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Preface
This is the third edition of the Global HELP Organization
— sponsored Ponseti manual. In 2004 we published the first
English versions in print and PDF formats (global-help.org).
About 20,000 full color printed copies in 5 languages have
been distributed in over 100 countries. Over 100,000 down-
loads of the PDF edition in 12 languages have been made
from over 150 countries. Our new program provides this
publication as part of a library of 26 books, articles and
posters on a single compact disc. This CD library will make
access convenient and more widely available, especially to
countries with limited or absent web access.

This new edition was prepared to update content, facilitate
translation, make more multicultural, and expand access. We
added refinements in techniques such as showing the effective-
ness of Ponseti management in older infants and children and
difficult clubfoot. To make translations simpler, we provided a
single larger space for the text of each page.

I wish to thank the contributors for helpful suggestions. I
appreciate the permission from Dr. Pirani to include elements
of our Uganda book in this publication, making this edition
more comprehensive and multicultural. I thank Dr. Morcuende
for his thoughtful review and contributions making the content
of this new edition consistent with current Ponseti manage-
ment from lowa. I also appreciate Helen Schinske who donat-
ed her text-editing skills and the McCallum Print Group for
printing this edition at a discounted price.

We are pleased to participate in making Ponseti manage-
ment the standard of practice throughout the world.

We appreciate those who have translated this material
into other languages, improving access to the material in
many countries.

We always appreciate your feedback and suggestions.

Lynn Staheli, MD

Founder & Volunteer Director
Global HELP Organization
2009
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GLOBAL HELP

The Global HELP organization provides free health-care infor-
mation to developing countries and helping to make medical
knowledge accessible worldwide. See www.global-help.org
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Scientific Basis of Management

Our treatment of clubfoot is based on the biology of the deformity and of the func-
tional anatomy of the foot.

Biology

Clubfoot is not an embryonic malformation. A normally developing foot turns into a
clubfoot during the second trimester of pregnancy. Clubfoot is rarely detected with
ultrasonography before the 16th week of gestation. Therefore, like developmental
hip dysplasia and idiopathic scoliosis, clubfoot is a developmental deformation.

A 17-week-old male fetus with bilateral clubfoot, more severe on the left, is
shown [1]. A section in the frontal plane through the malleoli of the right clubfoot
[2] shows the deltoid, tibionavicular ligament, and the tibialis posterior tendon to
be very thick and to merge with the short plantar calcaneonavicular ligament. The
interosseous talocalcaneal ligament is normal.

A photomicrograph of the tibionavicular ligament [3] shows the collagen fibers to
be wavy and densely packed. The cells are very abundant, and many have spherical
nuclei (original magnification, x475).

The shape of the tarsal joints is altered relative to the altered positions of the
tarsal bones. The forefoot is in some pronation, causing the plantar arch to be more
concave (cavus). Increasing flexion of the metatarsal bones is present in a laterome-
dial direction.

In the clubfoot, there appears to be excessive pull of the tibialis posterior abet-
ted by the gastrosoleus and the long toe flexors. These muscles are smaller in size
and shorter than in the normal foot. In the distal end of the gastrosoleus, there is an
increase of connective tissue rich in collagen, which tends to spread into the tendo
Achillis and the deep fasciae.

In the clubfoot, the ligaments of the posterior and medial aspect of the ankle and
tarsal joints are very thick and taut, thereby severely restraining the foot in equi-
nus and the navicular and calcaneus in adduction and inversion. The size of the leg
muscles correlates inversely with the severity of the deformity. In the most severe
clubfoot, the gastrosoleus is seen as a muscle of small size in the upper third of the
calf. Excessive collagen synthesis in the ligaments, tendons, and muscles may per-
sist until the child is 3 or 4 years of age and might be a cause of relapses.

Under the microscope, the bundles of collagen fibers display a wavy appearance
known as crimp. This crimp allows the ligaments to be stretched. Gentle stretching
of the ligaments in the infant causes no harm. The crimp reappears a few days later,
allowing for further stretching. That is why manual correction of the deformity is
feasible.

Kinematics

The clubfoot deformity occurs mostly in the tarsus. The tarsal bones, which are
mostly made of cartilage, are in the most extreme positions of flexion, adduction,
and inversion at birth. The talus is in severe plantar flexion, its neck is medially and
plantarly deflected, and its head is wedge-shaped. The navicular is severely medially
displaced, close to the medial malleolus, and articulates with the medial surface of
the head of the talus. The calcaneus is adducted and inverted under the talus.

As shown in a 3-day-old infant [4 opposite page], the navicular is medially
displaced and articulates only with the medial aspect of the head of the talus. The
cuneiforms are seen to the right of the navicular, and the cuboid is underneath it.
The calcaneocuboid joint is directed posteromedially. The anterior two-thirds of the
calcaneus is seen underneath the talus. The tendons of the tibialis anterior, extensor
hallucis longus, and extensor digitorum longus are medially displaced.




No single axis of motion (like a mitered hinge) exists on which to rotate the tar-
sus, whether in a normal or a clubfoot. The tarsal joints are functionally interdepen-
dent. The movement of each tarsal bone involves simultaneous shifts in the adjacent
bones. Joint motions are determined by the curvature of the joint surfaces and by the
orientation and structure of the binding ligaments. Each joint has its own specific
motion pattern. Therefore, correction of the extreme medial displacement and inver-
sion of the tarsal bones in the clubfoot necessitates a simultaneous gradual lateral
shift of the navicular, cuboid, and calcaneus before they can be everted into a neutral
position. These displacements are feasible because the taut tarsal ligaments can be
gradually stretched.

The correction of the severe displacements of the tarsal bones in clubfoot requires
a clear understanding of the functional anatomy of the tarsus. Unfortunately, most
orthopaedists treating clubfoot act on the wrong assumption that the subtalar and
Chopart joints have a fixed axis of rotation that runs obliquely from anteromedial
superior to posterolateral inferior, passing through the sinus tarsi. They believe that
by pronating the foot on this axis, the heel varus and foot supination can be cor-
rected. This is not so.

Pronating the clubfoot on this imaginary fixed axis tilts the forefoot into further
pronation, thereby increasing the cavus and pressing the adducted calcaneus against
the talus. The result is a breach in the hindfoot, leaving the heel varus uncorrected.

In the clubfoot [1], the anterior portion of the calcaneus lies beneath the head of
the talus. This position causes varus and equinus deformity of the heel. Attempts to
push the calcaneus into eversion without abducting it [2] will press the calcaneus
against the talus and will not correct the heel varus. Lateral displacement (abduc-
tion) of the calcaneus to its normal relationship with the talus [3] will correct the
heel varus deformity of the clubfoot.

Correction of clubfoot is accomplished by abducting the foot in supination while
counterpressure is applied over the lateral aspect of the head of the talus to prevent
rotation of the talus in the ankle. A well-molded plaster cast maintains the foot in
an improved position. The ligaments should never be stretched beyond their natu-
ral amount of give. After 5 days, the ligaments can be stretched again to further
improve the degree of correction of the deformity.

The bones and joints remodel with each cast change because of the inherent prop-
erties of young connective tissue, cartilage, and bone, which respond to the changes
in the direction of mechanical stimuli. This has been beautifully demonstrated by
Pirani [5], comparing the clinical and magnetic resonance imaging appearance
before, during, and at the end of cast treatment. Note the changes in the talonavicu-
lar joint and calcaneocuboid joint. Before treatment, the navicular (red outline) is
displaced to the medial side of the head of the talus (blue). Note how this relation-
ship normalizes during cast treatment. Similarly, the cuboid (green) becomes aligned
with the calcaneus (yellow) during the same cast treatment.

Before applying the last plaster cast, the tendo Achillis may have to be percutane-
ously sectioned to achieve complete correction of the equinus. The tendo Achillis,
unlike the tarsal ligaments that are stretchable, is made of non-stretchable, thick,
tight collagen bundles with few cells. The last cast is left in place for 3 weeks while
the severed heel-cord tendon regenerates in the proper length with minimal scarring.
At that point, the tarsal joints have remodeled in the corrected positions.

In summary, most cases of clubfoot are corrected after five to six cast changes
and, in many cases, a tendo Achillis tenotomy. This technique results in feet that
are strong, flexible, and plantigrade. Maintenance of function without pain has been
demonstrated in a 35-year follow-up study.

I. Ponseti, 2008




Current Ponseti Management

Is Ponseti management now accepted as optimal treatment
worldwide?

Over the past decade Ponseti management has become accepted throughout
the world [1] as the most effective and least expensive treatment of club-
foot.

How does Ponseti management correct the deformity?

Keep in mind the basic clubfoot deformity. Compare the normal relation-
ships of the tarsal bones [2 left] with that of the clubfoot [2 right]. Note that
the talus (red) is deformed and the navicular (yellow) is medially displaced.
The foot is rotated around the head of the talus (blue arrow). Ponseti correc-
tion is achieved by reversing this rotation [3]. Correction is achieved gradu-
ally by serial casts. The Ponseti technique corrects the deformity by gradu-
ally rotating the foot around the head of the talus (red circle) over a period
of weeks during cast correction.

When should treatment with Ponseti management be
undertaken?

When possible, start soon after birth (7 to 10 days). However, most clubfoot
deformities can be corrected throughout childhood using this management.

When treatment is started early, how many cast changes are
usually required?

Most clubfoot deformities can be corrected in approximately 6 weeks by
weekly manipulations followed by plaster cast applications. If the deformity
is not corrected after six or seven plaster cast changes, the treatment is most
likely faulty.

How late can treatment be started and still be helpful?
The goal is to start treatment in the first few weeks after birth. However,
correction can be achieved in many cases until late childhood.

Is Ponseti management useful if treatment is delayed?
Management that is delayed until early childhood may be started with
Ponseti casts. In some cases, operative correction will be required, but the
magnitude of the procedure may be less than would have been necessary
without Ponseti management.




What is the expected outcome for the infant with clubfoot treated by Ponseti management?

In all patients with unilateral clubfoot, the affected foot is slightly shorter (mean, 1.3 cm) and narrower (mean, 0.4 cm) than the
normal foot. The limb lengths, on the other hand, are the same, but the circumference of the leg on the affected side is smaller
(mean, 2.3 cm). The foot should be strong, flexible, and pain free. This correction is expected throughout the person’s lifetime.
This provides the opportunity for normal function during childhood [1] and a pain-free and mobile foot during adult life.

What is the incidence of clubfoot in children with one or two parents who also are affected?

When one parent is affected with clubfoot, there is a 3% to 4% chance that the offspring will also be affected. However, when
both parents are affected, the offspring have a 30% chance of developing clubfoot.

How do the outcomes of surgery and Ponseti management compare?

Surgery improves the initial appearance of the foot but does not prevent recurrence. Adult foot and ankle surgeons report that
these surgically treated feet become weak, stiff, and often painful in adult life.

How often does Ponseti management fail and operative correction become necessary?

The success rate depends on the degree of stiffness of the foot, the experience of the surgeon, and the reliability of the family.
In most situations, the success rate can be expected to exceed 95%. Failure is most likely if the foot is stiff with a deep crease
on the sole of the foot and above the ankle, severe cavus and small gastrosoleus muscle with fibrosis of the lower half.

Is Ponseti management useful for clubfoot in infants with other musculoskeletal problems?

Ponseti management is appropriate for use in children with arthrogryposis, myelomeningocele, Larsen syndrome and other
syndromes. Treatment is more difficult as correction takes longer and special care must be given in infants with sensory prob-
lems as in myelodysplasia to prevent skin ulcers.

Is Ponseti management useful for clubfoot previously treated by other methods?
Ponseti management is also successful when applied to feet that have been manipulated and casted by other practitioners who
are not yet skilled in this very exacting management.

What are the usual steps of clubfoot management?

Most clubfoot can be corrected by brief manipulation and then casting in maximum correction. After approximately five cast-
ing periods, the cavus, adductus and varus are corrected. A percutaneous heel-cord tenotomy is performed in nearly all feet

to complete the correction of the equinus, and the foot is placed in the last cast for 3 weeks. This correction is maintained by
night splinting using a foot abduction brace [2], which is continued until approximately 2 to 4 years of age. Feet treated by this
management have been shown to be strong, flexible, and pain free, allowing a normal life.




Clubfoot Assessment

Making the diagnosis

Screening Encourage all healthcare workers [1] to screen all newborns
and infants for foot deformities [2] and other problems [3]. Infants with
problems can be referred for care at a clubfoot clinic.

Confirming The diagnosis suggested during screening is made by someone
with experience with musculoskeletal problems who can establish the diag-
nosis. The essential features of a clubfoot include cavus, varus, adductus
and equinus [4].

During this evaluation, other conditions such as metatarsus adductus and
the presence of some underlying syndrome can be ruled out. Furthermore,
the clubfoot is classified into categories. This classification is made to
establish the prognosis and to plan management.

Classifying the clubfoot

The classification of a clubfoot may change with time depending on man-
agement. .

Typical clubfoot

This is the classic clubfoot and is found in otherwise normal infants. It gen-
erally corrects in five casts, and with Ponseti management the long-term
oucome is usually good or excellent.

Positional clubfoot Rarely the deformity is very flexible and is
thought to be due to intrauterine crowding. Correction is often achieved
with one or two castings.

Delayed treated clubfoot beyond 6 months of age.

Recurrent typical clubfoot may occur whether the original treatment
was by Ponseti management or other methods. Relapse is much less fre-
quent after Ponseti management and is usually due to a premature discon-
tinuation of bracing. The recurrence is most often supination and equinus
that is first dynamic but may become fixed with time.

Alternatively treated typical clubfoot includes feet treated by surgery
or non-Ponseti casting.

Atypical clubfoot
This category of clubfoot is usually associated with other problems. Start
with Ponseti management. Correction usually is more difficult.

Rigid or resistant atypical clubfoot may be thin or fat. The fat feet
are much more difficult to treat. They are stiff, short, chubby, with a deep
crease in the sole of the foot and behind the ankle, and have shortening of
the first metatarsal with hyperextension of the metatarsal phalangeal joint
(page 22). This deformity occurs in the otherwise normal infant.

Syndromic clubfoot Other congenital abnormalities are present (page
23). The clubfoot is part of a syndrome. Ponseti management remains the
standard of care, but may be more difficult, and response may be less pre-
dictable. The final outcome may depend more on the underlying condition
than the clubfoot.

Teratologic clubfoot — such as congenital tarsal synchondrosis.

Neurogenic clubfoot — associated with a neurological disorder such as
meningomyelocele.

Acquired clubfoot — such as Streeter dysplasia.




Ponseti Cast Correction

Setup

The setup for casting includes calming the child with a bottle [1] or breast
feeding. When possible have a trained assistant. Sometimes is necessary for
the parent to assist. The treatment setup is important [2]. The assistant (blue
dot) holds the foot while the manipulator (red dot) performs the correction.

Manipulation and casting

Start as soon after birth as possible. Make the infant and family comfort-
able. Allow the infant to feed during the manipulation and casting processes.

Exactly locate the head of the talus
This step is essential [3]. First, palpate the malleoli (blue outline) with the
thumb and index finger of hand A while the toes and metatarsals are held
with hand B. Next [4], slide your thumb and index finger of hand A forward
to palpate the head of the talus (red outline) in front of the ankle. Because
the navicular is medially displaced and its tuberosity is almost in contact
with the medial malleolus, you can feel the prominent lateral part of the
talar head (red) barely covered by the skin in front of the lateral malleolus.
The anterior part of the calcaneus will be felt beneath the talar head.

While moving the forefoot laterally in supination, you will be able to feel
the navicular move ever so slightly in front of the head of the talus as the
calcaneus moves laterally under the talar head.

Manipulation

The manipulation consists of abduction of the foot beneath the stabilized
talar head. Locate the head of the talus. All components of clubfoot defor-
mity, except for the ankle equinus, are corrected simultaneously. To gain
this correction, you must locate the head of the talus, which is the fulcrum
for correction.




Reduce the cavus

The first element of management is correction of the cavus
deformity by positioning the forefoot in proper alignment with
the hindfoot. The cavus, which is the high medial arch [1 yel-
low arc] is due to the pronation of the forefoot in relation to the
hindfoot. The cavus is always supple in newborns and requires
only elevating the first ray of the forefoot to achieve a normal
longitudinal arch of the foot [2 and 3]. The forefoot is supinat-
ed to the extent that visual inspection of the plantar surface of
the foot reveals a normal appearing arch—neither too high nor
too flat. Alignment of the forefoot with the hindfoot to produce
a normal arch is necessary for effective abduction of the foot to
correct the adductus and varus.

Steps in cast application

Dr. Ponseti recommends the use of plaster material because it
is less expensive and more precisely molded than fiberglass.

Preliminary manipulation Before each cast is applied, the
foot is manipulated. The heel is not touched to allow the calca-
neus to abduct with the foot [4].

Applying the padding Apply only a thin layer of cast pad-
ding [5] to allow molding of the foot. Maintain the foot in the
maximum corrected position by holding the toes with counter-
pressure applied against the head of the talus while the cast is
being applied.

Applying the cast First apply the cast below the knee and
then extend the cast to the upper thigh. Begin with three to four
turns around the toes [6], and then work proximally up to the
knee [7]. Apply the plaster smoothly. Add a little tension to the
turns of plaster above the heel. The foot should be held by the
toes and plaster wrapped over the “holder’s” fingers to provide
ample space for the toes.
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Molding the cast Do not try to force correction with the plaster. Use
light pressure.

Do not apply constant pressure with the thumb over the head of the
talus; rather, press and release repetitively to avoid pressure sores of
the skin. Mold the plaster over the head of the talus while holding the
foot in the corrected position [1]. Note that the thumb of the left hand is
molding over the talar head while the right hand is molding the forefoot
in supination. The arch is well molded to avoid flatfoot or rocker-bot-
tom deformity. The heel is well molded by countering the plaster above
the posterior tuberosity of the calcaneus. The malleoli are well molded.
The calcaneus is never touched during the manipulation or casting.
Molding should be a dynamic process; constantly move the fingers to
avoid excessive pressure over any single site. Continue molding while
the plaster hardens.

Extend cast to thigh Use much padding at the proximal thigh to
avoid skin irritation [2]. The plaster may be layered back and forth over
the anterior knee for strength [3] and for avoiding a large amount of
plaster in the popliteal fossa area, which makes cast removal more dif-
ficult.

Trim the cast Leave the plantar plaster to support the toes [4], and trim
the cast dorsally to the metatarsal phalangeal joints, as marked on the
cast. Use a plaster knife to remove the dorsal plaster by cutting the cen-
ter of the plaster first and then the medial and lateral plaster. Leave the
dorsum of all the toes free for full extension. Note the appearance of the
first cast when completed [5]. The foot is in equinus, and the forefoot is
supinated.

Characteristics of adequate abduction
Confirm that the foot is sufficiently abducted to safely bring the foot
into 0 to 5 degrees of dorsiflexion before performing tenotomy.

The best sign of sufficient abduction is the ability to palpate the ante-
rior process of the calcaneus as it abducts out from beneath the talus.

Abduction of approximately 60 degrees in relationship to the fron-
tal plane of the tibia is possible.

Neutral or slight valgus of os calcis is present. This is determined
by palpating the posterior os calcis.

Remember that this is a three-dimensional deformity and that
these deformities are corrected together. The correction is accomplished
by abducting the foot under the head of the talus. The foot is never pro-
nated.

The final outcome

At the completion of casting, the foot appears to be over-corrected into
abduction with respect to normal foot appearance during walking. This
is not in fact an overcorrection. It is actually a full correction of the foot
into maximum normal abduction. This correction to complete, normal,
and full abduction helps prevent recurrence and does not create an over-
corrected or pronated foot.
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Complications of Casting
Using careful technique, as described, complications are uncommon.

Rocker-bottom deformity is due to poor technique by dorsiflexing the foot
too early against a very tight Achilles tendon.

Crowded toes are due to tight casting over the toes.

Flat heel pad will occur if, while casting, pressure is applied to the heel rather
than molding the cast above the ankle.

Superficial sores are managed by applying a dressing and a new cast with
additional padding.

Pressure sores are due to poor technique. Common sites include the head of
the talus, over the heel, under the first metatarsal head, and popliteal and groin
regions.

Deep sores are dressed and left out of the cast for one week to allow healing.
Casting is then resumed with special care to avoid relapse.

Cast removal

Remove each cast in clinic just before a new cast is applied. Avoid cast removal
before clinic because considerable correction can be lost from the time the cast
is removed until the new one is placed.

Options for removal Avoid using a cast saw because it is frightening to the
infant and family and may also cause injury to the skin.

Cast knife removal Soak the cast in water for about 20 minutes, and then
wrap the cast in wet cloths before removal. This can be done by the parents
at home just before their visit. Use the plaster knife [1], and cut obliquely [2]
to avoid cutting the skin. Remove the above-knee portion of the cast first [3].
Finally, remove the below-knee portion of the cast [4].

Soaking and unwrapping This is an effective method, but requires more
time. Soak cast thoroughly in water [5] and when completely soft unwrap the
plaster [6]. To make this process easier, leave the end of the plaster free for
identification.
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Common Management Errors

Pronation or eversion of the foot

This position worsens the deformity [1] by increasing the cavus. Pronation does nothing
to abduct the adducted and inverted calcaneus, which remains locked under the talus. It
also creates a new deformity of eversion through the mid and forefoot, leading to a bean-
shaped foot. “Thou shall not pronate!”

External rotation of foot to correct adduction while calcaneus remains
in varus

This causes a posterior displacement of the lateral malleolus by externally rotating the
talus in the ankle mortise. This displacement is an iatrogenic deformity.

Avoid this problem by abducting the foot in flexion and slight supination to stretch
the medial tarsal ligaments, with counter-pressure applied on the lateral aspect of the
head of the talus [2 thumb position]. This allows the calcaneus to abduct under the talus
with correction of the heel varus.

Kite’s method of manipulation

Kite believed that the heel varus would correct simply by everting the calcaneus. He did
not realize that the calcaneus can evert only when it is abducted (i.e., laterally rotated)
under the talus.

Abducting the foot at the midtarsal joints with the thumb pressing on the lateral side
of the foot near the calcaneocuboid joint [2 black dot] blocks abduction of the calcaneus
and interferes with correction of the heel varus. Make certain the foot is abducted around
the head of the talus [2 red dot].

Casting errors

Failure to manipulate The foot should be immobilized with the contracted ligaments
at maximum stretch obtained after each manipulation. In the cast, the ligaments loosen,
allowing more stretching at the next session.

Short-leg cast The cast must extend to the groin. Short-leg casts do not hold the calca-
neus abducted [3].

Premature equinus correction Attempts to correct the equinus before the heel varus
and foot supination are corrected will result in a rocker-bottom deformity. Equinus
through the subtalar joint can be corrected by calcaneal abduction.

Failure to use appropriate night bracing

Avoid using a short leg brace [4] as it fails to hold the foot in abduction. The external
bar brace should be used full time for 3 months and at night for 4 years. Failure of
appropriate bracing is the most common cause of relapse.

Attempts to obtain perfect anatomical correction

It is wrong to assume that early alignment of the displaced skeletal elements will result
in normal anatomy. Long-term follow-up radiographs show abnormalities. However,
good long-term function of the clubfoot can be expected. There is no correlation between
the radiographic appearance of the foot and long-term function.
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Tenotomy

Indication for tenotomy

Tenotomy is indicated to correct equinus when cavus, adductus, and varus are fully
corrected but ankle dorsiflexion remains less than 10 degrees above neutral. Make
certain that abduction is adequate for performing the tenotomy.

Characteristics of adequate abduction

Confirm that the foot is sufficiently abducted to safely bring the foot into 0 to 5
degrees of dorsiflexion before performing tenotomy.

The best sign of sufficient abduction is the ability to palpate the anterior process
of the calcaneus as it abducts out from beneath the talus.

Abduction of approximately 60 degrees, in relationship to the frontal plane of
the tibia is possible.

Neutral or slight valgus of os calcis is present. This is determined by palpating
the posterior os calcis.

Remember that this is a three-dimensional deformity and that these deformi-
ties are corrected together. The correction is accomplished by abducting the foot
under the head of the talus. The foot is never pronated.

Preparation

Preparing the family Prepare the family by explaining the procedure. Explain that
tenotomy is a minor procedure performed under local anesthetic in the outpatient
clinic.

Equipment Prepare all of the material in advance [1]. Select a tenotomy blade,
such as a #11 or #15, or any other small blade, such as an ophthalmic knife.

Skin preparation Prep the foot thoroughly from midcalf to midfoot with an
antiseptic while the assistant holds the foot from the toes with the fingers of one
hand and the thigh with the other [1 next page].

Anesthesia A small amount of local anesthetic may be infiltrated near the tendon
[2 next page]. Be aware that too much local anesthetic makes palpation of the ten-
don difficult and the procedure more complicated.

Setup for the tenotomy

With the assistant holding the foot in maximum dorsiflexion, select a site about 1.5
cm above the calcaneus for the tenotomy. Infiltrate a small amount of local anes-
thetic just medial to the tendon at the site selected for the tenotomy. Be aware that
too much local anesthetic makes palpation of the tendon difficult and the procedure
more complicated. Keep in mind the anatomy. The neurovascular bundle is antero-
medial to the heel cord [2]. The heel-cord tendon (light blue) lies within the tendon
sheath (grey).

Tenotomy

Insert the tip of the scalpel blade from the medial side, directed immediately anterior
to the tendon [3 next page]. Keep the flat part of the blade parellel to the tendon. The
initial entry causes a small longitudinal incision. Care must be taken to be gentle

so as not to accidentally make a large skin incision. The tendon sheath (grey) is not
divided and left intact [3]. The blade is then rotated, so that its sharp edge is directed
posteriorly towards the tendon. The blade is then moved a little posteriorly. A “pop”
is felt as the sharp edge releases the tendon. The tendon is not cut completely unless
a “pop” is appreciated. An additional 15 to 20 degrees of dorsiflexion is typically
gained after the tenotomy [4 next page].
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Post-tenotomy cast

After correction of equinus by tenotomy, apply the fifth cast [5] with the foot abducted 60 to
70 degrees with respect to the frontal plane of the ankle, and 15 degrees dorsiflexion. The
foot looks over-corrected with respect to the thigh. This cast holds the foot for 3 weeks after
complete correction. It should be replaced if it softens or becomes soiled before 3 weeks. The
baby and mother may go home immediately. Usually no analgesic is necessary. This is usu-
ally the last cast required in the treatment program.

Cast removal

After 3 weeks, the cast is removed. Twenty degrees of dorsiflexion is now possible. The ten-
don is healed. The operative scar is minimal. The foot is ready for bracing [6ww]. The foot
appears to be over-corrected into abduction. This is often a concern to the caregiver. Explain
that this is not an overcorrection, only full abduction.

Errors during tenotomy

Premature equinus correction Attempts to correct the equinus before the heel varus and
foot supination are corrected will result in a rocker-bottom deformity. Equinus through the
subtalar joint can be corrected only if the calcaneus abducts. Tenotomy is indicated after
cavus, adductus, and varus are fully corrected.

Failure to perform a complete tenotomy The sudden lengthening with a “pop” or “snap”
signals a complete tenotomy. Failure to achieve this may indicate an incomplete tenotomy.
Repeat the tenotomy maneuver to ensure a complete tenotomy if there is no “pop” or “snap.”
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Bracing

Bracing is essential

At the end of casting, the foot is abducted to an exaggerated amount, which should measure 60 to 70 degrees (thigh-foot axis).
After the tenotomy, the final cast is left in place for 3 weeks. Ponseti’s protocol then calls for a brace to maintain the foot in
abduction and dorsiflexion. This is a bar attached to straight-last open-toe shoes. This degree of foot abduction is required to
maintain the abduction of the calcaneus and forefoot and prevent relapse. The medial soft tissues remain stretched out only if
the brace is used after the casting. In the brace, the knees are left free, so the child can kick them “straight” to stretch the gas-
trosoleus tendon. The abduction of the feet in the brace, combined with the slight bend (convexity away from the child), causes
the feet to dorsiflex. This helps maintain the stretch on the gastrocnemius muscle and heel-cord tendon. Ankle-foot orthoses
(AFQ’s) are not useful because they only keep the foot straight with neutral dorsiflexion.

Bracing protocol
Three weeks after the tenotomy, the cast is removed and a brace is applied immediately. The brace consists of open-toe high-
top straight-last shoes attached to a bar [1]. For unilateral cases, the brace is set at 60 to 70 degrees of external rotation on the
clubfoot side and 30 to 40 degrees of external rotation on the normal side [2]. In bilateral cases, it is set at 70 degrees of exter-
nal rotation on each side. The bar should be of sufficient length so that the heels of the shoes are at shoulder width [2]. A com-
mon error is to prescribe too short a bar, that the child finds uncomfortable. A narrow brace is a common reason for a lack of
compliance. The bar should be bent 5 to 10 degrees with the convexity away from the child, to hold the feet in dorsiflexion.
The brace should be worn full time (day and night) for the first 3 months after the last cast is removed. After that, the child
should wear the brace for 12 hours at night and 2 to 4 hours in the middle of the day, for a total of 14 to 16 hours during each
24-hour period. This protocol continues until the child is 3 to 4 years of age.
Occasionally, a child will develop excessive heel valgus and external tibial torsion while using the brace. In such instances,
the physician should reduce the external rotation of the shoes on the bar from approximately 70 degrees to 40 degrees.

Importance of bracing

The Ponseti manipulations combined with the percutaneous tenotomy regularly achieve an excellent result. However, without
a diligent follow-up bracing program, relapse occurs in more than 80% of cases. This is in contrast to a relapse rate of only 6%
in compliant families (Morcuende et al.).

When to stop bracing

How long should the nighttime bracing protocol continue? As it is often difficult to determine severity, we recommend that all
feet should be braced for to 3 to 4 years. Most children get used to the bracing, and it becomes part of their lifestyle. If after 3
years of age compliance becomes a problem, it may become necessary to discontinue the bracing. The child is closely followed
for evidence of relapse. Should early relapse be observed, bracing should be promptly started again.
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Types of braces

Modifications of the original Ponseti brace provide some advan-
tages. To prevent the foot from sliding out of the shoe, a pad may
be placed in the counter of the shoe [1]. New designs make the
foot more secure in the brace, more easily applied to the infant, and
allow the infant to move. This flexibility may improve compliance.
Several of the brace options are shown [1-7].

H.M. Steenbeek working for the Christoffel Blinden Mission in
Katalemwa Cheshire Home in Kampala, Uganda, developed a brace
that can be made from simple, easily available materials [2]. The
brace is effective in maintaining correction, easy to use, easy to fab-
ricate, inexpensive, and ideally suited for widespread use (see page
26). For construction details contact Michiel Steenbeek at
steenbeek.michiel@gmail.com or global-help.org.

John Mitchell has designed a brace under Dr. Ponseti’s direction.
This brace consists of shoes made of a very soft leather and a plastic
sole that is molded to the shape of the child’s foot, making this shoe
very comfortable and easy to use [3]. See: www.mdorthopaedics.com.

Dr. Matthew Dobbs of the Washington University School of
Medicine in St. Louis, USA developed a new dynamic brace for
clubfoot that allows the foot to move while maintaining the required
rotation of the foot [4]. An ankle-foot orthoses are required as part
of this brace to prevent ankle plantar flexion.

M.J. Markel developed a brace that allows the parent to first place
the shoes on the infant and then “click” each shoe onto the bar [5].

Dr. Jeffrey Kessler of the Kaiser Hospital in Los Angeles, USA
developed a brace that is flexible and inexpensive. The bar is made
of 1/8” thick polypropylene [6]. The brace may improve compliance
because it is well accepted by the infant. See JPO-B 17:247 2008.

Dr. Romanus developed this brace in Sweden [7]. The shoes are
made of malleable plastic that is molded to the shape of the child’s
foot. The inside is covered by very smooth leather, which makes the
construct very comfortable. The shoes are fixed to the bar with screws.
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Increasing Brace Compliance

The most compliant families are those who understand Ponseti management
and the importance of bracing.

Continued education
Take every opportunity to educate the family about Ponseti management.

Written material is very helpful when available. Often published material
is more convincing than information given verbally [1].

During weekly casting While applying each cast, take the opportunity
to discuss management and emphasize the importance of the bracing that
maintains correction. Answer questions from the parents or other family
members. Focus attention on family members who may appear skeptical,
and then address their concerns.

Prepare family for bracing Anticipate that failures are most likely due to
premature discontinuation of bracing. Repeatedly emphasize the importance
of this phase of management. Make families aware that maintaining the cor-
rection with bracing is equally important to gaining the correction by cast-
ing and tenotomy.

Instructions for bracing

Assigning responsibility Once correction has been achieved, clearly
pass the responsibility to the family to maintain the correction with bracing.
Assigning that responsibility to the father may be appropriate in some situ-
ations.

Demonstrate families’ ability to apply the brace Demonstrate how to
apply the brace. Remove the brace and ask the parent to apply the brace
while being supervised. Make certain the infant is comfortable in the brace.
If the infant is uncomfortable, remove the brace and examine the skin for
evidence of irritation with reddening of the skin [2].

Preparing the infant For the first few days, suggest that the brace may be
removed for brief periods to improve tolerance. Advise the parents to avoid
removing the brace if the infant cries. If the infant learns that by crying the
brace will be removed, the pattern will be difficult to correct.

Encourage the family to make the bracing a part of the normal life of the
infant [3].

Follow-up

Schedule a return visit in 10-14 days to monitor the use of the brace. If
the bracing is going well, schedule the next visit in about 3 months. At that
time, the bracing may be discontinued during the day. The brace must be
applied for naps during the day and sleep during the night.

Offer help Should the family experience difficulty with bracing, encourage
the family to call or to return to clinic.
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Cultural Barriers to Ponseti Management

Types of barriers

Other forms of clubfoot management Parents may seek nonPonseti manage-
ment methods. Traditional medicine and other methods are ineffective, and delays
make Ponseti management more difficult. Manage this problem with education of
the family, other healthcare providers and the public.

Beliefs In some cultures, communities believe that clubfoot is caused by evil spir-
its, witchcraft, a curse, or the mother’s misdeeds [1]. The beliefs may include misin-
formation that suggests that Ponseti management is ineffective.

Stigma If it is believed that the clubfoot or other disabilities are due to sins or mis-
deeds of the family, the child with a disability is a source of shame and is hidden by
the family.

Village birth Infants born in villages pose a special problem. They will not normal-
ly have the benefit of an examination of the newborn by a trained healthcare worker.
The families may have no awareness of the diagnosis or the need for early treatment.

Overcoming barriers
Help parents overcome barriers by the following measures:

Establish clubfoot clinics Make Ponseti management facilities available for
everyone in the country.

Involve fathers Encourage fathers to attend the clubfoot clinic with the mothers
and to become involved in treatment. Fathers who feel involved and understand are
more likely to support the mothers in following treatment for the child [2].

Discuss management and plan follow-up Inform caregivers of the entire treat-
ment plan (20 visits over 4 years). Discussing and planning the entire treatment at
the start encourages families to plan how to gather necessary funds. Inform parents
if the cost of care will be covered by the hospital. Direct families to Ponseti treat-
ment centers for management.

Partnerships Encourage “care-sharing” partnerships to manage barriers. Parents
and other caregivers share the financial burden and other family responsibilities.
Healthcare workers share health delivery responsibilities. Consider asking local
churches, mosques, service clubs, and relief agencies to assist the very poor by facil-
itating transport or offering other services.

Education, respect, and reassurance

Educate parents and the community by informing about clubfeet, its causes, and
that the medical system can manage these problems. This will help make the condi-
tion more acceptable.

Respect mothers’ needs to return quickly to their other duties at home by avoiding
excessive waiting in clinics.

Reassure that the cause is not the parents’ fault and treatment is highly effective
but takes time.
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Relapses

Recognizing relapses

Once the cast is removed and the bracing is started, plan to
see the child back at the following schedule to check for com-
pliance and for evidence of relapse:

At 2 weeks to check for compliance of full-time bracing.
At 3 months to graduate to the nights-and-naps schedule.

Until age 3 check every 4 months to monitor compliance
and for relapses.

Age 3 to 4 years check every 6 months.
From 4 years until maturity check every 1 to 2 years.

Early relapses
The infant shows loss of foot abduction and/or of dorsiflexion
correction with recurrence of adductus and cavus.

Relapses in toddlers
Check for evidence of deformity both by examining the foot
with the infant on the mother’s lap, and while walking. As
the child walks toward the examiner, look for supination of
the forefoot. Supination is due to the tibialis anterior muscle
overpowering the weaker peroneals [1]. As the child walks
away from the examiner, look for heel varus [2].

The seated child should be examined for ankle range of
motion and loss of passive dorsiflexion. Check the range
of motion of the subtalar and midtarsal joints. These joints
should move freely. A loss of free mobility is evidence of
relapse.

Reasons for relapses

The most common cause of relapse is noncompliance of
the bracing program. Morcuende found that relapses occur
in only 6% of compliant families and in more than 80% of
noncompliant families. If relapse occurs in infants who are
braced, the cause is an underlying muscle imbalance of the
foot that can lead to stiffness and relapse.

Casting for relapses

Do not ignore relapses! At the first sign of relapse, apply
one to three casts to stretch the foot out and regain correc-
tion. This cast management is the same as the original Ponseti
casting program. Once the deformity is corrected by casting,
start the bracing program again. Even in the child with a
severe recurrence, sometimes casting is very effective [3].
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Equinus relapse
Recurrent equinus is a deformity that can complicate management. The
tibia seems to grow faster then the gastrosoleus tendon unit. The muscle is
atrophic and the tendon appears long and fibrotic [1].

Correct by applying serial long-leg casts with the foot abducted and
the knee flexed. Continue weekly casting until the foot can be brought to
about 10° of dorsiflexion. If this is not achieved in 4-5 casts in children
under 4 years of age repeat the percutaneous heel-cord tenotomy. Once the
equinus is corrected, resume the nighttime bracing program.

Varus relapse

Varus heel relapses are more common than equinus relapses. They can

be seen with the child standing [2] and should be treated by re-casting in
the child between age 12 and 24 months, followed by resuming of a strict
bracing program.

Dynamic supination

Some children, usually between ages 3 and 4 years, with only a dynamic
supination deformity will benefit from an anterior tibialis tendon transfer
[3]. This transfer is only effective if the deformity is dynamic and not
fixed. Delay the procedure until after 30 months of age when the lateral
cuneiform becomes ossified. Normally, bracing is not required after the
transfer.

Conclusion

Relapses that occur after Ponseti management are much easier to deal with
than relapses that occur after traditional posteromedial release surgery.
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Atypical Clubfoot

Most typical clubfoot correct with about five well-applied Ponseti
casts. Some clubfoot have unique features that prolong treatment
making management more difficult. These difficult clubfoot may
be classified into several categories.

Untreated typical clubfoot

If treatment is delayed, the idiopathic clubfoot management
becomes progressively more difficult and prolonged. Full correc-
tion is still possible into late childhood.

For example, this 3-year-old boy with untreated clubfoot [1]
was managed with six casts [2] followed by a tenotomy and a
holding cast for 6 weeks. The foot was fully corrected [3] — cour-
tesy Dr. Shafique Pirani.

Regardless of age, start with standard Ponseti management,
recognizing that additional treatment may be required. If correc-
tion is incomplete and residual deformity is unacceptable, soft tis-
sue or bony surgery may be required to complete the correction.

Atypical clubfoot

Some clubfoot are more difficult to correct. These resistant club-
feet may be a variant that is unusually stiff. In others, the club-
foot are complex because they were treated by non-Ponseti meth-
ods. Such treatment often creates additional deformity that makes
management more difficult.

Evaluation Examination often demonstrates severe plantarflex-
ion of all metatarsals, a deep crease just above the heel and
across the sole of the midfoot [5 yellow arrows], and a short
hyperextended big toe.

Treatment by Ponseti method Start with manipulation and
casting. Be aware that treatment will be prolonged and the risk of
relapse is increased.

Manipulation Carefully identify the talar head laterally. It is
not as prominent as the anterior process of the calcaneus. When
manipulating, the index finger should rest over the posterior
aspect of the lateral malleolus while the thumb of the same hand
applies counterpressure over the lateral aspect of the talar head
[4 upper]. Do not abduct more than 30 degrees. After 30 degrees
abduction is achieved, change emphasis to correction of the cavus
and equinus. All metatarsals are extended simultaneously with
both thumbs [4 lower].
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Casting Always apply casts with the above-knee portion in 110 degrees flexion
to prevent slippage. Up to 68 casts can be needed to correct deformity.

Tenotomy A tenotomy is necessary in most cases. Perform the tenotomy when
equinus is not corrected. At least 10 degrees dorsiflexion is necessary. Sometimes it
is necessary to change casts at weekly intervals after the tenotomy to gain more dor-
siflexion, if sufficient dorsiflexion is not achieved immediately after the tenotomy.

Bracing Reduce abduction on the affected side to 30 degrees in the foot abduc-
tion brace. The follow-up management remains the same.

Other atypical clubfoot

Clubfoot often coexists with other congenital abnormalities, such as arthrogryposis
[1], myelomeningocele [4], and other syndromes. Often the syndrome causes abnor-
mal collagen, creating stiff ligaments, capsules, and other soft tissues. Syndromic
clubfoot are more difficult to treat and sometimes require surgery.

Arthrogryposis Start with standard Ponseti casting. Nine to 15 casts are often
required. If correction is not achieved, surgery may be required. The magnitude of
the surgery will be less as a result of the Ponseti casting. Less extensive procedures
such as percutaneous releases of the tendons of the posterior tibialis, heelcord [2]
and the great toe flexor [3] may suffice. The postcorrection bracing is essential and
may require continuing until mid childhood or longer.

Myelodysplasia Because of sensory loss, casting requires great care to prevent
skin ulceration. Apply more padding [5] and avoid excessive pressure in molding.

Other syndromes Clubfoot is often seen in many other syndromes such as dys-
trophic dysplasia, Mébius syndrome, Larsen syndrome, Wiedemann-Beckwith
syndrome, and Pierre Robin syndrome. The long-term functional outcome usually
depends more on the underlying syndrome than the clubfoot.

Management of residual deformity
If cast correction is incomplete and residual deformity unacceptable, operative cor-
rection may be required. Start with Ponseti casting. Even if cast correction is incom-
plete, the severity of the deformity is reduced and less surgery will be required to
complete the correction. Less surgery means less stiffness, weakness, and pain in
adult life.

Select the procedure based on the age of the child and severity and type of
deformity. Be aware that clubfoot requiring operative correction are prone to recur
throughout childhood (25-50%).

Soft tissue release is indicated in infancy and early childhood. The procedure
depends upon the severity and location of the deformity.

Bony procedures are indicated and may be used in later childhood. The options
include resection and fusions.

llizarov frame correction is becoming more commonly performed for older chil-
dren. Correction is achieved by gradual distraction and repositioning. Reduce the
risk of recurrence by over-distraction before correction.
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Anterior Tibialis Tendon Transfer

Indication

Transfer is indicated if the child is more than 30 months of age and
has a second relapse. Indications include persistent heel varus and
forefoot supination during walking; the sole shows thickening of
the lateral plantar skin.

Correct deformity

Make certain that any fixed deformity is corrected by two or three
casts before performing the transfer. Usually cavus, adductus, and
varus correct. Equinus may be resistant. If the foot easily dorsiflex-
es to 10 degrees, only the transfer is needed. Otherwise a tenotomy
of the heelcord is needed.

Anesthesia, positioning and incisions

Put the patient under a general anesthetic, positioned supine. Use
a high-thigh tourniquet. Make a dorsilateral incision centered on
the lateral cuneiform. Its surface marking is a proximal projection
of third metatarsal in front of the head of the talus [1]. The dorso-
medial incision is made over the insertion of the anterior tibialis
tendon [2].

Expose anterior tibialis tendon

Expose the tendon and detach at its insertion [3]. Avoid extending
the dissection too far distally to avoid injury to the growth plate of
the first metatarsal.

Place anchoring sutures
Place a #0 dissolving anchoring suture [4]. Make multiple passes
through the tendon to obtain secure fixation.

Transfer the tendon

Transfer the tendon subcutaneously to the dorsolateral incision
[5]. The tendon remains under the retinaculum and the extensor
tendons. Free the subcutaneous tissue to allow the tendon a direct
course laterally.

Localize lateral cuneiform

If available, use X-ray. [6]. Note the position of the hole in the
radiograph [6 inset arrow]. Otherwise identify by delineating the
joint between it and the third metatarsal.

Identify site for transfer

Make a drill hole (3.8—4.2) in the middle of the lateral cuneiform
large enough to accommodate the tendon [7].

Thread sutures

Thread a straight needle on each of the securing sutures. Pass one
needle into the hole. Leave the first needle in the hole while pass-
ing the second needle to avoid piercing the first suture [8]. Note
that the needle penetrates the sole of the foot [8 arrow].

Consider performing a heel-cord tenotomy

If required, perform a percutaneous tenotomy with a #11 or #15
blade.
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Pass two needles
Place the needles through a felt pad and then through different
holes in the button to secure the tendon [1].

Secure tendon

With the foot held in dorsiflexion, pull the tendon into the drill
hole [2 arrow] by traction on the fixation sutures and tie the
fixation suture with multiple knots.

Supplemental fixation

Supplement the button fixation by suturing the tendon to the
periosteum at the site where the tendon enters the cuneiform,
using a heavy absorbable suture [3].

Local anesthetic

Inject a long-acting local anesthetic into the wound [4] to
reduce immediate postoperative pain.

Neutral position without support
Without support, the foot should rest in neutral plantar flexion
[5] and neutral valgus-varus.

Skin closure

Close the incisions with absorbable subcutaneous sutures [6].
Tape strips reinforce the closure.

Cast immobilization

Place a sterile dressing and apply a long-leg cast [7]. Keep the
foot abducted and dorsiflexed.

Postoperative care

Usually, the patient remains hospitalized overnight. The sutures
absorb. Remove the cast and button at 6 weeks. The child may
mobilize weight-bearing as tolerated.

Bracing and follow-up

No bracing is necessary after the procedure. See the child again
in 6 months to assess the effect of the transfer. In some cases,
physical therapy is required to regain strength and normalize
gait.

Surgeon: Dr. Vincent Mosca




Brace Manufacture

The success of Ponseti management depends upon an effective brace that
is locally available and affordable. Without bracing the clubfoot deformity
recurs and treatment fails.

Ideally, braces should be made in the country where treatment is given.
This makes the braces more affordable and provides the facility and exper-
tise to mend broken braces.

An ideal example of an effective program is seen in Uganda. Michiel
Steenbeek [1] has developed a brace that is made in Uganda and is available
throughout the region [3]. This brace is made with widely available materi-
als [2] and tools that are commonly available.

Materials and tools

Brace manufacture requires only leather, lining, plywood, and mild steel
rod stock. Fabrication requires tools for making shoes. Required equipment
includes a leather-sewing machine [4], metal-working equipment and weld-
ing tools.

Cost
The cost of the brace in Uganda is less than US $10.

Training

To create a sustainable program, train local individuals to make the braces.
Orthotic students who have learned the technique will become ideal partners
for the future.

The Steenbeek brace production manual

This manual is available with full color illustrations and patterns for all
brace sizes, on the web at:
www.global-help.org

or email:
steenbeek.michiel@gmail.com.




Clubfoot Scoring

The need for clubfoot scoring is controversial. Proponents
find serial scoring useful in classifying the clubfoot, assessing
progress, showing signs of recurrence, and establishing the
prognosis. There are two commonly used methods of scoring.

Pirani Score

The Pirani Clubfoot Score documents the severity of the
deformity and sequential scores are an excellent way to
monitor progress.

Method Use six clinical signs to quantify severity [1] of
each component of the deformity. Each component is scored
as 0 (normal), 0.5 (mildly abnormal) or 1 (severely abnor-
mal). Record each score and the sum of the scores at each
clinic visit.

Progress assessment During Ponseti management, the
record shows whether the deformity is correcting normally
[2] or whether there is a problem, and the degree of correc-
tion of each component of the clubfoot. The score also helps
in deciding when to perform a heel-cord lengthening.

Source Contact Dr. Shafique Pirani for details of this scor-
ing method at:
piras@aol.com.

Dimeglio score

The Dimeglio Clubfoot Score provides an additional method
of assessing each component of the clubfoot deformity. See:
van Mulken JM, Bulstra SK, Hoefnagels NH. Evaluation of the
treatment of clubfeet with the Diméglio score. J Pediatr Orthop.
2001 Sep—Oct;21(5):642-7.
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Information for Parents

What is clubfoot?
Clubfoot is the most common deformity of the foot bones and joints in newborns. It occurs in about 1 in 1,000 babies. The
cause of clubfoot is not exactly known, but it is most likely a genetic disorder and not caused by anything the parents did or
did not do. Therefore, there is no reason for parents to feel guilty about having a child with clubfoot. The chances of having a
second child with a clubfoot are approximately 1 in 30.

Parents of an otherwise normal infant who is born with clubfoot can be reassured that their baby, when treated by an expert
in this field, will have a normal-looking foot with essentially normal function. The well-treated clubfoot causes no handicap
and the individual is fully able to live a normal active life.

Starting treatment

The foot is gently manipulated for about 1 minute every week to stretch the short and tight ligaments and tendons on the
inside, back, and bottom of the foot. A cast that extends from the toes to the groin is then applied. The cast maintains the cor-
rection obtained by the manipulation and relaxes the tissues for the next manipulation. In this manner, the displaced bones and
joints are gradually brought into correct alignment. Treatment should begin during the first week or two of life to take advan-
tage of the favorable elasticity of the tissues at that age.

Cast care at home

Check the circulation in the foot every hour for the first 6 hours after application and then four times a day. Gently press the
toes and watch the return of blood flow. The toes will turn white and then quickly return to pink if the blood flow to the foot

is good. This is called “blanching.” If the toes are dark and cold and do not blanch (white to pink), the cast may be too tight.

If this occurs, go to your doctor’s office or local emergency department and ask them to check the cast. If your child has a soft
roll fiberglass cast, remove it.

Note the relationship between the tips of the toes and the end of the cast If the toes seem to be shrinking back inside
the cast, return to your doctor’s office or clinic for evaluation.

Keep the cast clean and dry The cast may be wiped with a slightly dampened cloth if it becomes soiled.

The cast should be placed on a pillow or soft pad until dry and hard With your child on his/her back, place a pillow
under the cast to elevate the leg so that the heel extends just beyond the pillow. This prevents pressure on the heel that could
cause a sore.

Prevent cast soiling by frequent diaper changes. Keep the upper end of the cast out of the diaper to prevent urine/stool from
getting inside the cast. Disposable diapers and diapers with elasticized legs are ideal if available.

Notify your doctor or the clinic nurse if you notice any of the following

* Any foul-smelling odor or drainage coming from inside the cast.

* Red, sore, or irritated skin at the edges of the cast.

¢ Poor circulation in the toes (see #1 above).

* Cast slipping off.

¢ Child running a fever of 38.5°C/101.3°F or higher without an explainable reason, such as a cold or virus.

A new cast will be applied every 5 to 7 days

The cast will be removed with a special plaster knife; therefore, the cast must be softened the day you are coming to the clinic.
To do this, put your child in a tub or sink, making sure that warm water is getting inside the cast (about 15-20 minutes). After
the bath, wrap a soaking wet hand towel around the cast and cover with a plastic bag. A bread sack works well for this.
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Duration of active treatment

Five to seven casts (each extending from the toes to the upper thigh, with the knee at a right angle), over a period of four to
seven weeks, should be sufficient to correct the clubfoot deformity (see sequence below). Even very stiff feet require no more
than eight or nine casts to obtain maximum correction. X-rays of the foot are not necessary, except in complex cases, because
the surgeon can feel the position of the bones and the degree of correction with his/her fingers.

Completion of active treatment

A minor office procedure is required to complete the correction in most feet. The back of the ankle is made numb, either with
a numbing cream or an injection, after which the heel-cord tendon is divided with a narrow scalpel. A final cast is applied. The
tendon regenerates at the proper length and strength by the time the cast is removed 3 weeks later. At the end of the treatment,
the foot should appear slightly over-corrected, assuming a flatfoot shape. It will return to normal in a few months.

Maintaining correction — the foot abduction brace

Clubfoot deformity tends to relapse after correction. To prevent relapses after removal of the last cast, a foot abduction brace
must be worn, regardless of whether or not the heel-cord tendon was cut. There are several different types of abduction braces
available. The most commonly used brace consists of straight-bordered, high-top, open-toe shoes that are attached to the

ends of an adjustable aluminum bar. The distance between the heels of the shoes equals the width of the baby’s shoulders.
Modifications to the shoes are made to prevent them from slipping off. The shoe on the clubfoot is outwardly rotated 60 to 70
degrees and on the normal foot (if the child has only one clubfoot), 30 to 40 degrees. The brace is worn 23 hours a day for at
least 3 months and, thereafter, at night and during naps for 3 to 4 years.

During the first and second nights of wearing the brace, the baby may be uncomfortable as he/she adjusts to the legs being
tethered together. It is very important that the brace not be removed, because recurrence of the clubfoot deformity will almost
invariably occur if the brace is not worn as prescribed. After the second night, the baby will have adapted to the brace. When
not required to wear the brace, ordinary shoes can be worn.

The foot abduction brace is used only after the clubfoot has been completely corrected by manipulation, serial casting and,
possibly, heel-cord tendon release. Even when well corrected, the clubfoot has a tendency to relapse until the child is approxi-
mately 4 years old. The foot abduction brace, which is the only successful method of preventing a relapse, is effective in 95%
of the patients when used consistently as described above. Use of the brace will not delay the child’s development with regard
to sitting, crawling, or walking.

Wearing instructions for the foot abduction brace

Always use cotton socks that cover the foot everywhere the shoe touches the baby’s foot and leg. Your baby’s skin may
be sensitive after the last casting, so you may want to use two pairs of socks for the first 2 days only. After the second day, use
only one pair of socks.

If your child does not fuss when you put the brace on, you may want to focus on getting the worst foot in
first and the better one in second. However, if your baby tends to kick a lot when putting on the brace, focus on the better foot
first, because the baby will tend to kick into the second shoe.

Hold the foot into the shoe and tighten the ankle strap first. The strap helps keep the heel firmly down into the shoe. Do
not mark the hole on the strap that you use because, with use, the leather strap will stretch and your mark will become mean-
ingless.

Check that the child’s heel is down in the shoe by pulling up and down on the lower leg. If the toes move backward and
forward, the heel is not down, so you must retighten the strap. A line should be marked on the top of the insole of the shoe
indicating the location of the tips of the child’s toes; the toes will be at or beyond this line if the heel is in proper position.

Lace the shoes tightly but do not cut off circulation. Remember: the strap is the most important part. The laces are used to
help hold the foot in the shoe.

Be sure that all of the baby’s toes are out straight and that none of them are bent under. Until you are certain of this,
you may want to cut the toe portion out of a pair of socks so you can clearly see all the toes.
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Helpful tips for the foot abduction brace

Expect your child to fuss in the brace for the first 2 days. This is not because the brace is painful but because it is some-
thing new and different.
Play with your child in the brace. This is key to getting over the irritability that is often due to the inability of the child to
move his/her legs independently of each other. You must teach your child that he/she can kick and swing the legs simultane-
ously with the brace on. You can gently push and pull on the bar of the brace to teach your child to flex and extend his/her
knees simultaneously.
Make it routine Children do better if you make this treatment a routine in your life. During the 3 to 4 years of night and
naptime wear, put the brace on any time your child goes to the “sleeping spot.” The child will know that when it is that time
of day, the brace needs to be worn. Your child is less likely to fuss if you make the use of this brace a part of the daily rou-
tine.
Pad the bar Bicycle handlebar tape works well for this. By padding the bar, you will protect your child, yourself, and your
furniture from being hit by the bar when the child is wearing it.
Never use lotion on any red spot on the skin. Lotion makes the problem worse. Some redness is normal with use. Bright
red spots or blisters, especially on the back of the heel, usually indicate that the shoe was not worn tightly enough. Make sure
that the heel stays down in the shoe. If you notice any bright red spots or blistering, contact your physician.
If your child continues to escape from the brace, and the heel is not down in the shoe, try the following.

a. Tighten the strap by one more hole.

b. Tighten the laces.

c. Remove the tongue of the shoe (use of the brace without the tongue will not harm your child).

d. Try lacing the shoes from top to bottom, so that the bow is by the toes.

Periodically tighten the screw on the bar.

Long term monitoring

Following full correction of the clubfoot, clinic visits will be scheduled every 3—4 months for 2 years, and then less frequent-
ly. Your physician will decide on the duration of bracing depending upon the severity of the clubfoot and the tendency for the
deformity to relapse. Do not end treatment early. Yearly visits will be scheduled for 8 to 10 years to check for possible long-
term relapses.

Relapses

If the deformity relapses during the first 2—3 years, weekly manipulations and casts are reinstituted. Occasionally, a second
heel-cord tendon release is needed. In some cases, despite proper bracing, a minor operation is needed when the child is older
than 3 years to prevent further relapses. The operation consists of transferring a tendon (the tibialis anterior) from the inside
border of the foot to the center of the foot.
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