 1.1 GRADE CLASSIFICATION

GRADE TYPE SCORE
1 BENIGN <5
2 MODERATE =5<10
3 SEVERE =10<15
4 VERY =15<20
SEVERE



Scoring of Clubfoot

The Pirani Scoring is a very simple and reliable way to determine
severity and check on the progress in the examining and
treatment of Clubfoot.

A foot can be examined in a minute without use of any
equipment.

The measurements are taken while the examiner is gently
correcting the foot with least possible efforts and no
discomfort.

Scoring the foot at each visit during treatment enables the
health care worker treating the child to document how the foot
is responding to manipulation and casting.

The Pirani Scoring System is based on following 6 Clinical Signs of
Contracture as shown in chart 1.11.

3 Signs in Midfoot are

* Medial Crease

* Curved Lateral Border
* Lateral Head Talus

3 Signs in Hindfoot are
* Posterior Crease

* Empty Heel

* Rigid Equinus

Check the rigidity of equinous
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Feel the heel

0 = Tuberosity
palpable

0.5 = Tuberosity
partially palpable

1 =Tuberosity
not palpable

FIG. 1.1 CHART OF PIRANI’S SCORING
SYSTEM
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Pirani Score Record Sheet

* As per the record sheet shown in
table 1.2, the child is scored
depending on Severity from 0o, 0.5,
or 1.

e Total Score varies from 0 to 6 and
is the sum of Midfoot and
Hindfoot Contracture Scores.

DATE
SIDE

Right

VISIT 1

Left

Right

VISIT 2

Left

Medial Crease

Curved Lateral Border

Lateral Head Talus

MID FOOT CONTRACTURE
SCORE(MFCS)

Posterior Crease

Empty Heel

Rigid Equinus

HIND FOOT CONTRACTURE
SCORE(HFCS)

TOTAL SCORE

TABLE 1.2 PIRANI SCORE RECORD

SHEET
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Chapter2

Child Growth & Motor Skills

Development



This chapter constitutes some standard

data as per sources mentioned, relevant
to children growth, development, child’s

color preferences and perception.

The data was helpful for design the

brace, footwear and the accessories.

This is the normal
duration of age
when the child is
wearing brace for
around 23 hours a

day.

The chart shows the motor skills development of a child
during the growth in Months[4].

Age
1-1.5 months

1.6=2 months

2.1-2.5 months

3 months
5 months
6 months
6-9 months
7 months

9—-10 months

Motor

When held upright, holds head erect and steady.
When prone, lifts self by arms; rolls from side to back.

Rolls from tummy to side

Rests on elbows, lifts head 90 degrees

Sits propped up with hands, head steady for short
time

Prone: head held up for prolonged periods
No grasp reflex

Holds head steady
Goes for objects and gets them
Objects taken to mouth

Transfers objects from one hand to the other
Pulls self up to sit and sits erect with supports
Palmar grasp of cube hand to hand eye coordination

Teething starts. Try to bite/eat objects.
Responds to their name

Wiggles and crawls

Sits unsupported

Picks up objects with pincer grasp
Learns to drop objects



The chart addresses the sequence of
activities, a child is capable of doing,
during the aging process from 1 month
to 6 years. This information was helpful

in designing accessories for the brace.

Age

1year

18 months

2 years

4 years

5 years

6 years

Motor

L]

Stands holding furniture
Stands alone for a second or two, then collapses with a bump

Can walk alone

Picks up toy without falling over

Gets up/down stairs holding onto rail

Begins to jump with both feet

Can build a tower of 3 or 4 cubes and throw a ball

Supinate grasping position usually seen as first grasping position
utilized.

Able to run
Walks up and down stairs 2 feet (61 cm) per step
Builds tower of 6 cubes

Goes down stairs one foot per step

Postural capacity needed to control balance in walking not attained
yet

Skips on one foot

Imitates gate with cubes

Copies a cross

Between 4 and 6 years, the classic tripod grip develops and is made
more efficient.

Skips on both feet and hops.

Begins to be able to control balance not attained at 3-4 years of age
Begins to be able to control gravitational forces in walking

Draws a stick figure and copies a hexagonal based pyramid using
graphing paper

Gives age

At this age, until age 7, adult muscle activation pattern in walking is
complete.

Leads to head control and trunk coordination while walking, by at least
age 8.

Mechanical energy transfer exists

Knows right from left and number of fingers
16



AS PER AMERICAN OPTOMETRIC ASSOCIATIONS [24]
The following are some age-appropriate activities that can assist an infant's visual development.

Birth to four months

* Use anightlight or other dim lamp in your baby's room.

* Change the crib's position frequently and change your child's positionin it.

* Keep reach-and-touch toys within your baby's focus, about eight to twelve inches.
* Talk to your baby as you walk around the room.

* Alternate right and left sides with each feeding.

Five to eight months

* Hang a mobile, crib gym or various objects across the crib for the baby to grab, pull and kick.

* Give the baby plenty of time to play and explore on the floor.

* Provide plastic or wooden blocks that can be held in the hands.

* Play patty cake and other games, moving the baby's hands through the motions while saying the words aloud.

Nine to twelve months

* Play hide and seek games with toys or your face to help the baby develop visual memory.

* Name objects when talking to encourage the baby's word association and vocabulary development skills.
* Encourage crawling and creeping.

One to two years

* Rollaball back and forth to help the child track objects with the eyes visually.

* Give the child building blocks and balls of all shapes and sizes to play with to boost fine motor skills and small muscle development.
* Read or tell stories to stimulate the child's ability to visualize and pave the way for learning and reading skills[24].

The above mentioned information was helpful to understand what parents/guardian should do to compliment their child’s growth, as the
child ages, enhancing their physical and mental development.

17



The Bright Color Appeal

As per AOA[American Optometric Association], USA

“At birth, babies' vision is abuzz with all kinds of visual stimulation. While they may look intently at a
highly contrasted target, babies have not yet developed the ability to easily tell the difference between
two targets or move their eyes between the two images[24]”

Children tend to be attracted to the bright block colors of the color wheel rather than pastels or muted blends.
Primary colors red, yellow and blue, and secondary colors green, orange and purple, are more appealing than
light shades of pink and beige or neutral shades of gray and brown. For this reason, the food and beverage
industries, as well as the toy industry, use bright colors to market children's products[5].

As per an article from Sciencing.com,

Children take in the world around them through their eyes, and bright colors are one of the first aspects of sight
that help them distinguish form and categorize objects. These colors appeal to young children, as they are
easier for them to see. At about 5-months old, children can see colors with their still-developing vision, though
distinguishing bright colors comes easier to them. As children age, they continue to be drawn to brighter
colors. Bright colors catch young children's eyes because they help kids to distinguish objects from one
another in their field of vision. Children spend more time looking at bright colors as opposed to looking at
muted shades or pastels[25].

The above mentioned information was helpful in deciding the choice of colors.

18



Chapter 3

Field visits and User

Study



®
Creating

Questionnaire

A basic questionnaire was made prior meeting the expert Doctors based on the initial theoretical
enquiry about the Clubfoot as discussed in the Chapter 1.

What makes parents to take off the braces on their own?

What reason do parents tell when asked about them being impatient?

Why there is a need for continuous or real-time assessment of club foot in the treatment?

Do putting braces always follows the surgery or the braces also can be used prior surgery? Which one is
better to follow?

Under which conditions the surgery is must for the patient?

Do the conduct of Ponseti Method has any relation with the growth of bones in infants? If yes, how the
Bone growth and the treatment complements each other?

What is the proper way of plastering the cast on the foot?

In what way the bones are arranged during casting a plaster?

Is there any pressure exerted on the thigh bones during casting a plaster?
Is thigh/calf bone considered as a reference during casting a plaster?

How advantageous would it be to consider the thigh/calf bone as a reference for setting angles in
designing the brace?

Why the present method of measuring club angels is clinically inefficient to measure the progressin a
patient with braces?

Any kind of complain/feedback/advice/difficulties/insight presented by parents for the present design of
braces?

21



Meeting Doctors

Expertise dealing with clubfoot are few.

So, initially Dr Nisha, CMO at IIT B
Hospital, was approached to help find
an expertise practising in paediatric
orthopaedics.

With some reference from BeTic lIT
Bombay, team of Doctors at clubfoot
clinic at B J Wadia Hospital was
approached for further study.

Later, Dr Sourabh Sinha from B J Wadia
Hospital appeared to be the consulting
expert for this project and this project
work further was continued with his
Support and supervision.

Also, Dr Atul Bhaskar, paediatric
specialist at Hiranandani Hospital, help
with interacting with a lot of parents at
his clinic in Andheri West. He also
shared some of his Brace collection for
understanding the Brace as a product.

DR. NISHA

MO
[IT-B HOSPITAL

DR. ALERIC & TEAM

Paediatric Specialist
B J WADIA HOSPITAL, PAREL

Visits

DR. ATUL BHASKAR DR. SOURABH SINHA

Visiting consultant
HIRANANDANI HOSPITAL

Visiting Consultant
BETIC, IIT-B

DR. SURESH CHAND DR. BHUSHAN

Asst. Paediatric Specialist
B J WADIA HOSPITAL, PAREL

Asst. Paediatric Specialist
B J WADIA HOSPITAL, PAREL
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During initially visits to Dr Atul Bhaskar,
paediatric specialist at Hiranandani
Hospital, | was invited to his clinic for
further study. At his clinic | got to see two

patients of age around 24 days and 8 weeks

old. The figure refers to the 24 days old
baby girl being put on plaster.

USER 1

CLINIC - Children’s Orthopaedic Clinic
CLINICIAN - Dr Atul Bhaskar
LOCATION - Andheri West.

AGE - 24 days old

CONDITION - Unilateral Clubfoot [Right]

The girl was diagnosed with clubfoot soon
after her birth on the right foot.

A weeks gap was given to consult and
inform parents about the situation, so that
they cooperate well during the initial phase
of treatment, which is the most crucial
phase.

During this initial phase the babies normally
cry a lot. But, the Ponseti method do not
cause any pain to the baby during
treatment.

Start from the foot by
holding it in a desired
way

Holding the leg at toe
and knee

2-3 layers are casted Done!

one by one

Dr Atul demonstrated the whole procedure of holding the affected foot, examining the foot and
plastering the foot. He also informed me and the family members of the baby about how to take care
of the baby after the plastering is done , timely checking and indications if the baby is really facing some
problem in the plastered foot.

23



USER 2
CLINIC - Children’s Orthopaedic Clinic

CLINICIAN - Dr Atul Bhaskar

LOCATION -- Andheri West.

It take very long to Baby cries a lot Black Marks on P:?ewous injury &
AGE - 8 months old tie all laces & Baby after change ! Skin History of

kicks with other leg Bleeding
CONDITION - Bilateral Clubfoot [Both Left & while putting braces

Right foot]

* The above shown figures refer to the second patient who was 8 weeks old.

* The plastering was over for this patient and she was on brace since last 3 months. She was given a steinbeek brace by Dr. Atul.

* The parents while sharing their experience of using this orthosis.

* They reported about the black marks on skin of the foot that were caused due to the exposed joinery in the footwear, some stress points on the
foot where the baby faced bleeding due rough contact as shown in figure 3.8, skin blackening as shown in figure 3.7 and swelling due to tight small
bands used for fastening the orthosis.

* The crude appearance of the brace was not liked by the parents as it evoked a sense of pain and punishment they said.

* The mother of the child informed me about the difficulties she face during putting the brace on to the child. The child looses or kicks out the foot
during she try to shoe the second foot after the first shoe is done.



USER 3

CLINIC - Clubfoot clinic at B J WADIA Hospital
CLINICIAN - Dr Alaric Arijoos, Dr Bhushan FIG. 3.9 FIG. 3.10
LOCATION — Parel

AGE - 8 yrs. Old

CONDITION - Relapse of Clubfoot [Left]

* The 8 years old boy had gone through all the procedures of treatment right from he was diagnosed
with clubfoot.

* It was almost an year later he completed the treatment, the neighbours and school teachers started
noticing his improper way of walking and running all of a sudden.

* His mother was informed by them and he was brought to B J WADIA hospital for further treatment.
* A condition of relapse was identified in his left foot. A surgery was scheduled to deal the condition.
* The boy was not operated earlier and Tenotomy sometimes is required in such cases.

* Till then he was put on plaster on left leg as show in figure 3.9 and 3.10.

USER 4
LOCATION - Bangalore
AGE - 25 years

CONDITION - Bilateral Clubfoot

* The user was operated when he
was 10 days old.

* He was never put to any brace
during his treatment at
Bangalore hospital.

* He was prescribed to wear shoe
custom made after surgery for
several years.

* Hereported about the shoe
being very rugged and painful.

* He has been suffering from
painful feet and cannot stand
for more than 2 hours even now.

* He has been facing difficulty in
walking and running if done over
a long period of time.

* Sometimes his pain stays over
two days, making it difficult to
commute.

* He prefers the pain caused due
to shoes over the pain caused
due to painful-feet as it helps
him step well.

25



Key Insights

Any kind of leniency in bracing can lead to
relapse.

Child takes around a week to adjust to the brace
once the bracing protocol starts [as per the
steinbeek orthosis Users and doctors
recommending].

Braces are circulated among the patients either
when parents cannot afford the treatment or the
no. of braces available is less.

Visual inspection of exposed foot is must to
avoid/realise any kind of damage/problems in

plastered or braced foot.
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Chapter 4

Market study
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Ankle Foot Orthosis [AFO]

Figure 4.1 and 4.2 shows the AOF Orthosis.
PROs

* Lightin weight

* Easyto Manufacture

* Cost Effective

* Best suited for holding foot in a neutral position

CONs
= Restricts Dorsiflexion as resembled in fig 4.3.

* Not suitable in walking kids as it keeps the foot in neutral
position

Costs around Rs. 400 -800.
It Is Globally Used.

-
Normal Range: 20 degrees

FIG. 4.3 DORSIFLEXION

FIG. 4.2

Stanford Orthosis

Figure 4.4 and 4.5 shows the
Stanford Orthosis.

PROs

* Light weight

* Easyto Manufacture

* Cost Effective

* Easyto Use as Shoes clip on
and off

* Barscanbereused and
recycled

* Injection-molded for global
mass production

CONs
* Extremely difficult to clean
* Distant between the feet is

constant

Costs around § 25

FIG. 4.5
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lowa Orthosis

FIG. 4.6 [IOWA BAR

Figure 4.6 shows the lowa Orthosis.

PROs

* Lessclutter

* Mechanical joints are not exposed to child

* Has 2 point flexibility - 30 & 60 degrees position

CONs

* Restricts Dorsiflexion

* Not suitable in walking kids as it keeps the foot in neutral position
* Has more weight due to use of metal.

Costs around 200 §
Its is popularly used in China & USA

Dobb’s Orthosis

Figure 4.9 shows the Dobb’s bar

* Dobbs Bar enterprises sells three kind of braces.

* Itsis popularly used in Canada, UK, Brazil & Japan.

* The brace itself cost around 120 §.

* Its has flexibility to change angle of abduction length
adjustment as per shoulder width.

FIG. 4.7 DOBB’S BAR

30



MARKELL SHOES
BY
MARKELL SHOE COMPANY

This braces are to be wore with Markell’s shoes which costs around $ 100.
To avoid kid’s interaction with the mechanical joints, they are provide with cover

costing around $18.

"

FIG. 4.10 BAR COVER
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The Denis Browne Bar

The figure 4.11 and 4.12 shows the
Dennis Brown Bar
PROs

* Light weight

* Easyto Manufacture

» (Change of distance between the
shoes is possible

*  Most flexible in terms of changing
angle of Abduction

CONs
* Uncomfortable while holding the
kid.

* Very Expensive

Costs around $ 100.
It Is Very Popularly used in UK

FIG. 4.12 DENIS BROWN BAR

Steinbeek Orthosis

The figure 4.13 shows the Steinbeek
Orthosis

PROs

FIG. 4.13 STEIN BEEK ORTHOSIS

* Light weight

* Easy to Manufacture

* Cheaper as compared to other
braces

CONs

* Uncomfortable while holding the
kid.

* Very Uncomfortable to wear on
to kids and for kids to wear.

* Correctionis made by bending the
rod manual.

* Change of distance between the
shoes is possible

Costs around Rs 1000

It Is globally used and is well accepted
by clinicians

32



Key Insights

With the increasing size of brace, it becomes less
portable.

Metallic and edgy braces are difficult to handle.
Any sort of exposed joinery is unsafe for growing
kids.

Lacing the shoe is time taking and often needs

assistance.



Product Positioning

* The figure 4.17 shows a matrix of
orthosis mapped orthogonal over
cost and usability/compliance.

* The area, shaded inside the red
lines, indicates a niche for the

desired orthosis.

USABILITY/COMPLAINCE HIGH

LOW

AOF ORTHOSIS

—

TARGET NICHE

STANFORD ORTHOSIS

g )

el
Sy

DOBBS ORTHOSIS

IOWA ORTHOSIS

STEINBEEK
ORTHOSIS

Low

FIG. 4.14 PRODUCT POSITIONING

COST

HIGH




Chapters

User-Product Interaction



Parent-Child Interaction

Fig.5.1 CLUB FOOT CLINIC AT B J WADI HOSPITAL

Another round of visiting and meeting Users was conducted, during
the User study at B J WADIA hospital, focused at the parents child
interaction during:

* Travelling

* Feeding the child

* Playing

* How they manage to put child to sleep
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USER 5

CLINIC - Clubfoot clinic at B J WADIA Hospital
CLINICIAN - Dr Alaric Arijoos, Dr Bhushan
LOCATION - Parel

AGE - 1.5 years

CONDITION - Bilateral Clubfoot

FIG. 5.3 FIG. 5.3 S FIG. 5.5 FIG. 5.6

* The father used to carry child during in Local trains and for walks in busy places as shown in the figure 5.2

* At home and for walks around their home he would hold the child as shown in figure 5.3

* For any instance, if the baby needs to be made standing for short span of time around 10 minutes, then he was made to stand like as
shown in figure 5.4

* The mother of the child used to carry him as shown in figure 5.5.

* The kid used to play sitting sometimes and was made to sit while feeding as shown in figure 5.6.

38



FIG. 5.7

* The father reported of child observing the shoelace while they
put on to his foot as shown in the figure 5.7

* The parent, both, use to assist each other to brace the child as
shown in figure 5.8 and 5.9

* The father told that he used to be fascinated with the bright blue
lace and tries to access them as shown in figure 5.10

* The kid used to play sitting with his other toys interacting with

brace bar as shown in figure 5.11 and 5.12

FIG. 5.10

FIG. 5.11

FIG. 5.12
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