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Forward by MOHFW

In Bungladesh there are an estimated 4,000 children per year
(1.2 per 1,000 live births) born with clubfoot deformity. Left
untreated, club foot causes permanent disability, limits education
and employment opportunitics, and personal growth.

Ponseti clubfoot treatment has high reported long term outcomes
for freedom from pain and preservation of foot function, and is
the standard of care advocated by the National Institute of
I'raumatology, Orthopaedics and Rehabilitation (NITOR) and
the Bangladesh Ortho-paedic Society (BOS).

Disability is an issue of great importance to the Government of
Bangladesh (GOB) as it is major cause of the developmental
challenges of ill health and poverty. Sustainable Clubfoot Care
Bangladesh (SCCB) is a Canadian funded initiative to build
capacity in Bangladesh for ponseti clubfoot teaching and treatment.

The Ministry of Health and Family Welfare (MoHFW)
commissioned Sustainable Clubfoot Care in Bangladesh (SCCB)
to develop the National Strategy and Guidelines for Clubfoot
Care in Bangladesh to implement Ponseti clubfoot treatment in
a standardized manner across Bangladesh by the ponscti
Clubfoot care Pathway (PCCP).

The Bangladesh Ponseti Pocketbook (BPP), developed by local
and international experts, is the national reference document of
clinical care of clubfoot in Bangladesh. It contains all relevant

clinical details about diagnosis, classification and treatment of

clubfoot.
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Essentials
1.1 Definition & Clinical Features

i1 Clubfoot is easily visible at birth.
. Tha mneumonic is CAVE.

Bafinition

[1] Blubfoot is a congenital malformation characterized by the pres-

#iee of four easily seen foot deformities: Cavus, Adductus, Varus,
and Equinus (CAVE).

Glinleal features at birth
e four deformities are easy to see:
[#] Gavus - increased height of medial longitudinal arch of the foot.
[4] Adductus of forefoot — deviation of the forefoot towards medial
body plane.

[4] Varus of heel — deviation of the heel towards the medial body
plane.

(5] Equinus - increased plantar flexion of foot.

11 There are no symptoms at birth or during infancy. Clubfeet do

not affect developmental milestones. Sitting and walking are not
delayed.

Syndromic clubfoot

fiome clubfeet are associated with a syndrome (Syndromic clubfeet)
and should be identified if possible at birth. . Common syndromes
Include:

[#] Spina bifida — note the posterior mid-line meningocele.

| 7] Arthrogryposis — note multiple joint contractures. Typically, the
knees and wrists are flexed and the elbows extended. Sometimes
the hips are flexed, adducted, and dislocated.

11 Children with syndromes should first be seen by a paediatrician.

When stable, the child can be referred back to the clubfoot
clinic for treatment

Clubfoot after walking age

(] Weight-bearing clubfeet become increasingly symptomatic. The
child stands on the side of the foot. Weight is born on the skin over
{he lateral part of the distal calcaneus and the head of the talus.
This results in pain with walking and impairs mobility and function.
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1.2'Epidemiology & Etiology

11 The risk of clubfoot at birth varies in different groups.

11 Its precise cause is unknown, but thought to involve a postero-
medial retracting fibrosis.

Fpldemiology

|1] Worldwide incidence = 1-2 per 1000 live births, with male:female
fatlo = 2:1.

[¥] Geographic area & races at increased risk:

11 New Zealand Mauri = 0.81%, Australia Aboriginal = 0.35%,
11 China = 0.39%, South Pacific = 0.69%

[4] Positive family history increases risk of clubfoot for future preg-
nancy. Image shows father and son with bilteral clubfeet. Increased
risk is:

11 1% if 1st degree relative
(1 10% if a parent and sibling affected
(1 33% for monozygotic twins

11 2% for dizygotic twins.
[4] Environmental risks:

11 Heavy maternal smoking = 0.16%.

(1 First trimester amniocentesis = 1.3%.
(1 Mid-trimester amniocentesis = 0.1%,
(1 Maternal diabetes = 0.24%.

Fliology
[8] Clubfoot likely arises as a result of an environmental factor that
lflggers a genetic predisposition. This leads to a posteromedial
tetracting fibrosis resulting in tarsal bone deformations and
misalignments.

[8] Clubfoot is a 2nd trimester developmental abnormality, usually
after the 16th week of gestation.

{7] Antenatal ultrasound can show clubfeet after 18 weeks of ges-
tatlon,
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1.3 Assessment & Diagnosis

(1 Adetailed history and careful physical examination are suffi-
tlant to make a diagnosis and determine the type of clubfoot.

(1 Imaging is not usually necessary.
History, Examination, and Diagnosis

» Mistory. Record details of pregnancy, delivery, family history of

tlubfoot, social history, other medical history, and treatment of club-

fuol to date if any.

|1] Examine the feet for Cavus, Adductus, Varus, and Equinus.
(CAVE). All four signs are required to confirm the diagnosis of
tlubfoot in children without prior clubfoot treatment. With prior

trentment and partial correction, only one or two of these signs may
be present.

# Look for signs of other congenital musculoskeletal abnormalities.
[*] Examine the spine for mid-line defects (e.g. myelomenigocoele).

[4] Examine other major joints and hands for contractures as you
might see in arthrogryposis.

[4] Examine the hips for DDH with the Ortolani and Barlow tests.

Differential Diagnoses

Thase include congenital vertical talus, metatarsus adductus, and cal-
oaneovalgus. Management differs from clubfoot. Flexible deformities

torrect spontaneously within a few months. Stiff deformities should be
tarefully assessed.

|1'] Congenital Vertical Talus. The foot is stiff with a rocker-bottom
shape. It does not plantar flex when pressure is applied to the
dorsum of the foot. Early diagnosis and treatment is essential.
Untreated, it can lead to serious disability.

{0] Metatarsus Adductus. The forefoot is medially deviated, but
in flexible and corrects with gentle manipulation. The hind foot is
normal, No treatment is required.

|/] Calcaneovalgus. The whole foot appears to be pushed up and

Out mgainst the front of the leg. However, it is flexible and corrects

with gentle downward pressure on the dorsum of the foot. No
lisatment is required.
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1.4 Ponseti Clubfoot Treatment

1 This Is the standard of care worldwide for clubfoot treatment at
birth and early childhood with better outcomes than surgery.

11 Ponseti treatment consists of correcting the deformity and
preventing relapse,

Carrect deformity

{1] Manipulation and casting. Tarsal bones in infants and children
are mostly formed of soft cartilage. Serial gentle accurate manipu-
latlons can gradually correct the deformations and misalignments
saen In clubfeet. Well molded plaster casts maintain correction
achieved between manipulations.

|| Progressive correction. Every week for usually about 4-5
weeks, the child returns to the clinic to have the old cast removed,
and a new cast applied after a further corrective manipulation. The
foot should look better each week. Cavus, adductus and varus are
almost always corrected by manipulation and casting.

|1] Percutaneous Achilles tenotomy. This is usually necessary to
complete correction of equinus. It is performed in the clinic under
local anaesthetic. The last cast is then applied with the foot in a
fully corrected position. Pain medications are normally not needed.

Pravent relapse

# The final cast is removed after 3 weeks. The tendon is healed. To

prevent relapse, the foot needs to be braced in the fully corrected

position for several hours each day. The only brace that works is 2

ool abduction brace (FAB) — 2 shoes held connected by a bar.

[4] Initial Bracing. A FAB is fitted the same day the last cast is
removed and worn 23 hrs a day for the first 2 months.

|4] Later bracing. The brace is then wom only at night (during sleep)
until 4 years of age. Routine clinic visits monitor for relapse and
biace fit. This prolonged treatment period can be difficult for par-
@nts and children.

|0] Discharge. Children with fully corrected feet at 4 years of age can
slop wearing the brace and are discharged from the clinic.
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1.6 Burden of Neglect & Treatment Outcomes
0 Neglected clubfoot creates a burden for affected children, their
families, and society.

(1 Ponseti clubfoot treatment is challenging, but worth the effort
as it gives the best short and long term outcomes.

1 Long-term outcomes following surgery are generally poor,
Surgical treatment should be avoided if possible.

01 This information should encourage parents and surgeons to
persist with Ponseti treatment despite challenges.
Burdens of untreated clubfeet in Bangladesh
[1] Parents
0 Carry the burden of guilt and shame,
& Feel the child was bomn deformed as the result of a curse.
[?] Children/Adults with neglected clubfeet

1 Weight bearing feet become painful and impair mobility.

0 School access may be limited, if children have to walk to
school.

0 Social and employment opportunities further limited (com-
pounded by cosmetic concerns) leading to demoralization,
despair, and high-risk for poverty.

1 Women may be less likely to get married and have children.

|1] Bociety

0 Carries the financial burden of clubfoot-associated disability
and poverty.

Short term outcomes — Ponseti
(4] Deformity correction occurs within a few weeks:
(1 Ponseti correction rate in 5-7 casts > 90%.
1) Necessity for major surgery < 10%.
|%] Prevention of relapse. Bracing to age 4 yrs is critical:
(1 With regular bracing, the relapse rate < 10%.
11 Without regular bracing, the relapse rate = 30 - 40%.
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Long-term outcomes — Ponseti vs. surgery

[5] Ponseti treated clubfeet remain Plantigrade, strong, flexible and
pain-free for decades in most cases, Comparable to adults without
a history of clubfeet.

[6] Surgically treated clubfeet can Jook corrected immediately after
surgery, but scarring and joint incongruity predispose to early joint
ammm:mﬂmzo:_ stiffness, pain, and disability by early adulthood.

[7] 35 yr outcomes study after Ponseti treatment. (Cooper and
Dietz, 1995)

0 62% could run without pain,
0 16% could run but with pain.
0 22% experienced pain with walking.
* Comparison group of adults with no history of clubfoot hag-
0 62% could run without pain,
0 22% could run but experienced pain.
0 15% experienced pain with walking.
[8] 25 yr outcomes study after invasive surgical (Dobbs et a| 2006)
* Outcomes after major surgery are aﬂmam:nm_:\ worse:
0 Only clubfoot 4% could run without pain.
0 22% could run but experienced pain.
1 73% experienced pain with walking.

0 Pain and limitation of physical function similar to patients with
chronic congestive heart failure, awaiting coronary artery by-
Pass surgery, or on renal dialysis.
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13 Ponseti Clubfoot Care Pathway

2.1 The Pathway

11 Ponseti clubfoot treatment is prolonged — up to 4 yrs.

i1 It's best thought of as a pathway of many steps both in the
community and in specialized clubfoot clinics.

(1 Good outcomes depend on successful completion of every
step. Delayed or missed steps can jeopardize the outcome.

Qverview of the Ponseti Clubfoot Care Pathway (PCCP)

[1] Screening. All newborns should be screened for foot deformity at
the first examination after birth. This is easily done by physicians,
miwives, nurses and community health workers (pgs. 15-16).

|#] Referral. All children with a possible foot deformity should be
referred to one of a network of Ponseti Clubfoot Clinics across
Bangladesh for proper assessment and management (pgs. 15-16).

[9] Diagnosis and counseling. An orthopaedic surgeon carefully
assesses all referred children at the clubfoot clinic. If clubfoot
diagnosis is confirmed, parents are counseled about clubfoot and
Ponseti treatment, and then treatment starts (pgs. 19-22).

[4] Manipulation and Casting. Specially trained clinic staff gently
manipulate and cast the clubfoot at weekly intervals (pg. 23-24).
[5] Progressive correction. The foot should look better each week.

Cavus, adductus and varus are almost always corrected with about
4 to 5 weeks manipulation and casting (pgs. 23-24).

[6] Tenotomy. About 90% of feet require Achilles tenotomy to correct
equinus before the application of the last cast (pgs. 23-24).

[7] Bracing. The foot is fully corrected on removal of the last cast. To
prevent relapse, the child should wear a brace that holds the feet
In corrected alignment for 23 hrs a day for 2 mos and then only at
night while sleeping until about age 4 yrs (pgs. 23-24).

[4] End of treatment — children with well-corrected feet can stop
wearing the brace at 4 years of age (see pgs. 23-24).

[%] Outcome — normal function and freedom from pain.
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2.2 Overcoming Barriers Faced by Parents

I Parents face numerous barriers in following Ponsetj treat-
ment protocols.
5} Community Health Workers (CHW) can help parents over-
Come barriers,
Barrlers parents face during care
[1] Lack of awareness/misconceptions. Parents often are not
fAware that clubfeet can be corrected ang treatment s available,
[2) Poverty, Parents may have limiteq financial resources to pay for
transport to get to the clinic,
[9] Guilt and shame Parents may fee| their child's clubfoot is their
fault,

other children and family members during clinic visits.

[5) Prolonged treatment. Parents may find four year treatment proto.-
col too demanding.

help overcome barriers,

[6] CHW carefully listen to parents to leam abouyt and acknowledge
the specific barriers parents are facing in their community,

7] CHw discussing options for parents to consider in order to
bvercome barriers:

{1 Inform parents that clubfoot can be treated

I Reassure parents that they are not at fault. They did not
cause the clubfoot. They should not feel guilt or shame for
Causing the clubfoot in the child. Recruit neighbourslfamily to
assist in the care of children at home whilst they take the child
to the clubfoot clinic,
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2.3 Screening & Referral

11 The National Neonatal Health Strategy and Guidelines for Ban-
gladesh (2009) call for health workers to screen for congenital
malformations at the first examination after birth.

11 Most foot deformities at birth are due to intrauterine crowding
(positional) and spontaneously resolve. Some, however, are
true congenital malformations and need treatment to prevent
deformity and long-term painful disability.

11 Therefore the first two steps in the pathway are screening for
foot deformity at birth and referral if positive.

Sureening for possible foot deformity

|1] Nurses, midwives, and CHW at hospital and home births usually

vonduct the first examination after birth and screen for congenital
Mmalformations.

|| 8creening for possible foot deformities. This is simple. It takes
only a few moments to visually check the shape of the foot, and
then to gently move the foot in different directions checking for re-

slricted motion or stiffness. Infants' feet are very flexible, as bones
are mostly soft cartilage.

[1] A possible foot deformity is any foot that does not look normal,
or does not move freely.

Wafer all children with possible foot deformity

(4] Refer all children with possibly foot deformity to a Ponseti Training
Center or Ponseti Clubfoot Clinic for further assessment by an or-
thopmedic surgeon, diagnosis, and treatment if necessary. Counsel

the parents to attend. Reassure that if a problem is found, early
limatment is very successful.

|%] Ponseti Training Centers and Clubfoot Clinics. Bangladesh
18 & network of Ponseti Training Centers at medical college
hospltal and Ponseti Clubfoot Clinics at district hospitals. These

#linies provide specialized care for children with clubfoot deformity
(pus, 17-18).




i M T
10 Ponseti Clubfoot Care Pathway
2.4 Ponseti Clubfoot Clinic Network

11 Bangladesh has a network of clubfoot clinics at public medi-
cal college and district hospitals.

11 The clubfoot clinic is the focal point of care for a child with a
clubfoot in that clinic's catchment area.

11 Clinics at medical college hospitals teaching healthcare stu-
dents are called Ponseti Training Centers

Panseti Clubfoot Clinics (PCC)

|1] Bvery PCC is headed by an orthopaedic surgeon specially trained
I the Ponseti method. Skilled healthcare providers assist the
surgeon in patient management.

[¥] Diagnosis. The orthopaedic surgeon assesses the child, If the
ohild is found to have a benign positional foot deformity, the sur-

{eon reassures the parents that the condition will resolve without
reatment (pgs. 19-20).

[1] Counseling. If the child is found to have a clubfoot deformity, the
orthopaedic surgeon counsels parents about the condition, the
tieatment, and the good outcomes with treatment (pgs. 19-20).
[1] Ponseti treatment. The orthopaedic surgeon will manage the
clubfoot with the Ponseti method. The deformity is corrected with
sorlal casting at weekly intervals with a percutaneous Achilles
lenotomy before the last cast if necessary. To prevent relapse,
braces are worn until 4 years of age with regular follow-up at the
dlinic to ensure comect use and fit, and also to detect and manage
ielapse if present (pgs. 23-24). -
[4] Goordinate care. Clinic staff liaise with CHW to help parents and |
taisgivers manage problems in their homes, and to monitor for
Sumplications and adherence (pgs. 25-28).

PUnsetl Training Centers (PTC)

[] Teaohing. PTCs are located at medical college hospitals and so
Al80 serve to educate medical students and orthopaedic surgeons
W Iimining about clubfoot and the Ponseti method.
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21 Ponseti Clubfoot Care Pathway

2.5 Counseling

0 Parents' worries about their child’s foot can be overwhelm-
ing. Through counseling parents, the surgeon addresses
fears, solves problems, and thereby promotes adherence to
treatment which is very long.

Explain the diagnosis. Describe the treatment.

[ 1] Diagnosis. Ensure parents understand that clubfoot is a common
congenital abnormality, that it's cause is unknown, and that it's not
their fault or a curse.

[2] Treatment. Explain this includes deformity correction, prevention
of relapse and regular follow up till age 4 years.

0 The deformity is corrected by weekly manipulations and
casts for about 4 to 8 weeks. In most cases an Achilles tenoto-
my is performed under local anaesthetic before the last cast.

0 Prevention of relapse is best accomplished by the use of a
brace that holds the foot in correct alighment. It is fitted the
day the last cast is removed, and should be worn 23 hours
a day for 2 months and then at night until 4 yrs of age.

0 Routine follow-up visits to ensure correct brace use and fit,
and to monitor for relapse.
Assess parents concerns

| 4] Parents want to know. What happened? Was it their fault? Is it
a curse? Can be treated? What are the results? Will the child be
disabled? How much does it cost. Will they be able to cope?

Fill information gaps & problem solve

|4] Counsel based on parents’ specific concerns and motivate par-
ents to bring the child for treatment.

Reassure:
1 Ponseti treatment works.

0 With a complete course of treatment till age 4 years, children
will walk, and run just like other children and experience a
normal childhood.

11 As adults, they will continue to enjoy freedom from pain, good
function and can wear normal shoes,
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2.6 Casting & Bracing Problems

o These can lead to serious complications and adverse out-
comes.

o In Bangladesh CHWs may visit the home during treatment.

They have a unique opportunity to problem solve, monitor clinic
attendance, and promote adherence.

Casting problems requiring urgent removal of the cast

[1] Inconsolable crying. Children cry frequently, but are usually
easily comforted. Inconsolable crying may have a cast complication
such as a compartment syndrome. The cast should be removed
urgently If no other reason can be found for the pain.

[2] Swelling/discoloration of the toes. Swollen/discolored toes are
a sign of a cast complication. The cast should be removed urgently.

[3] Cast Slip. Poorly molded loosely applied casts move and can slip
distally on the leg and foot. The toes start to disappear. Ili fitting
casts are ineffective in correcting deformity, and cause complica-

tions such as pressure sores. The cast should be removed urgently
if the cast starts to slip.

[4] Cast removal. The child should go to the hospital right away
to have the cast removed. If this is not possible, the cast can be
removed at home by soaking and peeling. Crying should stop as
soon as offending cast is removed. The child should go to the clinic
as soon as possible for review.

Casting problems — urgent hospital review

[5] Wet and broken casts. Plaster casts are not waterproof and have
to be kept dry. Wet casts soften and break. Wet skin does not dry.
Sores and infections can occur. Broken casts do not maintain the
foot in a correct position. If casts become wet or break, the child

should be taken to the hospital soon for removal, assessment, and
treatment.

Adherence

[6] CHWSs should encourage attendance by reminding parents of
casting and bracing appointment dates. They reassure parents that
clubfoot is usually corrected by casts and bracing prevents relapse.




Common bracing problems and answers

[7] Crying baby - Child not used to brace. Crying worries the
household. If the foot looks normal, there are no sores or blisters,
and the brace fits well, the child is probably crying because they
are not used to wearing the brace. This is common for the first few
nights in the brace at first application and inconsistent brace use.
Encourage parents to use the brace regularly and as directed.
Reassure that after a day or two the child becomes used to it and
does not cry.

[#] Crying baby - Child in pain. Skin sores, and swelling are painful.
Typically, sores occur over the heel or on the top of the foot. Chil-
dren cry when the brace is applied. Stop using the brace and refer
the child to the clinic.

[9] Poor brace-fit. Children’s feet grow fast and can outgrow the
supplied brace. The toes protrude from the front. lll-fitting braces
cause problems. They are difficult to put on. The foot does not stay
in brace. Refer to clinic for a brace check.

[10] Inconsistent brace use. Daily brace application is demanding.
When the foot looks corrected parents think it is no longer needed.
If the child cries, family and friends may think the brace is causing
a problem. Parents become inconsistent in applying the brace.
Remind parents of the brace's purpose - to stop clubfeet relapse.
Refer to hospital if necessary.

[11] Premature stoppage of brace use. Parents may stop using the
brace after one or two years rather than following treatment proto-
col of night time use till age 4 years. Remind parents of significant
risk of recurrence and lifelong disability if bracing not continued till
age 4 yrs,

[12] Encourage parents to use the brace every night till age four
as the best way to ensure the deformity stays corrected and the
child grow up free of pain and disability.
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Fundamentals for Orthopaedic Surgeons
3.1 Terminology and Joint Motions

11 Clubfoot is a complex 3-dimensional deformity of multiple
larsal joint misalignments and tarsal bone deformations.

11 The understanding of normal joint motions, clubfoot patho-
anatomy and the manipulation techniques requires a common
lerminology.

11 4 stardard reference planes (sagittal, coronal, and transverse)
and 3 axes of motion (perpendicular to each plane) are de-
scribed. A clear understanding of these is vital.

11 Tarsal bone and joint motions can then be described with
refernce to these planes ansd axes.

Three standard reference planes and three standard axes
of rotation using calcaneus as an example

# Each standard reference plane and the axis of rotaion perpendicu-
I 1o it has the same colour. Curved arrows show rotation about axes
of rotation. Red arrows indicate movement towards deformity. Green
arrows show movement toward correction.
[1] Transverse plane (purple)
17] Axis of rotation perpendicular to transverse plane (purple)

11 Adduction (red arrow) is the movement of the distal end of the

bone towards the medial body plane.

11 Abduction ( ) is the opposite.
1] Sagittal plane(. - 1-)
[4] Axis of rotation perpendicular to sagittal plane (/=/iow)

0 Flexion (red arrow) is the movement of the distal end of the
bone towards the plantar surface of the foot.

11 Extension ( ) is the opposite.
|9 Frontal plane & perpendicular axis of rotation (blue)
14] Axis of rotation perpendicular to frontal plane (blue)

i1 Inversion (red arrow) is the movement of the plantar surface of
the bone towards the medial body plane.

11 Eversion ( ) is the opposite.




uvamaents of the ankle and cuneiform-1st metatarsal

M11) Joints

* Ihane joints move mainly by rotating around the axis of rotation
wipendicular to the sagittal plane.

(7] Ankle (tibiotalar) joint.

11 Ankle flexion describes movement of distal part of talus in plan-
lir direction (red arrow ) with respect to the tibia.

11 Ankle extension (green arrow) is the opposite.

8] Cuneiform 1st Metatarsal joint (CMT1J).

1 LMT1J flexion describes movement of distal part of 1st meta-
larsal in the plantar direction (red arrow) with respect to medial
uuneiform

1 EMT1J extension (green arrow) is the opposite.

svaiments of the subtalar joint (supination and pronation)
I L Lo ourvilinear joint surfaces, these movements involve rotation of
falenneous simultaneously around all three axes of rotation.
Iihlubllllr neutral. The calcaneus is immediately under the talus.
|

Bubtalar supination. The calcaneus simultaneously adducts
ihverts, and flexes (curved red arrow) under the talus. These
malione oceur together. Therefore, when the calcaneus adducts, it
ulso ha to flex and invert.

{11) Bubitalar pronation. The calcaneus simultaneously abducts,
#¥Bile, and extends (curved green arrow) under the talus. These

mulinne also occur together. Therefore, when the calcaneus ab-

Jibl, It also has to extend and evert.

Lalpled movements explain the importance of abduction of the

‘ the fulcrum of the talar head (pgs. 55-56). As the foot

Wi e calcaneus also abducts, and at the same time everts

I hwel varus) and extends (correcting part of equinus).

uf the talonavicular and calcanecuboid joints

move mainly around the axis of rotation perpendicular to

0 plane:

wllon describes movement of the cuboid and navicular

i the medial body plane (red arrow).
N (green arrow) is the opposite.




Fundamentals for Orthopedic Surgeons
3.2 Pathogenesis & Pathology

1 The etiology is unknown. A current hypothesis is that an envi-
romental stimulus triggers of a genetic predisposition whcich
results in a focal posteromedial retracting fibrosis and gastroc-
soleus contracture.,

11 These in turn lead to in tarsal joint misalignments and anlagen

shape deformations, that give rise to the characteristic deformi-

lies of cavus, adductus, varus, and equinus seen in clubfoot.

Fusisromedial retracting fibrosis

111 Funal retracting fibrosis of of capsular ligaments and tendon sheaths

jusleromedial to the ankle, subtalar, and talonavicular joints. mn.
|| Bastrocsoleus contracture.The muscle tendon unit is shorter and
Amaller than normal red spring).

I8I8al Joint misalignments

(4] Tiblotalar joint is plantarflexed, contributing to equinus deformity.

(4] Bubtalar joint is supinated contributing to equinus and heel varus

Hulormities.

(8] Talenavicular joint (TNJ) & Calcaneocuboid joint (CCJ) are both
Mliucted, contributing to mid-foot adduction deformity. The navicular
Approximates the medial malleolus.

|1 Cunelform first metatarsal joint is plantarflexed .contributing to
Ve deformity.

18i8al anlagen shape deformations

I7] Normal,

- Ialar neck — slight medial inclination (green angle).

+ Mend of talus — dome shape (green curve).

- Lateral pole navicular — round shape (green curve).
11 Clubfoot.

- Ialar neck - Increased medial inclination (red angle)

- Mend of talus — smaller and wedge shaped (red arrowhead)
~ Laleral pole Navicular — wedge shaped (red arrowhead)
I8 Biilgen of the calcaneus and cuboid are also misshapen

{hut shown).




Assessment Of Clubfoot
4.1 Clubfoot Types

0 There are many types of clubfeet. (Ponseti International As-
sociation 2015). Each has its own clinical characteristics clinical
treatment protocol, and prognosis.

0 The first step in management after diagnosis of clubfoot is to
establish its type.

Types of clubfeet

[1] Idiopathic clubfoot - patient not walking. This is the most com-
mon type seen at birth. Other congenital abnormalities are absent.

[%] 8yndromic Clubfoot. This type is a rare, but important type usu-
ally diagnosable at birth. There are other congenital abnormalities
or syndromes such as arthrogryposis and myelomenigocoele.

[9] Atypical clubfoot. This looks like [1], but has a deep complete
plantar crease that extends all the way to the lateral border of the
foot. The equinus can be severe. The 1st ray is foreshortened,
the hallux is hyper-extended. Other congenital abnormalities are
absent.

[4] Complex clubfoot. This looks like [3], but has a history of multiple
cast-slips and a short 1st ray and hyper-extended hallux. The
whole foot may be inflamed (swollen, tender, and skin may be
reddened). The heel may be flattened. This is usually an iatrogenic
deformity.

[5] Idiopathic clubfoot - patient walking. This is [1] left untreated
until the child starts to walk. Weight bearing adds further deforming
forces and causes pain.

[%] Persistent clubfoot. One or more of cavus, adductus, varus, or
#quinus deformities are present following previous Ponseti treat-
ment, or other nonsurgical treatments.

|] Post-surgical clubfoot. One or more of cavus, adductus, varus,
Of equinus deformities are present following previous joint invasive
rroonduras (e.g. posteromedial release). Surgeries associated with
he Ponseti method are not included in this category.

[4] Well-corrected clubfoot. The absence of either cavus, adductus,
Varus, or equinus after previous Ponseti or other treatments.
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Assessment Of Clubfoot
Pirani Score for Infants
Uie the Pirani Score at each visit to assess the severity of deformity
I Infants, to monitor progress and to guide decision making. (pgs.
A7, 67-8, 75-8, 83-84, 99-100, 103-4, 107-8,111-2, & 125-6).

Replace 2 with 1.1.7

18 Plrani Score
IR Bbore clinically assesses the severit
HERRLNNgG six clinical signs that change as the foot deformity improves.

Eauh Bign Is scored o (normal), 0.5 (mild), or 1 (severe). Examine for signs

W e baby relaxed on mother's lap:

Hind Foot Score (HFS). The summed scores of three signs form the
HIFS, and assess severity of equinus. Score ranges from 0 (normal)
0 (severe).

Mid-Foot Score (MFS). The summed scores of three signs form the
MFS, and assess severity of supination, adductus, and cavus. Score
[Anges from 0 (normal) to 3 (severe).

Ilal Score (TS). The sum of HFS & MFS assess severity ofthe club

ol s a whole with a score range from 0 (normal) to 6 (severe).

P8 Blgns assess equinus

# 1'or sach sign, first gently correct the deformity till resitance is felt, and

Ile assess the score.

Il Rigld Equinus (RE). As equinus increases, ankle dorsiflexion is in
treasingly limited. With the knee flexed 90°, examine extent of dor
bifloxion with respect to neutral from the lateral side to avoid con
Ibunding effect of cavus:

Hoore 0 if dorsiflexion above neutral (normal).
Boore 0.5 if dorsifle 1 only to neutral.
Buore 1 if dorsiflexion short of neutral.

I| Posterior Crease (PC). As equinus increases, posterior ankle skin
tihnses deepen. Closely examine number and depth of posterior
Hhkle crease(s):

Boore 0 if multiple fine creases (normal).

‘, B0ore 0.5 if one or two non i ting st

Buore 1 if single indenting crease.

y of deformity in infants by

indaont 1 challow ~re
inaent >NANOW Cre




17

I Bmipty Heel (EH). As equinus increases, the calcaneal tuberosity
HIves proximally and the heel pad feels increasingly soft or empty of
Wne. Palpate the calcaneal tuberosity through the fat pad at the
wirher of the heel:
o Boore 0 if tuberosity immediately palpable (normal).
i Boore 0.5 if tuberosity felt only with deep palpation.
i Boore 1 if tuberosity not palpable.

MPR Blgne assess subtalar supination, midfoot adduction

andl avus

(11 Talar Head (TH). As supination and adduction increase, the na- vicu
I8 moves medially, uncovering the talar head laterally. Palpate the
Inlar hoad laterally with a thumb about 2 cm anterior to the fibula tip in
the newborn. Gently abduct the foot until resistance is felt. Assess
Haw well the navicular reduces by determining how much talar head
Biains palpable;

1 Boore 0 if navicular slides between thumb and head of talus
Ahd talar head impalpable (normal).
Boore 0.5 if navicular reduces partially. Both talar head and
Hvieu lar palpable.
' Bbore 1 if navicular does not reduce. Only talar head palpable.
I Buived Lateral Border (CLB). As adduction increases, the cuboid
W havloular adduct and the lateral border of the foot curves. Assess
8 lateral border of the foot for curvature:
 Bore 0 if lateral border straight (normal).
L BB0re 0.5 if lateral border with a gentie curve.
S B00re 1 if lateral border with ‘boomerang’ curve.
]| | Crease (MC). As cavus increases, fine transverse creases in
Al of the foot deepen. Closely examine the number and depth of
Ow.l longitudinal arch crease(s):
- BRI 0 If multiple fine creases (normal),
: ® 0.8 If one or two non indenting shallow crease(s).
H 1 it single indenting crease.




Assessment Of Clubfoot
4.3PBS Score for Walking Child
11 Lse the PBS Score at each visit at each visit to assess the se-verity
0f deformity in walking children, to monitor progress and to guide deci
Mlon making. (pgs. 47-8, 83-4, 99-100, 103-4).
check page
PR Score numbers
hin Score cilinically assesses the severity of deformity in walking chil
diwn by measuring seven clinical signs that change as the foot deformity

Iproves - two signs with child standing, two with child walking and

oo with child seated. Five signs are scored 1 (normal) or 2 (abnormal)

W two signs as 1 (normal) or 2, 2, or 4. (Mild, moderate or severly

abnormal).

i PBS Ankle Score (PBSA). Summed scores of three signs assess
Oquinus from 3 (normal) to 8 (severe).
11 PBS Subtalar Score (PBSS). Summed scores of four signs assess
subtalar supination from 4 {normal) to 10 (severe).
11 PBS Total Score (PBST). The sum of PBSA & PBSS assess sever
Ity of the clubfoot as a whole from 7 (normal) to 18 (se- vere).
PRBA Score signs assess equinus

(1] Early Heel Rise (HR). As equinus increases there is premature
heel rise (or absent heel strike). Observe the foot during stance
phase with child walking on a firm surface. Delermine if heel strike
uecurs, and if so, whether heel rise occurs before or after the ipsi-
Interal tibia becomes perpendicular to the ground:

!l Bcore 1 if heel rises after tibia perpendicular (normal).
1l Score 2 if heel strike absent, or heel rises before tibia
perpendicular.

4] Passive Ankle Dorsiflexion (PAD). As equinus increases, ankle
dorsiflexion becomes limited. Place child on parents lap with hip
nnd knee flexed to 90°. Gently extend ankle until resistance felt. De
lormine the PAD angle between the sole of the foot and neutral
{0rthogonal to fibula line). Stabilze foot on a wood board if neces- sary

11 Score 1 if PAD angle greater than 10°.
Score 2 i 3 & 30
Score 3 if PAD angle betw &5
11 Score 4 if PAD angle less than 0°.
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11 Avtive Ankle Dorsiflexion (AAD) assesses ankle dorsiflexor strength,
Bilinus permitting. Perform this assessment immediately after PAD.
Borsiflex the foot until resistance is felt. Now ask the child to hold the
ot In that position. Assess AAD - the ability of child to hold the foot
nhove neutral (orthogonal to line of fibula). Where the child does not co
perate, tickle the sole to provoke the child to actively dorsiflex the foot:

1l Score 1 if child hold/dorsiflex ankle above neutral
| Score 2 if cannot hold/dorsiflex ankle above neutral

PHAS Score signs assess subtalar supination

(4] Mael Varus (HV) As supination increases, the heel deforms into varus.
Hive the child stand on a low stool with feet equally weight bearing.
Fiunlize leg lengths if necessary. Look at rear of weight bearing foot
Ilom a low angle. Determine midline of Achilles ten- don. Determine po
Allion of heel (which normally reflects position of calcaneal tuberosity)
AlBnss position of heel with respect to midline of Achilles tendon.

11 Score 1 if heel mostly lies directly below or lateral to mid- line
of Achilles tendon

| Score 2 if heel mostly medial to midline of Achilles tendon.

[8) Blanding Supination (SS) With fixed subtalar supination, the forefoot
Iy nlso appear supinated and the medial metatarsal heads do not
Whlght-bear. Have the child stand on a low stool with feet equally weight
hearing. Equalize leg lengths if necessary. Look at front of weight

Iaring foot from a low angle. Assess how many metatarsal heads are
I tontact with the ground.

11 Score 1 if metatarsal all heads in contact with weight
bear- ing surface of stool (normal)

11 Score 2 if metatarsal heads medially not in contact with
weight bearing surface of stool.
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[4] Walking Supination (WS) With increasing subtalar supination
from tibialis anterior over activity, the forefoot supinates during
swing phase of gait. Have the child walk on a firm surface towards
you. Observe feet from anterior perspective during swing phase
from low viewing angle. Determine alignment of forefoot with
respect to ground during latter part of swing phase. Repeat as
necessary.

11 Score 1 if forefoot aligned parallel with respect to ground
(normal).

) Score 2 if forefoot raised medially with respect to to
ground

|7] Bubtalar Abduction (SA). As posteromedial contracture increas-
08, subtalar adduction and supination deformity becomes increas-
Ingly fixed. Assess for this deformity by determining the amount of
passive subtalar abduction present.

(1 Look at the leg and foot from the front.

(1 Determine the line of anterior crest of tibia. Determine line of
2nd metatarsal. Stabilize the head of the talus with a thumb
on its lateral aspect with one hand. With the other hand gently
abduct the foot around the fulcrum of the talar head until resis-
tance is felt.

» Assess the angle between the line of the anterior crest of the tibia
and the 2nd metatarsal intersect, usually directly over the center of
the head of the laus. This is the PSA angle.

il Score 1 if PSA angle greater than 10°,

| Bcore 2 if PSA angle between 5 &
| Bcore 3 if PSA angle between 0 & 5°,

{1 Score 4 if PSA angle less than 0°.

10°




46 Assessment Of Clubfoot
4.4 Recording

the Clubfoot.Patient Record Form (CPRF)
[1] Use CPRF to:

11 Record history, exam, clubfoot type and severity score at
Intake.

i1 Record scores, treatment, and outcomes at each visit.

11 Guide treatent decisions. Pirani Score graph show progress
over time (see pgs xx).

11 Inform DGHS DHIS clubfoot database.

Plrani Score (children not yet walking)
[¥] Record all values of Pirani Score elements at each visit
(1 Each of CLB, MC, LHT, PC, RE & EH as0,050r1.
1 MFS (CLB+MC+LHT) between 0 & 3.
(1 HFS (PC+RE+EH) between 0 & 3.
11 TS (MFS+HFS) between 0 & 6.

PB8 Score (walking children)
[%] Record all values of PBS Score elements at each visit:
i1 Each of HR, AAD, HV, SS, WS as 1or2.
i1 Each of PAD & SA as 1, 2,30r4.
i1 PBSA (HR+PAD+AAD) between 3 & 8
i1 PBSS (HV+SS+Ws+ SA) between 4 & 10.
il PBST (PBSA+PBSS) between 7 & 18.

Glinical Course
{4 Mecord treatment at each visit:

11 I = Ponseti cast with a number for cast position: T = tenotomy;
I'AB = foot abduction brace; O = observation: R = referred for
urgery; S = skin care for pressure area/sore; D = discharge.

|8 Meoord complications at each visit:
1 ' % pressure sore: | = infection; C = cast-slip; O = other; N = nil.
M Plrani Score graph shows progress with treatment - (see pgs xx)
11 Typical pattern where the deformity corrects in 5 weeks:
11 Line colors indicate ; ,or
i Line style indicate MFS [ HE Sl 0nvea) 7S -
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47 Manipulation & Casting

5.1 Casting Principles

0 This section describes physical setup, supplies necessary,
care of the parent and child, cast removal technique and cast
complications.

Teamwork. roles, & positioning for right clubfoot

Il takes a team to complete each manipulation and casting. The

mother (usually) comforts the child. The doctor and assistant gently

Manipulate and cast the foot. AJl should be seated in a triangle pat-

181 for maximum comfort. The exact positioning depends on the foot

being treated. Below is the general setup for 5 right clubfoot. (Left foot

A8tup and further details on pgs 63 - 64 & 69 - 72).

[1] Mother and chila. Seat mother on a chair with a pillow trans-
versely on her lap covered by a waterproof sheet. Place infants
and young children on the pillow with the head next to the right
breast. Older children do well with a sweet or snack, and may
prefer to lie on a table most comfortable breast or bottle feeding
On a parent's lap. (left breast for the left clubfoot). A shawl can be
used for modesty.

[¥] Burgeon and assistant

11 The surgeon (gray hair & ) sits facing the lateral
side of the leg to manipulate the foot and later mold the cast.
{1 The assistant (black hair & gray hands) sits distal the leg to
apply padding and cast and then moves so the surgeon can
move distal to mold.
Prepare supplies

Propare and set up supplies before the clinic starts. The clinic will
Wi more smoothly. The supplies needed during manipulations and
Lasting include:

| Bucket of water.

} Plaster of Paris (POP) rolls — 2", 3" and 4" Use larger sizes of
POP for larger feet.

| Gotton padding.
| Plastic apron.
Plaster knife to score the cast.

" | Mobile cast cart holds all supplies and a low platform for a bucket
Al water. It is on wheels and can be moved as needed. Supplies
4N be easily reached throughout the casting procedure.
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Care of the parent

and encouraging words help parents feel that the treatment will
have a beneficial outcome. Inform parents of:

# Visit schedule and purpose of each visit:
01 Weekly for about 4-8 visits — serial manipulation and casting,
with tenotomy at Iast weekly visit.
0 3 weeks later - cast removed and brace fitted.
0 2 weeks later — problem-solve around bracing.
0 2 mos later — review and change bracing schedule.
61 Then every 3-6 mos until age 4 yrs, check for relapse and fit
new braces if needed. Discharge at age 4 yrs if no relapse.
* Good outcomes.
0 Children grow up normally if the complete treatment protocol is
followed
# Cast care at home
0 Prevent the cast from getting wet.

1 Seek immediate attention if toes swell or child cries inconsol-
ably.

Care of the child
The surgeon and assistant should work in a relaxed unhurried man-
ner. They should constantly observe child's face for signs of discom-
fort, and if present, loosen the hand grip and slows down until child
felaxed again.

[10] Relaxed child enables effective casting. Comfort and distract
the child to relax large leg muscles. Manipulations can be gentle
and more effective. Casts can be more accurate (See pgs 59 - 60).

[11] Struggling child increases risk for ineffective casting. When
the child struggles/cries, the natural reaction is to use more force
10 hold the leg and foot. This can hurt the child, who then only cries
and struggles more. Casts are applied in a hurry and tend to be
loose. Accurate molding is vitually impossible. Casting is ineffective
(See pgs 59 - 60). There is increased risk of complications such as
pressure-sores and cast-slip (See pgs 55 - 56)
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Cast removal
here are many ways to remove a cast. Avoid electrical cast saws, as
y @re noisy and scare children. NITOR recommends softening the
Oast with water, scratch the surface of the cast with a knife, find an
#dge, and unrolling.
Nemove casts in the clinic on arrival, not the night before, as the foot
correction overnight.
* Wet and soften cast
o L...] Wet cast — gently and slowly pour water on the cast. Child
on a waterproof sheet on mother's lap.
0 [13] Soften cast by pressing on wet cast with thumbs.
# Beore and unroll
0 [14] Score cast with a knife until plaster edge found. Cut
obliquely to reduce the risk of cutting too deeply.
0 [15] Unroll plaster by finding an edge and pulling away.
0 [16] Continue wetting and softening cast.
0 [17] Continue scoring cast, finding an edge, and unrolling
until all plaster removed.

11 [18] Remove padding gently to expose the skin.




Complications of Casting
Poor casting technique can result in loose casts where the foot slips,
tents which can cause pressure sores, or tight casts which cause
liaurovascular compromise. Consequeces can be devastating with
tslayed recognition or management. Look out for any sign of a com.-
plication. Take timely action as required.
[20] signs

0 Inconsolable crying without any other apparent cause (hun-
ger, earache, etc) is a cardinal sign of pain and considered a
complication unless proven otherwise. Worry about neurovas-
cular compromise from a too tight cast. Look for:

Swollen/discolored toes — these indicate a source of inflam-
mation and swelling under the cast extending to the toes. Most
commonly from pressure-sores from tight or ill-fitting casts.

Disappearing toes are seen with too much padding, poorly
molded, and loosely applied casts — cast-slip. The cast starts
to slip, toes start to disappear, and ill-fitting casts may cause
pressure-sores. They apply incorrect forces and predispose to
iatrogenic complication of complex clubfoot deformity.

11 Wet casts become weak, soften, and do not hold correction.
Skin gets wet and macerated. Remove wet casts right away to
prevent skin damage.

[211] Management - Remove casts right away and examine foot,
he child should stop crying almost immediately as pain from
Impending vascular compromise is relieved.

[#2] Management minor pressure area. These are commonly seen
over the talar head laterally where the skin is thin or at the heel if
the cast slips. If skin only reddened, clean, dress, and apply new
oarefully molded cast. If swollen, wait 1-2 days for the swelling to
resolve before resuming casting.

[23] If skin blistered, broken, or wet, clean and dress only - wait a
faw days for sore to heal and then apply new carefully molded cast.

* Cast-Slip - apply a new well-molded cast. Use amended tech-
Higue if complex clubfoot present (see pgs. 127 - 28).
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Manipulation & Casting
5.2 Mechanism of Correction

 Fooal posleromed'ial retracting fibrosis and gastrocsoleus contracture
I thought to result in tarsal joint misalignments and anlagen shape
Unlormations.

- Manipulation and casting apply low-load corrective forces on
sull llssues and tarsal anlagen.

' Yulng connective tissues respond biologically to low load cor- rective
furten with lengthening of contracted soft tissues and correction of
isal anlagen deformities and misalignments.

inla

[1] A precise manipulative technique, accurate serial casting, and
percutaneous Achilles tenotomy when indicated (before the last
cnst) usually corrects all deformities in about 5-6 casts.

{¥] Correct cavus (red dashed line) by dorsiflexing CMT1 (yellow
arrow). Cavus usually corrects in the first cast (green dashed
line).

{4 Correct TNJ & CCJ adductus (red dashed line) by abducting
fivicular and cuboid on talus and calcaneus (yellow arrow).
Adductus usually corrects slowly over 3-4 casts (green dashed
line).

N Correct varus (red dashed line) by abducting calcaneus under
hlus (yellow arrow). As the calcaneus abducts, it also everts,
norrecting varus, and extends, correcting some equinus. Varus
lisually correct in 3-4 casts (green dashed line).

I.] Correct equinus (red dashed line) by complete Achilles tenot-
omy and ankle dorsiflexion (yellow arrow). Do this after cavus
adductus and varus are fully corrected (green dashed line).
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Mow does Ponseti manipulation and casting work?

0 Studies of serial MRI during treatment show misaligned

tarsal anlagen gradually resume normal shape and alignment.
0 The talonavicular joint is illustrated, byt principles apply to
all affected anlagen.

Effoctive manipulation and casting

[¥] Be gentle. Encourage mothers to feed their babies.
0 Relaxed babies m

ove very little. Muscles stay soft. Contrac-
tures stretch

0 Manipulations more effectively stretch contracted soft tissuyes.
0 Easier to apply accurate ca

; i int misalignment
Improved (dotted red outlines),

[9] 18t cast. Accurately applied cast (black lines) holds correction
achieved in first manipulation. Over time medial contractures lose
tensile strength. Soft tissues and cartilege adapt to new resting
lengths and shapes facilitating further corrections.

[10] 1st cast removed 1 wk later. Medial contractures at new resting
length (orange spring). Talar head and navicular cartilage adapted
10 new resting shapes (orange outlines).

[11] 2nd manipuiation, Navicular further abducted (ye row)
fround the talar head fulcrum (thumb). Medial contractures further
Mlretched (stretched orange spring), Cartilage deformitiy and joint

misalignment improved

(dotted orange outlines)
[17] 2nd cast - Accurately

applied cast (black lines) holds correction
Achieved in second man;

ipulation. Over time medial contractures
lose tensile strength. Soft tissues and cartilage a

dapt to new
fosting lengths and shapes facilitating further corrections with
Subsequent casts
[17] 4th cast re

moved. Medial contractures stretched to correct rest-
Ing length (

). Cartilage deformations
And joint misalignments fully corrected ( ).




ective manipulation and casting - avoid
[14] Rough manipulations hurt
[1%] Crying babies move
11 Muscles contract and limbs move
0 Manipulation and casting becomes very difficult
[19] 18t manipulation ineffective.
6 Contracting muscles (red arrow) counter manipulation force
117] Navicular fails to abduct
01 8Short arrow (=i 'w) around the talar head fulcrum.
0 Medial contractures fai to stretch (red springs unchanged),

0 Cartilage deformations and joint misalignment do not improve |
(red outlines),

[17) 18t cast inaccurate.
0 Cast loose/poorly molded (black line) - Does not hold foot
uncorrected.
il Biologic response muted, Correction is slow and limited.
[19] 18t cast removed
i1 1wk later
0 Medial contractures remain the same (red spring un-
thanged),
11 Cartilage deformations and joint misalignments remain the
8ame (red outlines),




Manipulation & Casting

. 53 Manipulation
ndlard technique for the Manipulation ang casting of the
e clubfoot - patient not walking is described.

M Ues for other types of clubfeet vary in some of thejr details
toscribed in the sections for other types of clubfeet. The sur
8Os an assistant All should be seateq for maximum comfort

ith plastenng ski

lls (preferable):
r & blue hands)

sits lateral to ma-

B Blrgeon (gray hair & blue hands) manipulates, pads,
A molds sitting facing the clubfoot.
With both hands — Identify head of talus
Blubfoot - left hang holds hind foot ang identifies head of
W hand holds forefoot. Reverse hand positions for 4 left club

b - palpate for, and identify Prominence, of talar head
SUI anterior to tip of fibula (in newborn), Confirm by feeling
IBular move on the talar head with foot abduction. Press left
lly on lateral tajar head during a| manipulations so it acts
N (pink arrow).

Imiddle fingers — place On medial malleolys to stabilize
and ankle,

finger - place on plantar forefoot in Jine with the 1st
]
X finger - place on medial forefoot in Jine with the 1st

~ Place on dorsa) 1st/2nd toes to stabilize the
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Minoiples
Al every manipulation first correct cavus. Then correct as much
ailductus as permitted by the suppleness of the foot. Varus corrects
Spontaneously as adductus corrects
' Hosist the temptation to correct equinus until cavus, adductus, and
Viirus are all fully corrected.
P8l manipulation and cast
[12] Goal

il Effective manipulation to Supinate the forefoot to correct cavus,

Meparately for clarity,
|| Effective cast application to hold correction.
3] Correct cavus - supinate the forefoot
1 Use hand holds (Pgs 61 -62) to apply gentle left thumb pressure
On the talar head so it acts as fulcrum (red arrow).
1 Cavus is caused by 1st metatarsal flexion (red dashed line) or pro
Natlon of the forefoot. It is supple in newborns and usually corrects
I the first cast.
1 Dorsiflex 1st ray with right long finger to supinate the forefoot.
¥ellow arrow), which corrects cavus (green dashed line).
Only the long finger is shown for clarity.
I Correct adductus & varus - abduct the supinated forefoot
il lmmodiately after supinating the forefoot, take advantage of re
Maining suppleness and abduct the foot as much as soft tissues
ullow.
' Use hand holds (pgs 61-62) to apply gentle left thumb pressure
Wi the talar head so it acts as fulcrum (red arrow).
- Adductus arises from medially displaced talonavicular and calca
HBocuboid joints (red dashed line). Varus arises from an adduct-
] Aind inverted calcaneus under the talus.
* Abduct the supinated foot gently with the right hand the (
Aow) until resistance is felt. As plantar medial contrac- tures
lth (green dashed line) adductus and varus improve.,
- Aply well-molded cast to hold corrections achieved (pgs.67-72),

A




Subsequent Manipulations and casts
o These target complete correction of remaining adductus —
heel varus will correct automatically.

0 Some equinus (arising from the subtalar Joint) will automatically
correct. Resist the temptation to actively correct equinus until
Cavus, adductus, and varus are all fully corrected,

[15] Each week

o Remove cast applied at the last visit.

0 Check Pirani/PBS score — to confirm that the deformity is
correcting satisfactorly (pgs 45-46 & 73-76),

0 Continue effective manipulations and cast applications untill
cavus adductus and varus are fully corrected - usually about
4-5 casts,

O Supinate the forefoot (pgs. 63-64)

0 Immediately after Supinating the forefoot, take advantage of
remaining suppleness and abduct the foot as much as soft
tissues allow (pgs. 63-64).

0 Apply well-molded casts each week to hold foot in increas-
top?g a!:o)duction and plantar medial contractures stretched (pgs.
-72).

Monitor progress
[16) Pirani Score graph of satisfactory progress with treatment - (see
Pgs xx)
0 Line colors indicate uncorrected, correcting, or 3
0 Typically cavus, adductus and varus corrects in 4 to 5 weeks:

0 MFS (=mese) starts dropping early reflecting correction of cavus
and adductus,

0 HFS (....0) drops only a littie as correction of equinus is de-
till cavus adductus and varus are fully corrected.
0 T8 (___) reflects sum of MFS & HFS

0 Pirani Score graph details and other patterns (pgs. XX-XX)
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Manipulation & Casting
5.4 Casting

0 Accurate above knee cast holds correction achieved by effec-
tive manipulation. Apply below knee part. Mould. Let set. Then
extend above knee.

o Two below knee techniques described for assistant with and
without plastering skills,

ke R

L R ——

N

Below knee cast — assistant with plastering skills
[1 JPositioning:
0 Surgeon sits laterally, manipulates and then hold the foot
corrected (pgs. 61-66).
0 Assistant with platering skills sits distal and applies below
knee cast.
0 Surgeon molds cast whilst still malleable. Surgeon may wish to
move distally (wheeled stoo| useful).
[2] Surgeon’s role - maintain correction obtained as padding/plat-
er applied, then mould cast
o Left image. Corrected foot after efficient manipulation (pgs.
63 - 64). Left thumb [pink arrow 1) stabilizes talar head as

a

A

fulcrum.
o Middle image. Right thumb replaces left thumb to maintain
talar head fulcrum { ). Then left thumb moves to

knee (pink A to B).

0 Right image. Left thumb pressure stabilizes proximal lateral
leg (pink arrow 2). Right thumb moves back to the 1st and
2nd toes ( " % ) and provides unimpeded access to
the foot and leg to apply padding and plaster. Right hand ( i~k
arrow 3) gently abducts supinated foot to maintains correction.

[3] Skilled assistant's role - apply padding and plaster

0 Left image. Apply 2 overlapping snug wraps of 2" soft cotton
. around surgeon's finger and childs toes. Continue with 2/3rds
Correcting overlap to give 3 layers over foot, heel, ankle, and leg.

o Right image. Apply 3 overlapping snug wraps wet plaster
around surgeon's finger and childs toes. Use 2" rolls for infants

Uncorrected

Corrected

to toes with 50% overlap, and leave a knot to help removal.
Smooth cast to fuse layers and strengthen so cast does not
have to be thick.

e



Below knee cast - assistant without plastering skills
[4] Positioning:
o Surgeon sits facing child to manipulate the foot, apply padding/
cast and mould.
0 Assistant without platering skills sits laterally and holds the
leg and foot as directed.

[5] Surgeon's role - direct assistant how to hold foot to maintain
correction

O Leftimage. Corrected foot after efficient manipulation (pgs.
63 - 64). Left thumb (pink arrow 1) stabilizes talar head as
fulerum.

o Middle image. Surgeon's left long finger (yeiicw arron
moves distally into longituinal arch to maintain foot supinated
and abducted with only left hand. Right hand then lets go.

o Right image. Surgeon maintains correction with left hand.
Left thumb reians on talar head as fulcrum. Surgeon directs
assistant (grey hands) to hold foot supinated and abducted.
Assistant's left hand holds knee with gentle thumb pressure
(pink arrow _). Assistant's right hand holds forefoot abducted
and supinated (pink arrow 3) to maintain correction.

[6] Surgeon's role - apply padding/plaster and mould.

0 Assistant (grey hands) holds foot corrected.

o0 Left image. Apply 2 overlapping snug wraps of 2" soft cotton
around surgeon’s finger and childs toes. Continue with 2/3rds
overlap to give 3 layers over foot, heel, ankle, and leg.

o Right image. Apply 3 overlapping snug wraps wet plaster
around surgeon's finger and childs toes. Use 2" rolls for infants
and 3" rolls for ambulatory children. Continue with 2/3rds
overlap to give 3 layers over foot, heel, ankle, and leg. Return
to toes with 50% overlap, and leave a knot to help removal.
Smooth cast to fuse layers and strengthen so cast does not
have to be thick.
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Moulding the cast
11 Careful molding is critical to maintain correction, capture the heel
and prevent cast-slip (pgs. 53-4).
tl , Stop moving fingers once Cast starts to lose jtg sheen. Its starting

5] Dorsolaterally over the talar head.

[ Above the Prominence of the heel,

(8] Carefully mold the cast as it sets to eliminate dead spaces
(green lines),

1 Left image. | eft thumb applies constant gentle pressure to plantar
medial 1st ray (pink arrow) to keep supinateq forefoot abducted.
Left index finger moves up and down applying gentle pressure
over talar head laterally. (cioubie aded ye w). Avoid
Creating a dent.

1 Wait until the below knee section has set. Use 3" plaster rolls for
children under 4 ¥rs, and 4" for children over 4 yrs:
(%] Extend above knee:
11 Flex knee 90° _ avoid the temptation to externally rotate the leg.
11 Wrap 3 layers of soft cotton up to the groin — apply moistened
plaster slab anteriorly over the knee.
11 Complete cast to high thigh — leave knot to assist in removai.
i1 Smooth cast.
[10] Trim cast over toes dorsally (red line) to prevent toe-crowding,
poermit free toe extension, and to leave plantar platform to resist toe
floxion.
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Manipulation & Casting
5.5 Assessing Progress (Not Ambulatory Child)

I1 The Clubfoot Patient Record Form (CPRF) and Pirani Score
graphs can show whether deformity correction is satisfactory (or
not), and indications for casting, tenotomy, and bracing.

GPRF and Pirani Score Graph - Satisfactory Correction

11 The form and graph on pg 74 show the data for the same patient in
different ways.

1] CPRF of weekly Pirani Scores, diagnosis and treatment of bilateral
clubfeet. The deformities corrected with 5 casts. Achilles tenotomy

was indicated before the last cast.Foot abduction braces were
fitted on cast removal.

[4] Pirani Score graph of Typical
corrects in 5 weeks:
11 Line colors indicate uncorrected, correcting, or corrected.
1 Line style indicate MFS (----): HFS {
[3] 1st visit:
I MFS = 3; HFS =3; TS =6.
(1 Cast #1 applied.
[4] 2nd, 3rd, & 4th visits:
11 Scores improve. MFS improves before HFS. HFS remains at 3;
MFS improves to 1, TS =4,
[ Casts #2, #3, & #4 applied.
[8] 5th visit:
11 Scores continue to improve. Mid foot corrected, hind foot
correcting. MFS = 0: HFS = 2.5, TS=25,
11 Indications for tenotomy met; HFS > 1: MFS < 1 (pg. 81).

i1 Tenotomy performed. Foot corrected. MFS = 0; HFS = 0.5;
1§=05.

|1 Cast #5 épplied.
[8] 6th visit - cast removed:

i Foot remains corrected. Tendon healed. MFS = 0; HFS = 0.5;
TS =0.5.

11 Indications for bracing met; HFS < 1: MFS < 1 (pg. 97).
11 Foot Abduction brace (FAB) fitted.

pattern where the deformity

uk
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Pirani Score Graphs - Other Patterns
| ] Pattern of Syndromic clubfoot:

0 All scores improve slowly with weekly manipulations and
casts.

0 Deformity correction can take longer — sometimes even up
to 10-12 casts.

1 The pattern of correction remains the same with MFs coming
down first

01 Indications for tenotomy and bracing remain the same.
[4] Poorly applied 3rd cast:

0 The 1st and 2nd manipulations and casts were effective. Pirani
scores improved.

01 3rd manipulation and cast ineffective. Foot abduction in
cast 3 less than cast 2. Pirani scores worsen. Likely the baby
was moving and the surgeon was unable to apply the cast with
contractures maximally stretched.

1 4th and subsequent manipulations and casts efficient. Satisfac-
tory improvement in Pirani Scores each week.

11 Indications for tenotomy met at 6th week_ Correction took six
casts

0 Indications for FAB remain the same.
Y] Recurrence of deformity:
0 All manipulations, casts and tenotomy satisfactory.
11 Deformity corrected in 5 weeks.
11 FAB not used.

i Deformity recurs — Pirani scores worsen.
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Manipulation & Casting
5.6 Common Errors

11 Knowing common errors and how to avoid them improves
results.

i1 Usually they are due to an incomplete understanding of path-
oanatomy and subtalar joint motion that often lead to errors
in technique and consequent failure of correction or even
tompounding of deformity.

Prunating the forefoot to correct cavus

11| Pronating the forefoot is an error. It makes the deformity worse
by Increasing the cavus.

[¥] Avoid this error by elevating the 1st metatarsal which corrects
avus.

Multing the thumb on calcaneocuboid joint when abduct-
Iy the foot

{1] Abducting the foot against thumb pressure at the calca-
heocuboid joint blocks calcaneal abduction, eversion, and exten-
Alon Is an error. Heel varus will not correct.

141 Avoid this error by accurately identifying the talar head:

i1 Talar head lies about 2 ¢m anterior to the fibula tip in the
newbormn — more in older children.

(1 Thumb palpates tip of fibula and then moves 2 cm distally to
locate talar head ( /). Confirm by gently abducting/
fdducting the foot with the other hand and feeling the navicular
moving on the talar head.

11 Abduct the foot against thumb pressure on talar head

fllows foot to abduct under the talus. The calcaneus everts and
heel varus corrects.

Minipulating without holding correction

14 Frequent manipulations not followed by immobilization is
M error. Posteromedial contractures are stretched, but not held

Mistohed, Contractures do not soften. Further stretching is imped-
#il Deformity persists.

|8 Avold this error by immobilizing the foot in a cast with the
Sinliacted ligaments at the maximum stretch obtained after each
Hanipulation. Keeping ligaments stretched over several days loos-
818 them sufficiently to facilitate further stretching.

R SSSSSSS
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Applying below Knee Casts

|V} Below knee casts are an error. They do not hold the foot in
abduction under the talus, and do not prevent the ankle and talus
from rotating. The correction obtained by manipulation is lost. Cast
tends to slip more often.

|9] Avoid this error by applying toe to groin casts with the knee
bent to 90°.

Dorsiflexing the ankle before correcting subtalar supina-
tion

| 10] Equinus arises both from tibiotalar plantarflexion and talocalcane-
al plantarflexion.

|11] Premature ankle dorsiflexion is an error. Attempts to correct
#quinus before the calcaneus is fully abducted and therefore fully
extended causes a mid-foot break with spurious dorsifiexion at the
mid-tarsal joint.

| 17) Avoid this error by avoiding dorsiflexion of the ankle until the
subtalar joint is fully abducted and subtalar equinus correct-
#dl., Dorsiflexion then can correct any residual equinus without
vompression and flattening of the soft talar dome and without
uhusing a mid-foot break.

Manlpulating and casting without assistance
1| Manipulating and casting by yourself is an error. Accurate
effective Ponseti casting requires two people — one to hold the
turection and another to apply the cast.
| 14] Avoid this error — always arrange for assistance before starting
1o manipulate and cast the foot.

Manlpulating and casting a crying babyi/child
| 14] Manipulating and casting with a crying baby is an error. Un-
crying babies move. Powerful leg muscles contract. Gentle
mlpul‘aﬁons are not effective in stretching contractures. Casts

||g'hvold Il'ns error by comforting the child before starting. Place
baby on mother's lap, feed (by breast if possible), and avoid
#ihy maneuvers that cause discomfort. Muscles stay relaxed. Ma-
are more effective in stretching contractures. Casts can
b light and accurately molded.




Achilles Tenotomy & Final Cast
6.1 Purpose & Indications

(1 Manipulations and casts correct cavus, adductus, and varus.

11 About 90% of clubfeet require Achilles tenotomy as there is

often insufficient dorsiflexion when cavus, adductus, and varus
are fully corrected.

Murpose

(1 Achilles tenotomny facilitates the correction of any remaining
equinus before application of the last cast.

11 Tenotomy is complete, percutaneous and creates a gap in the
tendon. The ankle dorsiflexes immediately.
V 11 After three weeks, the gap heals with the tendon a lengthened.
Degision making - is Achilles tenotomy indicated?

11 The indication for Achilles tenotomy is Insufficient ankle dorsi-
flexion after full correction of cavus, adductus and varus.

[1) Non ambulatory child - measure Pirani Score (pg. 35-38) each
visit,

11 K MFS =1 or more, supination, adductus, and cavus remain

uncorrected. Continue manipulation and casting. tenotomy not
indicated.

(1 When MFS = 0.5, supination, adductus, and cavus should be
fully corrected. Tenotomy may be indicated. Measure the HFS.
11 [2] If HFS 1 or more, Achilles tenotomy is indicated.
(1 [3] If HFS less than 1, Achilles tenotomy unnecessary.
|4] Ambulatory child - measure SA & PAD (pg. 43-44) each visit

i1 If SA more more than 1, supination, adductus, and cavus
femain uncorrected. Continue manipulation and casting.

11 When SA=1, supination, adductus, and cavus should be fully
torrected. Tenotomy may be indicated. Measure the PAD.

(1 If PAD > 1, Achilles tenotomy is indicated. In children 4 years
and older, use open Tendo Achilles lengthening

11 IfPAD = 1, Achilles tenotomy unnecessary.




Tenotomy & Final Cast
6.2 Technique

11 Achilles tenotomy is a straightforward procedure.
11 Prepare family, and equipment.

11 Understand the anatomy to avoid complications.
11 Know the steps.

Prpare the family
[1] At the start of treatment, explain:
11 That Achilles tenotomy is necessary in about 90% of cases.

11 Itis a safe minor procedure performed in the outpatient clinic
under local anaesthesia

11 The child can go home soon after. Some acetaminophen can
be given in rare situations when there is any discomfort.

Pepare equipment
m These supplies should be readily available in every clubfoot
Wlinic:

11 Sterile gloves.

11 Insulin or Tb syringe with 25 gauge needle.
11 Scalpel handle with #15 blade.

11 Prep solution.

11 Local anaesthetic.

1 Gauze.

Sitgloal Anatomy

i The tenotomy is a percutaneous procedure. Know the anatomy
. ~ ofthe tendon and nearby structures vulnerable to injury.
illes tendon broadens as it approaches insertion on poste-
M surface of calcaneal apophysis. Avoid apophyseal injury by
ng tendon 1-1.5 cm proximal to its insertion. The tendon is
. Tenotomy is easier.
Posterior tibial neurovascular bundle lies anteromedial to the
3 . Avoid bundle injury by staying close to the tendon with the
- Never turn sharp side of blade towards bundle.
L Neurovascular bundie lies anterolateral to the tendon.
ndle injury by not penetrating too deep with the blade.

Mk




hlltloning — described for right foot
'il!hdﬁldlhsmimatmmafmemhaﬁonhm. Some
prdutohaveapamtnaxtloandmmforﬁngthdild:

nhbyissupha-hetntlheerﬂofhexammﬁonhhle,
0 Sumonutmefootdtrnmmhaﬁonhbte.
0 Assistant holds ipsilateral leg.
© Parent comforts the child.

[7) Assistant stabilizes leg:
u‘llnldthandholdsmekneeextended‘

(3] Therighthandholdsunbrefoot,dusiﬁemmemkla.plams
hAd\ihsmononmtch, and;emmallxromgstrmegb

the apophysis.
1Y) Prep, drape, and infiltrate local anesthetic just medial to the
tenotomy site. Use only 0.25 c¢ — any more obscures the
making palpation and tenotomy more complicated.
ﬂlll:‘mrt the tip of #15 scalpel blade a few mm medial to the ten-
, directing it immediately anterior to the tendon. Keep flat part of
the blade parallel to the tendon,

[11] Rotate the blade so the sharp edge points posteriorly toward the

117] Move the blade towards the tendon and transect it:

0 Adistinct "pop” or “snap" and sudden ankle dorsifiexion
are the signs of successful tenotomy as the two ends of the
tendon move apart 1 ¢m or more. Remove the blade and
apply clean gauze on the incision. It should be only 2 or 3 mm
long. Sutures are unnecessary. A small amount of bleeding is
normal. Hold dressing in place for 1-2 min until bleeding stops.

0 In young infants, the ankie should then easily dorsifiex
more than 10° above neutral. The foot looks fully corrected.




hli-tanotomy cast
[13] Young infants:
11 Apply an above knee cast as described on pg. 67 with foot in
the fully corrected position — abduction 60-70° and extension
at least 10°.

11 The baby and mother may go home after you confirm intact
distal neurovascular function. Usually no analgesic is neces-

sary.
[14] Remove after 3 weeks — the tendon is healed. The scar is
Mminimal. Confirm that ankle extension is at least 15°. The foot is
then ready for bracing.
[14] Tenotomy in older infants and children:
1 Dorsiflexion may be limited to less than 10° even after
successful tenotomy ("pop"/sudden extension) from posterior
ankle capsular contracture.

increase ankle extension until greater that 10°. Capsular con-
tractures stretch allowing about 5° improvement each week.

Gommon tenotomy errors
[10] Incomplete tenotomy is an error-
11 Absence of "pop” or sudden ankle extension indicates

plete tenotomy. The tendon will not lengthen. Attempts
to extend ankle create a mid-foot break and may deform talar
dome

11 Avoid this error by repeating the tenotomy maneuver. Look
for a “pop” or “snap”. Ankle will then extend without mid-foot
break.

[10] Premature tenotomy is an error-

11 Equinus arises both from tibiotalar plantarflexion and talocalca-
neal flexion. Tenotomy and attempted ankle extension before
calcaneus is fully abducted and extended will create mid-foot
break with spurious dorsiflexion at the mid-tarsal joint.



Bracing To Prevent Relapse
7.1 Rationale/Brace Design

o Bracing is demanding of both parents and children and is the
most problematic part of Ponseti treatment.

0 The most common cause of relapse is failure of adherence
to bracing protocols.
Rationale

[1] Clubfoot has a stubborn tendency to reccur, likely from
persisting posteromedial retracting fibrosis aggrevated by muscle
imbalance:

o Without diligent bracing, contractures reccur in more than 80%
of cases.

o Tendency to recurrence reduces with growth to about 10% at
age four yrs.
[?] A well-fitted brace prevents recurrence:

o The brace is fitted the same day as the last cast is removed
and holds the corrected foot in the same position as obtained
in the last cast. Posteromedial soft tissues remain stretched,
and the tarsal bone deformations and misalignments remain
corrected.

0 Regular brace use as prescribed reduced recurrence rates to
less than 10%,

The Only Effective Brace

[3] Many brace designs have been tried. The only brace type that
is effective in preventing recurrence is the Foot Abduction Brace
(FAB).

o The FAB is two open toe shoes connected by a bar made
locally from simple, easily available materials (pg. 91)

o It works because it controls for both foot abduction and
extension without the need for knee flexion. Bracing with the
knee flexed fails to stretch the gastrocnemius and increases
risk of recurrence of equinus. As the knees free to move, when
the child kicks the gastrocnemius is stretched

o The FAB is provided to clinics ready made in 9 standard siz-
es. Each size has fixed bar length and shoe size. Most children
will fit a standard size.
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Shoe design

[8] Shoe Up Angle (SUA}-Mamkwmmmmmeshoe
mmebarmmecormlplane,

o This should be 10° for corrected clubfemanaformenorm
lootinaunilateral case,

[9] s —the angle between the longitudinal axis
om:eshoeandﬂwbarinthetransvemeplane_ This should be 70°
for corrected clubfeet and 30° for the normai foot in a unilateral
case

o Top - bilateral clubfeet,
o Midd_le - unilateral left clubfoot.

o Bottom - unilateral right clubfoot
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Bracing To Prevent Relapse
7.2 How To Apply The FAR

O There are two methods of applying the FAB.
Standard method

O Always fit the more difficult foot first.

Standard - place foot in the FAB shge
[1] Proper Placement of foot into lace up shoe re
O Remove Jace — open the shoe leather

o Gently extend foot - push heel down and back into heel cup.

o Thumb Pressure pushes foot fully down ang back into shoe.

o Close leather tongue - replace the thump.

o Thumb holds heel in p
and long fingers.

quires some practice:

lace — apply counter-pressure by index

o Apply lace from Proximal to dista| — thumb pressure keeps
foot in the brace.

o Pass lace across from one top hole to the other.

0 Then pass lace ends to immediatel'y below and across.

o Continue untj| bottom holes reached.

o With thumb pressure stil| holding foot do
with other hang and pull to remove lax

0 Tie a bow distally.

0 After tying, pull leg upwards and check “peep
the heel remains down. If hee| rises up, redo
maintaining thump Pressure and tightening lac

Proceed to applying FAB to Second foot once you
shoe is on tightly and the heel is not riding up.

wn, hold 2 |ace ends
ity in laces.

-hole" to ensure
with attention to
es.

are sure the first



Alternate Method
0 This method saves time.
0 Show parents both the standard and altemate method.

0 Explain that it should be used only when the foot is well-cor-
rected and supple.

o Do not use when the baby is fussy or crying. First apply the
lace, then insert the foot, snug, and tie the laces.
Alternate - place foot in the FAB shoe
[3] Take care to make sure the heel is down and back in the heel cup:
o0 Loosen laces — insert foot toes first from the top of the shoe.

o Ensure foot is in the shoe — toes should be seen protruding
below the leather tongue.

0 Use thumb pressure to push heel down and back into heel

cup. Apply counter-pressure by index and long fingers.
Alternate - secure laces — check heel stays down
[4] Use the same technique to secure laces:

0 Use thumb pressure to push heel down ang back into heel
cup. Apply counter-pressure by index and long fingers.

0 Hold two lace ends with other hand and pull to remove laxity
in laces.

o Tie a bow distally.

0 After tying, pull leg upwards and check “peep-hole” to ensure
the heel remains down. If heel rises up — redo with attention
to maintaining thumb pressure and tightening laces.

0 Proceed to applying FAB to Second foot once you are sure
the first shoe is on tightly and the heel is not riding up.
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Bracing To Prevent Recurrence
7.3 First Bracing Visit

o Bracing marks transition from deformity corection to praven
tion of recurrence, and a more active role for parents

o0 Prepare the parent, foot and FAB. Teach parents its use
o Ensure parents understand FAB rationale, application, wear
ing schedule, and high risk of relapse if not applied.
Prepare parents and check feet
[1] Counsel parents and confirm understanding:
o FAB Use prescribed is crucial to prevent recumrence.
o FAB application (pg. 93-94).

o FAB wearing protocol - 23 hrs a day for 2 mos. Then only at
night when sleeping to 4yrs of age.

o Barriers they may face (culturat!sociaufamily) that impair their
ability to follow FAB wearing protocol, and how to overcome
them (pg. 11-12 & pg. 19-20),

[2] Explain follow-up schedule and purpose of visits:
0 2 weeks after fitting - to check FAB fitjuse and problem-solve.

O 2 months after fitting — to check FAB fit & use. Check for
recurrence of deformity. Reduce FAB use to when sleeping at
night, providing there is no recurrence.

0 Then every 3-8 mos until age 4 yrs — FAB fit/FAB use/recur-
rence check. Problem-solve.

weeks of further casting.
[4] Confirm deformity corrected before stating FAB

o Non ambulatory child (Pirani Score). MFs & HFS should
each be less than 1

0 Ambulatory child (PBS). SA and PAD should each be 1
o Continue casting if either MFS or HFS > 0.5.
o0 Vontinue casting if either SA or PAD > 1.




or

l MFS<1 & HFS<1 |

| SA=18 PAD=1 |

|

Select and Prepare brace
[5] Measure affected foot length (tip of longest toe to back of heel)

o All shoes — 10°.
[7] Set FAB s0A-

[¢] Check FAB bar long enough:
0 Each FAB size has Predetermined bar ang shoe lengths.

= usually foot length shoulg provide a bar
length that is long enough that jt should be sufficient for the
shoulders to fit between the backs of the shoes. The feet will be
as far apart as the shoulders and the child will be comfortable.

Apply the brace
[9] Demonstrate how to apply the FAB:

0 Ask parents to put it on and confirm technique Satisfactory.
0 Explain the FAB is well-tolerated.

0 It helps to teach baby to kick legs together, as baby may fee|
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Bracing To Prevent Relapse
7.4 Subsequent Clinic Visits & When To Stop FAB

11 Ponseti clubfoot treatment is long and demanding.
11 Most common cause of relapse is failure to adhere to FAB
11 Regular clinic follow-up promotes satisfactory FAB adherence.

1 Regular clinic follow-up allows proper fit and alignment of

FAB, monitoring for brace Ccomplications, recurrence, and
Problem-solving.

0 At every visit:
Bheck parents are applying the FAB
[1] Parents stop the brace for many reasons:
11 Feet look normal to the parents.
11 Child cries — family members think the brace is damaging the
child. There may be relapse.

11 Skin sores — parents may not be applying it correctly.
11 Brace too small,

and dorsifiexion — parents sometimes bend

flublom-solve

Il Problem-solve Understang and help resolve the specific barriers
rents face in order for them to be able to maintain the bracing
Motocol. Ask parents to apply brace. Confirm technique satisfacto-
¥ Ensure the parents have another folj -Up appointment.

When to stop bracing

1N AL age 4 yrs if foot fully corrected. 5

€€ again after another 3 mos.
itor for relapse. Manage if prese,
al,

nt. Discharge from clinic if foot



Recurrence if

| MFS>0.50r |

HFS>05 |

103 Bracing To Prevent Relapse

7.5 Common Bracing Errors & Problems

&1 Bracing errors and problems are common.

6 Parents get discouraged and stop applying a brace.
0 Children face increased risk of relapse.

Not using FAB

. The former predisposes

to recurrence of varus, the latter to gastrocnemius contracture and
fquinus,

[%] Avoid this error — always prescribe a FAB.

PAB Sizing errors
(%] Using & brace with bar or shoes th

@ child will find the FAB uncomfo
something is wrong, and do not us

at are too short is an error.
rtable, and ery. Parents worry

& the brace. Risk of fecurrence
e Increases.

(4] Avoid this error by always chec
%0 that the shoulders fit betw

L BAB Angle errors

Y] Incorrect FAB SOA and/or SUA are an error:

11 8OA other 70°, and SUA other 10° fail to fully counteract

tendency for recurrence of posteromedial contractures, Tarsal
deformations and misalignments ean recur.

Avoid this error - ensuring correct angles,
SUA - All shoes — 10

king that FAB bar is long enough
een the shoes that fit well,
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Barriers to regular FAB use

[7] Parents often face barriers they cannot overcome in tolerating
FAB use protocol:

o Parents fail to apply the FAB every day for the prescribed
number of hrs,

o Deforming forces from retracting fibrosis are not counteracted
sufficiently. Deformity recurs.

o The most common cause of recurrence is insufficient daily FAB
use.

[8] Counsel parents — determine nature of potential/actual
barriers and problem-solve at every opportunity so parents
understand and can manage the bracing protocol — 23 hrs per day
for 2 mos and then when sleeping at night until age 4 yrs.

Confirm that parents:

o Know how to apply the brace.
0 Understand the need to brace.
o Understand the bracing protocol.
o Know that the most common cause of relapse is inadequate
bracing.
Delayed recognition of recurrence

[9] Failure to assess for presence of deformity at every follow-up
visit is an error:

o Delayed recognition of recurrence, The deformity only
worsens with time. Treatment becomes more complicated and
prolonged.

o Avoid this error — assess every clubfoot at every visit and
determine the Pirani/PBS scores.

0 Record deformity scores in the CPRF and compare to prior
values,

0 Manage recurrence as soon as it is recognized.
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107 Persistent Clubfoot

8.1 Etiology and Clinical Features

[1] Persistent clubfoot - one or more of cavus, adductus, varus, or
equinus deformities following previous Ponseti (including percuta-
neous Achilles lengthening, open lengthening of the Achilles ten-
don, and tibialis anterior transfer) or other nonsurgical treatments

0 Look for persistent clubfoot at every visit and treat right
away. Treatment is easier and outcomes are better.
Clinical Features
* Non ambulatory child. MFS > 0.5 and/or HFS > 0.5

# [2] Ambulatory child. Look for WS as a sign of muscle imbal-
aince. PAD >1 and/or SA >1

* Recurrent deformity (prior full correction)
o CPRF - deformity fully corrected with prior treatment,

o Early recurrence characterized by progressive loss of ankle
dorsiflexion. HFS > 0.5 & MFS <1; Pad>1 & SA 1)

o Later there is also heel varus and adductus, Cavus is rare.
(Both HFS & MFS > 1, Both PAD and SA > 1).

* Residual deformity (deformity never fully corrected)
o CPRF - deformity never fully corrected with prior treatment.
o Any Pirani/PBS subcomponent scores may be increased
o Pathology may be complicated by prior inaccurate manipulation
and casting. Outcomes may be compromised.
Etiology

# Non adherence to FAB use. Clubfoot has a stubborn tenden-
0y to reccur, likely from persisting posteromedial retracting fibrosis
Mjgrevated by muscle imbalance:

[3] Without diligent bracing, reccurence rates approach 80%.
[4] with diligent bracing, reccurence rates can be less than 5%.
# Othe risk factors:
o Younger age associated with increased risk. Recurrence com-

O mon < 3 yrs; unusual = 3-5 yrs; rare > 5 yrs; very rare > 7 yrs,
2 Te. 0 Social factors. Increased travel distance to clinic, poverty, and
4 lesser education level of parents all increase risk

L]

0 Risk of recurrence unrelated to initial severity, age at start of
treatment, or number of casts needed to correct.
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8.2 Overview of Management

o Do not ignore persistent deformity — it does not go away.

a Remanipulatelcast to correct defotmity. Comrect equinus if
Present with achilles tenotomy or open lengthening. Prevent
recurrence by bracing or transfer of Tibialis Anterior to lateral
cuneiform.

o Problem solve around bracing adherence (pgs. 97-98: pas.
105-106).

o Presence of Lateraj Cuneiform ossific Nucleus (LCON)
important for determining type of treatment.
Manipulate and cast to Correct cavus, adductus and varus
[1] Use same technique as for initia treatment (pg. 61-72).

o Non ambulatory child, Cast weekly. Cavus, adductys and var-
us usually correct (MFS <0.5)in about 2 or 3 weeks

* Obtain X-rays if:
0 > 2 years old (? ossification center of lateral cuneiform)

o Older child's foot not responding to casting (? tarsa| coalitions
or other bony deformities)

* Proceed with Step 2 when cavus, aductus & varys corrected

Correct equinus and Prevent recurrence
* Age less than 2 yrs or LCON absent
o Counsel to problem-solve FAR adherence.
0 Repeat Achilles tenotomy (pgs. 81-88) if HFS > 1or PAD >1.
o Resume bracing with FAB (pgs. 89-106). Continue follow-up.
[2] LCON present
0 Correct residual equinus (PAD > 1) with Achilles tenotomy (pgs.

81 - 88) if under 4 years old, or open lengthening if older (pgs.
119-120)

0 Perform transfer of the tibialis anterior tendon to latera) cunei-
form (pgs. 111-1 18) to prevent recurrence.

0 Follow up as needed. Further treatment not usually necessary
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8.3 Surgery - Tibialis Anterior Transfer

Rationale, indication and surgical goal

[1] Rationale. Tibialis anterior supinates the foot as it dorsiflexes
the ankle. The supinating force (bold black arrow) can act as a
deforming force if the evertors are weak (thin black arrow). The
rationale for the proceedure js to redirect this deforming force, |f
present, thereby preventing recurrence of deformity.

[2] Indication. Swing phase foot supination is the hallmark of this
deforming force, and is the indication for transfer of the Tibialis
Anterior provided the lateral cuneiform ossific nucleus is present,

[3] Surgical Goal. To redirect the deforming action of the tibialis
anterior (red arrow), it's tendon detached from its insertion on the
medial side of the CMT1 joint and transferred subcutaneously into
lateral cuneiform. Its deforming supinating action is eliminated,
whereas its dorsiflexion action is preserved ( ). The risk
for relapse is markedly reduced.

[4] Correct residual equinus if present with Achilles tenotomy (pgs.
81-88) or open lenthening (pgs. 119-1 20).

Equipment
[5] Mini C-arm helps iocate the lateral cuneiform ossific nucleus, but
I8 not essential.
(6] 3.2 & 4.5 mm drill bits & manual or electric drill

[7] Two straight needles and button.

Anaesthesia and positioning

o General anaesthesia. Supplement with long-acting local anes-
thetic to reduce immediate postoperative pain.

o Routine prep, drape, and high-thigh tourniquet.

o Patient is placed supine with feet at end of the operating table.

o The surgeon sits at the end of the table, and the assistant sits
at the side of the involved foot,

o Mini C-arm, if available can be bropught in between surgeon
and assistant

o Slightly external rotate the limb when working medially and
posteriorly.
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Expose and harvest Tibialis Anterior tendon insertion
The tibialis anterior tendon passes anterior to the medial malleolus
and inserts on the inferomedial CMT1 joint:
[8] Identify the CMT1 joint — palpate for joint movement as you
move the 1st metatarsal.
[9] Make a 4 cm skin incision directly over the distal tibialis anterior

tendon sheath from just distal to extensor retinaculum to insertion
to expose the tendon.

[10] Mobilize the tendon — retract skin distally to expose and then
sharply elevate its insertion off the medial capsule and cartilages of
the CMT1 joint. Use a scalpel with blade parallel to the tendon to
avoid accidental injury to joint and cartilage.

[11] Place Bunnell stitch using 2-0 absorbable suture such as vieryl,
Leave the stitch long and cut off the needles. The distal end of the
tendon broadens immediately before it insertion. Trim tendon at its
sides distally if necessary to ease passage of the tendon end into
the drill hole in the lateral cuneiform.

Expose and Prepare lateral cuneiform

The lateral cuneiform lies deep to the long toe extensors and the

extensor digitorum brevis muscle belly. Use Mini-C arm to identify its

surface making.

[12] If Mini-C arm not available, identify surface marking of the
lateral cuneiform by draw two lines connecting:

o Head of the 3rd metatarsal to the lateral edge of head of talus.

0 Base of the 5th metatarsal to CMT1 joint.

0 The intersection of lines is the surface marking of the lateral
cuneiform. .

[13] Make a 3 cm longitudinal incision centered on surface marking
of lateral cuneiform, Deepen the incision by incising the fascia, Re-
tract the long extensor tendons and the extensor digitorum brevis
muscle to expose the underlying tarsal bones.

[14] The lateral cuneiform is rectangular on its dorsal surface,
Identify it by delineating its four joints with adjacent tarsals. Probe
with a freer elevator for grooves over the joints. The ossific nucleus
lies at the center of the bone,
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[15] Select a drill bit that is slightly larger than the width of the ten-
don at its distal end,

[16] Make a drill hole through the center of the lateral cuneiform
from its dorsal to plantar surface. Do not plunge, Safest drill angles
through lateral cuneiform are

© Coronal plane - Angle drill about 207 Jateral to a line orthogo-
nal to the plantar surface of foot

o Sagittal plane - Angle drill about 5° anterior to a line orthogo-
nal to the plantar surface of foot

0 This give maximum distance between the drill exit from the
plantar surface of the bone and and the main lateral and medial
Plantar nerves, and avoids violating any of the adjacent joints
and tarsals,

o Smooth edges of hole dorsally by removing overhanging peri-
osteum with small rongeur, This helps prevent the tendon from
bunching up at it enters the hole.

Transfer tendon
[16] Create subcutaneous tunnel
0 The goal is to to allow the tendon a direct course from where it

passes distal to the extensor retinaculum to the lateral cunei-
form.,

o Insert dissecting scissors or long haemostat with blades closed
from proximal part of the medial incision to dorsal surgical
incision,

1 Open the blades half way and pull scissors/haemostat backcre-
ating a tunnel, Repeat as necessary till the motion is smooth,

[18] Deliver tendon into dorsal incision

o Pass a hemostat from the dorsal to the medial incisions
through the subcutaneous tunnel,

o Grasp the end of thesuture holding the tendon
o Gently pull it and tendon into dorsal incision,
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Correct residual equinus

[19] Assess for equinus SEAQ > 1). If present correst with Achilies
tenetomy (pgs. 81 - 88) if under 4 years old, or open lengthening if

older (pgs. 119-120)
Secure tendon attachment and close
[20] Thread two suture ends threugh twe separate straight need|es.
o Pass threaded needjes One at a time through, in erder, the

hele, the skin of the sole, a small gauze Pad, and separate
heles ef a button.

Secure tendon attachment

5] [zg With feot in 10° dorsifiexion, gently pull ep the suture ends
to draw the tendon into the drill hele.

o [22] Visually ensure > 0.5 em of tenden is in bene tunnel
& [23] Tie the fixation Suture over the button with multiple knots.

* Close insisions with foot held in corrected Pesitien te avoid tension
on attachment.

Long leg cast

[2:? Cover the incisions with sterile dressings. Apply a long leg cast
groin to toes) to k@eg the foot in 10° dorsifiexion and maximum
available abduction. The knee should be flexed to 90°.
Postgperative care

lize non-weight-bearing. Remoye the cast and button at 6 weeks.
No braging is i

afy 1§ =
3Vd See the child again in 3 mos to assess the effect of the transfer

th contraction, the transferred tendon is sasily visible and palpable
initsnowp@smanﬁndm@sﬂkbamiﬂsmwim@m ion .

Outcomes

long-term outcomes are excellent. Most patients hayve grade
4+-5 strength in the transferred tendon, ang relapses are rare.

Preparation

mmebohuwbbomm,cmmdﬂngmw ally 50 they
mmmmmwagmmmmmmm
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8.4 Surgery - Open Lengthening Of Achilles Tendon

lirgical Goal

@ surgical goal is to lengthen the tendon by Z-
ankle dorsiflexion with the knee flexed is greater

fuipment, preparation, and positioning
7’5 As for tibialis anterior transfer (pg 117). Externally rotate the limb.
“Bxpose Tendon

~ [1] Make longitudinal skin inc
start at its insertion and exte
posterior incisions. They be
tendon sheath directly dee
Incision and expose the ten
to its insertion. Look for the
present.

£lengthening

2] Split the Achilles tendon longitudinally —

Wwith blade in sagittal plane into the middle of
Osterior to anterior just below its musculotendinous junction.

ncise and divide the tendon in the sagittal plane to its insertion

Into the calcaneus. Take care not to injure the calcanea| apophysis.

Roleasg Achilles medially distally — now rotate blade 90° so its

sharp side faces medial. The blade will now be in the transverse
i don just above its insertion.

Y — Now move blade proxi-
mally to the top of the split. Rotate th

e blade so its sharp side faces
lateral and transect the lateral limb of the split proximally,
Nepair

[%] Repair Achilles at new length — dorsiflex the ankle to 10° above
Neutral with the knee bent, and perform a side-to-side repair of the

lendon with multiple simple or figure of 8 stitches using absorbable
Buture such as vicryl.

plasty such that
than 10°.

ision medial to Achilles tendon —
nd proximally for 5 ¢m. Avoid direct
come irritable with shoes. Incise the

p to and for the entire length of the skin
don from its muscle tendon junction
plantaris tendon, and divide distally if

insert a #15 scalpel
the tendon from
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9.1 Idiopathic Clufboot - Patient Walking
‘l.lﬂln‘dreaEdﬂmedﬂdsmtowalk,meidiopamicmbfoot
~ patient . i i

Experiemeageitosyears(spiegel).
%ad!ievedplanﬁgmdefomanddorsiﬂeﬂonwdegreeswim
W?mstsandadillesenoton-ryns%),open

lengthening

(3%)orposleﬁorrelease(8%).

Nepal experienceagesmmyears(Banskm).

D%adlievedplanﬁgmdehotanddorsiﬂexionQGegreeswiﬂn
average 9 casts and achilles

enotomy or open lengthening.
Relapse seen in 16%.
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9.2 Syndromic Clubfeet

o Clubfeet are associated with more than 20 syndromes. They
are an important group to identify early, as there may be differ-
ences in management, reponse to treatment and prognosis.

Most common syndromes

[1] Arthrogryposis. Two types of multiple joint contractures can be
seen with clubfeet at birth.

o Amyoplasia involves all 4 extremities. Shoulders are internally
rotated, hips may be dislocated, knees and wrists are flexed
and elbows extended.

o Periheral. Major joints are spared. MCP joints are ulnar deviat-
ed, digit IP joints are flexed and thumbs adducted.

[2] Spina bifida. In more serious types a meningeal sac protrudes in
the midline. Sensorymotor function may be impaired.

[3] Amniotic band syndrome. Amniotic sac strands entangle limbs
and digits that amputate or leave constriction bands.

Management

o Refer to pediatrics for general assessment. When medically
stable, treat unstable hips first (unless bilateral and teratogen-
ic) and then the clubfeet. Altered sensation increases risk for
pressure sores/infections and cast complications.

0 Once stable manipulate, cast, perform achilles tenotomy and
brace using same techniques described previously.

[4] Syndromic clubfoot Pirani Score graph. Deformity correction
takes longer - sometimes upto ten casts. Continue manipulation
and casting so long as there is improvement with each cast.

[5] Tenotomy/bracing indications remain unchanged (pgs. 81-82).

Outcomes

0 A successful outcome is a shoeable plantigrade foot, a neutral
or valgus heel and ankle dorsiflexion of ten degrees.

o 90% correct with Ponseti method. 10 % need surgical release

o Recurrence rate is 50%. Treatment is with the standard

technique (pg. 33-34). Expect about half the recurrences to be
resistant and require surgical release.




]

[~]

® Manipulation

3] Foot abduction, Carefully identify talar head. Stapilze hindfoot
with index finger behind fibula and thumb on talar heaq. Supinate
and abuct foot tij] lateral border sty'aight.' Normally 30° suffices. Do

he

malleoli and the knee flexed to110° to prevent the heel from rising
d the from cast slipping.
~ # Tenotomy is usually required, Perform once Metatarsal plantar-

flexion is corrected (plantar crease improved), 1.5 ¢m avove posterior
ase fo avoid damage to calcaneal apophysis. If Necessary change
Fasts weekly tilf dorsiflexion > 1g°.

"] Bracing protocof remains same except SOA = 30° 1o match ab-
duction required to make lateral border straight.

[ tcomes
* Almost ajj deformities correct in 5 to 8 casts. Relapse rate jg 20%.

"_":234!.189 n
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9.4 Postsurgical Clubfoot

[1] Surgery that violates joint capsules causes scarring, joint incon-
gruity, and stiffness. Recurrence of deformity post invasive surgery
remains an unsolved problem. The pathology is variable and may
include tarsal bone deformations and misalignments, tarsal joint
incongruities, widespread scarring, dysvascularity and damage to
tarsal growth centers.

o Repeat invasive surgery is associated with poor outcomes.

o However, Ponseti tretament has been shown to be of benefit in
well selected cases.

Management

¢ Differentiate between good and poor candidates

® Good candidates - those with cave

® Poor candidates - those with:

[2] Dorsal bunion or heel valgus

[3] Radiographic talar collapse (Red Line) or dorsal subluxation of
navicular (veliow Arrow)

® The principles of management remain the same.

[4] Correct cavus, adductus and varus with serial manipulations

and casts. Use techniques as described previously. Deformity correc-
tion can take longer sometimes upto ten casts.

[5] Correct equinus if PAD > 1 with open tendo achilles length-
ening.
[6] Prevent relapse before LCON present with FAB.
[7] Prevent relapse after LCON present with TAT performed simul-
taneously with the open tendo achilles lengthening.
Outcomes

o A successful outcome is a shoeable plantigrade foot, a neutral
or valgus heel and ankle dorsiflexion of ten degrees.

o Cavus, adductus and varus correct in 90%

o Equinus corrects in some with casting, but most feet require
open tendo achilles lengthening.

o Both FAB and TAT are effective in reducing rate of recurrence.
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302 Gemmmora age = o Feme— <37 = -
Term (3840 weeks) ] 2
| Post term (>41 weeks) | E]
303. Birth Order of the child
304. | Type of delivery Normal Vaginal Delivery | 1
Assisted Delivery [ 2
| ‘ €- Section | E]
305. | Any family history of Clubfoot among first blood relatives Yes | 1 No 23307 =0
306. | Whatis the relationship of this child with the affected person? Grand parents A.
" (Consider multiple answer) C earerts B. e
= Uncle/Aunt D
Sibling D. =
[ Cousins E.
307. Other medical 1] Before | Yes=1 History of A
problem/treatment history: delivery No =2 Pre-Eclampsia or Eclampsia
(Consider multiple answer) | Others X =
I During Obstructed /delayed labor Al
delivery Mal/Breach presentation of B
the baby
il after Yes=1 Any birth injury A |
delivery No =2 Congenital deformity of B.
spine
Developmental Dysplasia of c.
Hip (DDH)
Upper Extremity D. R——— e —
malformation
Lower Extremity E. |
malfarmation |
‘ Congenital heart diseases F: i ————
Others X ———
308. Prior treatment for clubfoot? Yes 1 No 2->316
l 309. From where? SCCB PTC 1 SCCB PTC Name: |
L s e =
Other 8 Name:
310, Since when (the start of the treatment)?
| 311. Prior Casting Yes
(312 Prior Tenotomy Yes
313, Prior Surgery (except tenotomy) Yes
314, Prior Brace Yes
315. Traditional Treatment | Yes
316. id walking on its own on the day of first visit? Yes
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Child Not Walking Pirani Score
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